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Anti-Candida albicans Using UPLC-QToF-MS/MS
Nita Triadisti*, Sri Rahayu, Irfan Zamzani
Faculty of Pharmacy, Universitas Muhammadiyah Banjarmasin, Kalimantan Selatan, INDONESIA.

ABSTRACT
Background: Ficus deltoidea is a medicinal plant known for treatment by 
ethnic Dayaks, Kalimantan and called Tabat Barito. Empirically, the majority 
of Tabat Barito leaves are used to treat candidiasis. Scientific data on 
F. deltoidea activity in its activity against candidiasis or candida are still 
minimal. Metabolite profiling from the most active fraction of F. deltoidea 
against Candida has not been reported. Objectives: This study aimed to 
explore the most active part of F. deltoidea leaves against C. albicans by 
obtaining the most active fraction and identification of compounds in the 
most active fraction through metabolite profiling using UPLC-QToF-MS/
MS. Methods: The leaves were macerated using solvents with an increase 
in polarity, fractionation was done by column chromatography, while 
antifungal activity assay was carried out by diffusion method. Metabolite 
profiling was done using LC-MS/MS. Results: Assay results of extracts 
from F. deltoidea leaves against C. albicans showed that the best activity 
was owned by ethyl acetate extracts, with an inhibition zone of more than 
10 mm. The strongest activity against C. albicans was shown by FrEA5 with 
an inhibition zone of 30.67 ± 1.155 mm, stronger than Voriconazole as a 

positive control with inhibition zone: 19.75 ± 0.5 mm. The metabolites that 
can be identified in FrEA5 were Nigeglanine; 1,1,2,3,3-Pentamethylindane; 
and 1,1’-(1,1-Ethenediyl)bis(3-methylpiperazine). Conclusion: This 
research shows that FrEA5 is the most active fraction of F. deltoidea 
leaves against C. albicans and the compounds contained in FrEA5 include 
Nigeglanine; 1,1,2,3,3-Pentamethylindane; and 1,1’-(1,1-Ethenedyl)bis(3-
methylpiperazine).
Key words: C. albicans, Ficus deltoidea, FrEA5, Metabolite Profiling, 
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INTRODUCTION
Ficus deltoidea is a medicinal plant that is very well known for its use 
for treatment by ethnic Dayaks, Kalimantan. This plant in Kalimantan is 
called by the name Tabat Barito. Some parts of this plant have traditionally 
been used in medicine, such as the fruit to relieve headaches, roots and 
leaves to treat wounds. Simultaneously, the decoction of the leaves is very 
well known in treating female health problems such as menstruation 
problems and restoring the strength of the uterus after childbirth, 
especially to overcome candidiasis.1,2 Empirically, most Tabat Barito 
leaves are used to treat candidiasis, this has been done for generations 
without ever being proven scientifically. 
Some of the activities of F. deltoidea that have been reported include: 
as an antinociceptive,2,3 antioxidant,4–6 anti-diabetic,4,7 antiangiogenic 
effect,8 antibacterial and anti-inflammatory.2 Scientific data on F. 
deltoidea in its activity against candidiasis or candida is still minimal, 
even though empirically, this plant has been widely used in the treatment 
of candidiasis. In the empiric treatment of candidiasis, the F. deltoidea 
part used is the leaves. The discovery of the most active parts of the leaves 
in the form of fractions and identifying compounds in the fractions will 
increase the benefits of this plant in the treatment of candidiasis.
This research was conducted to explore the most active part of F. 
deltoidea leaves against Candida albicans by obtaining the most active 
fraction and identification of compounds in the most active fraction 
through metabolite profiling using UPLC-QToF-MS/MS. Metabolite 
profiling from the most active fraction of F. deltoidea against C. albicans 
has not been reported.

Mass Spectrometry can analyze secondary metabolites with high 
selectivity, sensitivity and very potential in identifying metabolites. The 
existence of various atmospheric ionization methods, such as electrospray 
ionization (ESI), atmospheric pressure photoionization (APPI) and 
atmospheric pressure chemical ionization (APCI) enable the ionization 
of various classes of metabolites.9 Liquid Chromatography tandem Mass 
Spectrometry is an instrument with a hyphenated system that can analyze 
metabolite profiling with high validity and accuracy.10 This hyphenated 
method has been successfully used for profiling secondary metabolite 
in some natural product such as metabolite profiling compounds from 
Curcuma aeruginosa,11 metabolite profiling from ascidian Styela plicata,12 
secondary metabolite profiling from Peperomia pellucida,10 metabolite 
profiling from Lentinula edodes mycelium13 and identification of 
metabolite from Annona crassiflora.14 
Although several metabolite profiling analyzes have been carried out 
on several plants, metabolite profiling analysis of the active fraction of 
F. deltoidea on Candida has not been reported. Secondary metabolite 
compounds have been reported successfully isolated from F. deltoidea, 
among others: flavonoid compounds such as epigallocatechin, 
epicatechin, catechin, afzelechin, epiafzelechin, apigenin, luteolin, vitexin 
and isovitexin,15 epi-lupeol, moretenol16 which of all the compounds that 
have been isolated have never been reported to have activity against 
Candida.
F. deltoidea scientific data about antifungal, especially against Candida 
albicans are still rarely found. Antifungal activity against C. albicans from 
methanol and chloroform extracts of Ficus deltoidea has been reported 
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by Abdsamah et al (2012).17 Fractionation by column chromatography 
method to get the most active fraction of the F. deltoidea leaves so far 
has not been done. Therefore researchers feel the need to research 
to get a fraction of the F. deltoidea leaves, which has the best activity 
against C. albicans. The most active fraction obtained is expected to have 
better activity than the extract. Fractionation is also carried out to get 
an overview of compounds that have a role in their activity against C. 
albicans. Proving the efficacy of F. deltoidea is very important, so it can 
reveal the potential of native plants in Kalimantan as a provider of new 
therapeutic agents that can be developed to overcome candidiasis. This 
approach is applied to reveal secondary metabolites’ content in the most 
active fraction of F. deltoidea leaves using LC-MS/MS. In this study, we 
used UPLC-QTOF-MS/MS for metabolite profiling of F. deltoidea leaves 
fractions. 

MATERIALS AND METHODS 
Plant Material
F. deltoidea leaves were obtained from Balangan, South Kalimantan, 
Indonesia. Fresh F. deltoidea leaves are washed under running water, 
dried at a temperature of 50-55°C in a drying oven and the dried leaves 
are crushed with a grinder. The leaves powder is then placed in a cold 
room until it is analyzed.

Chemicals and Instrumentation
Chemicals: acetone, ethyl acetate, chloroform, n-hexane and methanol 
(PT. Smart Lab Indonesia, Indonesia), Acetonitrile hyper grade for 
LC-MS/MS (Merck), ultrapure water, silica gel 70-230 mesh (Merck), 
TLC Plate - Silica gel 60 F254 (Merck), DMSO (Merck), formic acid 
(Merck), C. albicans ATCC 10231 (Thermo scientific), Potato Dextrose 
Agar (Merck), Voriconazole disc (Oxoid). Instrumentation: UV Lamp 
(Camag), Metabolite profiling was conducted using LC-MS/MS UPLC 
Xevo G2-XS QToF (Waters).

Extraction Process
The leaves powder was macerated using solvents with an increase in 
polarity starting from n-hexane, followed by ethyl acetate and methanol. 
Maceration was done until the filtrate looks almost colorless, then the 
filtrate obtained was collected and evaporated. The extract obtained 
was then weighed. Maceration was continued with ethyl acetate and 
methanol solvent. With the same procedure and treatment, ethyl acetate 
and methanol extracts will be obtained.

Fractionation of Ficus deltoidea Leaves Extract
Fractionation was done by gravity column chromatography using a 
gradient system, using the method adopted with slight modifications.18 
A total of 20 g of the extract with the best activity was fractionated by 
column chromatography using silica gel (70-230 mesh) as a stationary 
phase. The mobile phase used was a mixture of solvents with a specific 
ratio so that a gradient elution system with different polarity was 
obtained, starting from a combination of solvents with low to high 
polarity. The extract was eluted, starting from the eluent n-hexane and 
ethyl acetate in a ratio of 10:0, 9:1, 8:2, 7:3 and so on until 0:10, followed 
by ethyl acetate and methanol in a ratio of 9: 1, 8: 2, 7: 3 and so on until 
0:10. The result of elution was the storage of each 100 ml volume. The 
reservoir was then evaporated and tested by thin-layer chromatography 
(TLC) to determine the chromatogram pattern. The beds with the same/
similar chromatogram pattern were then combined into one and then 
tested for antifungal activity against C. albicans.

Anti-Candida albicans activity assay 
Anti-Candida albicans activity assay, using inhibitory zone tests 
performed on the various extracts of F. deltoidea and fractions resulting 
from fractionation of the most active extracts. The Anti-Candida 
albicans activity test was carried out by inhibition zone assay using a 
procedure adapted with slight modifications.19 The inhibition zone assay 
was carried out using the diffusion method. In this study, the species 
of fungus used was C. albicans. Anti-Candida albicans activity was 
evaluated by measuring the diameter of the inhibitory zone around the 
disk. Voriconazole was used as a positive control for C. albicans.

Metabolite Profiling by UPLC-QTOF-MS/MS
Metabolite profiling was performed using Ultra High Performance 
Liquid Chromatography-Quadrupole-Time of Flight-MS/MS 
(UPLC-QTof-MS/MS) System according to the literature 10 with 
slight modification adjusting to the instrument condition. Liquid 
chromatographic separation was performed using UPLC Xevo G2-
XS with BEH C18 1.7 µm column with eluent consisting of water with 
0.1% formic acid (A) and acetonitrile with 0.1% formic acid (B). The 
system used a flow rate of 0.3 ml/minute. The elution gradient can be 
seen in Table 1. ESI Ionization source and QToF mass analyzer were 
used for Mass Spectrometry analysis. Data acquisition was processed 
with Unifi software. The UPLC output system was connected to the mass 
spectrometer via the ESI interface and was operated in the positive ion 
detection mode. Condition in MS measurement was as follows: positive 
ion detection mode; the cone gas was set at 30 V, capillary 0.8 Kv, cone 
gas flow 50 L/h, source temperature 120°C and desolvation temperature 
500°C. 

RESULTS 
Assay of n-hexane, ethyl acetate and methanol extract from F. deltoidea 
leaves against C. albicans showed that the best activity was owned by 
ethyl acetate extracts from F. deltoidea leaves, with an inhibition zone 
of 14.33 ± 0.577 mm. Thus fractionation was only carried out on ethyl 
extract acetate extract from F. deltoidea leaves. The assay result of each 
F. deltoidea leaves extract against C. albicans was shown in Table 2. 
Fractionation by column chromatography from the ethyl acetate extract 
of F. deltoidea leaves produced 11 fractions. Assay results on C. albicans 
from the fractions of F. deltoidea were shown in Table 3. FrEA5 was 
the most active fraction in inhibiting C. albicans with inhibition zones 
of 30.67 ± 1.155 mm. FrEA5 has better activity than Voriconazole 
(inhibition zone: 19.75 ± 0.5 mm), which was used as a standard in this 
assay.
Identifying the phytochemical composition in FrEA5 as the most active 
fraction was carried out using UPLC-QToF-MS / MS. The Unifi software 

Table 1: The elution gradient system for metabolite profiling using 
UPLC-QToF-MS/MS.

Time (min) Flow Rate (mL/
min)

Composition A (%)1 Composition B 
(%)2

0.00 0.300 95.0 5.0

1.00 0.300 95.0 5.0

8.00 0.300 60.0 40.0

11.00 0.300 0.0 100.0

13.00 0.300 0.0 100.0

16.00 0.300 95.0 5.0
1 Water with 0.1% formic acid
2 Acetonitrile with 0.1% formic acid
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processed the data obtained, so an overview of compounds contained in 
FrEA5 was obtained. The secondary metabolites that can be identified in 
FrEA5 can be seen in Table 4. The chromatogram and product ion mass 
of each compound from FrEA5 using UPLC-QToF-MS / MS can be seen 
in Figures 1,2 and 3.

DISCUSSION
F. deltoidea (Tabat Barito) is a medicinal plant that is well known by the 
Dayak ethnic of Kalimantan in treating candidiasis, but scientific data 
related to this matter is still rare. The compounds in Tabat Barito, which 
have the potential for candidiasis have never been revealed. This study 
was conducted to obtain the most active fraction of C. albicans and 
reveal the most active fraction compounds using UPLC-QToF-MS / MS.
The results of the activity assay of F. deltoidea leaves extract against C. 
albicans showed that n-hexane extract did not have inhibitory activity 
against C. albicans. In contrast, methanol extract had weak inhibitory 
activity against C. albicans. The best activity was shown ethyl acetate 
extract from F. deltoidea leaves, with inhibition zones 14.33 ± 0.577 mm, 
so that fractionation was only carried out on ethyl acetate extracts from 
F. deltoidea leaves.
Fractionation of ethyl acetate extract from F. deltoidea leaves was carried 
out by column chromatography method. This fractionation was done to 
aim so that the active fractions can be separated from the less/inactive 
fractions. The fractionation of ethyl acetate extract from F. deltoidea 
leaves resulted in 11 fractions (Table 2) and after the activity assay of 

11 fractions, there were differences in activity between the fractions. 
Some fractions had weaker activity than extracts and some fractions had 
stronger activities than extracts (Table 2). The fractionation result shows 
that there has been a separation of active fractions from less/inactive 
fractions. Fractions 5, 10 and 11 of the ethyl acetate extract of F. deltoidea 
leaves (FrEA5, FrEA10 and FrEA11) showed the potential to inhibit the 
growth of C. albicans, which was more potent than the other fractions 
with inhibition zones: 30.67 ± 1.155 mm; 28.33 ± 1.528 mm and 25.67 

Table 2: Activity of 100 % F. deltoidea leaves extracts against C. 
albicans.

No. Extract Diameter of Inhibition zones1 
(The mean ± SD in mm) 

1. n-Hexane 0

2. Ethyl acetate 14.33 ± 0.577

3. Methanol  7.33 ± 0.577
1Data are mean ± SD for triplicate measurements.

Table 3: Weight, eluent of column and activity of the F. deltoidea 
fractions against C. albicans (100%).

Fraction1 Weight 
(g)

Eluent of column2 Diameter of Inhibition 
zones3 (The mean ± SD 

in mm)

FrEA1 0.242 H/E = 10:0 - 9:1  7.67 ± 0.577

FrEA2 0.322 H/E = 9:1 14.67 ± 1.155

FrEA3 0.431 H/E = 9:1- 8:2 0 ± 0

FrEA4 0.302 H/E = 8:2 0 ± 0

FrEA5 2.048 H/E = 8:2 - 7:3 30.67 ± 1.155

FrEA6 0.822 H/E = 8:2 - 7:3 14.00 ± 1.000

FrEA7 1.867 H/E = 6:4 - 5:5 11.67 ± 0.577

FrEA8 1.924 H/E = 5:5 15.67 ± 0.577

FrEA9 1.564 H/E = 5:5 - 4:6 15.67 ± 1.155

FrEA10 2.422 H/E = 4:6 - 3:7 28.33 ± 1.528

FrEA11 4.112 H/E = 2:8 - E / M 
= 0:10

25.67 ± 1.155

1FrEA1-11 = fractions from ethyl acetate extract
2H = n-Hexane, E = ethyl acetate, M : methanol. 
3Data are mean ± SD for triplicate measurements.

Table 4: Determination of metabolite in FrEA5 using UPLC-QToF-MS/
MS in positive ion detection mode.

Observed RT 
(min)

Formula MS-MS 
(m/z)

Compound

9.22 C14H20 211.1458 1,1,2,3,3-Pentamethylindane

9.01 C12H24N4 225.2087 1,1’-(1,1-Ethenediyl)bis(3-
methylpiperazine)

8.76 C12H14N2O 203.1171 Nigeglanine

Figure 1: Chromatogram (A) and product ion mass spectra (B) of 
1,1,2,3,3-Pentamethylindane.

Figure 2: Chromatogram (A) and product ion mass spectra (B) of 
1,1’-(1,1-Ethenediyl)bis(3-methylpiperazine).
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± 1.155 mm, respectively. FrEA5 showed the strongest activity against 
C. albicans with an inhibition zone of 30.67 ± 1.155 mm. Inhibition of 
C. albicans growth from FrEA5, FrEA10 and FrEA11 was more potent 
than Voriconazole as a positive control with inhibition zone: 19.75 ± 0.5 
mm. Result assay shows that FrEA5, FrEA10 and FrEA11 have excellent 
potential to be developed in candidiasis and FrEA5 shows as the most 
active fraction.
Activity assay against C. albicans showed that the fraction obtained 
from column chromatography has a stronger activity than the extract’s 
origin. This can occur because an increase in activity after fractionation 
results from the separation of active phytoconstituents from inactive 
phytoconstituents. Previous studies, especially on F. deltoidea leaves, 
showed that F. deltoidea leaves contained alkaloids, flavonoids and 
terpenoids.16,20

FrEA5 as the fraction that has the best activity then identified the 
compounds contained therein using UPLC-QToF-MS/MS. The strategy 
of identifying metabolite using UPLC-QToF-MS/MS is based on peak 
analysis at a specific retention time and then compared to the database.21 
Determining the concentration can make better separation with a shorter 
analysis time.22 In various metabolite profile analyzes using UPLC-
QTOF-MS / MS, it has been reported that this method is more selective 
and sensitive in metabolite profiling compared to other chromatographic 
techniques.23 MS analysis with Quadrupole and Time of Flight (QToF) 
as a mass analyzer can detect various compounds. Besides QToF MS can 
provide mass information with high accuracy and precision, so that the 
structure’s identification becomes more accurate.24 
FrEA5 profiling using UPLC-QToF-MS / MS has succeeded in uncovering 
the compounds contained in FrEA5. These compounds include 

Figure 3: Chromatogram (A) and product ion mass spectra (B) of Nigegla-
nine.

Figure 4: Chemical structure of (A) Nigeglanine, (B) 1,1,2,3,3-Pentamethylin-
dane, (C) 1,1’-(1,1-Ethenediyl)bis(3-methylpiperazine).

Nigeglanine; 1,1,2,3,3-Pentamethylindane; and 1,1’-(1,1-Ethenediyl)
bis(3-methylpiperazine). The chemical structure of these compounds 
can be seen in Figure 4.
Nigeglanine and 1,1’-(1,1-Ethenediyl)bis(3-methylpiperazine) are 
alkaloid compounds, while 1,1,2,3,3-Pentamethylindane is a terpenoid 
compound. Several journals have reported the activity of terpenoids and 
alkaloids as antimicrobials, including against Candida albicans. Some 
of the alkaloids that have been reported to have activity in inhibiting 
candida growth were the alkaloid berberine and alkaloids from Myristica 
fragrans where their mechanism of action against candida has been 
reported to cause mitochondrial dysfunction.25 Terpenoids reported 
having activity against candida include farnesol, menthol, nerol, linalool, 
isopulegol and carvone.26 The mechanism of terpenoids as antifungal, 
among others, is by inhibiting the formation of cell walls, destroying 
fungal mitochondria by inhibiting the action of mitochondrial 
dehydrogenases and killing cells by interfering efflux pumps.27 The 
compounds detected from F. deltoidea using UPLC-QToF-LC/MS-MS 
(Nigeglanine; 1,1,2,3,3-Pentamethylindane; and 1,1’-(1,1-Ethenediyl)
bis(3-methylpiperazine)) has never been reported for its activity against 
C. albicans.

CONCLUSION
Based on the above assay results, it can be reported that Ficus deltoidea 
leaves have activity as anti-Candida albicans, especially FrEA5, as the 
most active fraction against C. albicans, which was successfully separated 
by column chromatography. Metabolite profiling has successfully 
revealed the compounds in FrEA5 as the most active fraction of F. 
deltoidea leaves include Nigeglanine; 1,1,2,3,3-Pentamethylindane; and 
1,1’-(1,1-Ethenediyl)bis(3-methylpiperazine).
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