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Abstract: Dicerothamnus rhinocerotis (L.f.) Koekemoer, also known as rhinoceros bush and previ-
ously called Elytropappus rhinocerotis (L.f.) Less., is from the Asteraceae plant family. The plant is
traditionally used to treat indigestion, stomach ulcers, influenza, and diarrhea. This study was
aimed at investigating the phytochemistry, anti-glucosidase, anti-amylase, and anti-tyrosinase
effects of D. rhinocerotis as research in this area is limited. The air-dried plant materials were
macerated in 80% methanol (MeOH) and fractionated between hexane, dichloromethane (DCM),
ethyl acetate (EtOAc), and butanol (BuOH). Column chromatography on silica gel was employed
for the isolation of the compounds. A total of six compounds (1–6) were isolated from the fractions
viz. acacetin (1), 15-hydroxy-cis-clerodan-3-ene-18-oic-acid (2), acacetin-7-glucoside (3), pinitol (4),
apigenin (5), and β-sitosterol-3-O-glycoside (6). Compounds 2–4 and 6 are reported for the first
time from this plant. Among the different fractions, the BuOH and EtOAc fractions had strong
tyrosinase inhibitory activities with IC50 values of 13.7 ± 1.71 and 11.6 ± 2.68 µg/mL, respectively,
while among the isolated compounds, apigenin (5) had the strongest inhibitory activity, with an
IC50 of 14.58 µM, which competes favorably with Kojic acid (17.26 µM). The anti-glucosidase assay
showed good activity in three of the fractions and compound 5, while the anti-amylase assays did
not show significant inhibition activity.

Keywords: Asteraceae; Dicerothamnus rhinocerotis; phytochemistry; tyrosinase; glucosidase; amylase;
diabetes; inhibition

1. Introduction

Asteraceae or Compositae (commonly referred to as the aster, daisy, composite, or
sunflower family) is a very large and widespread family of flowering plants [1,2]. The family
has 34,510 accepted species names in 1729 genera [3]. Several species from this family have
known medicinal properties. For example, anti-tyrosinase activity was shown in Bubonium
imbricatum, Cladanthus arabicus, Achyrocline satureioides, Artemisia verlotiorum, Flourensia
campestris, Pterocaulon alopecuroide, and Tagetes minuta [4], while Bubonium imbricatum and
Cladanthus arabicus both exhibit good anti-diabetic activity [5].

Dicerothamnus rhinocerotis (L.f.) Koekemoer, also known as rhinoceros bush and
renosterbos and previously called Elytropappus rhinocerotis (L.f.) Less., is a medicinal
plant used in traditional African medicine [6,7]. The plant belongs to the Asteraceae
family and is distributed in South Africa and Namibia [6,7]. Rhinoceros bush is a single-
stemmed and small shrub averaging 2 m in height. The old branches are rough and have
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even greyish barks. The leaves contain feathery white hairs, which gives the plant a
greyish general appearance [8]. In traditional medicine, the young tips of the branches
are used to treat indigestion, stomach ulcers, dyspepsia, stomach cancer, and fever [9,10].
Additionally, it is used as a bitter tonic to stimulate the loss of appetite and treatment
of colic, influenza, diarrhea, and convulsions in children [11]. Furthermore, there are
reports regarding the traditional use of the plant to treat type 2 diabetes and reduce
high blood pressure [9,10]. Diabetes mellitus is a disease associated with high blood
sugar levels, a condition where the body is unable to effectively control the metabolism
of glucose, which is the primary source of energy. This high blood sugar presents
persistent urination, increased thirst, and hunger as symptoms. Diabetic patients have
an increased risk of developing other serious life-threatening health problems, resulting
in higher medical care costs, reduced quality of life, and increased mortality [12,13].
Recent data from the International Diabetes Federation (IDF) estimate that 7% of South
Africans between the ages of 21 and 79 years have diabetes [14], with the contributing
factors being the aging population, economic transition, and urbanization associated
with nutrition transition and obesity [15,16]. Diabetes was estimated to cause about
8000 new cases of blindness and 2000 new cases of amputations annually in South
Africa [17]. Type 2 Diabetes Mellitus (T2DM) starts with insulin resistance, a condition
where the body cells do not respond well to insulin [18]. The common treatment for
diabetes includes insulin, pramlintide, and metformin. These drugs have side effects,
which include flatulence, fatigue, nausea, weight gain, hypoglycemia, and genitourinary
infections [19]. Despite the availability of modern remedies, patients still use alternative
medicine (herbs), either alone or in conjunction with conventional medicine, as there is a
growing interest in complementary and alternative medicine, especially in the treatment
of chronic diseases such as diabetes [20,21]. Dicerothamus rhinocerotis has been reported
to be used traditionally in treating type 2 diabetes [9,10], which formed the basis of this
research, i.e., to determine the activity of this plant and identify the active metabolites
that inhibit alpha-amylase and alpha-glucosidase enzymes.

As previously noted, several members of the Asteraceae family are reported to display
anti-tyrosinase activities, but reports on Dicerothamus rhinocerotis are limited. Tyrosinase
is a multi-copper enzyme found in plant and animal tissues and causes the browning
of foods and the production of melanin cells in animals. It acts in the catalytic cycle by
either hydroxylating monophenols to o-diphenols or oxidizing o-diphenols to o-quinones,
which finally form melanin [22,23]. This enzyme is responsible for the browning of fungi,
damaged plant tissues, and damaged fruits during handling and processing after harvest.
It is also said to be involved in the development and defense mechanism of insects in terms
of melanin production, sclerotization, parasite encapsulation, and wound healing [24,25].
The unfavorable actions of tyrosinase in the browning of fruits and vegetables and the
hyperpigmentation of the human skin have prompted researchers to find anti-tyrosinase
agents, also known as tyrosinase inhibitors, especially in the food and cosmetic indus-
try [24]. These inhibitors target tyrosinase activities, stopping the production of melanin in
the melanocyte. Many cosmetic companies producing skin-lightening creams use these
inhibitors as they are the most commercially available skin-whitening agents [26,27]. Com-
monly used anti-tyrosinase, kojic acid, and hydroquinone have been reported to cause
oxidative damage of lipids and permanent loss of melanocytes in the skin after long use and
have thus been banned in many countries; therefore, the need for safe tyrosinase inhibitors
cannot be overemphasized [27].

Regarding the phytochemistry of the plant, cardiac glycosides, tannins, saponins, and
reducing sugars were reported [7]. Lipophilic resins were reported to be 20% of its dry mass,
while 80% of the raw extract of dried plant materials comprised methoxylated flavones,
cirsimaritin, hispidulin, eupafolin, and quercetin [7]. Benzoic acid and its derivatives
(protocatechuic acid, veratric acid, and p-hydrobenzoic acid), as well as cinnamic acid
derivatives (sinapic acid, p-coumaric acid, and ferulic acid), were also identified [28,29]. In
a more recent study, 6,7-dimethoxycoumarin, 4′,5,7- trihydroxyflavone, 5,7-dihydroxy-4′-
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methoxyflavone, 5,7-dihydroxy-4′,6-dimethoxyflavone, kaempferol, 3-methyl ether, (+)-13-
epilabdanolic acid, (+)-ent-labdanolic acid, (+)-methyl 13-epilabdanolate, and (+)-(8R,13R)-
labdan-8,15-diol were isolated [30]. Also, the isolation of (+)-13-epilabdanolic acid, (+)-ent-
labdanolic acid, and ent-labd-13-en-8-β-hydroxy-15-oic acid from the leafy stems of the
plant was reported [31]. It was observed that the flavonoids isolated from this plant are
methoxylated [30], while rhinoterotinoic acid shows anti-inflammatory activity [9–11].

This study aims to investigate the phytochemicals from D. rhinocerotis and evaluate
their anti-diabetic and anti-tyrosinase activities to substantiate the ethnopharmacologi-
cal claims.

2. Materials and Methods
2.1. Plant Material

The leaves of Dicerothamnus rhinocerotis were collected on 20 May 2019 at Kirstenbosch
National Botanical Gardens, Cape Town, South Africa, where it was identified by a tax-
onomist (Voucher number: OW-2019-01). It was air-dried at room temperature for 10 days
and ground into a powder. The resulting plant material was weighed.

2.2. Equipment and Chemical Reagents

The NMR spectra (1D and 2D) were recorded on the Avance 400 MHz NMR spectrom-
eter (Bruker, Rheinstetten, Germany) at 400 MHz and 100 MHz for Proton (1H) and carbon
(13C), respectively. The chemical shifts (δ) were reported in parts per million (ppm) and
coupling constants (J) in Hz. The 1H and 13C NMR values were relative to the internal
standard tetramehtylsilane (TMS) and were acquired in deuterated solvents (chloroform,
water, or DMSO). Column chromatography (CC) was performed using normal-phase silica
gel, while thin layer chromatography (TLC) was performed on silica gel aluminum sheets
(Silica gel 60 F254, Merck, Rahway, NJ, USA). Visualization of the spots on TLC sheets was
achieved using vanillin sulfuric acid reagent and a heat gun.

2.3. Extraction and Fractionation of the Plant Material

Powdered Dicerothamnus rhinocerotis (1.065 kg) was macerated in 80% methanol
(6.0 L × 2) at room temperature for 24 h, and the mixture was filtered and evaporated
under pressure to yield 354.69 g (~33%, dry wt). The yield consisted of a sticky mass
(240 g) that stuck to the round bottom flask during evaporation (crude MeOH extract)
and the freeze-dried crude extract (144.69 g). The dried crude extract (144.69 g) was
suspended in water and successively extracted with hexane, dichloromethane (DCM),
ethyl acetate (EtOAc), and butanol (BuOH).

The DCM extract (6 g) was fractionated by pre-adsorbing it on silica gel and using CC
by gradient elution, starting with 100% hexane, and gradually increasing the polarity with
EtOAc until 100%. EtOAc was used; then, MeOH was introduced to complete the elution. A
total of 74 fractions collected from the CC were pooled together based on their TLC profiles
to yield three fractions (F1; F2, and F3). Fraction F2 (2.01 g) was further fractionated using
CC, resulting in two compounds: compound 1, which appeared as a yellow needle-like
crystal, and compound 2, which appeared as white crystals.

The EtOAc extract (13 g) was pre-adsorbed on silica gel and fractionated using CC
by gradient elution initiated with 100% hexane and gradually increasing the polarity with
EtOAc until 100% EtOAc was reached. Then, MeOH was introduced to complete the
elution. The collection of elutes resulted in 171 fractions, which were pooled together based
on their TLC profiles, thereby separating them into 9 fractions. Compound 1 was again
obtained from fractions F30–F42, while compound 5 was isolated from fractions F66–F73.

The BuOH extract (59 g) was pre-adsorbed on silica gel and fractionated using CC
by gradient elution initiated with 100% DCM and gradually increasing the polarity with
MeOH to complete the elution, which resulted in 88 fractions. Compounds 3 (pale-
yellow) and 4 (off-white) precipitated directly from the fractions F23–F24 and F43–F46 of
the main column.
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The crude methanol extract (120 g) was pre-adsorbed on silica gel and fractionated using
CC by gradient elution (hexane: EtOAc, 100:0 → 0:100%). This resulted in the isolation of
compound 6 as a white precipitate. Compounds 1, 2, and 4 were also re-isolated.

The total yields of the isolated compounds were as follows: compound 1 (171.1 mg),
compound 2 (3.13 g), compound 3 (3.4 mg), compound 4 (176.8 mg), compound 5 (24.5 mg),
and compound 6 (53.6 g).

2.4. Anti-Tyrosinase Inhibition Assay

The mushroom tyrosinase inhibition of the fractions and isolated compounds was
determined by a procedure similar to that described by Yalo et al. [32]. For the fractions,
10 mg/mL concentration was prepared for each sample by dissolving 10 mg of the sam-
ples in 1 mL DMSO, while for isolated compounds and the positive control (kojic acid),
a 0.02 M stock solution was prepared. The stock solutions were diluted to 100 µg/mL
and 200 µM for the fractions and compounds, respectively. In a 96-well plate, 70 µL of
the test sample was introduced, after which 30 µL of L-tyrosinase (1000 units/mL) was
added. The solution was incubated at room temperature (25 ◦C) for 20 min. After the
first incubation, 100 µL of substrate (2 mM of L-tyrosine) was added and incubated for
30 min at the same temperature. The absorbance was read at 490 nm after the incuba-
tion. For the control without enzymes, a background solvent (20 µL DMSO in 1980 µL
distilled water) was used instead of the test samples, and phosphate buffer (50 mM,
6.5 pH) was used instead of the enzyme. Kojic acid was used as a positive control at
various concentrations, and all experiments were conducted in triplicates. To determine
the IC50, various concentrations were used for each test sample, after which the results
were plotted on GraphPad Prism 8. Percentage (%) inhibition was calculated using
Equation (1).

Inhibition (%) =
(CE − C)− (SE − S)

(CE − C)
× 100

1
(1)

where
CE: absorbance of the control with enzymes.
C: absorbance of the control without enzymes.
SE: absorbance of the test sample with enzymes.
S: absorbance of the test sample without enzyme.

2.5. Alpha-Glucosidase Inhibition Assay

The inhibitory activity of the plant extracts and isolated compounds against
α-glucosidase from Saccharomyces cerevisiae was determined by slightly modifying the
method reported by Yamaki and Mori [33]. The reaction mixture of 50 µL of phosphate
buffer (50 Mm, pH of 6.8), sample (10 µL, 200 µg/mL), and 50 µL of alpha-glucosidase
solution (1 U/mL) was incubated at 37 °C for 15 min in a 96-well plate. After the initial
incubation, 20 µL of 5 mM substrate, i.e., p-nitrophenyl-α-D-glucopyranoside (p-NPG),
was added to the reaction mixtures in the 96-well plates and incubated at 37 °C for
20 min; then, the enzymatic reaction was terminated by adding 0.1 M sodium carbonate
(Na2CO3) solution (50 µL). The enzymatic hydrolysis of the substrate was monitored
by the amount of p-nitrophenol liberated in the reaction mixture at 405 nm using an
AccuReader M965 Metertech (V1.11) spectrophotometer. The control without enzymes
(C) was prepared by substituting the enzyme with the phosphate buffer, while in the
control with the enzyme (CE), i.e., DMSO, which was diluted to the same concentration
as the samples, was used instead of the test samples. Acarbose at different concentrations
was used as the positive control. All experiments were performed in triplicates, and the
% inhibitory activity of the samples on α-glucosidase was calculated using Equation (1).
The IC50 values of samples with good inhibitions were determined as described earlier.
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2.6. Alpha-Amylase Inhibition Assay

In a 96-well plate, 50 µL of phosphate buffer (0.01 M, pH 6.9), 20 µL of porcine
pancreatic alpha-amylase (2 U/mL) solution, and the test samples (20 µL) were added
and incubated at room temperature for 20 min. Afterward, 20 µL of 1% soluble starch
was added to the well plates and incubated further for 30 min at room temperature, after
which the reaction was stopped by the addition of 90 µL of 3, 5-dinitro salicylic acid (DNS).
The reaction mixture was placed in a boiling water bath for 10 min, and the absorbance
was read at 540 nm. Various concentrations of acarbose were used as standards, and each
experiment was conducted in triplicate. The percentage inhibitory activity of the α-amylase
was calculated using Equation (1).

3. Results and Discussion

Six compounds (Figure 1) were isolated from DCM, EtOAc, BuOH, and the crude
lipophilic extracts of Dicerothamnus rhinocerotis using CC (Figure 1). The structures were
determined by comparing the 1D (1H, 13C, and DEPT-135) and 2D NMR (HSQC and
HMBC) spectroscopic data to those from the literature [34–39]. Compounds 2, 3, 4, and 6
are reported for the first time in this plant.
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Figure 1. Chemical structure of compounds isolated from Dicerothamnus rhinocerotis.

3.1. Structural Elucidation of the Isolated Compounds

The comparison of the NMR spectroscopic data to those formerly published helped
elucidate the structure of the isolated compounds as acacetin (1) [34], 15-hydroxy-
cis-clerodan-3-ene-18-oic-acid (2) [35], acacetin-7-glucoside (3) [36], pinitol (4) [37],
apigenin (5) [38], and beta-sitosterol-3-O-glycoside (6) [39] (Table S1).

3.2. Tyrosinase Inhibitory Activities of Fractions and Isolated Compounds

The average tyrosinase inhibitory activities of the fractions and isolated com-
pounds were determined at 100 µg/mL and 200 µM, respectively (Table 1). DRE
(EtOAc fraction) and compound 5 had strong inhibition values of 67.87% and 67.51%,
respectively. The other fractions, as well as compound 6, had moderate inhibition
values, ranging from 30.24% to 50.11%, while compound 2 had a weak inhibition of
12.72%. Compound 1 had a negligible inhibition (0.02%) against mushroom tyrosinase
despite having a similar structure to compound 5; this could be attributed to the ac-
tivity of the hydroxyl group in the B ring of compound 5 compared to the methoxy
group in compound 1. DRE, the fraction with the most activity, exhibited a similar
percentage inhibition as compound 5, which can potentially be because compound 5
was isolated from the DRE fraction. All the samples were investigated further to
determine their IC50 values. Compound 5, DRB (BuOH fraction), and DRE with IC50
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values of 14.58 µM, 13.7 ± 1.71 µg/mL, and 11.66 ± 2.68 µg/mL, respectively, and
had comparable IC50 values to kojic acid, a known strong inhibitor of tyrosinase with
an IC50 value of 17.26 µM. Compound 5 had an activity similar to those reported in
the literature, i.e., 17.3 µM [40] and 38.5 µM [41]. Compound 1 was reported to have
an IC50 value greater than 2000 [42] and 700 µM [43], while the experimental IC50
observed was 1011 µM.

Table 1. Anti-tyrosinase activity screening * and IC50 values of samples from D. rhinocerotis.

Extracts/Compounds % Inhibition
IC50

(µg/mL) µM

DRC (Crude) 43.41 42.2
DRH (Hexane) 36.26 200.1

DRD (DCM) 40.36 35.1
DRE (EtOAc) 67.87 11.6
DRB (BuOH) 44.04 13.7

DRM (crude MeOH) 50.11 57 ± 2.48
1 nd - 1011
2 12.72 - 1552
3 30.42 - 583.3
4 30.24 - 995.6
5 67.51 - 14.58
6 37.24 - 273

Kojic acid 100 - 17.26
nd: not determined due to negative or non-replicable values. The data are presented as means ± SDs (standard
deviations). * The screening was performed at 100 µg/mL for fractions and 200 µM for compounds.

3.3. Alpha-Glucosidase Assay

Table 2 shows the inhibition of fractions and compounds isolated from D. rhinocerotis
against alpha-glucosidase at 200 µg/mL. Compound 5 had the strongest percentage
inhibition (94.17%), while the inhibition of DRC and compound 3 were not determined.
Their negative values indicate that they did not inhibit alpha-glucosidase at this con-
centration. The DRD, DRE, and DRM fractions had moderate inhibition values, while
DRH, DRB, and compounds 1, 4, and 6 had weak inhibitions. The inhibitory activity of
compounds isolated from D. rhinocerotis ranged from 3.74% to 94.17% for compounds
2 and 5, respectively. Compound 5, due to hydroxylation on A and B rings had higher
activity than compound 1, with a methoxy group substitution on its B ring. The lower
activity of compound 3 compared to compound 1 may be due to its glycosylation on po-
sition 7. These activities based on structural differences agree with those reported in [44].
Although compound 4 has been reported to reduce blood glucose by increasing the se-
cretion of insulin in mice, this research does not support this claim [45,46]. Samples with
the highest inhibition values were analyzed further to determine their IC50 values. Com-
pound 5 had a higher IC50 (83.01 ± 2.16 µg/mL) than acarbose (130.2 ± 1.84 µg/mL).
Our value for acarbose is similar to that reported by Le Nguyen et al. [47].

Table 2. Inhibitory activities of samples from D. rhinocerotis on alpha-glucosidase and alpha-amylase.

Extracts/Compounds % Inhibition Alpha-Glucosidase
IC50 (µg/mL) ± SD % Inhibition Alpha-Amylase

IC50 (µg/mL) ± SD

DRC (Crude) nd - nd -
DRH (Hexane) 6.13 - nd -

DRD (DCM) 41.49 201.8 ± 2.12 nd -
DRE (EtOAc) 44.45 199.8 ± 2.57 3.44 -
DRB (BuOH) 9.33 - nd -

DRM (crude MeOH) 53.50 198.4 ± 2.48 5.59 -



Chemistry 2024, 6 552

Table 2. Cont.

Extracts/Compounds % Inhibition Alpha-Glucosidase
IC50 (µg/mL) ± SD % Inhibition Alpha-Amylase

IC50 (µg/mL) ± SD

1 13.88 - nd -
2 3.74 - nd -
3 nd - nd -
4 7.05 - 0.67 -
5 94.17 83.0 ± 2.16 7.04 -
6 3.86 - 28.56 -

Acarbose 63.94 130.2 ± 1.84 88.86 20.25 ± 1.23

nd: not determined due to negative or non-replicable values. SD: standard deviation.

3.4. Alpha-Amylase Inhibition Assay

As seen in Table 2, the inhibitory activities for all the fractions against alpha-amylase
ranged from 0% to 5.59%, with only the ethyl acetate fraction and the lipophilic crude
extract showing activities of 3.44 and 5.593%, respectively, at a concentration of 100 µg/mL,
which was used for the preliminary screening. The other fractions did not show any
activity against the enzyme. The inhibitory activity of the six compounds isolated from
D. rhinocerotis against alpha-amylase was investigated at 200 µM. Compound 6 was the
most active, with an inhibition of 28.563%, followed by compound 5, with an activity of
7.040%. This supports the claim that compound 6 is an anti-hyperglycemic that works
by releasing insulin to regulate blood sugar [48]. Compounds 1 and 5, despite having
similar structures, have significantly different inhibitory activities, which may be due to
the methoxy group in compound 1 [44]. Acarbose, which was used as a positive control,
had an inhibitory activity of 88.86%. Although D. rhinocerotis was reported to be used
traditionally for treating diabetes [10], preliminary screening of the fractions, as well as six
isolated compounds, do not support this claim; therefore, no further assay was carried out.

4. Conclusions

Six known compounds were isolated from Dicerothamnus rhinocerotis, of which four
were reported for the first time in the plant. EtOAc and BuOH fractions and the crude
MeOH extract showed stronger anti-tyrosinase activities than other fractions. Of the
isolated compounds, compound 5 showed the strongest inhibition against L-tyrosine.
These strong activities suggest that this plant can be investigated further for its use in the
cosmetic industry as this is the first research reported on its anti-tyrosinase potential. The
DRD, DRE, and DRM fractions had good alpha-glucosidase activities. Compound 5 also
had an inhibitory activity stronger than acarbose, which supports the ethno-medicinal
use of the plant for treating diabetes. Although the plant showed good activity in
inhibiting alpha-glucosidase, this was not the case for alpha-amylase as all the samples
showed low activity.
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