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Anethumgraveolens and Apiumgraveolens leaf-extract and their antifungal
effects on pathogenic Candida species: In vitro study
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Abstract

Background and objective: The constant increase of Candida infection and unstopping
emergence of drug resistant Candida species is a major concern. Natural medicinal
products particularly those of edible plant could be a safe and effective alternative to
synthetic substances. Considering their anti-microbial contents, the leave extracts of
Anethemgraveolens and Apiumgraveolens have been investigated for their effects against
Candida species.

Methods: Fresh leaves of Anethem and Apium were collected from Erbil province in Iraq.
The leaves were dried then after grinding the ethanol extract was prepared. The radical
scavenging activity of extracts was measured via DPPH inhibition activity method.
Anti-Candida effect was assessed against C. albicans, C. glabrata, C. krusei, C. tropicalis,
C. tamatta, C. parapsiosis, and C. guilliermondii. Standard antifungal drugs were used as
control including Nystatin, Clotrimazole, Fluconazole, Ketoconazole, and Miconazole.
Results: The highest radical scavenging activity of both extracts was found at 0.2 mg/mL.
Both extracts did not affect the growth inhibition of C. krusei, C. tropicalis, and C. tamatta.
However, they were significantly effective to the extent of other antifungal drugs against the
growth of other Candida species including C. albicans, C. glabrata, C. guillermondii, and C.
parapsiosis.

Conclusion: The findings of this study suggest that both Apium and Anethem which are
widespread vegetable and could have similar anti-Candia effects which can be a great
alternative to the commonly used antifungal drugs.
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Introduction the management of candidiasis has
Candida infections and associated mortality = seen fundamental changes. The
occur in a remarkably increasing pattern currently applied four classes of anti-
over the last years mainly due to the fungal agents against Candida
rise in immunocompromised population infections are echinocandins, polyenes,
undesirable toxicity and side effects, fluoropyrimidines, and azoles.’
limitations in currently available anti-fungal Nevertheless, substantial clinical
agents and a growing number of resistant  challenges are posed to the treatment of
Candida species.1 It has been roughly candidiasis due to the side effects, toxicity
estimated that nearly 300,000 people and emergence of resistant strains.’
are infected with invasive candidiasis Species of Candida differ in virulence and
globally which claims about 50,000 lives  epidemiology. C. albicans, C. tropicalis,
annually.? Recent surgery, the presence and C. glabratadisplay higher virulence
of central vascular catheters and broad than C. parapsilosis and C. krusei.
spectrum antibiotic administration are However, despite its low virulence,
considered the main risk factors for  C. parapsilosis creates huge problems in
candidiasis.® During the past decade certain clinical settings due to its ability
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to colonize human skin and propensity to
adhere to medical devices which facilitates
nosocomial outbreaks.” The emergence
of resistant Candida species and their
constant changes in epidemiology merit
vigilance. The management of candidiasis
has entered a new era in which new
types of treatment are likely to provide
better outcomes for patients. Such novel
anti-fungal agents necessarily should
possess more effectiveness and less
toxicity than available synthetic drugs.®
Essential oils, as natural medicinal
products, have anti-fungal and anti-oxidant
activities.” The genus Anethumgraveolens
(Dill) in Apiaceae family is a traditional
Asian medicine that native to South
Eastern Europe and South Western Asia.’
Dill has long been used for seasoning
and in food industries. Among active
components of Anethumgraveolens are
essential oils, phenolic compounds, and
flavonoid which propose a variety of

pharmacological properties to the
plant including anti-hypercholesterolic®
and antibiotic effects'®.  Similarly,

Apiumgraveolenes (Celery) in the same
family of Apiaceae, is mainly used as spice
has broad pharmaceutical applications.
Leaves root and stem of celery have
constituents such as flavones, phenolic
compounds, flavonols, furanocoumarins,
and phthalide derivatives." Studies
suggest its application in the prevention
of cardiovascular diseases due to
anti-coagulation™ and anti-inflammatory
activities.” The current study aimed to
assess the anti-candida activity of
Anethumgraveolens and Apiumgraveolens
in view of their wide use in the daily meal
and their valuable chemical and antibiotic
constituents.

Methods

Sample collection and preparation

Fresh leaves of Anethumgraveolenes
and Apiumgraveolenes were collected in
HanaraeSarw region in Erbil governorate of
Iraq and stored to dry at room temperature.
Taxonomic identification was done in Crop

field department of the College of
Agriculture at Salahaddin University. The
dried leaves were crushed to form powder
then sieved through different meshes and
stored at 4°C until extraction. Extraction
was done by dissolving 5g of powder in
50ml of 95% ethanol at 45°C for 30
minutes in a beaker with the magnetic
stirrer. The solid residues were removed
via filtration and the eluted liquid heated
to dry at 37°C in a rotary vacuum
evaporator.” The vyield amount was
measured as the ratio of the dried weight
of extract on the dried weight of leaves
in percent. Total condensed tannin was
determined by adding 0.01g of extracts
and mimosa tannin into 10mL of extraction
solution which is made of a mixture of
Fe, SO, (0.05g), N-butanol (95mL) and
35% HCL (5mL). The solution was heated
in a water bath at 45°C for 1h then
the absorbance was measured at
580nm."” The free radical scavenging
activity of extracts was measured by
a slight modification of DPPH assay
in  which 1,1-diphenyl-2-picrylhydrazyl
(DPPH) absorption level decreases at 517
nm with reduction of radical species.
Briefly, 1mL of 0.1 mM DPPH was mixed
separately with 0.1, 0.2 and 0.3 ml of
sample solutions. The mixture was shaken
vigorously and placed out of light at
room temperature for 30 minutes. The
absorbance was measured at 517 nm.
As reference Butylated hydroxytoluene
(BHT) was wused and the radical
scavenging activity was expressed as
the inhibition percentage of free radicals
in the sample and calculated with the
following equation.™

4

Where A is the absorbance of DPPH and
is the absorbance with sample and BHT.
Antimicrobial activity

Candida inoculum:

Seven Candidaspp used in this study were
collected from vaginal samples of patients
attended the gynecology and obstetrics
department of Maternity Teaching Hospital

Inhibitione fF PHactiviiy = LD
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in Erbil city. The identification of Candida
species was done using VITEK® 22 YST
ID Card (Biomerioux, Marcy-l‘EtoiIe,
France). The isolated Candida spp were
inoculated on Sabouraud Dextrose Agar
(SDA\) for 24h at 37°C."” One colony was
transferred into 200pL sterile distilled water
then the suspension was diluted 1:10 in
sterile distilled water. A 20uL aliquot per
test was delivered onto filter paper disc
impregnated with extract. Accordingly,
three control replicates were made by
inoculating 20uL of the same aliquot on
a pure SDA agar to which the colony
enumeration was performed the next day.
The counts were 2.5+0.2 x10° colony/
mL."

Disc diffusion (DD)

Antimicrobial activity was carried out
using disc diffusion method (i.e., CLSI
technique).”® Briefly, filter paper discs
(6mm in diameter) were impregnated with
50 pl of plant extracts and allowed to dry.
The discs were placed on SDA inoculated
with 20uL of Candida suspension and
incubated at 37°C for 48h. Antifungal discs
were made and applied in the same
way and used as controls. Antimicrobial
activities were evaluated by measuring the
inhibition zones around the implemented
discs. All tests were performed with six
replicates.

Minimum Inhibitory Concentration (MIC)
The MICs of extracts and antifungal agents
for each isolate were determined by
making five ten-fold serial dilutions of
agents with distilled water. The Candida
inoculum was prepared by suspending five
colonies of at least 1 mm diameter in
5 mL RPMI 1640. A 100uL homogenous
Candida suspension was transferred
onto SDA to define CFU/mL. The Candida
suspensions were adjusted in 50uL per
well of RPMI 1640 to 0.5 x 10° to 2.5 x
10° CFU/mL in 96 well microdilution plates.
From each dilution of extract or antifungal
agent, 50uL was added per well of Candida
dilutions then incubated at 37°C for 24
hours. Theanti-fungal MIC endpoint was
defined as the lowest concentration that

inhibited 50% of fungal growth compared
to the growth of the growth control (no
anti-fungal suspension).®
Data analysis

Data was analyzed by GraphPad
Prism v6. A P value of 0.05 was
considered as statistically significant.
Student t-test was applied to find out the
statistically significant differences between
studied groups. In addition, Spearman's
Ranked correlation was done to define
the associations attributed to the variables.
To attain the reproducibility of the test and
achieve biologically meaningful procedure,
each experiment was performed upon
6 biological replicates.

Results

Yield and condensation of root extracts
The percentage of extraction was
measured for 50mg — 100mg vyield from
Apiumgraveolens and 75mg 125mg
yield Anethum graveolens out of initial

dried leaves (Figure 1A). Also, their
total condensed tannin is presented in
(Figure 1B).

The radical scavenging activity of
extracts

The radical scavenging activity of the
Apiumgraveolens and Anethum graveolens
extracts with various extraction methods
and BHT (Figure 2)showed a statistically
significant difference between 0.1mL and
0.2 mL of extracts as well as between 0.2
mL and 0.3 mL of extract. The statistical
difference indicates the best scavenging
activity of extracts at 0.2 ml.

Anti-Candida Activity of the extracts

The effect of Root Extracts in Kkilling
different Candida species was measured
via paper disc and MIC on SDA
measured in millimeters (Table 1). There
was a correlation between the anti-candida
effects of Paper Disc Diffusion and MIC;
when both methods were applied against
various Candida species.

Spearman’s Ranked Correlation = +0.6
The correlation coefficient between Paper
disc diffusion and MIC applied for both
extracts in all Candida species.
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Table 1: Inhibition zones using Paper Disc diffusion and minimum inhibitory concentration
(MIC) of the extracts against Candida spp. Two methods have shown a relatively good
correlation (R = 0.6) in their anti-candida effects.

C. C. C. C. C. C. C.
albicans galbrata  krusei tropicalis famatta parapsiosis  guilliermondii
Apium Paper Mean 16+0.43 8.1+0.5 - - - 10.1+2 15+0.37
graveolens  disc +SD
diffusion
(mm)
MIC Mean 15.6+0.57  125%+1.0 - - - 62.5+0.5 15.6+1.15
(mg/mL)  +SD
Anethum Paper Mean 15+0.53 9+0.4 - - - 15+1.0 15.3+0.59
graveolens  disc +SD
diffusion
(mm)
MIC Mean 15.6+0.33 62.5+1.6 - - - 15.6+0.5 15.6+2.15

(mg/mL)  +SD
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Figure 1: The leaf extracts from5g Apiumgraveolens dried leaves had 50mg — 100mg yield
andb5g Anethumgraveolens dried leaves gave 75mg — 125mg vyield. The efficiency of
extraction was measured as A) yield percentage and B) the condensation in mg/Kg for
both species. Error bars represent SD for 6 replicates.
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Figure 2: DPPH scavenging activities of extracts of A) Apiumgraveolens and
B) Anethumgraveolens. Paired t-test was performed to determine the statistical differences
between two extract volumes. Error bars represent SD.
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Anti-Candida activity of extracts
compared to synthetic antibiotics

As comparison the target Candida species
were challenged with common anti-fungal
agents. Figure 3 displays the Kkilling
efficiency of extracts and synthetic drugs.

Discussion

Microbial inhibitors are widely available
in many edible plants. In view of
that, we have investigated the anti-
Candida effects of Apiumgraveolens and
Anethemgravelones both of which are
commonly contributed in The Middle

Because the leaves of these plants are
the main part for consumption and the
anti-microbial effects have been shown to
be higher for leave extracts of these plants
compared to their seeds and root, the
study was based on leave extracts. The
most commonly applied extraction method
was used to get the maximum vyield
with the highest condensation (Figure 1).
Nevertheless, the method proved more
efficiency in yield and condensation for
Anethem than Apium. Such a difference
seems to be attributed to the Ileave
structure and contents.?’ Despite their

Eastern and Mediterranean cuisine. difference in yield and condensation the
A25' B;go.
E p=002 E
£20 F— B - i;« @
N 5 p=023 & @
g 10] B $ — = B
£ s E | B
0 0
T e NP PP
§f eSS S S SFELPL LSS
S & -@‘é\ & & & & & » \&Q & @°°° éé\
v.é\ ?9 0\0 Q\é *_o'@ é‘\o 79 ?s\ 0\0 Q\Q *.0 é\
C 50, D 30, =
= £ 5 .- =
E 401 Q E é. 20 p<0.0001 Q
" !
s 30 |
N p=056 é g %
§ 20f —m B $ ol = =
5 — =] 3
£ 10 £
0 0
T o ® S o o e
FEFSSS S I
Sy E &S F & & W & S &8
75} Y@ ¢® & +0\°° \‘gf o & *p‘ &
Figure 3: Inhibition zones of extracts and synthetic drugs against C. albicans

(A), C. galbrata (B), C. gulliermondii (C) and C. parapsiosis (D). The anti-candia effects of
Apium and Anethem extracts were statistically compared using t-test Error Bars represent
min and max and median from six replicates.
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scavenging activity of Apium and Anethem
was found to be similar (Figure 2). In
this regard, the optimal concentration
with  maximum scavenging ability was
0.2mL. The increased concentration led
to a relatively lower scavenging activity of
extracts. This was in agreement with
previous studies done by Enayatet al.?’
With this result, the leave extracts exhibited
antioxidant potential as supported by
Sonboli et al.? The mechanism of radical
scavenging activity of Apiumgraveolens L.
and Anethum graveolens could be
attributed to the presence of polyphenolic
compounds.? It has already been exhibited
that the polyphenolic compounds are
responsible for radical scavenging activity
due to their hydrogen atom donation to
active free radicals.** Phenols are very
important plant constituents because
of their scavenging® or anti-oxidative
abilities.?® In our experiment, the anti-
Candida effects of extracts were assessed
via disc diffusion method. The extracts
of Apium and Anethem were found
to be effective in growth inhibition of
C. albicans, C. glabrata, C. parapsiosis and
C. quilliermondii but unable to stop the
growth of C. krusei, C. tropicalis and
C. tamatta (Table 1). Measuring the MIC
showed very similar quantities for both
extracts as minimal inhibition with a good
correlation pattern (r = 0.6). Interestingly,
the anti-Candida activity of extracts was
observed against species that are common
human pathogens.?’ Such variation in
anti-Candida activity of plant required
further investigation through which several
factors need to be studied. In view of that,
the mechanism of the vulnerability of killed
Candida species as well as the strategies
by which resistant species could survive
under the effect of extracts need to be
elucidated. The anti-Candida activity of
extracts assessed on four Candida species
through comparison with a standard anti-
fungal medicine. The efficiency for the
growth inhibition of C. albicans by the
extract of Apium was very similar but
statistically higher compared to Anethem

(Figure 3A). This is in agreement with the
similar studies incIuding; a study on leave
extracts of Eucalyptus®® and crude plant
extract.”Nevertheless, their effects were
slightly lower than Nystatin and
Clotrimazole which is in agreement
with a study done by Sehal using
Calotropisprocera extracts against
C. albicans.®’A very similar efficiency of
Apium and Anethem extracts was
observed against C. glabrata which was
very close to the effect of other anti-
Candida drugs except Nystatin (Figure 3B).
The considerably higher effect of Nystatin
indicates for the fact that it is a broad
spectrum anti-Candida medicine. Although
there was statistically no significant
difference between Apium and Anethem
extracts against C. gullimondii, the effect
was relatively lower than all anti-Candida
drugs (Figure 3C). The prominent effect
of Fluconazole in this regards is in
accordance with the findings of an in vivo
study on oral candidiasis in which there
was greater removal of Candida species
by Fluconazole than Nystatin.*’ The most
noticeable killing effect difference between
extracts was observed in their activity
against C. parapsiosis (Figure 3D). This
might be due to their differences in
antimicrobial composition®. In this regard,
two anti-fungal agents namely D-limonene
and D-Carvone are more abundant in
Anethem compared to Apium.?

Conclusion

The findings of this study promote the
view of using natural products in the
treatment of human candidiasis. Moreover,
the beneficial effects of such extracts in
regulating blood sugar and cholesterol®
in addition to their relatively lower side
effects favor the point that they might
be a good alternative to synthesized
drugs.
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