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Abstract

Background: Candida parapsilosis complex, as an opportunistic pathogen, can cause various infections, especially in
immunocompromised patients.
Objectives: This study investigated a novel thymoquinone-liposomal nanoparticle to increase the stability of thymoquinone with
antifungal effects against C. parapsilosis isolates.
Methods: The thymoquinone was encapsulated in liposomal nanoparticles using a thin-film hydration technique and then
analyzed by transmission electronmicroscopy (TEM), particle size, zeta potential, and UV-visible spectrophotometer. Also, the MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) assay was used on peripheral bloodmononuclear cells (PBMCs) for
cell metabolic activity. The antifungal activity of thymoquinone-liposomal nanoparticle against 15 clinical isolates of C. parapsilosis
and the reference strain was examined based on theM27-A3 guideline.
Results: The synthesized thymoquinone-liposomal nanoparticle was approved by the TEM, particle size, zeta potential, and UV-Vis.
The thymoquinone-liposomal nanoparticle showed no toxic effect on PBMCs following the MTT assay. The minimum inhibitory
concentration (MIC) range of free thymoquinone and liposomal formulations with inhibitory effects on Candida isolates was 50
to 6.25 and 150 to 18.75 µg/mL, respectively. The MIC50 and MIC90 values of free thymoquinone and thymoquinone-liposomal
nanoparticle were 25 and 50, and 75 and 150µg/mL.
Conclusions: The synthesized thymoquinone-liposomal nanoparticle shows significant antifungal activity against C. parapsilosis
isolates compared to free thymoquinone. However, becauseof itshydrophilicity andhydrophobicity, biocompatibility, particle size,
non-toxic effect, andhigher cell viability, the thymoquinone-liposomal nanoparticle is amore effective approach for treating fungal
infections.
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1. Background

Recently, Candida infections have been increased
among immunocompromised patients. Candida
parapsilosis is reported as the causative agent in a third of
allCandida infectionsand is associatedwithhighmortality
(1, 2). This pathogenic fungal infection shows a high ability
to transform from a symbiotic and commensal state
to a pathogenic phase. C. parapsilosis can be resistant to
treatmentwith antifungal drugsdue tomany factors, such
as biofilm formation (3, 4). So far, drug resistance with
different species of Candida has been reported, especially

in hospitalized patients undergoing long-term antifungal
drug treatment, in which C. parapsilosis is the common
pathogenic yeast among the species (3, 5). Several studies
have been conducted to develop antifungal agents based
on their low cost, low toxicity, and effectiveness against
pathogenic fungal isolates (6, 7).

Many studies have been conducted using
nanotechnology to increase the effectiveness of
antimicrobial agents, which can be helpful for
drug-resistant isolates and various organisms (8, 9). Nano
liposomes can adjust drug regulation by loading drugs
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and transmitting them into the cells, thus diminishing
drug resistance. Today, many fungal infections are
distinguished, and the importance of herbal medication
due to its low side effects has increased (10). Nigella
sativa is one of the herbal medication agents that have
been used in the treatment of fungal infections and can
also decrease clinical signs (11). Thymoquinone (TQ),
the major compound of N. sativa, can be used to treat
neurovascular and cardiovascular disorders and diminish
hypercholesterolemia and excesses of blood sugar (12-14).
Thymoquinone, along with related amino acids, will
lead to the generation of reactive oxygen species (ROS)
(15). Reactive oxygen species metabolic actions cause
cell death, which leads to penetrating the sections of
cytochrome c and cascade activation (15).

Thymoquinone is severely degraded after light
exposure and is not stable in aquatic environments
because of its hydrophobic groups. Thus, it is important to
encapsulate it in a carrier. Thymoquinone liposomes, after
characterization, are an excellent drug delivery system,
as they are capable of incorporating both hydrophilic
and lipophilic drugs (16). Liposomes can interact with
cell membranes, leading to the delivery of the content
inside the cell. Liposomes are generally characterized
by biocompatibility and biodegradation and are also
associated with non-immunogenic, non-toxic, and
inflammatory inherent biological characteristics. Also,
they can be absorbed by the medicinal target and have
high activity,making thema better option in the direction
of drug delivery compared to other drug delivery systems,
such as nano- and micro-solutions. Due to the shape and
surface structure of the liposomal carrier, it can bind to
antibodies, peptides, proteins, carbohydrates, and other
diverse and different small molecules (17).

2. Objectives

The current study aimed to synthesize and investigate
novel TQ-liposomal nanoparticles (TQ-Lip-NP) to increase
the stability of TQ with antifungal effects against C.
parapsilosis isolates.

3. Methods

3.1. Candida parapsilosis Clinical and Reference Isolates

A total of 15 clinical isolates of C. parapsilosis complex
were isolated (2015 - 2019) fromhospitalized cases infected
by candidemia (bloodstream) in Mashhad, along with
a reference strain of C. parapsilosis (ATCC 22019). The
matrix-assisted laser desorption ionization-time of flight
mass spectrometry (MALDI-TOF) approach was used to
identify the clinical Candida cultures (1).

3.2. Preparation and Characterization Techniques of TQ
Liposomes

The conventional thin-film hydration technique was
used to prepare TQ liposomes (18). Thymoquinone (Cat.
No. SC-215986; Sigma Chemical Co., USA) was dissolved
in a 2 mL mixture (1:1) of methanol and chloroform. The
ingredients (drug/lipid: 1:10) were taken in a flask with a
round bottom. Evaporation of the solvents was done in a
rotary evaporator to generate a thin lipid film. Using 2mL
of sterile normal saline, the dried lipid film was hydrated,
and thenbrief sonicationwas done (19). Themethods used
are summarized using a flowchart diagram in Figure 1.

3.3. Transmission Electron Microscopy

The transmissionelectronmicroscopy (TEM)evaluated
the structure of nanoliposomes (18). Characterization
of TQ-loaded liposomes indicated the existence of
unilamellar and multilamellar vesicles (Figure 2). Firstly,
one drop of nano liposomal preparation was maintained
on a platform-coated grid for 20 min. Approximately
10-20 drops of the negative stain (2% uranium acetate;
pH 7.0) were flushed on the platform; the grid was dried
and observed by TEM, and images were taken by a digital
camera. The size of liposomes was 50 - 120 nm, while
the TQ-loaded liposomes exhibited bigger sizes (50 - 200
nm). The TQ entrapment efficiency in the liposomal
formulation was estimated to be 80% (19).

3.4. The Mean Polydispersity and Hydrodynamic Diameter of
Liposomes

These parameters were measured using the dynamic
light scattering (DLS) method using a Zetasizer Nano ZS
(Malvern Instruments, CO., UK) attached to a 633-nm laser
source. The dynamic light scattering (Zeta sizer)measured
the particle size and Zeta potential of nanoliposomes
(Figure 3) (20).

3.5. Release Investigations in SimulatedGastric Fluid andBlood

The release profile of nanoliposomes was assessed in
simulated gastric fluid (SGF) and whole blood cells (WBC)
to determine the stability of nanoliposomes in SGF and
WBC. Hydrochloric acid solution (0.2 N, 39 mL) was mixed
with sodium chloride solution (0.2 N, 250 mL), and then
600 mL deionized water (DW) was added to prepare the
SGF (pH2.2), and theultimate volumewas adjusted to 1000
mL using DW. Phosphate buffer saline was adjusted and
provided by dissolving KH2PO4 (6.8 g) in DW (250 mL).
The mixture was added to NaOH solution (0.2 N, 77 mL),
followed by adding 600 mL DW, and the pH was adjusted
to 7.4. Finally, the volume of the solution was adjusted to
1000mLwith DW (20).
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Figure 1. The flowchart diagram illustrating the processes of synthesizing thymoquinone-liposomal nanoparticles (TQ-Lip-NP) against the clinical isolates of Candida
parapsilosis.

3.6. Antifungal Susceptibility Testing of TQ-Lip-Ps

This test was done on TQ-Lip-NPs based on the Clinical
and Laboratory Standards Institute (CLSI) M27-A3 protocol
guidelines (1). For this purpose, 2.5 × 103 CFU/mL of
the clinical isolates and reference strain (ATCC 22019)
of C. parapsilosis were made using a spectrophotometer
and prepared in RPMI 1640 medium (Gibco, Invitrogen,
and Carlsbad, CA, USA). Also, two-fold serially diluted
concentrations of TQ-Lip-NPs (0.12 - 118 µg/mL) and free TQ
(0.78 - 400 µg/mL) were prepared in RPMI 1640 medium.
Then, yeast suspensions (100 µL) and 100 µL of each of
the TQ compounds were added into a 96-well microplate
(1). The microplate underwent incubation at 37°C for
48 hours, and the lowest concentration inhibiting 80%
of the Candida growth was considered the minimum
inhibitory concentration (MIC). Candida suspension with

no treatment was considered a positive control, and the
culturemediumwas the negative control (1).

3.7. Cytotoxicity Assay on Peripheral Blood Mononuclear Cells

The mitochondrial function of peripheral
blood mononuclear cells (PBMCs) was investigated
using tetrazolium salt reduction by the MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium
bromide) method (14). For MTT dye preparation, MTT
powder (50 mg) was added to PBS (10 mL), followed
by sterilizing by a 0.22 µm filter. Then, 5 × 103 cells
were calculated in the DMEM medium with 10% fetal
bovine serum (FBS) and 1% streptomycin/penicillin (BiIdia
Corporation, Iran). Afterward, the suspension (100 µL)
was seeded in a microplate with 96 wells and underwent
incubation with 5% CO2 at 37°C for 24 hours. Then, 100 µL
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Figure 2. The thymoquinone-liposomal nanoparticles (TQ-Lip-NP) visualized using transmission electronmicroscopy (TEM).

of free TQ and TQ-Lip-NPs were added to each well, and
the plate was subjected to incubation for 24 hours. Then,
MTT dye (10 µL) was added to the wells, and we placed
the microplate in the dark for 4 hours. DMSO (Merck,
Germany) was then added to the wells, and 15 min later,
an ELISA reader (STAT FAX 2100) recorded the absorbance
at 590 - 600 nm. The cell suspension with no exposure
to these agents was regarded as a positive control, and
the culture medium was applied as a negative control.
The blank well included DMSO and tetrazolium salt. The
experiments were conducted three times. The following
equation was used to obtain the results:

Cell viability (%) = the test absorbance/the control
absorbance× 1.

3.8. Statistical Analysis

The experiments were analyzed using the Npar Test,
and the average of the measurements was considered
the results. Statistical analyses were done by the
Mann-Whitney U test using SPSS 23, with a P-value of
< 0. 5 was assumed to be significant.

4. Results

4.1. Characterization Techniques of NPs

The synthesized TQ-Lip-NP was approved by the TEM,
particle size, zetapotential, andUV-Vis. Sizemeasurements
weredone three times, and themeanof the recordingswas
reported (Table 1).

4.1.1. The Average Particle Size Results of TQ-Lip-NP

The average particle size (ZAve) results of TQ-Lip-NP
with 74.4 and a polydispersity index (PDI) of 0.2 showed
a good mean average size and polydispersity in liposomal
formulation (Figure 4). The mean average of the zeta
potential of -28mv showed a good negative voltage charge
with no agglutination or aggregation of nanoliposomes
(Figure 4).

4.1.2. The Encapsulation Efficiency of TQ-Lip-NP

The encapsulation efficiency (EE%) of TQ-Lip-NP was
76.9%. The viability percentages of PBMCs receiving
TQ-Lip-NPs and free TQ during incubation for 24 hours are
provided in Figure 5.
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Figure 3. Themean zeta potential average of thymoquinone-liposomal nanoparticles (TQ-Lip-NP)

Table 1. Zeta Potential, Particle Size, and Polydispersity Index Analysis of the Thymoquinone-Liposomal Nanoparticle

Zeta Average (nm) Zeta Potential (mv) PDI Encapsulation Efficiency

TQ-Lip-NP 74 ± 0.2 -28 ± 2 0.2 76 ± 4

Abbreviations: TQ-Lip-NP, thymoquinone-liposomal nanoparticle; PDI, polydispersity index.

4.2. The Viability Percentages of Cells Treated with TQ-Lip-NPs
and Free TQ

The viability percentages of cells treated with
TQ-Lip-NPs and free TQ were 90 and 83%, respectively.
TQ-Lip-NPs showed lower toxicity and a dose-dependent
effect on the viability of PBMCs. Moreover, the TQ-Lip-NP
showed no toxic effect on PBMCs following the MTT assay
(P-value < 0.5) (Figure 5).

4.3. Release Profile

About 72% and 75% of TQ-Lip-NP were released mainly
around 6 h at pH values of 7.4 and 2.2, respectively (P-value
< 0.5) (Figure 6).

4.4. The MIC Range of Free TQ and Liposomal Formulation

The MIC range of free TQ and liposomal formulations
with inhibitory effects against Candida isolates was 50 -
6.25 and 150 - 18.75µg/mL, respectively. Moreover, theMIC50

and MIC90 values of free TQ and TQ-Lip-NP were 25 and 50,
and 75 and 150µg/mL, respectively (Table 2). Three isolates
(C3, C7, and C10) showed highly significant resistance to
free TQ, and seven isolates (C2, C5, C6, C8, C11, C13, and
C15) showed more significant resistance to the liposomal
formulation of TQ than the others (P-value < 0.5) (Table 3).
Thegeometricmeanof free TQandTQ-Lip-NPwas 21 and55,
and theMIC50 andMIC90 valueswere 25 and 50, and 75 and
150µg/mL, respectively.
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Figure 4. The average particle size (ZAve) and polydispersity index (PDI) of thymoquinone-liposomal nanoparticles (TQ-Lip-NP)

Figure 5. The assessment of the cytotoxic effects or cell viability percentage of thymoquinone-liposomal nanoparticles (TQ-Lip-NP) and free TQ
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Figure 6. Release results of liposomal formulation of thymoquinone (TQ), in different pH values: Simulated gastric fluid (SGF) with a pH of 2.2 and Phosphate buffer saline
(similar to the acidity of whole blood) with a pH of 7.4

Table 2. TheMinimum Inhibitory Concentration Results of the Thymoquinone on the Growth of Clinical Isolates and Reference Strain of Candida parapsilosis Isolates

Candida parapsilosis Isolates 400µg/mL 200µg/mL 100µg/mL 50µg/mL 25µg/mL 12.5µg/mL 6.25µg/mL 3.125µg/mL 1.56µg/mL 0.78µg/mL PC NC

C1 S S S S S S S a R R R + -

C2 S S S S S a R R R R R + -

C3 S S S S a R R R R R R + -

C4 S S S S S a R R R R R + -

C5 S S S S S S a R R R R + -

C6 S S S S S a R R R R R + -

C7 S S S S a R R R R R R + -

C8 S S S S S a R R R R R + -

C9 S S S S S S a R R R R + -

C10 S S S S a R R R R R R + -

C11 S S S S S a R R R R R + -

C12 S S S S S S S a R R R + -

C13 S S S S S S a R R R R + -

C14 S S S S S a R R R R R + -

C15 S S S S S S a R R R R + -

Reference strain 22019 S S S S a R R R R R R + -

Abbreviations: R, resistance; S, sensitive; PC, positive control; MIC, minimum inhibitory concentration; NC, negative control.
a The wells, which represent the lowest concentration that inhibited 100% of the Candida growth.

5. Discussion

The emergence of drug-resistant species has caused
the development of novel drugs to solve this problematic
issue. Using essential oils, like TQ, as the major
components of N. sativa improves the effectiveness of

antifungal agents and reduces antifungal resistance (14,
21). The prevalence of Candida infections has increased in
recent years due to the increase in the number of patients
with immune systemdisorders, especially Candida species
resistant to antifungal drugs (1, 5). Candidemia is themost
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Table 3. The Minimum Inhibitory Concentration Results of the Thymoquinone-Liposomal Nanoparticles on the Growth of Clinical Isolates and Reference Strain of Candida
parapsilosis Isolates

Candida parapsilosis Isolates 600µg/mL 300µg/mL 150µg/mL 75µg/mL 37.5µg/mL 18.75µg/mL 9.37µg/mL 4.68µg/mL 2.34µg/mL 1.17µg/mL PC NC

C1 S S S S S a R R R R R + -

C2 S S S a R R R R R R R + -

C3 S S S S a R R R R R R + -

C4 S S S S S a R R R R R + -

C5 S S S a R R R R R R R + -

C6 S S S S a R R R R R R + -

C7 S S S S S S a R R R R + -

C8 S S S S a R R R R R R + -

C9 S S S S S S a R R R R + -

C10 S S S S S a R R R R R + -

C11 S S S S a R R R R R R + -

C12 S S S S S a R R R R R + -

C13 S S S S a R R R R R R + -

C14 S S S S S S a R R R R + -

C15 S S S a R R R R R R R + -

Reference strain 22019 S S S S a R R R R R R + -

Abbreviations: R, resistance; S, sensitive; PC, positive control; MIC, minimum inhibitory concentration; NC, negative control.
a The wells, which represent the lowest concentration that inhibited 100% of the Candida growth.

common form of Candida species-related invasive disease;
C. parapsilosis is the second or third most common and is
the fourth or sixth most common nosocomial infection
(1, 2). The increase in the frequency of C. parapsilosis
infectionshasbeenattributed tovarious factors, including
biofilm formation. Immunocompromised patients are at
high risk of being affected by C. parapsilosis, particularly
patients requiring prolonged use of a central venous
catheter (1).

The current study synthesized TQ-Lip-NP as a new
antifungal formulation against clinical isolates of C.
parapsilosis complex isolated from thosewith candidemia.
Recently, alternative therapies, like herbalmedicines, have
been considered formicrobial infections (21). For instance,
the antifungal effect of N. sativa on the Candida genus has
been reported (22). However, the antifungal activity of TQ
(a major and essential component of N. sativa) is higher
than that of N. sativa. Almshawit and Macreadie (23) and
Rahsepar et al. (24) reported that the MIC value of TQ
against C. albicans was 50 µg/mL, which is similar to our
results (23, 24). In our study, the MIC50 and MIC90 values
of free TQ were 25 and 50 µg/mL, respectively. However,
two major problems with using free TQ are its sensitivity
to light and its insoluble nature in aquatic environments,
which should be considered when using this compound.

Thymoquinone, as a fungicidal compound, can induce
oxidative stress, which damages biological molecules. It
is also a lipophilic compound with poor solubility in an
aqueous medium (23). Hence, to enhance the TQ activity,
a liposomal formulation was investigated. Because of
its low solubility in water, encapsulation of TQ not only

solves this problem but also improves its efficiency
due to its gradual release from the nanoliposomal
structure (25). On the other hand, the development of
biosynthesizedNPs can significantly reducedrug-resistant
and challenging-to-treat Candida infections, as has
been shown in various studies. Furthermore, NPs have
demonstrated high biological activity and low toxicity.
Randhawa et al. (26) and Rahsepar et al. (24) reported that
the MIC value of nano-sized TQ was 160 µg/mL (24, 26).
However, ourMIC50 andMIC90 values for TQ-Lip-NPwere 75
and 150 µg/mL, which is less than the mentioned studies.
This could bedue to the better synthesis of nanoliposomes
made in this study or the difference in the structure of the
studied organisms.

In this study, although the geometric mean of free
TQ was less than that of TQ-Lip-NP (21 compared to 55),
with a stronger effect of antifungal properties, according
to its cytotoxicity effect and its compatibility with normal
cells, TQ-Lip-NP showed significantly fewer toxic effects
on PBMCs than free TQ. Furthermore, the MIC50 and
MIC90 of free TQ were less than those of TQ-Lip-NP, and
these data could be evaluated in the course of a clinical
trial study in the future. Bhattacharjee et al. (27) and
Rahsepar et al. (24) reported that the viability percentage
of PBMCs treated with TQ was merely 42%, and the free TQ
concentration range was 9 µg/mL, which is not consistent
with our findings (24, 27). The study results showed that
TQ-Lip-NP has more acceptable effects with a viability of
90% (compared to83% of freeTQ)at a concentrationof 0.78
µg/mL. The cytotoxicity results showed that TQ-Lip-NPs
were more biocompatible compared to free TQ and that
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toxicity showed a significant reduction when liposome
forms were applied.

TQ-Lip-NPs were safer and more biocompatible
and effective compared to free TQ; thus, they can be
an appropriate alternative to azole drugs with many
side effects. Furthermore, considering the tendency
to form fungal biofilms among C. parapsilosis isolates
following the use of venous catheters, it seems that
the structures of nanoliposomes can also be used to
penetrate these resistant structures. The current study
evaluated clinical isolates of C. parapsilosis isolated from
high-risk candidemia hospitalized patients following
central venous catheters. Nonetheless, more in vivo and
in vitro studies are required to evaluate the efficacy of
nanoliposomal structures.

One of the limitations of our study is the relatively
small number of isolates of C. parapsilosis. Moreover,
other Candida species were not investigated. Therefore, if
more isolates and Candida species could be investigated,
the possibility of applying and using these nanoliposomal
compounds in future clinical studies could be given
special attention.

5.1. Conclusions
The novel synthesized TQ-Lip-NP was approved by

the TEM method, particle size, zeta potential, and UV-Vis.
TQ-Lip-NP showed no significant antifungal activity
against C. parapsilosis complex isolates compared to
free TQ. However, because of its hydrophilicity and
hydrophobicity, particle size, biocompatibility, non-toxic
effect, and higher cell viability, TQ-Lip-NP could be
considered a more effective approach to treating Candida
infections.
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