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Summary

The genus Lindera in the family Lauraceae, is widely distributed in tropical and subtropical
areas throughout the world. Its roots and leaves have been used for thousands of years as a
traditional Chinese medicine and functional food. This study was carried out to investigate
the antioxidant, antifungal, and antibiofilm properties from Lindera subumbelliflora (Blume)
Kosterm (leaves and roots) and L. caesia Reinw. ex Fern.-Vill. (leaves) growing in Malaysia.
Antioxidant activity was determined using DPPH assay, antifungal activity by microdilution
method for determination of MIC and MFC, whereas antibiofilm was determined using a
semi-quantitative static biofilm. The L. caesia leaf extract revealed strong activity in DPPH
assay with IC, value of 65.6 ug mL", while the L. subumbelliflora roots extract exhibited the
best antifungal activity against Candidca albicans ECE1 with MIC and MFC value of 250 pg
mL*. In addition, all Lindera extracts showed promising antibiofilm inhibitory activity against
different Candida strains with biofilm inhibition values ranging from 50.2 to 78.0%. This
study suggests that Lindera species might be an excellent source of antifungal, antibiofilm,
and antioxidant drugs and would be helpful in minimizing the spreading of pathogenic
microorganisms or preventing stress-related diseases.
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Introduction

Lauraceae family comprises approximately 55 genera over 3000
species and is particularly diverse in Southeast Asia, Madagascar,
northern South America, and the eastern coast of Brazil. This
family holds a prominent position within the Magnoliids and
significantly contributes to the diversity of flora in the Neotropics
(Salleh et al., 2016a). Plants belonging to the Lauraceae family have
high economic importance for traditional uses. Laurus nobilis L.
has traditionally been employed to address digestive issues (Alejo-
Armijo et al., 2017). The bark of Cinnamomum verum J.Presl has
been utilized in traditional medicine to treat respiratory infections
and digestive ailments (Ranasinghe et al., 2013). Additionally, the
fruit of Persea americana Mill. has found topical applications in
treating various skin conditions (Nayak et al., 2008).

The family of Lauraceae consists of approximately 100 species
of Lindera, which are found in intermittent distribution across
tropical, subtropical, and temperate regions of Asia, as well as the
Midwest region of the United States (Salleh, 2020). This extensive
geographical distribution allows Lindera plants to produce diverse
secondary metabolites having novel structures. Phytochemical
investigations have shown that Lindera plants produce
sesquiterpenoids, alkaloids, butanolides, lucidones, flavonoids,
and phenylpropanoids (Tao et al., 2020). Moreover, Lindera plants
show various pharmacological and biological properties, their
anticancer, antihypertensive, anti-inflammatory, and analgesic
properties. Meanwhile, butanolides and lucidones have shown
great potential in developing anticancer agents, while aporphine
alkaloids have shown great potential in developing antiarthritic
and antinociceptive agents (Cao et al., 2016).

Lindera plants are appropriate for manufacturing soaps and
lubricants and are used for extracting lauric acid. Many Lindera
plants are rich in essential oils and are used for producing spices,
fragrances, and building timber (Zaini et al., 2023). In China, the
leaves of L. aggregata (Sims) Kosterm. have been used in traditional
Chinese medicine to treat a number of conditions, such as pain,
inflammation, and gastrointestinal problems (Lai et al., 2021).
The aerial parts of L. akoensis have been used in Taiwanese folk
therapy for inflammation (Yang et al., 2019). Besides, the bark
of L. erythrocarpa Makino was used to treat diabetic properties
and breast cancer (Haque et al., 2020). The barks of L. obtusiloba
Blume are used for treating bruises and throat congestion, and the
roots of L. glauca are used for treating fatigue caused by physical
collapse and rheumatoid arthritis. The roots, bark, and twigs of L.
umbellata have beneficial effects on gastric ulcer, abdominal pain,
cholera, and beriberi, and its volatile oil has antispasmodic effects
(Tanaka et al. 1985).

Based on these findings, there is a need to investigate
other Lindera species from other origins to further develop the
standardized extract for specific medicinal purposes in the future.
Thus, we present the first report on the antioxidant, antifungal,
and antibiofilm of two Lindera species (Lindera subumbelliflora
(Blume) Kosterm and Lindera caesia Reinw. ex Fern.-Vill.)
originated from Malaysia. This study focuses on the analysis
of antioxidant, antifungal, and antibiofilm of the leaf and root
extracts of L. subumbelliflera and the leaf extract of L. caesia.
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Material and Methods

Plant Materials

The leaves and roots of L. subumbelliflora (SB61-22) and the
leaves of L. caesia (SA13-09) were collected from Fraser Hill,
Pahang in January 2023. Both samples were identified by Dr.
Shamsul Khamis from Universiti Kebangsaan Malaysia (UKM).
The voucher specimens were deposited at the Herbarium of UKM,
Faculty of Science and Technology, UKM.

Plant Extraction

The dried powdered leaves (100 g) and roots (100 g) of L.
subumbelliflora and the leaves (100 g) of L. caesia underwent a cold
extraction process using methanol as solvent. The selection of plant
parts for this study was based on specific criteria. Specifically, the
leaves of both species were chosen due to their accessibility and
well-documented traditional medicinal uses of leaves from this
genus. Additionally, the roots of L. subumbelliflora were included
in the investigation based on its availability and accessibility.
Following extraction, the obtained extracts were filtered, and the
solvent was removed under vacuum conditions using a rotary
evaporator. These extracts were then preserved by freezing them
until they were ready to be used in the experiments. The yield
percentage (w/w) of the leaves and roots of L. subumbelliflora was
2.52 g and 2.89 g, respectively, while the leaves of L. caesia yielded
2.65g.

Solvents and Chemicals

Analytical grade methanol used for extraction were
purchased from Merck (Germany). Antioxidants:1,1-diphenyl-2-
picrylhydrazyl (DPPH), ascorbic acid, butylated hydroxytoluene
(BHT) were obtained from Sigma-Aldrich (Germany).
Antifungal/Antibiofilm: nutrient agar (NA), nutrient broth (NB),
sabouraud dextrose agar (SDA), sabouraud dextrose broth (SDB),
and chlorhexidine were purchased from Oxoid (Italy). The fungal
used in this study was Candida spp. from American Type Culture
collection (ATCC) strain. The clinical strain was isolated from an
oral cancer patient. The strains were kept in glycerol (25%) at -80
°C freezer.

Antioxidant Activity

The free radical scavenging activity was measured by the
DPPH method with minor modifications (Salleh et al., 2016b).
Briefly, 1 mg DPPH radical was dissolved in 50 mL MeOH and
immediately measured at 0 min to obtain A . Each methanolic
sample of the stock solution was diluted to 1 mg mL" in MeOH
in various concentrations (200, 150, 100, 50, 25 pg mL™"). Ascorbic
acid and butylated hydroxytoluene (BHT) were prepared with
the same range of concentration and used as reference standards.
Then, 75 pL (0.1 uM) DPPH methanolic solution was added to
225 uL of each sample solution and allowed to incubate in the dark
for 30 min at room temperature. Then the absorbance at 515 nm
was measured with a UV-vis spectrophotometer using ELX-500
UV plate reader (Bio-Tek). The recorded optical densities were
used to calculate the percentage of DPPH radical scavenging,
which is proportional to the antioxidant power of the sample. The
percentage inhibition (I%) of DPPH radicals were calculated as
follows:
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1% = [ Ablank - Asample / Ablank ] x 100

where A, is the absorbance value of the control reaction
(containing all reagents except the test extracts) and A is
the absorbance value of the test extracts/standard. The sample
concentration providing 50% inhibition (IC,)) was calculated by
plotting the inhibition percentages against concentration of the

sample.

Antifungal Activity

To grow Candida spp, the yeast's stock culture was revived in
Yeast Peptone Dextrose (YPD) broth (Difco, USA) and incubated
overnight at 37 °C. The yeast was then transferred to YPD agar
and incubated aerobically at 37 °C for 24 h. Each of the Candida
spp were standardized to 10° cells/mL equivalent to an absorbance
of 0.5 at 620 nm wavelength (OD_,, ). The prepared Candida spp
was used to study the antifungal efficacy of the methanol extract by
evaluating the visible growth of the fungus in the YPD broth. Using
serial two-fold dilutions of the extract (concentrations from 500 to
7.81 pg mL") with adjusted concentration of Candida spp (3x10°
cellsmL?), we determined the Minimum Inhibitory Concentration
(MIC) in YPD broth. The negative control contained only
inoculated broth and incubated for 24 h at 37 °C while the positive
control contained 0.12% chlorhexidine. The MIC endpoint was
identified as the lowest extract concentration showing no visible
growth. We assessed turbidity visually before and after incubation
to confirm MIC values. This experiment included three biological
and three technical replicates for accuracy. After determining the
MIC of the extract, 100 pL samples from tubes with no visible
bacterial growth were plated on agar and incubated for 24 h at
37 °C. When 99.9 % of the microbial population was killed at the
lowest concentration of an antimicrobial agent, it was termed as
Minimum Bactericidal Concentration (MBC) endpoint. This was
done by observing the pre- and post-incubated agar plates for the
presence or absence of microorganisms.

Antibiofilm Activity

The antibiofilm was investigated against four Candida spp.
(C. albicans 4901, C. albicans ECE1 mutant, C. lusitanae, and
C. auris) on biofilms and activities were determined using a
semiquantitative static biofilm assay (Mokhtar et al., 2021). The
standardized Candida spp (OD,, ) that were prepared were
used in this biofilm procedure. To determine the effect of the
methanolic extract on the biofilms, 200 puL of RPMI-1640 (conc.
500 pg mL* of the extract) of Candida spp (3x10* cells) were
inoculated in the same well of a 96-well plate. Wells containing
Candida spp only served as the negative control. Meanwhile,
wells containing Candida spp with 0.12% CHX served as the
positive control. The suspensions were mixed thoroughly using a
vortex mixer for 30 sec. Subsequently, 200 pL of each suspension
containing 2x10° cells (Candida spp.) of the initial inoculum were
pipetted into each well of a sterile 96-well plate. Finally, the 96-
well plate was incubated for 72 h at 37 °C aerobically, and the
medium was replenished aseptically every 24 h. The experiment
was performed in three biological replicates and three technical
replicates to ensure reproducibility. After incubation, the crystal
violet (CV) assay was performed according to the protocol by
(Arzmi et al., 2016) to quantify the biofilm biomass. Initially, the
wells containing biofilms were washed twice with sterile PBS to

remove the non-adherent cells. Later, the biofilms in the wells
were fixed by adding 200 pL of methanol and incubating for 15
min at 25 °C. The supernatant was discarded, and the plate was
air-dried for 45 min. Later, 200 uL of 0.1 % (w/v) CV solution was
added to each well and incubated for 20 min at 25 °C. The plate
was washed gently twice using sterile distilled water to remove
the unbound stain. Subsequently, the biofilms were detained with
200 pL of 33% (v/v) acetic acid for 5 min at room temperature.
Finally, 100 pL of the acetic acid solution was transferred to a
new sterile 96-well plate, and the absorbance was measured at
the optical density (OD) 620 nm wavelength (OD_, ) using a
microtiter plate reader (Tecan NanoQuant Infinite M200). The
mean absorbance values were used to measure the inhibition of
biofilm formation as follows:

[mean OD_,  of positive control — mean OD,  of experimental
/mean OD_, of positive control) x 100]
Statistical Analysis

All data were statistically analysed using SPSS version 27.0.
Independent t-test was conducted to compare between extracts-
treated and untreated biofilms. The analyses were performed
in triplicate; the results were expressed as a mean + standard
deviation. Data were considered significant when P < 0.05.

Results and Discussion

The DPPH radical scavenging was chosen to gain
understanding of the true antioxidant potential of the Lindera
extracts. The antioxidant activity of the two Lindera species is
summarised in Table 1. Fig. 1 illustrates a significant (P < 0.05)
decrease in the concentration of DPPH radicals. The antioxidant
activity, measured by the DPPH assay, showed inhibition
percentages ranging from 24.8% to 88.3%, with IC_ values
between 57.9 ug mL"! and 80.3 pg mL" for the different extracts.
The highest activity was found in the leaf extract of L. caesia with
IC,, value of 57.9 ug mL".

—e—AA —e—BHT —e—LSLM

LSBM —e—LCLM

DPPH (%)

20 40 60 80 100 120 140 160 180 200

Concentration (ug/mL)

Figure 1. Percentage inhibition of DPPH radical scavenging of Lindera extract

Note: AA - Ascorbic acid; BHT - butylated hydroxytoluene extract; LSLM. subum-
belliflora leaves extract; LSRM - L. subumbelliflora roots extract; LCLM. caesia leaves
extract
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Table 1. Antioxidant activity of Lindera extracts
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DPPH Inhibition (%)*

Concentration (ug mL")

LSLM LSRM LCLM AA BHT
200 83.0 £ 0.01 86.9 £ 0.01 88.3 £0.01 83.7£0.03 84.9 £0.54
150 84.7 £0.02 72.4 +£0.01 78.0 £ 0.02 59.6 £ 0.01 79.9 £ 0.09
100 62.5+0.02 57.1+0.02 59.0 +0.02 549 +£0.01 68.5+0.24
50 37.8£0.01 47.6 £0.03 49.4 £0.01 34.7+£0.13 56.3 + 0.66
25 24.8 £0.01 28.3+£0.02 40.2 £0.02 30.4+£0.25 37.3+0.22
IC,, value (ug/mL) 80.3 77.4 57.9 44.5 35.8

Note: *Data represent mean + SD of three independent experiments; AA - Ascorbic acid; BHT - butylated hydroxytoluene extract; LSLM - L. subumbelliflora leaves extract;

LSRM - L. subumbelliflora roots extract; LCLM - L. caesia leaves extract

However, these values were lower than the positive control.
This indicates that while the extract is effective, it is not as potent
as standard antioxidants, ascorbic acid. In DPPH assays, the test
intends to measure the hydrogen atom or electron donor capacity
of the extract to scavenge free radicals in the solution. The degree of
discoloration indicates the scavenging potential of the antioxidant
compounds present in the sample, where the higher the percentage
of inhibition, the stronger the antioxidant activity (Salleh et al.,
2015). Phenolic compounds are known as plant antioxidant agents
due to their ability as reducing agents, hydrogen donors, and singlet
oxygen scavengers. Phenolic compounds such as flavonoids are
particularly effective due to their chemical structure, which allows
them to act as reducing agents and singlet oxygen scavengers. The
plant extracts of these species contained flavonoids as reported
previously from L. aggregata (Zhang et al., 2023), L. umbellata
(Kusumoto et al., 2022), L. glauca (Siebold & Zucc.) Blume (Huh
et al., 2014), L. oxyphylla (Nees) Hook.f. (Hosseinzadeh et al.,
2013), and L. erythrocarpa (Liu et al., 1976). The likely presence of
similar compounds in L. caesia and L. subumbelliflora contributes
to their antioxidant activity, as indicated by the DPPH assay.

Moreover, the evaluations of antifungal potential were
determined and the results are shown in Table 2. The MIC is the
lowest concentration of an antifungal agent needed to prevent the
growth of a fungus, while the MFC is the lowest concentration
required to kill the fungus (Balouiri et al., 2016). In antifungal

Table 2. Antifungal activity of Lindera extracts

assays, the minimum inhibitory concentrations (MIC) ranged
from 250 pg mL™* to >1000 pg mL", and the minimum fungicidal
concentrations (MFC) were uniformly >1000 pg mL' except
for the root extract of L. subumbelliflora. The root extract of L.
subumbelliflora showed the most active compared to other extracts,
which gave MIC value 250 pg mL" against C. albicans ECE1 strain.
The variation in susceptibility among strains could be due to
genetic differences, fungal cell wall structure, or the presence of
efflux mechanisms that affect the penetration and action of the
extracts' active compounds (Vaou et al., 2021). Several reported
compounds such as Lindenane sesquiterpenoid monomers and
oligomers, known for their antifungal properties, have been
reported in various Lindera species (Chen et al., 2023). The
presence of these compounds in L. subumbelliflora could explain
the observed antifungal activity. Future studies focusing on the
phytochemical characterization of the extracts are necessary to
identify and confirm the specific compounds responsible for these
effects.

Furthermore, the effect of Lindera extracts to prevent or disrupt
biofilm formation was also investigated, with the results presented
in Table 3. The antibiofilm is the ability to prevent or disrupt the
formation of biofilms or to eradicate established biofilms. In this
study, the antibiofilm activity demonstrated inhibition percentages
ranging from 44.8% to 78.0% at a concentration of 500 pg mL".

C.A 4901 C.A ECE1 cL CA
Extracts/
Microbes MIC MEC MIC MEC MIC MEC MIC MEC
LSLM 1000 >1000 1000 >1000 1000 >1000 1000 >1000
LSRM 1000 >1000 250 250 1000 >1000 1000 >1000
LCLM 1000 >1000 1000 >1000 500 500 1000 >1000

Note: C.A 4901 - Candida albicans 4901; C.A ECE1 - Candida albicans ECE1; C.L - Candida lusitanae; C.A - Candida auris; LSLM - L. subumbelliflora leaves extract; LSRM - L.

subumbelliflora roots extract; LCLM - L. caesia leaves extract
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Table 3. Biofilm activity of Lindera extracts at concentration of 500 ug mL"

Percentage inhibition (%)

Extracts/

Microbes C.A 4901 C.A ECE1 clL CA
LSLM 448+ 181 485+ 1.52 66.6 % 2.05 62.2£2.15
LSRM 47.6 +2.07 514 +1.29 69.5 + 1.03 68.1+2.08
LCLM 502 + 1.36 58.7 +0.61 78.0 +2.75 66.3 + 1.82
Chlorhexidine 122.7 £0.31 132.8 £ 1.11 167.0 £ 0.97 158.1 £ 1.91

Note: C.A 4901 - Candida albicans 4901; C.A ECE1 - Candida albicans ECE1; C.L - Candida lusitanae; C.A - Candida auris; LSLM - L. subumbelliflora leaves extract; LSRM - L.

subumbelliflora roots extract; LCLM - L. caesia leaves extract

The leaf extract of L. caesia revealed the highest antibiofilm activity
against all tested strains. The extract gave an inhibition of 78.0%
and 66.3% against C. lusitanae and C. albicans, respectively.

Candida spp. biofilms are complex microbial communities
that have been associated with increased resistance to clinically
available antifungal drugs. The ability of Candida species is to
infect diverse hosts as a result of a wide range of virulent factors
such as their morphological transition between yeast and hyphal
forms, expression of adhesins and invasins on cell surfaces,
thigmotropism, phenotypic switching, secretion of hydrolytic
enzymes and formation of biofilms. The biofilms formed
are intrinsically resistant to antifungal drugs at therapeutic
concentrations effective against non-adhering cells, thus needing
higher concentrations resulting in a plethora of adverse effects
such as hepatotoxicity and nephrotoxicity (Harley et al., 2022).

Conclusion

In summary, the present paper reports for the first time a
preliminary study on L. subumbelliflora and L. caesia extracts
of Malaysian origin for antioxidant, antifungal and antibiofilm
properties. These results highlight the potential of L. caesia
extract to have the highest antioxidant (IC,; value 57.9 ug mL™")
and antibiofilm inhibitory activities against C. lusitaniae (78.0%).
Meanwhile, the root extract of L. subumbelliflora revealed the
strongest antifungal activity against C. albicans ECE1 (MIC value
250 ug mL™"). These results suggest that both Lindera species possess
bioactive compounds with potential applications in medicine.
Further studies, including phytochemical characterization and in
vivo testing, are necessary to confirm these activities and explore
their practical applications in medicine and other fields.
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