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ANTIMICROBIAL ACTIVITY OF FIFTY-FOUR
PLANTS USED IN FOLKLORIC MEDICINE IN
PALESTINE

Rabee Ali Ghalib Zayed

Supervisor
Professor Dr. Mohammed S. Ali -Shtayeh
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Dr. Suleiman Al-Khalil

ABSTRACT

Ethanolic and aqueous extracts of fifty four plant species used in
folk medicine in Palestine for treatment of several infections and diseases
were investigated for their antimicrobial activities against thirteen
microbial isolates belonging to one yeast, Candida albi;'ans; four gram
negative bacteria, Escherichia coli, Klebsiella pneumonia, Proteus
vulgaris and Pseudomonas aeroginosa, and one gram positive bacterium,
Staphylocéccus aureus, and two isolates of dermatophytes, Microsporum
canis and M. gypseum, and five isolates of plant pathogenic mycelial
fungi, Fusarium tricinictum, Pythium ultimum, P.aphanidermatum, P.

middletonii, and Phytophthora citrophthora.
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Two susceptibility tests were used in this work, the disk diffusion
method for measuring the antibacterial and anticandidal activity and the
poisoned-food technique for measuring the antifungal activity.

The results demonstrated that the plans studied differ significantly in
their activity against test microorganisms. The most active plants against
both gram positive and gram negative bacteria include Alcea setosa,
Coridothymus capitatus and Satureja thymbra.

For C. albicans, the most active plants include Coridothymus
capitatus, Satureja thymbra, and Quercus calliprinos.

For dermatophytes, the most active plants include the ethanolic
extracts of Coridothymus capitatus, Mi&romeria nervosa, and Satureja
thymbra, and the aqueous extracts of Anthemis tunictoria and Verbascum
sinuatum. For phytopathogenic Pythium sp., the most active plants the
ethanolic extracts of Micromeria nervosa, Pinus halepensi‘s and Satureja
thymbra and the aqueous extracts of Rubia tenuifolia, Anthemis tunictoria
and Coridothymus capitatus. For phytopathogenic Phytophthora
citrophthora the most active plants include the ethanolic extracts of Pinus
halepensis and Satureja thymbra.

For phytopathogenic Fusarium tricinictum, the most active plants
include the ethanolic extracts of Salvia fruticosa and Satureja thymbra

and the aqueous extracts of Anthemis tunictoria and Juglans regia.
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Ethanolic extracts were more active than aqueous extracts for

antimicrobial activity.

Test bacterial strains differed significantly in relation to their

susceptibility to different plant extracts used. The most susceptible test
strain was S. aureus (gram positive bacteria), whereas the least
suéceptible strain was K. pneumonia (grarﬁ negative bacteria).

For mycelial fungi, the most susceptible phytopathogenic fungi was
P. aphanidermatum, whereas the most susceptible dermatophyte was M

gypseum to both aqueous and ethanolic extracts.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1S00 SS9y JO BIUs)D - Ueplor Jo AlsiBAIUN JO AkeiqiT - PaARSSY SIYDIY |1V

CHAPTER ONE
GENERAL INTRODUCTION




1

CHAPTER ONE

GENERAL INTRODUCTION

1.1 Historical review of traditional medicine

Since the dawn of history, plants have played an important role in the
treatment of human diseases and ailments; they were the main source for
man's early primitive drugs (Mossa et al., 1983).

The earliest records of ancient Babylonia, China, Greece, India, Rome,
Assyrian and Egyptians are filled with references to medicinal plants (Plotkin
et al., 1992). Some Qf these records illustrate the great advances that had been
made in the understanding of suitable drugs and pharmaceutical preparations
(Chiej, 1984).

Hypocrates was the first Greek to regard medicine as a science, and his
Materia Medica consisted essentially of herbal recipes (Sofowora, 1982).

The discovery of the New World in the year 1492, initiated the
identification of several plants of considerable economic value based on
observations of native people. This led to increasing emphasis on cultural
significance of plants prior to the introduction of the term ethnobotany in
1895 and considering it as a field of ac;ademic study in the year 1900. The
practical significance of understanding folk classification systems was

highlighted during 1950-1970 (Cotton, 1996).
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More recently, in 1990s, both postgraduate and undergraduate
programs in ethnobotany become increasingly available, while many research
projects focus on the practical applications of traditional plant knowledge
(Cotton, 1996).

Arabs also have contributed to the development of herbal medicine
during the middle ages. However, folk medicine still constitutes a significant
part of heritage of many Arab countries including Palestine (Silva ef al., 1981;
Ali-shtayeh et al., 1997,1998; Ali-Shtayeh & Abu-Ghdeib, 1999; Ali-
Shtayeh, Yaniv, et al., 2000; Essawi & Srour, 2000), Jordan (Karim and
Quraan, 1986, Alkofahi et al., 1990), Egypt (Hanafy et al., 1991), Qatar
(Rizk, 1982), Saudi Arabia (Massa et al., 1983), United Arab Emirates (UAE)
(Tanira et al., 1994), Sudan (Elsheikh et al., 1982, Al-Magboul et al., 1985)

and Morocco (Hatji et al., 1993).

1.2 Medicinal plants

A plant is said to be "medicinal’ when at least one of its parts contains
substances that caﬁ be used for thera.peutic purposes (Sofowora, 1982,
Bruneton, 1995). This definition includes plants used in galenical preparations
(e.g., decoctions, infusions, etc...), in extraction of surgical dressings, in
addition to some food spices and perfumery plants that are used medicinally.

The use of these plants in preventing, or eliminating physical, mental or

social diseases is referred to as traditional or folk medicine. This medicine can
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be described as the combination of knowledge and practice, relying on past
experience and observation handed down from generation to generation
(Sofowora, 1982). Folk medicine comprises numerous herbal and plant
prescriptions for therapeutic purposes. These include healing of wounds,
treatment of inflammation and skin ulcers (Karim and Quraan, 1986; Dafni et
al., 1994; Ghazanfer, 1994; Tanira et al, 1994), pneumonia and bullet wounds
(Desta, 1993), dermatomucosal, skin and candidal infections (Caceres 1991,
1993).

The interest in studying the biological effects of traditional medicinal
plants or isolating their active components for treatment of illness, has
increased all over ‘the world and comprehensive screening programs have
been established (Boulos, "1983; Kottob, 1983; Azzam, 1984). A large
proportion of the current research in ethnobotany remains focused on the
American continent where up to 41 % of the studies are carried out (Cotton,
1996). In Palestine, the screening of the flora for pharmacological active
compounds started in the late sixties (Silva ef al., 1981). The abundance of
species (> 2600) condensed on a very small geographic.al area (about 25000
Km?) is a major characteristic of the Palestinian flora. This richness is due to
the diversity of habitats created by the soil and climatic conditions, in addition
to the lack of medical care, and economics.

The remarkable diversity of environments and habitats stimulates also

the process of genetic differentiation and thus the development of new
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ecotypes finally leading to new species. Indeed, the splitting of some species
in ecotypes or chemotypes is another characteristic feature of the Palestinian
flora. Above all, passing knowledge from one generation to the next about
medicinal plants and their use, i-s a part of the heritage in this area of the
world (Boulos, 1983; Karim & Quraan, 1986).

Many plant species (> 700) have been used in folkloric medicine in
Palestine to treat various ailments of man (Palevitch, 1991; Sezik et al., 1991;
Shtayeh & Hamad, 1995; Ali-Shtayeh, Yaniv, etal., 2000). Folk remedies
used are prepared as powders, poultices, ointments, baths, decoctions,
infusions and teas. Decoction is the most popular form of home remedy.
 Decoctions, infusions and teas are usuaily prepared just before application
and filtered through a cloth or cotton wool. Most plants are stored for use in
the dry state, which permits their utilization throughout the year, sometimes
fresh plants are used (Sezik ef al., 1991). Fifty-four of these plants (Table 2.1)
which are used to treat dermatomucosal infections and other ailments, were
selected in the present work for antimicrobial activity testing. However, some
of the selected plants have been tested for biological activities other than
antibacterial or anticandidal activities such as antifungal activity (e.g. Amoros
et al., 1988; Cacers et al., 1991; Bagchi ef al., 1999), hypoglycemic activity
(e.g. Yaniv et al., 1987; Gharaibeh et al., 1988; Resher et al., 1991;
Glombitza ef al., 1994), antiulcerogenic, antihelminthic and hepatoprotective

(e.g. Akhtar ef al., 1989; Naqvi et al., 1991, Sultana et al., 1995; Abreu ef al.,
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1999), analgesic, antipyretic and antirheumatic activities (e.g. Karim and
Quraan, 1986; Al-Said et al., 1990; Dafni et al., 1994; Ali etal., 19953),
antileishmania and insecticidal activities (e.g. Abreu et al., 1999; Chariandy et
al., 1999). To the best of our knowledge the remaining plants have not yet
been studied for their antimicrobial activities. It is hoped that this study can
focus the light on the antimicrobial activities of the selected plants (Table

2.1).

1.3 Antimicrobial activity and phytochemistry of medicinal

plants

Antimicrobial agent may be defined as "a chemical substance derived

from a living source (plants,' animals or microbes) that in dilute solutions has
the capacity to inhibit the growth of or destroy microorganisms' (Torota &
Becker, 1978). Reports of antimicrobial activity ofindigenous plants have

been published from many regions of the world (Desta, 1993).

‘A multidisciplinary approach is being developed in some countries to

organize a system for medicinal plants used for treatment of specific
symptoms based on field ethnobotanic surveys (e.g. Silva et al., 1981, 1996;
Friedman et al., 1986; Deans, 1989; Caceres et al., 1993; Ahmad et al., 1998).

In the last few years, research on medicinal plants has increased and

their antimicrobial activity has been screened in a number of studies (Al-
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Magboul et al., 1985; Tomesi et al., 1986; Rios et al., 1987, Siddigi &
Husain, 1991, Tanira et al., 1994; Silva et al., 1996; Ahmad et al., 1998;
Sindambiwe et al., 1999).

In the constant effort to improve the efficacy and ethics of modern
medical practice, researchers are increasingly turning their attention to folk
medicine as a source of new drugs (Haslam ez al., 1989). One aspect of the
scientific approach to natural products is to chemically isolate, identify and
screen the active ingredients from medicinal plants. However, the benefits of
traditional remedies frequently result from combination of various plants and
other ingredients (Bai, 1990).

Biologists prefer to work on pure crystalline soluble compounds.
However, the fact that the stage of pure compounds isolation comes only after
initial biological tests on crude extracts, provides justification for detailed
phytochemical investigation and preliminary screening (Rizk, 1982; Mossa et
al., 1983). A revolution in the field of medicine has been brought about by
chemical and pharmacological studies on the plants used in folk medicine,
since a large number of active constituents isolated from medicinal plants
have been introduced in the modern pharmacopoeias throughout the world
(Rizk, 1982). Some of the phytochemical surveys have been conducted or
specifically directed for the detection of a class of compounds like alkaloids,
glycosides, essential oils, flavanoids, isothiocyanate glycosides, saponins,

steroidal sapogenins and tannins (Rizk, 1982).
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Chemical constituents of plants that are known to be antimicrobially
active are classified into three groups. First group includes phenolics,
shiokimates and acetates (e.g., phenols, phenolic acids, aryl alkanones,
flavanoide flacanenes, anthocyanins, quinones and cocemarines) (Fernandez
et al., 1996; Hasan & Ahmad, 1996; Ortega et al., 1996; Pedetzoglou, 1996;
Raman & Fardque, 1996; Srivastava et al., 1996; Swiader et al., 1996;
Tsuchiya et al., 1996; Vaishnav, 1996). The second group includes terpenoids
and steroids (e.g., monoterpenes, diterpenes, triterpenes, sesquiterpenes,
sesquiterpenoid lactones, essential oils, steroids, saponins, flavanoid
glycosides and tannins) (Ansari & Ali, 1996; De La Fuente et al., 1996;
Fereira ef al., 1996; Gruz et al., 1996; Hasan & Ahmad, 1996; Jain & Sharma,
1996; Montanaro et al., 1996; Raman & Farouque, 1996; Vaishnav ez al.,
1996). The third group includes alkaloids (e.g., quinolizidine, isoquinolines,
piperidine, pyrrolizidine, imidazole terpenoid alkaloid, tryptamines
(Brunetone, 1995; De La Fuente et al., 1996; Hasan & Rashid, 1996; Raman
& Farouque, 1996; Touati et al., 1996).

| The need to evaluate phytéchemical constituents and their biological
activities is not only important for the development of new therapeutic agents,
but the novel chemicals isolated from plants with some biological activity
give a guideline to the chemist to synthesize very useful semi - synthetic

drugs such as homatropine from atropine (Mossa et al., 1983) and as
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interesting tools that can be applied to a better understanding of biological
processes (Farnsworth, 1984).

In the last few years, research on medicinal plants and the evaluation of
their constituents and their antimicrobial activity has been screened in a
number of studies in West Bank (e. g., Hussain, 1995; Ali-Shtayeh et al.,
1997, 1998; Ali-Shtayeh & Abu-Ghdeib, 1999; Ali-Shtayeh, Yaniv, et al.,

2000; Essawi & Srour, 2000).

1.4 Screening methods for antimicrobial activity of natural

products

Antimicrobial activity screening of natural products is usually
performed using the agar diffusion and dilution methods and poisoned food
technique (Dikshit ef al., 1984; Rios ef al., 1988; Wood et al., 1995; Silva,

1996). The recommended methods include the followings.

'1.4.1 Antibacterial and anticandidal activity screening methods

1.4.1.1 Principal diffusion method

A technique, which does not require homogeneous dispersion in water,
is the agar diffusion method (Murray et al., 1995) using a disk, hole or
cylinder as reservoir. The reservoir containing the sample to be tested is

brought into contact with an inoculated medium and after incubation the
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diameter of the clear zone is measured. The zone size is inversely
proportional to the minimum inhibitory concentration (MIC) the least
concentration of the extract that completely inhibits the growth of the test
microorganism (Rios ef al., 1988; Wéxler etal., 1991; Woods & Washington,
1995).

The advantages of this method are the possibility of testing four or five
compounds against a single microorganism on the same plate and the small

size of the sample used in the screening.

1.4.1.2 Dilution methods

These techniques require homogeneous dispersion of the sample in
water. They are used principally to determine the minimum concentration
value (MIC) of an extract, essential oil or pure substance, and can be used in
the preliminary screening of antimicrobial activity (Rios ef al., 1988).

In this method, turbidity is taken as an indication of bacterial or
candidal density. The degree of inhibition is related to the turbidity of the
medium and measured by spectrophotometer {Wood et ai., 1995).

The advantages of this method is the simplicity, speed and the
possibility of using it in the antimicrobial study of water soluble or insoluble
samples such as essential oils.

Dilution methods are the best for water-soluble or lipophilic samples

and to determine the MIC of compounds (Rios et al., 1988).
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Dilution in liquid medium is the most complicated but also the most
precise technique. This method is recommended for determination of MIC
(Irobi & Daramala, 1994) of a pure sample and it is the only method for
determination of minimum bacterial (MBC) or fungicidal concentration of the
extract that does not permit any visible colony of microorganism to grow on
the agar plate after the period of inoculation (Irobi & Daramala, 1994). It is
determined, by subculturing of the tube that shows complete inhibition on an

agar plate or in liquid medium (Rios ef al., 1988).

1.4.2. Antifungal activity screening method

1.4.2.1 Poisoned- food- technique

A technique in which the antimycotic activity is carried out by mixing
the required amount of the dried plant extract or reference drug in requisite
amount of pre-sterilized medium to give a specified final concentration. A
mycelial disc, 6mm in diameter, cut from the periphery of old cultures, was
aseptically inoculated onto the medium (Dikshit ef al., 1984). The advantages
of this method are the rapidity and giving homogeneous dispersion of the

extract in the test medium.

1.5 Extraction techniques

Antimicrobial activity of plant is usually assessed after extracting plant

material with organic and inorganic solvents, in order to separate the chemical

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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constituents into groups of different polarities (Nadir et al., 1985).

Many factors may affect the extractability and hence the biclogical
activity of the chemical constituents of the plants. The pH of the extracting
medium is one of these factors. For this reéson, when working on medicinal
plants it is recommended to apply various methods of extraction to ensure the
recovery of the active components (Nadir e al., 1985).

Decoction is one of the traditional éxtraction techniques. It is prepared
by placing the plant drug in cold water, bringing it to boil for 15 minutes or
longer (up to 1 hour), and then allowing the mixture to stand for a further 15
minutes, the extract (aqueous or organic) are decanted or filtered as and when
required. This type of extraction may result in the alteration of many active
constituents (e.g., some glyco__sides are decomposed during boiling).

Another technique of extraction is infusion which is carried out by
pouring boiling water or organic solvent on a specific quantity of plant
material and allowing the mixture to stand for 10-15 minutes or more

(Sofowora, 1982).

1.6 Objectives of the present study

The development of resistance by a pathogen to many of the commonly
used antibiotics including antimycotics, provide an impetus for further
attempts to search for new antimicrobial agents to combat infections and

overcome the problems of resistance and side effects of the currently

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



12
available antimicrobial agents. Hence this in vitro study was aimed at:
Screening the selected Palestinian plants for their antimicrobial activity,
evaluating their potential use in treating infections caused by bacteria and

fungi, and determining whether their use in folkloric medicine to treat these

diseases is justified.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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CHAPTER TWO

MATERIALS AND METHODS

2.1 Antimicrobial activity of plant extracts
2.1.1 Plant material
2.1.1.1 Collection

Fifty-four Palestinian plant species, used in folk medicine were selected
in the current work (Table 2.1) to study their antimicrobial activity. Mature
plants were collected from several sites ih Nablus and Ramallah areas during
May-June 1998. Collected plant material was either used fresh, or dried in the
shade, ground using a seed mill and the powdered plant material stored in

plastic labeled bags at room temperature until used.

2.1.1.2 Extraction

Crude extracts of plant parts were obtained using two different
solvents: inorganic solvent (boiling distilled water, aqueous extract), and

organic solvent (cold 95% ethanol, ethanolic extract) (Kandil et al., 1994).

2.1.1.2.1 Ethanolic extracts
A 500 gm-portion of the powdered plant material was soaked in 2.5-3 L
of 95% ethanol for 4-5 days at room temperature. The mixture was stirred

daily for regular infusion. After a five-day period, the extract was filtered

All Rights Reserved - Library of Univefsity of Jordan - Center of Thesis Deposit
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using Whatman filter paper no. 1 and 4. The filtrate was then dried using a

rotary evaporator at 60 °C. The final dried extract was stored in labeled sterile

glass bottles and kept at - 20 °C (Kandil et al., 1994).

2.1.1.2.2. Aqueous extracts

Five hundred gram of powdered plant material was infused in boiled
distilled water until complete exhaustion, usually for 4-5 days. Extract was
then filtered using Whatman filter paper no. 1 and 4 and then lyophilized
using a freeze dryer (Model: 25 SL, Manufacturer: Vir Tis Company, New
York USA). The final dried extracts were stored in labeled sterile bottles and

kept in the freezer at -20 °C (Kandil ef al., 1994).

2.1.1.3 Sterilization of plant extracts

One gram of the powdered dry extract was dissolved in 2.5 ml of
solvent (water for aqueous extract or 95% ethanol for ethanolic extract) in
order to obtain a final cqncentration of 400 mg / ml. Aqueous and ethanolic
extracts .Well'e sterilized using sterile 0.45 pm membraﬁe filter. Sterile filtrates

were stored in sterile vials in the refrigerator at 5 °C until use.

2.1.1.4 Application of extracts on sterile discs

Discs of 6-mm diameter were cut out of Whatman filter paper no. 3 and

sterilized by autoclaving. Twenty-five microliters of the test extract were
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added to each sterile disc. The discs were then dried under a laminar flow

sterile bench. The final content of each sterile disc was 10 mg of extract.

2.1.2 Test microorganisms

Five strains of human pathogenic bacteria, one isolate of Candida, two

isolates of dermatophytes, and five isolates of plant pathogenic fungi, were

employed in this study (Table 2.2).

Table 2.2 Test microorganisms and source of collection

Microorganism Number Source / Researcher

Bacteria

Escherichia coli ATCC* 25922

Klebsiella pneumonia ATCC 13883

Proteus vulgaris ATCC 13315

Pseudomonas aeroginosa ATCC 27853 ~

Staphylococcus aureus ATCC 5923
Yeast o _

Candida albicans FCCAU** R10 Foot swab, patient / Mr. Suheil
(Robin) Berkhout Abu-Ghdieb

Dermatophvtes

Microsporum gypseum FCCAU S15 Tinea capitis clinical specimens in

(Bodin) Guiart and Grigorakis

Microsporum canis Bodin FCCAU S14

Phytopathogenic fungi

Fusarium tricinctum FCCAU MI10
{Corda) Sacc. ,

Pythium wltimum var ultimum FCCAU H5R3
Trow

Pythium aphanidermatum FCCAU H739
(Edson) Fitzp.

Pythium middletonii Sparrow FCCAU PH 122

Phytophthora citrophthora FCCAU AIE
(R. E. Smith & E. H. Smith) 2005

Nablus area, patient /Mr. Suheil
Abu-Ghdieb .
Tinea capitis clinical specimens in
Nablus area, patient /Mr. Suheil
Abu-Ghdieb

Water pool in Nablus / Mr.
Tayseer Khalid

Soil samples in Nablus area / Prof.
M. S. Ali-Shtayeh

Soil samples in Nablus area / Prof.
M. S. Ali-Shtayeh

Soil samples in Nablus area / Prof.
M. S. Ali-Shtayeh

Soil samples in Nablus area/Dr.
Abdul Hadi Hamdan

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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2.1.3 Preparation of inocula

2.1.3.1 Bacterial and candidal inocula

Part of an isolated bacterial or C. albicans colony was transferred into a
5-ml Mqller—Hinton broth tube and the tube was incubated for 4-18 hours at
37 °C. The growth turbidity in Muller-Hinton broth was adjusted by further
incubation or dilution with sterile physiological saline, after comparison with
that of a MacFarland nephelometer tube no. 0.5 (10°® cfu/ml) using a
spectrophotometer at 625 nm (optical density 0.08-0.1). An inoculum of 10°
cfu/ml of bacterial suspension was prepared by diluting 0.1 ml of the prepared
bacterial broth culture with 9.9 ml sterile saline. Candida specimens were

used undiluted (10% cfu/ml) (Murray et al., 1995) (Appendix C).

2.1.3.2 Mycelial fungi inocula

A 6-mm diameter agar plug with mycelium was aseptically cut out of
an actively growing fungal (1-4 day old) culture on either SDA or CMA

medium. The disc was then transferred onto the center of the test medium.

2.1.4 Antimicrobial activity screening methods
2.1.4.1 Antibacterial and anticandidal activity screening test

2.1.4.1.1 Disk diffusion method

Using a sterile cotton applicator, 10° cfu / ml of bacterial suspension or
C. albicans culture was swabbed on the surface of Muller-Hinton agar (MHA)

as follows (Murray et al., 1995):
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1. A sterile cotton applicator was dipped into the bacterial or C. albicans
suspension, rotated several times and pressed against the inside wall of the
tube to remove excess inoculum. |

2. An agar plate was then swabbed in all directions and around the agar
margin to ensure even distribution of the inoculum.

3. The plate was left to dry in a laminar flow bench for 4-5 minutes.

4. Using sterile forceps the selected extract discs were then distributed evenly
on the surface of the seeded agar plate.

5. The specific reference antibiotics, water and ethanolic discs were placed
onto the agar plate beside the extract discs (Table 2.3).

6. Three replicate plates were used for each test.

7. The‘ plates were incubated upside down at 3.7 °C for 18 hours.

8. The inhibition zone aroun& each disc was then measured using transparent

ruler (Murray et al., 1995).

Selection of reference antibiotics was made according to the species to
be tested or the origin of the specimen (blood, urine, skin, plant, etc.). The
selection of the antibiotic also took into consideration drugs that are

epidemiologically useful (Jawetz et al., 1995).
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Table 2.3 Reference antibiotics used in susceptibility test for tested microorganisms.

No. Test microorganism Reference Antibiotic  Concentration

Gram negative bacteria

1. Escherichia coli Apmicillin 10 mg/disc

2. Proteus vulgaris Gentamicin 10 mg/disc

3. Pseudomonas aeroginosa Gentamicin 10 mg/disc

4. Klebsiella preumonia Ciprofloxacin 10 mg/disc
Gram positive bacteria

5. Staphylococcus aureus Penicillin G 10 mg/disc
Yeast

6. Candida albicans Nystatin 10 mg/disc
Dermatophytes

7. Microsporum gypseum Nystatin 5 mg/ml

8. Microsporum canis Griseofluvin 0.6 pg/mi

Phvtopathogenic fungi

9. Fusarium tricinctum Nystatin 5 mg/ml

10. Pythium ultimum Hymexazol 25 pg/ml
11. Pythium aphanidermatum Hymexazol 25 pg/ml
12. Pythium middletonii Hymexazol 25 pg/ml
13. Phytophthora citrophthora Metalaxyl 10 p g /ml

2.1.4.2 Screening for antifungal activities

2.1.4.2.1 Poisoned-food technique method

In this method all test isolates were inoculated onto SDA or CMA plates

and incubated at 25 °C for 1-4 days to obtain young, actively growing cultures -

consisting of mycelia and conidia. The required amount of the dried plant
extract or reference antimycotic drug was dissolved in 2 ml sterile distilled
water or 10 % aqueous dimethyl sulfoxide (DMSO), sterilized by filtration
through a 0.45 um membrane filter, and then mixed in requisite amount of

pre-sterilized SDA or CMA medium to give a final concentration of
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1.5mg/ml. A mycelial disc of 6-mm diameter, cut out from the periphery of 1-
4 day old cultures, was aseptically inoculated onto the medium. In controls,
sterile DMSO or distilled water was used in place of plant extract as negative
control and reference antibiotics as a positive control (Georgii et al., 1991;
McCutcheon et al., 1994). The inoculated plates were then incubated at 25 °C
and colony diameter measured and recorded after 7 days for dermatophytes
and keratinophilic fungi, and one day for Pythium and Phytophthora species.
Percentage of mycelial inhibition was calculated as follows:

% myecelial inhibition = de-dt X 100

dc
Where: dc, colony diameter in control (-ve); dt, colony diameter in treatment.

Three replicate plates were used for each treatment (Dikshit ef al., 1984).

2.2 Statistical analysis

Data were analyzed and treatments compared using analysis of variance

with Duncan multiple range test (P < 0.05).
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CHAPTER THREE

RESULTS

3.1 Antibacterial and anticandidal activity of ethanolic extracts

Results of antibacterial and anticandidal activity in vitro testing of 37
ethanolic extracts of 37 plants (Table 2.1) against five bacterial species and

one yeast (C. albicans) are presented in Table 3.1 and Figure 3.1.

3.1.1 Antibacterial activity of ethanolic extracts against gram
negative bacteria (E. coli, P. vulgaris, P. aeroginosa, K.

preumonia)

All plants studied shoyved antibacterial activity against the test strains
with the exception of Cichorium pumilum, Cyclamen persicum, Foeniculum
vulgare, Gagea chloranth, Lactuca serriola, Paronychia argentea and Rubia
tenuifolia (Table 3.1). The plants differ significantly in their activity (F=

15.806, DF =36, P <0.01). The most active plants (30% of the plant extracts)

were: Alcea setosa, Coridothymus capitatus, Satureja thymbra, Lactuca

tuberosa, Rhus coriaria, Quercus calliprinos, Verbascum sinuatum, Achillea
fragrantissima and Lupinus pilosus with inhibition zone means ranging from
19.4-8.6 mm. The least active plants (30% of the plant extracts) were Pistacia
lentiscus, Vitex agnus-castus, Euphorbia hierosolymitana, Linum Pubescens,

Papaver rhoeas, Scrophularia rubricaulis, Lycium europeum, Capparis
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spinosa and Companula rapunculus with inhibition zone means ranging from
7-6.6 mm (Table 3.1). Other plants (40% of the plant extracts) showed
moderate antibacterial activity with a range of inhibition zone diameter mean

8.3-7.2 mm (Table 3.1)

3.1.2 Antibacterial activity of ethanolic extracts against gram
positive bacteria

All plants studied showed antibacterial activity against the test strain (S.
aureus) with the exception of Cichori;zm pumilum, Cyclamen persicum,
Foeniculum vulgare, Gagea chloranth, Lactuca serriola, Lactuca tuberosa,
Paronychia argentea, Rubia tenuifolia, Teucrium polium and Vitex agnus-
ca&tus (Tale 3.1). The plants differ significantly in their activity (F= 79.4.75,
DF= 36, P<0.01). The most active plants (30% of the plant extracts) were
Satureja thymbra, Calycotome villosa, Coridothymus capitatus, Quercus
calliprinos and Pinus halepensis with inhibition zone means ranging from
24.9-16 mm. The least active plants (30% of the plants) were Lupinus pilosus,
Euphorbia  hierosolymitana, Papaver rhoea;, Varthemia iphionoides,
Scrophularia  rubricaulis, Lycium europeum, Capparis spinosa and
Companula rapunculus with inhibition zone means ranging from 12.8- 9 mm
(Table 3.1). Other plants (40% of the plants) showed moderate antibacterial
activity with a range of inhibition zone diameter mean 15.7-12.9 mm (Table

3.1).
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3.1.3 Anticandidal activity of ethanolic extracts

Among all the plants studied, only Coridothymus capitatus, Satureja

thymbra, Quercus calliprinos, Anthemis tunictoria, Achillea fragrantissima,

Sarcopoterium spinosum, Ajuga orientalis, Anthemis palestina, Ceratonia

siligua and Papaver rhoeas showed anticandidal activity with inhibition zone
means ranging from 34.3-8.4mm (Table 3.1). The plants differ significantly in

their activity (F=304.481, DF= 36, P <0.01).

3.2 Susceptibility of test bacterial strains and C. albicans to

ethanolic extracts

Test strains differed significantly in relation to their susceptibility to the
different plants extracts used.(F=30.648, DF= 5, P<0.01). The most sensitive
test microorganism was S. aureus (gram positive) with inhibition zone
diameter mean 12.4 mm. Whereas the least sensitive test microorganism was
K. pneumonia (gram negative) with inhibition zone diameter mean 7.1mm.
The most sensitive gram negative s_train was P. vulgaris with inhibition zone

diameter mean 10.7 mm (Table 3.2 & Fig. 3.1).

3.3 Antifungal activity of ethanolic extracts

Results of antifungal activity in vitro testing of 48 ethanolic extracts
of 48 plants (Table 2.1) against seven isolates of mycelial fungi are

presented in Table 3.3 and Figure 3.2.
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Table 3.2 Susceptibility of test bacteria and C. albicans to plant extracts and reference
“antibiotics as shown by inhibition zone diameter {(mm).

Inhibition zone diameter (mean + SE)

Microorganism || Reference antibiotic

C. albicans 8.5+ 0.55 Nystatin 193+ 0.19
E coli 7.2+0.28 Ampicillin 16.6 + 0.44
K.. pneumonia 7.1 £0.30 Ciprofloxacin 26.3+0.50
P. vulgaris 10.7+0.32 Gentamicin 24.1+0.77
P, aeroginosa 7.5+0.32 Gentamicin 18.9 + 0.48
S. aureus 12.4 +0.50 Penicillin G 33.8+0.29

40 1 O Extract

M Reference antibiotic

263

Inhibition Zone Diameter Mean (mm)

Microorganisms

Figure 3.1 Susceptibility of Candida albicans and bacterial strains
to ethanolic plant extracts. ‘
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3.3.1 Antifungal activity of ethanolic extracts against human

and animal pathogenic dermatophtes (M. canis and M.

gypseum)

The inhibitory effect of plants extracts égainst M. canis and M
gypseum varied (about 9% to 100% inhibition) significantly between plants
(F= 34.457, DF= 47, P < 0.01). Extracts of Coridothymus capitatus,
Micromeria nervosa and Satureja thymbra completely prevented growth of

M. canis and M. gypseum (Table 3.3).

Extracts of Cichorium pumilum, Coridothymus capitatus, Micromeria
nervosa, Pinus halepensis, Salvia fruticosa, Satureja thymbra and Viscum
cruciatum were the most activie (100% inhibition) against M. canis. Extracts
of Ceratonia siliqua, Alcea setosa, Gagea chloranth, Eryngium creticum,
Capparis sjuinosa, Varthemia iphionoides and Crataegus aronia were on the

other hand, least active (< 20% inhibition).

Extracts ‘of Rhus coriaria, Satureja thymbra, Inula viscosa, Ruta
chalepensis, Micromeria nervosa, Lawsonia inermis, Coridothymus capitatus
and Anthemis tunictoria were the most active (80%-100% inhibition) against
M. gypseum. Extracts of Juglans regia, Ceratonia siliqua, Alcea setosa and

Ziziphus spina-christi were on the other hand, least active (<20% inhibition).
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Table 3.3 Antifungal activity of ethanolic extr

antibiotic) ===

Fungi M canispthora Total 3~ Total 4*
No. Plants

1 |Achillea fragrantissima 36442771321 27.7 + 7.39 cdef 534 + 10 def
2 |Ajuga orientalis 33.6+0.52.34 ph 45.7 + 3.39 efghijklm 45.2 + 4.9 defghij
3 | Alcea setosa 103 +0.6016 k1 33.5 + 5.81 ghijklmnop 31.9 + 9 jklmno
4 | Anthemis palestina 23.6 +1.0404d 43.2 +4.31 efghijk 42.9 + 6.7 efghy
5 | Aathemis tunictoria 61.8 +1.00 68.74 871 be 69.6+10.7be
6 |Asphodelin lutea 473 +1.05 44.6 + 7.72 fghijklmn 50 + 10.6 defg
7 | Calycotome villosa 473 +3.15 54.7 + 8.90 defghi 53.5+ 10.7 def
8 {Capparis spinosa 17.6 +4.90 61.54+9.94 cde 503+ 14.2 defg
9 | Ceratonia siliqua 18 +0.144 20.7+4.12 11 173+ 59p
10 | Cichorium pumilum 100 +03 39.3 + 6.91 ghijklmnop 515+ 12.9 defg
11 | Clematis cirrhosa 285 +2.18> 194 +2.05stu 212+ 2.7nop
12 | Coridothymus capitatus 100 +0> 79.6+532ab 864+ 77a
13 | Cratacgus aroniz 188 +1.213n 18.3 + 230 stu 20.5+350p
14 | Cyclamen persicum 564 +5.2066d 48.5 4+ 1.25 efghij 51.34 2.2 defg
15 | Eryngium creticum 173 +0.53 27.1 + 7.03 nopgrstu 26.% + 8.8 Kimnop
16 | Euphorbia hierosolymitana 206 +0.610 m 32.2 + 4.01 klmnopqrst 29 + 5.6 klmnop
17 | Gagez chloranth 164 +00m 25.6 +4.12 nopqrstu 24 + 5.5 Imnop
18 {Inulz viscesa - 73.9 4 0.6h 66.5+2.04 bed 733+590b
19 |Juglans regia 26.7+0.605 23.3+5.02 pgrstu 23,2 + 6.1 nop
20 {Lactuca serriolz 273+ 0m0jj 36.1 + 6.08 ijklmnopqr 33.6 + 8 ijkimn
21 |Lactuca tuberosa 445+2634n 47.9 + 6.25 efghijid 46.5+ 8.1 defghi
22 | Lawsonia inermis 379 +5.65 30.3 + 3.81 Imnopqrstu 43.2 4 12.3 efghij
23 | Linum pubescens 30.3+0.60 161 36 + 4.73 ijklmnopqrs 34.7 + 6.2 fjklmn
24 | Lupinus pilosus 42.74260¢ 50.5 4+ 2.29 efghij 49.4 + 2.8 defgh
25 | Lycium europeum 56.4 £ 0 16 hij 33.4 + 1.76 jklmnopgrst 404 + 5 fghijk
26 |Micromeria futicosa 53.9+ 1.3 32k 34.3 + 2.04 ijkdmnopqrs 40.1 + 4.4 fghijk
27 | Micromeria nervosa 100+ 0y 91.9+4.23a 946+54a
28 | Papaver rhoeas 43.6+10¢1 22.1+2.56 grstu 27.8 + 4.9 kimnop
29 | Paristaria diffusa 3.9+ 1.2y 126 +286v 186+ 5.20p
30 | Paronychia argentea 273157145k 40.9 + 8.23 ghijklmnop 354 +11.2i%m
31 | Pinus kalepensis 100+ 0-02a 83.8+5962a 835+82a
32 | Pistacia Tentiscus 273+ 1.04 34 37.4 + 4,93 ijklmnopqr 34.9+ 6.6 jklmn
33 | Quercus calliprinos 727+ 140 0¢ 71.24+4.27 be 69.8+ 5.8 be
34 | Retema ractam 532+ 1.8, 34.1 4 3.40 jkimnopqrst 37.9 + 5.6 ghijkl
35 | Rbus cortaria 783+00 i 60 +4.74 cde 683 +85bc
36 | Rubia tennifoiia 30.9 + 1.04 16+ 1700 20.9 + 3.7 nop
37 | Ruscus acculeatus 63.6+ 1.5 25+ 3.89 opqrstu 321+ 7.9 jkimno
38 | Ruta chalepensis 67340y 37.7 + 3.72 hijklmnopq 534 11.5def
39 | Salvia fruticasa 10040y 704+ 6.16 be 739+920b
40 | Sarcopoterium spinosum 718+ 1.5) ef 54.9 + 6.35 cdefgh 57.5+8.5¢cd
41 |Satureja thymbra 100+ 00 of 942+3.10a 959+4.1a
42 {Solanum nigrum 09+ 1.6 28.3 + 4.47 Imnopgrstu 34.5 + 6.7 fjklmn
43 | Tevcrium polivm 303+2.0161 27,7 + 4.03 mnopgrstu 28.7 + 5.2 Xlmnop
44 | Varthemiz iphionoides 18.8 + 0.61 34 hjj 42.6 +4.16 fghijklmno 36 + 6.8 hijklm
45 | Verbascum sinuatum 418+ 1.y 28.1 + 3.34 mnoppgrstu 321 + 4.8 jklmno
46 | Viscum cruciatum 100+ 0134 67.4+7.51be 71.8+1080b
47 | Vitex agaus-castus 374£0.60m 38.7 + 5.81 ghijklmnopq 37.7+ 7.5 ghijkl
48 | Ziziphus spina-christi 2181 1.045 1743451 16.8+43p

+ve control (reference 6361001 55.7+ 0 cdefg 54.6+3.40 de

* Means of three replicate plates for eac
** Values in the same column followe

test (p < 0.05)

*#% Type and (concentration) of refe
metalaxyle (10 pg/ml), for F. tricinctuz

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



35

3.3.2 Antifungal activity of ecthanolic extracts against
phytopathogenic fungi (P. ultimum, P. aphanidermatumn,

P. middletonii, Ph. citrophthora, F. tricinctum)

The inhibitory effect against the five fungi varied (about 13% to 94%
inhibition) significantly between plants (F=16.066, DF =47, P<0.01) (Table
- 3.3). Extracts of Satureja thyl_n'bra, Micromeria nervosa and Pinus halepensis
were the most active (> 80% inhibition).

Extracts of Clematis cirrhosa, Crataegus aronia, Ziziphus spina-

christi, Rubia tenuifolia and Parietaria diffusa were on the other hand, least

active (<20% inhibition).

3.3.3 Antifungal activity of ethanolic extracts against
phytopathogence Pythium species (P. ultimum, P.

aphanidermatum, P. middletonii)
The inhibitory effect against the three fungi varied (8.1 % to 100%

inhibition) significantly between plants (F=18.474, DF=47,P<0.01) (Table
3.3). Extracts of Micromeria nervosa, Pinus halepensis and Satureja thymbra
completely prevented growth of P. wultimum, P. aphanidermatum and P.
middietonii.

.Extracts of Achillea fragraﬁtis&ima, Micromeria nervosa, Pinus
halepensis, Quercus calliprinos, Satureja thymbra, Viscum cruciatum,

Anthemis tunictoria and Coridothymus capitatus were the most active (80%-
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100% inhibition) against P. ultimum. Extracts of Ceratonia siliqua and
Parietaria diffusa were on the other hand, least active (<10% inhibition).

Extracts of Calycotome villosa, Capparis spinosa, Micromeria nervosa,
Paronychia argentea, Pinus halepensis, Salvia fruticosa, Sarcopoterium
spinosum, Satureja thymbra, Viscum cruciatum, Achillea fragrantissima,
Anthemis  tunictoria, Asphodelin lutea, Coridothymus capitatus and Rhus
coriaria were aiso most active (80%-100% inhibition) against P.
aphanidermatum, whereas extracts of Ruscus acculeatus and Ziziphus spina-
christi were the least active (< 10% inhibition).

Extracts of Coridothymus capitatus, Micromeria nervosa, Pinus
halepensis, Satureja thymbra and Anthemis tunictoria were the most active
(80%-100% inhibiti_on) against P. middletonii. Extracts of Parietaria diffusa,
Eryngium creticum, Rubia tenuifolia and Juglans regia were on the other

hand, least active (<10% inhibition).

3.3.4 Antifungal activity of ethanolic extracts against

phytopathogenic Ph. citrophthora
The inhibitory effect against these fungi varied (5.3% to 100%

inhibition) significantly between plants (F=256.138, DF = 26, P<0.01) (Table
3.3).

Extracts éf Pinus halepensis and Satureja thymbra were thé most active
(100% inhibition ). Extracts of Pistacia lentiscus, Lactuca tuberosa and

Crataegus aronia were on the other hand, least active (<10% inhibition).
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3.3.5 Antifungal activity of ethanolic extracts against

phytopathogenic F. tricinctum
The inhibitory effect against these fungi varied (11% to 72% inhibition)
significantly between plants (F= 101.012, DF= 47, P<0.01) (Table 3.3).
Extracts of salvia fruticosa and Satureja thymbra were the most active
(>70% inhibition). Extracts of Capparis spinosa, Papaver rhoeas, Rubia
tenuifolia, Calycotome villosa and Antherﬁis tunictoria were on the other

hand, least active (< 20% inhibition).

3.4 Antifungal activity of aqueous extracts

Results of antifungal activity in vitro testing of 14 aqueous extracts of
14 plants (Table 2.1) against six isolates of mycelial fungi are presented in

Table 3.4 and Figure 3.3.

3.4.1 Antifungal activity of aqueous extracts against human and

animal pathogenic dermatophytes (M. canis and M.

gypseum)
The inhibitory effect against the two dermatophytes varied (6% to 61%
inhibition) signiﬁcantly bet§veen plants (F=16.812, DF= 13, P< 0.01) (Table
3.4). Extracts of Anthemis tunictoria and verbascum sinuatum were the most

active (>50% inhibition). Extracts of Juglans regia, Phagnalon rupstre,
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Parietaria diffusa, Salvia fruticosa and Capparis spinosa were on the other
hand, least active (< 10% inhibition).

Extracts of Rubia tenuifolia and Anthemis tunictoria were the most
active against M. gypseum. Extracts of Parietaria diffusa, Anchusa strigosa,
Juglans regia and Ziziphus spina-christi were on the other hand, least active

(< 20% inhibition).

3.4.2 Antifungal activity of aqueous extracts against
phytopathogenic fungi (P. ultimum, P. aphanidermatum,
P. middletonii, F. tricinctum)

The inhibitory effect against the four fungi varied (18% to 71 %

inhibition) 31gn1ﬁcantly between plants (F~7 722, DF= 13, P<0.01). Extracts

of Anthemis tunictoria, Rubia renugfolza Coridothymus capitatus and

Parietaria diffusa were the most active (>50% inhibition). Extracts of Juglans

regia and Salvia fruticosa were on the other hand, least active (<20%

inhibition) (Table 3.4).

3.4.3 Antifungal ~activity of aqueous extracts against
phytopathogenic  Pythium species  (P. ultimum, P.

aphanidermatum, P. middletonii) |
The inhibitory effect against the three Pythium species varied (15% to

84% inhibition) significantly between plants (F=12.147, DF=13, P< 0.01).

Extracts of Rubia tenuifolia, Anthemis tunictoria and Coridothymus capitatus
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were the most active. Extracts of Capparis spinosa, Salvia fruticosa and
Juglans regia were on the other hand, least active (<20% inhibition). (Table
3.4).

Extracts of Rubia tenuifolia, Coridothymus capitatus and Anthemis
tunictoria were the most active (70% to 100% inhibition) against P. ultimum.
Extracts of Anchusa strigosa, Capparis spinosa and Salvia fruticosa were on
the other hand, least active (<20% inhibition)l (Table 3.4).

Extracts of Anthemis tunictoria, Calycotome villosa, Parietaria diffusa
and Rubia tenuifolia were the most active (80% to 100% inhibition). Extract
of Juglans regia was on the other hand, least active (<20% inhibition) against
P. aphanidermatum (Table 3.4).

Extracts of Am‘hemis tﬁnictoria, Rubia tenuifolia, Calycorome villosa,
Coridothymus capitatus and Parietaria diffusa were the most active (30% to
50% inhibition) against P.middletonii. Extracts of Anchusa strigosa, Capparis
spinosa, Juglans regia, Retema raetam, Salvia fruticosa and Ziziphus spina-

christi were on the other hand, least active (<20% inhibition) (Table 3.4).

3.45 Antifungal activity of aqueous extracts against

phytopathogenic F. tricinctum
The inhibitory effect against this fungus varied (8% to 53% inhibition)

significantly between plants (F=126.595, DF= 13, P< 0.01). Extracts of

Anthemis tunictoria and Juglans regia were the most active. Extracts of
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Ziziphus spina-christi, Rubia tenuifolia and Calycotome villosa were on the

other hand, least active (< 20% inhibition) (Table 3.4).

3.5 Susceptibility of test fungi to ethanolic plants extracts

Test fungi differed significantly (F=23.040, DF=6,P<0.01)in their
susceptlblhty to antimycotic act1v1ty of plants extracts with the most
susceptlle fungus was P. aphamdermatum being completely inhibited by 9/48
(19%) of the extracts, whereas Ph. citrophthora was the least susceptible

fungus being completely inhibited by 3/48 (6%) of the ethanolic extracts

(Table 3.5, Figure 3.2).

3.6 Susceptibility of test fungx to aqueous plants extracts

Test fungi differed s1gn1ﬁcantly (F=20.743, DF=5,P<0. Ol)m their
susceptibility to antimycotic activity of plants extracts with the most
susceptible fungus was P. aphanidermatum being completely inhibited by
3/14 (21%) of the extracts, whereas M. canis was the least susceptible fungus

(Table 3.6, Figure 3.3).
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Table 3.5 Susceptibility of test fungi to 48 ethanolic plants extracts as shown by %
mycelial inhibition (mm).

% Mycelial Inhibition (mean + SE)
[Fungi I Reference antibiotic||
F, tricinctum 3454122 Nystatin 64.4+0
M. canis 47.6 +2.33 Griseofluvin 63.6+0
M, gypseum 49.1 +2.22 Nystatin 39.6+0
Ph. citrophthora 33.7 +2.68 Metalaxyl 72+ 0
P, aphanidermatum 62.7+2.33 Hymexazol 56,6 +0
P. middletonii 352+222 Hymexazol 25+0
P, ultimum 48.8 +2.31 Hymexazol 60.6+0
O Plant extract

M Reference antibiotic

70 1 644 636

476

40 H 345

% Myeelial Inhibition Mean (mm)
[¥3 )
<

Figure 3.2 Susceptibility of test fungi to 48 ethanolic plants extracts as shown by % mycelial
inhibition {mm}.
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Table 3.6 Susceptibility of test fungi to 14 aqueous plants extracts as shown by %
mycelial inhibition {mm)

% Mycelial Inhibition (mean + SE)

Fungi Il Reference antibiotic

F. fricinctum 25.5+1.57 Nystatin 64.4+0
M. canis 20.5+2.82 Griseofluvin 63.6+0
M. gypseum 32+2.32 Nystatin 39.6+0
P. aphanidermatum 59.2 +4.65 Hymexazol 56.6+0
P. middletonii 25.2+2.26 Hymexazol 25+0
P. ultimum 45.1 +4.55 Hymexazol 60.6 + 0

O Plant extracts

70 4 64.4 636 M Reference antibiotic
60.6

60 A 566

50 4 45.1

E
g
5
4
=
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S 304 255 252 25
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< 20 1 :
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Figure 3.3 Susceptibility of test fungi to aqueous plants extracts.
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CHAPTER FOUR

DISCUSSION

4.1 Antibacterial and anticandidal activity of selected

medicinal plants

Tra'ditio.nal medicine is an impoftzint source of potentially useful
new compounds for the development of chemotherapeutic agents (Alonso
Paz et al, 1995). The first step towards achieving this goal is the
screening of plants used in popular medicine. The search for new, safer

and more effective antimicrobial agents has grown with the increasing

incidence of microbial infections (Larhsini et al.,, 1996), relying on plants

used in folk medicine. This folkloric use suggests that there may be a

scientific basis for their utility in traditional medicine for the treatment of

deferent infections (Irobi, 1992).

The results obtained, demonstrate that most of the studied plants
: 30/37 (82%) (Table 3.1) are potentially important sources of antibacterial
agents. Seventy three percent and 81% of the screened plants were active
against .S.‘ aureus (Gfam +ve), and Gram -ve bacteria, respectively. The

use of these plants in traditional medicine for treating various diseases
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related to bacterial infections (Ali-Shtayeh et al, 1998; Ali-Shtayeh,

Yaniv et al., 2000) is thus justified.

On the other hand, only 27% of the screened plants were active
against C. albicans. This result is in agreement with that of (Alonso Paz
et al, 1995; Yaghmour, 1996 and Ali - Shtayeh et al., 1998) Who also
found that antibaterial agents to be more common in medicinal plants
than anticandidal agents. This may be attributed to differences in
structure between prokaryotic bacterial and eukaryotic candidal cells.
Since antimicrobial agents should bind to sterols in eukaryotic membrane
so as to exhibit their action, whereas this step is not needed for bacterial

cells (Medoff & kayashi, 1993).

It is noteworthy to point out that G +ve bacteria were most
susceptible to plant extracts than G -ve bacteria in the present work. This
finding is therefore in conformity of those of Anesini & Perez (1993);
Grosvenor et al, (1995); Ali-Shtayeh et al. (1998) and Essawi & Srour
(2000) Who also found that G +ve bacteria were more readily inhibited
by plant extracts than G -ve bacteria. This may be attributed to the fact
that cell wall in gram positive bacteria consist of a single layer, whereas

gram negative cell wall is a multilayered structure and quite complex

(Yao & Mollering, 19953).
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4.2 Antifungal activity of selected medicinal plants
4.2.1 Antifungal assay of plants against dermatophytes

The fungitoxic effects of plant extracts of some plant species tested
in the present work indicate the importance of many plant species as a
natural source of antimycotic material (Table 3.3, 4) (major active
;:onstituents present are indicated in the Table 2.1). Antifungal activity of
medicinal plants, e.g., Juglans sp. and, Solanum sp. extracts, against some
dermatophytes including M. canis have also been reported by other
workers (Ali-Shtayeh & Abu-Ghdeib, 1999). In the present study, among
48 locally available plant species tested in vitro against dermatophytes,
the ethanolic extracts of C. capitatus, M nervosa and S. thymbra were
most active (100% inhibition), While thé aqueous exiracts of both 4.
tunictoria and V. sinuatum were most agtive (50-60% inhibition) against
dermatophytes. The present results are therefore consistent with those of
Vlietinck et al. (1995) Who showed that from 267 ethanolic crude
extracts corresponding to 100 different plant species, 60% of the extracts
have antidermatophytic activity including M. canis. Also Ali-Shtayeh &
Abu-Ghdeib, (1999) found that among the 22 species they tested in vitro
27 - 81% of the aqueous extracts showed high antimycotic activity

against one or more of the test dermatophytes including M. canis.
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The present study indicates that the majority of the plants tested are
an important source of antifungal compounds that may provide renewable
sources of useful antifungal drugs against dermatophytic infections in
humans. Among plant species tested, 4. tunictoria, C. capitatus, M.
nervosa and, S. thymbra were shown to have high antidermatophytic
activity. This obviously justifies the use of many of _these plants in
traditional. medicine to cure dermatbphyte infections (Ali-Shtayeh &

Abu-Ghdeib, 1999).

4.2.2 Antifungal assay of plants against phytopathogenic

fungti

The importance of indigenous products for plant diseases control

has been further investigated, and encouraging results on the subject have
been reported by different workers (Akhtar et al., 1986; Al-Abed et al,
1993; Qasem & Abu-Blan, 1995).

In vitro assessment of the potential of plant extracts as
fungitoxicants showed that plant species were different in their effects;
some inhibited growth, others stimulated it or had no apparent effects
(Al-Abed et al., 1993). In the present study ;esults indicated the presence
of active fungistaﬁc materials in the extract of certain plant species.

Screening plant extracts for their antifungal effects in this work
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demonstrates that plants are potential sources of fungitoxic compounds.
Most active extracts among 48 ethanolic and 14 aqueous plant extracts
tested in vitro, include the ethanolic extracts of M. nervosa, P. halepensis
and S. thymbra against Pythium sp.; extracts of P. halepensis and S.
thymbra against Ph. citropthora; and extracts of S. fruticosa and S.
thymbra -against F. tricinctum. These results are in consistent with those
of | Grosvenor et al. (1995) who Shéwed thét 20% of 114 plant species
extracts inhibited the growth of Fusarium oxysporum. On the other hand
among 14 locally available plant species tested in vitro the aqueous
extracts of R. tenuifolia, A. tunictoria and C. capitatus were highly
effective against Pythium sp., while extracts of 4. tunictoria and J. regia
were highly effective against F. tricinc.tum. These findings substantiate
those of Al-Abed et al (1993) Who also found that from 40 weeds from
Jordan, aqueous extracts of I viscosa and 4. arvensis were most active
against the phytopathogenic fungi Fusarium oxysporum and
Helminthosporium sativum.

The present ethanolic extracts were found to show higher
antifungal activity than aqueous extracts (F = 16.441, DF = 11; P<0.01).
This may be attributed to differences in the nature and / or concentration
and in the relative solubility in ethanol and water of chemical inhibitors in

the different plant species (Al-Abed, 1992; Qasem & Abu-blan, 1995).
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The results also showed that dermatophytes were more susceptible
to ethanolic extracts than phytopathogenic fungi (F=5.808, DF=1; P<
0.01) while the later fungi were more susceptible to aqueous extracts than
dermatophytes (F = 15.095, DF = 1; P< 0.01).

It is interesting to note that some of the ethanolic plant extracts
(e.g., C. capitatus and S. thymbra) and some of the aqueous extracts (e.g.,
C. capitatus) found in the present work to be active against
dermatophytes and plant pathogenic fungi, were also active against C.
albicans. The present results are therefore in conformity of those of Ali-
Shtayeh & Abu-Ghdeib, (1999) who also found that some of the aqueous
plant extracts they tested to be highly active against dermatophytes.
These extracts were also found to be éctivé against C. albicans (Ali-
Shtayeh et al., 1998).

On the other hand, many of the plant species (e.g., ehtanolic
extracts of P. halepensis (87.5%), A. setosa (8.7 %), and the aqueous
extracts of A. tunictoria (60.7%), C. spinosa (22.3%) that showed high to
low antifungal activity against dermatophytes, were found to be inactive
against C. albicans. The present results are therefore in conformity of
those of Vlietinck et al. (1995) Who also found that plants with high
activity against dermatophytes, were inactive against C. albicans. This
indicates that anticandidal compounds a;'e less frequently encountered in

the ethanolic and aqueous extracts of the test plants than other antifungal
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compounds and also indicates the difference in the mode of action of
these compounds. It is noteworthy to mention that anticandidal
compounds (e.g., nystatin- a polyene macrolide antibiotic) are
characterized by having a large lactone ring with a number of conjugated
double bonds. They are membrane active agents which produce their
effect by creating polar ‘pores’ by insertion alongside the phospholipid
andr sterol molecﬁles (Gale et al, 1981). On £he other hand,
antidermatophytic compounds like g?iseoﬂuvin which affect only
dermatophytes, where have chitin in their walls have no effect on yeast
like C. albicans. Their mode of action is binding strongly to the proteins
associated with the microtubules so théy disrupt nuclear division
molecules (Gale et al., 1981).

The present study demonstrates that plants are an important source
of fungitoxic compounds, and that they may provide a renewable source
of useful pesticides that can be utilized in integrated pest control
programs. Further studies are therefore needed on these plants in the

search for new and more potent antifungal substances from natural

soQurces.

4.3 Conclusions and recommendations

1. Since high percentage of the plants studied have a broad antimicrobial

spectrum of action, they could be useful in antiseptic, disinfectant and
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pesticide formulation and in external chemotherapy, taking into
consideration the satisfaction of the same basic requirements of other
pharmaceutical products: quantity, saféty and efficacy.

2. Further studies are needed and encouraged to test for the biological
activities of wild plants and explore their potential as sources of
antimicrobial agents and for other benefits to human health.

3. Furtherrrstudies are heeded to find out lact'ive. constituents of many
plants.

4, For achieving better results, plant extracts would be more efficient if
prepared using infusion extraction technique with suitable organic
solvent such as ethanol.

5. The establishment of Palestinian research institute on medicinal plants
and a horticultural station to grow and preserve endangered
indigenous species of medicinal plants is recommended.

6. Further work is therefore needed on these plants to identify and study

their active ingredients.
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APPENDIX A

MEDIA

Cornmeal Agar (CMA)
Cornmeal (Dehydrated infusion from corn) 17.0 g

Agar 15.0¢g

Directions:
17.0g are suspended in one liter of distilled water with 15.0-g agar and heat to
dissolve, sterilized by autoclaving at 121°C for 15 minutes.

Muller-Hinton Agar (MHA) (OXOID)
Beef, dehydrated infusion from 300.0g”

Casein hydrolysate 17.5¢g
Starch o 15g
Agar 170 g
pH7.4+02

Directions:

38.0-g are suspended in one liter of distilled water and heated to dissolve, and

sterilized by autoclaving at 121 °C for 15 minutes.

Muller-Hinton Broth (MHB) (OXOID)
Beef, dehydrated infusion from 300.0g
Casein hydrolysate - 175¢g
Starch 15¢g
pH7.4+0.2
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Directions:

21.0 g are suspended in one liter of distilled water and heated to dissolve, and

sterilized by autoclaving at 121 °C for 15 minutes.

Sabouraud's Dextrose Agar (SDA) OXO0ID)

Dextrose 400¢
Peptone 100 g
Agar ‘ o 150¢g
Directions:

65.0-g medium is suspended in one liter of distilled water and heated to

dissolve, and sterilized by autoclaving at 121 °C for 15 minutes.
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APPENDIX B

ANOVA Tables
Source pr | Sumof | Shewn F. Val P. Val

B Squares (SS) quares . Yalie . value
(M.S)
Between Groups | K*-1 [octween MSTR |F= MSTR <1
groups SS MSE

Within Groups s 1~ |Within
(Error) N¥EK groups SS MSE
Total - N-1 |Total SS

* K = number of experimental groups.
** N = total number of data in the experiment.

Table B.1 Antibacterial activity of 37 ethanolic extracts against gram-negative
bacteria (Table 3.1, Total 1%).

Source D.F Sum of Mean F. Value P. Value
Squares Squares

Between Groups 36 3235.723 89.881 - 15.806 0.000

Within Groups 407 | 2314.431 5.687

Total 443 | 5550.154

K = 37 plants extracts

N=37X4X3

N =444

Table B. 2 Antibacterial activity of 37 ethanolic extracts against S. aureus (gram-
positive bacterium) (Table 3.1).

Source D.F Sum of Mean F. Value P. Value
Squares Squares

Between Groups 36 | 2998.401 83.289 79.475 0.000

Within Groups 74 77.551 1.048 '

Total 110 | 3075.952

K=37

N=37X1X3

N=111
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Table B. 3 Susceptibility of test bacteria and C. albicans to 37 plants extracts
as shown by inhibition zone diameter (mm) (Table 3.2).

Source pp | Sumof | Mean | oo e | P.value
Squares Squares
Between Groups 5 2625.138 525.028 30.648 0.000
Within Groups 660 | 11306.457 17.131
Total 665 | 13931.595
K=6
- N=37X6X3
N = 666

Table B.4 Antifungal activity of 48 ethanolic extracts against human and animal
pathogenic dermatophytes (M. canis & M. gypseum} (Table 3.3, Total 1*).

Source D.F Sum of Mean F. Value P. Value
Squares Squares

Between Groups 47 | 186861.88 | 3975.785 34.457 0.000

Within Groups 240 | 27692.018 | 115.383

Total ' 287 | 214553.90

K=48

N=48X2X3

N =288

Table B.5 Antifungal activity of 48 ethanolic extracts against phytopathogenic fungi
(Table 3.3, Total 3*).

Source D.F SS;"Er"efs Szfle;r“es F.Value | P.Value
Between Groups | 47 | 270215.25 | 5749261 | 16.066 0.000
Within Groups 609 | 217938.18 | 357.862

Total | 656 | 488153.43

K =48

N=48X5X3-63
N =657
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Table B.6 Antifungal activity of 48 ethanolic extracts against phytopathogenic
Pythium species as shown by means of % mycelial inhibition (Table 3.3, Total 2*).

Source D.F Sum of Mean F. Value P. Value
Squares Squares

Between Groups 47 | 262392.87 | 5582.827 18.474 0.000

Within Groups 384 | 11604544 | 302.202

Total 431 | 378438.31

K=48

N=48X3X3

N=432

Table B.7 Antifungal activity of 14 aqueous extracts against human and animal
pathogenic dermatophytes (M. canis & M. gypseum) (Table 3.4, Total 1*).

Source D.F Sum of Mean F. Value P. Value
Squares Squares
Between Groups 13 19566.173 | 1505.090 16.812 0.000
Within Groups 70 6266.822 89.526
Total 83 | 25832.996
K=14
N=14X2X3
N=284

Table B.8 Antifungal activity of 14 aqueous extracts against phytopathogenic fungi
(Table 3.4, Total 3*).

Source D.F Sum of Mean F. Value P. Value
Squares Squares
Between Groups 13 | 47497.383 | 3653.645 7.722 0.000
Within Groups 154 | 72866.063 | 473.156
Total 167 | 120363.45
K=14
N=14X4X3

N=168
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Table B.9 Antifungal activity of 14 aqueous extracts against phytopathogenic

80

Pythium species (Table 3.4, Total 2*%).

Source D.F Sum of Mean F. Value P. Value
Squares Squares
Between Groups 13 62180.923 | 4783.148 12.147 0.000
Within Groups 112 | 44102.900 | 393.776
Total 125 | 106283.82
K=14
N=14X3X3
N=126

Table B.10 Susceptibility of test fungi to 48 ethanolic plants extracts (Table 3.5).

Source D.F SS;?;I_‘LZ sﬁ?ﬁ; F.Value | P. Value
Between Groups 6 90815.020 | 15135.837 | 23.040 0.000
Within Groups 938 | 616220.096 656.951
Total 944 | 707035.116

" K=7

N=48X7X3-63
N =945

Table B.11 Susceptibility of test fungi to 14 aqueous plants extracts (Table 3.6).

Source D.F Sum of Mean F. Value | P. Value
Squares Squares

Between Groups 5 45975.883 9195.177 20.743 0.000

Within Groups 246 | 109047.729 | 443,283

Total 251 | 155023.612

K=6

N=14X6X3

N=252
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APPENDIX C
Preparation of McFarland nephelometer standards

Principle: A chemically induced precipitation reaction can be used to

approximate the turbidity of a bacterial or candidal suspension.

Method:

1. Sgt up 10 test tubes or ampules of equal size and of good quality. Use new
tubes fhat have been thoroughly cleaned and rinsed.

2. Prepare 1% chemically pure sulfuric acid.

3. Prepare a 1.175% aqueous solution of barium chloride (Bacl, - 2H,0).

4. Slowly, and with constant agitation, add the designated amounts of the two
solutions to the tubes as shown in the tabie bglow to make a total of 10 ml
per tube. |

5. Seal the tubes or ampules.

6. Store the McFarland standard tubes in the dark at room temperature. They

should be stable for 6 months.

McFarland nephelometer standards

Tube number
051 1 2 3 4 5 6 7 8 9 10
Barium chloride

005/01(02(03]04]05!06(07]08|09] 1
(ml) ‘

Sulfuric acid (ml) |9.95] 99 | 98 | 9.7 { 96 [ 95 [ 9.4 { 93 | 92 | 9.1 9
Approximate cell

density X108/ | 1.5 3 | 6 | 9 |12l 15|18 |21 124 |27} 30
ml)
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o N o F M ey
alabiaal daggnll sl dxlaall 2 dlegll dul u
bl (@ Samagadl allall ga gpman s gisl
bl @b el

e
syly adle @2 gy
il il

Jeladl lagls &

Baxng wall sl 5Lall o opaany &)E Eslga2lly aglall slabguall s6ly ful yu sy 3l
o maly goil Beyly £l32 & nz B s gnl3a¥l g 3201 40 s gl @ uradl sl
E. coli)) gy Ealyall Ripmll 8Ll 332400 s gl iy )y ( Candida albicans) slasll

Edyall g ga Ly 332l ya maly g9 (K. preumonia, P. vulgaris and P. aeroginosa

Ll el gall ypuall dguludl sl bl ga gsmily (Staphylococcus aureus) qas &alpll:

2l 5Ll alyal agall sly hall ga duay (Microsporum canis and M. gypseum) @4y
F. tricinictum, P. ultimum, P. aphanidermatum, P. middletonii, and Ph.) ¢-as

(citrophthora.
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Alt slgall BESI SN fula ol glab gLyl Ealsll sba g suagal w3
s slsall LUl Gals Jal a (Disk diffusion method) dads silys s2all sleall ¥t
s mlaalt Blagll el Jal s ( Poisoned-food technique) sa¥ly & sanlly 1 55240
gkl

Al ulall Ealaall lagblal Bl SBLll gy Bypira sylolil ngag fulyull 2 pakly
Coridothymus) &ast3lly (Alcea setosa) J—asll s s rgts BllsIL sylilall 2l a33sll
" ,mAJl s;.“m, suall s blall gam ullx.ss PATR | QP (S. thymbra) usladl gsis (capitatus
ALl g L sl sl il

oslosdl g s3s ( C. capitatus) a3l rgas IGIL aLLGIL oY 2alynll o pabi) a2
alslall gaa & ey @ LY @ o ( Quercus calliprinos) b oldly (Satureja thymbra)
.Candida albicans s Lag yuall

LJ;AAIL Slabiuall o 2L sBlall 2ty Eatl ol gall 2yguall sl bl Gl Ll
S.) oslwdl 2oy (Micromeria nervosa) oWl s323lls ( C. capitatus) sast 3l oa J2I
se—=sills (Anthemis tunictoria) s—sa¥l gly 3YL ga J2I 2Ll alabiguddly (thymbra
sl bl aba s g snall slilall gac dgles (¥ g (Verbascum sinuatum)

(M. nervosay sl xi 231l o a S 21 3 J0a 201 sylabiguall ol fulyull o pak] L2
il ga Jal agladl slabguslly (S thymbra) osiladl gsis (Pinus halepensis) yssi=lly
ULy PPN (C. capitatus) a3y (A. tunictoria) se=¥1 olaslity (Rubia tenuifolia)
| BRI Pythium gLl s fag gmall Sblall gan dlle

&xs (P halepehsis) sssimll a JAI ag;:.é.ll.ahl‘xaudl.o\ h-l)h.ll a}nk-l L2

Ph. citrophthora s kas peall sllll gan aflles GL¥ ga (S, thymbra) ol
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&=y (Salvia fruticosa) &y sall ya J2 &d;.sA]l Alabioall gl Zalysll s pak] W2
33ally (4. tunictoria) y—aa¥l olpd¥l ga J21 £3lll lobiually (S, thymbra) gslesll
F. tricinictum ks s &dles LY ga (Juglans regia)

Al slabiguall ga Bdels B2l 212 20200 slabiudl ol dalysll < pabl 112

il s3s s ll Blnall 2laa¥l g Bygiea bt mgng Loyl Zalymll o gule a2
Lasg &bl slabguall Zpalon gLl G21 ga (Bealpall gl Esslaul) (S. aureus) |y ssids
Zgulun BHL Ll o (Bgalgall m:..l[ a,JL;) (K. pneumonia) =ala

LaaUal agpaadl sl ybult 321 s P. aphanidermatum SE3 ol lagl ulill gy w3
Ey—nlas 3L clygall Zyemall sl bl 521 g0 M. gypseum shs ol& laigy Egulan slilall

Aglall £labgaall
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