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Abstract

Aims: Medicinal plants have a long and significant history of being used for their healing
properties. One famous example is Commiphora, which is mostly found in the southern part of
Arabia. The objective of this research was to evaluate the effectiveness of a water-based extract
obtained from two different varieties of myrrh in suppressing the proliferation of Candida spp. at
different concentrations. The objective of this research is to determine the chemical composition

of Commiphora and its capacity to prevent the development of Candida spp.

Methodology and Results: A plant specimen traditionally used in Saudi Arabia for its possible
effectiveness against Candida albicans (ATCC 14053), C. neoformans (ATCC 66031), Candida
laurentii (ATCC 18803), Candida guilliermondii (ATCC 6260), and Candida tropicalis (ATCC
66029). The results showed that the aqueous extract of both tested species of Myrrha (Commiphora
myrrha and C. molmol) shown inhibitory effects on all tested isolates. Moreover, it was discovered
that the inhibitory impact decreased with increasing concentrations of Myrrha. During the chemical
examination of the Myrrha, it was noted that the material included 12 components known for their
antimicrobial properties. The components described before are as follows: The specified chemical
compounds consist of B-Elemene, B-bisabolene, Dihydro butyl bezodoxepin, Tetradecanol, methyl
palmitate, Tribenzo-1,2,3,4,5,6 anthracene, 9-Eicosene, 2-bromo-4-fluoro-N-(thiophen-2-

ylmethyl) aniline, Octadecenoic acid methyl ester, dehydroabietic acid, and Docosene.

Conclusion: The antimicrobial activity of five yeasts was assessed using the diffusion

technique. The essential oil derived from two varieties of myrrha shown the most significant effects
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on Candida tropicalis (ATCC 66029), Candida guilliermondii (ATCC 6260), Candida laurentii
(ATCC 18803), C. neoformans (ATCC 66031), and Candida albicans (ATCC 14053). Upon
conducting a chemical examination of the myrrha, it was shown that it consists of 19 known
components, of which 12 compounds have been proven by research to suppress the growth of
microorganisms. Further research is needed to fully explore the potential of these water extracts as
innovative antifungal medicines, including their effectiveness against various strains of Candida
and the processes by which they work, as well as the primary components responsible for their

action.

Keyworeds: Candida albicans, C. neoformans, Candida laurentii, Candida guilliermondii,

and Candida tropicalis, Commiphora, terpenoids.

Introduction

Myrrh resin, produced from a Bruseraceae plant, treats wounds, digestive difficulties,
diarrhea, coughing, and chest diseases [1]. Commiphora myrrh treats wounds, oral ulcers,
discomfort, fractures, stomach disorders, microbiological infections, and inflammation. Antiseptic,
astringent, anthelmintic, carminative, emmenagogue, and expectorant is common medical
terminology. The phytochemical examination found monoterpenoids, sesquiterpenoids,
volatile/essential oil, diterpenoids, triterpenoids, and steroids. The essential oil is utilized in
aromatherapy, perfumes, and cosmetics. The chemical is anti-inflammatory, antioxidant, anti-
microbial, neuroprotective, anti-diabetic, anti-cancer, analgesic, and anti-parasitic. Recent studies
demonstrate COVID-19 treatment works. This substance's phytochemicals may be used to generate
medical insecticides with anti-parasitic capabilities [2]. Batiha et al. [2] identified medication
interactions. Sumerians used myrrh to treat tooth and intestinal worms about 1100 BC. Egyptians

were myrrh embalmed.

In 1998, Stevenson [3] reported that the oil treats Candida albicans, Tinea pedis, and
subcutaneous ulcers. The British Herbal Pharmacopoeia recommends myrrh tincture mouthwash
for gingivitis and ulcers [4]. Blumenthal [5] reported in 1999 that the European Commission
approved myrrh for minor pharyngeal and oral pain. Nomicos [6] states myrrh heals syphilis,

leprosy, and rheumatism in Chinese medicine. In Somalia and Ethiopia, myrrh decoctions relieve
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stomachaches, de Rapper et al. [4] claim. Various studies show that terpenoids are anti-molluscic,

hypoglycemic, local anesthetic, cytotoxic, and microbicidal [2].

Most healthy persons have cutaneous, oral, vaginal, and gastrointestinal C. albicans. In
dysbiosis and immune suppression, symbiotic mode turns parasitic, producing invasive infections
with significant morbidity and death from superficial to severe debilitation. Candida albicans’
ability to transition between yeast, pseudohyphal, and hyphal forms is essential for host tissue

invasion and parasitization, hyphae penetrate host tissues when yeast circulates [7].

Cryptococcus neoformans affects immunocompromised patients. Lethal meningoencephalitis

results from CNS invasion [8].

The yeast-like environmental fungus Papiliotrema laurentii evolved from Cryptococcus laurentii.
A restricted structure makes it non-pathogenic. Pigeon droppings contain this fungus [9,10].
Invasive P. laurentii infections affect immunocompromised persons . The first case of P. laurentii
fungemia in a preterm infant with low birth weight in Kuwait and the Middle East was reported by
[11]. Recent immunocompromised patients contracted invasive P. laurentii [12-16]. Additionally,

P. laurentii may cause cutaneous infections [11, 17, 18].

Immunocompromised persons get skin infections from Candida guilliermondii. Human skin and
mucosa contain saprophyte M. guilliermondii. Oncology, immunodeficiency, gastrointestinal or
cardiovascular surgery, and chemotherapy may cause significant infections. The bulk of M.
guilliermondii fatalities are cancer patients. M. guilliermondii infections have risen in recent
decades. Low amphotericin B, fluconazole, micafungin, and anidulafungin response. Both
preventive and empirical medicines increase M. guilliermondii MICs. Drug resistance worries

researchers worldwide. Fixing this is their goal [19].

This product comprises essential oils, gum (30-60% water solubility), myrrhol (3-8% ether), and
resin, myrrhine. Burseraceae species Commiphora produce fragrant, transuding resins from stem
bark. Yellow-to-reddish-brown resin particles. Bitter taste and pungent balsamic aroma are

pleasant [2,20]. Heerabolene, elemol, acadinene, cuminaldehyde, eugenol, and furano-
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sesquiterpenes such furanodienone, furanodiene, curzerenone, and lindestrene are in Commiphora
myrrh resin [21] the volatile oils are mono- and sesquiterpenoids. Gas chromatography finds
monoterpenoids. Many gas chromatography experiments have explored Commiphora species'
volatile oils. C. myrrha, quadricincta, holtziana, guidottii, kataf, sphaerocarpa investigated. Mono-
terpenoids found in literature include camphene, myrcene, limonene, a-pinene, and B-pinene.
Commiphora volatile oils vary widely. Volatile oil demands low oxidation sesquiterpenoids. [ -
selinene, B-Elemene, a-humulene, a-copaene, and germacrene B are common in Commiphora

species' volatile oils. Furanosesquiterpenoids characterize Commiphora.

Biofilm-related Candida albicans disorders are difficult to treat owing to antifungal drug
resistance. The search for innovative phytotherapeutic approaches employing medicinal plants and
essential oils has begun [22]. Rahman et al. [23] identified four antimicrobial Commiphora mol
terpenes: mansumbinone, 3,4-seco-mansumbinoic acid, f-elemene and the latter is antibacterial. It
slightly increases ciprofloxacin and tetracycline against Salmonella strains SL.1344 and L10 and
eight times Norfloxacin against Staphylococcus [23]. Germano et al. [24] found C. myrrh extract
and essential oil expectorants treat chest infections. Su et al. [25] found myrrh aromatic gum resin
causes chest infections. The resin fights chest infection-causing germs and fungus by inhibiting
inflammation and cytotoxicity. C. myrrh resin and extract decreased inflammation and chest
discomfort [26]. Sore throat and chest infection myrrh. Decreases inflammation [27]. In diffusion
trials, pe myrrh inhibited C. albicans. Water extracts stopped strains. Myrrh is more effective
against C. albicans (9 mm zone of inhibition, 20 mg/mL) for gingivitis, pharyngitis, phyorrhoea,
and sinusitis [3] C. albicans antifungal activity matches previous observations [28] of
Commiphora. Commiphora resin and Fiorano sesquiterpenoids have antimicrobial and antifungal
properties. This study characterized the chemical constituents of the aqueous extract of myrrh resin

and demonstrated its antibiotic potential by inhibiting many pathogenic yeasts.

Based on this premise, this research suggests doing more investigations to separate and
isolate the natural active components from the plant extract. These components help save lives and
aid in discovering alternatives to combat the emergence and spread of antibiotic-resistant types of

microbes.
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MATERIALS AND METHODS
Plant samples

The plant samples of Commiphora myrrha and Commiphora molmol came from stores in

Dammam city. We kept the items we bought at 4°C until we could test them.
Preparing the extracts
Aqueous extract

Commiphora myrrha and C. molmol oleo-gum resins Dammam supplied additional samples
for this study. Myrrha powder 1, 2, and 5g was dissolved in 10 mL sterilized distilled water. They

were gauze-filtered after 24 hours of ambient soaking [30].

Fungal strains: Five fungal strains were obtained from School of Medicine, King Saud
University, Riyadh city. These fungi were different strains of Candida albicans (ATCC 14053), C.
neoformans (ATCC 66031), Candida laurentii (ATCC 18803), Candida guilliermondii (ATCC
6260), and Candida tropicalis (ATCC 66029) .

Each strain was subculture on Sabouraud’s dextrose agar (SDA) (Scharlau, Spain) medium

and incubated at 37°C for 24 h to obtain inoculums for testing [31].

Testing the effectiveness of aqueous extracts

Well-diffusion agar was used [31], after adding 1 ml of the fungal suspension of each
Candida individually to a sterile plastic petri dish, 10 ml of the medium was poured off and left to
solidify. Using a sterile corkborer, a hole of half a centimeter in diameter was made in the agar,
and the myrrh extract was placed inside it and incubated for 48 hours. The plates were incubated

at a temperature of 37°C. The area occupied was calculated to record the results.

Detecting the composition of the chemical materials of Myrrha resin aqueous extract:
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Mass spectrum was used to analyze myrrha's chemical composition for antimicrobial
chemicals. Analyzing the sample's mass spectrum using GC-SM assessed its chemical
composition. After identifying the samples' primary ingredient, the inhibitive chemicals are

determined [32].

STATISTICAL ANALYSIS

Statistics were done using a properly randomized technique and three treatment duplicates.

L.S.D. in SPSS 16 was used to compare data at 0.05 probability according to Norusis [33] .

RESULTS AND DISCUSSION

Effect of tested Myrrha aqueous extracts:

The impact of tested Myrrha aqueous extracts on five isolates was examined using the agar
well diffusion technique, chosen for its reliability, simplicity, and clear outcomes. The findings
were established by measuring the area of the inhibitory zone after a period of 48 hours. The
findings shown in Table (1) indicate that an inhibitory zone was identified for both kinds of bitter
substances against the tested candida strains. Furthermore, the inhibitory impact was found to be

directly proportional to the dose utilized, ranging from 10% to 30%.

The inhibitory zone diameters for Candida albicans (ATCC 14053), C. neoformans (ATCC
66031), Candida laurentii (ATCC 18803), Candida guilliermondii (ATCC 6260), and Candida
tropicalis (ATCC 66029) were 2.45 mm, 2.04 mm, 2.26 mm, 1.98 mm, and 1.9 mm, respectively,
at a 30% concentration of C. molmol. However, the use of C. myrrha aqueous extract resulted in a
reduction in the zone of inhibition to 1.89, 1.62, 2.05, 1.78, and 1.74, respectively. Akintobi et al
[34] have achieved comparable findings, indicating that both forms of Myrrha have had an impact
on C. albicans. The area of inhibition measures 1.76 and 2.01 cm2 for doses of 250 and 1000
mg/mL respectively for the first kind of Myrrha. For the second type, the area of inhibition

measures 1.53 and 1.76 cm? consecutively.
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Table-1: Inhibition zone (mm) of Myrrh extracts at various concentration on some

Candidiasis
Conc. Of Diameter of inhibition zone (mm)
Treatment myrrh Can.dida C. Candida Candida Candida
o albicans neoformans laurentii villiermondii tropicalis Mean*
0 (ATCC (ATCC (ATCC ‘% ATCC 6260) (ATCC
14053) 66031) 18803) 66029)
trol
contro 0 0 0 0 0 0 0
10 0+0 .73+0.05 1.2440.16 1.0140.05 0+0 0.60
3
E 20 1.764+0.03 1.06+0.46 1.48+0.09 1.340.35 .38+0.33 1.20
g
S 30 1.89+0.09 1.62+0.8 2.05+0.55 1.78+0,56 1.74+0,05 1.81
10 0+0 .66+0.13 1.014+0.29 1.1840.16 0.94+0.23 0.76
g 20 1.65+0.05 1.124+0.35 1.63+0.18 1.4240.09 1.5+0.05 1.46
S
g
@) 30 2.45+0.05 2.04+0.33 2.26+0.2 1.98+0.05 1.9+0.09 2.13
Mean 1.29 1.20 1.60 1.45 1.08

*Each value is a mean of three replicates (+SE).

The results obtained by evaluating the perception of candida in reaction to these extracts align
with the conclusions of other studies, including as [34-37]. The beneficial effects of Candida may
be ascribed to the existence of microbiologically resistant chemicals in these extracts, such as

volatile oils, terpenes, phenols, flavonoids, and saponins [38].

The pathogenicity of Candida species is due to various virulence factors, including their
ability to evade the immune system, adhere to surfaces, promote the growth of hyphae, form
biofilms on medical devices and host tissue, and produce hydrolytic enzymes such as proteases,
phospholipases, and haemolysin, which can cause tissue damage [39]. persons with weakened
immune systems or diabetes mellitus are more vulnerable to getting mucosal or systemic infections
compared to healthy persons [40]. Non-albicans species are contributing to a concerning increase
in infections. Candida glabrata is the second most common species of candidiasis or vaginal
candidiasis, behind C. tropicalis, which is the third most widespread species, and C. albicans.
Candida parapsilosis has become the dominant fungal infection in newborns and infants in certain

medical institutions [41].
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Chemical composition of myrrha resin in the aqueous extract:

The obtained results demonstrated that the aqueous extract of both types of myrrha contains
substances that hinder the proliferation of the five types of candida. In order to determine the nature
of these compounds, a chemical analysis was conducted on the composition of the myrrha using
the mass spectrum method (figure 1). The presence of 12 compounds with known antimicrobial
properties has been demonstrated. These compounds are: B-Elemene, B-bisabolene, Dihydro butyl
bezodoxepin, Tetradecanol, methyl palmitate, Tribenzo-1,2,3,4,5,6 anthracene, 9-Eicosene, 2-
bromo-4-fluoro-N-(thiophen-2-ylmethyl) aniline, Octadecenoic acid methyl ester, dehydroabietic
acid, and Docosene. The extract's inhibitory activity may be attributed to the presence of abundant
terpene single molecules [42]. These chemicals possess the capacity to inhibit many forms of yeast,
which is known as their ability to examine the cell wall. This also results in the attenuation of
cellular biological processes by interfering with the cytoplasmic membrane's protein synthesis
process, so slowing and halting the process. This also impedes the active transport of ions and salts

via the membrane [43].

The specific strategies used by microbes to survive the effects of microbial antibiotics are
still unclear and subject to debate [35]. Conversely, the chemical constituents of plants serve to
safeguard them from internal microbial assaults. Nevertheless, some components within these
substances possess inherent significance as natural chemical compounds that serve to protect the

human body against microbial invasions [44].

The results obtained from the feeling of candida of these extracts are consistent with the
findings of other studies [34-36]. The favorable findings of Candida may be attributed to the
presence of potent components in these extracts that are resistant to microbiological agents, such
as volatile oils, terpenes, phenols, flavonoids, and saponins [38].

Figure (1) shows the GC-MS chromatographic analysis of the ethanolic extract of two
varieties of Mrayh. The analysis was conducted using a GC-MS equipment to first identify and
describe its components. Table (2) presented the constituents of the raw Mayrah ethanolic extract,

revealing the identification of 19 subcomponents with molecular weights ranging from 146 to 410.
8
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These subcomponents include fatty acids and their precursors, with some of them being categorized
as polyunsaturated fatty acids (PUFAs), such as Linoleic acid. Eugenol and trans isoeugenol are

phenolic chemicals, whereas squalene is an alkene categorized as an isoprenoid substance.
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Figure. 1. Chromatograms differentiate the primary constituent of C. myrrha and C.

molmol via mass spectrometry.
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Table (2): Analyzing the GC-MS chromatograph reveals the expected subcomponents of

the SFE C. myrrha and C. molmol extract.

Commiphora Commiphora
NO. Compound predicted myrrha (B) molmol (A) M. formula Biological effect
M. wt. M. wt.
Beta-Elemene antibacterial and antifungal [45]
1 204.21 204.21 CisHyy
Germacrene D . Antiviral Activity [46]
anti-adipogenic and antibacterial activities
[47]
2 B-bisabolene 204.21 204.21 CisHay
against human A549 cells Anticancer [48].
Hydroquinone derivative Antimicrobial; antioxidant; antitumor;
3 - 206 C3H 50, antiviral [49].
Dihydro butyl bezodoxepin
Tetradecanol antibacterial and anti-inflammatory
4 214 214 C4H5,0 (periodontitis) activity [50]. Antiviral
furanocudesma-1,3-diene Activity [51]., analgesic property [28, 52].
Analgesic property [28, 52]
5 Lindestrene 214 214
CISHISO
Curzerene Analgesic property [28]. Nerve pain [53].
6 216 216 CisHO
Furanodiene
CsH,60, Antiplasmodial [54].
7 Myrrhone 228.27
C20H2004
8 2-(2-hydroxy-2-methyl-2- 237 237 Analgesic Activity [55]
phenylethyl)-3-methyl
Anti-infl; t Anti-oxidant -
9 | ZA4z-Furanodien-6-one 250= 252 CisH150, nti-inflammatory, Anti-oxidant , ound
healing agent, Anti-neoplastic [56].
. Antimicrobial [57].
10 methyl palmitate 270 270
VP CiHL0,
11 Tribenzo-1,2,3,4,5,6 anthracene 277 277.80 Anticancer and Antimicrobial [38].
C3H(Br,O
9-Eicosene Antimicrobial[32,59].
12 280 280 CyoHyo
13 2ibrotrl‘llaol-)4-f.lﬁoro-N-(thlophen-Z- 286.17 286.17 (Sjl 1HoBrFN
yimethytjaniine Antimicrobial [60].
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Octadecenoic acid Antimicrobial [61].
14 296 296 CoH360,
methyl ester
Anticancer, Antibacterial, Antiviral,
15 dehydroabietic acid 300 300.47 Antiulcer, Insecticidal, and Herbicidal
CyHy50, L
Activities [62].
16 Docosene 308 308 CyHyy Antifungal [63].
anti-inflammatory, Anti-inflammatory,
CtO Anti-oxidant, Wound-healing agent, Free
17 Mansumbinone 314.40 314.4 . ’ . e
radical scavenger, Anti-neoplastic[56,64,
65].
Tribenz[a,c,h]anthracene Anticancer Drug [66].
18 328.53 328.8 CoH
Or Tribenzo-1,2,3,4,5,6 anthracene 265716
-3,4seco-mansumbinone acid Anti-inflammatory, Anti-oxidant, Wound-
19 342.67 342 healing agent, Anti-neoplastic [56].
(Antibacterial[23].

Table 2 and Figure 1, 2 show the chemical composition of the myrrh plant extract. The GC-MS
study revealed the presence of 19 compounds, including 12 compounds with antifungal properties.
All of these chemicals are classified as fatty acids and their precursors, as well as phenolics and

flavonoids.
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Figure 2: The Chemical constructions of biologically active compounds extracted from
Commiphora myrrha and C. molmol oleo-gum resins.
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The aqueous extracts of Commiphora myrrha and Commiphora molol reduced the activity
of the tested fungus significantly. This might be due to fungal cell wall damage or even damage to
internal organelles such as mitochondria, which hampered their ability to gather energy for
development. Murakami et al.,[67] noted that the essential oil derived from C. myrrha led to
substantial decreases in the activity of mitochondrial dehydrogenase in C. albicans, hence affecting
its potential to produce energy. Furthermore, a considerable reduction in biofilm production was
noted, with a 62% reduction. There has been no prior research on the effect of C. myrrha essential
oil on C. albicans that we are aware of. Furanoeudesma-1, 3-diene (17.65%), curzerene (12.97%),
B-elemene (12.70%), and germacrene B, D, and A (12.15%, 9.13%, and 5.87%, respectively) are
the primary components of C. myrrha essential oil. Antifungal effects of curzerene and B-elemene
have been shown. Nonetheless, there has been little research on the effect of the compounds found
in C. myrrha essential oil on Candida albicans. As a result, additional research is required to

explore into this area [67, 68, 69].

Conclusion

Plant resin is a valuable botanical resource in traditional medicine. Commiphora is anti-
inflammatory, antioxidant, anti-microbial, neuroprotective, anti-diabetic, anti-cancer, analgesic,
and anti-parasitic. Additionally, it may fight respiratory infections like COVID-19. These
pharmacological effects are caused by terpenoids (monoterpenoids, sesquiterpenoids,
volatile/essential oils), diterpenoids, triterpenoids, and steroids. The essential oil is used in
aromatherapy, scent, and cosmetics. Pharmaceuticals' rich phytochemical components might be
used as insecticides as medicine research advances, due to their great anti-parasitic effectiveness
and ability to grasp medication interactions fully. Five yeasts were tested for antifungal activity
utilizing diffusion. The essential oil from two myrrha types had the greatest impact on Candida
tropicalis (ATCC 66029), Candida guilliermondii (ATCC 6260), Candida laurentii (ATCC
18803), C. neoformans (ATCC 66031), and Candida albicans. A chemical analysis of myrrha

revealed 19 components, 12 of which have been found to limit microbe development. Further study
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is required to thoroughly examine these water extracts' potential as revolutionary anti-fungal drugs,
including their efficiency against diverse Candida strains, their mechanisms of action, and their

main components.

Acknowledgments

The author is thankful to Department of Pathology, School of Medicine, King Saud
University, Riyadh 11461, Saudi Arabia for providing the cultures of Candida strains.

Data Availability
Data used to support the findings of this study are included within the article.
Conflicts of Interest

The author declares that there are no conflicts of interest.

Reference
1. Ghazanfar S. A. Handbook of Arabian Medicinal Plants. CRC Press Inc; Florida, USA 1994.
2. 2. Batiha G.E.S, Wasef L, Teibo J.O.et al. Commiphora myrrh: a phytochemical and
pharmacological update. Naunyn-Schmiedeberg's Arch Pharmacol 2023; 396, 405-420.
https://doi.org/10.1007/s00210-022-02325-0

3. Stevenson C.J. Aromatherapy in dermatology. Clin Dermatol 1998;16: 689—-694.
DOI: 10.1016/s0738-081x(98)00058-3
4. de Rapper S, Van Vuuren S.F, Kamatou G.P.P et al. The additive and synergistic antimicrobial

effects of select frankincense and myrrh oils—a combination from the pharaonic pharmacopoeia.
Lett Appl Microbiol 2012; 54:352-358 . doi: 10.1111/5.1472-765X.2012.03216.x.
5. Blumenthal M. Herbal medicines. AORN J 1999; 70:384-384

https://doi.org/10.1016/S0001-2092(06)62318-1

6. Nomicos E.Y. Myrrh: medical marvel or myth of the magi? Holist Nurs Pract 2007; 21:308-323.
DOI: 10.1097/01.HNP.0000298616.32846.34

7. Wilson D, Naglik J.R, Hube B. The missing link between Candida albicans hyphal morphogenesis
and host cell damage. PloS Pathogens 2016;12:¢1005867.

14


https://doi.org/10.1007/s00210-022-02325-0
https://doi.org/10.1007/s00210-022-02325-0
https://doi.org/10.1016/s0738-081x(98)00058-3
https://doi.org/10.1016/S0001-2092(06)62318-1
https://doi.org/10.1097/01.hnp.0000298616.32846.34
https://doi.org/10.1101/2023.12.22.572985
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.22.572985; this version posted December 22, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

8. Heitman J. Genetics of Cryptococcus neoformans. Annual Review of Genetics 2003; 36, 557-615.
https://doi.org/10.1146/annurev.genet.36.052402.152652
9. Castro-Lainez M. T, Castro-Lainez T, Deliz-Aguirre R, Antunez D, Cruz-Codina M,

Cahuayme-Zuniga L, Vitale K, Sierra-Hoffman M, Midturi J. K. Cryptococcus laurentii

meningitis in a non-HIV patient. IDCases 2019; 18, e00612.
https://doi.org/10.1016/;.1dcr.2019.e00612
10. Al-Sweih N, Al-Sweih N, Ahmad S, Joseph L, Khan S, Khan Z. Malassezia pachydermatis

fungemia in a preterm neonate resistant to fluconazole and flucytosine. Med Mycol Case
Rep. 5, July—September 2014, 9-11. https://doi.org/10.1016/j.mmcr.2014.04.004

11. Al-Otaibi H, Asadzadeh M, Ahmad S, Al-Sweih N, Joseph L. Papiliotrema laurentii fungemia in
a premature, very low-birth-weight neonate in Kuwait successfully treated with liposomal
amphotericin B. Journal de Mycologie Medicale 2021;

12. Al-Sweih N, Ahmad S, Khan S, Khan Z, Joseph L, Vayalil S, Chandy R. Persistent Candida
conglobata bloodstream infection in a preterm neonate successfully treated by combination therapy
with amphotericin B and caspofungin. J Mycol Med 2017; 27, 2, 271-276.
https://doi.org/10.1016/;.mycmed.2017.01.010

13. Gupta M, Mishra A. K, Singh S. K. Cryptococcus laurentii fungemia in a low birth weight preterm
neonate: India. J Infect Public Health 2018; 11,896-897 .https://doi.org/10.1016/j.jiph.2018.04.012

14. Jamal W. Y, Ahmad S, Khan Z.U, Rotimi V.O. Comparative evaluation of two matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) systems for the
identification of clinically significant yeasts. Int J Infect Dis 2014, 26, 167-170.
https://doi.org/10.1016/j.1jid.2014.05.031

15. Khawcharoenporn T, Apisarnthanarak A, Mundy L. M. Non-neoformans cryptococcal infections:
a systematic review. Infection 2007, 35, 51-58.

16. Kohler J.R, Hube B, Puccia R, Casadevall A, Perfect J. R. Fungi that infect humans. Microbiol
Spectr 2017; 5, DOI: 10.1128/microbiolspec. FUNK-0014-2016

17. Prakash A, Randhawa H. S, Khan Z. U, Ahmad S, Hagen F, Meis J. F, Chowdhary A.
Environmental distribution of Cryptococcus species and some other yeast-like fungi in India.

Mycoses 2018; 61, (5):305-313. doi: 10.1111/myc.12741

15


https://www.annualreviews.org/journal/genet
https://www.sciencedirect.com/science/article/pii/S2214250919300976
https://www.sciencedirect.com/science/article/pii/S2214250919300976
https://www.sciencedirect.com/journal/idcases/vol/18/suppl/C
https://doi.org/10.1016/j.idcr.2019.e00612
https://www.sciencedirect.com/science/article/pii/S221175391400013X
https://www.sciencedirect.com/science/article/pii/S221175391400013X
https://www.sciencedirect.com/journal/medical-mycology-case-reports/vol/5/suppl/C
https://doi.org/10.1016/j.mmcr.2014.04.004
https://www.sciencedirect.com/science/article/pii/S1156523316302268
https://www.sciencedirect.com/science/article/pii/S1156523316302268
https://www.sciencedirect.com/science/article/pii/S1156523316302268
https://www.sciencedirect.com/journal/journal-of-medical-mycology/vol/27/issue/2
https://doi.org/10.1016/j.mycmed.2017.01.010
https://www.sciencedirect.com/science/article/pii/S1876034118300480
https://www.sciencedirect.com/science/article/pii/S1876034118300480
https://doi.org/10.1016/j.jiph.2018.04.012
https://www.sciencedirect.com/science/article/pii/S1201971214015604
https://www.sciencedirect.com/science/article/pii/S1201971214015604
https://www.sciencedirect.com/science/article/pii/S1201971214015604
https://doi.org/10.1016/j.ijid.2014.05.031
https://pubmed.ncbi.nlm.nih.gov/?term=Hube+B&cauthor_id=28597822
https://pubmed.ncbi.nlm.nih.gov/?term=Puccia+R&cauthor_id=28597822
https://pubmed.ncbi.nlm.nih.gov/?term=Casadevall+A&cauthor_id=28597822
https://pubmed.ncbi.nlm.nih.gov/?term=Perfect+JR&cauthor_id=28597822
https://doi.org/10.1128/microbiolspec.funk-0014-2016
https://pubmed.ncbi.nlm.nih.gov/?term=Randhawa+HS&cauthor_id=29280202
https://pubmed.ncbi.nlm.nih.gov/?term=Khan+ZU&cauthor_id=29280202
https://pubmed.ncbi.nlm.nih.gov/?term=Ahmad+S&cauthor_id=29280202
https://pubmed.ncbi.nlm.nih.gov/?term=Hagen+F&cauthor_id=29280202
https://pubmed.ncbi.nlm.nih.gov/?term=Meis+JF&cauthor_id=29280202
https://doi.org/10.1101/2023.12.22.572985
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.22.572985; this version posted December 22, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

available under a CC-BY 4.0 International license.

Asadzadeh M, Ahmad S, Khan Z, Verghese S, Joseph L. Molecular identification, genotypic
heterogeneity and comparative pathogenicity of environmental isolates of Papiliotrema laurentii
. J Med Microbiol 2020; 69, (11):1285-1292. doi: 10.1099/jmm.0.001254.
Ghasemi R, Lotfali E, Rezaei K, Madinehzad S.A, Tafti M.F, Aliabadi N, Kouhsari E, Fattahi M.
Meyerozyma guilliermondii species complex: review of current epidemiology, antifungal
resistance, and mechanisms. Braz J Microbiol 2022; 53, (4):1761-1779. Doi: 10.1007/s42770-022-
00813-2.

Hanus L.O, Rezanka T, Dembitsky V.M et al. Myrrh—Commiphora chemistry. Biomed Pap Med
Fac Univ Palacky Olomouc Czech Repub 2005; 149, (1):3-28 | DOI: 10.5507/bp.2005.001
Vishakha K, Ramyasree D. Evaluation of antibacterial activity of Commiphora myrrha against
antibiotic resistant clinical pathogens. Indian J Pharm Biol Res 2015; 3, 0711

Darmani H, Elwan A.T, Abu Shaban A.M. Novel essential oils target the virulence factors of
Candida albicans. The Australian Journal of Herbal and Naturopathic Medicine 2022;34, (1):15-
20. DOI https://doi.org/10.33235/ajhnm.34.1.15-20
Rahman M.M, Garvey M, Piddock L.J, Gibbons S. Antibacterial terpenes from the oleo-resin of
Commiphora molmol (Engl.). Phytother Res 2008; 22, (10):1356-60. Doi: 10.1002/ptr.2501.
PMID: 18570217.
Germano A, Occhipinti A, Barbero F, Maffei M.E. A Pilot Study on Bioactive Constituents and
Analgesic Effects of MyrLiq®, a Commiphora myrrha Extract with a High Furanodiene Content.
Biomed Res Int 2017:3804356. doi: 10.1155/2017/3804356.
Su S, Duan J, Chen T, Huang X, Shang E, Yu L, Wei K, Zhu Y, Guo J, Guo S, Liu P, Qian D,
Tang Y. Frankincense and myrrh suppress inflammation via regulation of the metabolic profiling
and the MAPK signaling pathway. Sci Rep 2015; 5:13668. doi: 10.1038/srep13668. Erratum in:
Sci Rep. 2015;5:15597.
Su S, Wang T, Duan J, Zho, W, Hua Y, Tang Y, Yu L, Qian D. Anti-inflammatory and analgesic activity
of different extracts of Commiphora myrrha. J Ethnopharmacol 2011; 134, 251-258
https://doi.org/10.1016/j.jep.2010.12.003
Khalil N, Fikry S, Salama O. Bactericidal activity of Myrrh extracts and two dosage forms
against standard bacterial strains and multidrug-resistant clinical isolates with GC/MS

profiling. AMB Expr 2020;10, 21. https://doi.org/10.1186/s13568-020-0958-3

16


https://pubmed.ncbi.nlm.nih.gov/?term=Asadzadeh+M&cauthor_id=32945764
https://pubmed.ncbi.nlm.nih.gov/?term=Ahmad+S&cauthor_id=32945764
https://pubmed.ncbi.nlm.nih.gov/?term=Khan+Z&cauthor_id=32945764
https://pubmed.ncbi.nlm.nih.gov/?term=Verghese+S&cauthor_id=32945764
https://pubmed.ncbi.nlm.nih.gov/?term=Joseph+L&cauthor_id=32945764
https://biomed.papers.upol.cz/magno/bio/2005/mn1.php
https://biomed.papers.upol.cz/magno/bio/2005/mn1.php
https://doi/
https://doi.org/10.1016/j.jep.2010.12.003
https://doi.org/10.1101/2023.12.22.572985
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.22.572985; this version posted December 22, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

28. Dolara P, Luceri C, Ghelardini C, Monserrat C, Aiolli S, Luceri F, Lodovici M, Menichetti S,
Romanelli M.N. Analgesic effects of myrrh. Nature. 1996;379(6560):29. doi: 10.1038/379029a0.

29. Al Ahmadi S. M. Chemical analysis and study the biological activity of gums resin oil of
Commiphora myrrh. M..S. Thesis in King Abdulaziz University Jeddah 2006.

30. Boyraz N, Ozcan M. Antifungal effect of some spice hydrosols. Fitoterapia 2005;76, (7-8):661-5.
doi: 10.1016/j.fitote.2005.08.016.

31. Sharmin M, Nur LT, Acharjee M, Munshi S.K, Noor R. Microbiological profiling and the
demonstration of in vitro anti-bacterial traits of the major oral herbal medicines used in Dhaka
Metropolis. SpringerPlus 2014;3(1):1-8.

32. Lulamba T.E, Green E, Serepa-Dlamini M.H. Photorhabdus sp. ETL Antimicrobial Properties
and Characterization of Its Secondary Metabolites by Gas Chromatography—Mass Spectrometry.
Life 2021; 11, 787. https://doi.org/10.3390/life11080787

33. Norusis M. J. SPSS/PC + Statistics 6.0 for the IBM PC/XT/AT and PS/2. Library of Congress,
USA 1999.

34. Akintobi O. A, Onoh C. C, Ogele J. O, Idowu A. A, Ojo O. V, Okonko I. O. Antimicrobial Activity
of Zingiber officinale (Ginger) Extract Against Some Selected Pathogenic Bacteria. Nature and
Science 2013; 11, 7-15. http://www.sciencepub.net/nature.

35. Okemo P, Mwatha W, Chhabra S, Fabry W. The kill kinetics of Azadirachta indica A. juss.
(Meliaceae) extracts on Staphylococcus aureus, E. coli, Psedomonas aeruginosa and Candida
albicans. AfrJ Sci Tech 2001; 2, 113-118.

36. Madamombe I, Afolayan A. Evaluation of antimicrobial activity of extracts from South African

w
o)

Usnea barbata. Pharmaceut. Biol 2003;41,199-202. DOI: 10.1076 /phbi.41.3.199.15089

37. Arora D, Kaur J. Antimicrobial activity of spices. Intern J Antimicrobial Agents 1999; 12, 257-
262.

38. Ekwenye U.N, Elegalam N.N. Antibacterial Activity of Ginger (Zingiber officinale Roscoe) and
(Allium sativum L.) Extract on Escherichia coli and Salmonella typhi . Journal of Moleaular and
Advanced Science 2005; 1, 411-416.

39. Silva M, Negri M, Henriques M, Oliveira R, Williams D, Azeredo J, “Candida glabrata, Candida

parapsilosis and Candida tropicalis: biology, epidemiology, pathogenicity and antifungal

17


https://doi.org/10.3390/life11080787
http://dx.doi.org/10.1076/phbi.41.3.199.15089
https://doi.org/10.1101/2023.12.22.572985
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.22.572985; this version posted December 22, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

40.

41.

42.
43.

44,

45.

46.

47.

48.

available under a CC-BY 4.0 International license.

resistance,” FEMS Microbiology Reviews 2012; 36, (2) 288-305. https://doi.org/10.1111/j.1574-
6976.2011.00278.x
Pfaller M. A, Diekema D.J, Jones R.N, Sader H.S, Fluit A.C, Hollis R.J, Messer S.A; SENTRY

Participant Group. International surveillance of bloodstream infections due to Candida species:
frequency of occurrence and in vitro susceptibilities to fluconazole, ravuconazole, and
voriconazole of isolates collected from 1997 through 1999 in the SENTRY antimicrobial
surveillance program. J Clin Microbiol 2001; 39, (9):3254-9. doi: 10.1128/JCM.39.9.3254-
3259.2001.

Chow B. D, Linden J. R, Bliss J. M. “Candida parapsilosis and the neonate: epidemiology,
virulence and host defense in a unique patient setting,” Expert Review of Anti-Infective Therapy
2012; 10, (8) 935-946.

Cowan M. M, Plant Products as Antimicrobial agents. Clin Microbiol Rev 1999; 12, 564-582.
Al-Qaysia S.A, Effect of Volatile Oil of Myrtus communis on growth and activities of some types
of Pathogenic Bacteria and Candida albicans. J Baghdad Sci 2008; 5, 8-13.

Kubo A, Lunde C, Kubo I. Antimicrobial activity of the olive oil flavor compounds. J Agric Food
Chem 1995; 43,1629-1633.

Zhang S, Meng Z, Zhao G, Wu H, Cao F. Aspergillus versicolor as a source of diversified
metabolic products with pharmacological activities. In: Studies in Natural Products Chemistry,
Elsevier 2022; 74, Chapter 7 — PP 225-277, https://doi.org/10.1016/B978-0-323-91099-6.00015-
3.

Madia V. N, Angelis M. D, Vita D. D, Messore A, Leo A. D, lalongo D, Tudino V, Saccoliti F,
Chiara G. D, Garzoli S, Scipione L, Palamara A.T, Santo R.D, Nencioni L, Costi R. Investigation
of Commiphora myrrha (Nees) Engl. Oil and Its Main Components for Antiviral Activity.
Pharmaceuticals 2021; 14, (3). https://doi.org/10.3390/ph14030243

LiD, ShiL, Guo K, Luo S, Liu Y, Chen Y, Liu Y, Li S. A new sesquiterpene synthase catalyzing

the formation of (R)-B-bisabolene from medicinal plant Colquhounia coccinea var. Mollis and its
anti-adipogenic  and  antibacterial  activities. Phytochemistry = 2023; 277, 11368I.
https://doi.org/10.1016/j.phytochem.2023.113681

Abu-Izneid T, Rauf A, Shariati M.A, Khalil A.A, Imran M, Rebezov M, Uddin M.S,

Mahomoodally M.F, Rengasamy K.R. Sesquiterpenes and their derivatives-natural anticancer

18


https://doi.org/10.1111/j.1574-6976.2011.00278.x
https://doi.org/10.1111/j.1574-6976.2011.00278.x
https://doi/
https://doi.org/10.3390/ph14030243
https://doi.org/10.1016/j.phytochem.2023.113681
https://doi.org/10.1101/2023.12.22.572985
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.22.572985; this version posted December 22, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

49.

50.

51.

52.

53.

54.

55.

56.

available under a CC-BY 4.0 International license.

compounds:  An  update. = Pharmacological =~ Research  2020; 161, 105165.
https://doi.org/10.1016/].phrs.2020.105165

Suleiman W.B, Helal E.E. 2022. Chemical constituents and potential pleiotropic activities of
Foeniculum vulgare (Fennel) ethanolic extract; in vitro approach. Egypt J Chem 2022; 65, (7) 617
—626. DOI: 10.21608/EJCHEM.2021.107991.4938

Geng X, Li W, Yin Q, Wang Y, Han N, Wang N, Bian J, Wang J, Zhang X. Design and fabrication of reversible
thermochromic microencapsulated phase change materials for thermal energy storage and its
antibacterial activity. Energy 2018; 159, 857-869. https://doi.org/10.1016/j.energy.2018.06.218

Madia V.N, Angelis M.D, Vita D.D, Messore A, Leo A.D, lalongo D, Tudino V, Saccoliti F,

Chiara G.D, Garzoli S, Scipione L, Palamara A.T, Santo R.D, Nencioni L, Costi R. Investigation
of Commiphora myrrha (Nees) Engl. Oil and Its Main Components for Antiviral Activity.
Pharmaceuticals 2021; 14, (3). https://doi.org/10.3390/ph14030243

Hasan S, Kayed K, Ghemrawi R, Bataineh N.A, Mahgoub R.E, Audeh R, Aldulaymi R, Atatreh

N, Ghattas M.A. Molecular Modelling Study and Antibacterial Evaluation of Diphenylmethane
Derivatives as Potential Fabl Inhibitors. Molecules 2023; 28, (7):3000. Doi:
10.3390/molecules28073000.

Mehta A K, Tripathi C.D. Commiphora mukul attenuates peripheral neuropathic pain induced by
chronic constriction injury of sciatic nerve in rats. Nutr Neurosci 2015; 18, 97-102.

https://doi.org/10.1179/1476830513Y.0000000104

Greve H.L, Kaiser M, Schmidt T.J. Investigation of Antiplasmodial Effects of Terpenoid
Compounds Isolated from Myrrh. Planta Med 2020; 86, (9):643-654. doi: 10.1055/a-1157-9463.
Wang Z. X, Zhu Y, Jin W, Chen X, Chen J, Ji R, Chi Z. Stereoisomers of N-[1-(2-Hydroxy-2-
phenylethyl)-3-methyl-4-piperidyl]- N-phenylpropanamide: Synthesis, Stereochemistry,
Analgesic Activity, and Opioid Receptor Binding Characteristics. Journal of Medicinal
Chemistry 1995; 38, (18), 3652-3659 DOI: 10.1021/jm00018a026

Suliman R. S, Alghamdi S. S, Ali R, Aljatli D, Aljammaz N. A, Huwaizi S, Suliman R, Kahtani
K. M, Albadrani G. M, Barhoumi T, Altolayyan A, Rahman I. The Role of Myrrh Metabolites in
Cancer, Inflammation, and Wound Healing: Prospects for a Multi-Targeted Drug Therapy.
Pharmaceuticals 2022; 15, (8). https://doi.org/10.3390/ph15080944

19


https://doi.org/10.1016/j.phrs.2020.105165
https://www.researchgate.net/profile/Suleiman-Wb?_sg%5B0%5D=splD3kPGjxkSNM_oT8Aws_B0s3BvDE2y8kwR2NUdZs3b-4ovUj2-zpt7xk40t4JgHN5nO9U.6KwuoC5J5ItnVh9Hw_QOHAFpHGmwWa-qCDaNIPIaGNvYeRY2Mys0Duaoihy_oePcsO0tNE1vTZJ2Viu4GLV1Ow&_sg%5B1%5D=W38eCPYZlv7zqU9UJe3BFe_zU_b1Q9lGdk6rNfl3z3P2Gnw76L1ypaG2VxzhslQRTlK__UY.9RHBMUy-Tb7HSbyBZ8qXeSYBsq-RmKIYlzWcJQyM-sv9ovR8lrSAMq2na8_2S35rirPmrxX87-vppMOJq1Ncqg&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Eman-Helal-6?_sg%5B0%5D=splD3kPGjxkSNM_oT8Aws_B0s3BvDE2y8kwR2NUdZs3b-4ovUj2-zpt7xk40t4JgHN5nO9U.6KwuoC5J5ItnVh9Hw_QOHAFpHGmwWa-qCDaNIPIaGNvYeRY2Mys0Duaoihy_oePcsO0tNE1vTZJ2Viu4GLV1Ow&_sg%5B1%5D=W38eCPYZlv7zqU9UJe3BFe_zU_b1Q9lGdk6rNfl3z3P2Gnw76L1ypaG2VxzhslQRTlK__UY.9RHBMUy-Tb7HSbyBZ8qXeSYBsq-RmKIYlzWcJQyM-sv9ovR8lrSAMq2na8_2S35rirPmrxX87-vppMOJq1Ncqg&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.21608/EJCHEM.2021.107991.4938
https://www.sciencedirect.com/science/article/pii/S0360544218312830
https://www.sciencedirect.com/science/article/pii/S0360544218312830
https://www.sciencedirect.com/science/article/pii/S0360544218312830
https://doi.org/10.1016/j.energy.2018.06.218
https://doi.org/10.3390/ph14030243
https://doi.org/10.1179/1476830513Y.0000000104
https://doi.org/10.3390/ph15080944
https://doi.org/10.1101/2023.12.22.572985
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.22.572985; this version posted December 22, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

57.

58.

59.

60.

61.

62.

63.

64.

65.

available under a CC-BY 4.0 International license.

Sivalingam, A.M, Pandian, A, Rengarajan, S, Ramasubbu R. Polyphenol-compounds From
Green Synthesis of Antimicrobial property of Silver Nanoparticles using Eichhornia crassipes:
Characterization and Applications. Silicon 2023; 15, 7415-7429. https://doi.org/10.1007/s12633-
023-02593-2

Abdel-Wahabb B, Awad H, Awad G, Mohamed H. Synthesis, Anticancer and Antimicrobial
Activities of New 6-(1H-1,2,3-Triazol-4-yl)imidazo[2,1-b]thiazoles. Egyptian Journal of
Chemistry 2023; 66(2), 223-230. doi: 10.21608/ejchem.2022.138240.6078

Albishri, H. M, Almaghrabi, O. A, Moussa, T. A. Characterization and chemical composition of
fatty acids content of watermelon and muskmelon cultivars in Saudi Arabia using gas
chromatography/mass spectroscopy. Pharmacognosy Magazine 2013; 9(33), 58-66.
https://doi.org/10.4103/0973-1296.108142

Patel M, Avashthi G, Gacem A, Alqahtani M.S, Park H.K, Jeon B.H. A Review of Approaches to

the Metallic and Non-Metallic Synthesis of Benzimidazole (BnZ) and Their Derivatives for
Biological Efficacy. Molecules 2023; 28(14):5490. https://doi.org/10.3390/molecules28145490
Rahman M.M, Ahmad S.H, Mohamed M.T, Ab Rahman M.Z. Antimicrobial Compounds from

Leaf Extracts of Jatropha curcas, Psidium guajava, and Andrographis paniculate. The Scientific
World Journal. 2014;2014:635240. Doi: 10.1155/2014/635240.

Hao M, Xu J, Wen H, Du J, Zhang S, Lv M, Xu H. Recent Advances on Biological Activities and
Structural ~ Modifications of Dehydroabietic  Acid. Toxins 2022; 14(9), 632.
https://doi.org/10.3390/toxins 14090632

Dikhoba P.M, Mongalo N.I, Elgorashi E.E, Makhafola T.J. Antifungal and anti-mycotoxigenic
activity of selected South African medicinal plants species. Heliyon 2019; 17;5(10):¢02668. Doi:
10.1016/j.heliyon.2019.e02668.

Duwiejua M, Zeitlin I.J, Waterman P.G, Chapman J, Mhango G.J, Provan G.J. Anti-
inflammatory activity of resins from some species of the plant family Burseraceae. Planta Med
1993; 59, 12—16. DOI: 10.1055/s-2006-959594

Jiang L, Zhao X, Xu J, Li C, Yu 'Y, Wang W, Zhu L. The protective effect of dietary phytosterols

on cancer risk: A systematic meta-analysis. J Oncol 2019; 2019:7479518. DOI:
10.1155/2019/7479518

20


https://doi.org/10.1007/s12633-023-02593-2
https://doi.org/10.1007/s12633-023-02593-2
https://doi.org/10.4103/0973-1296.108142
https://doi.org/10.3390/molecules28145490
https://doi.org/10.1055/s-2006-959594
https://doi.org/10.1155/2019/7479518
https://doi.org/10.1101/2023.12.22.572985
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.22.572985; this version posted December 22, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

66.

67.

68.

69.

available under a CC-BY 4.0 International license.

National Center for Biotechnology Information. PubChem Compound Summary for CID 95719,
Tribenz[a,c,h]anthracene. Retrieved October 7, 2023
from https://pubchem.ncbi.nlm.nih.gov/compound/Tribenz_a ¢ h anthracene.

Murakami C, Cordeiro I, Scotti M.T, Moreno P.R.H, Young M.C.M. Chemical Composition,

Antifungal and Antioxidant Activities of Hedyosmum brasiliense Mart. ex Miq. (Chloranthaceace)
Essential Oils. Medicines. 2017; 4(3):55. https://doi.org/10.3390/medicines4030055

Chen C, Long L, Zhang F, Chen Q, Chen C, Yu X, Liu Q, Bao J, Long Z. Antifungal activity,
main active components and mechanism of Curcuma longa extract against Fusarium
graminearum. PLoS One. 2018 Mar 15;13(3):e0194284. doi: 10.1371/journal.pone.0194284.
Darmani H, Elwan A.T, Abu Shaban A.M. Novel essential oils target the virulence factors of
Candida albicans. The Australian Journal of Herbal and Naturopathic Medicine 2022;34(1),15-20.
DOI https://doi.org/10.33235/ajhnm.34.1.15-20

21


https://pubchem.ncbi.nlm.nih.gov/compound/Tribenz_a_c_h_anthracene
https://doi/
https://doi.org/10.1101/2023.12.22.572985
http://creativecommons.org/licenses/by/4.0/

