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ABSTRACT

Background: Phytosterols are steroid compounds present in plants that are similar to cholesterol in structure and 
functions. In this work, stem bark of Bauhinia rufescens was extracted with petroleum ether. 

Objective: This work aims to determine anti-tyrosinase activities of a mixture of β-sitosterol and stigmasterol from 
the stem bark B, rufescens for the treatment of dermatological disorders.

Methods: This work is presenting isolation, characterization and anti-tyrosinase activities of a mixture of β-sitosterol 
and stigmasterol from the stem bark B. rufescens. The extract was subjected to chromatographic techniques to afford 
a phytosterol identified as a mixture of β-sitosterol and stigmasterol based on GC-MS, IR, 1HNMR and 13CNMR data.

Results: The phytosterol isolated showed inhibition of tyrosinase activity at 57.1%±0.03 as compared to kojic acid 
with 85.0% ± 0.01 (sample concentrations of 0.1 mg/mL).

Conclusion: The finding of this study revealed that, the mixture of β-sitosterol and stigmasterol has potential to 
be developed as tyrosinase inhibitors for the treatment of dermatological disorders.
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Introduction
Phytosterols, structurally similar to cholesterol with 

variations in carbon side chains and the presence or 
absence of a double bond, are steroid compounds 
found in plants. These plant cholesterols, similar in 
structure and functions to cholesterol [1], are secondary 
metabolites considered health-promoting constituents 
of natural foods. Stigmasterol and sitosterol, two 
widely distributed phytosterols in plants, animals, and 
fungi, have been reported for their potent antioxidant, 
hypoglycemic, and thyroid-inhibiting properties [2]. 

The genus Bauhinia (Fabaceae) comprises around 
300 species known as ‘cow’s paw’ or ‘cow’s hoof’ 
due to their leaf shape. Our investigation into the 
stem bark of Bauhunia guianensis led to the isolation 
of β-sitosterol and stigmasterol [3]. In a previous study, 
we reported the tyrosinase inhibitory effect of the 
leaves and stem bark extract of B. rufescens, with the 
stem bark extracts showing higher inhibitions [4]. This 
current work presents a novel finding of isolation, 
characterization, and anti-tyrosinase activities of a 
mixture of β-sitosterol and stigmasterol (Figure 1) from 
the stem bark of B. rufescens.

β-sitosterol stigmasterol

Figure 1. Structure of beta-sitosterol and stigmasterol
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Methods 
General

Melting points were determined using a Leica 
Gallen III Kofler micro melting point apparatus. UV 
spectra were measured with a Shimadzu UV 1601PC 
spectrophotometer, and IR spectra were recorded on 
a Perkin-Elmer 1600 FTIR spectrophotometer. The 1H- 
and 13C-NMR spectra were recorded on Bruker Avance 
400 MHz spectrometer. Chemical shifts were recorded 
in parts per million (δ) in deuterated chloroform. 
Column chromatography was carried out on silica gel 
70-230 mesh (Merck). Silica gel 60 F254 pre-coated 
aluminum plates (0.2 mm, Merck) were used for TLC 
analysis; detection was performed by spraying with 5 
% H2SO4 in methanol and 1 % vanillin in methanol, 
followed by heating at 120 °C for 5 min. The GC 
analysis was performed using Hewlett Packard HP 
6890 series II A gas chromatograph equipped with an 
HP-5 column (30 m long, 0.25 μm thickness, and 0.25 
mm inner diameter). The GC-MS chromatograms were 
recorded using a Hewlett Packard Model 5890A gas 
chromatography and a Hewlett Packard Model 5989A 
mass spectrometer.

Plant material
The stem bark of B. rufescens was collected at 

Kiru, Kano State, Nigeria, in August 2011. A voucher 
specimen (Acc. 99) was deposited in the herbarium 
of the Department of Biological Sciences, Bayero 
University, Kano, Nigeria.

Extraction and isolation
The dried stem bark of B. rufecsens (800 g) was 

ground and extracted with petroleum ether (4.0 L) 
in a soxhlet extractor each for 18 h. The sample was 
concentrated using a rotary evaporator to give sticky 
brown substances of petroleum ether (5.82 g, 0.73 %).

The petroleum ether extract, BRSP (5.0 g), was 
fractionated over a silica gel column (180 g silica, 
column size 60.0 cm x 5.0 cm) using petroleum ether 
- diethyl ether - chloroform - ethyl acetate - methanol 
step gradient to afford 230 fractions. They were pooled 
into 32 fractions, BRSP1-BRSP32 based on thin layer 
chromatography profile.

Fraction BRSP17 (495.5 mg) was chromatographed 
over silica gel (20 g silica, column size 30.0 cm x 
2.5 cm) and eluted with petroleum ether, diethyl 
ether, and ethyl acetate with increasing polarity to 

give 65 fractions (BRSP17-1 to BRSP17-65). BRSP17-33 
to 37 were combined and purified by crystallization 
using n-hexane to yield a mixture of β-sitosterol and 
stigmasterol (24.3 mg, 0.49%) as a white solid.

Characterization
 Rf = 0.38 (petroleum ether-diethyl ether, 3:2); m.p 

149-154oC, literature [5] 138oC for β-sitosterol and 
162oC for stigmasterol; IR (KBr) νmax cm-1: 3433, 3029, 
2937, 1640, 1062; 1H NMR (CDCl3): δ  5.36 ( 2H, d, J = 
5.2 Hz, H-6, 6′), 5.15 (1H, dd, J = 15.2, 8.6 Hz, H-22′), 
5.03 (1H, dd, J = 15.2, 8.6 Hz, H-23′), 3.53 (2H, m, H-3, 
3′),0.96 (3H, d, J = 7.6 Hz, H-26′), 0.94 (6H, d, J = 6.8 
Hz, H-21, 21′), 0.87 (6H, s, H-18,18′), 0.81 (6H, t, J = 7.2 
Hz, H-29, 29′), 0.71 (3H, d, J = 7.2 Hz, H-26); 13C NMR 
(CDCl3): δ 37.2 (C-1, 1′), 31.6 (C- 2, 2′), 71.8 (C-3, 3′), 
42.2 (C-4), 42.3 (C-4′), 140.7 (C-5, 5′), 121.6 (C-6, 6′), 
31.9 (C-7, 7′), 31.9 (C-8, 8′), 50.1 (C-9, 9′), 36.5 (C-10, 
10′),  21.0 (C-11, 11′),  39.6 (C-12′), 39.7 (C-12), 42.3 
(C-13, 13′), 56.7 (C-14), 56.8 (C-14′), 24.2 (C-15), 24.3 
(C-15′), 28.2 (C-16), 28.8 (C-16′), 55.9 (C-17′), 56.0 (C-
17), 12.0 (C-18, 18′), 19.3 (C-19, 19′), 36.1 (C-20),  40.4 
(C-20′),18.7 (C-21), 21.0 (C-21′), 33.9 (C-22),  138.2  
(C-22′), 26.1 (C-23), 129.2 (C-23′), 45.8 (C-24), 51.2 (C-
24′), 29.1 (C-25), 31.8 (C-25′), 19.7 (C-26), 21.1 (C-26′), 
19.0 (C-27), 18.9 (C-27′), 23.0 (C-28), 25.3 (C-28′), 12.2 
(C-29, 29′); EIMS m/z  414 [M+, C29H50O] β-sitosterol 
and 412 [M+, C29H48O] stigmasterol.

Tyrosinase inhibitory assay
Tyrosinase inhibitory activity was determined 

using the method described by [6], with slight 
modifications. Each sample (0.1 mg/mL, 40 μL) was 
mixed with sodium phosphate buffer (100 mM, 80 μL, 
pH 6.8) and then L-DOPA solution (2.5 mM, 40 μL) 
and mushroom tyrosinase enzyme (EC1.14.18.1; 100 
units/mL, 40 μL) were added into a 96-well plate. The 
test mixture (200 μL) was mixed well and incubated 
at 37ºC for 10 min. DMSO instead of the sample was 
used as a negative control, and kojic acid (0.1 mg/
mL) was employed as positive control. The absorbance 
level was obtained with a multiplate reader at 515 
nm with reference to 655 nm, and the percentage 
inhibition of tyrosinase activity was calculated by 
the following formula:
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Results
Purification of BRSP17 (495.5 mg) using silica gel 

CC, eluted with petroleum ether, diethyl ether and 
ethyl acetate gradient yielded a white solid substance 
(24.3 mg, 0.49%) melted at 149-154oC [7], 144-146oC. 
From the GC-MS analysis, the gas chromatogram of the 
white solid obtained (Figure 2) revealed two peaks with 
retention time 46.13 and 44.44 minutes corresponding 
to molecular ion peak at m/z 414 (C29H50O) and 412 
(C29H48O) respectively (Figures 3 and 4).

The IR spectrum (Figure 5) of the mixture showed 
absorption peaks at 3433 cm-1 for OH stretching, 
2937 cm-1 for CH stretching and 1062 cm-1 for C-O 
stretching. The 1H NMR spectrum (Figure 6) showed 
the presence of oxymethine protons at δ 3.53 (H-3, 
H-3′) and olefinic protons at δ 5.36 (H-6, H-6′).  In 
addition, pair of double of doublet at δ 5.15 (J = 15.2, 
8.6 Hz) and 5.03 (J = 15.2, 8.6 Hz) assignable to H-22′ 
and H-23′ were also observed for the characteristic 
steroid nucleus.

Figure 2. Gas chromatogram of the phytosterols

Figure 3. Mass spectrum of the β-sitosterol

Figure 4. Mass spectrum of the stigmasterol

https://doi.org/10.20884/1.api.2023.11.2.6284


Characterization and tyrosinase activity of a mixture of beta-sitosterolUmar et al (2023)

Acta Pharmaciae Indonesia: Acta Pharm Indo 11(2): 6284
https://doi.org/10.20884/1.api.2023.11.2.6284 4

Figure 5. IR spectrum of the phytosterol

Figure 6. 1HNMR spectrum of the phytosterol

Figure 7. 13CNMR spectrum of the phytosterols

https://doi.org/10.20884/1.api.2023.11.2.6284


Characterization and tyrosinase activity of a mixture of beta-sitosterolUmar et al (2023)

Acta Pharmaciae Indonesia: Acta Pharm Indo 11(2): 6284
https://doi.org/10.20884/1.api.2023.11.2.6284 5

The 13C NMR data (Figure 7) revealed the presence 
of 4 olefinic carbon atoms at δ 140.7 (C-5, C-5′), 121.6 
(C-6, C-6′), 138.2 (C-22′) and 129.2 (C-23′), oxymethine 
carbon at δ 71.8 (C-3, C-3′) and other signals assignable 
to methyl, methylene and methine of aliphatic system. 
The physical properties and spectral data of the mixture 
were in accordance to the reported data of sterols [7-9]. 
Therefore, the mixture was identified as β-sitosterol 
and stigmasterol.

Discussions
Tyrosinase involves in melanin biosynthesis 

that catalyses the oxidation process of tyrosine to 
dihydroxyphenyl alanine (DOPA) and to a melanin 
precursor, DOPAquinone (Figure 8). Melanin in 
human skin is a major defense mechanism against 
the ultraviolet light of the sun. The production of 
abnormal pigmentation, such as melasma, freckles, 
age spots, liver spots and other forms of melanin 
hyperpigmentation are dermatological disorders 
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Figure 8. Oxidation of tyrosine

Figure 9. Tyrosinase inhibitory activity of the samples at 0.1 
mg/mL

associated with the melanin biosynthesis. Therefore, 
regulating melanin biosynthesis through the inhibition 
of tyrosinase enzyme will control hyperpigmentation 
disorders [10, 11].

Tyrosinase inhibitory activity of the isolated sterols 
from B. rufescens using L-DOPA as substrate was 
expressed as mean of percent inhibition, mean±S.E.M 
of three independent experiments, P<0.05 compared 
with kojic acid used as reference standard indicated 
percent inhibitions of 57.1%±0.03 and 85.0%±0.01 at 
the concentration of 0.1 mg/mL, respectively (Figure 9). 
The inhibiting activity of some triterpenes, phenolics 
[12], curcumin derivatives [13], and flavonols [6] for 
tyrosinase were previously reported, and we reported 
here a siginificant antityrosinase activity exhibited by 
a mixture of sterols from B. rufescens.

Conclusion
In this study, mixture of phytosterol, the 

stigmasterol and β-sitosterol was successfully isolated 
and characterized using chromatographic techniques 
and spectroscopic data. The isolated phytosterol 
exhibited a significant inhibitory activity against 
tyrosinase enzyme. The results of this study provided 
a potent anti-tyrosinase agent that could be developed 
in the treatment of dermatological disorders associated 
with the melanin abnormal pigmentation.
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