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Abstract
Helichrysum odoratissimum is commonly used in the treatment of diabetes, skin wounds, and eczema.
We determined its phytochemical composition and evaluated its antioxidant, anti-tyrosinase,
antidiabetic, wound healing, and cytoprotective activities. The antioxidant effect was tested by DPPH,
ABTS+, cupric, and ferric methods. The anti-tyrosinase action was determined using tyrosine and L-DOPA
as substrates, while the antidiabetic effect was studied by α-amylase and α-glucosidase assays. The
cytoprotective activity was studied via cell viability in HaCaT cells, hemolysis using erythrocytes, and
HET-CAM assay. Furthermore, drug-likeness, toxicity prediction, and molecular docking of selected
phyto-compounds docked against tyrosinase, L-DOPA, α-amylase, and α-glucosidase were studied. H.
odoratissimum contained various components of known pharmacological importance such as p-
menthone, eucalyptol, palmitic acid, pulegone, and (E)-caryophyllene, and exhibited a strong antioxidant
activity. It also inhibited tyrosinase, L-DOPA auto-oxidation, α-amylase and α-glucosidase in a
concentration-dependent manner. H. odoratissimum enhanced the migration of keratinocytes and
significantly (p<0.05-0.01) increased the percentage of wound closure after 12, 24 and 48 hours of
treatment. On the other hand, H. odoratissimumdid not cause any cytotoxicity in erythrocytes and hen's
egg-chorioallantoic membrane after treatment. All phyto-components from H. odoratissimum met the
acceptable standards for drug-likeness and toxicity prediction, according to Lipinski's rule. The strong
binding affinity of phyto-components with the active site of proteins recorded in silico supported the in
vitroanti-tyrosinase and antidiabetic activities of H. odoratissimum. This plant can be exploited in the
development of plant-based anti-tyrosinase, antidiabetic, and wound healing agents. These findings
could justify its ethnomedicinal uses.

1. Introduction
In developed and developing countries, physical appearance is progressively emerging as one of the
most important determinants of male and female attractiveness within societies undergoing rapid
urbanization (Swami et al., 2008). This conquest of physical beauty pushes people to go to extremes to
achieve their goal (Samson et al., 2010). In some countries, skin color is one of the main criteria that
determines physical beauty. Hence, some individuals undergo voluntary skin pigmentation or
depigmentation procedures (de Souza et al., 2008). Indeed, pigmentation disorders are caused by
various factors, such as hormonal changes due to pregnancy, sun exposure, skin diseases, and long-
term use of lighting creams or lotions, among others (Thawabteh et al., 2023; Hernández et al., 2024). On
average, around 40% of Asian women use lighting agents, while in certain African countries, the usage
ranges from 25–80% (Antoine et al., 2005). In some countries, the use of soft lighting agents like kojic
acid and alpha hydroxy acid is allowed in cosmetics, but their action is limited. Other lighting compounds
with rapid effects like hydroquinone and mercury are not allowed, due to their harmful effects on health
(Couteau et al., 2016; Zheng et al., 2023). In general, skin bleaching agents induce their lightning effects
by reducing melanin pigment through inhibition of the action of tyrosinase and L-DOPA, by scavenging
the existing melamine, or by destroying melanocytes (Ebanks et al., 2009; Gillbro and Olsson, 2011). The
action can be irreversible when melanocytes are completely destroyed (Chen et al., 2020).
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In addition to skin disorders, hydroquinone and other depigmenting agents like deoxyarbutin, kojic acid,
and aloesin may also cause inflammation (Zheng et al., 2023) and increase the risk of developing
hypertension (Bwomda et al., 2005), renal diseases (Okoye, 2019), and diabetes mellitus (Phan and
Smith, 2021). For instance, hydroquinone can directly increase the capillary glycemia (Choukem et al.,
2018), while cortisol can suppress the hypothalamic-pituitary-adrenal system and inhibit the production
of Antidiuretic Hormone (ADH) (Papanek and Raff, 1994), and alter the synthesis or action of insulin (by
stimulating lipolysis for instance) (Anagnostis et al., 2009), leading to diabetes mellitus (Sun and Wang,
2023). Considering the adverse effects of lightening cosmetics on health, skin bleaching is a public
health problem that may require special attention. The development of effective plant-based products
with no side effects is of great importance.

Helichrysum odoratissimum, commonly called ‘‘Mbantchuet” in Cameroon or “Impepho” in South Africa,
is an aromatic plant from the family Asteraceae. It is a highly fragrant and extensively branched
perennial herb characterized by its petite silvery leaves and small yellow flowerheads clustered at the
branch tips (Asekun et al., 2007). It can be woody at the lower part, growing upright or spreading,
reaching heights of up to 50 cm. This plant is also known for its strong smell. Experimental studies
revealed the antioxidant (Legoalea et al., 2013), pro-sexual (Watcho et al., 2019), antifungal (Zantanta et
al., 2022), anticancer (Twilley et al., 2017), and anti-inflammatory and antidiabetic (Ngagi et al., 2015)
activities of H. odoratissimu. Additionally, another experimental study stated the efficacy of H.
odoratissimu against acne through its ability to prevent bacterial growth associated with acne
progression (De Canha et al., 2020). In traditional medicine, this aromatic plant is used to treat diabetes,
burns, wounds, and eczema (Hutchings et al., 1996; Akaberi et al., 2019). It is also used as a skin
softener. However, there is no experimental study on the effect of this plant on tyrosinase and L-DOPA
activities, despite its folkloric use against skin disorders. In the present study, after evaluating the
phytochemical profile and antioxidant power of H. odoratissimu, its action on melanogenesis-related
markers (tyrosinase and L-DOPA) and diabetes-related enzymes (α-amylase and α-glucosidase) was
determined in vitro and in silico. Moreover, the cytoprotective effects of this plant were tested through
cell viability in human keratinocyte cells (HaCat cells), hemolysis in red blood cells, and ex vivo HET-CAM
irritation assay.

2. Materials and methods

2.1. Plant collection, preparation of aqueous extract, and
GC-MS analysis
The whole plant of H. odoratissimum was harvested in March 2023 in Dschang (a city in the West Region
of Cameroon, GPS coordinates: 5° 26' 38.29" N, 10° 03' 11.95" E), and identified at the Cameroon
National Herbarium (specimen N˚: HNC 1640). After collection, the plant underwent a three-week period
of shade drying, followed by grinding. The aqueous extract was prepared by macerating 100 g of powder
in distilled water (2L) for 48 hours. The mixture was filtered using filter paper (Whatman N˚1) and the
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filtrate was evaporated at 35˚C. 18.45 g of extract was obtained (extraction yield: 18.45). The GC (Agilent
789A, Agilent, Santa Clara, CA, USA)/MS (Agilent 5975C; GC-MSD) system was utilized to identify the
volatile compounds in H. odoratissimum, following the previously outlined procedure (Saravanakumar et
al., 2021; Deeh et al., 2024). Briefly, we injected 1 mg/mL of extract dissolved in methanol into the HP-5
capillary column at 250°C, with helium gas (99.99%) serving as the carrier at a flow rate of 1 mL/min.
The sample was run for 73 minutes. The phytocompounds were identified by comparing the GC-MS data
of the samples with the electronic library of W8N05ST.L.

2.2. Determination of total phenolics (TP) and total
flavonoids (TF)
The measurement of TP in H. odoratissimum was done using the Folin Ciocalteu method as described
earlier (Mehrabani et al., 2023). Briefly, 100 µL of sample, at a concentration of 1 mg/mL, was gently
mixed with 200 µL of Folin-Ciocalteu’s phenol reagent and 500 µL of Na2CO3. Then, the mixture was
incubated for 50 min at 25˚C, and the absorbance was measured at 760 nm. Gallic acid was used as
standard, and TP content was presented as milligram gallic acid equivalents per 100 g of dry weight
(GAE/g DW).

The TF in the extract was quantified using the AlCl3 method. Indeed, after mixing the sample (100 µL)
with 250 µL of distilled water and 150 µL of 95% ethanol, we added 25 µL of AlCl3 (10%) and 25 µL of

CH3COOK (1M). The mixture was then incubated for 30 minutes at 25˚C, the optical density was
measured at 415 nm, and the TF level was estimated as milligram quercetin equivalent/gram of dry
weight (mg QE/g DW) (Naveen et al., 2023).

2.3. Antioxidant study and measurement of lipid
peroxidation inhibition
The estimation of DPPH (Naveen et al., 2023) and ABTS+ (Blois, 1958) free radical scavenging activity, as
well as CUPRAC (Apak et al., 2008) and FRAP (Gao et al., 2020; Sathiyaseelan et al., 2021) reducing
power, and the level of lipid peroxidation inhibition (Roberto and Baratta 2000) were determined as
described in the supplementary materials (S1).

2.4. Anti-tyrosinase assay
The ability of H. odoratissimum to inhibit tyrosinase was determined in a 96-well plate as described
earlier (Fawol et al., 2012). In brief, 70 µL of various concentrations (7.8, 15.6, 31.3, 62.5, 125, 250, 500,
1000, 2000 µg/mL) of plant extract or ascorbic acid diluted in DMSO was mixed with 30 µL mushroom
tyrosinase (333 units/mL), and the mixture was incubated for 5 min. Then, 110 µL of L-DOPA (12 mM) or
tyrosine (2 mM) used as substrate was added, and the absorbance of the mixture was recorded at 490
nm. The mixture was incubated for 30 min at room temperature and the absorbance was measured
again at 492 nm, and the percentage of tyrosinase inhibition was estimated as previously reported
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(Klomsakul et al., 2022). Tyrosinase, L-DOPA and tyrosine were prepared in sodium phosphate buffer
(0.05 mM, pH 6.5), and all samples were prepared in triplicate.

2.5. Anti-L-DOPA auto-oxidation assay
The inhibition of L-DOPA auto-oxidation was measured as described by Klomsakul et al. (2022). Briefly,
500 µL of serial concentrations (7.8–2000 µg/ml) of H. odoratissimum or ascorbic acid were mixed with
500 µL of L-DOPA (12 mM). The mixture was incubated for 48 hours at 30°C and the optical density of
the samples was recorded at 475 nm. Then, the percentage of L-DOPA inhibition was estimated
(Klomsakul et al., 2022).

2.6. In vitro anti-diabetic assay

2.6.1. α-Amylase activity
50 µL of H. odoratissimum or Acarbose (positive control) in serially diluted concentrations (7.8–1000
µg/mL) was separately added to 50 µL of α-amylase (2 Units) and further mixed with 100 µL of
phosphate buffer (1 mM, 6.9 pH). The mixture was incubated for 15 min at 37°C and 50 µL of starch
solution (0.5%) was added. It was further incubated for 15 min at the same temperature. At the end of
the incubation period, 500 µL of DNS reagent (0.1 M) was added to the reaction mix and incubated in a
water bath for 5 min at 95°C. Then, the mixture was diluted 5 folds, the absorbance was recorded at 540
nm, and the percentage of α-amylase inhibition was estimated (Alshehri et al., 2022).

2.6.2. α-Glucosidase activity
50 µL of serial concentrations (7.8–1000 µg/mL) of H. odoratissimum was separately added to 25 µL of
α-glucosidase (1 Unit), and further mixed with 100 µL of phosphate buffer (1 mM, 6.9 pH). Acarbose
(7.8–1000 µg/mL) was used as experimental positive control. The mixture was incubated for 20 min at
37°C, added with 50 µL of PNPG solution (5 mM), and further incubated for 20 min in the dark at 37°C.
Following incubation, the reaction was stopped by adding 100 µL of Na2CO3 (0.1 M), and the optical
density was recorded at 405 nm. PBS (6.9 pH) was used as experimental control to calculate the
percentage of α-glucosidase inhibition (Naveen et al., 2023).

2.7. Cell culture and scratch wound healing assay in HaCaT
cells
HaCaT cells were provided from the Korean Cell Line Bank (KCLB, Seoul, ROK), and cultured according to
the suppliers’ guidelines. At about 80–90% growth confluence, the cells were trypsinized and transferred
to a 12-well plate (2 × 105 cells per well) containing DMEM with 10% FBS medium. After 24 hours of
incubation, the media was removed and the adherent cell layer was scratched with a sterile 100 µl
pipette tip. The wells were rinsed with phosphate-buffered saline (PBS) in order to eliminate the cellular
debris. The cells were treated with various concentrations of H. odoratissimum, and the scratch area
images were taken at 0, 12, 24 and 48 hours. The results were analyzed with Image J version 1.52v
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software. The group without treatment (only media) was used as a positive control (Saravanakumar et
al., 2024; Li et al., 2024).

2.8. Cytotoxicity assay

2.8.1. Cell viability and evaluation of the protective effect of
H. odoratissimum against H2O2 toxicity
The cell viability was determined by using 3-(4,5‐di‐methylthiazol‐2‐yl)‐2,5‐diphenyltetrazolium bromide
(MTT) assay as described earlier (Deeh et al., 2019; 2022). In brief, the HaCaT cells were exposed to
various concentrations (7.8–2000 µg/mL) of H. odoratissimum for 24 hours. At the end of the treatment
period, 10 µL of MTT working solution at a concentration of 5 mg/mL was added to each well. The plate
was then incubated for 3 hours in the dark. After removing the media, 100 µL of DMSO was added to
each well, and absorbance was recorded at 570 nm. Then, the cell viability (%) was estimated (Deeh et
al., 2022). The protective effect of H. odoratissimum against H2O2 cytotoxicity was determined by using
MTT assay as described earlier (Naveen et al., 2023). Briefly, the cells were pretreated with H2O2 (1.6

mM) for 30 min and later incubated for 12 hours with various concentrations (7.8–2000 µg/mL) of H.
odoratissimum or ascorbic acid. Then, the cell viability was measured (Naveen et al., 2023). Moreover,
the morphology of the HaCaT cells was visualized by an inverted microscope after 24 hours of
treatment.

2.8.2. Hemolysis
The effects of H. odoratissimum on hemolysis were tested on red blood cells (RBCs). In brief, the
mixture of 1 mL of defibrinated blood and 10 mL of PBS was centrifuged (2000 rpm/10 min) to isolate
the RBCs. Subsequently, different concentrations (7.8–2000 µg/mL) of H. odoratissimum, PBS (used as
negative control) and 1% Triton X-100 (used as positive control) were mixed with 200 µL of RBCs
suspended in PBS, and the mixture was incubated at 37°C for one hour. Then, the samples were
centrifuged (2000 rpm/10 min), and the absorbance of the supernatant was measured. The hemolytic
percentage was calculated as described earlier (Li et al., 2024).

2.8.3. HET-CAM irritation ex vivo toxicity assay
This experiment was conducted following the previously described methodology (Jin et al., 2023).
Briefly, prior to the experiment, the eggs were examined by candling to ensure the presence of live
embryos. Fifteen eggs (3/group) were divided as follows: (1) negative control group treated with 0.9%
NaCl; (2) positive control group administered with NaOH (0.1M); and (3–5) plant-treated groups exposed
to H. odoratissimum at concentrations of 500, 1000, 2000 µg/mL, respectively. The shells of the eggs
were carefully removed, and the outer membrane was taken off using 30 cm blunt tweezers to expose
the chorioallantoic membrane. 200 µL of each sample was applied to the membrane and left for 20
seconds before being wiped off with tissue paper. Toxicity-related parameters such as hemorrhage,
vascular damage, and coagulation were observed at 0 s (before treatment), 30 s, 2 min, and 5 min.
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2.9. In silico studies

2.9.1. Drug likeness and toxicity prediction
The drug-likeness and toxicity of all the phytocompounds identified in H. odoratissimum were assessed
using Lipinski’s rule through SwissADME, as previously described (Benet et al., 2016). In brief, the phyto-
components were converted into SMILES format, and the SwissADME package was utilized to calculate
various properties, including molecular weight, number of hydrogen bonds (donor and acceptor),
gastrointestinal (GI) absorption, lipophilicity, molar refractivity, and Lipinski violations. Compounds
satisfying all Lipinski’s rules (5/5) were selected for molecular docking against tyrosinase, L-DOPA, α-
amylase and α-Glucosidase.

2.9.2. Molecular docking
At the end of the drug likeness and toxicity prediction essay, 5 phytocompounds were selected for
molecular docking against tyrosinase (PDB ID: 2Y9X), L-DOPA (PDB ID: 6ON3), α-amylase (PDB ID:
1OSE), and α-glucosidase (PDB ID: 5NN8), to determine their binding energy and predict their affinity. The
proteins were downloaded from the protein data bank (PDB; www.rcsb.org) and prepared for the study.
Water molecules and ligands were removed, and polar hydrogen atoms were added. Their energy was
minimized, and their active sites were built. They were saved as protein data bank (PDB) files. The
ligands were created using UCSF Chimera software (version 1.16, San Francisco, CA, USA), and stored as
Mol2 files. Subsequently, selected ligands were subjected to docking with the active site of proteins
using ArgusLab (version 4.0.1), and the results were analyzed to understand the binding interaction by
using the BIOVIA Discovery Studio Visualizer 2021 client.

2.10. Statistical analysis
All tests were repeated three times. The results are presented as the mean plus or minus the standard
error of the mean (SEM). Differences among the means were analyzed using ANOVA one-way, followed
by the Tukey HSD post hoc test using STATISTICA software (version 8.0, StatSoft, Inc., Tulsa, USA). The
significance threshold was established at 0.05 or lower.

3. Results and discussion

3.1. Phytochemical screening and total phenolic and total
flavonoid contents in H. odoratissimum
A previous report documented the identification of non-volatile compounds in this plant (Serabele et al.,
2021). The volatile compounds identified in H. odoratissimum are presented in Table S2 and Fig. 1.
Indeed, p-Menthone, Eucalyptol, n,n-Dimethylacetamide, Octane, Nonane, Palmitic acid, 5-Methyl-2(5H)-
furanone, 1-Pentadecanamine, 2-Cyanoacetamide, Propane-2-13c, Oxirane, Pulegone and (E)-
Caryophyllene were detected. These results are consistent with the study of Asekun et al. (2007) who
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reported the presence of α-Pinene, (E)-Caryophyllene, p-Menthone, and other volatile compounds in H.
odoratissimum harvested in July, 2005 in the Cap Region of South Africa. Total phenolic and total
flavonoid contents in H. odoratissimum were 126.787 ± 10.72 mg of GAE/g DW and 4.56 ± 0.71 mg of
QE/g DW, respectively (Table S3). Matrose et al. (2022) obtained a total phenolic content of 193 ± 7.6 mg
of GAE/g DW and 145 ± 4.5 mg of GAE/g DW in the acetone and ethanolic extracts of H. odoratissimum,
respectively. The slight variation could be attributed to the extraction procedure and period and place of
plant collection, as reported earlier (Yao et al., 2005; Matrose et al., 2021). In the present work, selected
phytocompounds found in H. odoratissimum were used to predict the protein ligand interaction using the
molecular docking method.

3.2. Antioxidant activity of H. odoratissimum
The DPPH and ABTS+ free radical scavenging activity, as well as CUPRAC and FRAP of H. odoratissimum
were increased in a concentration-dependent manner. Indeed, the DPPH and ABTS+ values at doses
125–2000 µg/mL were significantly (p < 0.001) increased, compared to the lowest dose (7.8 µg/mL). At
doses 500–2000 µg/mL, we also noticed a significant (p < 0.001) improvement in CUPRAC of the plant
extract, compared with dose 7.8 µg/mL. However, ascorbic acid used as a positive control showed the
highest antioxidant activity. The FRAP (at doses 31.3–2000 µg/mL) and CUPRAC (at doses 500 and
1000 µg/mL) of ascorbic acid were significantly (p < 0.05 − 0.001) elevated, compared with that of H.
odoratissimum (Fig. 2A-D). Moreover, the ability of H. odoratissimum to inhibit lipid peroxidation by using
egg yolk homogenate as a lipid-rich media was tested. The lipid peroxidation inhibitory activity of H.
odoratissimum and ascorbic acid was dose-dependent, which correlated with DPPH, ABTS+, CUPRAC,
and FRAP values. There was no significant (p > 0.001) change in the percentage of lipid peroxidation
inhibition between H. odoratissimum and ascorbic groups (Fig. 2E). In parallel, an early study by Matrose
et al. (2022) reported a strong DPPH free radical scavenging activity of H. odoratissimum, with the
highest activity observed with acetone extract. The potent antioxidant activity of H. odoratissimum could
be due to its phytocomponents. For instance, dimethylacetamide has been reported as a good
antioxidant agent to prevent oxidative stress during sperm cryopreservation (Mehaisen et al., 2022),
while Eucalyptol exhibited a potent antioxidant action in hyperglycemic rats by enhancing the production
of endogenous antioxidant enzymes (Peng et al., 2021). In addition, several studies indicate a positive
correlation between antioxidant power and high TP and TF contents (Muflihah et al., 2021; Wairata et al.,
2022).

3.3. Effect of H. odoratissimum on tyrosinase and L-DOPA
auto-oxidation
During the process of melanogenesis, the enzyme tyrosinase first catalyzes the crucial step of
converting L-tyrosine to L-DOPA, followed by the oxidation of L-DOPA to DOPA-quinone and other
substances, leading to the synthesis of melanin (Ohbayashi et al., 2020). Skin lightening products
primary target tyrosinase and L-DOPA metabolism, as hyperpigmentation is associated with high
tyrosinase activity. Many lotions and creams used as skin lightening agents are usually associated with
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various side effects such as itching and acne (Couteau and Coiffard, 2016). Moreover, several toxic
agents like hydroquinone and mercury present in some lightning cosmetics can affect the reproductive,
immune, digestive, and nervous systems, leading to serious illnesses (Zheng et al., 2023). The
development of effective plant-based products with no side effects is attractive. H. odoratissimum is
commonly used to soften the skin, but there is no scientific proof. Thus, in this study, we evaluated the
action of this plant on tyrosinase inhibition (using L-DOPA and L-tyrosine as subtracts), and L-DOPA auto-
oxidation. From the results obtained, we found that H. odoratissimum inhibited tyrosinase and L-DOPA
auto-oxidation in a dose-dependent manner. Indeed, the tyrosinase inhibition and L-DOPA auto-oxidation
values of H. odoratissimum (dose 62.5–2000 µg/mL) were higher than those of ascorbic acid (used as
positive control) (Figs. 3A-C). We also noticed that the percentage of tyrosinase inhibition was higher
when L-DOPA was used as substrate, compared to the values obtained when tyrosine was used as
substrate (Figs. 3A, B). H. odoratissimum mainly acts as a tyrosinase cofactor, as L-tyrosine and L-DOPA
are known as substrate and cofactor for tyrosinase, respectively. Tyrosinase uses distinct locations for
its tyrosine hydroxylase and DOPA oxidase functions, along with a separate third binding site for DOPA
(Hearing and Jimenez, 1987). Flavonoids are known as potent tyrosinase inhibitors (El-Nashar et al.,
2021). The anti-tyrosinase action of H. odoratissimum could be linked to its high TP and TF contents as
well as its potent antioxidant power, as previously reported (Park et al., 2015; Zuo et al., 2018).

3.4. In vitro anti-diabetic and wound healing effects of H.
odoratissimum
Skin bleaching has been reported to increase the risk of developing diabetes mellitus, due to the
detrimental effects of toxic compounds like hydroquinone and mercury, which can directly increase the
capillary glycemia or inhibit Antidiuretic Hormone production at the hypothalamic-pituitary-adrenal
system, resulting in the suppression of the synthesis or action of insulin (Papanek and Raff, 1994; Sun
and Wang, 2023). Thus, the in vitro anti-diabetic potential of H. odoratissimum was studied by estimating
the α-amylase and α-glucosidase activities. It is well known that the inhibition of these enzymes
decreases glucose absorption at the level of intestine (Benrahou et al., 2022). No previous studies on the
in vitro antidiabetic activity of H. odoratissimum have been found in the literature, despite its use in
traditional medicine in the treatment of diabetes. In the present study, we found that H. odoratissimum
exhibited a potent antidiabetic activity in vitro by inhibiting the activity of α-amylase and α-glucosidase in
a dose-dependent manner. However, acarbose, used as a reference drug showed the highest activity
(Fig. 3D, E). This is the first time to report the in vitro antidiabetic activity of H. odoratissimum, which
could support its use as an antidiabetic herb in phytomedicine. Moreover, Ngagi et al. (2015) conducted
an in vivo study on the effect of this plant on alloxan-induced diabetic mice and found a strong
antidiabetic activity at doses 50–150 mg/kg.

In this work, we found that H. odoratissimum inhibited the activity of tyrosinase and L-DOPA auto-
oxidation, which may justify its use as a skin softener. Skin bleaching is harmful to skin health because it
can cause skin burns and/or affect the strength and elasticity of the skin, which may lead to chronic skin
wounds (Jeong et al., 2010). Therefore, it was of great interest to evaluate the action of H.
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odoratissimum on wound healing. HaCat cells are widely used as an experimental model to test the
effect of drugs on wound healing (Karatay et al., 2023; Payuhakrit et al., 2024). In all groups, the
percentage of wound closure was time-dependent. Compared to the control group, we noticed that H.
odoratissimum significantly (p < 0.05 − 0.01) enhanced the migration of keratinocytes after 12, 24, and
48 hours of treatment. For instance, the wound closure ratio was 29%, 83%, and 100% after 12, 24 and 48
hours of treatment with H. odoratissimum (at a dose of 125 µg/mL), respectively. At the end of the
incubation period (48 hours), H. odoratissimum at dose 125 µg/mL was the most active, since 100% of
wound closure was recorded. In the control group, 19.45% of the wound area remained open after 48
hours of incubation (Fig. 4A, B). These findings corroborate the cell viability results. Various
phytocompounds found in H. odoratissimum could be responsible for the wound healing effect of this
plant. For instance, it has been reported that n,n-dimethylacetamide prevents inflammation through NF-
κB pathway (Pekson et al., 2016), which may have a positive impact on skin repair. In addition to its anti-
tyrosinase and antidiabetic activity, our finding revealed that H. odoratissimum exhibited a potent wound
healing activity in HaCat cells. These results support the use of Helichrysum species as wound healing
enhancer in traditional medicine documented previously (Grčić et al., 2017).

3.5. In vitro and ex vivo cytotoxicity study of H.
odoratissimum
In the present work, the cytotoxicity study of H. odoratissimum was carried out through cell viability,
homolysis, and HET-CAM irritation assay. After exposing the HaCat cells (normal human keratinocytes)
to various concentrations of H. odoratissimum for 24 hours, we found that low or moderate
concentrations (7.8–250 µg/ml) of plant extract increased the cell viability after treatment (Fig. 5A).
Several studies have reported the cytotoxicity of this plant on cancer cells. The ethanolic extract of H.
odoratissimum exhibits hepatoprotective activity and low cytotoxicity in HepG2 cells, but high
cytotoxicity in HEK-293, A431, HeLa and A375 cells (Twilley et al., 2017). The protective effect of H.
odoratissimum against H2O2-induced cytotoxicity in HaCat cells was also tested in this study. H.
odoratissimum (at all doses) significantly (p < 0.001) increased the viability of HaCaT cells, compared to
H2O2 group (Fig. 5B). This may be attributed to its strong antioxidant potential. We also found that the
untreated cells (control) were well organized and had a unique cell shape and size, as reported
previously (Rezk et al., 2015; Campos et al., 2022). H2O2 negatively affected the morphology of HaCat

cells after treatment. Indeed, H2O2-treated cells were shrunk, had irregular contours, and an elongated
shape compared to the control. Many apoptotic bodies were also visible. Interestingly, these abnormal
features were improved by H. odoratissimum (Fig. 5C). This finding may support the folkloric use of this
plant for skin repair after skin bleaching. Hemolysis essay using RBCs revealed that H. odoratissimum
was non-hemolytic at doses 7.8 to 500 µg/mL and hemolytic at doses 1000 to 2000 µg/mL, according to
ASTM F756-00 rules (Elahi et al., 2014) (Fig. 5D). However, the hemolytic activity of H. odoratissimum
was significantly (p < 0.01) low, compared to the positive control (Triton X-100). Thus, low or moderate
doses of H. odoratissimum did not affect the RBC membrane stability in vitro. The HET-CAM method is a
reliable method for assessing the safety of skin products (Pardeike and Müller, 2009). As shown in
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Fig. 5E and Table S4, NaOH (0.1M) displayed a strong irritation (presence of vascular damage,
hemorrhage, and coagulation), while no signs of toxicity were observed after application of 0.9% NaCl or
H. odoratissimum.

3.6. Drug likeness and toxicity prediction, and molecular
docking
The results of the drug likeness and toxicity prediction of phytocompounds detected in H.
odoratissimum are presented in Table S5. Compounds 3, 4, 5, 10, 11 and 13 showed low GI absorption,
which can be correlated with the absence or low hydrogen bond donor and low permeation potential
(Lipinski et al., 2001), while compounds 1, 2, 6, 7, 8, 9 and 12 possessed high GI absorption. However, all
compounds met the acceptable ADME standards, according to Lipinski's rules (Lipinski et al., 2001). Log
P values of all compounds were ≤ 5. Compounds with a Log P value of 5 or less exhibit favorable
solubility and absorption characteristics, enabling them to readily enter cells and trigger physiological
reactions. Compounds with high GI absorption and satisfying all Lipinski’s rules (5/5) were selected for
molecular docking against tyrosinase (PDB ID: 2Y9X), L-DOPA (PDB ID: 6ON3), α-amylase (PDB ID:
1OSE), and α-glucosidase (PDB: 5NN8) (Fig. 6).

3.7 In silico anti-tyrosinase studies: molecular docking between selected compounds from H.
odoratissimum against tyrosinase and L-DOPA

Molecular docking is an effective method in computational research to determine the interactions and
binding energies between a drug and its target. Tyrosinase and L-DOPA are key compounds involved in
the production of melanin by melanocytes and therefore, are the key targets of lightning cosmetics
(Ebanks et al., 2009; Gillbro and Olsson, 2011). Hence, in the present study, molecular docking of
selected phyto-constituents identified in H. odoratissimum against tyrosinase (PDB ID: 2Y9X) and L-
DOPA (PDB ID: 6ON3) was investigated to analyse the ligand-protein interaction. As shown in Fig. 7, the
binding pattern between mushroom tyrosinase or L-DOPA and each phytocompound varies depending
on the ligand structure. In general, all ligands exhibited a good binding energy with the active pocket of
the enzymes (Table S6; Fig. 7). For instance, p-Menthone exhibited a strong binding affinity with
tyrosinase (-8.76 kcal/mol) and interacted with the active site of protein through 4 Alkyl/Pi-Alkyl bonds
and several van der Waals interactions (Fig. 7A). However, Eucalyptol was more stable, due to the
presence of 2 conventional hydrogen bonds and several van der Waals and Alkyl/Pi-Alkyl interactions
(Fig. 7B). 2-Cyanoacetamide was attached to the binding site of mushroom tyrosinase via 2 conventional
hydrogen bonds, while 2(5h)-furanone, 5-methyl- was linked by one conventional hydrogen bond (Fig. 7C-
D). Pulegone interacted with tyrosinase via one conventional hydrogen bond with Asn-2029 residue and
strong van der Waals and Alkyl/Pi-Alkyl interactions, which can justify its high affinity (-8.39 kcal/mol)
(Fig. 7E). As shown in Fig. 7F, p-Menthone interacted with the active pocket of L-DOPA via 2 conventional
hydrogen bonds with Arg-640 and Thr-637 residues, with a binding energy of -10.07 kcal/mol. On the
other hand, 2(5h)-furanone, 5-methyl and 2-Cyanoacetamide interacted with L-DOPA via one
conventional hydrogen bond with the binding affinity of -6.43 kcal/mol and − 5.69 kcal/mol, respectively
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(Fig. 7H, I). There were no conventional hydrogen bonds between Eucalyptol, Pulegone and L-DOPA, but
these ligands exhibited strong Alkyl/Pi-Alkyl and Van-der Walls interactions with the enzyme (Fig. 7G and
J). Overall, among all selected phytocompounds, we found that p-Menthone showed the strongest
binding affinity with Tyrosinase (-8.76 kcal/mol) and L-DOPA (-10.07 kcal/mol). This result corroborated
the in silico anti-tyrosinase activity of p-Menthone described earlier (Bellou et al., 2023). These findings
clearly showed that all selected bioactive compounds from H. odoratissimum are able to inhibit
tyrosinase and L-DOPA activities, which could justify the folkloric use of this plant as a skin smoother.

3.8 In silico antidiabetic studies: molecular docking between selected compounds from H.
odoratissimum against α-amylase and α-glucosidase

The molecular interaction of identified compounds from H. odoratissimum against α-amylase is
presented in Fig. 8A-F. His-305 residue of α-amylase interacted with p-Menthone or Pulegone through
one conventional hydrogen bond (Fig. 8A, E). No conventional hydrogen bonds between Eucalyptol or
2(5h)-furanone, 5-methyl and the active site of α-amylase were detected, but they displayed strong
hydrophobic π-alkyl and Van-der Walls interactions, respectively (Fig. 8BC). On the other hand, 2-
Cyanoacetamide interacted with Arg-124, Asp-138 and Asn-137 of the enzyme via 3 conventional
hydrogen bonds, confirming its best stability (Fig. 8D). The binding affinity of p-Menthone (-8.49
kcal/mol), Eucalyptol (-7.90 kcal/mol) or Pulegone (-8.59 kcal/mol) was higher than that of Acarbose
(-7.54 kcal/mol) used as a reference inhibitor, but Acarbose exhibited the highest stability with α-
amylase, due to the presence of 4 conventional hydrogen bonds with Thr-376, Asp-375, Asp-456, and
Arg-392 residues (Figure A-F; Table S7). Acarbose is widely used as a reference drug for in vivo, in vitro,
and in silico antidiabetic assays. The binding strategy of the selected phytocompounds against the
binding pocket of α-glucosidase was similar to that of α-amylase (Table S7, Fig. 8). For instance, the
binding affinity of p-Menthone (-9.26 kcal/mol), Eucalyptol (-8.61 kcal/mol) and Pulegone (-9.72
kcal/mol) with α-glucosidase was higher than that of Acarbose (-8.54 kcal/mol) (Table S7). Eucalyptol
and p-Menthone interacted with the binding site of α-glucosidase via one and two conventional hydrogen
bonds, respectively, while 2-Cyanoacetamide showed 3 conventional hydrogen bonds with the enzyme
(Fig. 8A-D). During docking analysis, higher negative values indicate strong binding affinity between
ligand and protein, suggesting greater effectiveness of the phytocompounds. Thus, Pulegone had the
best affinity (-9.72kcal/mol) with α-glucosidase. Pharmacologically, the strong binding interactions
between phyto-components and enzymes indicate their ability to inhibit α-amylase and α-glucosidase
activities, which corroborates the antidiabetic potential of this plant reported previously (Ngagi et al.,
2015). These findings are consistent with previous studies which reported the in silico inhibitory action
of Eucalyptol (Dar et al., 2024), p-Menthone (Złotek et al., 2020) and Pulegone (El-Omari et al., 2024)
against α-amylase and α-glucosidase. Moreover, the inhibitory effect of non-volatile compounds like
helichrysetin isolated from Helichrysum species has been revealed (Jadalla et al., 2022). These in silico
results, along with in vitro findings offer a solid foundation for testing this plant in experimental animals.

The possible mechanism of action of H. odoratissimum is illustrated in Fig. 9. Based on the results
obtained, the antioxidant effect of H. odoratissimum is linked to its ability to prevent lipid peroxidation
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(i). This action could improve mitochondrial fatty acid oxidation (ii) and prevent ROS overproduction (iii),
which may finally prevent oxidative stress. H. odoratissimum could also act by directly enhancing the
antioxidant markers (iv). It is well known that L-DOPA overproduction induces oxidative stress (Stansley
and Yamamoto, 2013; Nikolova et al., 2019). Under normal conditions, tyrosinase initiates
melanogenesis by stimulating the conversion of L-tyrosine to L-DOPA, which is later transformed into
DOPA quinone, leading to the production of melanin through several polymerized reactions (Videira et al.,
2013). In the current study, H. odoratissimum strongly inhibited tyrosinase and L-DOPA activities (v),
which are precursors of melanogenesis, and therefore suggesting the anti-melanogenic action of this
plant. However, further in vivo and in vitro studies are required to quantify melanin synthesis after
treatment with this plant. H. odoratissimum may also exhibit its antioxidant activity by inhibiting L-DOPA
activity, which may enhance the production of antioxidant enzymes and prevent oxidative stress (vi). On
the other hand, we found that H. odoratissimum exhibited a powerful antidiabetic action through its
inhibitory activity on α-amylase and α-glucosidase. Indeed, salivary and pancreatic α-amylase initiate the
chemical digestion of carbohydrates. At the level of the small intestine, α-glucosidase breaks
polysaccharides into simple absorbable sugars (Bischoff, 1994). H. odoratissimum inhibited α-amylase
activity, which may reduce the availability of oligosaccharides at the level of intestine (vii). In addition,
the inhibition of α-glucosidase activity by this extract may decrease or suppress the amount of simple
absorbable sugars, leading to the reduction in blood glucose level (viii). Since α-glucosidase inhibitors
used in the treatment of diabetes are known to stimulate insulin secretion at the level of the pancreas
(Bischoff, 1995; Kalra 2014), H. odoratissimum may also display its antidiabetic action through this
pathway (ix). However, more in vivo studies are required to clarify this mechanism.

4. Conclusion
H. odoratissimum exhibited a potent antioxidant activity. In vitro studies revealed the anti-tyrosinase,
anti-α-amylase, anti-α-glucosidase and wound healing activities of H. odoratissimum, which were also
supported by the in silico findings. H. odoratissimum improved the viability of HaCat cells and protected
the cells against H2O2 cytotoxicity. Moreover, H. odoratissimum did not cause any cytotoxicity in red
blood cells (at doses 7.8 to 500 µg/mL) and hen's egg-chorioallantoic membrane (at all doses) after
treatment. The phyto-components found in H. odoratissimum met the acceptable standards for drug-
likeness and toxicity prediction. H. odoratissimum can be exploited in the development of plant-based
anti-tyrosinase, antidiabetic and wound healing agents. This could justify the ethnomedicinal uses of H.
odoratissimum.
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Figures

Figure 1

GC-MS analysis of H. odoratissimum. GC–MS chromatogram graph (A) and structure of some selected
compounds detected in H. odoratissimum (B).
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Figure 2

Antioxidant activity of H. odoratissimum. (A) DPPH and (B) ABTS free radical scavenging activity; (C)
Cupric and (D) Ferric reducing power; (E) inhibition of lipid peroxidation. The DPPH and ABTS+ free
radical scavenging activity, as well as CUPRAC and FRAP of H. odoratissimum were increased in a
concentration-dependent manner. Indeed, the DPPH and ABTS+ values at doses 125-2000 µg/mL were
significantly (p<0.001) increased, compared to the lowest dose (7.8 µg/mL). At doses 500-2000 µg/mL,
we also noticed a significant (p<0.001) improvement in CUPRAC of the plant extract, compared with
dose 7.8 µg/mL. The FRAP (at doses 31.3-2000 µg/mL) and CUPRAC (at doses 500 and 1000 µg/mL) of
ascorbic acid were significantly (p<0.05-0.001) elevated, compared with that of H. odoratissimum. In the
lipid peroxidation analysis, egg yolk homogenate was used as lipid-rich media and the ability of plant
extracts to inhibit lipid peroxidation was evaluated using TBA reactive substances (TBARS) assay. H.
odoratissimum and ascorbic acid inhibited lipid peroxidation in a dose-dependent manner. Experiments
were performed in triplicate. Each bar represents the mean ± SEM. Data represent mean ± standard error
of the mean (SEM). *p<0.05; **p<0.01; ***p<0.001: compared to AA. ββp<0.01; βββp<0.001: compared to
dose 7.8 µg/mL.
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Figure 3

Anti-tyrosinase and antidiabetic effects of H. odoratissimum. A and B represent the tyrosinase inhibitory
effect using L-DOPA or tyrosine as subtract, respectively. Various concentrations (7.8-2000 µg/mL) of H.
odoratissimum and ascorbic acid were mixed with 30 μL of mushroom tyrosinase (333 units/mL). Then,
110 μL of L-DOPA (12 mM) or tyrosine (2 mM) was added, and the absorbance of the mixture was
recorded at 490 nm. C represents the anti-L-DOPA auto-oxydation activity. Various concentrations (7.8-
2000 µg/ml) of H. odoratissimum and ascorbic acid were mixed 500 μL of L-DOPA (12 mM) and the
absorbance (at 475 nm.) was measured after 48 hours of incubation at 30°C. H. odoratissimum
exhibited a potent anti-tyrosinase activity. C and D represent the effects of H. odoratissimum on α-
amylase, and anti-α-glucosidase inhibitions, respectively. A concentration-dependent effect was
recorded. Experiments were performed in triplicate. Each bar represents the mean ± SEM. *p<0.05:
compared to AA. #p<0.05; ##p<0.01: compared to acarbose.
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Figure 4

Wound healing effect of H. odoratissimum. (A):HaCaT images were captured at 0, 12, and 24 hours. (B):
The percentage of the scratch area in HaCaT cells control and treated with H. odoratissimumat times 0,
12, 24, and 48 h. The HaCaT cells were incubated in the absence or presence of various concentrations
of plant extract, and images were captured at 0, 12, and 24 hours. In all groups, the percentage of wound
closure was time-dependent. Compared to the control group, we noticed that H. odoratissimum
enhanced the migration of keratinocytes after 12, 24, and 48 hours of treatment. At the end of the
incubation period (48 hours), H. odoratissimum at dose 250 µg/mL was the most active, since 100% of
wound closure was recorded. *p<0.05; **p<0.01: compared with control.
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Figure 5

Cytotoxicity of H. odoratissimum. Cells viability (A, B), cell morphology (C), hemolytic activity (D, E) and
HET-CAM irritation test (F) of various concentrations of aqueous extract of H. odoratissimum. In the cell
viability experiment, HaCaT cells were exposed to serial concentrations (7.8-2000 µg/mL) of H.
odoratissimum, and cell viability was estimated by MTT after 24 hours. In the absence of H2O2, low or
moderate concentrations (7.8-250 µg/mL) of plant extract increase the cell viability after treatment.
Moreover, H. odoratissimum (at all doses) significantly increased (p<0.001) the viability of HaCaT cells,
compared to H2O2 group. In the cell morphology essay, the control cells were well organized and had a

unique cell shape and size. H2O2-treated cells were shrunk, had irregular contours, and an elongated
shape compared to the control. Many apoptotic bodies were also visible. Interestingly, these abnormal
features were improved by H. odoratissimum. Red and blue arrows indicate shrunken cells and apoptotic
bodies, respectively. Hemolysis assay was carried out by treating RBCs with different concentrations of
plant extract, PBS (negative control) and triton X-100 (positive control), and the hemolytic activity was
measured. The photographs and percentage of hemolysis are presented in figure D. H. odoratissimum
was non hemolitic at doses (7.8-500 µg/mL) and hemolitic at doses (1000 and 2000 µg/mL). The HET-
CAM irritation test was conducted using fertilized eggs, as described in the materials and methods
section. 200 µL of each concentration of H. odoratissimum, 0.9% NaCl (negative control), or 0.1M NaOH
(positive control) was applied to the membrane, and toxicity-related parameters such as hemorrhage,
vascular damage, and coagulation were observed at 0s (before treatment), 30 s, 2 min and 5 min. NaOH
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(0.1M) displayed a strong irritation, while no sign of toxicity was observed after 0.9% NaCl or H.
odoratissimum application. Experiments were performed in triplicate. Each bar represents the mean ±
SEM. H2O2: Hydrogen peroxide; HO: H. odoratissimum. ###p<0.001: compared to TritonX-100. *p<0.05;

***p<0.01; ***p<0.001: compared to control. αααp<0.001: compared to H2O2.

Figure 6

Bioavailability radar of selected compounds from odoratissimum and 3D structure of the target proteins.
(A): p-Menthone; (B): Eucalyptol; (C): n,n-Dimethylacetamide; (D): Octane; (E): Nonane; (F): Palmitic acid;
(G): 2(5h)-furanone, 5-methyl-; (H): 1-Pentadecanamine;  (I): 2-Cyanoacetamide; (J): Propane-2-13c;  (K):
Oxirane; (L): Pulegone; (M): (E)-Caryophyllene. Drug likeness and toxicity prediction of all
phytocompounds identified in the aqueous extract of H. odoratissimum were performed. Log P values of
all compounds were consistent with Lipinski’s norms. Compounds with high GI absorption and satisfying



Page 27/31

all Lipinski’s rules (5/5) rules were selected for molecular docking against diabetes-related enzymes (α-
amylase, PDB ID: 1OSE and α-Glucosidase, PDB ID: 5NN4) and melanin-related markers (Tyrosinase, PDB
ID: 2Y9X and L-DOPA, PDB ID: 6ON3).

Figure 7

3D and 2D diagrams of molecular docking between selected compounds from H. odoratissimum and
tyrosinase (A-E) or L-DOPA (F-J). A: p-Menthone interacting with the active site of tyrosinase through 4
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Alkyl/Pi-Alkyl bonds and several van der Waals interactions; B: Eucalyptol interacting with tyrosinase
through 2 conventional hydrogen bonds and several van der Waals and Alkyl/Pi-Alkyl interactions; C:
Docking results of 2(5h)-furanone, 5-methyl interacting with tyrosinase via one conventional hydrogen
bond and several van der Waals and Alkyl/Pi-Alkyl interactions; D: 2-Cyanoacetamide interacting with
tyrosinase via 2 conventional hydrogen bonds; E: Docking results of Pulegone interacting with tyrosinase
via one conventional hydrogen bond with Asn-2029 residue; F: Binding poses of p-Menthone interacting
with L-DOPA showing two conventional hydrogen bonds; G: Docking results of Eucalyptol interacting with
L-DOPA showing a strong Alkyl/Pi-Alkyl interaction; H: Docking results of 2(5h)-furanone, 5-methyl
interacting with L-DOPA showing 2 conventional hydrogen bonds with Arg-640 and Thr-637 residues; I:
Binding poses of 2-Cyanoacetamide interacting with L-DOPA via one conventional hydrogen bond and a
strong van der Waals interaction; J: Molecular interaction between Pulegone and L-DOPA showing
various van der Waals and Alkyl/Pi-Alkyl interactions.
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Figure 8

3D and 2D diagrams of molecular docking between selected compounds from H. odoratissimum and α-
Amylase (A-F) and α-Glucosidase (G-L). A: Docking results illustrating the binding pattern of p-Menthone
and α-Amylase through 1 conventional hydrogen bond; B: Docking results of Eucalyptol interacting with
α-Amylase via several van der Waals interactions; C: Binding poses showing the molecular interaction
between 2(5h)-furanone, 5-methyl interacting and α-Amylase; D: Docking results showing the strong
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interaction between 2-Cyanoacetamide and α-Amylase via 3 conventional hydrogen bonds; E: Molecular
interaction between Pulegone and α-Amylase revealing one conventional hydrogen bond; F: Binding
poses of Acarbose interacting with α-Amylase through 4 conventional hydrogen bonds, and various Van-
der Walls interactions; G: Docking interactionsof p-Menthone and α-Glucosidase showing 2 conventional
hydrogen bounds; H: Docking results of Eucalyptol interacting with α-Glucosidase via 1 carbon hydrogen
bound and several van der Waals and Alkyl/Pi-Alkyl interactions; I: Docking results of 2(5h)-furanone, 5-
methyl interacting with α-Glucosidase. J: Binding poses of 2-Cyanoacetamideinteracting with α-
Glucosidase via 3 conventional hydrogen bounds and various van der Waals interactions; K: Molecular
interaction between Pulegone and α-Glucosidase; L: Molecular interaction between Acarbose (used as a
reference inhibitor) and α-Glucosidase showing a strong interaction via 2 conventional hydrogen bonds
with Arg-189 and Val-193, and various Van-der Walls interactions.

Figure 9

Possible mechanism of action of H. odoratissimum. The antioxidant effect of H. odoratissimum is linked
to its ability to prevent lipid peroxidation (i). This action could improve the oxidation of mitochondrial
fatty acid (ii) and prevent ROS overproduction (iii), which could finally prevent oxidative stress. H.
odoratissimum could also act by directly enhancing antioxidant markers (iv). Under normal conditions,
tyrosinase initiates melanogenesis by stimulating the conversion of L-tyrosine to L-DOPA, which is then
transformed into DOPA quinone, leading to the production of melanin through several polymerized
reactions. In the current study, H. odoratissimum strongly inhibited tyrosinase and L-DOPA activities (v),
which are precursors of melanogenesis and therefore suggesting the anti-melanogenic action of this
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plant. H. odoratissimum may also exhibit its antioxidant activity by inhibiting L-DOPA activity, which may
improve the production of antioxidant enzymes and prevent oxidative stress (vi). On the other hand, we
found that H. odoratissimum exhibited a potent antidiabetic action through its inhibitory activity on α-
amylase and α-glucosidase. Indeed, salivary and pancreatic α-amylase initiate the chemical digestion of
carbohydrates. At the level of small intestine, α-glucosidase breaks polysaccharides into simple
absorbable sugars. H. odoratissimum inhibited α-amylase activity, which may reduce the availability of
oligosaccharides at the level of intestine (vii). In addition, the inhibition of α-glucosidase activity by this
extractmay decrease the amount of simple absorbable sugars, leading to a reduction in blood glucose
level (viii). Because α-glucosidase inhibitors used in the treatment of diabetes are known to stimulate
insulin secretion at the level of the pancreas, H. odoratissimum may also exert its antidiabetic action
through this way (ix).
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