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P

ULICARIA UNDULATA is one of the aromatic annual herbs used in folk medicine in
Egypt. The aerial parts of P. undulata plants were collected from the Red sea coastal desert
during the flowering stage and used for phytochemical analysis. It was revealed that P. undulata
aerial portions contain phenols, flavonoids terpenoids, saponins, alkaloids, glucosinolates and
cardiac glycosides highlighting its participation in drug development and using as an alternative
strategy to the harmful synthetic fungicides. The greater accumulation of the bioactive
compounds in the methanolic extract was comparable with its higher antioxidant capacity and
IC50 value as compared with those of the petroleum ether extract. The GC-MS analysis revealed
the occurrence of ten bioactive phytocomponents including cyclotrisiloxane, hexamethyl-,
cyclotetrasiloxane, octamethyl-, cyclopentasiloxane, decamethyl, dodecanoic acid, methyl
ester, tetrafluorophthalonitrile, gamma-Sitosterol, nonacosane, 4,4,6a,6b,8a,11,11,14bOctamethyl ,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,14a,14b-octadecahydro-2H-picen-3-one,
thiazolo[4,5-f]quinoline and 7-methyl-. In addition, the methanolic extract exhibited antifungal
activity against the investigated six pathogenic fungal strains: Aspergillus flavus, Aspergillus
fumigatus, Candida albicans, Microsporum canis, Microsporum boulardii and Trichophyton
mentagrophytes. Based on the values of the minimum inhibitory concentration (MIC) and the
minimum fungicidal concentration (MFC), the methanolic extract has demonstrated a fungicidal
effect on M. boulardii IFM 56403, T. mentagrophytes AUMC 11661, M. canis AUMC 11663,
and C. albicans AUMC 9142. The cytotoxicity evaluation of the methanolic extract showed
safe levels in case of these four fungal strains. The petroleum ether extract, inhibited the tested
fungi but with lower efficiency. Our results suggest the promising antifungal activity of P.
undulata on medically important fungi.
Keywords: Pulucaria undulata, Phytochemicals, GC-MS, Antifungals.

Introduction
Nowdays, there has been an increasing demand
for medicinal plants in the folk medicine and
pharmaceutical industry all over the world.
For instance, it is reported that various plants
are effective against several pathogenic
microorganisms (Adeniyi et al., 2009; Dejussi et
al., 2013). Aromatic medicinal plants possess large
varieties of chemical substances, which explain
their biological activities in the treatment of various
human diseases. These chemical substances include

diverse range of secondary metabolites such as
alkaloids, flavones, flavonoids, sesquiterpene,
lactones, diterpenes, triterpenes, naphthoquinones,
anthocyanin, coumarin, catechins, isocatechins,
and others (Christaki et al., 2012; Chhetri et al.,
2015).
Pulicaria undulata (L.) C. A. Myer, is a perennial
aromatic herb belongs to family Asteraceae which
has been used traditionally to treat diabetes, cardiac
disorders, skin diseases, abscesses, inflammations,
an insect repellent as well as an herbal tea and tonic
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(Elegami et al., 1994; Hammiche & Maiza, 2006;
Hegazy et al., 2012). Several investigations have
reported the chemical composition, antibacterial
and antioxidant activities of the essential oil of
P. undulata (El-Kamali et al., 2009; Mehdi et al.,
2011; Ali et al., 2012; Ajaib et al., 2015; Boumaraf
et al., 2016).
The prevalence of microbial diseases has
currently expanded, particularly mycoses which
cause high death rate in immune-compromised
patients. Among these diseases, the offensive
fungal infections produced by Candida and
Aspergillus represent the substantial proportion
(Brown et al., 2012). Candida spp. as a pathogen
can cause both superficial and serious systemic
disease (Nerurkar et al., 2012). Also, Candida
spp. are the fourth most frequent microbial
pathogens causing bloodstream infections, after
common bacterial pathogens (Wisplinghoff et al.,
2004). The predominant microbial infections in
hematopoietic stem cell transplant recipients were
caused by Aspergillus spp. (Kontoyiannis et al.,
2010). Recent reports also recorded an elevation
in the mortality rate from invasive aspergillosis
and candidemia to be about 30-50% (Denning
& Bromley, 2015). The incidence of superficial
mycosis has been assessed to be more than 25%
among the worldwide population. Dermatophytes,
which belong to one of three genera, Trichophyton,
Microsporum and Epidermophyton, are recognized
to be the most frequently occurred agents of
superficial mycoses (Havlickova et al., 2008).
Dermatophytosis, is referred to as tinea infection,
constitute a major public health problem in
developing countries including Egypt (Zaki et al.,
2009). Unfortunately, several investigations have
pointed to the resistance of fungal pathogens to
the available antimycotic agents (Andriole, 1994;
Martinez-Rossi et al., 2008; Sanglard, 2016). This
situation urges the need for novel safe antifungals
with fungicidal effect as well as wide spectrum
activities. In fact, there is limited data on the
antimicrobial activities and antifungal properties
of Pulicaria undulata (El-Kamali et al., 2009;
Ali et al., 2012; Ajaib et al., 2015). The present
study was therefore undertaken to investigate
the antifungal activities of the crude extract
and essential oil of P. undulata growing wild in
Egypt, against six of the most common invasive
and superficial fungal pathogens (Aspergillus
flavus, Aspergillus fumigatus, Candida albicans,
Microsporum canis, Microsporum boulardii and
Trichophyton mentagrophytes). The minimum
Egypt. J. Bot. 59, No. 3 (2019)

inhibitory concentrations (MICs) and minimum
fungicidal concentrations (MFCs) were also
assayed to explore their effectiveness in treatments
of mycotic infections. In addition, the chemical
composition and antioxidant activity of P.
undulata extract were determined.
Materials and Methods
Collection and identification of plant materials
The samples of Pulicaria undulate were
collected from Wadi Hagol arid habitat, Egypt,
during the flowering season. The identification
of the plant was confirmed by the Department of
Botany, Faculty of science, Ain shams university.
The aerial parts (leaves/stem) and flower heads
were cleaned, dried at room temperature in the
shade and then ground to a powder by mechanical
mills.
Preparation of crude extracts
The dried powder (100g) was extracted with
distilled water or ethyl alcohol, methyl alcohol,
petroleum ether, ethyl acetate or hexane at 4ºC.
After 72hr, the extracts were filtered, and the
filtrates were concentrated on rotary evaporator
under reduced pressure at 30°C. Then, the color of
the crude concentrated extracts was discharged by
using active charcoal, and next completed to final
volume with water for phytochemical analysis
(Harborne, 1973). The qualitative phytochemical
analysis was carried out to determine the suitable
solvent for the maximum quantitative estimation of
nutraceuticals secondary metabolites as described
below.
Qualitative and quantitative analysis of
phytochemicals
Phytochemical screening was carried out to
test the presence of tannins, flavonoids, terpenoids,
saponins, alkaloids, quinones, cardiac glycosides,
glycosinolates and anthroquinones in all plant
extracts following the standard protocol of Makkar
et al. (1993).
Carbohydrate determination
Total soluble carbohydrates were determined
using anthrone reagent (Fairbairn, 1953).
Antioxidants
The water-soluble non-enzymatic antioxidants
such as glutathione and ascorbic acid were
determined according to Griffith (1980) and
Kampfenkel et al. (1995), respectively.
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Measurement of total phenolics and tannins
The total phenolics and tannins were measured
by using Folin-Ciocalteu method as described by
Makkar et al. (1993).

extract (1-500μg/ml) and calculated according to
the following equation:

Measurement
of
condensed
tannins
(proanthocyanidins)
The total proanthocyanidins was determined
by using vanillin reagent as described by Price et
al. (1978) where the absorbance was measured at
500nm using spectrophotometer (Shimadzu UV265, Japan).

where A0 is the absorbance of the DPPH solution
(blank), and A1 is the absorbance of the sample.

Extraction and estimation of total flavonoids
content
The aluminum chloride colorimetric method
described by Harborne (1998) was used for
determination of total flavonoids in the extracts.
The total flavonoid contents were calculated
as µg/g dry weight from a standard curve of
quercetin.
Determination of alkaloid
The total alkaloids were quantified according
to the method described by Harborne (1973).
Determination of saponins
The total saponins was calculated from the
diosgenin standard solution by using vanillin reagent
according to the method of Francis et al. (2002).
Determination of glucosinolate
Glucosinolate
was
determined
by
spectrophotometrically based on Makkar et al.
(1993).
Determination of cardiac gylcosides
Cardiac glycoside content in the extracts was
evaluated using Buljet‘s reagent as described by
El-Olemy et al. (1994).
Total antioxidant capacity
The total antioxidant capacity of the extracts
was evaluated by the phosphomolybdenum
method according to the procedure described by
Prieto et al. (1999).
DPPH radical scavenging activity
The antioxidant activity of the extracts was
estimated using 1, 1-diphenyl-2-picrylhydrazyl
(DPPH) method (Yamaguchi et al., 1998). IC50,
the half maximal effective concentration value
was measured from % Inhibition vs. different
concentrations of standard ascorbic acid or a plant

% DPPH radical scavenging= [(A0 – A1)/A0] × 100

Essential oil extraction
The powder sample was extracted with
petroleum ether (PE 40-60ºC) for 48hr at room
temperature. The extract was evaporated to least
volume using a rotary evaporation at reduced
pressure. The essential oil was passed over dark
anhydrous sodium sulfate to remove moisture.
The fraction obtained was stored in a refrigerator
at 4 ºC in dark to identify the chemical constituents
of oil (Adams, 2007).
GC-MS analysis
The Gas Chromatography-Mass Spectrometry
(GC-MS) analysis was conducted by using Agilent
7890B GC system coupled to an Agilent 5977A
MSD with a capillary column (0.6m x 100μm x
0μm) (Agilent Technologies, Santa Clara, CA,
USA). Helium gas was used as carrier gas at a
constant flow rate of 1.5ml/min. The injector
temperature was set at 250°C and the ion source
temperature was set at 230°C. The initial oven
temperature was set at 40°C for 2min, then 10°C/
min to 180°C for 5min and then 10°C/min to
250°C for 10min. The total GC running time was
38 min. The GC-MS was run in Scan/SIM mode
and the identification of sample’s components was
performed using Agilent Mass Hunter software
(NIST14 L).
Evaluation of antifungal activity
Tested fungi: The investigated human
pathogenic fungi including clinical strains of
Aspergillus flavus AUMC 10311, Aspergillus
fumigatus AUMC 51, Candida albicans AUMC
9142 and three dermatophytes (Trichophyton
mentagrophytes AUMC 11661, Microsporum
canis AUMC 11663, and Microsporum boulardii
IFM 56403). All strains were purchased from
Assiut University mycological center except
M. boulardii IFM 56403 was obtained from
the Medical Mycology Research Center, Chiba
University (Chiba, Japan). Sabouraud dextrose
agar (SDA; Difco, Sparks, MD, USA) was used
for the maintenance and sub-culturing of the
fungal strains at 28oC. All cultures were stored at
4oC.
Egypt. J. Bot. 59, No. 3 (2019)
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Preparation of fungal inocula: The inoculum
size of each test strain was standardized according
to clinical laboratory standard institute guidelines
(CLSI 2008a, 2008b). Test strains were grown on
potato dextrose agar slants (PDA; Difco, Sparks,
MD, USA and SDA; for C. albicans) for 2-7 days or
until good sporulation is obtained at 25°C. Inoculum
count was adjusted to 1-5 ×106CFU/ml using the
method described by Johnson et al. (2015). This
stock solution was then diluted to obtain 0.4-5×
104CFU/ml as a final spore concentration to be used
for the experiment testing the minimum inhibitory
concentration (MIC).
Screening of antifungal effect
Samples of the crude extract and essential oil
extracted by petroleum ether recovered from P.
undulata were separately dissolved in dimethyl
sulfoxide (DMSO; 10% v/v) to obtain 200mg/
mL working solutions. The agar-well diffusion
assay (Cole, 1994) was performed to evaluate the
antifungal activity of the methanolic extract and the
essential oils, separately, against each of the selected
test fungi. The inoculum size was adjusted to about
1-5× 106CFU/ml and plates were inoculated in
the same way as for disk diffusion methodology
of CLSI M44-A2 (CLSI, 2009) and CLSI M51-A
(CLSI, 2010) for yeast and mold, respectively.
Briefly, an inoculum was speared onto a surface of
Mueller Hinton agar (MHA; Difco, Sparks, MD,
USA) plates using a sterile cotton swab. An Aliquot
of 100µL of the methanolic extract or the essential
oil was applied to 9mm diameter wells. Negative
control (100µL of DMSO 10% v/v) and positive
control (100µL of 0.2mg/ml itraconazole; Sporanox,
Janssen Pharmaceutica, Beerse, Belgium) were
also included for the comparative purpose. The
diameters of the growth inhibition zones around
each well were measured after incubation at 28oC
for 2-14d (according to the rate of growth of each
species). For each extract, three replicate trials
were conducted against each fungus and data were
presented as mean± SD (standard deviation).
Determination of the minimum inhibitory
concentration (MIC)
The minimum inhibitory concentrations (MICs)
of the methanolic extract and essential oil were
determined using the macrodilution technique in
accordance with the guidelines of the M27-A3
of the CLSI for the yeasts (CLSI, 2008a) and the
M38-A2 CLSI for the filamentous fungi (CLSI,
2008b) as previously detailed by Johnson et al.
(2015) with some modifications. Briefly, 100μL of
Egypt. J. Bot. 59, No. 3 (2019)

spore suspension (~1.5× 104CFUml−1) was added to
1ml Sabouraud dextrose broth containing serially
two-fold diluted (at concentrations from 68 mg/
to 1.06 mg/ml) methanolic extract or essential oil.
Tubes were incubated at 28 °C and observed for
the presence or absence of visible growth. Controls
for strain viability and medium sterility were used.
MIC was defined as the lowest concentration
that inhibited visible fungal growth after 14d (for
dermatophytes).
Determination of the minimum fungicidal
concentration (MFC) and MFC/MIC ratio
Based on the MIC assay, 200µL aliquots
of the tube corresponding to the MIC and two
concentrations above were plated onto Petri dishes
containing SDA medium and incubated at 28°C.
The reading was performed by visual observation
of fungal growth on the solid medium. Each
experiment was repeated three times and mean
values were calculated for MICs and MFCs. The
MFC was regarded as the lowest concentration that
did not show any visible growth on solid medium
(even after 14 days of incubation). The MFC/
MIC ratio was calculated to determine whether the
substance had a fungistatic (when MFC/MIC>4) or
fungicidal effect (when MFC/MIC≤ 4) (Rasooli &
Abyaneh, 2004).
Evaluation of cytotoxicity against VERO cell
line
According to Mosmann (1983) and Gomha et
al. (2015), the cytotoxicity effect of methanolic
crude extracts was evaluated against VERO
cells (mammalian cells from African green
monkey kidney). VERO cells were obtained
from VACSERA Tissue Culture Unit in Egypt.
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) and trypan blue stain were
purchased from Sigma (St. Louis, MO, USA).
The cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; Sigma Louis, MO,
USA) with 10% heat-inactivated fetal bovine
serum, 1% L-glutamine, HEPES buffer and 50µg/
ml gentamycin (Lonza. Basel, Switzerland). These
cells were kept up at 37ºC with 5% CO2 and were
subcultured two times each week. The survival curve
of the cell line was plotted between the percentage
of surviving cells and drug concentration. The 50%
inhibitory concentration (IC50) was determined.
IC50 is the concentration of test extract resulted in
toxicity of a 50% of intact cells as recorded from the
plotted curve using Graphpad Prism software (San
Diego, CA, USA).
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Statistical analysis
All results were expressed as mean value ±
standard error (SE). Statistical signiﬁcance was
tested between control, APAP and ES treatments
as well as between APAP and ES+APAP
treatments using the one-way analysis of
variance (ANOVA) test. Post hoc testing was
performed for intergroup comparisons using
the Least Signiﬁcant Difference (LSD) test at P
value <0.05.

methanol, showed the greatest constituents
relative to others (Table 1). The results thus
justified quantitative assay of secondary
metabolites in the P. undulate methanolic
extract. It is revealed that the extract contains
1.46mg soluble sugar, 7.76µmole ascorbic acid
(ASA), 27.0mmol reduced glutathione (GSH),
3.93mg total phenols, 1.35µg flavonoids, 0.18µg
total tannins, 261.0µg total saponins, 2.08mg
proanthocyanidines, 14.72µM cardic glycosides,
83.1µmol glucosinolates and 4.3mg total alkaloids
per g dry matter (Table 2). However, the petroleum
ether extracts containing oil assay exhibited
1.06mg soluble sugar, 6.16µmole ASA,
22.0mmol reduced glutathione (GSH), 3.09mg
total phenols, 0.617µg flavonoids, 149.5µg total
saponins, 1.67mg proanthocyanidines, 10.7µM
cardic glycosides, 55.9µmol glucosinolates,
3.12mg total alkaloids and 0.19µg total tannins
per g dry matter (Table 2).

Results
The bioactive constituents of P. undulate
The extracts of P. undulate aerial parts
revealed the presence of nutraceuticals bioactive
metabolites: Phenols, flavonoids, tannins,
triterpenoids, steroids, alkaloids, coumarins,
proanthocyanidines and cardiac glycosides
(Table 1). Alcoholic extracts, particularly
TABLE 1. Qualitative phytochemical analysis of P. undulate.
Secondary metabolites
Quinones
Anthroquinone
Phlobatannins
Tannins
Coumarins
Saponins
Cardic glycoside
Flavonoids
Alkaloids
Steroids
Triterpenoids
Phenolic compounds

Aqueous

Ethanol

Methanol

Ethyl acetate

Hexane

+++
+
++
++
+
+
+
+
+

+++
++
++
+
++
++
++
++
++
++

+++
+++
+++
+
++
+++
+
+++
++
+++

Traces
+
+
+
+
Traces
-

Traces
+
+
+
Traces
-

(-): Absence, (+): Less presence, (++): Moderate presence, (+++): High presence.

TABLE 2. Quantitative phytochemical analysis of P. undulate methanolic extract and oil extracted by petroleum ether.
Parameters
Soluble sugar (mg/g DW)
Ascorbic acid (µmole/g DW)
Glutathione (mmole/g DW)
Tannins (µg/g DW)
Proanthocyanidine (µg/g DW)
Saponins (µg/g DW)
Cardic glycoside (µM/g DW)
Flavonoids (µg/g DW)
Alkaloids (mg/g DW)
Glycosinolate (µmole/g DW)
Total phenols (µg/g DW)
DPPH %
FRAP (nmole/g DW)

Value
Methanolic extract
1.46±0.16
7.76±0.04
27.0±0.15
0.18±0.003
2.08±0.08
261.0±1.00
14.718±0.69
1.53±0.003
4.30±0.70
83.1±0.61
3.93±0.03
28.1±0.15
117.4±1.77

Petroleum ether oil extract
0.44±0.01
5.98±0.32
15.2±0.22
0.19±0.08
1.67±0.07
149.5±3.4
10.7±0.43
0.617±0.09
3.12±0.12
55.9±1.32
2.02±0.25
24.0±0.11
82.6±0.73
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As for DPPH radical-scavenging procedure,
the methanolic extract and petroleum ether
extracted oil showed potential free-radical activity
(DPPH) reached about 28.1% and 24.0% and total
antioxidant capacity (FRAP) about 117.4 and 82.6
nmole ascorbic acid/g, respectively (Table 2). The
antioxidant activities of the tested extracts using
DPPH radical-scavenging method showed that
the methanolic extract exhibited the significant
activity IC50 value with inhibition percentage
of 67.2 ±0.31μg/ml whereas the petroleum ether
extract was about 38.7±0.12μg/ml inhibition,
indicating the potential antioxidant activity of
both extracts (Figs. 1, 2).

Fig. 1. Assessment of IC50 of the methanolic extract

Figure 1: Assessment of IC50 of the methanolic extract of Pulicaria undulata and
of Pulicaria undulata and standard ascorbic
standard ascorbic acid.

acid.

Figure
Assessment
of IC50 of
petroleum
of Pulicaria
undulata
Fig.2: 2.
Assessment
oftheIC50
of ether
the extract
petroleum
ether
and standard ascorbic acid.

extract of Pulicaria undulata and standard
ascorbic acid.

The GC-MS chromatogram analysis of
the methanolic extract of P. undulate aerial
portions (Fig. 3) revealed presence of 43 major
phytocomponents. On comparison of the mass
spectra of the constituents with the NIST library,
the five phytocompounds were characterized
and identified (Table 3). The major identified
bioactive constituents are cyclotrisiloxane,
hexamethyl-, cyclotetrasiloxane, octamethyl-,
cyclopentasiloxane, decamethyl-, dodecanoic acid,
methyl ester, tetrafluorophthalonitrile, gammasitosterol, nonacosane, 4,4,6a,6b,8a,11,11,14boctamethyl
1,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12
Egypt. J. Bot. 59, No. 3 (2019)

,12a,14,14a,14b-octadecahydro-2H-picen-3one, Thiazolo[4,5-f]quinoline and 7-methyl-.
These compounds showing biological activities
as indicated in Table 3. On the other hand, the
GC-MS analysis revealed presence of 50 major
phytocomponents in the petroleum ether extract
(oil) of P. undulate aerial portions (Fig. 4 and Table
4). The major identified bioactive constituents are
dodecanoic acid, methyl ester, hexadecanoic acid,
methyl ester, n hexadecanoic acid, octadec-9-enoic
acid, 9,12 octadecadienoic acid (Z,Z)-, methyl
ester, 9,12-octadecadienoic acid (Z,Z) octadecenoic
acid (Z) methyl ester, 9-octadecenamide, (Z),
squalene, 11-octadecenoic acid, methyl ester, and
hexacosane.
Evaluation of antifungal activity
The methanolic extract had a significantly
higher inhibitory effect on the tested fungal
pathogens than the essential oil (Table 5, Fig. 5).
The tested strains of dermatophytes were more
susceptible to this extract than the opportunistic
pathogenic strains of Candida and Aspergillus.
The inhibition zone diameter resulted due to the
application of this extract (200mg/ml) against
the tested dermatophytes was ranged from 29.331.7mm, while the inhibition zone diameter for
the opportunistic pathogens exposed to this extract
was in the range of 20.0-24.0mm (Table 5). The
essential oil of P. undulata (200mg/ml) was shown
to possess a little or no antifungal activity against
the tested fungi with inhibition zone diameter
ranged from 16.7-19.0mm, an exception was
Trichophyton mentagrophytes AUMC 11661
which showed high sensitivity to this extract
(inhibition zone diameter of 24.0mm, Table 5).
No inhibitory effect of essential oil was observed
against Microsporum canis AUMC 11663.
The MICs and MFCs of both the methanolic
and essential oil of P. undulata are presented in
Table 6. The methanolic extract exhibited the
higher inhibitory activity against the six tested
fungi than the essential oil (Table 6). The methanol
extract consistently had fungicidal effect against
four of the tested fungal isolates. The lowest MFC
value was recorded against M. boulardii IFM
56403 followed by T. mentagrophytes AUMC
11661 and M. canis AUMC 11663, whereas C.
albicans AUMC 9142 showed the highest MFC
value (Table 6). Although growth of five of the six
tested fungi was inhibited by the essential oil, no
fungicidal effect was reported even at the highest
concentration of 68mg/ml (Table 6).
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Fig. 3. GC-MS spectrum
of phytoconstituents
of methanolic
of Pulicaria undulata.
Figure 3: GC-MS
spectrum of phytoconstituents
of methanolic extract
extract of Pulicaria
undulata.
TABLE 3. Phytoconstituents of P. undulate methanolic extract
Peak
N.

R.T

Peak area
(%)

Compound name

1

3.8363

1.4192

Cyclotrisiloxane, hexamethyl-

2

5.6844

0.6625

Cyclotetrasiloxane, octamethyl-

3

7.0205

0.1361

Cyclopentasiloxane, decamethyl-

4

9.674

0.2852

Dodecanoic acid, methyl ester

Formula

Biological activity

Antimicrobial (Keskin et al.,
2012)
Antimicrobial activity
C8H24O4Si4
(Mary & Giri, 2017)
Antimicrobial activity
C10H30O5Si5
(Jasim et al., 2015)
Antifungal (Zhang et al.,
C13H26O2
2016)
C6H18O3Si3

5

10.8471

0.2645

Methyl tetradecanoate

C15H30O2

No
pharmacological
properties have as yet been
assigned to these compounds
(Teixeira et al., 2005)

6

11.0008

0.1709

6-Ethyl-3-methylthio-1,2,4-triazolo(3,4-b)1,3,4-thiadiazole

C6H8N4S2

--

7

11.7363

0.2777

4-Penten-1-ol, 5-phenyl-3-piperidino

C5H10O

--

8

11.8201

2,3-Dihydro-6-isopropyl-1,2,4-triazolo(3,40.6165
C6H8N4S2
b)-1,3,4-thiadiazole-3-thione

--

9

11.9086

1.7516

Hexadecanoic acid, methyl ester

C17H34O2

--

C8F4N2

--

C17H34O2

--

10

12.1739

1.0675

1,4-Benzenedicarbonitrile,
2,3,5,6-tetrafluoro-

11

12.2391

0.711

Hexadecanoic acid, ethyl ester

12

12.4067

0.6481

13

12.4625

0.7044

14

12.5463

0.3664

15

12.6906

2.6803

16

12.7512

2.1766

17

12.807

0.9128

18

12.8768

0.5506

19

13.0631

1.2275

Tetracarbonyl-(diisopropylaminoC13H19FeNO5
ethoxycarben)-iron
2,5-Cyclohexadiene-1,4-dione,
C12H8O3
2-(2-hydroxyphenyl)Valine, N-methyl-NC30H59NO4
neopentyloxycarbonyl-, octadecyl ester
4,6(1H,5H)-Pyrimidinedione,
C14H16N2O2S
1,3-diethyldihydro-2-thioxoTetracarbonyl-(diisopropylaminoC13H19FeNO5
ethoxycarben)-iron
6-Ethyl-3-methylthio-1,2,4-triazolo(3,4-b)C6H8N4S2
1,3,4-thiadiazole
2H-Benz[e]inden-3-ol, 3,3a,4,5-tetrahydroC14H16O
3a-methyl-, (3S-cis)Valine, N-methyl-Nneopentyloxycarbonyl-, octadecyl ester

C30H59NO4

---------
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TABLE 3. Cont.
Peak
N.

R.T

Peak area
(%)

20

13.091

1.9638

21

13.1794

1.1137

22

13.4076

5.6787

23

13.5938

8.5569

24

13.6636

6.3816

25

13.9895

2.4805

26

14.05

2.093

27

14.171

2.6145

28

14.3619

0.9701

29

14.4131

0.8531

30

14.4597

1.6289

Thiazolo[5,4-f]quinoline, 2-methyl-

31

14.5854

1.4541

4-Penten-1-ol, 5-phenyl-3-piperidino

C5H10O

32

14.6738

1.016

Tetrafluorophthalonitrile

C8F4N2

33

14.739

1.2294

34

14.8321

1.723

35

14.8833

1.554

36

14.9345

2.9097

Tetracarbonyl-(diisopropylaminoethoxycarben)-iron
l-Norleucine, N-neopentyloxycarbonyl-,
pentadecyl ester
l-Norleucine, N-neopentyloxycarbonyl-,
dodecyl ester
Gamma-Sitosterol

37

15.1021

1.2829

38

15.6468

0.3374

39

15.8283

0.6638

40

15.9447

0.1088

41

16.1588

1.0089

42

16.6058

2.5982

43

17.2203

3.1137
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Compound name

Formula

4-Carbamoyl-2,2,5,5-tetramethyl-3C8H14N3O3
imidazoline-3-oxide-1-oxyl
L-Norvaline, N-hexyloxycarbonyl-,
C26H51NO4
tetradecyl ester
4,6(1H,5H)-Pyrimidinedione,
C14H16N2O2S
1,3-diethyldihydro-2-thioxol-Leucine, N-isobutoxycarbonyl-N-methyl-, C28H55NO4
hexadecyl ester
4,6(1H,5H)-Pyrimidinedione,
C14H16N2O2S
1,3-diethyldihydro-2-thioxoTetracarbonyl-(diisopropylaminoC13H19FeNO5
ethoxycarben)-iron
1,4-Benzenedicarbonitrile,
C8F4N2
2,3,5,6-tetrafluoroL-Norvaline, N-hexyloxycarbonyl-, decyl C22H43NO4
ester
Tetracarbonyl-(diisopropylaminoC13H19FeNO5
ethoxycarben)-iron
4-Penten-1-ol, 5-phenyl-3-piperidino
C5H10O

trans-4-Aminocyclohexanol, N,N’,Otris(trimethylsilyl)
4-Bromo-2-cyano-5-phenyl-penta-2,4dienethioic acid amide
1,3,5-Triazine-2,4-diamine, 6-chloro-N’ethyl-N,N-dihexyl4-Bromo-2-cyano-5-phenyl-penta-2,4dienethioic acid amide
1,3,5-Triazine-2,4-diamine, 6-chloro-N’ethyl-N,N-dihexyl4,4,6a,6b,8a,11,11,14b-Octamethyl-1,4,4a,
5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,14a,14boctadecahydro-2H-picen-3-one
Nonacosane

Biological activity
-------------

Fungicidal (Robert et al.,
1967)
C13H19FeNO5
-C27H53NO4

--

C24H47NO4

--

C29H50O

Anticancer and antioxidant,
cause decreases in serum
cholesterol (Misawa et al.,
2008)
C15H37NOSi3
-C12H9BrN2S

--

C14H18CIN5

--

C12H9BrN2S

--

C14H18CIN5

--

C30H48O

Antioxidant (Durairaj et al.,
2014)

C29H6O

Medicinal
importance
as an anti-inflammatory,
antibacterial, antiulcergenic
(Bhakuni et al., 2001)
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Fig. 4. GC-MS spectrumFigure
of phytoconstituents
of Pulicariaof undulata
petroleum
4: GC-MS spectrum of phytoconstituents
Pulicaria undulata
petroleum ether containing oil.
ether containing oil.

TABLE 4. Phytoconstituents of P. undulate essential oil extracted by petroleum ether extract.
Peak
N.
1
2
3

R.T
6.6248
7.4255
9.6694

Peak area
(%)
0.2642
0.4695
0.2672

Compound name

Formula

Biological activity

Undecane (alkane hydrocarbon)
Dodecane (alkane hydrocarbon)
Dodecanoic acid, methyl ester

4
5
6

9.7811
9.8369
9.958

0.2682
0.2574
0.1679

Decane, 5-phenyl
Benzene, (1-propylheptyl)Benzene, (1-ethyldecyl)-

7
8
9

10.1815
10.3676
10.4328

0.2115
1.222
0.4759

Benzene, (1-methylnonyl)
Benzene, (1-butylheptyl)Benzene, (1-propyloctyl)-

C16H26
C17H28

----

10
11
12
13
14
15
16
17
18
19

10.5585
10.7727
10.8471
10.903
10.9309
11.0008
11.1265
11.3406
11.4337
11.4756

0.4752
0.4748
0.2077
0.571
0.5846
0.5089
0.3884
0.362
0.4812
0.3969

Benzene, (1-ethylnonyl)Benzene, (1-methyldecyl)Methyl tetradecanoate
Benzene, (1-pentylheptyl)Benzene, (1-butyloctyl)Benzene, (1-propylnonyl)Benzene, (1-ethyldecyl)Benzene, (1-methylundecyl)Benzene, (1-hexylheptyl)Benzene, (1-butylnonyl)-

C17H28
C17H28
C15H30O2
C18H30
C18H30
C18H30
C18H30
C18H30
C19H32

-----------

20
21
22
23

11.5455
11.6758
11.8806
11.9132

0.2276
0.3247
0.2395
0.5237

Benzene, (1-propyldecyl)Benzene, (1-ethylundecyl)Benzene, (1-methyldodecyl)Hexadecanoic acid, methyl ester

24
25

12.0808
12.2996

0.2692
16.5123

9-Hexadecen-1-ol, (Z)n-Hexadecanoic acid

26

12.6348

0.9523

Octadec-9-enoic acid

27

12.7046

1.5845

Oleanitrile

28

12.7651

0.735

C11H24
-C12H26
-C13H26O2 Antibacterial, antiviral and antifungal
Ertürk et al. ( 2016)
C16H26
-C16H26
---

C19H32
-C19H32
-C19H32
-C18H36O2 Antioxidant,
decrease
blood
cholesterol, anti-inflammatory (Das et
al., 2014)
C16H32O
-C16H32O2 Anti-inflammatory,
antioxidant,
hypocholesterolemic
nematicide,
pesticide, anti androgenic flavor,
hemolytic, 5-alpha reductase inhibitor,
potent mosquito laryicide (Aparna et
al., 2012)
C18H34O2 Antihypertensive, Increases HDL &
decrease LDL (Schneider et al., 2011)
C18H33N

--

9,12-Octadecadienoic acid (Z,Z)-, C18H32O2 Anti-inflammatory, Hypocholesterolmethyl ester
emic Cancer preventive (Arora & Kumar, 2018)
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TABLE 4. Cont.
Peak
N.
29

R.T
12.8024

Peak area
(%)
0.8428

Compound name

Formula

30

13.2679

37.4343

31

13.3889

2.4527

9,12-Octadecadienoic acid (Z,Z)-

C18H32O2

--

32

13.4774

5.9337

Linoleic acid

C18H32O2

--

33

14.05

1.3571

9-Octadecenamide, (Z)-

34

14.2409

1.2583

35

14.4317

0.3615

36

14.5062

0.3583

Cyclopropaneoctanal, 2-octyl-

C19H36O

--

37

14.6924

1.3181

1,9-Tetradecadiene

C14H26

--

38

14.7343

0.588

Bis(2-ethylhexyl) phthalate

C24H38O4

--

39

14.7716

0.3628

Linoleic acid

C18H32O2

--

40

15.2744

0.3525

E-11-Hexadecenal

C16 H30O

--

41

15.6282

0.2345

42

15.833

0.3489

43

15.9959

0.1715

44

16.2892

0.2602

45

17.0247

0.3803

46
47

17.2342
17.3692

48

9,12,15-Octadecatrienoic acid,
C19H32O2
methyl ester, (Z,Z,Z)9,12-Octadecadienoic acid (Z,Z)- C19H34O2
Octadecenoic acid (Z) methyl ester

Biological activity
---

C15H35NO Anti-inflammatory
activity
and
antibacterial activity (Mary & Giri,
2017)
9,12-Octadecadien-1-ol, (Z,Z)C18H34O
-Cyclopentadecanone, 2-hydroxy- C15H28O2
--

4,4-Dimethyloxazoline, 2-nonadec- C24H45NO
-12-enylSqualene
C30H50 Anti cancer, Anti microbial, Anti
oxidant, Anti tumor chemo preventive
(Mary & Giri, 2017)
11,13-Eicosadienoic acid, methyl C21H38O2
-ester
11-Octadecenoic acid, methyl ester C19H36O2 Antimicrobial (Orishadipe et al., 2012)
C29H46O3

1.2459
0.3651

Cholest-5-en-24-one,
3-(acetyloxy)-, (3.beta.)Hexacosane
Ergosta-4,6,22-trien-3.beta.-ol

17.6346

2.6804

Stigmasta-3,5-diene

C29H48

--

49

17.737

0.2221

Ethinyl Estradiol

C20H24O2

--

50

17.9511

0.2603

Phenoxathiin

C12H8OS

--

--

C26H54 Antimicrobial (Singh & Singh, 2003)
C28H44O
--

TABLE 5. Screening of antifungal effect of the methanolic extract and essential oil of Pulicaria undulata against
the tested fungal pathogens
Test fungus
C. albicans AUMC 9142
A. flavus AUMC 10311
A. fumigatus AUMC 51
T. mentagrophytes AUM C11661
M. canis AUMC 11663
M. boulardii IFM 56403

* Diameter of inhibition zone (mm)
Methanolic extract
(200mg/ml)
20.0±0.00
24.0±1.00
20.3±0.58
29.3±0.58
29.7±1.50
31.7±0.58

*The experiments were replicated three times and each value is the mean ±SD.
**ND: Not detected.
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Essential oil
(200mg/ml)
18.7±0.58
17.3±0.58
16.7±1.50
24.0±0.00
**ND
19.0±0.00

Itraconazole
(0.2mg/ml)
28.0
27.0
27.0
29.0
28.0
26.0
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Fig. 5. Screening of antifungal activity of the methanolic extract (A) and essential oil (B) of Pulicaria undulata
against
the tested fungal
pathogens. activity of the methanolic extract (A), and essential
Figure
5: Screening
of antifungal

oil (B)6 Minimum
of Pulicaria
undulata
againstconcentrations
the tested fungal
TABLE
Inhibitory
and Fungicidal
(MIC & pathogens.
MFC) of methanolic extract and essential
oil of Pulicaria undulata against the tested fungi.
Test fungus
C. albicans AUMC 9142
A. flavus AUMC 10311
A. fumigatus AUMC 51
T. mentagrophytes AUMC11661
M. canis AUMC 11663
M. boulardii IFM 56403

Methanolic extract
MIC
MFC
(mg/ml)
(mg/ml)
4.25
17
8.5
> 68
8.5
> 68
4.25
8.5
4.25
8.5
2.12
4.25

Essential oil
MIC
MFC
(mg/ml)
(mg/ml)
34
> 68
68
> 68
68
> 68
34
> 68
*NT
NT
34
> 68

- MFC/MIC ratio > 4 indicates fungistatic activity, whereas MFC/MIC≤4 indicates fungicidal activity.
- The experiments were replicated three times and the values of MIC and MFC are the means of the three replications.
- *NT: Not tested.

Evaluation of cytotoxicity against VERO cell line
The evaluation of cytotoxicity is an important
part of pharmacological validations, and hence
the MTT colorimetric assay was conducted
to investigate cytotoxicity of the methanolic
extract of P. undulata against VERO cells.
Figure 6 showed an inhibitory effect against the
tested cell line as IC50≥ 5.87mg/ml suggesting
concentrations below this value as safe ones for
further steps as a pharmaceutical product.

Discussion

Evidence indicates that the local traditional
medicines comprise a potential source of primary
healthcare in developing countries (Cordell,
2011; Mahomoodally, 2013). In this connection,
several works report that many plants serve as a
good source of antioxidants and other bioactive
compounds containing phenolics, amino acids,
ascorbic acids and alkaloids (Dejussi et al., 2013;
Chhetri et al., 2015; Ajaib et al., 2015; Boumaraf
et al., 2016). These natural compounds serve as
prototypes for the development of more active
antimicrobial compounds with less toxicity and
with prospects of a large variety of drugs for
human consumption (Lewis & Ausubel, 2006;
Saravanan et al., 2011). Our results revealed that
the aerial portions of P. undulate could be utilized
as a promising traditional medicine and as a
source of some nutraceuticals and antioxidants
such as phenols, flavonoids, cardiac glycosides,
glucosinolates, alkaloids, terpenes, steroids and
Fig. 6. Survival curve plotted between viable cells (%)
coumarins, which is in agreement with the work
and concentration
of methanolic
(mg/concentration of methanolic
e 6: Survival curve plotted
between viable
cells extract
(%) and
of Algabr et al. (2010) and Al-Naqeb (2015). As
ml) obtained from Pulicaria undulata.

ct (mg/mL) obtained from Pulicaria undulata.
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these phytochemicals are characterized by ROS
scavenging abilities (Fecka et al., 2007), they
have been recommended as anti-inflammatory,
antilukemic (Al-Yahya et al., 1984) and
antibacterial activity (Ali et al., 2012; Fawzy et al.,
2013; Al-Naqeb, 2015). Furthermore, flavonoids
have used as potential therapeutic agents against
a wide variety of diseases comprising radical
damage (Costa et al., 2015) and terpenes are
the most potent drugs against serious diseases
such as cancer (Ebada et al., 2010), malaria
and heart disease (Parshikov et al., 2012), and
bioinsecticides (Liebgott et al., 2000).
As the methanolic P. undulata extract
exhibited greater DPPH radical scavenging
potential and total antioxidant capacity than those
of the petroleum ether extract containing oil, it
is recommended that the methanolic extracts
of P. undulate is a potent source of natural
antioxidants. Our recommendation is supported
by the findings of Kubola & Siriamornpun
(2008) and Farahat et al. (2013) that there is a
positive relation between the phenolic content
and antioxidant activities. Similarly, presence of
ascorbic acid, GSH, saponins, cardiac glycosides
and alkaloids in the methanolic extract of P.
undulata could be also involved in the antioxidant
biological activity and thereby medicinal uses
as reported by Cook & Samman (1996) and Shi
et al. (2007). The phytochemical composition
of P. undulate is also confirmed by the results
of GC-MS analysis. A total of 43 compounds
and 50 major phytocomponents was identified
in the methanolic and petroleum ether extracts,
respectively. These compounds are characterized
by their antimicrobial, antibacterial, antifungal,
antioxidant and anti-inflammatory properties
which points to possible new antifungals from
various natural sources including higher plants
(Graybill, 1996; Maertens & Boogaerts, 2000).
Further, the evaluation of MIC and MFC
indicated that methanolic and petroleum ether
extract of P. undulata had an antifungal effect
on the tested pathogens whereas petroleum ether
extract containing essential oil was less efficient.
Since no previous work recorded the antifungal
activity of P. undulata against Aspergillus flavus,
A. fumigatus, and dermatophytes, we believe that
this is the first report on the antifungal effect of P.
undulata on these medically important fungi. The
antifungal activity of P. undulata demonstrated
in this study is supported by several previous
scientific reports (Hashem, 2011; Jamalian
Egypt. J. Bot. 59, No. 3 (2019)

et al., 2011; Massiha & Muradov, 2015) who
indicated that a wide variety of plants extracts
had fungistatic and fungicidal activities toward
different fungal isolates at various concentrations.
The great efficiency of methanol extract
compared with other extracts might be due to the
extracting capacity of this alcohol to provide a
better extraction of phytochemical constituents
(Ali-Shtayeh & Abu Ghdeib, 1999). Therefore,
the superior antifungal activity of P. undulata
methanolic extract may be attributed to their major
antimicrobial phytochemical constituents (Table
3) (Keskın et al., 2012; Jasim et al., 2015). It has
been also reported that the thiazole moiety is the
fundamental part of the structure of therapeutic
agents which is widely used as antimicrobial
agent, antifungal agent, and nonsteroidal antiinflammatory drug (Karthikeyan, 2009; Bharti
et al., 2010; Mishra et al., 2017). In the current
investigation, the methanolic extract clearly had
measurable amounts of different pyrimidinedione
(34.67%) and thiazole (10.55%) derivatives, which
are known to have antifungal and antibacterial
activities (Farghaly & Hassaneen, 2013; Liu et
al., 2014). Moreover, the great performance (as
antifungal bioactivity) of the crude methanolic
extract relative to the crude essential oil is most
likely ascribed to the synergistic effects of its
phytochemical constituents.
Owning to the findings that there are adverse
toxicity experiences from several medicinal
plants (Elgorashi et al., 2003; Unnikrishnan,
2010), evaluation of cytotoxicity using a standard
cell-based toxicity assay against Vero monkey
kidney cells is important to compare hazards
against efficacy and to ascertain the safety of the
pharmacologically active extract of P. undulata
for human use. The result of the MTT assay
obtained herein (IC50= 5.87mg/ml) suggest
that concentrations below this value could be
safe ones. In addition, although the methanol
extract of P. undulata effectively inhibited all
the tested fungal strains, the most sensitive fungi
were M. boulardii followed by C. albicans, T.
mentagrophytes and M. canis. Consequently, the
cytotoxicity evaluation of the tested crude extract
showed safe levels at least in case of these four
fungal strains. However, it was reported earlier
that P. undulata essential oil displayed moderate
cytotoxicity against MCF-7 breast cancer cells (Ali
et al., 2011). It is obvious that further mutagenic
and toxicological assays with different modes of

PHYTOCHEMICAL ANALYSIS AND ANTIFUNGAL BIOACTIVITY OF PULICARIA ...

action are necessary to establish the complete
safety of these plant extracts for pharmaceutical
applications.
Conclusion
The results provide a convincing evidence of
the antifungal activity of the methanolic extract
of Pulicaria undulata against the tested fungal
species. In addition, it showed fungicidal
activities against four of the frequently occurred
agents of superficial mycoses. Also, this extract
exhibited a good antioxidant activity. Therefore,
it is recommended as an alternative medicine and/
or a combination therapy for treating these fungal
infections. However, further research is needed to
isolate the active constituent(s) and to elucidate
the exact mode of action of the antifungal and
antioxidant activities. Clinical trials are also
essential to assess the practical relevance of these
in vitro results.
References
Adams, R.P. (2007) Review of identification of
essential oil components by gas chromatography/
mass spectrometry, 4th Edition. J. Am. Soc. Mass
Spectrom. 18, 803-806.
Adeniyi, C.B., Lawal, T.O., Mahady, G.B. (2009) In
vitro susceptibility of Helicobacter pylori to extracts
of Eucalyptus camaldulensis and Eucalyptus
torelliana. Pharm. Biol. 47, 99-102.
Ajaib, M., Aatiqa, M., Khalid, K., Shahnaz, P.,
Shazia, S. (2015) Pulicaria undulata: A potential
phytochemical, antimicrobial and antioxidant
source. J. Chem. Soc. Pak. 37(3), 559-566.
Algabr, M.N., Mekkiou, R., Ameddah, S., Menad, A.,
Boumaza, O., Seghiri, R., Benayache, F. (2010)
Antioxidant activities from the aerial parts of
Pulicaria jaubertii. American Eurasian Network for
Scientific Information, 4(1), 63-70.
Ali, N., Sharopov. F., Alhaj. M., Wessjohann, L. (2011)
Chemical Composition and Biological Activity of
Essential Oil from Pulicaria undulata from Yemen.
Natural Product Communications, 6(2), 1-4.
Ali, N.A.A., Crouch, R.A., Al-Fatimi. M.A., Arnold, N.,
Teichert, A., Setzer, W.N., Wessjohann, L. (2012)
Chemical composition, antimicrobial, antiradical
and anticholinesterase activity of the essential oil of

839

Pulicaria stephanocarpa from Soqotra. Nat. Prod.
Commun. 7, 113-116.
Ali-Shtayeh, M.S., Abu Ghdeib, S.I. (1999) Antifungal
activity of plant extracts against dermatophytes.
Mycoses, 42, 665-672.
Al-Naqeb, G. (2015) Antioxidant and antibacterial
activities of some Yemeni medicinal plants. Inter.
J. Herb. Med. 3(3), 6-11.
Al-Yahya, M.A., Khafagy, S,, Shihata, A., Kozlowski,
J.F., Antoun, M.D., Cassady, J,M. (1984)
Phytochemical and biological screening of Saudi
medicinal plants. Part 6. Isolation of 2-alphahydroxyalantolactone the antileukemic principle of
Francoe uria crispa. J. Nat. Prod. 47(6), 1013-17.
Andriole, V.T. (1994) Current and future antifungal
therapy: new targets for antifungal agents. J.
Antimicrob. Chemother. 44, 151-162.
Aparna, V., Dileep, K.V., Mandel, P.K., Karthe,
P. Sadasivan, C., Haridas,M. (2012) Antiinflammotary property of n-hexadecanoic acid:
Structural evidence and kinetic assessment. Chem.
Biol. Drug. Des. 80, 434-439.
Arora, S., Kumar, G. (2018) Phytochemical screening
of root, stem and leaves of Cenchrus biflorus Roxb.
Journal of Pharmacognosy and Phytochemistry.
7(1), 1445-1450.
Bhakuni, R.S., Jain, D.C., Sharma, R.P., Kumar, S.
(2001) Secondary metabolites of Artemisia annua
and their biological activity. Current Science, 80
(1), 35-49.
Bharti, A., Kumar, V., Gusain, O., Bisht, G.S. (2010)
Antifungal activity of actinomycetes isolated from
Garhwal region. J. of Sci. Engg. & Tech. Mgt. 2(2),
1-9.
Boumaraf, M., Mekkiou, R., Benyahia, S., Chalchat, J.,
Chalard, P., Benayache, F., Benayache, S. (2016)
Essential Oil Composition of Pulicaria undulata
(L.) DC. (Asteraceae) Growing in Algeria. Inter. J.
Pharmaco. Phytochem. Res. 8(5), 746-749.
Brown, G.D., Denning, D.W., Gow, N.A.R., Levitz,
S.M., Netea, M.G., White, T.C., (2012) Hidden
killers: Human fungal infections. Sci. Transl. Med.
4, 165-13.

Egypt. J. Bot. 59, No. 3 (2019)

840

NESMA MAHER HELAL et al.

Chhetri, B., Ali, N.A.A., Setzer, W.N., (2015) A survey
of chemical compositions and biological activities of
Yemeni aromatic medicinal plants. Med. 2, 67-92.
Christaki, E., Bonos, E., Giannenas, I., Paneri, P.F.
(2012) Aromatic plants as a source of bioactive
compounds. Agric. 2, 228-243.
CLSI (2008a) Reference method for broth dilution
antifungal susceptibility testing of yeasts; approved
standard. 2nd ed. CLSI document M27-A3 Clinical
and Laboratory Standards Institute, Wayne.
CLSI (2008b) Reference method for broth dilution
antifungal susceptibility testing of filamentous
fungi; approved standard. 2nd ed. CLSI document
M38-A2. Clinical and Laboratory Standards
Institute, Wayne.
CLSI (2009) Method for antifungal disk diffusion
susceptibility testing of yeasts; approved guideline.
2nd ed. CLSI document M44-A2. Clinical and
Laboratory Standards Institute, Wayne.
CLSI (2010) Method for antifungal disk diffusion
susceptibility testing of filamentous fungi; approved
guideline. CLSI document M51-A. Clinical and
Laboratory Standards Institute, Wayne.
Cole, M.D. (1994) Key antifungal, antibacterial and
anti-insect assays- a critical review. Biochem. Syst.
Ecol. 22, 837-856.
Cook, N.C., Samman, S. (1996) Flavonoids- chemistry,
metabolism, cardioprotective effects, and dietary
sources. Nutr. Biochem. 7, 66-76.
Cordell, G.A. (2011) Phytochemistry and traditional
medicine – A revolution in process. Phytochem.
Lett. 4(4), 391-398.
Costa, J.E.F., Neves, R.P., Delgado, M.M,, LimaNeto, R.G., Morais, V.M.S., Coêlho, M.R.C.
(2015) Dermatophytosis in patients with human
immunodeficiency virus infection: Clinical aspects
and etiologic agents. Acta Tropica, 150, 111-115.
Das, S., Vasudeva, N., Sharma, S. (2014) Chemical
composition of ethanol extract of Macrotyloma
uniflorum (Lam.) Verdc. using GC-MS
spectroscopy. Org. Med. Chem. Lett. 4,13.
Dejussi, D.E., Noumedem, J.A.K., Seukep, J.A.,
Fankam, A.G., Voukeng, I.K., Tankeo, S.B.,
Egypt. J. Bot. 59, No. 3 (2019)

Nkuete, A.H.L., Kuete, V. (2013) Antibacterial
activities of selected edible plants extracts against
multidrug-resistant Gram-negative bacteria. BMC
Complementary and Alternative Medicine, 13, 164.
Denning, D.W., Bromley, M.J. (2015) Infectious
disease. How to bolster the antifungal pipeline. Sci.
347, 1414-6.
Durairaj, V., Hoda, M., Shakya, G., Babu, S.P.P.,
Rajagopalan, R. (2014) Phytochemical screening
and analysis of antioxidant properties of aqueous
extract of wheatgrass. Asian. Pac. J. Trop. Med.
7(1), S398-S404.
Ebada, S.S., Lin, W., Proksch, P. (2010) Bioactive
sesterterpenes and triterpenes from marine sponges:
occurrence and pharmacological significance. Mar.
Drugs, 8, 313-346.
Elegami, A.A.B., Ishag, K.E., Mahmoud, E.N., Abu
Alfutuh, I.M., Karim, E.I.A. (1994) Insecticidal
activity of Pulicaria undulata oil. Fitoterapia, 65,
82-83.
Elgorashi, E.E., Taylor, J.L.S., Verschaeve, L., Maes,
A., Van Staden, J., DeKimpe, N. (2003) Screening
of medicinal plants used in South African traditional
medicine for genotoxic effects. Toxicol. Lett. 143,
195-207. Doi: 10.1016/S0378-4274(03)00176-0.
El-Kamali, H.H., Yousif, M.O., Ahmed, O.I., Sabir,
S.S. (2009) Phytochemical analysis of the essential
oil from aerial parts of Pulicaria undulata (L.)
Kostel from Sudan. Ethnobot. Leaf, 13, 467-471.
El-Olemy, M.M., Al-Muhtadi, F.J., Afifi, A.F.A. (1994)
"Experimental Phytochemistry: A Laboratory
Manual", pp. 21-27. King Saud University Press.
Saudi Arabia.
Ertürk, O., Cil, E., Yologlu, N., Yavuz, C. (2016) An
in vitro study on antimicrobial and an-tioxidant
activity of Propolis from Rize Province of Turkey.
Mellifera, 16(1), 4-18.
Fairbairn, N.J. (1953) A modified anthrone reagent.
Chem. Ind. 31, 86.
Farahat, M.B., Landoulsi, A., Chaouch-Hamada,
R., Sotomayor, J.A., Jordan, M.J. (2013)
Characterization and quantification of phenolic
compounds
and
antioxidant
properties
of Salvia species growing in different habitats.

PHYTOCHEMICAL ANALYSIS AND ANTIFUNGAL BIOACTIVITY OF PULICARIA ...

Industrial Crops and Products, 49, 904-914.
Farghaly, T.A., Hassaneen, H.M.E. (2013) Synthesis
of
pyrido[2,3-d][1,2,4]triazolo[4,3-a]pyrimidin5-ones as potential antimicrobial agents. Arch.
Pharm. Res. 36, 564-572.
Fawzy, G.A., Al Ati, H.Y., El Gamal, A.A. (2013)
Chemical composition and biological evaluation of
essential oils of Pulicaria jaubertii. Pharmacogn.
Mag. 9, 28-32. Doi: 10.4103/0973-1296.108133.
Fecka, I., Raj, D., Krauze-Baranowska, M. (2007)
Quantitative determination of four water-soluble
compounds in herbal drug from Lamiaceae
using different chromatographic techniques.
Chromatographia, 66, 87-93.
Francis, G., Makkar, H.P.S. and Becker, K. (2002)
Dietary supplementation with a Quillaja saponin
mixture improves growth performance and
metabolic efficiency in common carp (Cyprinus
carpio L.). Aquacul, 203(3-4), 311-320.
Gomha, S.M., Riyadh, S.M., Mahmmoud, E.A.,
Elaasser, M.M. (2015) Synthesis and anticancer
activities of thiazoles, 1,3-thiazines, and thiazolidine
using chitosan-grafted-poly(vinylpyridine) as basic
catalyst. Heterocycles, 91(6), 1227-1243.
Graybill, J.R. (1996) The future of antifungal therapy,
Clin. Infect. Dis. 22(2), S166-S178.
Griffith, O.W. (1980) Determination of glutathione and
glutathione disulfide using glutathione reductase
and 2-vinylpyridine. Analyt. Biochem. 106(1), 207212.
Hammiche, V., Maiza, K. (2006) Traditional medicine
in Central Sahara: Pharmacopoeia of Tassili
N’ajjer. J. Ethnopharmacol. 105, 358-367.
Harborne, J.B. (1973) "Phytochemical Methods",
London. Chapman and Hall, Ltd. pp. 49-188.
Harborne, J.B. (1998) "Phytochemical Methods - A
Guide to Modern Techniques of Plant Analysis",
pp. 182- 190. Chapman and Hall, London.
Hashem, M. (2011) Antifungal properties of crude
extracts of five Egyptian medicinal plants
against dermatophytes and emerging fungi.
Mycopathologia. 172, 37-46.

841

Havlickova, A., Czaika, V.A., Friedrich, M. (2008)
Epidemiological trends in skin mycoses worldwide.
Mycoses, 51(4), 2-15.
Hegazy, M.E.F., Matsuda, H., Nakamura, S., Yabe,
M., Matsumoto, T., Yoshikawa, M. (2012)
Sesquiterpenes from an Egyptian herbal medicine,
Pulicaria undulata, with inhibitory effects on nitric
oxide production in RAW264.7 macrophage cells.
Chem. Pharm. Bull. 60, 363-370.
Jamalian, A., Shams-Ghahforokhi, M., Jaimand, K.,
Pashootan, N., Ammani, A., Razzaghi-Abyaneh,
M. (2011) Chemical composition and antifungal
activity of Matricaria recutita flower essential oil
against medically important dermatophytes and
soil-borne pathogens. J. Mycolo. Med. 22(4), 308315.
Jasim, H., Hussein, A.O., Hameed, I.H., Kareem, M.A.
(2015) Characterization of alkaloid constitution
and evaluation of antimicrobial activity of
Solanum nigrum using gas chromatography mass
spectrometry (GC-MS). J. Pharmacognosy and
Phytotherapy, 7(4), 56-72.
Johnson, E.M., Arendrup, M.C. (2015) Susceptibility
test methods: Yeasts and filamentous fungi. In:
"Manual of Clinical Microbiology" (11th ed), pp.
2255-2281. Washington, DC: ASM Press.
Kampfenkel, K., Van Montagu, M., Inzé, D. (1995)
Effects of Iron Excess on Nicotiana plumbagnifolia
Plants. Plant Physiol. 107, 725-735.
Karthikeyan, K., Poornaprakash, N., Selvakumar, N.,
Jeyasubrmanian, K. (2009) Thermal properties and
morphology of MgO–PVA nanocomposite film. J
Nanostruct Polym Nanocompos, 5, 83-88.
Keskın, D., Ceyhan, N., Uğur, A., Dbeys, A.D. (2012)
Antimicrobial activity and chemical constitutions
of West Anatolian olive (Olea europaea L.) leaves.
J. Food, Agric Enviro. 10(2), 99-102.
Kontoyiannis, D,P., Marr, K.A., Park, B.J., Alexander,
B.D., Anaissie, E.J., Walsh, T.J. (2010) Prospective
surveillance for invasive fungal infections in
hematopoietic stem cell transplant recipients,
2001-2006: overview of the transplant-asso-ciated
infection surveillance network (TRANSNET)
database. Clin. Infect. Dis. 50, 1091-100.
Kubola, J., Siriamornpun, S. (2008) Phenolic contents
Egypt. J. Bot. 59, No. 3 (2019)

842

NESMA MAHER HELAL et al.

and antioxidant activities of bitter gourd (Momordica
charantia L.) leaf, stem and fruit fraction extracts in
vitro. Food Chem. 110(4), 881-890.

essential oil, mineral elements and antioxidant
activity in Pulicaria undulata from Iran. J. Med.
Plants Res. 5(10), 2035-2040.

Lewis, K., Ausubel, F.M. (2006) Prospects for plantderived antibacterials. Nature Biotechnology,
24(12), 1504-1507.

Misawa, E., Tanaka, M., Nomaguchi, K., Yamada,
M., Toida, T., Takase, M. (2008) Administration
of phytosterols isolated from Aloe vera gel reduce
visceral fat mass and improve hyperglycemia in
zucker diabetic fatty (ZDF) rats. Obes. Res. Clin.
Pract. 2, 239-45.

Liebgott, T., Miollan, M., Berchadsky, Y., Drieu, K.,
Culcasi, M., Pietri, S. (2000) Complementary
cardioprotective effects of flavonoid metabolites
and terpenoid constituents of Ginkgo biloba extract
(EGb 761) during ischemia and reperfusion. Basic
Research in Cardiology, 95(5), 368-377.
Liu, S., Hou, Y., Chen, X., Gao, Y., Li, H., Sun, S. (2014)
Combination
offluconazolewithnon-antifungal
agents: A promising approach to cope with resistant
Candida albicans infections and insight into new
antifungal agent discovery. International Journal
of Antimicrobial Agents, 43, 395-402.
Maertens, J.A., Boogaerts, M.A. (2000) Fungal cell
wall inhibitors: Emphasis on clinical aspects. Curr.
Pharm. Des. 6, 225-239.
Mahomoodally, M.F. (2013) Traditional medicines
in Africa: An appraisal of ten potent African
medicinal plants. Evidence-Based Complementary
and Alternative Medicine. 2013, 1-14. Article ID
617459. http://dx.doi.org/10.1155/2013/617459
Makkar, H.P.S., Blummel, M., Borowy, N.K., Becker,
K. (1993) Gravimetric-determination of tannins
and their correlations with chemical and protein
precipitation methods. J. Sci. Food and Agric. 61,
161-165.
Martinez-Rossi, N.M., Peres, N.T. and Rossi, A.
(2008) Antifungal resistance mechanisms in
dermatophytes. Mycopathologia. 166(5-6), 369-83.
Mary, A.P.F., Giri, R.S. (2017) GC-MS analysis of
bioactive compounds of Achyranthes aspera.
World Journal of Pharamaceutical Research. 7(1),
1045-1056.
Massiha, A., Muradov, P.Z. (2015) Comparison of
antifungal activity of extracts of ten tlant species
and griseofulvin against human pathogenic
dermatophytes. J. Res. Med. Sci. 17(10), e2096.
Mehdi, R., Jafar, V., Meissam, N., Mozhgan, K.M.
(2011) Screening of chemical composition of
Egypt. J. Bot. 59, No. 3 (2019)

Mishra, B., Reiling, S., Zarena, D., Wang, G. (2017)
Host defense antimicrobial peptides as antibiotics:
design and application strategies. Current Opinion
in Chemical Biology, 38, 87-96.
Mosmann, T. (1983) Rapid colorimetric assay for
cellular growth and survival: application to
proliferation and cytotoxicity assays. J. Immunol.
Methods, 65, 55-63.
Nerurkar, A., Solanky, P., Chavda, N., Baria, H., Desai,
B. (2012) Isolation of Candida Species in Clinical
Specimens and its Virulence Factor: The Biofilm.
Ijmsph, 1(2), 97-100.
Orishadipe, A.T., Ibekwe, N.N., Adesomoju, A.A.,
Okogun, J.I. (2012) Chemical composition
and antimicrobial activity of the seed oil of
Entandrophragma angolense (Welw) C.DC.
African Journal of Pure and Applied Chemistry,
6(13), 184-187.
Parshikov, I.A., Netrusov, A.I., Sutherland, J.B.
(2012) Microbial transformation of antimalarial
terpenoids. Biotechnol. Adv. 30(6), 1516-23.
Price, M.L., Van Scoyoc, S., Butler, L.G. (1978) A
critical evaluation of the vanillin reaction as an
assay for tannin in sorghum grain. J. Agric. Food
Chem. 26, 1214-1218.
Prieto, P., Pineda, M., Aguilar, M. (1999)
Spectrophotometric quantitation of antioxidant
capacity
through
the
formation
of
a
phosphomolybdenum complex: Specific application
to the determination of vitamin E. Analyt. Biochem.
269(2), 337-341.
Rasooli, I., Abyaneh, M.R. (2004) Inhibitory effects of
thyme oils on growth and aflatoxin production by
Aspergillus parasiticus. Food Control, 15, 479-483.
Robert, D., Painesville, B., Brestone, H. (1967)

PHYTOCHEMICAL ANALYSIS AND ANTIFUNGAL BIOACTIVITY OF PULICARIA ...

Halogenated aromatic pesticidal compositions for
controlling fungi, bacteria and nematodes. United
States Patent Office. Ser. No 502,537 18 Clamis (Cl.
167-30).

843

Green Propolis: Bee behavior, plant anatomy and
chemistry. Advance Access Publication, 2(1), 85-92.

Sanglard, D. (2016) Emerging Threats in AntifungalResistant Fungal Pathogens. Front. Med. 3, 1-11.

Unnikrishnan, P. (2010) Role of traditional medicine in
primary health care: An overview of perspectives
and challenges. Yokohama Journal of Social
Sciences, 14, 57-77.

Saravanan, M., Vemu, A.K., Barik, S.K. (2011) Rapid
biosynthesis of silver nanoparticles from Bacillus
megaterium (NCIM 2326) and their antibacterial
activity on multi drug resistant clinical pathogens.
Colloids and Surfaces B: Biointerfaces, 88, 325-331.

Wisplinghoff, H., Bischoff, T., Tallent, S.M., Seifert, H.,
Wenzel, R.P., Edmond, M.B. (2004) Nosocomial
bloodstream infections in US hospitals: Analysis
of 24,179 cases from a prospective nationwide
surveillance study. Clin. Infect. Dis. 39, 309-17.

Schneider, I., Kressel, G., Meyer, A., Krings, U., Berger,
R.G., Hahn, A. (2011) Lipid lowering effects of
oyster mushroom (Pleurotus ostreatus) in human.
Journal of Functional Foods, 3(1), 17-24.

Yamaguchi, T., Takamura, H., Matoba, T., Terao, J.
(1998) HPLC Method for Evaluation of the Free
Radicalscavenging Activity of Foods by Using 1,1Diphenyl-2-picrylhydrazyl. Biosci. Biotechnol.
Biochem. 62(6), 1201-1204.

Shi, B.J., Li, Q., Zhang, X.Q., Wang, Y., Ye, W.C., Yao,
X.S. (2007) Triterpene glycosides from the aerial
parts of Pulsatilla chinensis. Acta Pharm. Sin. 42,
862-866.
Singh, B., Singh, S. (2003) Antimicrobial activity of
terpenoids from Trichodesma amplexicaule Roth.
Phytother. Res. 17, 814-816.

Zaki, S.M., Ibrahim, N., Aoyama, K., Shetaia, Y.M.,
Abdel-Ghany, K., Mikami, Y. (2009) Dermatophyte
Infections in Cairo, Egypt. Mycopathologia, 167,
133-137.
Zhang, H., Tang, Y., Ruan, C., Bai, X. (2016) Bioactive
Secondary Metabolites from the Endophytic
Aspergillus Genus. Rec. Nat. Prod. 10(1), 1-16.

Teixeira1, E.W., Giuseppina Negri, G., Meira, R.M.S.A.,
Message, D., Salatino, A. (2005) Plant Origin of

Egypt. J. Bot. 59, No. 3 (2019)

844

NESMA MAHER HELAL et al.

التحليل الكيميائي النباتي و النشاط الحيوي المضاد للفطريات فى مستخلص المثيانول
والزيت األساسى لنبات الربل
نسمة ماهر هالل( ،)1نيفين أحمد إبراهيم( ،)2همت إبراهيم خطاب
()1قسم النبات -كلية العلوم -جامعة عين شمس -القاهرة -مصر)2(،قسم الميكروبيولوجي -كلية العلوم -جامعة عين
شمس -القاهرة -مصر.
()1

الربل هي واحدة من األعشاب العطرية الحولية المستخدمة في الطب الشعبي في مصر .تم جمع األجزاء
الهوائية لنبات الربل من الصحراء الساحلية للبحر األحمر خالل مرحلة اإلزهار واستخدمت في التحليل
لكل من الفينوالت ،الفالفونويدات ،التيربينويدات ،السابونينات
الكيميائي النباتي .وقد تبين أنه مصدر واعد ٍ
والقلويدات ،الغلوكوزينوالت ،والجليكوسيدات القلبية والتى يمكن أن تشارك بشكل فعال في تطوير األدوية
واستكشاف استراتيجيات بديلة لمبيدات الفطريات األصطناعية الضارة .وأظهرت النتائج أن أكبر تراكم
للمركبات النشطة بيولوجيًا كان في المستخلص الميثانولي و كان ذلك مصاحبًا لنسب أعلى في القدرة المضادة
لألكسدة و كذلك في قيم  IC50مقارنةً بالقيم المقابلة للزيوت الطيارة المستخلصة باإليثر النفطي .وكشف تحليل
الكروماتوجرافيا الغازية المقترنة بمطياف الكتلة ( )GC-MSللمستخلصات النباتية عن وجود حوالي 10
مكونات نباتية ذات نشاط حيوي و تتضمن )Cyclotrisiloxane :و  ,-hexamethylوCyclotetrasiloxan
و  -octamethylو  Cyclopentasiloxaneو  decamethylو  Dodecanoic acidو  methyl esterو
 Tetrafluorophthalonitrileو  gamma-Sitosterolو Nonacosane, 4,4,6a,6b,8a,11,11,14b-
Octamethyl
,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,14a,14b-octadecahydro-2H picen-3-oneو  .)-Thiazolo[4,5-f]quinoline, 7-methylوأظهر المستخلص الميثانولي نشاطًا ً
مضادًا للفطريات ضد السالالت الفطرية الستة الممرضة محل الدراسة و التي تضمنت  Aspergillus flavusو
 A. fumigatusو  Candida albicansو  Microsporum canisو  M. boulardiiو Trichophyton
 . mentagrophytesوكذلك  ،فقد أشارت القيم الخاصة باختبار الحد األدنى من التركيزات المثبطة للنمو()MIC
واختبار الحد األدنى من التركيزات المبيدة للفطريات ( )MFCإلى أن المستخلص الميثانولي كان له تأثير مبيد
للفطريات ( )fungicidalعلى كل من  M. boulardii IFM 56403و T. mentagrophytes AUMC
 11661و M. canis AUMC 11663و ،C. albicans AUMC 9142هذا و قد أظهر اختبار السمية
الخلوية لهذا المستخلص مستويات آمنة في حالة التركيزات المبيدة لهذه السالالت الفطرية األربعة .في حين كان
مستخلص األثير النفطي المحتوي على الزيوت الطيارة له قدرة تثبيطية ضد الفطريات المختبرة لكن بكفاءة أقل.
وتعد نتائج هذه الدراسة بمثابة توسيع لنطاق البحث وكذلك تأكيد لنتائج التقاريرالسابقة التي قد أشارت إلى التأثير
المضاد للفطريات لنبات الربل على بعض الفطريات المهمة طبياً.
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