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Abstract

The antioxidant activity of the dichloromethane (CH:Cl,) and methanol (MeOH) extracts of the
leaves and stem bark of Croton membranaceus was carried out using a 2,2-Diphenyl-1-picryl-
hydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) and metal
chelation assay along with cytotoxicity analysis using the Brine shrimp lethality assay (BSLA).
The silica gel-based chromatographic separation of the CH.Cl, and MeOH extracts successfully
isolated trans-annonene and lupeol. The structures of the isolated compounds were subsequently
identified using Fourier-transform infrared (FTIR) spectroscopy and nuclear magnetic resonance
(NMR) based on 1D and 2D data compared with the literature. The CH2Cl, and MeOH extracts
exhibited antioxidant activity in a concentration-dependent manner but were highly cytotoxic. In
conclusion, the study showed that the leaves and stem bark of C. membranaceous are potentially
viable sources of bioactive compounds with potential health and medicinal benefits.
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Introduction is an undershrub or herb that thrives in coastal
Plants with therapeutic properties have areas of West Africa, particularly in Ghana,
important roles in healing practices and the Ivory Coast, Nigeria, and Niger. The plant
treatment of diseases (Toma et al., 2009). can grow up to 1-2 meters in height with
The use of natural products in drug discovery slender and densely stellate hairy branches. It
is challenging because it requires the has simple, alternate, and green leaves with a
isolation of the bioactive compounds from characteristic membranous texture. It grows
natural sources and the pharmacological widely in Wuru near the confluence between
investigation of the isolated compounds Rivers Niger and Benue in Nigeria (Appiah
(Sircar, 1982 and Tariq et al., 1985). Croton et al., 2013). It occurs at low altitudes in
membranaceus Mull. Arg. (Euphorbiaceae) moist bush vegetation and savanna but has
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limited distribution (Schelmeizer and Gurib-
Fakin, 2008).

Croton membranaceus is a widely used
medicinal plant in many parts of West Africa.
Similarly, the root, leaves, and stem bark
extracts are widely reported in the literature
as remedies for various ailments. The root
bark of the plant is ethnomedicinally used in
Ghana to treat Benign Prostatic Hyperplasia
(BPH), urinary retention caused by an
enlarged prostate, and measles (Appiah et al.,
2013). In Nigeria, it is used to treat stomach
pain or diarrhea (Adesogan, 1981). The
leaves of C. membranaceus are used to
aromatize tobacco and as an aromatic bitter
and tonic, which improves digestion (Asare
et al.,, 2011). According to Bayor et al.
(2009a), the essential oil of C.
membranaceus bark is used to treat
diarrhoea, cough, fever, flatulence, and
nausea. C. membranaceus is also used in
combination with other medicinal plants to
effectively treat prostate cancer and uterine
fibroid (Appiah et al., 2013).

Over the years, numerous studies have been
conducted to isolate and examine the nature,
composition, and mode of action of the
bioactive/medicinal compounds present in C.
membranaceus. The phytoconstituents of C.
membranaceus can inhibit the proliferation
of HL-60 and PC-3 (prostate cancer) cells by
inducing apoptosis (Appiah et al., 2013). The
methanol extract of C. membranaceus root
exhibited cytotoxic activity against the DLD-
1 and MCF-7 cells (Bayor et al., 2009b).
Compounds such as scopoletin and
crotomembranafuran (a novel furano-
clerodane diterpenoid), isolated from C.
membranaceus exhibited modest activity
against human prostate cancer (PC-3) cells,
(IC50 = 4.1 £ 0.6 pg/ml; 10.6 uM) but was
inactive against both DLD-1 and MCF-7
cells (IC50 > 5 pg/ml). Afryie et al. (2015)
reported that the aqueous root extract of
Croton membranaceus exhibited
mitochondria-dependent apoptogenic
activity on human BPH-1 cells. Asare et al.
(2015) showed that ethanolic root extract C.
membranaceus successfully shrunk of
prostate of BPH patients potentially resulting
in improved quality of life. Similarly, the
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team of Yeboah et al. (2023) observed that
the hydroethanolic root extract of C.
membranaceus exhibited antiproliferative,
antimigratory and anticlonogenic effects on
22Rv1 castration-resistant prostate cancer
cells in humans. Other studies in the literature
have examined the phytochemistry of other
Croton species such as Croton mubango
(Isyaka et al., 2020a), Croton megalocarpus
(Langat et al., 2020), Croton dictyophlebodes

(Munissi et al.,, 2020), and Croton
haumanianus (Isyaka et al., 2020b) among
others for the isolation of bioactive
compounds.

Recent acute and sub-chronic toxicity tests
on the root extracts of C. membranaceus have
confirmed its safety, anti-antherogenic
potential and anti-ischaemic activity (Asare
et al.,, 2011 and Afryie et al., 2013). The
findings also suggest that C. membranaceus
contains  additional compounds  with
cytotoxic effects particularly in other plant
parts (Bayor et al., 2008). Therefore, this
current study examined the antioxidant and
cytotoxicity properties of the leaves and stem
bark extracts of C. membranaceus. To the
best of the authors’ knowledge, this is the
first study on the isolation of bioactive
compounds from the leaf and stem bark of C.
membranaceous, which will complement
knowledge already published in the
significant studies reported on the roots in the
literature. It is envisaged that the findings
will provide further insights into the nature,
composition, and mode of action of the
bioactive/medicinal compounds in C.
membranaceus future medicinal
applications.

Materials and Methods

General

The FTIR spectra were recorded in the range
4000 cm-1 — 600 cm-1 using a Perkin Elmer
Spectrum-2 FT-IR Spectrophotometer, while
NMR experiments were carried out in CDCI3
on a 400 MHz Bruker AVANCE IlIl NMR
spectrophotometer at the Department of
Chemistry, Faculty of Engineering and
Physical Sciences, University of Surrey,
United Kingdom. The spectra were processed
using Bruker NMR Topspin software
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(TopSpin  3.5pl7). HRMS spectra were
recorded using an Agilent 12 60 Infinity 1l
coupled to an Agilent 6550 Quadrupole
Time-of-Flight mass spectrometer using
electrospray ionization. The LC conditions
maintained viz inj vol. 1.00 pL, column
Agilent Extend-C18, flow rate 1.0 mL/min,
mobile phase (positive mode) Solvent A:
MeCN (0.1% formic acid), Solvent B: water
(0.1% formic acid), mobile phase (negative
mode) Solvent A: MeCN, Solvent B: water;
gradient: 0 to 3 min, 5% A; 3 to 3.5 min,
100% A; 3.5 to 4 min, 5% A.

Sample Collection

Fresh samples of C. membranaceus were
collected and identified by Mr. Umar. M.
Gallah of the Department of Botany, Kaduna
State University Zaria, Kaduna State,
Nigeria. The sample was deposited with the
voucher specimen number KASU/BSH/677.
Extraction

The samples were cut into smaller sizes and
air dried for 21 days for the leaves and 28
days for the stem bark before pulverization
into powder. The ground leaves (200 g) were
extracted with dichloromethane (CH.Cl,) and
then methanol (MeOH) for one week using a
Soxhlet extractor. This process was followed
by filtration and evaporation to remove the
solvents using a rotary evaporator at 40 °C to
obtain the (CH:Cl;) and MeOH leaf extracts.
The stem bark powder (150 g) was extracted
with CH,Cl,) nd the extract was evaporated
to remove the solvent using a rotary
evaporator to yield the stem bark MeOH
extract.

Antioxidant Assay

For the DPPH free-radical scavenging
activity the solutions of the extracts were
prepared according to the method (Mohan
and Kakkar, 2020). The procedure involved
dissolving 0.49, 0.98, 1.47 and 1.96 mg of
extracts in 2 cm? of their respective solvents
of extraction to give an approximate
concentration of 0.25, 0.5, 1.0 and 1.5
mg/cm?, respectively. DPPH (39.4 mg) was
dissolved in 100 cm® methanol to give a 1M
solution. The solution was allowed to stand
for 10 minutes, and the absorbance was
determined at 517 nm. The DPPH solution (2
cm?®) was added to 0.5 cm® of each of the test
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solutions and the mixture was shaken and left
to stand for 10 minutes thereafter, their
absorbance at 517 nm was also determined.
The same procedure was applied to Butyrate
Hydroxyl Anisole (BHA), Ascorbic acid and
a-tocopherol which were used as standards.
The standard was prepared in distilled water.
Brine shrimp lethality Assay (BSLA)

The cytotoxicity analysis was performed
using the BSLA method. About 70.0 g of
Brine shrimp (Artemia salina) eggs were
added to 250 cm3 of seawater in a beaker and
allowed to stand for 48 hours for the eggs to
hatch into shrimp larvae. A 0.20 g portion of
each extract was dissolved in 2 cm3 of
its solvent of extraction. Using a pipette, 50,
5 and 1p/L of each solution was transferred
into vials and allowed to evaporate. Two
drops of DMSO were added and made up to
2 cm3 with distilled water corresponding to
concentrations of 1000, 100 and 10 ug/ cm?
respectively. Each dosage was prepared in
triplicates including the control (not
containing the extract). Ten shrimp larvae
were added to each vial. The number of
surviving shrimp larvae at each dosage and
the control was recorded after 24 h and the
LCso was calculated using Finney probit
analysis software (Gurib-Fakin, 2008 and
Meyer et al., 1982) as shown in Equation 1.

% mortality
_ Total larvae mortlity

)

x 100
Total larvae

Column Chromatography

About 6.0 g of the CH,CI stem bark extract
was loaded on top of a glass column of size
250 ml and diameter of 2.5 cm packed with
silica gel of mesh size 200 — 400 mm
dissolved in 100% CH,Cl.. The column was
eluted using CH,CI, to obtain 100 fractions
in glass vials. Similar fractions were
combined based on their TLC profiles.
Fraction CM 79-100 was further purified
using a silica gel column and eluted starting
with 100% n-hexane and then mixtures of n-
hexane with CHCl, in ratios 9:1, 8:2, 7:3,
6:4, 5.5, 4:6,3:7,2:8, 1.9 and finally, 100%
CH.CI; to obtain 15 fractions for each of the
solvent systems. A total of 165 fractions were
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collected. Based on the TLC profile, fraction
CM-91-104 were combined and on standing
gave compound 1.

A similar procedure was followed for the
isolation and purification of compound 2
from the MeOH leaf extract using the
appropriate solvent mixtures as mobile
phases. However, in this case, the column
was packed with 100% CH.Cl, and 15
fractions were collected. This was followed
by increasing the polarity of the mobile phase
using Ethyl acetate in the order;
Dichloromethane: Ethyl acetate 9:1, 8:2, 7:3,
6:4, 1:1, 4:6, 3:7, 2:8, 9:1 and then 100%
ethyl acetate. Similar fractions were
combined based on their TLC profiles and a
total of 150 fractions were collected.
Fractions CM-78-88 which were combined
based on the similarity of the TLC profile

were purified using a mixture of CH.Cl, and
ethyl acetate. About 165 fractions were
collected and fractions from 61 to 70 were
combined to yield compound 2 as a white
precipitate.

Results

The CH.Cl, and MeOH leaf extracts of C.
membranaceus were obtained using the
maceration method, while the CH,Cl, stem
bark extract was obtained using Soxhlet
extraction. The yields of the extracts are
given in Table 1.

Antioxidant assay

The antioxidant activities of the MeOH and
CH,CI; extracts for leaves and stem bark are
shown in Fig. 1 to 3.

Table 1: Percentage yield of C. membranaceus leaves and stem bark extracts.

Extract Weight (g) Yield (%)
CHCl; leaves 10.70 5.35
MeOH leaves 10.50 5.25
CH.Cl; stem bark  9.11 6.07
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Figure 1: Percentage inhibition of MeOH leaves extract of Croton membranaceous against DPPH

radical and ABTS free radicals.
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Figure 2: Percentage inhibition of the MeOH and CHCl, extracts of the leaves and stem bark
against DPPH and Metal Chelation free radicals
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Figure 3: Percentage inhibition of the CH,Cl, stem bark extract against ABTS and Metal Chelation
free radicals

The median effective concentration of the Cytotoxicity studies
two extracts MeOH and CHCl, leaves, and The cytotoxicity of the MeOH leaf and
stem bark are presented in Table 2. CH.CI, stem bark extracts using BSLA is

presented in Table 3.

Table 2: Median effective concentration (ECso) of C. membranaceous extracts
EC50 (ug /cm3)

Sample DPPH assay ABTS assay Metal Chelation
MeOH leaf 15.63 27.3 250
CHCl; stem 20.0 125.0 220

bark

BHA 6.9 2.8 15.0
Ascorbic acid 2.81 15.0 75.0
a-tocopherol 35.3 125.0 250
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Table 3: Cytotoxicity (BSLA test) results

Conc. 1000 pg/ml 100 pg/ml 10 pg/ml Control LC50*U/L limit
Methanol Leaf extract

Survivor Dead Survivor Dead Survivor Dead Survivor Dead
1st Trial O 30 5 25 16 14 10 0 65.22 (42.18/518.18)
2nd Trial 2 28 1 29 7 23 10 0 66.99 (47.06/515.14)
3rd Trial 2 28 12 18 9 21 10 0 70.05 (42.16/513.14)

CH_Cl;, Stem bark extract

Survivor Dead Survivor Dead Survivor Dead Survivor Dead
Ist Trial O 30 5 25 16 14 10 0 50.30 (47.06/377.31)
2nd Trial 2 28 1 29 23 10 0 52.28 (47.06/377.31)
3rd Trial 2 28 12 18 21 10 0 52.18 (42.36/379.34)

resonances were

Characterization of compound 1 as trans-
annonene

Compound 1 CM-3 was obtained as a
yellowish oil and the functional groups
present were identified from its FTIR
spectrum. The absorption band at 1655 cm-1
was attributed to the C=C double bond
stretch, while the bands at 3016 cm-1, 2923
cm-1, and 2854 cm-1 are due to C-H stretches
(Misra et al., 1964). The 1H NMR showed
three coupled aromatic protons consistent
with a B- substituted furan ring at dH 6.27 (d,
H-14), 7.35 (d, H-15) and 7.21 (s, H-16)
(Urones 1990, 1989). An alkene proton
signal was observed at 5.21 (m, H-3) and two
methine protons at 1.57 (m, H-8) and 1.45 (m,
H-10). It also showed resonances for four
methyl groups at 0.84 (s, H-17), 1.61 (s, H-
18), 1.03 (s, H-19) and 0.76 (s, H-20) and
some methylene protons at 1.69 (m, H-11a)
and 1.53 (m, H-11b), 2.32 (td, J = 4.3, 9.9 Hz,
H-12a) and 2.24 (td, J = 4.3, 12.8 Hz, H-12b).
The presence of twenty carbon atoms in its
13C NMR spectrum suggested that the
compound could be a diterpene and the
presence of a furan ring makes it possibly a
furano-clerodane type diterpenoid. The
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corresponding  carbon
observed at 5C 120.7 (C-3), 144.7 (C-4), 38.4
(C-5), 111.3 (C-14), 142.8 (C-15) and 138.6
(C-16). Other carbon signals were 38.9 (C-9),
37.1(C-6) and 46.7 (C-10). Using
correlations in its 2D NMR spectra the
compound was identified as follows: long-
range correlations in its HMBC spectrum
from H-18 identified C-3, C-4 and C-5,
similarly the other methyl protons correlated
to the carbon atoms in their vicinity.
Correlations from H-14 and H-16 to C-12
confirmed the attachment of the Furan
moiety to C-12 and the vicinal and adjacent
protons were identified by correlations in its
COSY spectrum and the spatial groups and
protons by its NOESY spectrum. Finally, by
comparison  with literature  reports
(Silverstein  1962), compound 1 was
characterized as trans-annonene (1) and it has
been previously isolated from Solidago
arguta Ait. (Urones 1990) and Croton
sonderianus (Urones 1989). However, this is
an initial report of the isolation of trans-
annonene from C. membranaceus. Its full
chemical shift assignments are given in Table
4,
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Table 4: Correlation table for compound 1(Trans-annonene)
No. 13C NMR (100 MHz) in 13C NMR (100 MHz) 1H NMR (400 MHz) CDCls (J in

CDCls [25] Hz)
la  18.4 CH; 18.2 167*

1B 1.45%

20 27.1CH, 26.7 2.06m*

2B 2.06m*

3 120.7 CH 120.6 5.21br s W1/2=9.34HZ
4 144.7C 1437 -

5 38.4C 37.9 -

6 1.74m

ep  STLCH: 36.6 Lo

7 27.7CH, 27.4 1.45%

7B 1.23*

8 36.5 CH 36.2 1.57m

9 38.9C 38.4 -

10  46.7CH 46.1 1.45%

11A  38.8 CH, 385 1.69*

11B 1.53m

12A 185 CH, 18.2 2.32td J=4.3,9.9HZ
12B 2.24td J=4.3,12.8HZ
13 126.1C 125.2

14  111.3CH 110.7 6.27 s

15  142.8 CH 1423 7.35s

16  138.6 CH 138.0 7.21s

17 16.3CHs 16.1 0.84d J=6.7HZ

18 18.2CHs 17.9 1.61d J=1.5HZ

19 20.2CHs 19.8 1.03s

20  18.4CHs 18.2 0.765

1
Figure 4: Structure of Trans-annonene (1) and Lupeol (2)

Characterization of compound 2 as Lupeol

Compound 2 was obtained as a white solid from the methanol extract of the leaves and was
identified as Lupeol. This compound has been isolated from several sources, including Croton
haumanianus (Tchissambou et al., 1990) and Croton megalocarpoides (Ndunda et al., 2016). The
1H NMR spectrum (Figure 8) for compound CM-5 showed characteristic resonances for an
isopropenyl group typical of the lupane skeleton of pentacyclic triterpenes with the two methylene
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protons observed at 6H 4.66 (d, J = 2.2 Hz) and 6H 4.59 (d, J = 2.2 Hz) for the H-29 protons. In
addition, an oxymethine proton at 8H 3.17 (dd, J = 5.7 Hz, 11.0 Hz, H-3) was observed and the
corresponding C-3 carbon signal was at 3C 79.2 ppm. By comparing the 13C-NMR data and its
chemical shifts were confirmed by comparison with reports in the literature (Fortie et al., 2006).

Table 5: Correlation Table for compound 2 (Lupeol)

SIN  13C NMR (100 MHz) in 13CNMR (100 MHz)in 1H NMR (400 MHz)
CDCls CDCls (Lit.) CDCls (J in Hz)

la 38.9CH; 39.1 1.66 m

1B 0.98m

20 27.7CH; 278 1.68m

2B 157m

3 79.2 CH 79.3 3.17 dd J=5.7, 11.0

4 39.1C 39.2 -

5 55.5CH 55.6 0.67dJ=

6a  18.5CH, 18.7 1.50m

6B 1.38

7a  345CH, 34.6 1.38

B

8 41.0C 41.2 -

9 50.7 CH 50.7 1.26m

10  374C 375 -

1l 21.1CH, 21.3 1.39m

126 25.4 CH, 255 1.66 m

128 1.04m

13 38.3CH 38.4 1.64m

14 430C 43.2 -

150 27.6 CH; 27.8 1.68m

15p 157 m

160 35.8 CH; 35.9 1.46'm

168 1.36 m

17 432C 43.4 -

18 48.2CH 483 2.38 sext J = 5.7

19  485CH 48.6 1.34m

20  151.2C 151.1 -

2la. 30.1CH, 30.2 1.90m

218 1.19m

220 40.2 CH, 40.4 1.37m

228 1.18m

23 28.4CHs 28.2 0.97s

24 15.6 CHs 15.8 0.76 s

25  16.3CHs 165 0.83s

26 16.2CHs 16.3 1.03s

27 14.8CHs 14.9 0.94s

28 18.2CHs 18.4 0.79s

29A  109.5 CH, 109.6 466dJ=22

29B 459d1=22

30 195CHs 19.7 1.68s
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Discussion

The antioxidant activity varied between the
extracts of the leaves and stem bark and
demonstrated a concentration-dependent
activity (Figure 1-3). The percentage
inhibition of the methanol leaf extract at the
highest concentration (1.5 mg/ml) against
DPPH radical is 82.4 mg while the three
standards, BHA, Ascorbic acid, and a-
Tocopherol are 81.2 mg, 78.3 mg and 69.7
mg, respectively. It can be deduced that the
percentage inhibition of the extract against
DPPH is higher than the three standards used,
hence the extract showed more antioxidant
activity than the standards used. These
findings agree with those obtained by Okoro
et al., 2018. 94 he ABTS radical, the
percentage in 1 of the extract at the
highest concentration is 67.7 mg/ml, while
that of the three standards, BHA, Ascorbic
acid, and a-Tocopherol are 82.7 mg/ml, 68.8
mg/ml, and 59.9 mg/ml respectively. The
percentage inhibition of the extract against
ABTS radical at the highest concentration is
less than BHA and Ascorbic acid, although
quite comparable to the results obtained for
the two standards used but showed more
activity than a-Tocopherol (Olowokudejo et
al., 2008). For Metal chelation radical the
percentage inhibition of the methanol extract
at the highest concentration (see Figure 2) is
84.6 mg/ml, while the three standards, BHA,
Ascorbic acid, and a-Tocopherol are 41
mg/ml, 47.3 mg/ml and 18 mg/mi
respectively. The percentage inhibition of the
extract against Metal chelation radical at the
highest concentration is higher than that of
BHA, Ascorbic acid, and a-Tocopherol.
Hence the extract showed more antioxidant
activities than the three standards. The metal
chelating effects of the extracts are consistent
with that of (Watt and Breyer-Brandwijk,
1962).

However, the stem bark chelating effect and
three standards (BHA, Ascorbic acid, and a-
Tocopherol) against DPPH at the highest
concentration (1.5mg/ml) (Figure 2) is 73.3
mg/ml, 81.2 mg/ml, 78.3 mg/ml and 69.7
mg/ml  respectively. The percentage
inhibition of the CH,Cl, extract and the drugs
(BHA, Ascorbic acid, and a-Tocopherol)
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against ABTS radical at highest
concentrations (see Figure 3) are BHA,
Ascorbic acid and a-Tocopherol are 85.1
mg/ml, 82.7 mg/ml, 68.8 mg/ml and 59.9
mg/ml respectively. However, the percentage
inhibition of the extracts and the drugs (BHA,
Ascorbic acid, and a-Tocopherol) against
metal chelation (see Figure 3) at the highest
concentrations are 87.3 mg/ml, 41 mg/ml,
47.3 mg/ml and 18 mg/ml respectively. From
the results, it is shown that the extracts have
a lower percentage inhibition against DPPH
value when compared to BHA, although the
result is quite comparable and also has a
higher percentage inhibition value against the
other two standards. This pattern of inhibition
is in strong agreement with the result of
Bayor et al., 2009. Research has shown that
Croton argyratus when evaluated for their
antioxidant activity using DPPH radical
scavenging activity, reducing power and total
antioxidant capacity showed that the leaf
extract exhibits the highest value of the
antioxidant activity. Thus, the findings
suggest the potential use of C. argyratus
plant extracts as a natural source of
antioxidants (Ali et al., 2012).

The ECs value for the MeOH leaves extract
of C. membranaceus against DPPH, ABTS,
and metal chelation radical is shown in
(Table 2). However, it should be noted that a
lower ECso value indicates a stronger
antioxidant potency of the test methanol
extract. The results show that BHA and
ascorbic acid had the best antioxidant
potency than the methanol extract although
the results are quite comparable with the
findings of Zhang and Kim, 2015). The ECs
value for the CHCl, stem bark extract of C.
membranaceus (Table 2) against DPPH,
ABTS, and metal chelation radical. The
results show that BHA and Ascorbic acid
have more antioxidant activities than the
extract although the extract showed a good
antioxidant activity against the radicals.
These findings are slightly similar to the
results of Zhang and Kim, 2015). Therefore,
the MeoH leaf extract has higher antioxidant
activity than the CH.Cl, stem bark extract of
the same C. membranaceus.
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According to Meyer et al., 1982 the criteria
for toxicity of plant extract with the value of
lethal concentration LCso >1000pg/cm? is not
toxic, while LCsy < 1000 pg/ml is toxic
(Meyer et al., 1982). However, Clarkson et
al., 2004 criteria show that cytotoxicity on
the plant extracts with LCso from 500 — 1000
pg/ml shows low toxicity, extracts with LCsg
from 100 — 500 pg/ml are toxic and extracts
with LCso from 0-100 pg/ml shows that it is
highly toxic. The results of the BSLA test
conducted for the test samples, and LCso
values obtained from each test extract in
Table 3 for the methanol leaves and stem bark
extracts, respectively. The MeoH leaves
extract showed an LCs value of 65.22 pg/ml,
66.99 pg/ml, and 70.05 pg/ml with an
average LCso value of 67.42 pg/ml. The
average LCso of methanol extract shows that
the leaves are toxic according to Meyer et al.,
1982 and however, very toxic according to
Clarkson et al., 2004. A similar effect was
observed with CH,Cl, stem bark extract, the
LC50 values are 50.30 pg/ml, 52.28 ug/ml,
and 52.18 pg/ml and the average LCso value
of 51.57 pg/ml which shows that CHClI
stem bark is also toxic according to Meyer et
al., 1982 and very toxic according to
Clarkson et al., 2004 criteria.

Conclusions

The study successfully isolated two bioactive
compounds, trans-anonene and lupeol, from
the leaves and stem bark extracts of Croton
membranaceus. The antioxidant and
cytotoxicity analysis of the Croton
membranaceus extracts was subsequently
conducted to examine their suitability for
future herbal or medicinal applications.
Results demonstrated concentration-
dependent activity against DPPH, ABTS, and
metal chelation radicals. The leaf extract
exhibited higher inhibition of DPPH and
metal chelation radicals than standard
antioxidants, aligning with previous research.
The stem bark extract also showed
antioxidant potential but slightly less than the
leaf extract. Both extracts were found to be
toxic based on LC50 values. Overall, the
study suggests the potential use of C. species
extracts as natural antioxidants, with the leaf
extract displaying superior activity, but raises

96

concerns about their toxicity based on
established criteria. In conclusion, the study
showed that the leaves and stem bark of C.
membranaceous are potentially viable
sources of bioactive compounds such as
trans-annonene and lupeol with potential
health and medicinal benefits.
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