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Abstract: «-Bisabolol is one of the important monocyclic sesquiterpenes, derived naturally from
essential oils of many edible and ornamental plants. It was first obtained from Matricaria chamomilla,

heck f commonly known as chamomile or German chamomile. The available literature indicates that this
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plant along with other x-Bisabolol containing plants is popularly used in traditional medicine for
potential health benefits and general wellbeing. Nutritional studies are indicative of the health benefits
of a-Bisabolol. Numerous experimental studies demonstrated pharmacological properties of «-
Bisabolol including anticancer, antinociceptive, neuroprotective, cardioprotective, and antimicrobial.
This review aims to collectively present different pharmacological activities based on both in vitro
and in vivo studies. In the present review using synoptic tables and figures, we comprehensively
present that o-Bisabolol possesses therapeutic and protective activities, therefore, it can be used
for potential health benefits based on pharmacological effects, underlying molecular mechanism,
and favorable pharmaceutical properties. Based on the studies mostly performed on cell lines or
animal models, it is evident that x-Bisabolol may be a promising nutraceutical and phytomedicine to
target aberrant biological mechanisms which result in altered physiological processes and various
ailments. Given the polypharmacological effects and pleiotropic properties, along with favorable
pharmacokinetics, and dietary availability and safety, x-Bisabolol can be used as a dietary agent,
nutraceutical or phytopharmaceutical agent or as an adjuvant with currently available modern
medicines. The regulatory approval of this molecule for use as food additives, and in cosmetics and
fragrance industry is also supportive of its human usage. Moreover, further studies are necessary
to address pharmaceutical, pharmacological, and toxicological aspects before clinical or nutritional
usage in humans. The biological actions and health benefits open opportunities for pharmaceutical
development with pharmacological basis of its use in future therapeutics.

Keywords: x-Bisabolol; German chamomile tea; natural products; phytochemicals; sesquiterpene;
pharmacology
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Sesquiterpenes, a subclass of terpenes has attracted a significant interest due to their
wide range of biological properties that have been employed in pharmacological and
therapeutic research applications. The high identification of sesquiterpenes compounds
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and their structural variability make this family more distinguishable compared with other
plant sourced products. These phytochemicals occupy a large portion of the volatile fraction
of aromatic plants. For example, a-bisabolene is a primary component in black pepper
(Piper nigrum) and -Caryophyllene in ylang ylang (Cananga odorata) [1].

Sesquiterpenes have been known for their wide range of biological functions including
anti-infective, antioxidant, anti-inflammatory and anticancer activities and can be obtained
from Matricaria genus. Matricaria chamomilla genus is an herbaceous plant, cultivated in
many countries for commercial, pharmaceutical, and cosmeceutical purposes. It belongs
to the family of flowering plants, Asteraceae. The flowers of Matricaria chamomilla have
aromatic, coloring and flavoring properties which are implemented in several commer-
cial products. The phytochemical composition of this genus varies and includes volatile
sesquiterpene, flavonoid, polyacetylene, and coumarin. Matricaria chamomilla has been used
anciently in folk medicine as a plant-based remedy for many ailments which survived until
today [2]. The key and predominant constituent is «-Bisabolol, where it can be exuberantly
found in the plant’s flower buds.

a-Bisabolol also known as levomenol is a monocyclic sesquiterpene alcohol which was
first identified and extracted from Matricaria chamomilla [3]. However, «-Bisabolol is also
present abundantly in various medicinal plants essential oils. The percentage occurrence of
a-Bisabolol in numerous plants are listed in Table 1. It exists in two configurations « and
. It's a clear colorless liquid; with fruity nutty aroma resembling coconut. «-Bisabolol
possess favorable physicochemical properties and the characteristics are presented in
Table 2. Most of the biological actions are attributed to the « form, on which extensive
studies have been conducted. «-Bisabolol has been used as a skin conditioning agent
where it is integrated in many cosmetic formulations due to its skin soothing effects, well
documented dermal absorption and the absence of dermal irritations or photosensitivity
following its application.

Table 1. Percentage occurrence of x-Bisabolol in different plants.

Plants Percentage Occurrence Reference
Stachys lavandulifolia Vahl. (Lamiaceae) 56.4 [4]
Vanillosmopsis arborea Barker (Asteraceae) 91.02 [5]
Nectandra megapotamicav (Spreng.) Mez. (Lauraceae) 93.7 [6]
Nepeta graciliflora Benth. (Lamiaceae) 8.97 [7]
Lantana achyranthifolia Desf. (Verbenaceae) 11.23 [8]
Hymenocrater yazdianus, Stachys obtusicrena Boiss, and Nepeta asterotricha 23.5% [9]
Tanacetum walteri (Anthemideae-Asteraceae) 6.3 [10]
Licaria, Nectrandra and Ocotea Species (Lauraceae) 59.7-93.7 [11]
Semenovia suffruticosa 13.3 [12]
Genus Matricaria 29-81 [2]
Algerian Eryngium tricuspidatum L. 32.6 [13]
Eupatorium adenophorum 9.53 [14]
Candeia Tree (Eremanthus erythropappus (DC) McLeisch) 66-91 [15]
Amomum biflorum 16.0 [16]
Acanthospermum hispidum (Asteraceae) 114 [17]
Helietta longifoliata 7.24 [18]
Betonica grandiflora Willd. 4.9 [19]
Rhaponticum acaule DC 4.8 [20]

Vismia macrophylla 14.9 [21]
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Table 1. Cont.

Plants Percentage Occurrence Reference
Micromeria inodora (Desf.) Benth. 29 [22]
Ganoderma lucidum and Spongiporus leucomallellus 2 [23]
Laserpitium zernyi 30.9 [24]
Araca (Psidium guineense Sw.) 6.5-18.1 [25]
Psidium myrtoides O. Berg (Myrtaceae) 5.3 [26]
Ferula hermonis Boiss 11.1 [27]
Plinia cerrocampanensis 42.8 [28]
Arnica longifolia, Aster hesperius, and Chrysothamnus nauseosus 8.2 [29]
Matricaria chamomilla L. 56.86 [30]
Teucrium polium L. 24.6 [31]
Angelica purpurascens (Avé-Lall.) Gill 22.93 [32]
Ferula asafoetida 9.75 [33]

Table 2. * Physicochemical properties of -Bisabolol.

PubChem CID 1549992
Molecular Formula C15H260
Synonyms (+)-«-Bisabolol, DD-oc—Bisabolol, (2R)-6-Methy1—2—(4—methy1—3-cyclqhexenyl)—5-heptene-2—ol,
ragosantol, Camilol, Hydagen B, (+)-6R,7R-«-Bisabolol,
Molecular Weight 222.37
XLogP3-AA 3.8
Hydrogen Bond Donor Count 1
Hydrogen Bond Acceptor Count Rotatable Bond Count
Exact Mass 222.198365449
Monoisotopic Mass 222.198365449
Topological Polar Surface Area 20.2 A2
Heavy Atom Count 16
Formal Charge 0
Complexity 284
Isotope Atom Count 0
Defined Atom Stereocenter Count 2
Undefined Atom Stereocenter Count 0
Defined Bond Stereocenter Count 0
Undefined Bond Stereocenter Count 0
Covalently-Bonded Unit Count 1
Solubility 1.688 mg/L @ 25 °C (est), Practically .insoluble or insoluble in water, slightly soluble
in ethanol
Density 0.922-0.931
LogP 5.070 (est)
Refractive Index 1.491-1.500
Food additive class Flavoring agent

* Compiled from the PubChem substances.
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The United States Food and Drug Administration (USFDA) has considered o-Bisabolol
as a safe compound due to its low toxicity [34]. The effects of x-Bisabolol have been studied
in different cell and animal models which indicated its promising beneficial actions. -
Bisabolol demonstrated neuro-, cardio- and nephro-protective, analgesic, anticancer as well
as antimicrobial effects offering an intriguing line of evidence for its various therapeutic
effects. It has also shown an appreciable chemopreventive activity rendering a great
opportunity for further investigations and possible application in chemoprevention. It is
thus noteworthy to state that more biological activities and biochemical modifications are
likely to emanate from future studies targeting this sesquiterpene compound.

The present review comprehensively summarizes all available studies and aims to
advance the understanding regarding the effectiveness of a-Bisabolol in treating different
diseases. The broad range of pharmacological properties of x-Bisabolol offers the possibility
of incorporating it into various medical formulations.

2. «-Bisabolol and Skin Disorders

Skin diseases are among the common illnesses affecting humans at all ages and impos-
ing a huge burden on the global health system [35]. Skin is the body’s largest organ, and it is
the first line of defense against a large variety of stressors. Continuous stress can overwhelm
defending dermal systems resulting in different cutaneous disorders. Phytochemicals have
shown myriad of health effects in curtailing skin damage being used either as individual
component or as amalgamated constituents = based formulations [36].

A randomized controlled study revealed that the topical application of a spray con-
taining ozonated sunflower oil and «-Bisabolol achieved a complete healing for venous
leg ulcers compared to the control group in which no complete healing was observed [37].
Moreover, the effectiveness of x-Bisabolol was evaluated against atopic dermatitis in a
three-center assessor blinded trial on children. Results concluded that x-Bisabolol based
cream mitigated eczematous flares compared to baseline showed by a significant decrease
in the affected skin surface area, improvement in the total eczema severity score outcome
as well as the single area eczema severity score which includes evaluating the infiltration,
lichenification and scratching lesions [38].

x-Bisabolol was also found to enhance the effectiveness in attenuating pruritus and
inflamed skin in patients with atopic dermatitis when combined with heparin in a topically
applied formulation. Furthermore, an improvement was observed in the SCORing Atopic
Dermatitis (SCORAD) values in patients who applied the combined therapy as compared
with control and individualized therapy groups [39]. On the other hand, the integration
of o-Bisabolol in a formulation intended for the treatment of melasma has shown an
enhancement in the recovered melasmatic area measured by imaging techniques at the
end of treatment duration compared with baseline. Obtained results reported a statistical
significance in patients’ satisfaction in terms of improved facial texture, skin oiliness,
brightness, hydrated skin, and overall appearance following the treatment [40].

A clinical investigation reported that the use of topical formulation containing -
Bisabolol improved the inflammatory status and showed a reduction in the severity of
eczema in treated children [41]. Studies that investigated the potential therapeutic effects
of o-Bisabolol in different dermatological disorders are briefly stated in Table 3.

Wound healing is an essential recovery process that maintains skin integrity follow-
ing a mechanical insult. It is a complex and highly regulated mechanism that consists
of inflammatory, proliferation and remodeling phases working on restoring the barrier
function of skin. The success of this process is dependent on the intricate interplay among
different factors, any aberration which can hinder the normal healing and result in chronic
discomfort [42].
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Table 3. Therapeutic effects and demonstrated mechanisms of a-Bisabolol in skin disorders.

Skin Disorders

Compound Dose/Route/Duration Model Major Mechanisms Reference

. . Randomized controlled trial on +wound and ulcer
«-Bisabolol 1% topical spray . - surface area [37]

chronic venous leg ulcer patients .
1 healing speed
Prospective, randomized,

. 0.3 g/100 g cream twice reference-controlled, double blind, | pruritis, inflammation

a-Bisabolol . two-center and four-armed parallel . [39]
daily for 8 weeks . . 1 healing
group study on patients with
atopic dermatitis
1% cream once-daily for Slngle_clercr)lsechtlirx:?e_arm, + melasma area and

a-Bisabolol ? y prosp ’ severity index (MASI) score [40]

30 days

open-label study on patients

1 patient satisfaction

with melasma

Symbols indications: 1; increase, |; decrease.

«-Bisabolol has been demonstrated to exert a cicatrizant effect on wounds with an
EDsq of 155 pg/mL. The cicatrization effect was evaluated on mice, where an incision
was made, stitched and treatment was applied immediately. This effect is speculated to
be attributed to the 1-methylcyclohexene and tertiary hydroxyl structural moieties. An
unremarkable action of o-Bisabolol was observed on fibroblasts migration that can hasten
the healing process. The study compared the efficacy of «-Bisabolol and the cytotoxicity
on BALB/c 3T3 cells proliferation with that of taspine; a potent cicatrizant. It was found
that although o-Bisabolol is a less potent compound, but it notably less cytotoxic than
taspine [43]. Figure 1 represents the effects of x-Bisabolol on skin disorders and wound
healing.

a-bisabolol
-Wound and ulcer surface area
l / ’ -Healing speed

i

: Melasma area & severity index
:‘\Z * . ] g l

(MASI) score
Skin disorders

\

\—P Pruritis and inflammation J, ‘

Figure 1. Effects of x-Bisabolol on skin disorders. 1; increase, J; decrease.

3. a-Bisabolol and Neuroprotection

Neuroprotection refers to the integrated strategies that aim to preserve neuronal
integrity and health against various insults including genetic mutations and environmental
toxins to maintain neuronal function. There are many pathological mechanisms that
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can predispose the occurrence of neurodegenerative diseases; requiring neuroprotection.
Neurodegenerative diseases are a subset of neurological disorders affecting primarily
neurons [44].

Parkinson’s disease (PD) is a progressive neurodegenerative disorder with neuropatho-
logical features of degraded dopaminergic neurons and accumulated x-synuclein depo-
sitions. Pharmacological treatment of PD is acquiring increased attention due to the
challenges researchers facing during the quest of novel therapeutic approaches [45]. The
neuroprotective effect of x-Bisabolol was first described on Drosophila melanogaster model
of rotenone induced toxicity [46]. The study reported an improvement in locomotor activ-
ity, a reduction in the expression of thiol and a reinstate of the activity of mitochondrial
complex-1. x-Bisabolol also increased the mRINA level of antioxidants proteins such as
superoxide dismutase (SOD), catalase (CAT), and the keapl gene product. A more re-
cent study investigated the neuroprotective role of x-Bisabolol against rotenone induced
neurodegeneration in a rat model of PD. Results showed a promising effective action of
a-Bisabolol in abrogating neuronal degradation associated with PD in both Substantia
Nigra and Striatum. «-Bisabolol attenuated oxidative insult by reducing malondialdehyde
(MDA), restoring depleted glutathione (GSH) and improving SOD and CAT activity. It also
attenuated neuroinflammation by reducing glial cells activation and subsequent release
of proinflammatory cytokines (IL-1§3, IL-6 and TNF-o) and mediators (iNOS and COX-2).
Additionally, a-Bisabolol ameliorated apoptosis by reversing the downregulated Bcl-2,
and the upregulated Bax, cleaved caspases-3 and 9 levels. It was also observed that «-
Bisabolol restored mitochondrial function by preventing mitochondrial lipid peroxidation,
cytochrome-C release and most importantly preserving Complex-I activity [47].

Another neurodegenerative disease is Alzheimer disease (AD), the pathogenesis of
which is known to be attributed to the deposits of 3-amyloid (AB) peptide affecting neu-
ronal connectivity and synaptic function resulting in impaired cognitive function [48].
Therefore, the inhibition of Af3 aggregation has been considered the cornerstone in devel-
oping disease modifying agents for AD. Using A[325_35 induced neurotoxicity in neuro2a
cells and transgenic Caenorhabditis elegans, «-Bisabolol was evaluated for its efficacy in
protecting against the neuronal insult. Cellular viability and morphology were preserved
following «-Bisabolol treatment. As proposed by many hypotheses that reactive oxygen
species (ROS) and reactive nitrogen species can trigger A3 accumulation. Therefore, the
level of ROS and nitrite were measured to explore the protective mechanisms of «-Bisabolol.
The study concluded that x-Bisabolol safeguarded against the induced upsurge of ROS
and nitrite. Lipid and protein peroxidation is considered the interconnected result of ROS
accumulation. For further confirmation, finding showed that protein carbonyl content
(PCC) was reduced in «-Bisabolol treated cells compared to untreated group. x-Bisabolol
treatment also restored mitochondrial membrane potential (MMP) validating its antioxi-
dant effect. Acetylcholinesterase (AChE) and butylcholinesterase are enzymes that control
the degradation of Acetylcholine (Ach) and its subsequent abundance in synaptic cleft.
Substantial evidence implicates that the inhibition of AChE forms a curative approach in
AD patients. Therefore, the inhibitory activity of «-Bisabolol was evaluated in N2a cells
and showed a significant reduction in AChE activity and an ability to avert Ach depletion.
At the same time, x-Bisabolol protected cells from Af triggered apoptosis by reducing
Bax and Caspase-3 and increasing Bcl-2 activity. Confocal laser scanning microscope also
detected more viable cells with intact morphology than apoptotic cells in «-Bisabolol group.
BACE]1 (3-secretase 3 APP-cleaving enzyme 1) is another enzyme that requires attention
due to its participation in A release.

Same study evaluated x-Bisabolol inhibitory activity on BACE1 and found a decrease
in BACEL activity following «-Bisabolol treatment. x-Bisabolol also preserved the viability
of Caenorhabditis elegans by increasing their life span [49]. These findings were previously
confirmed by another study evaluating «-Bisabolol effect on A} aggregation and survival
of PC12 cells following exposure to Af3 due to the anti-aggregation property of «-Bisabolol
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against A peptide. It also decreased apoptotic cell death and increased the cellular pro-
genicity [50].

Recently, «-Bisabolol has been subjected for an additional assessment for acquiring
corroborating evidence regarding its efficiency in combating AD associated pathology.
a-Bisabolol was tested for its antioxidant, anti-aggregate, anti-AchE and anti-apoptotic
activities. Neuro-2a cells treated with «-Bisabolol had better ROS and RNS scavenging
potential, decreased MDA and protein carbonyl level, restored MMP loss and prevented in-
duced apoptosis. Moreover, AChE, BuChE, (3-secretase actions were decreased significantly
in cells pretreated with «-Bisabolol [51]. On the other hand, a synthesized compound of
a-Bisabolol; a-Bisabolol 3-D-fucopyranoside (ABFP) was evaluated for its activity against
-amyloid toxicity in both in vivo and in silico experiments. The compound clearly illus-
trated a potent anti-AchE activity of 95.869% similar to the activity of donepezil, a standard
drug. It had also a profound antioxidant potential demonstrated by both hydrogen per-
oxide and hydroxyl radical scavenging and a metal chelating activity. The compound
also disaggregated Af3,5 35 peptide and protected against its induced toxicity by increas-
ing neuro2a cells viability [52]. In Figure 2, the mechanisms of «-Bisabolol in mediating
neuroprotection are summarized.

a-bisabolol

\.

Prevents neuronal loss 4—\ l /—> Mortality & motor deficits l

-GSH, SOD, CAT
-Glial activation
-Bel-2

Restores ATP and MC-1 ¢ /

activity

4 3
‘[ s -Thiol levels
.- ; -IL-1B, IL-6, TNF-a, iNOX,
P E0X-2
. " 7" -ROS&RNS, Bax, Caspase-3
-B-Secretase & AchE
-H>05, OH-

' 4
Inhibition of cholinesterase . / Brain disorders l

and B-Secretase

M Neuroprotection

Figure 2. Neuroprotective mechanisms of o-Bisabolol against neurodegeneration. 1; increase, |; decrease.

Cerebral ischemia is a neurological insult which can lead to irreversible damage or
even death if not treated promptly and effectively. The principal in cerebral ischemia
treatment is to restore blood flow to the deprived regions by reperfusion. This process
can result in cerebral ischemia-reperfusion injury that requires neuroprotection due to
the accompanying biochemical disturbances occurring in brain tissue [53]. In a model of
permanent occlusion of the middle cerebral artery (pMCAO) inducing cerebral ischemia in
mice, a-Bisabolol was evaluated for its neuroprotective effects. It was observed that there
was a decrease in cerebral infarct area, a prevention of memory deficits and an improvement
in motor performance in mice treated with x-Bisabolol following ischaemia. In addition,
the cresyl-positive cells (viable cells) were increased by x-Bisabolol treatment compared
with untreated mice. However, the counted Fluoro-Jade C positive cells (dead cells) were
reduced in the group of mice treated with x-Bisabolol; indicating the inhibitory effect of
a-Bisabolol on cellular degradation. At the same time, the induction of proinflammatory
markers expression after PMCAO was suppressed by «-Bisabolol administration, where the
expressions of myeloperoxidase (MPO), TNF-«, iNOS and the astroglial marker, GFAP were
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reduced in «-Bisabolol treated mice [54]. The neuroprotective effects and demonstrated
pharmacological mechanisms of x-Bisabolol are presented in Table 4.

Table 4. Neuroprotective effects and underlying mechanisms of x-Bisabolol.

Neuroprotective
Compound Dose/Route/Duration Model Major Mechanisms Reference
Rotenone (500 umol /L) | mortality and motor deficits,
«-Bisabolol 525, and72 30 umol/L for induced neurotoxicity } thiol level [46]
ays in Drosophila 1 SOD, CAT and Keapl
-1 neuronal loss, | MDA,
1 GSH, SOD and CAT, | glial
50 mg/kg i.p, 30 min . activation, | IL-18, IL-6,
«-Bisabolol before rotenone for Roteng;:k(ii.foﬁg/;;;ggalzleduced TNF-«, iNOS and COX-2, [47]
4 weeks 1 Bcl-2, | Bax, caspases-3, 9
and cytochrome-C, restored
ATP and MC-I activity
. APys5_35 peptide (50 uM for -1 cholinesterase and
. 510 pg/mlL for 2 hin 24 h) induced toxicity in N2a -secretase, | ROS and RNS
«-Bisabolol N2a cells and 25, 50 and 7 [49]
100 g /mL in elegans cells and Caenorhabditis elegans 1 Bax and caspase-3
CL4176 and CL2006 1 ace-1, hsp-4 and AP genes
Apos5_35 peptide (50 pM for .
a-Bisabolol 5mg/mL for2h 24 h) induced toxicity in +AB aggregation [50]
1 cell survival
PC12 cells
Apo5_35 peptide (50 pM for J ROS and RNS, | 3-secretase
«-Bisabolol 5and 10 ug/mL for 2 h 24 h) induced toxicity in and AchE activities, | Bax, [51]
Neuro-2a cells caspase3, and 1 Bcl-2
a-Bisabolol p-D- A5 35 (190 uM for 24. h, 4E.3 h, Inh1b1t.ed AChE, | H2Q2 and
. 10-50 pg/mL 96 h, 9 d) induced toxicity in OH?*, | Ap aggregation [52]
fucopyranoside .
Neuro 2a cells 1 cell survival
Permanent occlusion of the J infarct size, T motor
«-Bisabolol 50,100 and middle cerebral artery induced erformance, 1 crossings [54]
200 mg/kg/day, p.o y P ’ &

cerebral ischemia in mice

and rearings

Symbols indications: 1; increase, |; decrease, —=; activity inhibition.

4. x-Bisabolol and Anticancer Effects

Cancer is characterized by cellular overgrowth with abnormal proliferation which can
metastasize to surrounding tissues. Cancerous cells have dysregulated cell division cycle
lacking the tight control required for regulated cell replication resulting in an altered mitotic
activity. In addition to the uncontrolled growth, cancerous cells can easily evade apoptosis
due to mutated genes responsible for apoptosis control [55]. Apoptosis plays an essential
role in eliminating abundant cells and terminating continuous cell growth. Targeting
apoptosis has been shown to be an effective strategy in treating cancer demonstrated by
many anticancer drugs stimulating pro-apoptotic proteins and inhibiting anti-apoptotic
ones [56]. The anticancer actions and underlying mechanisms of «-Bisabolol are illustrated
in Figure 3.

In order to envisage the exact apoptotic mechanism of x-Bisabolol, a group of re-
searchers hypothesized that «-Bisabolol can be embedded in the lipid rafts easily, which
are known to be abundant in cancerous cells. At the same time, Bid; a member of the Bcl-2
pro-apoptotic family proteins, has been reported to be easily recruited in the lipid rafts
by apoptosis-inducing agents, conferring it a role in the formation of a death-inducing
signaling complex. With the aid of Gas Chromatography Mass Spectroscopy (GC-MS)
which measured «-Bisabolol amount in the cell extracts, it is revealed that «-Bisabolol was
adsorbed into flottillin rich structures known as the lipid rafts. Bid was also shown by
western blotting to be present in the flottillin-enriched fraction, referring to x-Bisabolol
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Upregulates radiotherapy

activity

induced movement of Bid to lipid rafts-rich membrane regions. The Surface Plasmon
Resonance (SPR) analysis also indicated that x-Bisabolol interacts directly with Bid. Thus,
it can be inferred that x-Bisabolol apoptotic action is mediated through its interaction with
Bid protein [57].

Reduces EC cell growth, cell

effects and Cytochrome-C |4 O.-bISElbO|O / . ‘ migration and cellular motality

-Caspase 3, 8, 9
-Apoptosis

-EGFR, TIMPZ

|

Anticancer Effect K=

-Natural killer cytotoxicity I \
-PARP, Bax, Bid, NF-kB, Fas T /

-Tumor mass & volume

-Cell viability induced apoptos;sl

i -Disseminated tumor nodules
-XIAR, COX-2, Bak, Bcl-2, p53
I -HER2, FGF, BIRC5, CEA l
\_

A
\——P Inhibits the activity of AKT

Cancer cells

Figure 3. -Bisabolol mediated anticancer actions and demonstrated mechanisms. 1; increase, |; decrease.

The anticancer effects and mechanisms of «-Bisabolol in numerous types of cancer
including, pancreatic, endometrial, breast and liver have been demonstrated in many
experimental studies. Endometrial cancer is the main gynecological malignancy occurring
in the inner lining of the uterus (endometrium) [58]. The anticancer activity of «-Bisabolol
was investigated on endometrial cancer (EC) cell line on which a-Bisabolol exhibited an
antitumor action by decreasing cellular viability, migration, and invasion ability of EC
cells. a-Bisabolol was shown to promote apoptosis indicated by significantly increasing
caspase-3 and correspondingly decreasing its direct inhibitor; X-linked inhibitor of apopto-
sis protein (XIAP). Cyclooxygenase-2 (COX-2) and Poly ADP-ribose polymerase (PARP)
are considered as downstream mediators of caspase-3 effects. Therefore, their levels were
further assessed revealing a reduced COX-2 and an increased cleaved PARP following
x-Bisabolol treatment. There was also a synergistic improvement in the inhibitory out-
come on EC cell growth when «-Bisabolol was combined with radiotherapy along with
radiosensitivity enhancement [59].

The role of «-Bisabolol in glioblastoma, a tumor originating from glial cells of the central
nervous system is well studied. Glioblastoma is considered among the most intimidating
and aggressive types of tumors due to its poor prognosis and deleterious repercussions [60].
a-Bisabolol was evaluated for its cytotoxic effect against U138-MG human and Cé6 rat glioma
cells. A3 is one of adenosine receptor subtypes on which is known as a cell death mediator
in glioma. «-Bisabolol treated cells showed reduced viability and increased activity of
ecto-5'-nucleotidase (ecto5’-NT/CD73); an enzymatic source for adenosine production.
Since ecto-5'-NT/CD?73 stimulation produces high levels of adenosine which might possibly
be involved in inducing cell death through A3 adenosine receptor, the participation of
this receptor was also investigated. Hence, C6 cells were pretreated with MRS1220, an
A3 receptor antagonist. «-Bisabolol pretreatment significantly reversed the decrease in
the number of the viable cells. An indication of the involvement of adenosinergic system



Nutrients 2022, 14, 1370

10 of 30

represented by ecto-5-nucleotidase/CD73 and Aj receptor in the anti-proliferative action
of o-Bisabolol on glioma cell lines [61]. Similar findings were reported by an earlier study
which found that x-Bisabolol induced a cytotoxic effect on glioma cells with an inhibitory
effect of 50% compared to untreated cells. The study also found that x-Bisabolol can mediate
apoptosis by inducing cytochrome-C translocations from mitochondrial membrane [62].

Hepatocellular carcinoma is a malignancy affecting the liver with a growing tumor
by increased number of cells resembling hepatocytes affecting patients with chronic liver
diseases and cirrhosis [63]. The apoptosis inducing effect of x-Bisabolol was investigated on
a model of human liver carcinoma cell line HepG2. It was observed that cleaved caspases 3,
8 and 9 were of a higher concentration in the x-Bisabolol treated cells as compared with
untreated. In addition, x-Bisabolol decreased the level of mitochondrial cytochrome-C,
increased the cytosolic cytochrome-C content along with an up-regulation in the pro-
apoptotic proteins; Bax and Bid and a down-regulation of anti-apoptotic Bak and Bcl-2
proteins. The expression of p53 (a transcription factors whose products might lead to
apoptosis), NF-«kB and Fas was increased following «-Bisabolol treatment, indicating their
function in mediating «-Bisabolol-induced apoptosis in the cancer cell line. At the same
time, MTT assay showed the effectiveness of a-Bisabolol in inducing cytotoxicity in HepG2
cells [64].

Another study provided additional evidence for the anticancer potential of c-Bisabolol
by examining it on non-small cell lung cancer (NSLC) cell line. Lung cancer is histologically
subdivided into non-small cell lung cancer; a cancer type that is associated with major
cases of cancer related mortality, and small cell lung cancer [65]. In efforts to elucidate the
underlying mechanisms of x-Bisabolol anticancer effect, the study found that x-Bisabolol
decreased p-PI3K and p-AKT activation; a signaling pathway, the activation of which is
known to play a role in cancer pathogenesis. It was also demonstrated that «-Bisabolol
suppresses the cellular proliferation at G2/M cell cycle phase. Bax was increased and Bcl-2
was decreased in «-Bisabolol-treated cells [66].

In pancreatic cancer, an aggressive adenocarcinoma with perineural and vascular
growth rendering it resistant to surgical and conventional interventions [67], AKT phos-
phorylation was suppressed by «-Bisabolol when tested on pancreatic cancer cell line. It
is speculated that AKT activation can suppress the activity of EGR1; a tumor suppressor
molecule [68]. Consequently, the a-Bisabolol antitumor effect might be attributed to the
activation of EGR1. The expression of EGR1 was highly elevated following the treatment
with a-Bisabolol. TUNEL staining further confirmed the anti-apoptotic effect of x-Bisabolol
evident by the high number of TUNEL-positive cells after pancreatic cancer cells being
treated with x-Bisabolol [69].

Furthermore, o-Bisabolol was shown to inhibit the invasiveness of pancreatic cancer
cell lines including KLM1, KP4 and Pancl. In looking into the key modulators of this effect,
Polymerase chain reaction (PCR) analysis revealed an upregulated level in x-Bisabolol-
treated cells for each of Kisspeptin-1 receptor (KISS1R), metastasis suppressor 1 (MTSS1) and
tissue inhibitor of metalloproteinase 2 (TIMP2). To ensure the participation of KISS1R and
its ligand KISS1 (metastasis suppressors) in the invasiveness inhibitory effect of «-Bisabolol,
KISS1R was suppressed in the pancreatic cancer cells. This suppression was correlated with
an attenuation of the inhibitory effect of c-Bisabolol on cancer cells migration [70].

Acute leukemia is a malignant disorder of blood constituting organs in a way where
healthy bone marrow is replaced by undifferentiated cells [71]. Cells of acute leukemia
were treated with «-Bisabolol and found sensitive to «-Bisabolol-induced growth inhibitory
effect [72]. «-Bisabolol has been additionally scrutinized for its role against the carcino-
genesis of breast cancer, a frequently diagnosed malignancy with the highest incidence
in women. It was found that the treatment with x-Bisabolol reduced the incidence of
tumor masses as shown by increased percent of tumor free mice and delayed appearance
of tumors in HER2/neu transgenic mice. It is also reported that a-Bisabolol boosted the
immunity response by T-cell subsets (CD4 and CD8) supplementation in treated mice.
Gene expression profiling detected downregulated Spp1, Bircb (carcinogenesis genes) and
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Egfr, Fgfl (angiogenesis genes), in addition to a significant downregulation in neu gene
(Erbb2) following «-Bisabolol administration [73].

Moreover, x-Bisabolol derivative demonstrated a potent anti-proliferative effect on
pancreatic cancer cells illustrated by the increased percentage of total apoptotic cells. -
Bisabolol also showed a growth inhibitory effect, but comparatively less that its derivative.
The derivative also reduced the volume of xenograft tumor along with peritoneal metastasis,
changed cell morphology with the loss of membrane asymmetry indicative for apoptosis
induction, suppressed AKT expression and reduced the tumor makers CEA and CA19-
9 [74].

More analogues were synthesized by glycosidation of a-Bisabolol which proved effi-
cient cytotoxicity in vitro on human and rat glioma cells. «-Bisabolol o-L-rhamnopyranoside
showed the most potent activity with IC50 reaching up to 64 M. Accordingly, it was con-
cluded that the addition of a sugar moiety has amplified the cytotoxic effect of o-Bisabolol
giving an emphasis on the importance of structural modifications [75]. In the same context,
thiosemicarbazones; derived from x-Bisabolol were tested for their antitumor effect against
human tumor cell lines. The synthesized derivatives were effective in inhibiting the growth
of cells with the ketone analogue reported as the most potent [76]. The studies pertaining
to the anticancer actions of a-Bisabolol are summarized in Table 5.

Table 5. Anticancer effects and demonstrated mechanisms of x-Bisabolol in the experimental models.

Anticancer Effects

Compound Dose/Route/Duration Model Major Mechanisms Reference
(-) EC cells growth
o EC cell lines including RL95-2, T caspase-3, T PARP
«-Bisabolol 0 to 32 umol/L for 24 h ECC001 and ECCO03 cells | XIAP, COX-2 [59]
1 radiotherapy effect
. 3545055 UM for €6 (3140 \ 1= hiuman and C6 rat | cell viability
«-Bisabolol glioma cells and 55, 65 lioma cell lin. 4 ecto5'-NT/CD73 [61]
or 75 uM for U138-MG ghoma cel tnes ecto
. Human and rat glioma 1 cell viability
«-Bisabolol 100 and 250 uM cell lines 1 Cytochrome-C [62]
Human prostate cancer cell
line PC-3, human cervical 1 caspases 3, 8 and 9
. carcinoma cell line Hela, 1 cytochrome-C [64]
a-Bisabolol 1 mM human esophageal ECA-109, 1 Bax, Bid, | Bak and Bcl-2,
and human liver carcinoma p53, T NF-«B and Fas
cell line HepG2
(-) migration of A549 cells, (-)
PI3K/AKT,
«-Bisabolol 0 t?[(ljg(()) F_d\fooﬁ;l h NSCLC cell line A549 T apoptotic cells [66]
s 1 Bax, | Bcl-2,
triggers G2/M cell cycle arrest
KLM1, Pancl, MIA Paca2 and
0-250 M KP4 hg;rrllaczrpcaerlllcreatlc
1000 mg/kg, . . 1 cells viability,
«-Bisabolol (21-27 mg/mouse) lines, BALB/c nude mice 1 apoptosis, (-) AKT, 1 EGR1, [69]

once a week for

xenograft model
inoculated with

J tumor volume and weight

3 weeks KLM1 and KP4 cells
(1 x 107 s.c.) in femoral area
a-Bisabolol 156 uM KLM1, KP4 and Pancl human (-) motility of cells [70]

pancreatic cancer cell lines

1 KISS1IR, MTSS1 and TIMP2
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Table 5. Cont.

Anticancer Effects

Compound Dose/Route/Duration Model Major Mechanisms Reference
. 0, 3, 15, 30, 60, 125, CML-T1primary human acute 1 cells viability,
o-Bisabolol 250 uM leukemia cell line induced apoptosis (721
300 pL intra-mammary J tumor mass
«-Bisabolol injection (3.6 mg and HER2/neu transgenic mice J HER2/neu, Fgf and Birc5 [73]
10 mg per mouse) T natural killer cytotoxicity
KLM1 and Pancl human 1 cell death
pancreatic cancer cell lines, J volume of tumor

a-Bisabolol and its 62.5 uM and 125 uM, BALB/c nude mice implanted J CEA and CA19-9, [74]

derivative

1000 mg/kg

with KLM1; cells
(1 x 107 cells/100 pL, s.c.) into
femoral area

J disseminated
tumorous nodules
-1 AKT

a-Bisabolol
[-D-fucopyranoside

IC50 > 100 uM

human lung carcinoma (A549),
colon adeno-carcinoma
(DLD-1), breast
adeno-carcinoma (MCEF-7),
melanoma (SK-MEL-2), ovary
teratocarcinoma (PA-1),
prostate adeno-carcinoma
(PC-3), pancreas
adeno-carcinoma (PANC
05.04), glioma (U-251),
glioblastoma (U-87) and
murine glioma (GL-261)

T «-Bisabolol cytotoxicity
1 BBB penetration [75]
1 «-Bisabolol lipophilicity

-Bisabolol-based
thiosemicarbazones
compounds

0.25 to 250 mg/mL

Melanoma UACC-62, breast
MCEF-7, breast resistant
NCI-ADR, lung NCI-460,
leukemia K-562, ovarian
OVCAR, prostate PCO-3, and
colon HT29 cell lines

(-) cell growth [76]

Symbols indications: 1; increase, |; decrease, (-); reduce, =; activity inhibition.

5. a-Bisabolol and Antinociception

Nociception is a sensory mechanism of encoding noxious stimuli and perceiving them
as pain. The process is transduced by nociceptors that can detect damaging sensory input
and translate it as a painful stimulant [77]. «-Bisabolol has been speculated as a promis-
ing anti-nociceptive agent, where its analgesic effect and the corresponding implicated
mechanisms have been subjected to an extensive investigation in different pain models.
In an infraorbital nerve transection (IONX) induced nociception and trigeminal central
sensitization in rats, a-Bisabolol administration was associated with a significant reversal
of decreased threshold of mechanical sensitization in both ipsilateral and contralateral
sides of the rat face as well as decreasing IONX-induced medullary dorsal horn (MDH)
nociceptive neurons sensitization [78].

In a model of chronic pain, it is defined as a prolonged persistent pain that can
be originated from inflammatory or neuropathic stimuli, x-Bisabolol was evaluated in
reducing inflammatory and neuropathic associated pain induced by Freund’s Complete
Adjuvant (FCA) and partial lesion of the sciatic nerve (PLSN), respectively. When assessing
mechanical hyperplasia, x-Bisabolol treated mice showed an increase in paw withdrawal
threshold in hyperplasia induced by injected CFA and the partial sciatic nerve injury. -
Bisabolol also caused an anti-allodynic effect following acetone application on mice paw
with lesioned nerve and it reduced gliosis evident by decreased immunostaining of ionized
calcium-binding adapter protein (Iba-1) as well as decreased TNF-a production along
with IL-10 release [79]. Moreover, the anti-nociceptive activity of «-Bisabolol was also
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assessed on formalin, capsaicin and glutamate induced orofacial pain in mice. «-Bisabolol
administration resulted in decreased face-rubbing behavior in mice compared with control
mice. This effect was suggested due to the observed inhibitory effect of x-Bisabolol on TNF-
o production measured in pleural inflammatory exudate following carrageenan induced
pleurisy [4].

In the same context, a study aimed to investigate the mechanism involved in «-Bisabolol
attenuation of orofacial pain. The study found that the administration of HC-030031; a
TRPA1 antagonist, enhanced «-Bisabolol efficacy in reducing orofacial pain induced by
formalin, whereas the administration of naloxone (opioid antagonist), L-NAME (nitric oxide
antagonist), and glibenclamide (ATP-sensitive K* channel (K* ATP blocker), did not alter the
efficacy of x-Bisabolol. Furthermore, in cinnamaldehyde (a TRPA1 agonist) induced pain,
HC-030031 did not result in an enhancement in anti-nociception of «-Bisabolol. Hence, it can
be speculated the a-Bisabolol anti-nociceptive effect is due to TRPA1 receptor blockage [80].
Similar finding was reported by different study, where they found that the administration
of ruthenium red (a non-competitive antagonist of TRPV1) led to additive anti-nociceptive
effects with x-Bisabolol [81]. Figure 4 demonstrates the mechanisms by which «- Bisabolol
exerts its anti-nociceptive effects.

-Mechanical hypersensitivity
-Hyperalgesia

-Thermal hyperalgesia
/ -Gliosis
-Nociception, paw volume

Antinociceptive

effect of >
a-bisabolol

-Pain threshold, IL-10 T

-Hemorrhagic erosions

-MPO release, TNF-a
-Abdominal writhing

-Leukocyte migration
-Viceral pain

Figure 4. Antinociceptive mechanisms of x-Bisabolol. 1; increase, |; decrease.

To elucidate the possible involved mechanism behind «-Bisabolol anti-nociception, a
conducted study observed that o-Bisabolol inhibited nerve excitability of mice peripheral
nervous system in a manner similar to lidocaine, suggesting a probable blockage of voltage
dependent sodium channels [82]. In addition, it was observed that mice pretreated with
a-Bisabolol displayed a reduction in paw-licking time following formalin injection and ab-
dominal writhing induced by acetic acid. This is in consistent with a remarkable reduction
in leukocytes migration, myeloperoxidase (MPO) activity, TNF-« in the peritoneal fluid
of rats with peritonitis and decreasing edema volume induced by carrageenan, dextran,
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and 5-HT but not histamine [83]. In test models of visceral pain induced by cyclophos-
phamide and mustard oil, -Bisabolol was evaluated and showed an ability to reduce pain
related behavior in treated mice [84]. Similarly, corneal nociception was notably reduced,
inferred from the decreased eye wipes by mice forepaws, on which «-Bisabolol containing
ointment was applied [85]. Furthermore, it was reported that a-Bisabolol had a synergistic
effect in reducing nociception, inflammation and gastric injury when co-administered with
diclofenac [86].

Another aspect pertaining to «-Bisabolol efficiency enhancement was carried out to
ensure more efficient anti-nociception effect. Nanocapsules containing x-Bisabolol were
applied topically to mice eyes and provided a relief from triggered nociception [87]. Clin-
ically, a-Bisabolol containing mouthwash was evaluated on thirty patients undergoing
maxillofacial surgery in a randomized controlled trial. The study found similar efficiency of
a-Bisabolol based mouthwash to that of chlorhexidine in reducing pain during brushing
and the urge of rubbing or wiping sutures and lesions [88]. Collectively, this data (briefly
summarized in Table 6) suggests that «-Bisabolol possess an anti-nociceptive effect that may
led development of «-Bisabolol as a future analgesic agent to relieve pain of various origins.

Table 6. The anti-nociceptive actions of «-Bisabolol.

Antinociceptive Effects

Compound Dose/Route/Duration Model Major Mechanisms Reference
R IONX-induced acute orofacial J mechanical hypersensitivity
o-Bisabolol 200 mg/kg p-o neuropathic pain in rats 71 pain threshold 78]
. . J mechanical and
«-Bisabolol 50 mg/kg, p.o FCA @5 uL, lal:;rz ;niilngSN induced thermal hyperalgesia [79]
P | gliosis, 1 IL-10, | TNF-«
Formalin (20 uL of 2% s.c.),
25 or 50 mg/kg, p.o 1 h capsaicin (20 pL of 2.5 ug, s.c.) or
glutamate (40 puL of 25 mM, s.c.) . .
. before the local . - . . . orofacial pain
«-Bisabolol . induced orofacial nociception [4]
injection of o J TNF-«
inducine acents Carrageenan (100 uL of 1%w/v
8485 intrapleural) induced pleurisy
in mice
30, 56, 100, and
180 mg/kg p.o. of Formalin (50 pL of 1%, s.c.) induced | nociception
Bisabolol «-Bisabolol alone nociception | paw V(ﬁume [86]
© o-Bisabolol -diclofenac Carrageenan (100 pL of a 1%, i hemI:)rrha ic erosion
(5.1,10.3,20.6, and s.c.)-induced inflammation in rats &
41.2 mg/kg)
Carrageenan (20 pL 1%w/v,
intraplantar injection), dextran (20 | paw lickin
uL of 0.15%, w/v), histamine ! ecIljema volu 1%1 o
. 25,50, 100 and (200 ug/paw) or. serotonin J abdominal writhing
«-Bisabolol (200 pg/paw) induced . . [83]
200 mg/kg p.o . . . o 1 leukocytes migration
inflammation, formalin (20 uL of 1%) | MPO release
induced nociception, acetic acid (0.1 | TNF-
mL/10 g of 0.6% solution)-induced
abdominal writhing in rats
100, 200, or 400 mg /kg Formalin (20 pL of 1.5% s.c.), .
a-Bisabolol p-0-, or 50,100, or cinnamaldehyde (13.2 pug/lip) + face rubbing [80]
200 mg/mL topical 1 head flinching

60 min before injection

induced nociception in rodents
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Table 6. Cont.

Antinociceptive Effects

Compound

Dose/Route/Duration Model Major Mechanisms Reference

«-Bisabolol

50, 100 or 20
p-o

Cyclophosphamide
(400 mg/kg, i.p.),
mustard oil (50 uL/animal | visceral pain [84]
intracolonic) induced visceral
nociception in mice

0 mg/kg,

«-Bisabolol

50-200 mg/mL
ointment

Hypertonic saline (20 uL of 5 M
NaCl)-induced corneal nociception J eye wiping [85]
in mice

a-Bisabolol
nanocapsules

Hypertonic saline (20 uL of 5M

100 or 200 mg/mL NaCl)-induced corneal nociception J eye wiping [87]

in mice

«-Bisabolol

50, 100 or 200 mg/kg, Formalin (10%, 10 pL/animal, J abdominal constrictions

p-o

Acetic acid (0.6%, i.p.), Capsaicin
(50 puL./animal, intracolonic),
intracolonic), (0.75%, 50 uL./animal, J pain-related behavior [81]
intracolonic) induced visceral
nociception in mice

«-Bisabolol

0.5,1,5and 10 mM

Supramaximal stimulation consisted
of 50-100 ps isolated rectangular
voltage pulses applied on mice
sciatic nerves

J nerve excitability [82]

«-Bisabolol

1-0.5% mouthwash

postoperative complications of
maxillofacial surgeries, a { pain during brushing
randomized, controlled, triple-blind 1 lesion wiping
clinical trial

[88]

Symbols indications: 1; increase, |; decrease.

6. a-Bisabolol and Cardioprotection

Cardioprotection implies all interventions meant for preventing, ameliorating and
repairing myocardial injuries following myocardial insults. It has been of great impor-
tance for research to develop pharmacological and mechanical interventions that induce
cardioprotection. There are many injurers that necessitate the application of critical cardio-
protection [89]. Myocardial infarction (MI) is an ischemic injury of the heart arises due to a
blockage in arteries supplying heart with blood and oxygen leading to heart deprivation
from these two nourishing elements [90].

To elucidate the underlying cellular perturbations in MI to develop effective thera-
peutic agents, o-Bisabolol was investigated for its protective properties in MI induced
by isoproterenol in rats. The study has provided substantial evidence on the vital role
a-Bisabolol has in ameliorating MI damage. a-Bisabolol was found to be capable of de-
creasing the level of serum lactate dehydrogenase (LDH), lipid peroxidation reflected by
decreased amount of thiobarbituric acid reactive substances (TBARS) as well as myocardial
infarct size. «-Bisabolol also exhibited an antioxidant effect manifested by elevating the
activity of both SOD and CAT.

Lysosomal dysfunction was attenuated in «-Bisabolol receiving rats, where the level of
lysosomal enzymes including (3-glucuronidase, 3-galactosidase, cathepsin-B and cathepsin-
D were reduced as well as their leakage into cytosol was prevented. Furthermore, the
study reported a decrease in TNF-c, IL-6, IL-1f3 levels and iNOS and COX-2 activities,
concurrently with increased IL-10. The anti-inflammatory potential also included a NLRP3
inflammasome activation inhibition by suppressing TLR4 mediated NF-«B/MAPK path-
way evidenced by measured (TLR4, p-NF«kB-p65, p-IkBx), MAPK (p-ERK1/2, p-P38, p-JNK)
and inflammasome complexes (NLRP3, ASC, pro-IL-1§3, caspase-1-p20 and TXNIP) proteins
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in heart. Furthermore, an autophagy modulation was observed, where autophagic proteins
(Beclin-1, LC3BI/II,) were increased, p-mTOR was decreased along with active formed
autophagic vacuoles visualized under the electron microscope in a-Bisabolol treated rats
compared with isoproterenol. The findings were further supported by the preservation of
histological architecture of myocardium ascribed to the lessened inflammatory cells and
reduced separation of cardiac muscle fibers [91].

The authors further investigated in a preceding study the effects of x-Bisabolol on mi-
tochondrial dysfunction and apoptosis in MI induced by isoproterenol. The results proved
that a-Bisabolol can protect against triggered mitochondrial dysfunction and apoptosis
in MI. The mitochondrial lipid peroxidation was increased in isoproterenol injected rats
shown by high levels of lipid hydroperoxide (LOOH) and TBARS, with decreased SOD,
CAT activities and GSH level. However, rats co-treated with «-Bisabolol showed reduced
LOOH and TBARS and increased SOD, CAT and GSH. «-Bisabolol also decreased Ca%*
overload, mitochondrial swelling, and increased ATP production. The activities of Krebs
cycle dehydrogenases (isocitrate dehydrogenase (ICDH), succinate dehydrogenase (SDH),
malate dehydrogenase (MDH), x-ketoglutarate dehydrogenase («-KGDH)) and inner mito-
chondrial electron transport chains (ETC) complexes (I, II, III and IV) were maintained by
x-Bisabolol administration.

Furthermore, creatine kinase (CK) and LDH were increased and normal architecture
of mitochondria with intact myofibrils were preserved by «-Bisabolol. Apoptosis induced
by isoproterenol was inhibited by «-Bisabolol which downregulated Bax, P53, APAF-1,
active caspase-3, active caspase-9, inhibited cytochrome-C release and upregulated the
expression of Bcl-2 protein [92]. Figure 5 shows how «-Bisabolol protects the heart against
myocardial insults.

-SOD, CA1, IL-10, Beclin-1

-LDH, TBARs, TNF-a, IL-6, l

: IL-1B, iNOS, COX-2
-LC3 BI/H N o-bisabolol
‘. -NLRP3, LOOH, P-mTOR, Ca** l
-Catalase & GSH, Vit-C ‘ overload
-ATP production ~
-ICDH, SDH, MDH
’ ’ -Mitochondrial swelling

-a-KGDH & complexes-i, ;

-Infarct size
I mé&iIv .

i -B-glucouronidase

-B-galactosidase

-Cathepsin B & D
Reduces NF-kB and MAPK

!

)\ -Bax, APAF-1, active
. caspase-3, active caspase-9
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Figure 5. Schematic summary of cardioprotective actions of «-Bisabolol. 1; increase, |; decrease.

a-Bisabolol is also able to reverse the increase in heart rate (HR), systolic (SBP), di-
astolic (DBP), and mean arterial pressure induced in MI and to maintain them within
normal range [93]. An in silico based investigation by docking detected an ability of o-
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Bisabolol to interact with receptors implicated in cardiovascular related health including
x-glucosidase, angiotensin- converting enzymes, beta-2 adrenergic receptor, glucocorticoid,
HMG-CoA reductase, insulin, mineralocorticoid, potassium channel receptors and peroxi-
some proliferator-activated receptor alpha, suggesting its likeliness to be a cardiovascular
diseases modifying agent based on it its ability to interact on these receptors [94]. The
cardioprotective effects and demonstrated mechanisms of «-Bisabolol are summarized in
Table 7.

Table 7. Cardioprotective effects and mechanisms of x-Bisabolol.

Cardioprotective Effects

Compound Dose/Route/Duration Model Major Mechanisms Reference
J LDH, | infarct size
Isoproterenol (85 mg/kg, | TBARS, 1 SOD, CAT, | B-glucuronidase,
sw-Bisabolol 25 mg/kg, i.p for s.c. for 2 days) induced ~ (-galactosidase, cathepsin-B &D, | TNF-«, [91]
10 days myocardial infarction IL-6, IL-1p3, iNOS and COX-2, 1 IL-10,
in rats J NLRP3, (-) NFkB/MAPK, 71 Beclin-1,
LC3BI/1I, | p-mTOR
1T CKand LDH, | LOOH, TBARS, 1 SOD,
Isoproterenol (85 mg/kg, catalase and GSH, | Ca?* overload
sw-Bisabolol 25 mg/kg, i.p daily for  s.c. for 2 days) induced | mitochondrial swelling, T ATP, T ICDH, [92]
10 days myocardial infarction SDH, MDH, «-KGDH, and complexes I-IV,
in rats J Bax, P53, APAF-1, active caspase-3 and 9,
1 Bcl-2
Isoproterenol (85 mg/kg, 1 CK
s 25 mg/kg, i.p daily for s.c. for 2 days) induced J TBARS and LOOH
o-Bisabolol 10 days myocardial infarction 1 GSH and vitamin-C 531
in rats J HR, SBP and DBP

Symbols indications: 1; increase, |; decrease, (-); reduce.

7. x-Bisabolol and Antimicrobial Effects

Antimicrobials are drugs with an ability to inhibit or kill the pathogenic microorgan-
isms that can cause infectious diseases which in turn can be a cause of morbidity and
mortality [95]. The emergence of micro-organisms resistant to conventional antimicrobials
with the concept of multiple drug resistance has urged scientists to look for alternative
antimicrobial substances from various sources especially plant derived origin due to their
abundance, biodiversity, and low side effects [96].

The antimicrobial activity of x-Bisabolol was evaluated against Escherichia coli, Staphylo-
coccus aureus, Candida albicans, Candida krusei, Candida tropicalis, and multi-resistant bacterial
strains, Staphylococcus aureus and Escherichia coli. Results showed that all strain were sensi-
tive to a-Bisabolol which also exerted a synergism when applied with aminoglycosides [5].
In the same manner, «-Bisabolol demonstrated an antibacterial effect against Staphylococcus
aureus, Escherichia coli and Pseudomonas aeruginosa as well as a synergism against S. aureus,
when combined with the antibiotic norfloxacin and against E. coli when combined with
gentamicin [97]. In digging into the antibacterial mechanisms associated with «-Bisabolol,
a-Bisabolol was tested for a potential inhibition of TetK and NorA efflux pump responsi-
ble for pumping out antibiotics into extracellular space and thus rendering the bacteria
resistant to the administered antibiotic. The combination of «-Bisabolol with tetracycline
and norfloxacin resulted in potentiation of their action, illustrated by a reduction in their
minimum inhibitory concentration (MIC) from 192 ug/mL to 128 ug/mL against SA IS-58
TetK pump expressing strain and from 256 pg/mL to 32 pg/mL against SA 1199 B NorA
pump expressing strain, respectively [98].
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Furthermore, o-Bisabolol exerted a concentration-dependent effect on decreasing
the number of viable colonies of Bacillus Solobacterium Moorei associated with halitosis.
The bacterial cell wall presented a concurrent enhanced permeability of antimicrobials
such as tea tree oil after being exposed to «-Bisabolol, making it an effective agent in oral
hygiene products for eliminating microbes from oral cavity and reducing halitosis [99].
Staphylococcus aureus and Escherichia coli were shown to be more sensitive to the effects of
each of ciprofloxacin, clindamycin, erythromycin, gentamicin, tetracycline, and vancomycin
when applied in concomitantly with a-Bisabolol [100]. This suggests the practical utility
of a-Bisabolol in increasing the susceptibility of bacteria against antibiotics. The studies
demonstrated anti-microbial potential of «-Bisabolol are presented in Table 8.

Fungal infections are considered predominant infectious diseases with a prominent
resistance to commercially available synthetic antifungals which are associated with serious
side effect such as hepatotoxicity caused by azole group [101]. Therefore, it is becoming of
great importance to find compounds of plant origin with potent antifungal activity and
safe to administer.

The antifungal activity of «-Bisabolol was evaluated on Aspergillus fumigatus species.
Results demonstrated that «-Bisabolol is capable of inhibiting the growth of A. fumigatus as
well as inhibiting the synthesis of ergosterol responsible for cellular membrane integrity.
The expression of erg6 gene encoding for A?*-sterol methyltransferase (24-SMT); an en-
zyme responsible for converting lanosterol to eburicol an integral contributor in ergosterol
synthesis, was suppressed in A. fumigatus treated with «-Bisabolol. The activity of 24-SMT
was also assayed for further assertion. The assay revealed a notable decrease in its function-
ality observable by the reduction in the transmethylation activity [102]. On nine different
species of dermatophytes, o-Bisabolol along with other natural compounds were evaluated
for their antidermatophytic activity. «-Bisabolol was superior to all other compounds in
inhibiting the growth of fungal species, where it exerted over than 50% growth inhibition
values on tested fungi. It is noteworthy that o-Bisabolol had an ICsj value lower than that
of fluconazole against some fungal species.

Microsporum gypseum which displayed a particular sensitivity for x-Bisabolol was used
for carrying on further investigations. Resazurin Assay confirmed that «-Bisabolol is good
at inhibiting spores” germination of M. gypseum with an increasing efficiency corresponds
to an increase in the concentration. At the same time the transmission electron microscopy
visualized the anomalies caused in M. gypseum organelles including irregular nucleus,
vacuolization, and formation of multiple septa [103].

Additionally, x-Bisabolol exhibited a more potent growth inhibition for Fusarium oxys-
porum with low minimum inhibitory concentration (MIC) when compared with NaCl. The
combination of both x-Bisabolol and NaCl resulted in an eightfold reduction in NaCl MIC,
indicating a favorable synergism aimed to decrease administered antifungal agent [104].
On the other hand, «-Bisabolol was evaluated for an antiparasitic activity on Trypanosoma
cruzi, where it was indicated that, x-Bisabolol induces cell death in Trypanosoma cruzi by
triggering apoptosis, increasing ROS production, causing mitochondrial transmembrane
potential dysfunction, and inhibiting tcGAPDH enzyme; detected by docking study which
revealed that «-Bisabolol occupies the same site as chalepin (known inhibitor of tcGAPDH)
does [105].

The biocide action of x-Bisabolol was also investigated on Leishmania infantum pro-
mastigotes; the main species causing Leishmaniases. «-Bisabolol marked a significant
inhibitory effect at all concentrations tested with an inhibition of 100% for the highest
one [106]. Another study also agreed that x-Bisabolol possess the highest efficiency in
inhibiting L. infantum growth with low ICsg. Obtained results showed that «-Bisabolol-
induced apoptosis, led to phosphatidylserine externalization, disrupted plasma membrane
permeability, and decreased the potential of mitochondrial membrane as well as the ATP
level [107]. A performed evaluation by light microscopy on the ultrastructural changes re-
vealed that a-Bisabolol treated Leishmania amazonensis promastigotes and amastigotes showed
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mitochondrial swelling, numerous vacuoles formation, lipid inclusions of different sizes,
condensed nucleus, and severely damaged cytoplasm [108].

The cytotoxic activity of a-Bisabolol against Leishmania tropica promastigotes was at-
tributed to triggering ROS production, mitochondrial membrane depolarization, phospha-
tidilserine (PS) translocation, ultrastructural changes, and disrupted amastigotes cells [109]
An in vivo study proved that «-Bisabolol is an effective orally administered compound
in reducing the parasitic load in mice spleen and liver with no significant adverse effects
on mammalian cells [110]. In a clinical and explanatory study, a-Bisabolol efficacy was
assessed on canine leishmaniosis naturally infected dogs and compared with meglumine
antimoniate as a reference drug. «-Bisabolol was effective in reducing the parasite load in
bone marrow, lymph node and peripheral blood, increasing the release of IFNy and induc-
ing a Th1 cell mediated immunity. These effects were reproducible in most dogs received
a-Bisabolol in comparison with the effect of the reference drug which were observed in
only one dog out of six receiving it [111].

The topical application of x-Bisabolol in treating cutaneous leishmaniasis was evalu-
ated on hamsters for an antileishmanial potential. The formulation containing «-Bisabolol
was observed to be associated with a decrease in the lesion and footpad thickness and
with up to 83% reduction in the parasite load in comparison with the reference group [112].
These findings are suggestive of the promising possession of antileishmanial properties of
a-Bisabolol in treating visceral leishmaniosis.

Table 8. The antimicrobial actions of a-Bisabolol against different bacterial strains.

Antimicrobial Actions

Compound Dose/Route/Duration Model Major Mechanisms Reference

«-Bisabolol

4-512 pg/mL (for bacteria)
3-4096 ug/mL (for fungus)

Staphylococcus aureus,
Candida albicans, Candida krusei, Inhibited microbial growth [5]
Candida tropicalis

Staphylococcus aureus, Escherichia coli

«-Bisabolol 1024 pg/mL and Pseudomonas aeruginosa Inhibited microbial growth [97]
Staphylococcus aureus strains: pT181
carrying the TetK efflux pump
R protein that extrudes tetracycline; 1 MIC for tetracycline
a-Bisabolol 1024 pg/mL and the 1199B that presents and norfloxacin 98]
resistance to norfloxacin by NorA
pump expression
«-Bisabolol 0.1% Bacillus Solobacterium moorei + colonies number‘ [99]
1 effect of tea tree oil
s-Bisabolol 0522 mM Staphylococcys aureus and 71 effect of cp-fid@lmstered [100]
Escherichia coli antibiotics
o ~ . . | fungal growth
«-Bisabolol 0.281-9 mM for 3 days Aspergillus fumigatus Af239 (-) 24-SMT, | erg6 [102]
Microsporum gypseum, Microsporum
canis, Trichophyton violaceum,
Nannizzia cajetani, Trichophyton | fungal growth
. 5,10, 20, 50, 100, ) .
a-Bisabolol 200 we/mL mentagrophytes, Epidermophyton (-) spore germination [103]
He floccosum, Arthroderma gypseum, T morphological anomalies
Trichophyton rubrum and
Trichophyton tonsurans
«-Bisabolol 1 pug/mL Fusarium oxysporum | fungal growth [104]
HE ysp 1 MIC of NaCl
a-Bisabolol 1000-31.25 (M Trypanosoma cruzi Y infected 1 cell viability [105]

LLC-MK?2 cells T ROS, 1 apoptosis
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Table 8. Cont.

Antimicrobial Actions

Compound Dose/Route/Duration Model Major Mechanisms Reference
«-Bisabolol 1000-6.25 ug/mL Leishmania infantum zymodeme 1 | parasite growth [106]
| parasite growth

«-Bisabolol

ICsp = 9.5, 16.0

Promastigotes of Leishmania infantum

and amazonensis T apoptosis, | Apm | ATP, (1071

1 membrane permeabilization

R 1.86-60 ng/mL MHOM/BR/76/Ma-76 Leishmania (-) parasite growth
a-Bisabolol (IC59 = 8.07 ug/mL) amazonensis strains 1 morphological changes [108]
. 50, 200, and 1000 mg/kg 107 stationary-phase promastigotes of .
a-Bisabolol p.o for 14 days Leishmania infantum injected in mice (-) parasite growth [110]
(-) parasite growth
R 25 and 100 uM . ) ) . 1T ROS, 1 apoptosis
«-Bisabolol ICsp = 25.2 uM Leishmania tropica promastigotes 1 ultrastructure changes [109]
1 PS externalization
| parasite load
. 30 mg/kg, p.o, once daily Canine leishmaniosis naturally 1 antibody titers
o-Bisabolol for 28 days infected dogs 1 IFNy, [
1 Th1/Th2 immunity
«-Bisabolol oirl1t/:r;e2£15’c /ZO%/;Hap/ihed o Inoculated 3 x 107 parasites in the 1 lesion thickness [112]
’ /X8 p-0- left hind footpad of hamsters | parasite load

for 21 days

Symbols indications: 1; increase, |; decrease, (-); reduce.

8. a-Bisabolol and Gastroprotection

The core function of stomach is to aid in food digestion which makes the stomach
frequently exposed to various noxious factors such as hydrochloric acid, regurgitated bile
acid and wide range of osmolality. The resilience of stomach in withstanding several insults
is conferred by the physiological responses of gastric mucosa and the ability to self-repair
induced gastric lining damages [113]. In ethanol induced gastric damage in the form of gastric
hemorrhage, oral administration of «-Bisabolol was realized to attenuate gastric damage and
to provide cytoprotection in stomach. Prostaglandins and nitric oxide are known for their
important role in protecting gastric mucosal and maintaining gastric blood flow.

To investigate their participation in «-Bisabolol action; rats were injected with in-
domethacin (cyclooxygenase inhibitor) and | -NAME (nitric oxide synthase inhibitor). The
results revealed an abrogation in «-Bisabolol following their administration, indicating
the involvement of prostaglandins and nitric oxide in the protection effect of x-Bisabolol.
Furthermore, the decrease in «-Bisabolol action following the administration of K* atp
channel blocker; glibenclamide offered evidence for the possible role of K* orp channel
activation in mediating «-Bisabolol action [114]. However, a different study reported the
involvement of another mechanism which is based on reverting the depletion of GSH
caused by ethanol, where x-Bisabolol restored non-protein sulfydryl’s groups to which
GSH belongs [115].

Furthermore, a-Bisabolol possesses antioxidant and anti-inflammatory properties
which can protect the stomach. The antioxidant effect was demonstrated by causing an
increase in SOD activity and a reduction in MDA levels. Whereas the anti-inflammatory
effect was shown by the caused abolishment in MPO activity following ethanol injury
leading to a decreased neutrophils influx into gastric mucosa [116]. Taken together, this
demonstrates the anti-ulcerogenic activity of x-Bisabolol. The gastroprotective activity of
a-Bisabolol is illustrated in Table 9.
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Table 9. Effects of o-Bisabolol in preclinical models of gastrointestinal diseases.

Dose/Route/Duration

Model Major Mechanisms Reference

100 mg/kg p.o.

Ethanol (96%, 1 mL per animal) induced gastric

damage in rats | gastric damage [114]

100 or 200 mg/kg p.o.

Ethanol (0.2 mL/animal p.o.) and Indomethacin | gastric lesions

(20 mg/kg p.o.) induced ulcer model in mice 1T GSH [115]

100 and 200 mg/kg, p.o.

| MDA, MPO, 1 SOD,

J neutrophils influx [1iel

Ethanol (0.2 mL) induced gastric lesion in mice

Symbols indications: 1; increase, |; decrease.

9. a-Bisabolol and Nephroprotection

Ischemia-Reperfusion injury (I/R) can result in a catastrophic tissue dysfunction and
cellular loss due to sudden restored blood flow to ischemic organ. Reperfusion injury
is a multifaceted injury that extensively destruct injured organ by inducing exacerbated
oxidative and inflammatory response [117].

In a model of ischemia performed on rats” kidneys, «-Bisabolol was found to attenuate
all induced biochemical alterations. For instance, «-Bisabolol abolished the increase in
KIM-1 (kidney injury molecule-1), urinary osmolality, plasmatic creatinine, urea, uric acid,
creatinine, proteinuria, and microalbuminuria. Additionally, x-Bisabolol protected against
morphological changes including vacuolization, glomerular congestion and proteinaceous
depositions in proximal tubules and external medulla [118].

The nephroprotection effect of x-Bisabolol was also tested in an in vitro model of I/R
using HK2 cells. I/R caused significant cell death by both apoptosis and necrosis displayed
by intense Annexin-V and (7AAD+/Anx+) staining. Cells treated with «-Bisabolol had a
remarkable lower population of dead cells labelled with Annexin-V and (7AAD+/Anx+).
a-Bisabolol reverted the increase in ROS and TBARS, enhanced GSH activity and most im-
portantly induced NADPH production by inhibiting its oxidative degradation by NADPH
oxidase, thus demonstrating an antioxidant defensive mechanism.

This was further validated by measuring NADPH oxidase gene (NOX4) expres-
sion, which was reduced after «-Bisabolol treatment [119]. The nephroprotective role
of «-Bisabolol requires more extensive research to provide additional evidence on the
effectiveness of x-Bisabolol and the mechanistic modulations against kidney injury. The
nephroprotective effects of x-Bisabolol and the underlying mechanisms are summarized in
Table 10.

Table 10. Nephroprotective effects of x-Bisabolol.

100 mg/kg p.o.
and 500, 250, 125, 62.5 and
31.25 uM

J creatinine, urea, uric acid
J urinary osmolality
| FeNa™, FeK*, FeCl~
J microalbuminuria
J KIM-1, | TBARS, 1 GSH
1 cell viability

Clamping of the renal artery in the left
kidney for 60 min. in rats and
Ischemia/reperfusion model on tubular
epithelial cells (LLC-MKj) by anaerobic
chamber method

[118]

1000, 500, 250, 125, 62.5 and
31.25 M

Ischemia/reperfusion model on human T cell viability, | apoptosis, | TBARS,
tubular kidney cells (HK2) by anaerobic (-) NADPH oxidase 1 GSH, | NOX4, [119]
chamber method 1T A¥m, | KIM-1

Symbols indications: 1; increase, |; decrease, (-); reduce.

10. Anti-Inflammatory Effects of «-Bisabolol

Inflammation is a physiological response that includes an array of cellular and molec-
ular reactions designed for promoting cellular growth and tissue restoration after an injury.
Chronic inflammation can have far reaching medical consequences and it is reported to
be existed as an underlying mediator of various illnesses such as diabetes, cancer, and
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autoimmune diseases [120]. The anti-inflammatory effect of x-Bisabolol is presented in
Table 11.

Table 11. Anti-inflammatory effects of «-Bisabolol in different experimental models.

Dose/Route/Duration Model Major Mechanisms Reference
. 1 iNOS, COX-2, TNF-«, p65 PGE2, nitrite,
Ceusltgea;z‘};;’gzhm > AGEs (50ug/mL for 2 h) induced OA 1L-6, | MMP13
oM . in chondrocytes T collagen II, aggrecan
Mice treated with y [121]
. and Destabilization of the medial ADAMT-S5, | NF-kB, kB,
30 mg/kg/day p.o daily . L h
for 8 weeks meniscus in mice 1 pINK, | p-p38, 1 chondrocytes
and proteoglycans
| neutrophils, | MPO, | AHR,
30, 50, or 100 mg/kg, p.o, LPS (25 pg/25 pL intranasal) induced + elastance,. ! MI.P -2 zjmd KC
4 h before LPS acute lung inflammation in mice | alveolar wall thickening, inflammatory [122]

cell infiltration, alveolar hemorrhage, and
lung tissue damage

560, 860 and 1200 uM

LPS (10 pg/mL for 24 h) induced
inflammation in human J TNF-«, IL-13 [123]
myometria biopsies

Carrageenan (100 pL of 1% (w/v))

50 mg/kg, p-o induced pleurisy in mice + INFrox [4]
In Vlt;;):9%5’ 1;2;]} 0, 30, Zymosan (1 mg/cavity, i.p.) induced T phagocytosis of neutrophils,
T HE neutrophils in peritoneal cavity of mice I leukocytes, | NO, | mortality
and in vivo: 50, 100, T ;i . [124]
or 200 mg/kg p.o 1 h and Cecal ligation and puncture J colony forming units

before surgery

induced systemic infection

25 and 100 uM for 2h

LPS (500 ng/mL) induced
inflammatory response in RAW264.7
macrophages cells

1 NO, PGE2, | iNOS, COX-2, | NF-B,

AP-1, | pERK, p-p38 [125]

Symbols indications: 1; increase, |; decrease.

In an in vitro model resembling osteoarthritis, the anti-inflammatory effect of o-
Bisabolol was assessed using human chondrocytes. The model was developed by exposing
chondrocytes to advanced glycation end products (AGE) that are known to accumulate
with aging in joint cartilage and activate the expressed receptor of AGE (RAGE). The treat-
ment with «-Bisabolol suppressed the AGE-induced inflammatory response by reducing
the expression of iNOS, COX-2, TNF-«, prostaglandin E2 (PGE2), nitrite, and IL-6. It also
attenuated the extracellular matrix (ECM) catabolism observable by the upregulation of
collagen II and aggrecan with a concomitant downregulation of MMP13 and ADAMT-S5
levels. In investigating the signaling pathways, «-Bisabolol inhibited the activation of
nuclear factor kappa B (NF-«kB) as well as the nuclear translocation of P65. Furthermore,
it suppressed the AGE-induced mitogen-activated protein kinase (MAPK) signaling by
decreasing the phosphorylation of c-Jun N-terminal kinase (JNK) and p38 [121].

To improve the anti-inflammatory actions of «-Bisabolol, a drug delivery system was
developed using lipid-core nanocapsules (LNC). «-Bisabolol loaded nanoparticles (x-bis-
LNC) showed a protective effect on the LPS induced leukocytes influx where it decreased
the inflammatory cell migration and neutrophils accumulation in the bronchoalveolar
lavage fluid confirmed by the quantified level of myeloperoxidase (MPO) which showed
an activity lower than that observed in the LPS challenged mice.

Moreover, «-bis-LNC reversed the LPS induced increase in cytokine levels which was
evident by the reduced macrophage inflammatory protein-2 (MIP-2) and chemokine (KC)
levels. Animals treated with x-bis-LNC exhibited a decrease in the phosphorylated forms of
ERK, p38 and JNK along with an abolished airway hyperreactivity (AHR) [122]. Similarly,
a-Bisabolol caused a decrease in LPS-induced TNFx and IL-1f production in human
myometrium samples [123]. Consistent findings were reported regarding the efficiency
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of a-Bisabolol in attenuating inflammatory response by decreasing the release of TNF-o
following an inflammatory trigger [4].

In a systemic model of infection induced by cecal ligation and puncture (CLP), «-
Bisabolol administration significantly reduced the number of recruited leukocytes in mice
peritoneal cavity and the release of nitrite in the peritoneal exudate and protected against
mortality associated with the systemic infection [124]. Moreover, treating LPS- stimulated
macrophages with «-Bisabolol caused a decrease in NO, PGE2, iNOS and COX-2 expression.
The anti-inflammatory effect of x-Bisabolol was envisaged to be mediated by the inhibition
of NF-«B and activator protein-1 (AP-1) signaling cascade, and it was further elucidated
by a-Bisabolol-induced suppression of ERK and p38 phosphorylation [125]. The topical
application of «-Bisabolol demonstrated a remarkable inhibition of pro-inflammatory
cytokines in 12-O-tetradecanoyl-phorbol-13-acetate (TPA) induced skin inflammation in
mice [126].

11. The Antioxidant Actions of «-Bisabolol

Oxidative stress occurs when the production of free radicals exceeds the antioxidant
defense resulting in an imbalance between the production and the stabilizing agents.
The excessively formed reactive oxygen species interact with biomolecules including
proteins, lipids and DNA causing deleterious changes and cellular degeneration [127].
Phytochemicals have a major role as free radical scavengers which can depress the level
of produced reactive oxygen species and contribute in treating as well as preventing the
development of many chronic diseases [128].

«-Bisabolol was shown to exert an antioxidant effect evaluated by biochemical tests in-
cluding luminol-amplified chemiluminescence (LACL) on induced human polymorphonu-
clear neutrophils burst by Candida albicans and soluble stimulants (N-formyl-methionyl-
leucyl-phenylalanine, fMLP). The LACL inhibition was apparent after o-Bisabolol treat-
ment. Test on cell-free systems using H202/HOCI(-) and 3-morpholino-sydnonimine
(SIN-1), the hydrolysis of which leads to the formation of superoxide anions as a result of
oxygen reduction, exhibited an oxidation scavenging action of «-Bisabolol by reducing the
burden of produces free radicals [129].

Additionally, 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) test revealed that -
Bisabolol has an antioxidant activity with a reported IC50 value of >10,000 ng/mL. The
ABTS radical scavenging test illustrated the antiradical potential of x-Bisabolol with a
similar IC50 value to that reported in DPPH rest [130]. These finding are summarized in
Table 12.

Table 12. The antioxidant actions of x-Bisabolol.

Dose/Route/Duration Model Major Mechanisms Reference
Candida albicans and fMLP induced Human
19to31 g/m polymorphonuclear neutrophils 1 LACL inhibition [129]
respiratory, Bursts and ROS production
1000 ug/mL to 62.5 ug/mL In vitro tests (DPPH and ABTS) J concentration of free radicals [130]

Symbols indications: 1; increase, |; decrease.

12. Toxicity Assessment of x-Bisabolol

Phytochemicals are generally classified as safe compounds as they are present in plants
and produced naturally. However, the risk of toxicity assessment requires full consideration
to eliminate toxic reactions and ensure not exceeding the recommended dose [131]. There is
a good number of studies that assessed the toxicity of a-Bisabolol based on different in vivo
models, yet the clinical efficacy and safety remains scarce and to be determined. The acute
toxicity of «-Bisabolol was reported in mice and rats with oral LD50 of 15.1 mL/kg and
14.9 mL/kg, respectively, where symptoms such as sedation, ataxia, dyspnea, apathy, and
ruffled fur were observed when exceeding aforementioned doses. The sub-chronic toxicity



Nutrients 2022, 14, 1370

24 of 30

was assessed on rats based on 28 days duration of repeated dose and No Observed Adverse
Effects level (NOAEL) of 200 mg/kg/day was determined. This indicates that o-Bisabolol
has good oral compatibility in mice and rats with incompatibility reaction occurring only
at high doses. The intraperitoneal LD50 was determined to be 0.633 g/kg in mice with
symptoms of trembling, staggering gait and hepatic adhesions and «-Bisabolol deposits in
sacrificed animals. However, inhalational exposure to aerosolized x-Bisabolol caused no
deaths or lesions in necropsy.

The dermal irritation of x-Bisabolol was tested on rabbits by applying occlusive
patches containing o-Bisabolol on their back and flank. Slight erythema was developed after
the initial 4 h but was subsided with time. In human repeat insult patch test (HRIPT), there
was no sensitization induced by x-Bisabolol with a documented No Expected Sensitization
Induction Level (NESIL) of 5500 pg/cm? [132]. Moreover, a-Bisabolol was found to be
non-photoallergenic and no phototoxicity is reported post topical application of 5% and
0.5% «-Bisabolol solution on shaved guinea pigs exposed to UV radiation [133]. T

The mutagenicity of o-Bisabolol was evaluated in Salmonella/microsome assay which
showed that «-Bisabolol did not increase the number of his* revertant bacteria colonies when
compared with the control values [134]. Furthermore, the developmental and reproductive
toxicological effects of x-Bisabolol were investigated on pregnant rats and a (NOAEL) was
determined to be 980 mg/kg/day with no prenatal development effects. Whereas the dose
of 1000 mg/kg was realized to increase the occurrence of resorption rate and to reduce the
fetal number, body weight and feed intake as well [132].

In addition, x-Bisabolol was shown to protect the fertility of mice against daunoru-
bicin, an inducer of free radicals. All mice treated with «-Bisabolol had their fertilization
capacity maintained with sperm motility and concentration not affected. This reflects the
chemoprotective potential of «-Bisabolol [135].

13. Conclusions

It is irrefutable that plants can provide a vast reservoir for biologically active natural
compounds which can be integrated in novel drugs discovery. There is increased evidence
for the use of «-Bisabolol as a potential therapeutic agent and nutraceutical. This is evident
in the spurred growth in the in vitro and in vivo studies evaluating the bioefficacy of o-
Bisabolol, where numerous preclinical studies have provided a solid basis for its efficacy
against human diseases.

As discussed in this review, a-Bisabolol has shown therapeutic potential in several
pathological conditions and possesses a wide range of biological activities putatively propi-
tious for clinical applications such as the anticancer, antimicrobial, and anti-inflammatory. It
also demonstrated a particular protective effect against various disorders affects different or-
gan systems including nervous and cardiovascular. Conceivably, the underlying mediating
mechanism for the exerted bio-efficiency of «-Bisabolol is anticipated via the modulation of
signaling pathways and involved molecules. This review summarized the studies based
on which, x-Bisabolol might be one of the potent plants derived agent for application as
nutraceutical or pharmaceutical with pharmacological rationale and molecular mechanisms.
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