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INTRODUCTION



The epidemiology of invasive fungal infection has changed during the past 20 years. The

incidence has increased and the population of patients at risk has expanded to include

y those with a broad list ofmedical conditions, such as solid organ and hematopoietic stem

cell transplantation (HSCT), cancer, receipteints of immunosuppressive therapy, AIDS,

premature birth, advanced age and major surgery (Chakrabarti, 2005; Groll and Walsh,

2001). Furthermore the etiology of these infections has changed. In the 1980s, yeasts

(particularly C. albicans) were the most common causative agents of invasive mycosis.

In recent years, infection by molds has become more frequent in certain group of patients

(Nucci and Marr, 2005; Krcmery et ah, 2005).
+

t

Fungal infections are associated with high morbidity and mortality in patients with

hematologic malignancies and immunocompromised host defenses (Ascioglu et al,

2002; Fridkin and Jarvis, 1996; Hospenthal and Rinaldi, 2003; Wanke et al, 2000).

While Aspergillus and Candida spp. collectively account for the majority of infections in

these settings, recent epidemiological trends indicate a shift towards infections caused by

non albicans Candida spp. as well as previously uncommon opportunistic fungi including

the agents of mucormycosis (Zygomycoses), filamentous fungi (such as Fusarium

species, Acremonium species, Paecilomyces species, Pseudallescheria boydii and

Scedosporium prolificans), dematiaceous fungi (such as Bipolaris species,

Cladophialophora bantiana, Dactylaria gallopava, Exophiala species, and Alternaria

species) and yeast like pathogens (such as Trichosporon species, Blastoschizomyces

capitatus, Malassezia species, Rhodotorula rubra and others) are increasingly

encountered as causing life threatening invasive infections that are often refractory to

conventional therapies. The mortality of fungal infections in solid organ transplant

recipients varies from 27-77 % (Fisher-Hosh and Hutwagner, 1995; Patel and Paya,

1997). The clinical agents involved include Candida albicans, Candida krusei, Candida

glabrata, Candida tropicalis, Candida zeylanoides, Candida neoformans, Aspergillus

flavus, Aspergillus fumigatus, Aspergillus niger, Aspergillus terrus, Pseudallescheria

boydii, Scopulariopsis brumptii, Chaetomium globosum, Trichosporon beigelii,

Sporothrix schenckii, Dactylaria constricta, Scedosporium inflatum, Trichosporon viride,

Phialemonium spp, Cladosporium trichoides, Conidiobolus coranatus, Histoplasma

capsulatum, Coccidiodes immitis, Blastomyces dermatitidis, Paracoccidiodes

brasiliensis etc.



Although it appears that many drugs are available for the treatment of systemic and

superficial mycoses, their clinical usefulness is hampered by drawbacks associated with

safety or efficacy (Graybill, 2000; Mohsen and Hughes, 1998; Nosanchuk, 2006). Many ~k

of the drugs currently available have undesirable effects or are very toxic e.g

amphotericin B. Some like azoles are fungistatic and not fungicidal and some may lead

to the development of resistance, as in flucytosine (Allende et al., 1994; Layman and

Walsh, 1992; Rapp, 2004). According to Pollak 1999, ideal drugs to cure fungal

infections have not been discovered yet. In the meantime resistance to currently available

antifungal agents continues to grow (Ghannoum and Rice, 1999; Kontoyiannis and .f

Lewis, 2002; Moore, 2000; Patterson, 2003; Rex et al, 1995; Sanglard, 2002). Therefore

there is a real need for a next generation of safer and more potent antifungal agents

(Pauw, 2000; Sangamvar, 2008).

Certain conditions are required for a compound to be a good antifungal agent: it must be

fungicidal rather than fungistatic and have a broad spectrum of activity, a minimum

emergence of resistant strains, and a selective mechanism of action. In addition, the agent

should have minor toxic side effects and good availability (Ablordeppey et al., 1999;

Pollak, 1999).

Plants have been used as medicine since millennia. Out of estimated 25,000, to 35,000

plant species identified so far, about 35,000 are used worldwide for medicinal purposes

(Iwu et al., 1999; Ming et al., 2003). It has been confirmed by WHO that herbal

medicines serve the health needs of 80 percent of world population; especially for

millions of people in the vast areas of developing countries (Ming, 2003; Pal and Shukla,

2003). Meanwhile consumers in developed countries are becoming disillusioned with

modern healthcare and are seeking alternatives (Briskin, 2000; Patwardhan et al., 2004;

Balunas and Kinghorn, 2005). Several important drugs used in modern medicine have

come from medicinal plant studies eg. taxol, vinblastine, vincristine (Raskin et al., 2002;

Raskin and Ripoll, 2004). However studies on plants are very limited (Fabricant and

Farnsworth, 2001; Jhachak and Saklani, 2007). Only about a third of the million or so

species of higher plants have been identified and named by scientists. The recent

resurgence results from several factors :

•r
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1. Problems with drug resistant microorganisms, side effects of modern drugs and

emerging diseases where no medicines are available.

2. The effectiveness of plant medicines.

3. Improvements in the methods of purification and analysis and powerful new

technologies such as automated separation techniques, high throughput screening and

combinatorial chemistry (Bonis, 1996; Nash and Turner, 1996).

4. Pharmaceutical scientists are experiencing difficulty in identifying new lead structures,

templates and scaffolds in the finite worlds of chemical diversity and therefore natural

products are preferred due to their high molecular weight and exhibit a different

distribution of heteroatoms. They comprise structural elements that are under

represented by synthetic compounds and contain significantly more rings and chiral

centers (Bindseil et al, 2001).

The role ofnatural products is two fold in the development ofnew drugs (Turner, 1996)-

1. They may become base/blueprint for the development of a medicine. This is when the

potency, selectivity and specificity of bioactive principle is acceptable, isolation,

purification and structural elucidation follows. This bioactive principle is then

modified through medicinal chemistry synthesis programme in order to produce a

molecule'that has both the essential biological and desirable chemical properties to

become a drug development candidate.

2. Plant extract to be used directly as phytomedicine.

As India is one of the top megadiverse countries of the world, medicinal plants are widely

used by all sections of people as folk remedies in indigineious system of medicine

(J achak and Saklani, 2007). Researchers are increasingly turning their attention to folk

medicine looking for new leads to combat viral and microbial infections (Bonis, 1996;

Cowan, 1999). Although hundreds of plant species have been tested for antimicrobial

properties, the vast majority have not been adequately evaluated and their active principle

are not known yet (Putheti and Okigbo, 2008). Therefore an attempt has been made in

this study to search the plant with desired bioactivity and locate its active principle.



The objectives of the present study are :

Objectives :

S Screening of aqueous and methanolic extract of several plants for presence of

antifungal activity.

•S Selection of the plant and isolation/purification of the active compound using

various chromatographic techniques.

•S Characterization of active compound using various analytical techniques like EI-

MS, FTIR, *H and ,3CNMR.

•/ Evaluation of MIC, MFC, IC50 and pharmacodynamics of the pure compounds.

•S Studyof inducedultrastructural and morphological changes in fungi on exposureto

the pure compounds by scanning and electron microscopy.

S Evaluation of in vitro cytotoxicityof the pure compounds.

-k
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2.1 HUMAN MYCOSES

Fungi are ubiquitous eukaryotic plant like organisms living in soil and decaying matter.

V They are generally classified as either yeasts or molds, although some are also dimorphic,

which exists as yeasts within the host but take the form of mold at room temperature in

vitro. There are more than a million species of fungi but only a minority of them less than

200 are pathogenic. Some mycotic infections are not transmissible amongst humans and

do not require special precautions. However some fungi can be highly infectious if

inhaled. Fungi have emerged as significant pathogens during the past few decades when

4, they became more and more frequently diagnosed as opportunistic infections in

immunocompromised host.

Fungal infections in humans are known as mycoses and are broadly of three types -

superficial, subcutaneous and systemic mycoses (Friend, 1999; Anantnarayan, 2000).

Superficial infections are by far the common ones and comprise various types of tinea or

ringworm affecting the skin, hair and nails. These are mild though chronic disease.

Subcutaneous mycoses involves the dermis, subcutaneous tissues, muscles, and fascia.

^ Systemic mycoses occurs in varying degree of severity ranging from asymptomatic

infections to fatal diseases. Oppurtunistic infections occur in patients with debilitating

diseases such as cancer or diabetes or in whom the physiological state has been altered by

immunosuppressive drugs, steroid, X- rays or broad spectrum antibiotics.

The list of documented fungal pathogens is extensive, and one can no longer ignore or

dismiss fungi as contaminants or clinically insignificant when they are isolated from

clinical material. It is also apparent that the prognosis and response to therapy may vary

y with the type of fungus causing the infection as well as with the immunological status of

the host. Table 2.1 lists the main groups of mycoses, their etiologic agents, clinical

manifestations and treatment options.

2.2 CURRENT ANTIFUNGAL ARMENTARIUM AND THEIR DRAWBACKS

Antifungal chemotherapy began in 1903 with the successful use of potassium iodide for

the treatment of sporotrichosis. There was little progress in the next 50 years until nystatin

was introduced in 1951. This was soon followed by the golden standard of antifungal

chemotherapy Am-B in 1956. At present two groups of drugs are used-



Table 2.1 Major groups of mycoses in humans, their etiological agents, clinical
manifestations and their treatment

Mycoses Etiologic agents

Cutaneous Mycoses

Dermatophytoses Microsporum,

Trichophyton and

Epidermatophyton

Subcutaneous Mycoses

Phaeohyphomycois Exophiala,

Sporotrichosis

Mucormycosis

Pseudallescheriasis

Fusariosis

Phialophora,

Bipolaris,

Cladophialophoa,

Cladosporim,

Curvularia,

Pseudallescheria

Sporbthrix

schenkii

Rhizopus, Mucor

or Absidia

Pseuda11escheria

boydii

Fusarium solani,

F. oxysporum and

F. moniliforme

Clinical

manifestations

Tinea corporis, T.

cruris, T. barbae, T.

pedis and T. capitis

Subcutaneous

phaeohyphomycosis,

paranasalsinus

phaeohyphomycosis

and cerebral

phaeohyphomycosis

Cutaneous and

lymphocutaneous

sporotrichosis,

pulmonary osseous

disseminated disease

Sinusitis, pneumonia,

skin infection, and

sometimes

gastrointestinal

infections

Pulmonary disease

involving paranasal

sinuses and

disseminated infection

with involvement of

deep viscera including

the thyroid kidneys,

brain, and heart

Single organ

involvement, keratitis,

endophthalmitis,

Therapy

Topical antifungal agents

e.g Tolnaftate, Miconazole,

Itraconazole and Terbinafine

(Cutler,wwwdoctorfungus.org,

www.cfsph.iastate.edu.

2005, Sen, 2006)

5flurocytosine, Itraconazole,

Terbinafine (Mycology online,

2004, Nobrega et al, 2003,

Kumar, 2006)

AmphotericinB,5flurocytosine

and Itraconazole

(Rippon, 1982, Feeney et al,

2007)

Amphotericin B

(Randhawa and Chaudhary,

2008; Wingard et al, 2006)

Miconazole

(Nonaka, 2001,

Kowacs, 2004)

High dose Amphotericin B,

lipid based amphotericinB

formulations, Itraconazole and
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Systemic Mycoses

Cyptococcosis

Blastomycoses

Coccidioido

mycoses

Paracoccidioi

mycoses

Histoplasmosis

Cryptococcus

neoformans

Blastomyces

dermatitidis

Coccidiodes

immitis

Paracoccidioides

brasiliensis

Histoplasma

capsulatum

onchomycosis and

cutaneous infection

Pulmonary cryptococcosis

central nervous system

cutaneous and

mucocutaneous

Acute and chronic

pneumonia, skin lesions,

subcutaneous nodules,

bone and joint infection,

central nervous system and

genitourinary urinary

infections

Pulmonary syndrome,

diffuse pneumonia, skin

manifestations, joints and

bones and meningeal

disease.

Mucosal lesions,

pulmonary, skin and other

organ involvement

Acute and pulmonary

histoplasmosis,

gastrointestinal, central

nervous system and cardiac

disease and ocular

histoplasmosis

Voriconazole (Ozkaya et al,

2007; Dignani and Annaise,

2000)

Amphotericin!},

5-flurocytosine(Rippon,

1982, Mara et al, 2003,

SaifeJa/., 2006)

Amphotericin-B,

Itraconazole

(www.doctorfungus.com)

Amphotericin-B,

Fluconazole

(www.doctorfungus.com)

Itraconazole

(www.doctorfungus.com)

Amphotericin-B, Itraconazole

(www.doctorfungus.com)

1. Drugs produced by various organisms

2. Drugs made synthetically

In the first group, only amhotericin-B administered systemically is active in numerous

deep mycoses. Antifungal agents cunently in the market falls into five major groups

based on their structure. The antifungal agents, their spectrum, mode of action and

resistence mechanism are given in Table 2.2. and are explained below.



2.2.1 Polyene Class

Amphotericin-B -i

Am-B (Fungizone) is the oldest class of systemic antifungals and polyenes remain the

most rapidly acting of the antifungals. It is an amphoteric compound composed of a

hydrophilic polyhydroxyl chain along one side and a lipophilic polyene hydrocarbon

chain on the other. It is active against a wide variety of fungal species of both yeast and

filamentous forms. Amphotericin B is not well absorbed orally and must be given

intravenously for systemic infections. The drug is fungicidal or fungistatic depending on

their concentration in body fluids and on the susceptibility of the causative fungus. It

selectively binds to ergosterol, the major fungal sterol in the cell membrane of

susceptibile fungi forming channels, which leads to changes in membrane permeability

and leakage of cell components and ultimately cell death. Fevers and rigors occurs in

more than 50 % of patients upon initial administration of amhotericin-B. Anorexia,

vomiting, headache and myalgia are common reactions. Nephrotoxicity occurs early in

the course of treatment generally within two weeks and is usually reversible in 80 %. -f

Hemolytic anemia occurs in more than 75 % of patients. Polyene binds to cholesterol in

human cell membrane which causes osmotic leak. When amhotericin-B is rapidly infused

in patients with preexisting renal failure the release of potassium can cause dangerously

high serum potassium concentrations. This can cause cardiac anhythmias (Mohsen and

Hughes, 1997; Nosanchuk, 2006; Bates, 2001, Graybill et al., 2000; Dismukes et al,

2000; Sawaya, 1995). Lipid formulations were developed to decrease adverse effects,

especially nephrotoxicity. Although these products cause much less nephrotoxicity, chills ^

and fever they are much more expensive than the deoxycholate formulation. As a result,

they are usually recommended for use only in clients who cannot tolerate the older

formulation or who are at risk for developingnephrotoxicity (Groll and Walsh, 2002).

2.2.2. Allylamine Class

Terbinafine

Terbinafine (Lamisil) is an allylamine structurally related to naftifme. Like other

allylamines, terbinafine inhibits ergosterol biosynthesis via inhibition of squalene "

epoxidase. This enzyme is part of the fungal sterol synthesis pathway that creates the

sterols needed for the fungal cell membrane. It is effective against dermatophytes,

Candida spp., Sporothrix shenkii, Aspergillus spp., Cryptococcus neoformans,

8



Penicillium marneffei. The typical dose of terbinafine is 250 mg/day and is available for

oral and topical administrations (Ingroff et al., 2008). Topically 1 % cream and solution

\ formulations are used. Adverse reactions to terbinafine are in general transient and mild.

The incidence of these reactions has been found to be 10.5 % in a large scale study. Most

involve the gastrointestinal system and the skin. Reversible agranulocytosis has been

reported as a rare side effect.

2.2.3 Pyrimidine Class

Flucytosine (5-fluoro-2-pyrimidone) (Ancotil) is a pyrimidine class of drug and is

"f fluorine analogue of cytosine which is readily absorbed orally. Flucytosine belongs to

antimetabolite class of drugs. It is well distributed into tissues. It enters cells via cytosine

permease and is deaminated to 5-flurouracil which is incorporated into RNA. Uridine 5-

monophosphate phosphorylase then converts 5-flurouracil into flurodeoxyuridine

monophosphate which inhibits thymidylate synthetase and interferes with DNA synthesis.

It is active against Candida, Crytococcus and agents of Chromoycosis. Flucytosine is now

used in initial therapy of cryptococcal meningitis, usually 100 mg/kg/day combined with

t amphotericin B at 0.7 mg/kg. It can be effective if used alone, but this is not usually

done. Gastrointestinal upset is very common. Myelotoxicity including leucopenia and

thrombocytopenia appears to be dose dependent. Hepatic and other adverse effects

include increased transaminases, anemia, leucopenia and hematologic thrombocytopenia

(Mohsen and Hughes, 1997; Nosanchuk, 2005; Bates et al, 2001; Graybill et al, 2000;

Dismukes et al, 2000).

2.2.4 Azoles

The azoles comprise the largest group of commonly used antifungal agents. Many of

these are used topically and some are available without a prescription for dermatologic.

An azole is a class of five-membered nitrogen heterocyclic ring compounds containing at

least one other noncarbon atom, nitrogen, sulfur or oxygen. The parent compounds are

aromatic and have two double bonds. In serious invasive fungal infections these drugs are

often used long term following initial treatment with amphotericin B (Mohsen and

Hughes, 1997; Yamaguchi, 2003). Primary target of azoles is the heme protein, 14-a-

demethylase which cocatalyzes cytochrome P-450 dependent 14-a-demethylation of

lanosterol. Inhibition of 1,4-a-demethylase leads to depletion of ergosterol and

accumulation of sterol precursors including 14-a-methylated sterols resulting in formation

of plasma membrane with altered structure and function.



2.2.4.1. Ketoconazole

Nizoral was an important antifungal agent when it was first introduced. It had several

advantages over amphotericin B in that it could be given orally, on an outpatient basis, -4

and was somewhat less toxic. Little absorption occurs with topical use. It is active against

most pathogenic fungi. Its side effects include nausea, anorexia, vomiting and dianhea,

itching and allergic rash. Hepatotoxicity with mild elevations in liver transaminases

occurs in 2 % - 5 % of patients (Fung, 2008; Nosanchuk, 2006). It can interfere with

adrenal corticosteroid synthesis although reports of adrenal insufficiency are rare. Also it

may cause gynecomastia, oligospermia and decreased libido which are dose dependent ±

symptoms that results from the lowering of serum testosterone levels with ketoconazoles

action upon the cytochrome P450 system.

2.2.4.2. Fluconazole

Diflucan is a synthetic, broad-spectrum agent that is effective for Candida spp. with the

exception of Candida krusei, Crytococcus neoformans, Blastomyces dermatitidis,

Histoplasma capsulatum, Coccidioides immitis, Paracoccidioides brasiliensis, Sporothrix

shenkii and Aspergillus species. Fluconazole can be given orally or intravenously.

Fluconazole is usually well tolerated. Adverse effects, include gastrointestinal complaints,

headache and skin rash including rare exfoliative skin reactions. Few reports of severe

hepatotoxicity and about 1 % show an increase in transaminases (Mohsen and Hughes,

1997; Nosanchuk, 2006, Bates, 2001; Graybill et al., 2000; Dismukes etal, 2000).

2.2.4.3. Itraconazole

Sporanox is a synthetic, broad-spectrum agent covering Candida, Aspergillus,

Blastomyces, Histoplasma, Sporothrix and Dermatophytes. It is available as oral or ^

intravenous formulation. The drug is well tolerated in usual doses but may cause nausea

and gastric distress. Higher doses may cause impotency, hypokalemia, hypertension,

edema, and congestive heart failure. Itraconazole has significant interactions with several

commonlyprescribed drugs (aids.info.nih.gov, 2007; Fung, 2008).

2.2.4.4. Voriconazole

Voriconazole (Vfend) was first marketed in 2002. Its spectrum includes Candida,

Aspergillus, Scedosporium apiospermum and Fusarium spp. It is available both in oral

and intravenous form and has excellent bioavailability (90 %). As with other azoles, it

interacts with drugs that are substrates of cytochrome P450 (terfenadine, cisapride,

astemizole etc.), increasing their serum levels. Other adverse effects are mild elevation of

transaminases and visual disturbances, rash and gastrointestinal symptoms (Petrikkos and
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Skiada, 2007; Groll and Walsh, 2002).

2.2.4.5. Posaconazole

V Posaconazole (Noxafil) is a hydroxylated analogue of itraconazole. It first became

available in Europe in 2005 and it was approved by the FDA in 2006 for prophylaxis

against invasive Aspergillus and Candida infections. Posaconazole is available only as an

oral formulation. It has a bioavailability of 8-47 % on an empty stomach, which increases

by 400 % upon ingestion of a high-fat meal. It has fewer side effects which include

nausea, vomiting, headache, abdominal pain and dianhea. Elevated liver enzymes may be

-x observed. The main limitation of posaconazole is the fact that no intravenous formulation

is available and therefore it cannot be used in some severely ill patients (Petrikkos and

Skiada, 2007).

2.2.5. Echinocandins

The echinocandins are amphiphilic lipopeptides. They are cyclic hexapeptides N-linked to

a fatty acyl side chain. They have a mode of action that is different from all the other

antifungals. Their mode is non competitive inhibition of (l,3)-P-D-glucan synthase, an

enzyme that is absent in mammalian cells which produces an important component of the

cell wall of many pathogenic fungi. Inhibition of (1,3) -p-D-glucan synthesis disrupts the

structure of the growing cell wall, resulting in osmotic instability and death of susceptible

yeast cells (Randhawa and Sharma, 2004, Groll and Walsh, 2002; Petrikkos and Skiada,

2007).

2.2.5.1 Caspofungin

(Cancidas) is the first echinocandin antifungal. These drugs are usually fungicidal but

^ they do not act as rapidly as amphotericin B. They are active against Candida including

azole resistant strains, Aspergillus and the organisms that cause blastomycosis and

histoplasmosis. Caspofungin is given intravenously and is highly bound to plasma

albumin. It is usually well tolerated with doses of 50 mg/day. Its adverse effects include

histamine type reactions like fever and rash, infusion related reactions including phlebitis,

transient elevations in liver transaminase levels, headache, nausea and anaemia. Facial

flushing has occuned during infusions (Petrikkos and Skiada, 2007).

2.2.5.2 Micafungin

Fungard in general has the same spectrum of antifungal activity as caspofungin including

Aspergillus spp, Cladosporium trichoides, Exophiala spinifera, Fonsecaea pedrosoi and

Exophiala dermatitidis. Its mode of administration is intravenous and adverse effects are

nausea, vomiting, headache, dianhoea, phlebitis and leucopenia possible histamine
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mediated symptoms such as rash, pruritis, facial swelling, vasodilation and isolated cases

of anaphylaxis and hemolysis have been described (Yamaguchi, 2003).

2.2.5.3 Anidulafungin

Anidulafungin (Eraxis) is the newest echinocandin approved for use in the USA and is

active against Bipolaris spicifera, Exophialajeanselmi, Fonsecaeae pedrosoi, Madurella

mycetomatis, Penicillium marneffei, Phialophora verrucosa, Pseudallescheria boydii,

Sporothrix shenkii, and Wangiella dermatitidis (Randhawa and Sharma, 2004; Groll and

Walsh, 2002). It is used intravenously and the adverse effects reported from clinical trials

were hypotension, vomiting, constipation, nausea, fever, hypokalemia and elevated

hepatic enzymes.

Table 2.2 Antifungal agents: spectrum, principal modes of action and resistance

mechanisms of fungal pathogens

Antifungal
agent

Polyenes

Amphotericin -B

Pyrimidines

analogues

5-fluorocytosine

Azoles

Fluconazole

Spectrum

Broad activity against Candida spp.

(except C. lusitaniae), Cryptococcus

neoformans and filamentous fungi

(except, of the Aspergillus spp, A. terreus

and A.flavus).

Active against Candida spp. and

Cryptococcus spp; however, rapid

emergence of resistance can appear when

5-FC is used as monotherapy

Active against Candida spp. and

Cryptococcus spp, less active against C.

glabrata and no activity against C.

krusei; and filamentous fungi

12

Mode of action

Binding to ergosterol

and Alteration in

specific steps of

destabilization of cell

ergosterol

biosynthesis

Impairment of

nucleic acid by

formation of toxic

fluorinated

pyrimidine

antimetabolites

Inhibition of

cytochrome P450 14

a lanosterol

demethylase

Mechanism of

resistence

Alteration in specific

steps ofergosterol

biosynthesis

Decreased uptake of

5-FC; decreased

formation of toxic

metabolites

Enhanced efflux by

upregulation of

multidrug transporter

genes, target alteration

by occurrence of

mutations and

alteration of specific

steps in ergosterol

biosynthetic pathway
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Voriconazole

posaconazole

Allylamines

Terbinafine

Echinocandins

Caspofungin

Micafungin

Anidulafungin

Like Fluconazole, but enhanced activity

against filamentous fungi,

including Aspergillus and Fusarium spp

Closely related to Itraconazole, but more

active

Active against most dermatophytes, poor Inhibition of sqalene

activity against Candida spp. epoxide

Active against Candida spp. with

fungicidal activity, moderately active

against Aspergillus spp., poor activity

against C. neoformans

Same spectrum of antifungal activity as

Caspofungin

Bipolaris Exophiala, Fonsecaeae,

Madurella, Fusarium,

Pseudallescheria and sporothrix

Inhibition of the cell

wall synthesis

enzyme (3 ''3glucan

synthase

Unknown

Unknown

2.3 DRUG RESISTANCE IN FUNGI

Like other living organisms, fungal cells may become resistant to toxic compounds

(Anderson, 2005; Yang, 2001). Antifungal resistance may be defined as a stable,

inheritable adjustment by a fungal cell to an antifungal agent, resulting in a less than

normal sensitivity to that antifungal or the failure to eradicate fungal infections despite the

administration of antifungal agent with in vitro activity against the organisms. Such

failures can be attributed to a combination of factors related to the host, antifungal agent

or the pathogen. Second the resistant pathogenic strains may also spread not only within

healthcare institutions but in communities as well (Francis et al, 2005; Herald et

al, 1998). Third the spread of resistant pathogens within the community poses obvious

additional problems for infection control. Finally with respect to the cost containtment

pressures of todays healthcare environments, antimicrobial drug resistance places on

additional burden on healthcare costs (Mcghowan, 2001). Microbiological resistance can

be primary (intrinsic) or secondary (extrinsic) (Kanafani et al, 2008).

Although extremely rare 10 years ago, antifungal drug resistance is quickly becoming a

major problem in certain populations, especially those infected with HIV, in whom drug

resistance of the agent causing oropharyngeal candidiasis is a major problem. For
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instance, 33 % of late-stage AIDS patients in one study had drug-resistant strains of C.

albicans in their oral cavities (White et al., 1998; Ghannoum and Rice, 1999). There are

no large-scale surveys of the extent of antifungal drug resistance, which has prompted 4

requests for an international epidemiological survey of this problem. The cunent

scenario of drug resistance to the commonly used antifungal agents is discussed below -

In general resistance to amphotericin-B is uncommon but several molds

{Pseudallescheria boydii, Scopulariopsis, Fusarium) as well as the yeasts T. beigelii, C.

lusitaniae and C. guilliermondii, possess primary resistance to amphotericin-B (White et

al., 1998; Bossche, 1997). Secondary resistance to amphotericin B has been found in ±

yeasts causing infections in patients with cancer. According to SENTRY program, the

prevalence of polyene resistance among Aspergills spp. has increased remarkably with

only 11.5 % ofAspergillusfumigatus isolates inhibited at less than 1 ug/ml (Kanafani and

Perfect, 2008).

Primary resistance to 5-flucytosine is common in certain yeasts and molds (Lupetii et al,

2002). Non albicans Candida species as well as well as Aspergillus spp., Cryptococcus and

the dimorphic fungi, have high rates of 5-FC resistance (Ghannoum, 1999; Dismukes,

2000; Kontoyiannis and Russel, 2002). In addition, secondary resistance is a common

development, especially in patients receiving 5-FC monotherapy. The severity of

immunosuppression and fungal burden may be important risk factors leading to the

development of resistance. Because 5-FC resistance develops frequently, the drug should

never be used as a single agent to treat either yeast or mold infections.

As azole antifungal agents have become important in the treatment ofmucosal candidiasis

in AIDS patients, reports of resistance have increased. Earlier most investigations were

focused on fluconazole resistant C. albicans, however during 1990s azole resistance in

other Candida spp. such as C. glabrata and C. krusei has been observed with the use of

azoles. C. krusei is intrinsically resistant to fluconazoles. There are few reports of

resistance developing in C. albicans, C. tropicalis or C. glabrata during short treatment

of candidiasis. In fact, azole resistance has now been found in patients not infected with

HIV and, in some situations, in patients not previously exposed to antifungal agents (Rex

et al, 1995; Sanglard, 2002). According to data from ARTEMIS, global antifungal

surveillance program, the incidence of fluconazole resistance in C. glabrata increases

from 7 % in 2001 to 12% in 2004. Although resistance to triazoles is not commonamong

Aspergillus spp. it has been reported a few times especially to itraconazole.

In case of echinocandins in vitro cross resistance is rare. C. parapsilopsis and C.
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gulliermondii isolates have higher MIC values. There are reports of caspofungin

resistence in C. albicans, C. parapsilopsis and C. gulliermondii (Ingroff, 2008; Perkin,

X 2007). Drug resistance to terbinafine has been reported in clinical isolates of T. rubrum

and Aspergillus spp. (Ingroff, 2008).

So far much emphasis has been put on investigation of multidrug resistance phenomena

in human pathogens which is spread through out the evolutionary scale. Studies on azole

resistant strains of C. albicans, A. nidulans and P. italicum indicated a decreased

accumulation of these compounds in the cells (Stergiopoulos, 2002). Accordingly, a host

a of responsible genes have been identified in the genetically tractable budding yeast

Saccharomyces cerevisiae, as well as in a pathogenic yeast C. albicans. Studies so far

suggest that while antifungal resistance is the culmination of multiple factors there may

be unifying mechanism of drug resistance in these pathogens. ABC (ATP binding

cassette) and MFS (major facilitator superfamily) drug transporters belonging to two

different superfamilies, are the most prominent contributors to MDR in yeast (Prasad et

al, 2002; Gulshan et al, 2007). Many of the genes of drug resistant fungi have been

studied and are listed in Table 2.3.
T

T

2.4 PHYTOMEDICINE AS AN ALTERNATIVE TO SYNTHETIC DRUGS

Plants are the oldest source of pharmacologically active compounds and have provided

human kind with many medicinaly useful compounds for centuries (Cordell, 1981; Iwu,

1999; Ming, 2003; Pal and Shukla, 2003). People on all continents have used poultices

and imbibed infusions from thousands of indigenous plants for various ailments (Lee,

2005; Akinpelu and onakoya, 2006; Heinrich, 2003).

Indian ayurvedic medicine, unani and Chinese system of medicines have well

documentations of a large number of medicinal plants and their possible uses (Fabricant

and Farnsworth, 2001; Guleria and kumar, 2006; Janovska, 2003). However, in spite of

rich diversified antimicrobials and other therapeutics constituents, since the advent of

antibiotics in the 1950s, the use of plant derivatives as antimicrobial have been virtually

ignored, as the emphasis was given on search and development of microbial origin drugs.

Diversified group of bacteria and fungi from various sources were collected from all over

the world and screened for new antibiotics which lead to an impressive arsenal of

antimicrobial agents such as cephalosporins, tetracyclines, aminoglycosides, rifamycins,

and chloramphenicol by the early 1970s.
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Table 2.3. ABC transporter genes from fungi

Subfamily Gene Accession No Size Protein topology Function

MDR Afimdr 1 U62931

MDR Afumdr I U62934

MDR Afumdr 2 U62936

- ADRI
-

PDR AtrA Z68904

PDR AtrB Z68905

Aspergillusflavus
1307 (TMD-NBF)

Aspergillus fumigatus
1349 (TMD-NBF)

791 TMD-NBF

Aspergillus nidulans
1466 (NBF-TMD)

1426 (NBF-TMD)

Not known

Resistance to cilofungin

Not involved in MDR

Upregulated by
itraconazole

Not known

MDR

Up-regulated by
various toxicants

Up-regulated by
cycloheximide

MDR

Not known

MDR

MDR

MDR

PDR

PDR

PDR

PDR

PDR

PDR

PDR

AtrC

AtrC2

AtrD

AtrA

AtrB

AtrC

AtrD

AF071410 1284 (TMD-NBF)

AF082072 1293 (TMD-NBF)

AF071411 1348 (TMD-NBF)

BcatrA Z68906 1562

Botryotinafuckeliana
(NBF-TMD) Up-regulated by

cycloheximide

BcatrB

CDR1

AJ006217

X77589

1439

1501

(NBF-TMD)

Candida albicans

(NBF-TMD)

Phenylpyroles +
stilbene resistance

MDR

CDR1 U63812 1499 (NBF-TMD) MDR

CDR1 U89714 1501 (NBF-TMD) Expressed in opaque
phase of growth

CDR1

LMABC1

AF044921 1490 (NBF-TMD)

Leptospaeria maculans

Not involved in

resistance to azole

MDR

LMABC2

ABC1 AF032443 1619

Magnoporthe grisea
(NBF-TMD)

Not involved in MDR

Essential for

pathogenicity
Mycosphaerella graminicola
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PDR Mgatrl

PDR Mgatr2

AJ243112 1562 (NBF-TMD)

AJ243113 1499 (NBF-TMD)

Upregulated by cyclo
heximide and eugenol

Upregulated by
eugenol and imaz

PDR Mgatr3
PDR Mgatr4
PDR Mgatr5

Penicillium digitatum
PDR PMR1 ABO 10442 1619 (NBF-TMD) Resistance to azoles

PDR PDR5 L19922 1511 (NBF-TMD) MDR

PDR PDR12 U39205 1529 (NBF-TMD) C1-C7 organic acids
resistance

PDR PDR15 U32274 1501 (NBF-TMD) Inducible upon stress

ALDP PXA1 Z73503 758 (NBF-TMD) MDR

ALDP PXA2 Z28188 853 (TMD-NBF) Required for P
oxidation of fatty acids

MRP BTA1 Z73153 1661 (TMD-NBF) Required for P
oxidation of fatty acids

MRP YCF1 Z48179 1515 (TMD-NBF) Bile acid transporter

MRP YORI Z73066 1477 (TMD-NBF) Multidrug and heavy
metal resistance

MDR ATM1 Z49212 690 (TMD-NBF) MDR

MDR STE6 Z28209 1290 (TMD-NBF) Mitochondrial DNA

maintenance

YEF3 YEF3 U20865 1044 (NBF) Secretion of the a

mating factor

YEF3 GCN20 D50617 752 (NBF)

Schizosaccharomyces
pombe

Interaction with

aminoacyl-t-RNA

PDR Abel Y09345 1427 (TMD-NBF) Unknown

MDR Maml U66305 1336 (TMD-NBF) Secretion of

mating factor

PDR Bfrl S76267 1530 (NBF-TMD) MDR

PDR Pmdl D10695 1362 (TMD-NBF) MDR

Indian ayurvedic medicine, unani and Chinese system of medicines have well

documentations of a large number of medicinal plants and their possible uses (Fabricant

and Farnsworth, 2001; Guleria and kumar, 2006; Janovska, 2003). However, in spite of
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rich diversified antimicrobials and other therapeutics constituents, since the advent of

antibiotics in the 1950s, the use of plant derivatives as antimicrobial have been virtually

ignored, as the emphasis was given on search and development of microbial origin drugs. •*

Diversified group of bacteria and fungi from various sources were collected from all over

the world and screened for new antibiotics which lead to an impressive arsenal of

antimicrobial agents such as cephalosporins, tetracyclines, aminoglycosides, rifamycins,

and chloramphenicol by the early 1970s. It was believed that virtually any microbial

infection could be treated by the use of these antibiotics. However the euphoria over the

potential conquest of infectious diseases was proven wrong in short time due to following >

main factors :

1. Prolong and indiscriminate use of these microbial antibiotics gave rise to various drug

resistant and more recently multidrug resistant strains worldwide. Hospitals have become

breeding grounds for human associated microorganisms.

2. The alarming increase in the incidences of bacterial and fungal diseases caused by

these drug resistant strains and also by opportunistic pathogens in the

immunocompromised host, patients with organ transplant and AIDS patients.

3. Nonetheless the same time bomb effect is also found to be developing with plant and

animal associated pathogens in commercially driven activities, such as aquaculture and

confined poultry breeding, where the indiscriminate use of antibiotics is perceived as

essential for industries survival.

4. In addition the side effects are associated with these commonly used antibiotics.

The control and treatment of infectious diseases caused by these resistant strains have

presently become one of the major health problems globally. Meanwhile consumers in

developed countries are becoming disillusioned with modern healthcare and are seeking

alternatives (Ahmad et al, 2006). Consequently there is an urgent need to search for safer

alternatives to synthetic antibiotics.

Once again the attention has been drawn towards plants, due to its century old established

therapeutic potential and thought to be relatively safer. Plants in their natural

sunoundings have contact with large number of fungi, dermatophytes, yeast, bacteria

viruses and parasites. The secondary compounds present in them have a considerable

protective role against infections as well as providing their physiological role. These

compounds are present up to 10 percent of their dry mass, ranging from small molecules

(for example phytoalexins) to proteins (example glucanases, chitinases). This relationship

canbe seen particularly in essential oils etc (Mongelli, 2003). Oneof the important reason
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for the comeback of phytomedicine has been that despite the remarkable progress made

by chemistry, pharmacology, molecular biology, genome research and high throughput

A screening the NCE (new chemical entity) pipelines of the pharmaceutical companies are

at historically low levels (Raskin et al, 2002, 2004).

2.5 MAJOR GROUPS OF PLANT ANTIFUNGAL COMPOUNDS

A wide variety of active phytochemicals with different biological activity have been

reported from plants but the present discussion focuses mainly around the antifungal

agents. Useful antifungal phytochemicals can be divided into several categories, and are

summarized below -

2.5.1 Phenolics and polyphenols

Single substituted ring is present in simple phenols and phenolic acids. Cinnamic and

caffeic acids are common examples of phenylpropane derived compounds. Caffeic acid

from tenagon and thyme is effective against fungi (Duke, 1985). Catechol and pyrogallol

both are hydroxylated phenols and are toxic to microorganisms. Eugenol, a phenolic

compound from clove oil is having antimicrobial activity (Thomson, 1978; Duke, 1985).

2.5.2 Quinones

Quinones are aromatic rings with two ketone substitutions. They are ubiquitous in nature

and are characteristically highly reactive. In addition to providing a source of stable free

radicals, quinones are known to complex ineversibly with nucleophilic amino acids in

proteins, often leading to inactivation of the protein and loss of function. For that reason,

the potential range of quinone antimicrobial effects is great. Probable targets in the

microbial cell are surface-exposed adhesins, cell wall polypeptides, and membrane-bound

enzymes (Stern, 1996). Quinones may also render substrates unavailable to the

microorganism. As with all plant-derived antimicrobials, the possible toxic effects of

quinones must be thoroughly examined.

2.5.3 Flavones, flavonoids and flavonols

Flavones are phenolic structures containing one carbonyl group. The addition of a 3-

hydroxyl group yields a flavonol (Fessenden and Fessenden, 1982). Phloretin, an

isoflavone isolated from apples, has antimicrobial activity against a variety of

microorganisms (Hunter and Hull, 1993). Galangin (3,5,7 trihydroxyflavone), isolated

from Helichrysum aureonites, shows antimicrobial activity against fungi (Afolayan and

Meyer, 1997).

-f
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2.5.4 Tannins

Tannins are polymeric phenolic substances and are divided into two groups, hydrolysable

and condensed tannins. Alternatively tannins may be formed by polymerization of 4-

quinone units (Geissman, 1963). In 1991, Scalbert reviewed 33 studies on antimicrobial

properties of tannins. According to these studies, tannins can be toxic to filamentous fungi

and yeasts.

2.5.5 Coumarins

Coumarins are phenolic substances made up of fused benzene and a-pyrone rings (O'

kennedy and Thornes, 1997). Phytoalexins, which are hydroxylated derivates of -V

coumarins, isolated from canots, show antifungal activity (Hoult and Paya, 1996).

2.5.6 Terpenoids and essential oils

The fragnance of plants is due to essential oil fraction. These oils are secondary

metabolites that are highly enriched compounds based on isoprene structure. They are

called terpenes, their general chemical structure is C10H16 and they occur as diterpenes,

triterpenes and tetraterpenes (C2o, C30 and C40), as well as hemiterpenes (C5) and

sesquiterpenes (C15) (Cowan, 1999). When compounds contain additional elements,

usually oxygen, they are termed as terpenoids. Terpenes or terpenoids are active against

fungi (Rana et a.l, 1997; Suresh et al, 1997). The mechanism of action of terpenes is not

fully understood but is speculated to involve membrane disruption by lipophilic

compounds.

2.5.7 Alkaloids

Heterocyclic nitrogen compounds are called alkaloids. The first medically useful alkaloid,

morphine was isolated in 1805 from opium poppy Papaver somniferum in 1805.

Diterpenoid alkaloids, commonly isolated from the plants of Ranunculaceae, are

commonly found to have antimicrobial properties (Omuloki et al, 1997).

Many researchers, particularly from countries with a rich biodiversity have contributed to

the detection ofnew antifungal compounds from medicinal plants.

Table 2.4 lists some of the major and important antifungal compounds isolated till date.

2.6 DIOSPYROS KAKI

Diospyros kaki is a deciduous tree measuring to 12 m in height and 7 m in diameter. It

belongs to family Ebenaceae. Its common name is Japenese persimmon and the country

of origin is Japan (Gilman and Watson, 1993).

T
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Table 2.4. Important: antifungal compounds isolated from plant

Plant Family Parts Compound type Reference

Artemisia giraldi Asteraceae Aerial part Flavones Zheng et al, 1996

Artemisia absinthium, Asteraceae Whole plant Essential oil Kordalie/a/.,2005
A. santonicum and

A. spicigera
Alium sativum Liliaceae Bulb Essential oil Pyan and Shin, 2006
Aniba rosaedora Lauraceae Bark Essential oil Simic et al, 2004
Ajania fruticulosa Asteraceae Aerial parts Sesquiterpene

lactones

Mengefa/,,2001

Anomospermum Meninspermaceae Stems Saponin Plaza et al, 2003
grandifolium
Astragalus Fabaceae Whole plant Protein Yan et al, 2005
mongholicus
Aquilegia vulgaris Ranunculaceae Leaves

and Stems

Flavonoid Bylka etal, 2004

Bauhinia rutescens Caesalpineaceae Root bark Stilbenes Maillardera/., 1991
Blumea balsamifera Asteraceae Leaves Flavanoid Ragasa etal, 2005
Bidens paludosa Asteraceae Whole plant Polyacetylenes Alvarez et al, 1996
Buddleja Loganiaceae Leaves Triterpenoid Emamc/fl/., 1996
madagascarensis saponins
Calycodendron mileni Rubiaceae Whole plant Alkaloids Saadefa/,,1995
Cassia tora Fabaceae Seeds Anthraquinone

aglycones
Kim etal, 2005

Camptotheca Nyssaceae Aerial parts Flavonoid Lee etal, 2005
acuminate

Calocedrus formosana Cupressaceae Leaf Essential oil Cheng etal, 2004
Capsicumfrutescens Solanaceae Whole plant Triterpene

saponin
Renault etal, 2003

Clerodendron wildi Verbenaceae Roots Triterpenoid
saponins

Toyota etal, 1990

Citrus sinensis Rutaceae Epicarp Essential oil Sharma et al, 2006
Chrysanthemum Asteraceae Flower Essential oil Alvarez et al, 2001
coronarium

Coccoloba dugandiana Polygonaceae Leaves, Twigs Flavonoids U etal,1999
Centaurea thessala Asteraceae Aerial parts Sesquiterpene

lactones

Skaltskaefa/.,2000

Celastrus hypoleucus Celastraceae Roots Triterpenoid huo etal, 2005
Cryptomeria japonica Taxodiaceae Leaves Essential oil Cheng et al, 2005
Chenopodium botrys Chenopodiaceae Aerial parts Essential oil Maksimovic et al, 2005
Clematides tangutica Ranunculaceae Aerial parts Triterpene

saponins
Du et al, 2003

Cinnamomum Lauraceae Bark Essential oil Simic et al, 2004
zeylanicum
Chrysactinia mexicana Asteraceae Essential oil Cardenas et al, 2005
Drimys Brasiliensis Winteraceae Stem bark Sesquiterpene Angelina etal, 2005
Datura metel Solanaeceae Leaves alkaloid Dabur et al, 2005
Daucus carota Apiaceae Roots Sesquiterpene

esters

Jasicka et al, 2004

Detarium microcarpum Fabaceae Fruit pulp Diterpenes Caving a/., 2006
Erythrina burtii Fabaceae flavonoid Stem bark Yenesewa et al, 2005

Evonymus europaeus Celastraceae Aerial parts Chitinbinding
protein

Vanden etal, 2004

Glehnia littoralis Apiaceae Roots Polyenic
alcohols

Matsurae/a/., 1996

Glycopetalum Celastraceae Stem bark Sesquiterpenes Sotonaphune^a/.,
sclerocarpum 1999

Glycyrhiza glabra Fabaceae Roots Flavonoids Lee etal, 1998
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Hebe cupressoides Scrophulariaceae Aerial parts Flavonoids Perry and Foster, 1994
Helichrysum Asteraceae Shoots Trihydroxy Afolayan and Meyer,
aureonitens flavones 1997

Hypericum calcinum Guttiferae Aerial parts Phloroglucinol
derivates

Decosterd era/., 1998

Haplophylum sieversii Rutaceae Aerial parts Alkaloids Cantrelle/a/., 2005
Inula viscosa Asteraceae Leaves Sesquiterpene

lactones

Maoze/a/.,1999

Juniperus thurifera Cupressaceae Wood Sesquiterpene Barrero etal, 2005
Juniperus comunis Cupressaceae Berry Essential oil Cavaleiro et al, 2006
Kigelia pinnata Bignoniaceae Fruits Napthaquinones Binutue?a/.,1996
Kaempferia marginata Zingiberaceae Stem Diterpenes Thongnest, 2005
Khaya ivorensis Meliaceae Stem bark Triterpenes Abdelgaleil, 2005
Laurus nobilis Lauraceae Aerial parts Essential oil Simic et al, 2004
Lavendula angustifolia Lamiaceae Stems,Leaves Essential oil D'auria etal, 2005 and
and L .stoechas and Flower Angioni et al, 2006
Lippia berlandieri and Verbenaceae Leaf Essential oil PortihWa/.,2005and
L.javanica Vilijoen et al, 2005

Melia azedarach Meliaceae Seed kernels Hydroxy
coumarins

Carpinella era/., 2005

Mahonia aquifolium Berberidaceae Stem bark Alkaloids Slobodnikova et al, 2004
Melochia odorata Sterculiaceae Leaves Alkaloids Emile era/., 2007
Nepeta crispa Lamiaceae Aerial parts Essential oil Sonboh era/., 2004
Ocimum gratissimum Lamiaceae Leaves Essential oil Nakamura et al, 2004
and O.micranthum and Sachetti era/., 2004
Parthenium Asteraceae Whole plant Sesquiterpenoid Ganeshan and Ganeshan,
hysterophorus lactones 1993

Piper angustifolium Piperaceae Seed Camphene Trimmer a/., 1996
Piper betle Piperaceae Leaves Essential oils Garg and Jain, 1992
Phaseolus vulgaris Fabaceae Seeds Peptide Wong J.H and Ng T.B, 2005
Polygonium hydropiper Polygonaceae Whole plant Sesquiterpene

dialdehydes
Lee etal, 1999

Polyalthia longifolia Annoceae leaves

and berries

Diterpenoid Marthanda etal, 2005

Prismatomeris Rubiaceae Roots anthraquinones Kanokmedhakul et al,
fragrans 2005

Psiadia Asteraceae Leaves Essential oil Govindan, et al, 2004
lithospermifolia
Raphanus sativus Brassicaceae Seeds Proteins Bolle etal, 1996
Rubia tictorum Rhamnaceae Root Anthraquinone

aglycone
Manojlovic etal,
2005

Rhicanthus nasutus Acanthaceae Leaves, Stems Napthopyran
derivates

Kodoma era/., 1993

Serjania salzmanniana Sapindaceae Whole plant Saponins Ekabo era/., 1996
Sassafras albidum Lauraceae Bark Essential oil Simic etal, 2004
Sium nodiflorum Apiaceae Whole plant Heterosides Larshini et al, 1996
Solanum hispidum Solanaeceae Leaves Saponin Gonzalez, 2004
Solanum abutiloides Solanaeceae Root Sesquiterpene Yokose etal, 2004
Strychos usambarensis Loganiaceae Seeds Alkaloids Leclerreq et al, 1995
Solanum tuberosum Solanaeceae Potato tubers Protein Park etal. ,2005
Swartzia polyphylla fabaceae Bark Flavonoid Rojas etal, 2006
Tagetes patula Asteraceae Aerial parts Essential oil Romagnoli era/., 2005
Terminalia bellerica Combretaceae Fruit Flavans,

Lignans
Valsraj etal, 1997

Trachyspermum ammi Apiaceae Seed Essential oil Singh etal, 2005
Thujopsis dolabrata Cupressaceae Seeds Terpenoids Keikoetal, 2007
Thymus vulgaris Lamiaceae Aerial parts Essential oil Giordani etal, 2004
Thymbracapitata Lamiaceae Aerial parts Essential oil Salgueiro etal, 2004
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Teramnus labialis Fabaceae Stems Flavanol

glycoside
Yadava and Jain,
2004

Trigonella-foenum- Fabaceae Leaves Cysteine Olli S. and Kirti P.B,
graecum rich peptides 2006

Tithonia diversifolia Asteraceae Aerial parts Isocoumarin

dimer

Yemele etal, 2006

Urginea indica Liliaceae Bulbs Protein Shenoye/a/., 2006
Virola surinamensis Myristiaceae Leaves, Bark Neolignans Zacchinoefa/., 1998
Vitisvinifera Vitaceae Beery Peptide Abre de Beer, 2008
Vernonanthura Asteraceae Roots Sesquiterpene Portillo et al, 2005
tweedieana

Zuccagniapuncata Fabaceae Aerial parts Chalcones and

Flavanone

Svetaz etal, 2004

Zingiber officinale Zingiberaceae Root Gingerols Ficker et al, 2003

2.6.1 PHYSICAL CHARACTERISTICS

Sastry (1952) reported some physical characteristics of the genus. The plant prefers light

(Sandy), medium (loamy) and heavy (clay) soil and well drained soil. It flowers from

July to August and the seeds ripen in November. The flowers are dioecious. It can grow

in semishade (light woodland) or no shade. It requires moist soil (plants for a future

database). D. kaki needs a subtropical to mild-temperate climate. It may not fruit in

tropical lowlands. In Brazil, the tree is considered suitable for all zones favourable to

citrus, but those zones with the coldest winters induce the highest yields. The atmosphere

may range from semi-aridto one ofhigh humidity. Propagation is by seed, root suckers or

grafting onto wild rootstocks.

2.6.2 GEOGRAPHIC DISTRIBUTION

D. kaki is native to China, India, Japan and Myanmar. It is exotic to Afghanistan,

Algeria, Australia, Brazil, Egypt, France, Indonesia, Israel, Italy, Korea, Republic of,

Palestine, Philippines, Russian Federation, Union of Soviet Socialist Republic (Former),

United States of America and Vietnam.

2.6.3 PRODUCTS

Food : Fully ripe fruits are usually eaten out-of-hand. The flesh may be added to salads,

blended with ice cream mix or yoghurt, used in pastries, puddings or made into jam or

marmalade. Ripe fruits can be frozen whole or pulped. Drying is commonly practised.

Roasted seeds have served as a coffee substitute. Tea can also be made from fresh or

dried leaves. D. kaki is high in vitamin and a moderate source of ascorbic acid.

Timber : Wood fairly hard and heavy, black with streaks of orange-yellow, salmon,

brown or grey; close-grained; takes a smooth finish and is prized in Japan for fancy
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inlays, though it has an unpleasant odour. Tannin from unripe fruits has been employed in

brewing sake, also in dyeing and as a wood preservative.

Other uses : Fruit may be converted into molasses, cider, beer and wine. Juice of small,

inedible wild fruits, calyx and seeds is diluted with water and painted on paper or cloth as

an insect and moisture-repellent medicine. It is a handsome ornamental tree with drooping

leaves and branches that give it a languid, rather tropical appearance. Trees can be planted

as a hedge or as a screen if pruned heavily.

2.6.4 MEDICINAL USES

The stem bark is astringent and styptic. The fruit is said to have different properties

depending on its stage of ripeness, though it is generally antitussive, astringent, laxative,

nutritive and stomachic. The fresh fully ripe fruit is used raw in the treatment of

constipation and haemonhoids and when cooked is used to treat dianhea. The dried fruit

is used in the treatment of bronchial complaints, whilst when ground into powder it is

used to treat dry coughs. Juice from the unripe fruit is used in the treatment of

hypertension. The fruits are considered to be antifebrile, antivininous and demulcent. The

peduncle is used totreat coughs and hiccups and the calyx is used to treat hiccups.
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2.6.5 BIOLOGICAL AND PHARMACOLOGICAL ACTIVITIES

1 Homeopathic medicine 'Creveld' had been developed from D. kaki (Creveld 2001-

-1 2005). The remedy has been used for patients suffering severe physical, psychological

and mental complaints due to post-traumatic stress. D. kaki has been much used during

chemotherapy and radiotherapy in which it substantially reduced the side effects

caused by primary therapy. In some cases, the tumours or metastases disappeared

(during or after treatment) sooner than one would normally expect.

2 The tannins present in the fresh unripe fruits of D. kaki have very strong detoxifying

a activity on snake venoms of two snake species i.e. Laticauda semifasciata and

Trimeresumsflavoviridis (Houghton, 1993; Okonogi et al, 1979).

3 Fruits are known to inactivate bacterial toxins of Clostridium tetani, Diptheria,

Straphylococcus alpha and Bordetella pertussis (Mallavadhani, 1998).

4 The leaves of Persimmon possess antithrombotic activity. It has long been used for

tea in Korea since it was thought to be effective against hypertension. (Sa et al, 2005)

reported a 10,000 D anticoagulant fraction has been purified from the leaves ofD. kaki

that inhibited thrombin-catalyzed fibrin formation with a competitive inhibition

pattern.

5 D. kaki exhibited strong radical scavenging activity which can be attributed to the

presence of catechin, epicatechin, epigallocatechin, chlorogenic acid, caffeic acid and

gallic acid (Chen et al, 2007).

6 D. kaki peels extract possess significant cytotoxic activity against human oral

squamous cell carcinoma cells (HSC-2) and human submandibular gland tumor (HSG)

cells, multidrug resistance (MDR) reversal activity, anti-human immunodeficiency

virus (HIV) activity and anti Helicobacterpylori activity (Kawase et al, 2002).

7 (Funayama, 1979) reported that astragalin and isoquercitrin present in the leaves ofD.

kaki are responsible for hypotensive effect as tested on urethane anasthetized rats.

8 Persimmon peel containing high levels of dietary fiber and antioxidants with

antidiabetic properties represents a potential dietary supplement for improving

hyperglycemia and diabetic complications (Lee, 2006; Li et al. 2007; Hu et al, 2006).

9 Polyphenols isolated from the persimmon leaf can be used as natural materials or

additives for human skin owing to their beneficial biological functions, including the

antiwrinkle effect and the inhibition of skin problems, for food or cosmetic

compositions (An et al, 2005).

10 A pharmaceutical composition for preventing and treating liver disease having liver-
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protecting activity, anti-oxidizing activity, anti-cancer activity, and anti-allergy

contained triterpenoid compound isolated from D. kaki folium have been reported by

( Kyung .&\{ young, 2. oo5) ±

11 D. kaki extract and related polyphenol compounds such as catechin (C), epicatechin

(EC), epicatechingallate (ECG), epigallocatechin (EGC), and epigallocatechingallate

(EGCG) strongly inhibited the growth of human lymphoid leukemia Molt 4B cells in a

dose-dependent manner, while C and EC inhibited the growth of the cells only

moderately (Achiwa et al,1997). Ornithine decarboxylase (ODC), a rate-limiting

enzyme of polyamine biosynthesis, was inhibited by 10-20 % by these polyphenol ,4-

compounds. The morphology of the Molt 4B cells indicated severe damage 3 days

after treatment with PS, ECG, EGC, and EGCG. Inegular shape of the cells and DNA

fragmentation were observed in PS, ECG, EGC, or EGCG-treated cells. These results

suggest that PS, ECG, EGC, and EGCG induce apoptosis (programmed cell death) of

Molt 4B cells.

12 The life span of stroke prone spontaneously hypersensitive rats was significantly

prolonged on ingestion of tannins of D. kaki (Weijian, 2005). Persimmon tannin was

20 times more effective than tocopherol in terms of the 50 % inhibitory concentrations

(Uchida, 1990). NaoXingQing (NXQ), a novel and patented traditional Chinese

medicine (TCM) drug made from the flavonoids of the leaves of D. kaki has been

used for the treatment of stroke or syndrome of apoplexy in clinic to improve the

outcome of ischemia stroke for years in China.

13 Plumbagin and its derivates isolated from D. kaki Thunb.roots possess acaricidal

activity and of fraction of mite indicator (Lee and Lee, 2008). >

2.6.6 ANTIMICROBIAL PROPERTIES

Fractionated extracts of persimmon peels showed a remarkable MDR reversal activity.

The active compounds in persimmon leaves i.e presence of volatile oil, total flavonoid,

coumarins, and organic acid are responsible for antimicrobial activities against seven

food spoilage and food-borne pathogens (Lilian, 2003). D. Kaki tannins with purity of 30

%, and oligosaccharides (non-fermentable tetra- or less- saccharides) are claimed as

human intraoral pathogenic bactericidal agents (Kato et al, 2006). The isolation and

identification of an antimicrobial compound kaempferol (kaempferol is an aglycon of

astragalin (kaempferol 3-O-P-D-glucopyranoside) against Streptococcus mutans from the

leavesof D. kaki has also been reported by (Yasumasaet al, 1999).
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2.6.7 PHYTOCHEMISTRY

-4 2.6.7.1 Leaves v : r ";

Leaves are reported to contain following compounds, 40-dihydroxy-a-truxillic acid

tatarine C, myricetin, annulatin, trifolin, astragalin, hyperin, isoquercetin, rutin, quercetin,

kampferol and kakispyrone and kaki saponin (Chen et al, 2007).

2.6.7.2 Fruits

Commercially, there are generally two types of persimmon fruit: astringent and non-

i astringent. The heart-shaped hachiya is the most common variety of astringent

persimmon. Astringent persimmons contain very high levels of soluble tannins and are

unpalatable if eaten before softening. The non-astringent persimmon is squat like a

tomato and is most commonly sold as fuyu. Non-astringent persimmons are not actually

free of tannins as the term suggests, but rather are far less astringent before ripening, and

lose more of their tannic quality sooner. Non-astringent persimmons may be consumed

when still very firm to very soft (Wikipedia). Persimmon contains the following (g/100 g

of fresh fruit)- water,80.3 g; protein, 0.58 g; total lipids, 0.19 g; total carbohydrates, 18.6

g; total dietary fiber, 1.48 g; and some minerals i.e., magnesium, iron, zinc, copper and

manganese. A high concentration of antioxidants such as ascorbic acid (up to 7.5 mg),

carotenoids (particularly cryptoxanthin, zeaxanthin and carotene), polyphenols and a

specific group of polyphenols (tannins), catechin and gallocatechin, as well as the anti

tumor compounds betulinic acid and shibuol were found in persimmon. The dry residue

of persimmon includes the following (g/100 g): polyphenols, 0.16-0.25; carotenoids,

0.002; and soluble and nonsoluble proteins, 0.64-1.3. Liposoluble compounds in the rind

and flesh of persimmon fruit includes monogalactosyldiglycerides, carotenoids,

diacylglycerols,

ceramideoligosides,digalactosyldiglycerides,phosphatidylglycerols,phosphatidylcholines

and free and glycosylated sterols. In the fatty acid composition of the lipids unsaturated

fatty acids linolenic, oleic, linoleic and palmitoleic predominated (>70 %). Some

components of persimmon show special activities (Uchida et al, 1989). Persimmon

tannins prolonged life and reduced the incidence of stroke in hypertensive rats. This effect

was attributed to the fact that persimmon tannins are 20 times more potent than

antioxidant vitamin E. However, the effect of a persimmon-supplemented diet on lipid

metabolism has not been examined (Gorinstein et al., 1998).
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2.6.7.3 Roots

Dicoumarol derivatives gerberinol (C2iH|606) and methylgerberinol (C22Hi806) have been

isolated from the roots of D. kaki Thunb. and D. kakiThunb var. sylvestris Makino. Other 4

napthaquinone derivates isolated from the roots of D. kaki were 7-methyljuglone,

isodiospyrin, mamegakinone, plumbagin, diospyrin and a new 7-methyljuglone dimer

named neodiospyrin. Also from the roots and woods of D. kaki var. sylvestris

shinanolone, the binapthyl-1,1- quinone, lupeol, betulin and betulinic acid were identified

(Tezuka etal, 1972; Paknikaretal, 1995).

2.6.7.4 Stems _>

Three compounds were isolated from the stem ofD. kaki sylvestris and were identified as

7-methyljuglone, isodiospyrin, and taraxerol (Zhong and Feng, 1987).

2.6.7.5 Seeds

Theseeds ofpersimmon (3 varieties) contained 0.43-0.67 % lipids andcomplex lipids constituted

11.4-18.3 % ofthis fraction. The complex lipids consisted of 18.5-22.3 % cerebrosides, 14.1-17.9

% acylsterylglycosides, 8.3-10.3 % phosphatidylinositols, 7.4-7.5% sterylglycosides, 5.2-7.2 %

monogalactosyldiglycerides, 3.7-5.3 % sulfoquinovosyldiglycerides, 3.8-4.7 % phosphatidyl- w>

N,N-dimethylethanolamines, 2.5-4.2 % phosphatidyl-N-methylethanolamines, and 27.4-30.7 %

unidentified constituents. The main fatty acids of these complex lipids were CI8:1 (23.2-37.7),

C18 (20.3-52.3) andC18:2 (9.9-33.8 %) (Suzuki etal, 1982).

2.6.7.6 Calyx

Twenty-three compounds were isolated from the calyx of D. kaki. Stearic acid, palmitic

acid, succinic acid, syringic acid, vanillic acid, gallic acid, kaempferol, quercetin, trifolin,

hyperin, P-sitosterol, P-sitosteryl-P-D-glucoside, friedelin, oleanolic acid, ursolic acid, -^

and 19 p -hydroxyursolic acid (Zhong and Feng, 1987).

Although phytochemical constituents of D. kaki have been studied earlier, (Tezuka et

al, 1972) no studies have been done on antifungal activity of rootbark of D. kaki extract.

Therefore an attempt have been made in the present study to evaluate its antifungal

property in vitro against a very broad range ofhuman pathogenic fungi.
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3.1 MATERIALS

3.1.1 Chemicals:

All chemicals used were of analytical grades and purchased from Sigma (USA, NewYork)

and Merck (Germany, Darmstadt). Culture media, Sabourads dextrose agar (SDA), Potato

dextrose agar (PDA) and Rosewell park memorial Institute (RPMI) were purchased from Hi-

Media (India).

3.1.2 Plant materials: A total of twenty-five plants were collected from Rajeshwari

nursery, Jwalapur and Company garden, Saharanpur. The plants were authenticated by Dr.

S.K. Upadhayay, Department of Botany, M.S. College, Saharanpur. Table 3.1 enlists the

different parts and the plants used in screening for antifungal activity.

Table 3.1 Plants, their family and part used for screening

Plant Family Part used

Jasminum undulatum Oleaceae Wp

Pongammia pinnata Fabaceae L&Sd

Carica papaya Caricaceae R, Sd, L, Sb & Rb

Cannabis sativa Cannabaceae R, L, Sd & Sb

Thuja occidentalis Cuppressaceae R, Fr, L & Sb

Bauhenia variegata Leguminosae Wp

Acyranthus aspera Amaranthaceae Wp

Oroxylum indicum Bignoneaceae L, Sb & Rb

Argemone maxicana Papaveraceae Rb&Fl

Bombax ceiba Bombaceae R, L & Fl

Tinospo rockordifolia Meninspermacae F, St & L

Hemidesmus indicus Asclepiadiaceae R, St & L

Andrographis paniculata Acanthaceae Wp

Acacia catechu Mimosaceae R, Sb & L

Cassia occidentalis Fabaceae R, L & Fl

Calatropis gigentia Asclepiadiaceae R, L & Fl
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Tectona grandis Verbenaceae L, R, St & Fl

Pyrus communis Rosaceae L, R, S & Fl

Scyzium cumini Myrtaceae L, R, S & Fl

Codiaeum variegatum Euphorbiaceae Sb, L, R & F

Artemisia absinthium Asteraceae S, L, R & Fl

Plumbago zeylanica Plumbaginaceae R, Sb & L

Plumbago capensis Plumbaginaceae R, Sb & L

Plumbago rosea Plumbaginaceae R, Sb & L

Diospyros kaki Ebenaceae L, Rb, Sb & Fr

Wp (whole plant), L(leaves), St (stems), Sd (Seed), R (Roots), Sb (Stem bark), Rb (root

bark), Fl (flower) and Fr (fruit).

3.1.3 Test fungi:

The fungi used in the study were obtained from Indian Agriculture Research Institute, New

Delhi and Postgraduate Institute of Medical Educationand Research, Chandigarh. They were

Candida albicans MTCC 227, Candida tropicalis ITCC 6258, Candida krusei ITCC 750,

Cryptococcus neoformans ITCC 1672, Sporothrix shenkii ITCC 2317, Fusarium oxysporum

ITCC 4998, Trichophyton mentegrophytes ITCC 3572, Microsporon gypseum ITCC 5277,

Aspergillus flavus ITCC 5290, Aspergillus fumigatus ITCC 4880, Curvularia lunata ITCC

5248, Rhizomucor pussilus ITCC W-14, Phialophora verrucosa MCCL 32006 and

Pseudaresheria boydii MCCL W-14.

3.2 METHODS

3.2.1 Plant extract preparation :

3.2.1.1 Preparation of aqueous extract

The preparation of aqueous extract was done following the method of Xket al. (2003) with

little modification. Fresh plant tissue, 10 g was washed with sterile water and treated with 0.2

% mercuric chloride for 10-15 min for surface sterilization. It was then crushed in liquid

nitrogen. Powdered sample was extracted in 100 ml 20 mM sodium phosphate buffer (pH

7.2), 0.2 M sodium chloride with gently stirring for about 3 h. Homogenate was centrifuged

at 9000 g, 4 °C for 30 minutes. It was then filtered with muslin cloth and used for the disc
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diffusion assay.

3.2A.2 Preparation of methanolic extract

T
Preperation of the extract was done using the method of Tadhani and Subash (2006) with

little modification. Plants (10 g dry weight) were dried in oven at 40 "C for 24 - 48 h and

surface sterilized with 0.2 % mercuric chloride. Dry plant powder was dissolved in 100 ml of

methanol and extracted using dynamic maceration on shaker for 24 h at room temperature.

The procedure was repeated three times. Extract was then filtered and dried under reduced

pressure in rotary evaporator. Samples were stored at 4 °C in airtight bottles for further use.

3.2.2 Culture and maintenance of fungal strains :

3.2.2.1 Fungal cultures were maintained by monthly sub culturing on SDA at 4 "C and 15 %

glycerol stocks were kept at -70°C for long term storage.

3.2.2.2 Preparation of inocula

Preparation of inocula was done as per the protocol of NCCLS M38-P (1998). Three-four

days old PDA slants freshly subcultured were scraped with 0.85 % saline and transfened to

5 ml distilled water after hyphal fragments deposited at the bottom. One-two drop of 1 %

Tween 80 was added. The suspension was vortexed for about 5 min and the density of

suspension (0.4 x 104 - 5 x 104 cfu/ml) was determined using haemocytometer. In case of

yeast overnight cultures in PDB were adjusted to an optical density of ~2 at 600 nm and then

diluted to the desired count.

3.2.3 Evaluation of antifungal activity of aqueous and methanolic plant extract:

3.2.3.1 Disc diffusion assay

Preliminary antifungal assay was done as per the technique of Pepeljnjak (2003). Fungal

inoculum prepared earlier was spread on SDA plates (100 pi). Discs impregnated with 1, 2.5,

5 and 7.5 mg of extract (in DMSO) were made and transfened to the plates. Amphotericin-B

(100 ug) was used as positive control and DMSO as negative control. Plates were kept at 4

°C for 2-3 h and then incubated at 28-30 °C. Zone of inhibition were examined after 48 h.
-r

After incubation the zone of inhibition was measured using Hi antibiotic zone scale

(HiMedia, Mumbai, India).
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3.2.4 Qualitative phytochemical analysis of crude extract for major group of

antimicrobial compounds :

3.2.4.1 Phytochemical assay

Qualitative analysis of the crude extract was done using standard procedures to identify the

presence of major phytoconstituents. Analysis for the presence of tannins, saponins,

flavonoids, steroids, terpenoids and glycosides were carried out by method of Edeoga (2005),

phenols by the method of Harborne (1998) and alkaloids by Karumi (2004) respectively.

Test for phenols : On addition of 1 % alcoholic ferric chloride to the five ml extract intense

green, purple or blue black colour is produced.

Test for flavonoids : Five ml of dilute ammonia solution was added to five ml of crude

extract followed by addition of cone, sulphuric acid. Yellow colour formation (disappears on

standing), indicates the presence of flavonoids.

Test for terpenoids : Five ml of each extract was mixed in two ml chloroform and

aproximately three ml of cone, sulphuric acid was added over it to form a layer. The

formation of a reddish brown colouration is seen at the interface which indicates the

presence of terpenoids.

Test for tannins : One g of the dry powdered sample was boiled with twenty ml of

distilled water in a test tube and thereafter filtered. Few drops of 0.1 % ferric chloride was

added to it. Brownish or blue-black colour indicates the presence of tannins.

Test for steroids : One g crude extract was taken and two ml of acetic acid was added

followed by two ml sulphuric acid The colour changed from violet to blue green in some

samples indicating the presence of steroids.

Test for saponins : Two g of the dry powderd sample was boiled in aproximatelytwenty ml

distilled water and filtered. Ten ml of the filtrate was mixed with five ml of distilled water

and shaken vigorously for a stablepersistent froth. It was mixed with three drops of olive oil

and shaken vigorously. The formation of emulsion on vigorous shaking confirms the

presence of saponins.

Test for glycosides : Five ml of the extract was mixed with two ml glacial acetic acid. One

ml of ferric chloride was underlayered with one ml cone, sulphuric acid. Brown ring at
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interface indicates a deoxy sugar characteristic of cardenolides. A violet ring may appear

below the brown ring while in acetic acid layer a greenish ring may form.

Test for alkaloids : Two ml of extract was stined and placed in 1 % aqueous hydrochloride

acid (5ml) on a steam bath and then treated with Dragendorffs reagent. Turbidity or

precipitation with these reagents was considered as evidence for the presence of alkaloids.

3.2.4.2 TLC analysis of crude extract

Determination of most suitable mobile phase and extensive analysis of the crude extract was

done through TLC analysis, using various solvent systems following Harbone (1998). Silica

gel plates 60 F254+366, 20 x 20 cm (Merck, Germany) were used for analytical TLC. Five pi

of crude extract (0.1 mg) was applied on TLC plate. The extract was applied as separate

spots to a TLC plate about 1.3 cm from the edge (spotting line), using 20 pi capillary tubes.

Development of the chromatogram was done in closed tank in which atmosphere had been

saturated with eluent vapour. After the mobile phase had moved about 80 % from the

spotting line, the plate was removed from the developing chamber and dried in a fume hood.

Thereafter plates were analysed for the presence or absence of terpenoids, flavonoids,

phenols, quinones, alkaloids and tannins by means of various detection reagents as per the

method of Wrangler, 1996 and coumarins, glycosides and steroids by instructions given in

the website www.emdchemicals.com.

1. Analysis of terpenoids was done using the solvent system benzene-chloroform (1:1),

benzene-methanol (9:1), benzene-ether (2:3), toluene-ethylacetate (93:7), toluene-

chloroform-ethanol (40:40:10), n-hexane-ethylacetate (17:3), hexane-ethylacetate (1:1). The

plates were then sprayed with anisaldehyde-sulphuric acid reagent for the detection of

terpenoids. It is prepared by mixing 0.5 ml anisaldehyde and 10 ml glacial acetic acid

followed by 85 ml methanol and 5 ml concentrated sulphuric acid. TLC plate was sprayed

with 10 ml of reagent, heated at 100 for 5-10 min and evaluated in UV at 365 nm. A range of

colours from brown to blue colour were obtained indicating the presence of terpenoids.

2. For the analysis of flavonoids the solvents system used were : ethylacetate-formicacid-

water (8:1:1), ethylacetate-formicacid-water (100:11:11:26), ethylacetate-methanol-water

(100:13.5:10), toluene-acetic acid (4:1), chloroform-ethylacetate-acetic acid (5:4:1),

. chloroform-methanol (89:11). Polyethyleneglycol reagent was used as detection reagent.

The plate was spread with 1 % methanolic diphenylboric acid -B-ethylaminoester followed

33



by 5 % ethanolic polyethylene glycol- 4000 (PEG) 10 ml and 8 ml respectively. Intense

fluorescence (yellow, green and orange) was produced in UV 365nm.

3. For the analysis of quinones following different mobile phase were used : ethylacetate-

methanol-water (10:16.5:13.5), toluene-ethylformate-formic acid (5:4:1), petroleum ether-

ethylacetate (7:3), petroleumether-ethylacetate-formicacid (90:4:1), n-hexane-ethylacetate

(17:3). About 10 g solid iodine were sprayed on the bottom of a chromatograph tank. The

developed TLC plate was placed into tank and exposed to iodine vapour. Yellow brown

zones indicated the presence of quinones.

4. Analysis of phenols was done using the solvent systems : ethylacetate-formicacid-water

(3:1:3), toluene-ethylacetate-formicacid (36:12:5), benzene-methanol-acetone (45:8:4),

butanol-ethanol-water (5:1:2). Phenols absorb in short UV and can be detected in light of

wavelength 253 nm as dark absorbing spots on plates containing fluroscent indicator and the

plates were sprayed with Folin-ciocalteu reagent. Blue spots or grey spots appearwhen plates

were fumed with ammonia vapour.

5. For tannins TLC was run in butanol-aceticacid-water (14:1:5). TLC plates were then

sprayed with ferric chloride reagent which gives blue-black or green spots.

6. The solvent systems used for the analysis of coumarins were chloroform (100 %),

benzene-ethanol (45:5), diethylether-toluene (1:1), toluene-ethylacetate (93:7). The plate was

sprayed with 5 % or 10 % ethanolic potassium hydroxide and evaluated in UV at 365 nm

with or without warming. Blue fluorescence indicates the presence of coumarins.

7. In case of alkaloids, methanol-conc NH4OH (200:3), ethylacetate-methanol-water

(100:13.5:10), toluene-ethylacetate-diethylamine (70:20:10) were used as seperation

solvents. Dragendorff reagent was used to confirm the presence of alkaloids. It consists of

Solution A (0.85 g basic bismuth nitrate in 10 ml glacial acetic acid and 40 ml water) and

Solution B (8 g potassium iodide in 30 ml water). Stock solution A and B are mixed in the

ratio of 1:11 ml, mixed with 2 ml acetic acid and 10 ml water and used as spray reagent for

TLC plates. Dark brown or bright orange coloured spots indicated the presence of alkaloids.

8. Analysis of saponins was done using the solvent systems-chloroform-aceticacid-methanol-

water (64:32:12:8), n-butanol-water (1:1), hexane-ethylacetate (5:95), benzene-methanol

(10:7.5), chloroform-methanol (22:1.5). Anthrone (9-10-dihydroxy-8-oxaanthracene) in

concentrated sulphuric acid when sprayed on plates exhibits green or greenish blue spots
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which confirms the presence of saponins.

9. TLC plate was developed using the mobile phase ethylacetate-methanol-water

(100:13.5:10) for the analysis of glycosides. Phosphoric acid reagent was sprayed heavily

until the layer appearead transparent with a solution of 85 % phosphoric acid with water (1:1,

v/v) and heated 10-15 minutes at 120°C.

10. For the analysis of steroids, benzene-ethanol (95:5), benzene-ethylacetate (9:1) were

used. Plates were sprayed with diphenylamine reagent containing 10 ml of 10 %

y diphenylamine in ethanol, 100 ml HC1 and 80 ml glacial acetic acid. Orange to violet colour

is produced indicating the presence of steroids.

3.2.5 TLC bioautography :

The direct TLC biqutography method of Masoka et al. (2005) with little modification was

performed for the identification of number of active compounds present in the crude extract.

C. albicans, A.flavus and T. mentegrophytes were used.

y~ Preparation of inocula

Cultures were grown on sabouraud dextrose agar for 2-3 days. Sabouraud broth was

prepared and autoclaved (50 ml). Actively growing cultures were transfened into the broth

with a sterile loop. The density of suspension (0.4 x 104- 5 x 104 cfu/ml) was determined

using haemocytometer.

Bioautographic procedure

V
Five pi of the solution of each extract was applied on Merck TLC F254 plates (20 x 20 cm,

250pm thickness) and was developed to a distance of about 10 cm using the mobile phase

benzene-chloroform 1:1. The mobile phase was removed from the plate by air drying for

about 15-20 minutes. The plates were then inoculated with a fine spray of the concentrated

suspension containing (0.4 x 104- 5 x 104 cfu/ml) of actively growing fungi. The plates were

sprayed until they were just wet. They were sealed in the clear plastic envelopes and

incubated overnight and then sprayed with a 2 mg/ml solution of methyltetrazolium violet

y (MTT) and further incubated overnight at 35 °C in a clean chamber at 100 % relative

humidity in the dark. This is due to the fact that reduction of MTT to coloured formazan did

not take place due to the presence of compounds that inhibited the growth of test fungi.
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3.2.6 Purification of active constituents using open column chromatography :

As a result of performing TLC using a number of solvent combinations the benzene-

chloroform was chosen as it was giving the best most favourable separation of compounds.

The active compounds were purified using gravity column (lm x 40 mm) employing silica

gel as matrix following the method of Iroegbu (2005) with some modification. Silica gel (60-

120 mesh) was wet packed using chloroform. After settling the residue weighing 10 gm was

suspended in minimum amount of particular solvent in which it would dissolve and filtered

to remove impurities and any large particles which could cause diffusion problems whilst

developing the column. The fraction was applied to the top of the column using a pipette

with great care as not to disturb the top of the column. After application the solvent flask was

raised to facilitate solvent flow into the column and was run using gravitational force. The

column was left to run overnight, connected to a fraction collector, at a flow rate of 0.6

ml/min. Benzene-chloroform step gradient, starting with 100 % benzene to 100 %

chloroform was used for elution. The total of 132 fractions of 25 ml were collected. All the

eluted fractions were dried in waterbath at 45-50 °C and monitored by using the same TLC

system. The fractions with similar TLC profile were pooled. The major fractions so obtained

were assayed for the antifungal activity by disc diffusion method against C albicans, A.

flavus and T. mentegrophytes. The fractions found active were purified further by repeated

silica gel column chromatography and by preperative TLC (Silica gel PLC plates 60

F254+366, 20 x 20 cm, 2 mm, Merck, Germany). The active compounds so obtained were

identified by comparision of their spectral data with the literature.

3.2.7. Characterization of active compounds using various analytical methods :

As a result of purification of crude extract by silica gel column chromatography, two

bioactive compounds A and B were obtained. Both the compounds were dissolved in

methanol (HPLC grade) and filtered with syringe filter to facilitate the removal of impurities.

The samples were then characterized using various analytical techniques as given below-

3.2.7.1 Melting point determination

The meltingpoint measurement was carriedout using glass capillarycontaining 1 mg sample

in Biichi®melting point apparatus, Model B-545, AC input 230V(Z319287Aldrich).
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3.2.7.2 EI-MS

Stock was prepared by dissolving sample 0.1 mg/ml in methanol (HPLC grade). EI-MS was

measured by direct insertion of sample (5 pi) at ionization voltage of 70 ev using a

Micromass autospec Q (Waters Micromass UK ltd.) spectrometer containing HP5-MS

column. The programme was set as given- Injector temperature was 270°C and column

temperature was 70 °C for 1 min at the beginning and then raised to 120 °C at rate 12 °C/min

with hold for 1 min at 200 °C at rate 15 °C/min. 1 min hold was given at 300 °C at rate 20

°C/min and again held 15 min.

3.2.7.3 IR spectroscopy

Five mg sample was crushed with KBr pellets and used for recording the IR spectra. The IR

spectra were obtained using a Perkin-Elmer FTIR Spectrophotometre, in the range 4000 - 667

cm-1 using Omniq software.

3.2.7.4 NMR spectroscopy

> Samples (5 mg) were cleaned using various solvent systems starting with non polar solvents

e.g. hexane and then introducing, methanol, ethylacetate, chloroform and acetone. The clean

samples were weighed and dissolved in maximum 2 ml deuterated DMSO-d6. The samples

were then pipetted into NMR tubes. The *H NMR spectra were recorded by using Bruker

DRX500 at 500MHZ and 13C at 250 MHZ.

3.2.8 Evaluation of antifungal potential of Plumbagin and Isodiospyrin :

-V 3.2.8.1 MIC determination

MIC of the crude extract and pure compounds Plumbagin and Isodiospyrin were performed

using micro broth dilution method of NCCLS M38 P (1998) with some modification. Two

fold serial dilution of the extract and compounds was done in RPMI starting with 10 mg/ml -

0.005 mg/ml. Each well of the 96 well plates was inoculated on the day of test with 100 pi of

2 x conidial inoculum suspension (0.5 x 103 - 2.5 x 103 cfu/ml) in case of yeast and (0.4 x

104- 5 x 104 cfu/ml) for filamentous fungi. 100 pi of the test compound was than added inthe

y desired concentration to each well of the microtitre plate. The growth control wells contained

100 pi of the conesponding diluted inoculum suspension and 100 pi of 2 x sterile drug free

medium and DMSO. Both quality control isolates C. tropicalis and C. krusei were also

included in the study. The micro dilution trays were incubated at 35 °C and examined after
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21-26, 46-50 and 70-74 hours of incubation. The growth in each MIC well was compared

with that of growth control with the aid of reading minor. The MIC was defined as the

lowest concentration able to inhibit any visible growth. -4/

3.2.8.2 MFC determination

MFC was detennined by the method of Ingroff (2001). Twenty pi aliquots were sub cultured

from each well that showed complete inhibition (100 % or an optically clear well) as

compared to positive well (growth similar to that for the growth control, drug free medium)

onto SDA plates. The plates were incubated at 28-30 °C until growth was seen in the growth y

control subculture (usually 48 h). The MFC was the lowest drug concentration that resulted

in either no growth or fewer than 3-5 colonies.

3.2.8.3 ICso determination

To determine the IC50 of Plumbagin and Isodiospyrin against various fungi SDA plates were

used. To the autoclaved SDA which were cooled down to 45 °C different amount of above

mentioned pure compounds 2, 4, 6, 8 and 10 pg/ml, Plumbagin and 10, 20, 30, 40 and 50

pg/ml, Isodiospyrin respectively were added, mixed and poured into petridishes. After

solidification of the medium, the inoculum in the range of 1 x 105 cells were added on to the

plates. DMSO alone served as control. After incubation at 28 °C for 72 h the area of mycelia

was measured and the percentage inhibition of fungal growth was determined by the given

formula. In case of Candida the number of colonies were counted and the percentage of

inhibition calculated as per the formula -

For Candida % inhibition = No of colonies in absence - Presence of compound

No of colonies in absence ofcompound

For molds % inhibition = Area of mycelial colony in absence - Area of colony in presence of compound

Area of mycelial colony in absence

A graphbetweenpercentage inhibition of fungal growth and the concentration of Plumbagin

and Isodiospyrin was plotted and used to determine IC50 of both the compounds. IC50 value

was defined as the concentration of compound at which 50 % inhibition was observed.

3.2.9 Time kill study

The study was performed as per the method of Takemoto (2006) with little modification. In

this study three groups of fungi were used i.e. C. albicans, T. mentegrophytes and A. flavus.
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Fungi were subcultured on PDA plates. The inoculum was prepared in the same way as

described above. One ml of adjusted fungal suspension (4 x 104 cfu/ml) was than added to

solution of RPMI plus appropriate amount of antifungal compound 1, 2, 4 and 8 x MIC. Test

solutions were placed on a shaker and incubated with agitation at 35 °C. At predetermined

time intervals 100 pi samples were withdrawn from each solution, serially diluted ten fold,

and a 50 pi sample was plated on SDA plate for colony counting. Colony counts were

determined after incubation of these plates at 35 °C for 24-48 h. The detection limit was 1

logio cfu/ml.

3.2.10 Ultrastructure studies

3.2.10.1 SEM

The measured amount of pure antifungal compound 4 x MIC i.e. 5 pg/ml, 10 pg/ml and 40

pg/ml ofPlumbagin and 8 x MIC Isodiospyrin i.e. 40 pg/ml, 40 pg/ml and 320 pg/ml, were

poured into sterilized petriplates. For control sets, SDA medium was supplemented with the

same amount of DMSO. The pathogenic fungi was inoculated by placing a disk of mycelium

(0.5 in diameter) in the centre of petriplate. Plates were incubated at 28 ± 1 °C. The growth of

test fungi were recorded for 48 h. The processing of samples were done by the method of

Sharma and Tripathi (2006). Two days old fungal cultures treated with the above mentioned

concentration of Plumbagin and Isodiospyrin were collected from the rim and from the

centre of the fungal colonies of the same age in control petriplate and in those treated with

antifiingal compound. For fixation, samples were promptly placed in vials containing 3 %

glutaraldehyde in 0.05 M phosphate buffer (pH 6.8) at 4 °C for 48 h. Samples were then

washed with distilled water three times for 20 min each following which they were

dehydrated in ethanol series (30 %,50 %,70 % and 95 %) for 20 min in each alcohol dilution

and finally with absolute ethanol for 45 min. Samples were then critical point dried in liquid

carbondioxide. Following drying samples were gold plated and then viewed in a Cambridge

LeoS-430 SEM operating at 15 kv at various levels of magnification. Cells of C. albicans

were harvested by centrifugation at 2000 x g for 5 min, washed three times with phosphate

buffer saline and resuspended in the same buffer. Controls were run in the presence of

DMSO. Each sample was spread on a poly (L-lysine) coated glass slide (18 x 18 mm) to

immobilize yeast cells. Glass slides were incubated at 30 °C for 90 min. Slide immobilized

cells were fixed with 3 % (w/v) glutaraldehyde in 0.05 M sodium .phosphate buffer,

extensively washed with the same buffer and dehydrated with a graded ethanol series (30 %,

"f
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50 %, 70 % and 95 %) for 20 min each. They were finally dried under vaccum. Samples were

then mounted, sputter coated with gold and examined under scanning electron microscope

(LEO, model 435 VF, England). -f

3.2.10.2 TEM

Fresh fungal culture of C. albicans, T. mentegrophytes, A.flavus was treated with 4 x MIC

of Plumbagin i.e. 5 pg/ml, 10 pg/ml and 40 pg/ml and 8 x MIC of Isodiospyrin i.e. 40

pg/ml, 40 pg/ml and 320 pg/ml by the same procedure as used for SEM. Processing was

done using the method of Mares et al. (2004). Fungus was fixed with 6 % glutaraldehyde in -4

0.1 M sodium phosphate buffer, pH 7.2, for 3 h at 4 °C. After having been rinsed in the same

buffer, the fungi which were to undergo TEM were post fixed for 20 h at 4 °C in 1 % osmium

tetraoxide in the same buffer. They were then dehydrated in a graded series of ethanol

solutions and embedded in epon araldite resin. Sections were cut with an 1kb ultratome III,

stained with uranyl acetate and lead citrate and observed with TEM at 100 KV. Samples

containing C. albicans cells (1 x 106 cells/ ml) were centrifuged at 2000 x g. Control were

run in the presence of DMSO. The cells were fixed by 6 % glutaraldehyde in 0.1 M sodium

phosphate buffer, pH 7.2, for 3 h at 4 °C. Cells were then post fixed for 20 h at 4 °C in 1 %

osmiumtetraoxide in the same buffer at room temperature. They were washed three times

with buffer and dehydrated in graded series of ethanol solutions and embedded in epon resin.

Ultrathin sections were mounted on copper grid and stained with uranylacetate and lead

acetate. The grids were examined using a transmission electron microscope (Phillips, model

CM 10, Holland).

3.2.11 Cytotoxicity studies

3.2.11.1 RBC hemolysis assay

Hemolysis assay was performed as per the method of Iwamoto et al. (1994) with some

modification. Fresh red blood cells prepared from ICR mouse (female, four weeks old) were

used in the hemolytic assay. The whole blood cells were collected under the heparinized

condition, and washed with saline three times. The resultant red blood cells (RBC) were

suspended in saline to yield 2 % (v/v) suspension. Fifty pi of RBC suspension was added to

50 pi of the compound to yield final concentration of Plumbagin and Isodiospyrin (100-10

pg/ml) in U-bottom microtiter plates. The plate was incubated for two hours at room

temperature with gentle shaking, and then allowed to stand for a while to sediment RBC. The
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percent hemolysis was calculated by the following formula: A540 for the sample with

hemolysin - A540 for the control without hemolysin]/A540 for the complete lysis caused by

•*• mixing ultrapure grade water] x 100.

3.2.11.2 Preparation of peritoneal mouse macrophages

The process of preparing peritoneal macrophages was done as per given by Manosroi et al.

(2003) with little modification. Mice was injected with fetal calf serum intraperitoneally as a

stimulant to elicit peritoneal macrophages. After three days of injection, the resulting

V peritoneal cells were harvested by peritoneal lavage with RPMI-1640 supplemented with 10

% heat-inactivated FCS, 50 pM 2-mercaptoethanol, 100 I.E. penicillin, 100 pg streptomycin

and 0.25 pg/ml amphotericin-B. The exudate was centrifuged at 1000 rpm, 25 °C for 20 min.

The erythrocytes in the cell pellets were lysed by hypotonic solution (0.2 % NaCl).

Isotonicity was restored with 1.6 % NaCl solution. Cell suspension was centrifuged and the

cells were washed twice and re-suspended in complete RPMI-1640. The cell number was

adjusted to 4 x 106 cells/ml. The cells were incubated in 96 well culture plate for 2 h at37 °C

_ in 5 % CO2 in an incubator. The nonadherent cells were removed by repeated washing with

ice cold serum RPMI 1640 medium while the adherent cells were cultured for further studies.

3.2.11.3 Preperation of splenic lymphocytes

Splenocytes were isolated by the method of Tanaka (1999) with some modification. Mice

were killed with cervical dislocation under ether anesthesia and a single cell suspension were

prepared by pressing the spleen between two slide glasses. The cell suspensions were passed

j^ through a 200 gauge stainless sieve and then left to stand to remove tissue fragments. The

cell suspensions were centrifuged (600 g for 10 min), resuspended gently in RPMI 1640. The

cell suspensions were adjusted to 4 x 10 cells/ml and the cells were seeded in flat bottom 96-

well polysterene microtitre plate and cultured for further studies.

3.2.11.4 : In vitro cytotoxicity assay

Viable counts of macrophages and splenocytes were measured by tryptan blue dye exclusion

method described by Ignacio et al. (2001) with little modification. Adherent peritoneal
^y 6 6macrophages (4 x 10 cells/well) and splenocytes (4 x 10 cells/well) were placed in

microtiter plates with medium supplemented with 2 % FCS, containing different

concentrations of compound (10-100 pg/ml) and incubated up to 24 h at 37 °C. The cell

suspensions were mixed with equal volume of dye (0.1 % in PBS) and incubated at room
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temperature for 5 min. The cells were washed to remove the free dye. Viable cell counts were

taken by using a haemocytometer under 40 x magnification of the phase contrast microscope.

Cells with dye were excluded and only transparent cells were taken and counted as viable

cells. Triplicate wells were set for each concentration.
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4.1 SELECTION OF PLANTS BY SCREENING OF AQUEOUS AND ORGANIC
EXTRACT:

Aqueous and methanolic extract of twenty plants used in the present study were screened

for antifungal activity by disc diffusion assay against fourteen human pathogenic fungi. The

result of screening of aqueous and methanolic extracts are shown in Table 1 and 2

respectively. It is clear from the table that aqueous extract of most of the plants did not

exhibit any promising antifungal activity even at the highest concentration tested and only

two plants were found to be active. Hemidesmus indicus showed moderate activity against F.

oxysporum, C. krusei, C. albicans and C. tropicalis while Plumbago capensis was effective

only on Cryptococcus. On the other hand methanolic extract of eleven plants were found to

be active against one or more fungi (Table 2). Pongammia pinnata showed quite good

activity against T. mentegrophytes and M. gypseum, moderate activity against Candida spp-

and only slight activity on A.fumigatus. Carica papaya was found active against S. shenkii

and Carica sativa against S. shenkii. Oroxylum indicum was effective on A.fumigatus and

Candidaspp while Hemidesmus indicus and Andrographispaniculata were slightly active on

dermatophytes and showed moderate to good activity against Candida spp. Cassia

occidentalis exibited slight activity against Sporothrix, dermatophytes and Candidia. All the

three spp. of Plumbago were found moderately effective in reducing the growth of dimorphic

fungi Sporothrix, Fusarium , Aspergillus and Candida.

Amongst all the plants D. kaki exhibited considerably good activity against A. flavus, A.

fumigatus, F. oxysporum, C. neoformans, S. shenkii , T. mentegrophytes, M. gypseum, C.

albicans, C. tropicalis and C. krusei at 5 and 7.5 mg/disc. Therefore D. kaki was found to

have broad spectrum antifungal potential and was selected for further studies.

4.2 EXTRACTION EFFICIENCY OF DIFFERENT SOLVENTS ON D. KAKI ROOT

BARK:

After selection of the plant as a result of screening the best extraction solvent need to be

selected for the preparation of plant extract. Four different extraction solvents covering the

wide polarity range from nonpolar to polar i.e. petroleum ether to chloroform, ethylacetate

and methanol were used. The results are shown in Fig. 1. Methanol showed maximum yield

-> i.e. 2.43 % followed by choloroform, 1.82 %, ethylacetate, 1.68 % and petroleum ether, 0.95

% of dry weight of root bark respectively.
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Table 1. Screening of aqueous extract for antifungal activity

Plant name 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Jasminum undulatum
- - - - - • - - - - - - - - -

Pongammiapinnata
- - - - - - - - - - - - - -

Carica papaya
- - - - - - - - - - - - - -

Cannabis sativa
- - - - - -. - - - - - - - -

Thuja occidentalis
- - - - - - - - - - - - - -

Bauhenia variegata
- - - - - - - - - - - - - -

Acyranthus aspera
- - - - - - - - - - - - - -

Oroxylum indicum
- - - - - - - - - - - - - -

Argemone maxicana
- - - - - - - - - - - - - -

Bombax ceiba
- - - - - - - - - - - - - -

Tinospo rockordifolia
- - - - - - - - - - - - - -

Hemidesmus indicus
- - -

++
- - - - - - -

+ + ++

Andrographispaniculata
- - - - - - - - - - - - - -

Cassia occidentalis
- - - - - - - - - - - - - -

Calatropisgigentia
- - - - - - - - - - - - - -

Tectonagrandis
- - - - - - - - - - - - - -

Pyrus communis
- - - - - - - - - - - - - -

Scyzium cumini
- - - - - - - - - - - - - -

Codiaeum variegatum
- - - - - - - - - - - - - -

Artemisia absinthium
- - - - - - - - - - - - - -

Plumbago zeylanica - - - - - - - - - - - - - -

Plumbago capensis
- - -

++
- - - - - - - - - -

Acacia catechu
- - - - - - - - - - - - - -

Plumbago rosea
- - - - - - - - - - - - - -

Diospyros kaki
- - - - - - - - - - - - - -

I. A. flavus 2. A.fumigatus 3. F. oxysporum 4. C. neoformans 5. S. shenkii 6. T. mentegrophytes 7. M. gypseum 8.
II. P. verrucosa 12. C. albicans 13. C. tropicalis 14. C. krusei (-) No activity & (+) indicates antifungal activity

C. lunata 9. R. pussilus 10. P. boydii
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Table 2. Screening of methanolic extract for antifungal activity

Plant name l 2 3 4 5 6 7 8 9 10 11 12 13 14

Jasminum undutatum
- - - - - - - - - - - - - -

Pongammiapinnata
-

+
- -

+++ +++
- - - -

++ ++ ++

Carica papaya
- - - -

++
- - - - - - - - -

Cannabis sativa
- - - -

+
- - - - - - - - -

Thuja occidentalis
- - - - - - - - - - - - - -

Bauhenia variegata
- - - - - - - - - - - - - -

Acyranthus aspera
- - - - - - - - - - - - - -

Oroxylum indicum
-

++
- - - - - - - - -

+ + +

Argemone maxicana
- - - - - - - - - - - - - -

Bombax ceiba
- - - - - - - - - - - - - -

Tinospo rockordifolia
- - - - - - - - - - - - - -

Hemidesmus indicus
- - - - -

+ +
- - - -

++ ++ ++

Andrographispaniculata
- - - - •-

+ +
- - - -

+++ +++ +++

Cassia occidentalis
- - - -

+ + +
- - - -

+ + +

Calatropisgigentia
- - - - - - - - - - - - - -

Tectona grandis
- - - - - - - - - - - - - -

Pyrus communis
- - - - - - - - - - - - - -

Scyzium cumini
- - - - - - - - - - - - - -

Codiaeum variegatum
- - - - - - - - - - - - -

Artemisia absinthium
- - - - - - - - - - - - - -

Plumbago zeylanica
- - -

+ + + +
- - -

++ ++ ++

Plumbago capensis - - -
+ + + +

- - - -
+ + +

Plumbago rosea
- - -

+ + ++ ++
- - - -

++ ++ ++

Acacia catechu
- - - - -

+4 ++
- - - -

+++ +++ +++

Mospyros kaki j:"jlyfj:; • ?!$$!$ +:+ :; ."Trr";: ; ., -j- I|;-r{-.;. ijjtpp +-H- '.'• t* '.'•'. '•'. '• • '•:*'.'•:'•; •:'•:'• '•:>".'• •.'••.'•:•:'• '.'• !•* '.'''.* •' *
---r-i--i- •'••'•• +++

LA. flavus 2. A. fumigatus 3. F. oxysporum 4. C. neoformans 5. S. shenkii 6. T. mentegrophytes l.M. gypseum S.C lunata 9. R. pussilus 10. P. boydii
11. P. verrucosa 12. C. albicans 13. C. tropicalis 14. C. krusei (-) No activity & (+) indicates antifungal activity
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Fig 1: Extraction efficiency of different organic solvents on D. kaki root bark. The % yield of
petroleum ether (PE), ethylacetate (ET), chloroform (CH) and methanol extract (MT) is
0.95 %, 1.68 %, 1.82 % and 2.43 % dry weight of root bark. Values are mean of triplicate ± SE



4.3 EVALUATION OF ANTIFUNGAL ACTIVITY OF CRUDE EXTRACT :

Since in the present study our emphasis was to look for a potential antifungal product, the

percent dry weight yield obtained for different solvents could not be correlated with activity.

Therfore in order to find the suitable solvent the antifungal activity of various extraction

solvents wereevaluated. The antifungal activity of different extracts against various fungi are

shown in Table 3. Chloroform extract was found to have significant antifungal activity with

maximum diameter range (5mm-25mm) and is active against all the fungi used at 5 mg/ml

while at lower concentrations it showed no effect on few dematacieous fungi. The result of

antifungal assay of chloroform extract are shown in Fig 2 - Fig 5. Candida spp along with

dermatophytes were more susceptible to the extract followed by other hyaline fungi. Candida

spp alongwith dermatophytes were more susceptible to the extract followed by other hyaline

fungi. Inhibition zone diameter of petroleum ether varies from 10.67 - 23 mm at 7.5 mg but it

showed no activity against C. lunata, R. pussilus, P. verrucosa and P. boydii at this

concentration. Inhibition zone diameter range of ethylacetate and methanol extracts were

relatively low i.e. 9.34 - 18.34 mm and 8.67-18 mm respectively at the highest concentration

used in the studyi.e. 7.5 mg. Both these extracts were inactive against C. lunata, R. pussilus,

P. verrucosa and P. boydii at 7.5 mg. Therefore chloroform was chosen as extraction solvent

for preparation of plant extract.

Results are indicated in Table 4. Activity index increases with increasing amount of plant

extract. Thus the chloroform extract was positivelyeffective in reducing the growth of fungi

in the petriplates. Highest activity index was exhibited by the yeast followed by

dermatophytes and least by the demataceious fungi.

4.4 PHYTOCHEMICAL ANALYSIS :

Phytochemical analysis of chloroform extract of root bark was performed by means of

standard qualitative tests for the major class of compounds present. Result of the

phytochemical analysis is shown in Table 5. It shows positive test for four groups i.e.

phenolics, flavonoid, terpenoid and tannins while negative for alkaloids, steroids, saponins,

glycosides and proteins. The results rules out the possibility of the presence of any major

compound belonging to the polar class in the root bark. Therefore the active compound

present in chloroform extract are probably of non polar nature.
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Table 3. Inhibition zone diameter (mm) of crude extract of D. kaki root bark using different solvents

Fungi Petroleum ether extract (mg/disc)
1 2.5 5 7.5

Methanol extract (mg/disc)
1 2.5 5 7.5

Ethylacetate extract (mg/disc)
1 2.5 5 7.5

Chloroform extract (mg/disc)
1 2.5 5 7.5

1 12.67±

0.34

15.34

±0.34

18.67±

0.34

23.34±

0.34

8.67±

0.34

12±

0.34

15±

0.58

18±0 8.67±

0.34

11.67±

0.34

15±0 18.34±

0.34

11.67

±0.34

15.34±

0.34

19.67±

0.34

25±

0

2 9±0.58 13±0 17±0 20_34±

0.34

8.34±

0.34

12±0 14.67±

0.34

18.67±

0.34

8.34±

0.34

12±0 14.67±

0.34

19±0 13±0 16.34±

0.34

20.34±

0.34

24.67±

0.34

3 8.67±

0.34

11.67

±034

16.67±

0.34

21±

0.34

8±0 11.67±

0.34

14.67±

0.34

1834±

0.34

8.34±

0.34

11.67±

0.34

14.67±

0.34

18±

0.58

11.67±

0.34

16±0 20±0 23.67±

0.67

4 8±0 11±0 15.67±

0.34

18.67±

0.34

6.34±

0.67

8.67±

0.34

11.34±

0.34

16±

0.58

7±0 8±

0.58

1134±

0.34

17±0 9.0±

0.58

14.34±0

.58

17.34±

0.34

20.34±

0.67

5 5.34±

0.34

6.34±

0.89

10.67±

0.34

14.34±

0.67

4.67±

0.58

6.0±

0.58

7.61±

0.67

12±

0.58

4.67±

0.34

6±0 8±

0.34

12.34±

0.34

9.34±

0.67

14±0 17±0 21.67±

0.67

6 5.67±

0.34

9.67±

0.34

12.67±

0.89

16±

0.58

5.34±

0.34

9±0 12.34±

0.34

16.67±

0.34

5.0±

0.58

8.34±

0.34

11±

0.34

11±

0.58

7.67±

0.34

11.34±0

.34

14.34±

0.34

17±

0

7 8±0 11.67

±0.34

14.67±

0.34

18.67±

0.34

- 5.0±

0.58

9.34±

0.58

1334±

0.34

- 5.67±

0.34

9.34±

0.34

14.67±

0.34

7±0 11.67±

0.67

17±

0.67

20.34±

0.34

8 4.67±

0.34

8±0 11±

0.58

17.34±

0.89

- 4.67±

0.67

9±0 14±0
- 4.67±

0.67

8.67±

0.58

14.67±

0.34

9±0.58 14.34±

0.34

1634±

0.34

20.67±

0.67

9
- 4.67±

0.34

9±0 12±

0.58

- - 6.0±

0.58

10.67±

0.34

- - 6±0.58 11±0 7.67±

0.34

13.34±

0.34

13.34±

0.58

21.67±

0.34

10
- - 6.67±

0.34

13J4±

0.58

- . - 5.34±

0.34

8.0±

0.67

- - 5±0 9.34±

0.34

5±0.58 10±

0.58

12.67±

0.34

16±

0

11
- - 5.67±

0.34

11±0
- - - - - - 6±0

- - 5.67±

0.34

8±0.58 13.34±

0.58

12
- - - - - - - - - - 5±0 - - -

7.34±

0.34

11.67±

0.34

13
- - - - - - - - - - - - - -

5.34±

0.67

9.34±

0.34

14
- - - - - - - - - - - - - 5±0.58 11±0

DMSO was used as negative control & Am-B as positive control. Values are mean of triplicate ± SE 1. C. albicans 2. C. tropicalis 3. C. krusei, 4.
C. neoformans, 5. S. shenkii 6. F. oxysporum, 7. T. mentegrophytes, 8. M. gypseum, 9. A. flavus, 10. A. fumigatus,11'. R. pussilus, 12. P. verrucosa,
13. C. lunata, 14. P. boydii



Figure 2. Disc diffusion assay of chloroform extract of A kaki root bark A) C. albicans ; B)
C. tropicalis ; C) C. krusei; D) C. neoformans 1, 2,3 & 4 are 1, 2.5,5 & 7.5 mg/ disc of extract
; 5) DMSO; 6) 100 ug Am-B.



Figure 3. Disc diffusion assay of chloroform extract of D. kaki root bark E) S. Shenkii ; F)
F. oxysporum ; G) T. mentegrophytes ; H) M. gypseum. 1, 2,3 & 4 are 1, 2.5, 5 & 7.5 mg/ disc
of extract; 5) DMSO ; 6) 100 jig Am-B



Figure 4. Disc diffusion assay of chloroform extract of/), kaki root bark I) A. fumigatus
; J) A. flavus ; K) C. lunata ; L) P. boydii. 1, 2,3 & 4 are 1, 2.5 ,5 & 7.5 mg/ disc ofextract
; 5) DMSO; 6) 100 jugAm-B



M

Figure 5. M) Disc diffusion assay of chloroform extract of A kaki root bark/?, pussilus ;
N) P.verrucosa 1, 2,3 & 4 are 1, 2.5 ,5 & 7.5 mg/ disc of extract; 5) DMSO; 6) 100 jig
Am-B

N



Table 4. Activity index of crude chloroform extract of D. kaki root bark

Fungus 1mg/disc 2.5mg/disc 5 mg/disc 7.5mg/disc

Candida albicans (MTCC 227) 0.82 1.07 1.38 1.75

Candida tropicalis (ATCC 6258) 0.93 1.17 1.46 1.77

Candida krusei (ATCC 750) 0.88 1.2 1.5 1.78

Cryptococcus neoformans (ITCC 1672) 0.78 1.23 1.49 1.75

Soprothrix shenkii (ITCC 2317) 0.7 1.04 1.49 1.55

Fusarium oxysporum (ITCC 4998) - - - -

Trichophyton mentegrophytes (ITCC 3572) 0.64 1.07 1.55 1.85

Microsporon gypseum (ITCC 5277) 0.66 1.05 1.2 1.52

Aspergillus flavus (ITCC 5290) 0.59 1.03 1.03 1.67

Aspergillus fumigatus (ITCC 4880) 0.49 0.97 1.17 1.55

Rhizomucor pussilus (ITCC W-14) - 0.52 0.73 1.22

Phialophora verrucosa (MCCL 32006) - - 0.71 1.13

Curvularia lunata (ITCC 5248) - - 0.52 0.91

Pseudaresheria boydii (MCCL W-48) - - - -

Calculated by the formula -inhibition zone diametre of sample / inhibition zone diametre of standard.
Am-B 100 ug/disc was used as reference



Table5. Qualitative analysis of the phytochemical constituents of chloroform crude
extract ofD. kaki rootbark

Class of compound Presence/absence

Phenolics +

Flavonoids +

Tannins +

Terpenoids +

Alkaloids
—

Steroids
—

Saponins
—

Glycosides
—

proteins
—



4.5 SELECTION OF SOLVENT SYSTEM FOR PURIFICATION BY TLC :

The qualitative analysis of crude extract showed the presence of phenolics, flavonoid,

terpenoid and tannins. To further confirm the presence of these group of compounds and to

choose the appropriate elution solvents for performing purification using column

chromatography, TLC analysis of the crude extract was performed. The result of TLC studies

are shown in Table 6. Similar to qualitative tests TLC also confirmed that indicates that

phenolics, terpenes, flavonoids and quinines are major constituents as more number of

clearly separated bands could be seen for these group of compounds. The various solvent

system used, number of bands observed and Rf in particular group of compounds are shown.

Maximum number of bands were observed in benzene-chloroform (1:1). This study further

indicates that nonpolar compound are the major constituents and most probably may be

active principle. The result clearly indicates that which type of solvent is suitable for a

particular group of compounds and how many compounds are present in particular group,

but it is not clear from this experiment that which fraction contains the active constituents.

4.6 TLC BIOAUTOGRAPHY :

Before performing purification by column chromatography the simple TLC bioauatography

of all the three fungi i.e. C. albicans, T. mentegrophytes and A. flavus were performed to

locate the active principle on TLC plate itself. The result is shown in Fig 6. As clear from

the figure that white zones on a purple background were observed. Spot 1 and 2 indicates

the presence of two active compounds in the crude extract. These white areas or zone

indicates that reduction of MTT to the coloured formazan did not take place in this region

due to the presence of compounds inhibiting the growth of tested fungi.

4.7 PURIFICATION OF ACTIVE COMPOUNDS BY OPEN COLUMN

CHROMATOGRAPHY :

The benzene-chloroform was found to be the best solvent system for resolution of active

constituents as observed in TLC. Therefore open column chromatography was done as

described in material and methods. Column was eluted with benzene-chloroform step

gradient. The scheme of purification of chloroform extract as given in Fig 7, shows that first

active fraction was obtained on elution with 50:50 benzene-chloroform. Fraction no F3-F9

was found to be active and this fraction was named Al. Al was further purified using
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Table 6. TLC analysis of chloroform extract using various solvents and detection system.
The number of spots and their Rf value are indicated

+

Class of

compound
Solvent system Detection

method

No of

spots

Rf value

Phenolics -Ethylacetate-formic acid-water (3:1:3)

-Toluene-Ethylacetate-formic acid

(36:12:5)

-Benzene-methanol-acetone (45:8:4)

-Butanol-ethanol-water (5:1:2)

Folin -ciocalteu

reagent

3

4

0.74, 0.53, 0.49

0.81, 0.61, 0.58, 0.54

Coumarins -Chloroform (100%)

-Benzene-ethanol (45:5)

-Diethylether-Toluene (1:1)

Potassium

hydroxide
reagent

& UV-365nm

3

2

0.86, 0.45,0.48

0.73, 0.64

Terpenoids -Benzene-chloroform (1:1)

-Benzene-methanol (9:1)

-Benzene-ether (2:3)

-Toluene-ethylacetate (93:7)

-Toluene-chloroform-ethanol (40:40:10)

-nHexane-ethylacetate (17:3)

Anisaldehyde

sulphuricacid
reagent

9

4

4

4

3

3

0.92, 0.88, 0.81,0.77, 0.72,

0.68, 0.65, 0.46, 0.42

0.86, 0.72, 0.68, 0.64

0.91, 0.87, 0.67, 0.51, 0.48

0.71, 0.63, 0.57, 0.53

0.81, 0.56, 0.59

0.74, 0.61,0.58



-f

Flavonoids -Ethylacetate-formic acid-water

(8:1:1)

Natural products-
polyethylene

- -

-Ethylacetate-formicacid-aceticacid-water
(100:11:11:26)

reagent

&
1 0.68

-Ethylacetate-ethanol-water (11:13.5:10) UV-365nm

-Toluene-aceticacid (4:1) 3 0.79, 0.53, 056

-Chloroform-ethylacetate-aceticacid
(5:4:1)

-Chloroform-methanol (89:11)

2

1

0.63, 0.42

0.48

Quinones -Benzene-chloroform (1:1) Iodine

reagent

9 0.92, 0.88, 0.81,

0.68, 0.65, 0.46,

0.77,0.72,

0.43

-Ethylacetate-methanol -water
(10:16.5:13.5)

-

-

-Toluene-Ethylformate-formic acid (5:4:1) 2 0.81, 0.51

-Petroleum ether-ethylacetate (90:4:1) 5 0.86, 0.71, 0.63, 0.54, 0.58

Tannins -Butanol-aceticacid-water (14:1:5) Iron(III)

Chloride solution

- -

Saponins -Chloroform-aceticacid-methanol-water

(64:32:12:8)
-N-butanol-water (1:1)

-Hexane-ethylacetate (5:95)
-Benzene-methanol (10:7.5)
-Chloroform-methanol (22:1.5)

Anisaldehyde-
sulphuricacid

reagent

2

2

0.83, 0.79

0.62, 0.58

Glycosides -Ethylacetate-methanol-water
(100:13.5:10)

Diphenylamine
-

-



Alkaloids -Methanol-conc NH40H (200:3)
-Ethyacetate-methanol-water

Dragendorff
reagent

- —

(100:13.5:10)
-Toluene-ethylacetate-diethylamine
(70:20:10)
-Choloroform-ethylacetate-formic acid 2 0.64, 0.44
(5:4:1)

Steroids -Benzene-Ethanol (95:5) Phosphoric acid 3 0.72, 0.58, 0.55
-Benzene-ethylacetate (9:1) 3 0.86, 0.72, 0.68, 0.64



Figure 6. TLC Bioautogram of chloroform extract using Benzene-Chloroform 1:1 system
against A) C. albicans; B) T. mentegrophytes; C) A. flavus. Two white spots, 1 & 2 as indicated
by arrow on TLC plates after spraying with MTT, indicates the presence of active compound



Chloroform extract 10 g

F3-F9 Benzene: Chloroform

50:50

A1

Re- column

Isocratic

F7-F39

Benzene: Chloroform

50:50

active compound

A 170 mg

Sio2 column

Benzene-Chloroform step gradient
(100% , 90:10, 80:20, 70:30, 60:40,
50:50,40:60,30:70,20:80,10:90,100%)

Benzene: Chloroform 10:90

+ 100 % Chloroform

Bl

Chloroform

100%

Chloroform : Methanol

99:1

F7-F12 ( Benzene: Chloroform10:90)

F1-F8 ( Chloroform 100% )

Re- column

Isocratic

F15-F44

Figure 7. Flowchart of purificationof active compounds by open column chromatography of crude
chloroform extract of D. kaki root bark
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Fig 8. TLC plates showing Rf value and bioutogram of pure compounds A & B in
benzene-chloroform 1:1. Rf value of compound A is 0.72 and B is 0.42
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isocratic elution with 50:50 benzene-chloroform on a smaller column and 50 fractions of 5

ml were collected. All the fractions were monitored by TLC. The fractions with similar TLC

profile were pooled and checked for presence of antifungal activity. Fraction no F7- F39 was

obtained as pure compound in the form of orange needles and was named A. The yield of A

was 170 mg. Another active fraction was obtained with 10:90 benzene-chloroform and 100

% chloroform. As fraction no F7- F8 obtained on elution with 10:90 benzene-chloroform and

fraction F1-F8 with 100 % chloroform had similar TLC profile they were pooled and named

Bl. Bl was further purified on smaller column using isocratic elution with 100 %

chloroform. Again 50 fractions of 5 ml were collected and evaluated by TLC. The resulting

fraction F15-F44 named B2 was found to be active and it showed two very close bands on

TLC. These bands were separated using P-TLC with Chloroform-methanol 99:1. Both the

bands was scraped from P-TLC plate and the compound showing lower band in the TLC

was found to be active. The active compound B was obtained as red needles and the yield

was 1900 mg. The TLC of A and B as single band and their Rf values are shown in Fig 8.

4.8 CHARACTERIZATION OF ACTIVE COMPOUNDS :

4.8.1 Physical characteristics of compounds A and B

Compound A was obtained as orangish yellow needles (daylight), reddish (UV 254nm), M.P

76°-79°C. It is Soluble in alcohol, acetone, chloroform and benzene.

Compound B was obtained as red needles (day light), dark brown colour (UV 254 nm), M.P.

231-234°c. It is Soluble in alcohol, acetone, chloroform and benzene.

4 8.2 Analytical studies of compounds A and B

EI-MS spectrum of compound A is shown in Fig. 9. EI-MS m/z (intensity %)- 188 (100), 173

(26), 160(27), 131 (44), 120 (30), 92 (39), and 63 (43). The FTIR spectra of A is shown in

Fig. 11. The IR spectrum (KBr) - 2925, 1735, 1650, 1610 and 1450. !H and 13C NMR

(DMSO) spectra are shown in Fig. 13-15. Spectra showed the following signals- 8 2.19(Me-

2), 7.06(H-3), 7.40(H-6), 7.42(H-7), 7.82(H-8), 11.97(-OH). 114.9(C-10), 119.3(C-8),

124.23(C-6), 132.0(C-9), 135.66(C-3), 136.98(C-7), 149.8 (C-2), 161.2(C-5), 184.8(C1),

191.0(C-4), 16.9(C-11). This spectral data matches with the standard of compound 1,4-

~r napthoquinone, Plumbagin.

EI-MS spectrum of compound B is shown in Fig. 10. EI-MS m/z (intensity, %) 374(100),
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345(10), 187(7.5), 189(5), 383(4.5), 152(4). The FTIR spectra of B is shown in Fig. 12. The

IR spectrum (KBr) - 3405, 2920, 1660, 1640, 1600 and 1585. 'H and 13C NMR (DMSO) are

._. shown in Fig. 16-18. Spectra showed the following signals : 8 2.09(7-Me), 6.77(H-2),

6.89(H-3), 6.90(H-2, H-3), 7.30(H-6), 7.60(H-8), 12.02(OH-5'), 12.40(OH-5) 5 20.40(C-11),

113.31(C-10), 128.65(C-9), 121.37(C-8), 125.71(C6'), 135.22(C-6), 137.56(C-3), node

s'), 140.14(C-2), 158.79(C-5), 184.54(C-1), 190.16(C-4). This spectral data matches with the

binapthoquinone Isodiospyrin.

4.9 MIC AND MFC OF PLUMBAGIN AND ISODIOSPYRIN:

MIC and MFC of Plumbagin and Isodiospyrin were determined using broth microdilution

method. MIC and MFC of the crude extract and active compounds are shown in Table 7 and

8. The trend of susceptibility was similar to that of crude extract as shown by inhibition

zone diameter. However there was significant difference in the MIC values of crude extract

(160-2500 Ug/ml) and active compounds, Plumbagin (1.25 ug-20 fig/ml) and Isodiospyrin

(5-160 n-g/ml). Candida spp. exhibited the lowest MIC followed by dermatophytes,

Sporothrix and Fusarium while the susceptibility of demataceious fungi to the above

mentioned compounds were lowest. In general the MIC values of Plumbagin were higher

then that ofIsodiospyrin and were close to that of amphotericin-B in case of Candida. MFC

value of crude extract, Plumbagin and Isodiospyrin was found to be two to three dilutions

higher than MIC in most of the cases. MFC value of the crude extract, Plumbagin and

Isodiospyrin is (630- 5000 ug/ml), (5-160 |ig/ml) and (40-160 ug/ml) respectively. IC50 of

crude extract, Plumbagin and Isodiospyrin was determined against C. albicans (yeast), T.

mentegrophytes (dermatophytes) and A. flavus (filamentous fungi) and results are shown in

Fig 20 and 21. IC50 of both the pure compounds are given in Fig 20 and 21. IC50 of

Plumbagin was 1.2, 1.4 and 8.8 |ig/ml and ofIsodiospyrin was 5.1, 5.4 and 31.5 ug/ml for C.

albicans (yeast), T. mentegrophytes (dermatophytes) and A. flavus (filamentous fungi)

respectively.

4.10 TIME KILL CURVE STUDY :

To study the pharmacodynamics of the pure compounds, the concentration dependent time

killing of Plumbagin and Isodiospyrin against C. albicans (yeast), T. mentegrophytes

(dermatophytes) and A.flavus (filamentous fungi) were studied. The result of time killing is
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Table 7! MIC values of crude extract, Plumbagin, Isodiospyrin & Am-B against various fungi.

Fungus MIC ug/ml
crude extract

Plumbagin
Mg/ml

Isodiospyrin
Mg/ml

Am-B

Mg/ml

Candida albicans (MTCC 227) 160 1.25 5 0.5

Candida tropicalis (ATCC 6258) 160 1.25 5 0.5

Candida krusei (ATCC 750) 160 1.25 5 0.5

Cryptococcus neoformans (ITCC 1672) 320 2.5 10 1

Soprothrix shenkii (ITCC 2317) 630 5 10 2

Fusarium oxysporum (ITCC 4998) 630 5 20
-

Trichophyton mentegrophytes (ITCC 3572) 320 2.5 5 0.5

Microsporon gypseum (ITCC 5277) 320 2.5 5 2

Aspergillusflavus (ITCC 5290) 630 10 40 1

Aspergillusfumigatus (ITCC 4880) 630 10 40 1

Rhizomucorpussilus (ITCC W-14) 1250 10 40 4

Phialophora verrucosa (MCCL 32006) 1250 20 80 8

Curvularia lunata (ITCC 5248) 1250 20 80 4

Pseudaresheria.boydii MCCL W-48) 2500 20 160
-
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Table 8: MFC values of crude extract, Plumbagin, Isodiospyrin & Am-B

Fungus MFC ug/ml
crude extract

Plumbagin
Mg/ml

Isodiospyrin
Mg/ml

Am-B

Mg/ml

Candida albicans (MTCC 227) 630 5 40 1

Candida tropicalis (ATCC 6258) 630 5 40 1

Candida krusei (ATCC 750) 630 5 40 2

Cryptococcus neoformans (ITCC 1672) 1250 10 40 2

Soprothrix shenkii (ITCC 2317) 1250 10 60 4

Fusarium oxysporum (ITCC 4998) 2500 20 160
-

Trichophyton mentegrophytes (ITCC 3572) 1250 5 60 1

Microsporon gypseum (ITCC 5277) 1250 5 60 4

Aspergillusflavus (ITCC 5290) 2500 40 160 2

Aspergillusfumigatus (ITCC 4880) 2500 40 160 2

Rhizomucorpussilus (ITCC W-14) 5000 40 320 16

Phialophora verrucosa (MCCL 32006) 5000 80 630 16

Curvularia lunata (ITCC 5248) 5000 80 320 16

PseudareshericLboydii ( MCCL W-48) 5000 160 630
-
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Figure 22. Time kill curve studies of fungi on exposure to MIC concentration 1, 2, 4 &8
x MICi.e. 1.25 pg/ml, 2.5 pg/ml, 5 pg/ml and 10 pg/ml of Plumbagin on C. albicans. Control
is fungi grown in absence of pure compound. Values are mean of triplicate ± SE
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Figure 23. Time kill curve studies of fungi on exposure to MIC concentration 1,2,4 & 8
x MIC i.e. 2.5 pg/ml, 5 pg/ml, 10 pg/ml & 20 pg/ml of Plumbagin on T. mentegrophytes.
Control is fungi grown in absence of pure compound. Values are mean of triplicate ± SE
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grown in absence of pure compound. Values are mean of triplicate ± SE
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Figure 25. Time kill curve studies of fungi on exposure to MIC concentration 1,2,4 & 8
x MIC i.e. 5 pg/ml, 10 pg/ml, 20 pg/ml & 40 pg/ml of Isodiospyrin on C. albicans. Control is
fungi grown in absence of pure compound. Values are mean of triplicate ± SE
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x MIC i.e. 5 pg/ml, 10 pg/ml, 20 pg/ml &40 pg/ml of Isodiospyrin on 7. mentegrophytes. Control
is fungi grown in absence of pure compound. Values are mean of triplicate ± SE
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Figure 27. Time kill curve studies of fungi on exposure to MIC concentration 1,2,4 & 8
x MIC i.e. 40 pg/ml, 80 pg/ml, 160 pg/ml & 320 pg/ml of Isodiospyrin on A. flavus. Control is
fungi grown in absence of pure compound. Values are mean of triplicate ± SE
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represented in Figure 22 and 27. The killing was found to be species and concentration

dependent, showing rise in killing with rise in concentration. The study once again confirms

the susceptibility trend obtained earlier in disc diffusion assay and MIC-MFC. On treatment

with Plumbagin, C. albicans showed fastest rate of killing showing no viable count in less

than 30 h at the (5 |ig/ml). T. mentegrophytes exhibited log 0.2 cfu/ml at 10 ug/ml while in

case of A. flavus log 0.5 cfu/ml was observed after 48 h at 40 ug/ml also. Similarly on

treatment with Isodiospyrin C. albicans showed complete inhibition after 40 h at 40 )ig/ml,

log 0.2 cfu/ml was observed in case of Trichophyton at 40 |ig/ml while log 0.5 cfu/ml were

observed for Aspergillus at 320 p.g/ml. The fungicidal action ofPlumbagin was observed at 4

x MIC while 8 x MIC was found more appropriate in case of Isodiospyrin. Therefore the

concentration dependent time killing curve study was helpful to choose the optimum

concentration and the time to observe the morphological changes occurred in the fungal cells

after treatment with Plumbagin and Isodiospyrin using SEM and TEM.

4.11 EFFECT OF ANTIFUNGAL COMPOUNDS ON ULTRASTRUCTURE OF

FUNGI:

4.11.1. SEM

The effect of both Plumbagin and Isodiospyrin on ultrastructure of fungi are shown in Fig 29

and 28. Significant changes in cell morphology was observed in case of all the three fungi.

The hyphae of the treated fungi were severly damaged at the tested concentration of the pure

compounds. Cells of C. albicans appeared shrunken and highly distorted. Samples of

Trichophyton and Aspergillus treated with pure compounds showed distorted mycelium,

squashed and malformed hyphae altering their normal morphology leading to their collapse

and reduced diameter as compared to control. On the other hand the control hyphae showed

lengthened, regular, homogeneous hyphae of constant diameter with smooth external surface

and rounded apex. In case of Aspergillus no spores are attached to the vesicles which

appeared severly collapsed and shrunken.

4.11. 2. TEM

The effect of both Plumbagin and Isodiospyrin on ultrastructure of fungi were shown in Fig

31 and 30. The ultrastructural examination of control hyphae did not show any evident

alterations i.e the organules are integral and endomembrane system is well developed. In the

treated hyphae the most common modification observed was increase in the number and size
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Figure 28. Scanning electron micrograph showing the effect of Plumbagin on A) C.albicans ;
B) T.mentegrophytes & C) A..flavus. D, E & F are control. Magnification : 2000 X, Bar 2um.
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Figure 29. Scanning electron micrograph showing the effect of Isodiospyrin on A) C. albicans ;
B) T. mentegrophytes & C) A.flavus . D, E & F are control. Magnification: 2000 X, Bar 2um.
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Figure 30. Transmission electron micrograph showing the effect of Plumbagin on
A) C. albicans, B) T. mentegrophytes & C) A.flavus. D, E & F are control cells. Bar lum.



Figure 31.Transmission electron micrograph showing the effect of Isodiospyrin on
A) C. albicans, B) T. mentegrophytes & C) A.flavus D, E & F are control cells. Bar lum
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of vacuoles in the cells. Cell wall also appeared distorted and thickened with fragmentations

or gaps at some places and there is deleterious effect on cell membrane also which looks

irregular at several places. Interior of the cells showed complete cell necrosis accompanied

with cytoplasmic deterioration giving rise to electron dense and electron thin areas.

4.12 RBC HEMOLYTIC ACTIVITY :

The results of in vitro RBC hemolysis assay is given in Fig 32. The cytotoxicity of both the

compounds Plumbagin and Isodiospyrin were found to be much less in comparision to

amhotericin-B which induces hemolysis at relatively lower concentrations (MLC 8 ug/ml)

as reported in previous studies. Plumbagin induce about 7 % hemolysis at 20 (ig/ml and 35

% hemolysis at 100 ug/ml. In case of Isodiospyrin no hemolysis was observed up to 40

Ug/ml and at 100 p,g there is only about 8 % hemolysis.

4.13 IN VITRO CYTOTOXICITY ASSAY :

Mouse peritoneal macrophages and splenocytes cultures were incubated with increasing

concentration (10-100 |ig/ml) of both the compounds for 24 h. The result of in vitro

cytotoxicity assay are given in Fig 33 and 34. It is clear from the results that both the

compounds were found to be less toxic as a little cytotoxicity was observed only at very high

concentration. No significant cytotoxicity was observed up to 40 ug/ml of Isodiospyrin and

20 jig/ml of Plumbagin in both the cell cultures used. In case of splenocytes cell culture, 97

% cells were viable at 20 fig/ml of Plumbagin but at 40 |ig/ml it showed 89 % viability and

less then 70 % viability at 100 ug/ml while for Isodiospyrin viability is 96 % up to 60 f^g/ml

and 89 % at 100 jag/ml. Macrophage cell culture showed 99 % viability at 20 ug/ml, 93 %

viability at 40 |ig/ml and 68 % at 100 ug/ml in case of Plumbagin while 95 % viability was

observed at 40 ug/ml and at 100 ug/ml 86 % cells were viable for Isodiospyrin.
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Figure 32. Dose-dependent hemolysis of RBCs by Plumbagin & Isodiospyrin(25-100\ig/m\)
in vitro. The extent of RBC lysis was determined by spectrophotometer at 540 nm. Values
are mean of triplicate ± SE
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Invasive fungal infections have recently emerged as a severe and complicated problem in

immunocompromised hosts as they are more frequent now than during the first half of the

j^~ century (Ascioglu et al, 2002; Fridkin and Jarvis, 1996; Hospenthal and Rinaldi, 2003;

Wanke et al, 2000). Chemotherapy has been one of the most common strategy to treat

fungal infections. A number of synthetic antifungal drugs are being used frequently.

However their toxicity and the emergence of drug resistence against these drugs

emphasize the need of newer, safer and effective antifungal agents (Graybill, 2000;

Mohsen and Hughes, 1998; Nosanchuk, 2006, Ghannoum and Rice, 1999; Kontoyiannis

X and Lewis, 2002; Moore, 2000; Patterson, 2003; Rex et al, 1995; Sanglard, 2002). One of

the trends in antifungal drug discovery program is an ample screening of natural products

from different sources (Mares and Rai, 2003). Plants due to their diversity, vast array of

chemical constituents and traditional use in various kind of ailments in general and skin

diseases in particular could be the most viable source of new potent antifungal agents.

Also the phenomenon of drug resistance is less common in case ofmedicines derived from

plants than from chemotherapeuticals and antimycotic antibiotics (Ahmad et al., 2006).

Since the success rates of the ethnobotanical approaches are substantially higher than

those of random screening, in this study an endevour has been made to screen a number

of medicinal plants for antifungal activity. Plants are selected based on their known

background of ethnobotanical uses in treatment of various infections and skin diseases.

Methanolic extract of root bark of Diospyros kaki was found to be most promising

amongst aqueous and methanolic extract of various plants in this study. D. kaki is chosen

for the present study because Diospyros spp. have been reported in the literature to exhibit

intresting biological and pharmacological properties i.e. treatment of whooping cough,

leprosy, snakebite, scabies, skin eruptions, dysentery, eye infection, menstrual troubles etc

(Malvadhani et al, 1998). Although there are reports of antimicrobial activity in several

species of Diospyros genus including D. crassiflora, D. anisandra, D. pregrina, D.

maritima, D. novoguinensis, D. tricolor, D. nigra and D. rubra (Adeniyi et al, 2000;

Dzoyen et al, 2007; Dewanjee et al, 2007; Khan and Timi, 1999; Dinda et al, 2006) this

is the first report of antifungal activity from the root bark of D. kaki. Moreover in this

study a very broad range of potentially human pathogenic fungi have been tested.

Therefore this study further confirms the traditional use of D. kaki in the treatment of

various infections and skin diseases.
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Traditional medicinal plants have an almost limitless ability to synthesize aromatic

substances, most of which are phenols or their oxygen-substituted derivatives. Many of

these substances serve as plant defense mechanisms against invasion by micro

organisms, insects and herbivores (Samy et al, 2007; Dixon, 2001). Based on the above

fact the focus of the present study was to locate some important group of secondary

compounds responsible for bioactivities in the D. kaki. Although a number of organic

solvents have been used for extraction of antimicrobial compounds (Eloff, 1998),

chloroform was chosen as extraction solvent in this study because it is clear from the

results that the major bioactive compounds of D. kaki were extracted better in this j^

solvent.

In the present study isolation and purification of the antifungal compounds was done

from the chloroform extract of D. kaki root-bark using silica gel column employing step

gradient of benzene-chloroform. Bioassay guided purification of the crude extract using

silica gel column chromatography led to the isolation of two active principles A andB.

Compound A and B were characterized by means of various analytical instruments. EI-

MS spectra of compound A shows peaks at 131 and 103 which are characteristic of

napthoquinones. Peaks at 120, 92 and 63 indicated the presence of hydroxyl groups in

benzene rings. The molecular ion base [M+] peak is at m/e 188.18 (molecular weight

188.18 g/mol) and molecular formula calculated as CnH803. 'H NMR revealed the

presence of 1 quinoid methyl, 4 aromatic protons and 1 hydrogen bonded hydroxyls. 11

lines are seen in the 13C spectrum of A. 8 16.9 indicates carbon in CH3 group and 8
184.8(C1), 191.0(C-4) shows carbon-oxygen double bonds and 8 114.9(C-10), 119.3(C-

8), 124.23(C-6), 132.0(C-9), 135.66(C-3), 136.98(C-7),149.8(C-2), 161.2(C-5) shows

carbon C=C in the aromatic region. Therefore on comaprision of the spectral data with

the literature A was identified as napthaquinones, Plumbagin (5-hydroxyl-2-methyl-l,4

napthoquinone (Hsieh et al, 2005; Shin et al, 2007). Plumbagin (methyl juglone) the

yellow naphthoquinone pigment, occurs in a colourless combined form and is liberated

from root tissue by acid treatment. It had earlier been reported in few species of

Diospyros (D. canaliculata, D. ebenum, D. elliptifolia, D. gracilipses, D. hebecarpa, D.

maritima, D. siamang, D. siderophylla, D. walkeri, D. wallichi) (Tezuka, 1972;

Mallavadhani, 1998). The yield of Plumbagin obtained in present study (0.04 %) is

several folds higher then yield of other spp. ofDiospyros i.e. (0.01 %) for D. crassiflora

(Dzoyen et al, 2007) and D. elliptifolia (Fallas and Thomson et al, 1968) and is much
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higher than (0.0000002 % and 0.017 %) for D. kaki (Tezuka et al, 1972; Lee and Lee,

2008), (0.002 %) for D. assimilis (Fallas and Thomson et al, 1968) and (0.002 %) for D.

sylvatica (Ganapaty et al, 2004) while in case of D. canaliculata it is higher (0.1 %)

(Zhong et al, 1984).

Plumbagin appears to be characteristic of plants of the family Plumbagineae (Harborne

1966) and is known to have antitumoral (Lin et al, 2003), leshmanicidal (Sepulveda and

Cassels, 1996), trypanocidal, (Paiva et al, 1996), antimalarial (Suraveratum et al, 2000),

acaricidal (Lee and Lee, 2008), antifilarial (Mathew et al, 2002) and antimicrobial

properties (Poul et al, 1999. It has antifungal activity against Rhizopus nigricans,

Epidermatophyton floccosum, Microsporon nanum, Penicillium notatum, Penicillium

funiculosum, Penicillium canadense, Candida albicans, Aspergillus niger and

Colletotrichum gloesporioides, Alternaria alternata, Aspergillus niger, Bipolaris oryzae,

Fusarium oxysporum, Phytophthora capsici, Rhizoctonia solani, Rhizopus stolonifer var.

stolonifer and Sclerotinia sclerotiorum (Dzoyen et al, 2007; Shin et al, 2007, Paiva et

al, 2003; Krishnaswamy and Purushottam, 1980). In the present study the MIC values of

"^ Plumbagin against Fusarium oxysporum (5 pg/ml) and Aspergillus spp. (10 pg/ml) were

higher then reported by Shin et al, 2007 i.e. MIC of Fusarium oxysporum (21.1 pg/ml)

and Aspergillus spp. (13.5 pg/ml). Also the MIC value of Plumbagin 2.5 pg/ml was

much higher than 10 pg/ml in case of Microsporon as reported by Krishnaswamy and

Purushottam, 1980. In the study by Paiva et al, 2003 and Dzoyen et al., 2007, the MIC

of C. albicans, C. krusei, C. neoformans and A. flavus was found as 0.78, 1.56, 1.56 and

0.78 pg/ml respectively. These values nearly coincide with our results i.e 1.25, 1.25, 2.5

Ir and 10 pg/ml except relatively low MIC for A. flavus in the above reported study.

EI-MS of active compound B shows a complex pattern of low intensity peaks. Initial loss

of methyl radical is dominant followed by CO. It shows molecular ion base peak at m/e

[M+] at 374.34 (molecular weight is 374.34 g/mol) and its molecular formula calculated as

C22H14O6. 'HNMR of B showed the presence of one quinoid methyl, 2 quinoid protons, 3

aromatic protons and 2 hydrogen bonded hydroxyls. 22 lines are seen in the { H}NMR

spectrum of B and the molecular formula supports the unsymmetrical structure. The

< presence of single intense lines at 125.71 (C-6') and 121.37 (C-8) confirms the presence of

6-8' linkage between the two monomeric moieties. Hence B was identified as another

napthoquinone Isodiospyrin (5-hydroxy-6-( 1-hydroxy-6-methyl-5,8-dioxo-naphthalen-2-

yl)-2-methyl-naphthalene-1,4-dione) on comaprision of the spectral datawith the literature
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(Alves et al, 1980; Fallas and Thomsan, 1968; Akellaet al, 1986; Yoshihara et al,197'1)

Isodiospyrin is characteristic of family Ebenaecae and is found in many other species of

Diospyros including D. abyssinica, D. alboflavescena, D. bipindensis, D. chloroxylon, D.

dendo, D. ebenaster, D. ferrea, D. gilleli, D. gracilescens, D. hoyleana, D. kakisylvestris,

D. lotus, D. maaingayi, D. mespiliformis, D. montana, D. morrisiana, D. nicaraguensis,

D. texana, D. usambarensis, D. verrucosa, D. virginiana, D. whyteana and D. zombensis

(Tezuka et al, 1972; Mallavadhani et al, 1998). In the present study the yield of

Isodiospyrin obtained (0.35 %) is again much higher than reported by Tezuka et al, 1972

(0.003 % and 0.0004 %) and also is higher than the earlier reported in other spp. i.e.

(0.002 %) for D. piscatorial, (0.008 %) (Adeniyi et al, 2000), D. mespiliformis, (0.002 %)

(Fallas and Thomsan, 1968) D. sylvatica, (0.0024 %) (Ganapaty et al, 2004), D.

morrisiana, (0.004 %) (Yan et al, 1989) D. abyssinica, (0.021 %) (Zhong et al, 1984),

D. virginiana, (0.09 %) (Fallas and Thomsan, 1968) D. zombensis (Gafner and Rodriguez,

1987). Only one spp. D. lotus showed higher yield (0.41 %) than that obtained in the

present study (Yoshihira et al, 1971). Therefore present study clearly suggest D. kaki to

be the better source of Isodiospyrin. The major biological activities of Isodiospyrin

reported in the literature are tumor inhibitory (Wube et al, 2005), topoisomerase inhibitor

(Ting et al, 2003), anti-inflammatory (Kuke et al, 1998), antimalarial (Kapadia et al,

2001), antifungal (Marston et al, 1984), antimycobacterial (Kooy, 2005), molluscicidal

(Gafner and Rodriguiez, 1998), termicidal (Carter et al, 1978) and antibacterial (Adeniyi

et al, 2000) but not much is known about its antifungal property. Marston et al, 1984,

reported antifungal activity of Isodiospyrin against Cladosporium cucumerinum.

The susceptibility of different groups of fungi is varied towards Plumbagin and

Isodiospyrin. The activity is more pronounced on yeast and dermatophytes followed by

the hyaline and demataceious fungi i.e. Rhizomucor, Phialophora, Curvularia and

Pseudaresheria being least susceptible. The MIC values of Plumbagin and Isodiospyrin

towards Candida spp. was significantly low (1.25 pg/ml and 5 pg/ml respectively). So

these results are relevant since C. albicans is the leading primary agent causing superficial

and often disseminated infection in immunocompromised patients (Powderly et al, 1999;

Del, 2009; Eggimann, 2003; Ruhnke, 2006) while in some patients (neutropenic patients)

non albicans spp. are detected more frequently (Ruhnke, 2006). The MIC values of both

the compounds were also appreciably low for C. neoformans and dermatophytes, T.

mentegrophytes and M. gypseum. These results hold significance as Cryptococcus is the
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cause of most common life threatening meningitis in HIV positive patients (Michael et al,

1999) and infection caused by dermatophytes affects 2-13 % of population worldwide and

upto 30 % of groups at high risk such as elderly and the people with diabetes (Levy, 1997;

Gupta et al, 1998). Plumbagin also exhibited substantial activity against Aspergillus spp.

(10 pg/ml) while Isodiospyrin showed a little higher MIC value (40 pg/ml). As majority

(approximately 80 %) of invasive Aspergillus infections is caused by A. fumigatus and

(approximately 15-20 %) by A. flavus (Krishnan et al, 2009; Nivoyx, 2008) the above

mentioned compounds could be of immense value against these fungi. The MIC values of

Plumbagin was found to be excellent and quite comparable to amphotericin-B in some

cases while the MIC value of Isodiospyrin is higher than that of Plumbagin. MFC values

of both the compounds were one to three dilutions higher then MIC in most of the cases.

Spectrum of activity of both the compounds and their MIC values confirms their broad

spectrum and potency. Moreover these compounds were found to be active against the

known am-B resistant fungi i.e F. oxysporum and P. boydii. Although their MIC values

are high as compared to the standard but considering the high toxicity and rise in

resistance of some fungal species to amhotericin-B (Meunier, 1994, Mohsen and Hughes,

1998, Pauw, 2000; Groll and Walsh, 2002) these compounds could be considered worthy

of further investigation as potential leads for the development of antifungal agents.

Based on the MIC for each fungi time killing curves were constructed in order to evaluate

the effect of different concentration of Plumbagin and Isodiospyrin. Colony count assays

were performed to determine the time required for the pure compounds to kill various

fungi. Both the compounds exhibit inhibitory and fungicidal activity, being inhibitory at

± lower concentration and fungicidal at higher concentration. The rate and extent of

fungicidal activity improved as the concentration of drug in solution increases. Also it

confirms the susceptibility pattern shown in disc diffusion assay and MIC-MFC i.e C.

albicans showing highest killing followed by Trichophyton and Aspergillus respectively.

Despite the relatively low MIC seen in the broth microdilution assays, fungicidal effects in

the time kill assays require concentrations which are several times higher than MIC. This

may be due to differences between the ways these assays measure antifungal activity. In

broth dilution method inocula are predominantly conidia and during incubation of the

assay these conidia will germinate and grow into hyphae. In the time kill assay again the

inocula are conidia; however in contrast this assay asesses the ability of conidia to be

penetrated and killed by the antifungal compounds. Since the time kill assays showed that
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fungi are not killed rapidly even at concentrations several times the MIC, the time of

exposure may play a significant role and is a critical parameter for the outcome of these

assays. The lower susceptibility of Aspergillus to the compounds may be due to the

thickness, density and composition of cell wall (Hammer et al, 2002). The presence of

melanin in thepigmented fungi has been associated with virulence by reducing pathogens

susceptibility to kill by host antimicrobial mechanism (Nosanchuk, 2006; Mednick et al,

2005; Wang et al, 1995; Mironenko, 2000). Our observation is well in agreement with

observation of time killing by amphotericin-B which shows fungicidal activity at very low

concentration within24 h (Fong etal, 1991; Manavathu et al, 1998; Kelspar et al, 1998;

Cantons al, 2004).

To get insight into the possible mechanism of antifungal action the effects of Plumbagin

and Isodiospyrin on fungal surface morphology and anatomical changes were investigated

using SEM and TEM. The SEM and TEM observation of the treated fungi clearly

confirms its potent fungicidal effects. Both the compounds were found to have remarkable

changes in cell surface morphology. Cytomorphological alterations like completely

squashed and severly collapsed hyphae showing lack of cytoplasm, damage and loss of X

integrity of cell wall observed. Similar observation have been also observed in case of

treatment of Aspergillus niger with Citrus sinensis essential oil and treatment of citral,

eugenol, nerolidol and a-terpineol on the ultrastructural changes of Trichophyton

mentagrophytes (Sharma and Tripathi, 2006; Park et al, 2009). Also the finding that the

vesicles ofAspergillusflavus were in a collapsed state and most often devoid of spores is

supported by the study on the effect of itraconazole onAspergillus (Cutsem etal, 1984;

Shenoy et al, 2005; Nishiyama et al, 2005; Zhang et al, 2008). The surface alterations 4

must bedue to changes in cell permeability which provokes an osmotic imbalance (Nollin

and Borgez, 1975; Senoyet al, 2005; Phongpaichit, 2005).

TEM micrographs showed complete cell necrosis accompanied with cytoplasmic

deterioration and thickened layered and distorted walls. Also accumulation of lipid bodies

and abundant and widespread vacuolization have been observed. The reason for abundant

vacuolization could be that these are derived from the broken cytoplasmic remnants

(Nollin and Borgess, 1975). Similar modifications were also observed earlier in TEM >

analysis of Epidermophyton floccosum and Trichophyton rubrum on treatment with

pyrazole-thiocyanates and Trichophyton mentagrophytes on treatment with various

terpenes (Romagnoli, 2001; Park et al, 2009). Thickening of cell wall induced by these

99



r

compounds are similar to those produced by synthetic compounds and growth inhibition

of Trichophyton mentagrophytes by amorolfine (Sancholle, 1988; Nishiyama et al, 2006;

Escalente et al, 2008). Bleomycin family of anticancer antibiotics are also known to induce

abnormal thickening in the cell wall at several places. The drug causes the destruction of

cell wall components. The damage is accompanied by changes in anchorage of cell wall

mannoproteins which leads to increase in permeability (Beaudouin, 1993 and Moore et al,

2003). The overall injury to cell wall is sometimes extended into the cell membrane

leading to an overall loss of integrity of the entire cell (Moore, 1992; Arroyo et al, 2007).

Ultrastructural alterations of cytoplasmic membrane on treatment with ajoene and azoles,

voriconazole and fluconazole have also been reported earlier in some dematiaceous fungi

(Binachi et al, 1997; Koul, 1999). The present study therefore confirmed the fungicidal

activity of Plumbagin and Isodiospyrin and more likely the damage of cell wall and

membrane however the exact mechanism of action is yet to be investigated.

Castro et al, 2008 reported that the antifungal mechanism of Plumbagin seems to be

involved in reacting with glutathione transferases (GSH) as an electrophile. The

-4. generation of a complex between Plumbagin and GSH could also be associated with

oxidative stress due to GSH mobilization. This oxidative stress then cause damage to

membranes, proteins and DNA which may induce apoptosis. Its anticancer property is

attributed to the generation of ROS and has been found to inhibit the activity of

topoisomerase II through the stabilization of Topo II DNA cleavage complex (Fuji et al,

1992; Sandur et al, 2006; Kawaiak et al, 2007; Wang, 2008). Induction of DNA

Topoisomerase II mediated DNA cleavage have also been observed in P-Lapachone and

-V related naphthoquinones regarding their anticancer activity (Frydman et al., 1997).

Although the mechanism of antifungal action of Isodiospyrin is still not known, its

cytotoxicity on tumor cell lines is mediated by binding to topoisomerase I preventing it

from binding to DNA (Ting et al, 2003). This can prevent both DNA relaxation and

kinase activities of htop I. These findings have important implications on napthoquinones

and their cellular mode of action.

This is in aggrement with other studies involving mode of action of napthoquinones which

confirms the fact that the toxicity and therapeutic activities of these quinones involve the

formation of reactive oxygen species (Rodriguez et al, 2004; Kumagai et al, 2000). The

biological redox cycle of quinones can be initiated by one electron reduction leading to the
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formation of semiquinones. Under aerobic conditions, the semiquinone radical participates

in redox cycling to generate reactive oxygen species (ROS) like superoxide anion (02) and

hydrogen peroxide (H2O2) which causes damage to biological membranes and interferes

with biosynthetic pathways (Kelly etal, 2001; Riffel et al, 2002). The toxicity of quinones

by catalytic reduction of oxygen to superoxide and other reactive oxygen species (ROS)

(redox cycling) is also confirmed by their ability to reduce growth rate on Sacchromyces

cerevisiae model system (Rodriguez et al, 2004; Castro et al, 2008). Atovaquone, an

analog of ubiquinone, acts by interfering with the electron transport chain of mitochondria

at site bcl in Plasmodium species. This consequently inhibits nucleic acid and ATP

synthesis. The study by Foote et al, 1949 shows that certain napthoquinones, which are

not substituted by hydroxyl in position 2 and 3, are potent inhibitors of the carboxylase

system. Another study by Ambrogi et al, 1970, hypothesised that the microbiologically

active 1,4 napthoquinones are substituted in the quinone moiety, with electron attracting

groups such as OH or CL. Structure activity relationship studies showed that presence of

free keto group at position 1 is required for activity and the most effective ones do not

have a hydroxyl group at position 2. Another study of the antimicrobial activity of 1,4

napthoquinones indicated that active compound must possess at least a substitution at

position 2 or 3 which is either an electron releasing or weaker electron withdrawing group

(Riffel et al, 2002; Weissenberg et al, 1997).

To evaluate the cytotoxicity of the active compounds various in vitro assays were done.

One of them is RBC hemolysis assay as the synthetic drugs including antifungals are

known to possess hematologic malignancies (Dhaliwal et al, 2004; Garratty, 2007;

Lightfoot, 2002; Perkins, 2008; Salama et al, 1989; Sinyoung et al, 2002). Both the

compounds induced hemolysis of RBCs only at very higher concentrations and these

values are much higher than their MIC values. On the other hand amphotericin-B causes

completehemolysis at 6-8 pg/ml (Iwamoto, 1994; Oda et al, 2006).

To further confirm the safety of the antifungal compounds they were tested for their

effects on splenocytes and normal mouse peritoneal macrophages. The results showed that

both the compounds were slightly cytotoxic only at very high concentrations. There is

decrease in the number of viable cells with rise in concentration. Again the values at

which the viability becomes less then95 % aremuch above their MIC range in most of the

cases. From the earlier studies it is already well known that both these compounds are

quite active on numerous cancerous cell lines, Plumbagin being cytotoxic on Raji, Calu-1,
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HeLa and wish tumor cell lines, MCF7, Bowes cancer cell lines, HaCaT keratinocytes and

human cervical cancer cells with very low IC50 values (1.28 and 1.38 pM). Isodiospyrin is

toxic to HCT-8 colon tumour, P-388 lymphocytic leukemia and human colon carcinoma

cells with ED50 values of 4.9, 0.59 pg/ml and 3.8 x 10"2 respectively (Lin et al, 2003;

Nguyen et al, 2004; Yan et al, 1989; Gafner and Rodriguez, 1987). Isodiospyrin was also

reported as nontoxic towards BC cells, KB and Vero cell lines (Prajoubklang et al, 2005).

This selective toxicity has also being observed in case of Diospyrin, a bisnapthoquinoid

natural product showed significantly higher cytotoxicity against the tumor cells including

acute myeloblastic leukemia (HL-60), chronic myelogenic leukemia, (k-562), breast

adenocarcinoma, (MCF-7) and cervical epithelial carcinoma (HeLa) but spared normal

human lymphocytes, IC50 > 70pM suggesting its action is specific for tumor cells

(Chakrabarty et al, 2003; Sarma et al, 2008). Therefore the lower cytotoxicity of both

Plumbagin and Isodiospyrin in the present study suggest that both the compounds are

selectively noncytotoxic towards normal cells.

Thus in this study two active principles were obtained as a result of bioassay guided

-V purification using silica gel column chromatography. They were identified as

napthoquinones Plumbagin and Isodiospyrin on comparision with literature. Both the

compounds possess significantly high antifungal activity and very low MIC as compared

to crude extract. Also both the compounds were found to be broad spectrum and

fungicidal which is very important for an antifungal to be considered as potent. Therefore

Plumbagin and Isodiospyrin could be considered as promising lead that warrants further

investigation regarding the mechanism of action and pharmacological studies.

X
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The incidence of invasive fungal infections have dramatically increased over the past few

decades paralleling the rising number of immunocompromised patients. Despite the

increase in fungal infections, therapeutic options are very limited and are often

unsatisfactory because of toxicity and drug resistance phenomena. One obvious

alternative is plant kingdom which is a great source of bioactive compounds. Therefore in

the present study an attempt has been made to search a potent antifungal compound from

plants.

Twenty five plants were selected on the basis of their ethanobotanical importance and

their different parts were tested against fourteen human pathogenic fungi. Aqueous and

methanolic extract of all the different parts of the above mentioned plants were prepared

and preliminary antifungal activity was checked by disc diffusion assay on SDA plates

and zones of inhibition measured. Aqueous extract did not show any promising result as

only two plants were found active. In case ofmethanolic extract eleven plants were found

active against one or more fungi. The methanolic extract of root bark of D. kaki was

chosen for further studies as it exhibited remarkably good antifungal activity at 5 and 7.5

mg against all the fungi except some demataceious fungi. A number of extraction

solvents covering the wide polarity range from non polar to polar were used to select the

best extraction solvent. Chloroform was found to be best extraction solvent as it shows

activity against all the strains at 5 mg/ml. Activity index for the chloroform extract is also

reasonably high (0.91-1.85) which proves effectiveness of plant extract.

Crude extract was evaluated by standard chemical tests and it showed the

presence of phenolics, terpenoids, flavonoids and tannins. Then the TLC analysis of the

crude extract was done for these group of compounds using a number of different solvent

combinations and the solvent system showing best resolution was chosen for purification

by column chromatography. Before it TLC bioautography was done showing two white

zones on TLC plate which indicated the presence of two active compounds. The bioassay

guided fractionation of the crude extract was done using benzene-chloroform step

gradient by silica gel column chromatography. All the major fractions were checked for

desired activity. Impure fractions were further purified by re-column of the active

fractions and P-TLC. The active compounds obtained were analysed by EI-MS, FTIR and

*H and 13C NMR spectroscopy. As a result, two active compounds (A, 170 mg) and

(B,1900 mg) were obtained and on comparision of their spectra with literature they were
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identified as napthoquinones, Phanbagin (5-hydroxyl, 2-methyl 1,4 -Napthoquinone) and Isodiospyrhx (5-

hydroxy-6-(1-hydroxy-64nethyl-5,8-doxo-naph1h^ 1,4-dione).

MIC and MFC of the crude extract as well as Plumbagin and Isodiospyrin were analysed

using micro broth dilution. The MIC values of the crude extract and compounds were

(160-2500 pg/ml), (1.25-20 pg/ml) and (5-160 pg/ml). The MFC values were (630-

5000), (5-160 pg/ml) and (40-160 pg/ml) respectively. IC50 of Plumbagin for C.

albicans, T. mentegrophytes and A. flavus was calculated as 1.2, 1.4 and 8.8 pg/ml

respectively while the IC50 of Isodiospyrin was 5.1, 5.4 and 31.5 pg/ml respectively. The

trend of susceptibility was same as shown in disc diffusion assay. Time kill study was

then performed using 1, 2, 4 and 8 x MIC concentration of pure compounds against three

different groups of fungi i.e C. albicans, T. mentegrophytes and A. flavus. The

concentration dependent time killing of Plumbagin and Isodiospyrin was found to be

species and concentration dependent with C. albicans showing fastest rate of killing

followed by T. mentegrophytes andA. flavus in both cases. The rate of killing rises with

rise in concentration.

To study the effect of these compounds on fungal morphology and ultrastructure

scanning electron microscopy and transmission electron microscopy was performed.

Fungi was treated with the 4 x MIC concentration of Plumbagin and 8 x MIC

Isodiospyrin for 48 h and then processing of samples were done. The hyphae of all the

treated fungi were severly damaged at the tested concentration of the pure compounds.

Cells of C. albicans appeared shrunken and collapsed and the hyphae of T.

mentegrophytes and A. flavus were squashed and malformed. In TEM micrographs the

most common modification was increase in the number and size of vacuoles in the cells.

Cytoplasmic deterioration indicating cell necrosis and thickened and layered cell wall

with gaps at some places was also observed. Cell membrane was also affected and

showing undulations and irregularity at several places. Therefore this study shows that

cell wall and cell membrane are more likely to be the target of these active compounds.

Finally the evaluation of in vitro cytotoxic potential of the compounds was done by

RBC hemolysis assay to see the effect of compound on mouse RBCs and the percentage

hemolysis was calculated. The percent viability of peritoneal mouse macrophages and

splenocytes was done and the number ofviable cells were determined by tryptan blue dye

exclusion assay. The results of in vitro RBC hemolysis assay of both the compounds
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showed that the compounds were slightly hemolytic only at higher concentration.

Plumbagin induced 7 % hemolysis at 20 pg/ml and 35 % hemolysis at 100 pg/ml. In

case of Isodiospyrin no hemolysis was observed up to 40 pg/ml and at 100 pg there was

only 8 % hemolysis. On treatment of peritoneal macrophages and splenocytes cultures

with different concentrations of both the compounds (10-100 pg/ml), little cytotoxicity

was observed only at very high concentrations. No significant cytotoxicity was observed

up to 40 Ug/ml of Isodiospyrin and 20 pg/ml of Plumbagin in boththe cell cultures used.

CONCLUSION
X

As a result of screening of aqueous and methanolic extract for antifungal activity, D. kaki

was chosen as it was showing remarkably good activity against maximum number of

fungi used in case of methanolic extract. On bioassay guided purification of the crude

chloroform extract using silica gel column chromatography, two active principles were

obtained. They were identified as known napthoquinones, Plumbagin (5-hydroxyl,2-

methyll,4-Napthoquinone) and Isodiospyrin (5-hydroxy-6-(l-hydroxy-6-methyl-5,8-

4^ dioxo-naphthalen-2-yl)-2-methyl-naphthalene-1,4-dione) on comparision of the spectral

data with literature. Both the compounds possess significantly high antifungal activity

and low MIC in most of the case. MIC of Plumbagin was higher then that of

Isodiospyrin. Candida and Cryptococcus were found to be most susceptible followed by

dermatophytes and the demataceious fungi which were least susceptible to the above

mentioned compounds. Pharmacodynamics study of both the compounds proved that the

compounds are fungicidal. Ultrastructure and morphology studies were shown to have

> deletrious effecton the fungi as the surfaceas well as interiorof the cells looked necrotic.

In vitro studies showed that Plumbagin was cytotoxic at lower concentration than

Isodiospyrin but both the compounds show slight cytotoxicity only at very high

concentration. Although detailed followup studies regarding various aspects are needed

but it could surely be said that the active compounds obtained in the study were broad

spectrum, fungicidal and nontoxic to normal cells. Thus these compounds could be

considered as important candidates for the antifungal drug development programme.
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