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A B S T R A C T

Phytochemical study of the root barks of Cassia arereh resulted in the isolation of a new phenolic ester, 3′-hy
droxy-4′-methoxystyrenyl-(E)-p-coumarate (1) isolated for the first time from natural source, alongside eight 
known compounds (2–9). Compounds 1, 7 and 8 are depicted for the first time from Cassia genus. The structures 
of all compounds were established through NMR analysis (1D and 2D), High Resolution Mass Spectrometry 
(HRMS) and comparison with previously reported data in literature. Antioxidant activity was investigated 
through DPPH method while the antibacterial activity was done by the disc diffusion method on Escherichia coli 
and Salmonella typhimurium strains. Results showed that the methanol extract and compound 7 displayed sig
nificant (p < 0.01) DPPH radical scavenging activity which is comparable to BHT used as standard with IC50 
values of 118.04 and 122.24 µg/mL respectively. Otherwise, the same extract and compound 7 also showed 
significant antibacterial activity against S. typhi and E. coli with MIC values of 30 and 40 µg/mL, respectively.

This research confirm the traditional use of Cassia arereh to treat ailments and provide supplementary data on 
its chemical profile and pharmacological potential.

Introduction

Plants are not only a primary source of food and fuel, but also used 
for folk medication due to the presence of active chemical compounds. 
The use of natural substances, particularly from plants to control dis
eases is a century old practice [1,2]. The population of Africa mostly 
refers to traditional healers concerning their health issues. In addition, 
the World Health Organization encourages the use of herbal medicines 
in the health care programs to combat various diseases such as viruses 
and multi-resistant bacteria [3]. Cassia is a genus of flowering plants of 
the Fabaceae family and is made up of shrubs, lianas and trees, which 
are widespread in all the Sudano-Guinean savannas of tropical Africa 
[4]. Cassia arereh Delile belongs to the Fabaceae family, and is used in 
folk medicine to treat various ailments including cancer, bacterial 

infections, diarrhea, dysentery, cough, dermatitis, pneumonia, yellow 
fever, malaria, rhumatism and liver diseases [5,6]. C. arereh has been 
poorly documented on the phytochemical and pharmacological aspect. 
Lupine-type triterpenes were isolated from C. arereh and have demon
strated antimicrobial activity against gram-negative bacteria. In addi
tion, cassiaric acid showed significant cytotoxic effect against Hela and 
MCF-7 cell lines [7].

The phytochemical investigation on Cassia genus demonstrates the 
presence of several secondary metabolites including piperidine alka
loids, anthraquinones, carbohydrates and bufadienolids [8,9,10,11]. 
Recent studies revealed that Cassia genus is an important sources of 
flavonoids, phenols, saponins, steroids, terpenoids, tannins, γ-naph
thalopyrones and phenylpropanoids [12,13,14,15]. According to Nna
kaogu and collaborators [13], the presence of these compounds and 
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their levels vary significantly with soil, climate types and species. To the 
best of our knowledge, there is no report on the chemical composition of 
C. arereh from our geographical area. The present study aims to realize 
phytochemical study and evaluate the antioxidant and antibacterial 
activities of C. arehreh collected from the farth north region of 
Cameroon.

Experimental

The roots of cassia arereh Del were collected on November 2021 at 
Foulou in the Mayo-Kani Division from Far-North Region of Cameroon. 
The plant has been identified at the National Herbarium of Cameroon on 
voucher number 01,534 / HEFG.

Extraction and isolation

The shade dried root bark (3.5 Kg) of C. arereh was powdered and 
macerated with 10.5 L of methanol (100 %) for 72 h. The solution was 
filtered using filter paper and concentrated under reduced pressure at 
68 ◦C to obtain 300.4 g of crude methanol extract. The crude extract was 
dissolved into distilled water and partitioned with ethyl acetate (EtOAc) 
and afforded 81.2 g of EtOAc extract. Then, 50.4 g of ethyl acetate 
extract were fractionated by Column Chromatography on a silica gel 
(60–120 Mesh type analysis) and led to five (5) fractions indexed F1 to 
F5. Fraction F1 (5.2 g) was purified on silica gel Column Chromato
graphic using Hexane / EtOAc gradient and led to four (4) compounds: 
compound 9 (53.4 mg; Hexane / EtOAc − 19: 1); 2 (126.2 mg; Hexane / 
EtOAc – 9: 1), 3 (163.6 mg; Hexane / EtOAc – 17: 3) and 4 (85.7 mg; 
Hexane / EtOAc – 3: 7). Fraction F4 led to two compounds: compound 1 
(96.8 mg; EtOAc/ MeOH − 9: 1) and 5 (63.4 mg; EtOAc/ MeOH − 17: 3). 
The residual aqueous phase was dried in an oven at 50 ◦C and allowed to 
obtain 401.4 g of extract. A quantity of 41.3 g of this latter were frac
tionated using a column of silica gel and eluted with a gradient of EtOAc- 
MeOH. This resulted to four (4) major fractions indexed B1 to B4. 
Fraction B2 was chromatographed on silica gel column to afford com
pound 6 (95.1 mg; EtOAc/ MeOH − 13: 7) and 7 (73.2 mg; EtOAc/ 
MeOH − 3: 2). Finally, fraction B3 (9.3 g) was purified as above and 
afforded compound 8 (263.2 mg; EtOAc/ MeOH − 1: 1).

Spectroscopic data of compound 1

3′-hydroxy-4′-methoxystyrenyl-(E)-p-coumarate (1): white powder, 
IR (KBr) υmax 3438, 1750, 1620, 1500, 1100 cm− 1. 1H NMR (600 MHz, 
CD3OD) δ 7.62 (1H, d, J = 2.1; 15.9 Hz, H-8), 6.30 (1H, d, J = 2.1, 15.9 
Hz, H-7), 7.46 (2H, d, J = 1.8; 8.6 Hz, H-2/6), 6,32 (1H, dd, J = 2.1; 15.9 
Hz, H-7′), 7.18 (1H, d, J = 1.6; 9.1 Hz, H-5′), 7.07 (1H, d, J = 1.9, 8.2 Hz, 
H-6′), 7.61 (1H; d; J = 2.1; 15.9 Hz, H-8′), 6.82 (2H, d, J = 2.1; 8.4 Hz, H- 
3/5), 6.28 (1H, s, J = 2.1; 8.2 Hz, H-2′), 3.90 (3H, s, J = 1.7 Hz, H-9′) and 
13C NMR (125 MHz, CD3OD)δ 169.6(C-9), 159.7(C-4), 149.0(C-4′), 
147.9(C-3′), 145.5(C-7), 145.2 (C-8′), 129.7(C-2/6), 126.4(C-1), 125.8 
(C-1′), 122.6(C-6′), 115.4(C-3/5), 115.1 (C-8), 114.5 (C-2′), 114.2(C-7′), 
110.2(C-5′), 55.0(C-9′) see Table 1. HR-ESI--MS: m/z 311.1079 [M− H]- 

(calcd. C18H1605, 311.1072).

Antioxidant activity

The antioxidant capacity of extract and isolated compounds were 
evaluated using the scavenging radical of 2.2-diphenyl-1-picrylhydrazyl 
(DPPH) according to the method performed by Mondal et al. 2021 and 
Nwozo et al. 2023 [16,17]. The DPPH scavenging activity was reported 
with IC50 value which is defined as the effective concentration of the 
antioxidant necessary to decrease the initial DPPH concentration by 50 
%. The percentage of inhibition of DPPH by crude extract or isolated 
compounds was calculated according to the following equation: 

Inhibition(%) = (1 − Atestsample/Ablank) × 100 

Where A blank is the absorbance of the methanol (blank) and A test sample is 
the absorbance of the extracts. Trolox were used as reference drug and 
the results were expressed as % or µg trolox equivalent/g dw.

Antibacterial activity

Microbial test and conditions of growth
Two microorganisms strains were used in the present work: Escher

ichia coli (ATCC 25922) and Salmonella typhimurium (ATCC 14028) 
which were purchased at University of Alberta, Canada. All bacterials 
were cultured separately on nutrient agar plates and incubated for 24 h 
at 37 ◦C in fresh Mueller Hinton Broth (MHB). Thus, the turbidity of the 
microbial strains suspension was adjusted to Mc Farland 0.5 for 108 UFC 
/ mL.

Evaluation of antibacterial effect
The antibacterial activity of extracts and isolated compounds were 

evaluated based on agar well methods as described by Khan and col
laborators (2021) [18] with slight modifications. The disc diffusion 
method as described by National Committee for Clinical Laboratory 
Standards [19], was used to determine the minimal bactericidal con
centration (MBC) of the extract and isolate compounds. 0.5 mL of 
Mueller Hinton Broth (MHB) was introduced from the first to last tubes 
of dilution range. Then, 0.5 mL of the extract solution was introduced 
into the first tube of dilution range. A two-fold serial microdilution was 
carried out in MHB to obtain a concentration range of 5 to 30 mg/mL. 
For each bacterium, 10 µL of bacterial inoculum was added to each tube 
and spread equally along the surface of petri dishes containing Muller 
Hinton agar with different concentrations (5, 10, 15, 20, 25 and 30 mg / 
mL). The petri dishes were then incubated for 18 to 24 h at 37 ◦C. After 
24 h, the MIC of the extracts and isolated compounds were deduced from 
the first tube of the range within which growth did not taken place 
[10,20]. The experiment was performed three times.

Statistical analysis

The data were statistically analyzed by GraphPad Prism 5.01 (San 
Diego, CA) and Origin Pro 8.5.1 (Northampton, MA) statistical software. 
Experimental results are expressed as the Mean ± Standard Deviation 
(SD) of three independent experiments for each antioxidant. IC50 values 
were expressed as 95 % confidence interval. Significance of the differ
ences between mean values was examined using Tukey’s test (p ≤ 0.05).

Table 1 
NMR data 1H/13C (600 MHz/150 MHz, CD3OD) of compound 1.

N◦ δC δH (m, J in Hz) HMBC

1 126.4 − - ​
2 129.6 7.46 (1H; d; J = 1.8; 8.6 Hz) C-1; C-3; C-7
3 115.4 6.82 (1H; d; J = 2.1; 8.6 Hz) C-1; C-2; C-3
4 149.0 − - ​
5 115.4 6.82 (1H; d; J = 2.1; 8.6 Hz) C-3; C-4; C-6
6 129.6 7.46 (1H; d; J = 1.8; 8.6 Hz) C-1;C-2; C-5; C-7
7 145.5 6.30 (1H; dd; J = 2.1; 15.9 Hz) C-1; C-2; C-8; C-9
8 115.1 7.62 (1H; d; J = 2.1; 15.9 Hz) C-1; C-7; C-8; C-9
9 169.6 − - ​
1′ 125.8 − - ​
2′ 114.5 6.28 (1H; s; J = 2.1; 8.6 Hz) C-3′; C-4′; C-7′
3′ 159.7 − - ​
4′ 147.9 − - ​
5′ 110.2 7.18 (1H; d; J = 1.9 Hz) C-1′; C-3′; C-4′; C-6′
6′ 122.5 7.07 (1H; d; J = 1.9; 8.2 Hz) C-4′; C-5′; C-7′
7′ 114.2 6.32 (1H; dd; J = 2.1; 15.9 Hz) C-1′; C-2′; C-8′; C-6′
8′ 145.2 7.61 (1H; d; J = 2.1; 15.9 Hz) C-1′; C-9; C-7′
9′ 54.8 3.90 (3H; s; J = 1.7 Hz) C-4′
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Results and discussion

Structural elucidation

The MeOH extract of dried root barks of C. arereh was subjected to 
repeated column chromatography over silica gel with gradient mode 
using hexane, ethyl acetate and methanol as eluents and led to the 
isolation of nine coumpounds including a new phenolic ester, 3′-hy
droxy-4′-methoxystyrenyl-(E)-p-coumarate (1), along with eight known 
compounds, β-sitosterol (2), 3–0-β-D-glucopyranosid of β-sitosterol (3), 

stigmasterol (4), (− )-epicatechin (5), Betulenic acid (6), 
2α,3β,19α,23,24-pentahydroxyolean-12-ene-28-oate,β-D-glucopyrano
side (7), 3α-hydroxy-27-(E)-P-coumarolxyursan-12-ene-28-oic acid (8), 
Hexacosal (9).

Compound 1 (Fig. 1) was isolated as a white amorphous powder, 
with a positive result in the chloride ferric test of phenolic compounds. It 
was assigned the formula C18H1605, based on HR-ESI-MS in a negative 
mode at m/z 311.1079 [M− H]- (calcd. For C18H1605: 311.1072) 
(Fig. S1) which indicates eleven degrees of unsaturation. The IR spec
trum showed the presence of hydroxyl group (3438 Cm− 1), ester of 

Fig. 1.
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carbonyl (1750 Cm− 1) and double bond of aromatic carbon (1620 
Cm− 1) (Fig. S2). It’s 1H NMR spectrum (Fig. S3 and Table 1) showed 
signals of two doublets protons at δH 6.30 (1H, d, J = 2.1, 15.9 Hz, H-7) 
and δH 7.62 (1H, d, J = 2.1; 15.9 Hz, H-8), with a large coupling constant 
(15.9 Hz) which characterize trans olefinic double bond protons. The 
signals of two aromatic protons at δH 6.82 (2H, d, J = 2.1; 8.4 Hz, H-3/H- 
5) and 7.46 (2H, d, J = 2.1; 8.6 Hz, H-2/H-6) characteristic of A/A’ B/B’ 
coupling system of benzene ring, which confirmed the presence of the p- 
coumaroyl substituted [21]. The spectrum also indicates the presence of 
methoxy group with signal at δH 3.90 (3H, s, J = 1.7 Hz, H-9′). An 
ortho–meta coupling system of three protons was also observed at δH 
7.07 (1H, d, J = 1.9, 8.2 Hz, H-6′), δH 6.28 (1H, s; J = 2.1; 8.2 Hz, H-2′) 
and δH 7.18 (1H, d, J = 1.6; 9.1 Hz, H-5′), indicate benzene unit three- 
substituted. The ortho-coupling system was supported by the COSY 
1H–1H spectrum (600 MHz) (Fig. S7), which revealed a cross correlation 
between the proton at δH 7.07 (H-6′) and 7.18 (H-5′). Other COSY cor
relation are observed between protons at δH 6.82 (H-5) and 7.46 (H-6); 
δH 7.61 (H-7) and 6.82 (H-8); δH 7.61 (H-8′) and 6.32 (H-7′). The 13C 
NMR spectrum (Fig. S4 and Table 1) combined with DEPT-135 (Fig. S6) 
and HSQC (Fig. S2 and Fig. S7) showed signals of eighteen carbon atoms, 
including six quaternary carbons, eleven methines and one methoxy 
carbon. The signal at δC 169.6 was assigned to a carbonyl group of an 
ester. The coumaroyl unit was confirmed with signals at δC 169.6 (C-9) 
for the carbonyl group, 159.7 (C-4), 129.6 (C-2 and C-6), 115,4 (C-3 and 
C-5) for the aromatic ring and 145.2 (C-7), 115.1 (C-8) for the olefinic 
part [22,23]. The spectrum also display signals of other aromatic car
bons at δC 147.9 (C-3′), δC 149.0 (C-4′), δC 114.5 (C-2′), 110.2 (C-5′), 
122.5 (C-6′) along with two olefinic carbons at δC 114.2 (C-7′) and 145.2 
(C-8′). These signals suggest the presence of styrene [24,25]. The car
bons at δC 147.9 (C-3′) and δC 149.0 (C-4′), suggest vicinal carbons with 
ortho position on aromatic ring bearing an hydroxyl group.

The HMBC spectrum (Fig. 2 and Fig. S8) shows that the H-7 at δH 
7.61 correlated with carbons at δC 126.4 (C-1), 115.1 (C-8) and δC 169.6 
(C-9); and the proton H-6 at δH 7.46 correlated with carbons at δC 129.6 
(C-2), 115.4 (C-5) and 145.5 (C-7), confirming the coumaroyl unit and 
its ester carbonyl group at C-9 position. The correlation between proton 
H-8′ (δH 7.61) with carbon C-9 at δC 169.6, establishes the connection 
between the coumaroyl unit and styrenyl group.

The analysis of all of these spectra allows us to elucidate compound 1 
as a new phenolic ester, named 3′-hydroxy-4′-methoxystyrenyl-(E)-p- 
coumarate and the trivial name cassiarehester was assigned.

The known compounds were identified by extensive analysis of their 
NMR spectroscopic data and comparison made with those reported in 
the literature. β-sitosterol (2) [26], 3–0-β-D-glucopyranosid of β-sitos
terol (3) [27,28] and stigmasterol (4) [29], (− )-epicatechin (5) [7], 
Betulenic acid (6) [30], 2α,3β,19α,23,24-pentahydroxyolean-12-ene- 
28-oate,β-D-glucopyranoside (7) [31,32], 3α-hydroxy-27-(E)-P-cou
marolxyursan-12-ene-28-oic acid (8) [33,34], Hexacosal (9) [35].

Antioxidant activity

Antioxidant compounds play an important role as a heath-protecting 
factors. The interaction between methanol extract and isolated 

compounds with the stable free radical DPPH* was studied. DPPH is a 
stable organic free radical, which is widely used to assess the antioxidant 
capacity of compounds in plant using spectrophotometer by quenching 
of stable purple-colored DPPH into yellow [36]. Antioxidant activity can 
be determined by monitoring BHT revealed by the decrease in the 
absorbance [37,38]. Results were reported as the IC50 values. In fact, 
methanol extract, compounds 1, 4, 6 and 7 showed the highest radical 
scavenging activity (Table 2). The percentage of inhibition of DPPH 
radicals varied significantly (p<0.05) from 67.05 % to 71.20 %. Meth
anol extract and compound 7 showed the highest inhibition which are 
comparable to that of BHT used as positive control with the percentages 
of 71.20 % (IC50 = 118.04 µg/mL) and 69.12 % (IC50 = 122.24 µg/mL) 
respectively. Also, scavenging activities of compounds 7 (69.12 %) and 
3 (45.13 %) were statistically similar with that of BHT (73.15 %) used as 
a positive control.

Results are confirmed by the evaluation of IC50 values for DPPH 
scavenging activity of sample which significantly varied between 
182.83 and 122.04 µg/mL showed by compounds 9 and 7 respectively, 
and which are greater than IC50 values from BHT (10.12 µg/mL). The 
lowest IC50 was obtained with compounds 7, this indicating that it has 
highest potential antioxidant capacity compared to that of other isolated 
compounds. This result was similar to those of the previous study con
ducted by [23,39,40].

Antibacterial activity

Fig. 3 and Fig. 4 present the results of the antibacterial activity of 
methanol extract and isolated compounds compared to the antibiotics 
reference Ceftazidim (CN10) and Gentamicin (CAZ10) for negative- 
Gram strains multidrug-resistant bacteria: E. coli and S. typhi, respec
tively. The antibacterial activities were classified according to the di
ameters of the inhibition zone as follows (DIZ): no sensitive (DIZ<8.0 
mm), moderately sensitive (8.0 mm<DIZ > 14.0 mm), sensitive (14.0 
mm<DIZ > 20.0 mm), highly sensitive (DIZ > 20.0 mm) [40,41]. The 
MeOH crude extract and Compound 1 exhibited moderately sensitive 
activity against the two microorganisms strains used, at 5 mg/mL and 
10 mg/mL respectively. No sensitive activity for compounds 1, 2, 3 and 
9 at 5 and 10 mg/mL was noticed. However, the new compound (1) is 
highly sensitive than others (Table S1 and Table S2). In the mean-time, 
methanol crude extract had moderate antibacterial activity against 
Escherichia coli (ATCC 25922) and Salmonella typhimurium (ATCC 
14028). Whereas, compounds (1) 3′-hydroxy-4′-methoxystyrenyl-(E)-p- 
coumarate, (5) Betulenic acid, (6) 2α,3β,19α,23,24-pentahydroxyolean- 
12-ene-28-oate,β-D-glucopyranoside, and (7) hydroxy-27-(E)-P- 

Fig. 2.

Table 2 
Free radical scavenging activity, reducing power and antioxidant efficiency 
(IC50) of MeOH extract and isolated compounds of C. arereh in comparison with 
BHT.

Sample DPPH

% inhibition IC50 (µg/mL)

E. MeOH 71.20 ± 0.32a 118.04 ± 2.25d

1 63.35 ± 0.59e 135.72 ± 2.33a

2 49.14 ± 0.38a 170.11 ± 2.14b

3 45.13 ± 0.74c 171.11 ± 1.89b

4 64.81 ± 0.54b 132.06 ± 2.11d

5 60.02 ± 0.15e 137.33 ± 2.12a

6 67.05 ± 0.14a 130.32 ± 1.55b

7 69.12 ± 0.62c 122.24 ± 1.05b

8 57.45 ± 0.76b 142.03 ± 2.26d

9 33.78 ± 0.66b 182.83 ± 1.16d

BHT 73.15 ± 0.15a 110.12 ± 1.76e

Means (four replicates) followed by least one same letter are not significantly 
different at p > 0.05. BHT: Butylated hydroxy toluene; E. MeOH: methanol 
extract: 1: isolated compound 1; 2: isolated compound 2; 3: isolated compound 
3; 4: isolated compound 4; 5:isolated compound 5; 6:isolated compound 6; 7: 
isolated compound 7; 8:isolated compound 8; 9:isolated compound 9.
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coumarolxyursan-12-ene-28-oic acid have moderate antibacterial ac
tivity against Escherichia coli (ATCC 25922) and Salmonella typhimurium 
(ATCC 14028), ranging from 0 to 100 µg/mL (Table S3). These anti
bacterial results were also obtained by [42]. which reported that activity 
of plants extracts will be classified as significant (MIC<100 µg/mL), 
moderate (100<MIC > 625 µg/mL), weak (MIC > 625 µg/mL).

Conclusion

The phytochemical study of the root barks of Cassia arereh Delile 
(Fabaceaes) lead to isolation of a new phenolic ester named 3′-hydroxy- 
4′-methoxystyrenyl-(E)-p-coumarate, and eight known compounds hav
ing interesting antioxidant activities. The antibacterial activity against 

Fig. 3.

Fig. 4.
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Escherichia coli (ATCC 25922) and Salmonella typhimurium (ATCC 
14028) strains with methanol extract and isolated compounds (1 at 9) 
was assessed. Compound (7) at 10 mg/mL, shows moderate sensitive 
effect (8.0 mm<DIZ > 14.0 mm) on S. typhi. Compound (1) at 10 mg/mL 
and methanol extract at 5 mg/mL exhibited moderate sensitive effect 
(8.0 mm<DIZ > 14.0 mm) on S. typhi and E. coli. This study revealed that 
C. arereh contains high amount of phenolic compounds with a significant 
antioxidant and antibacterial activities, which can be used as a source of 
natural antioxidants in the drugs conception. These results support the 
use of this plant in traditional medicine.
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[6] S.M. Musa, F.E. Abdelrasool, E.A. Elsheikh, L.A.M.N. Ahmed, A.L.E. Mohmoud, S. 
M. Yagi, Ethnobotanical study of medicinal plants in the Blue Nile State, South- 
eastern Sudan, J. Med. Plants. Res 5 (17) (2011) 4287–4297. https://academ 
icjournals.org/JMPR.

[7] B.M. Missi, J.N. Evina, A. Abouem, A. Zintchem, N. October, A. Bona, P. Moela, P. 
H.B. Diboue, S. Dominique, B. Ngono, D.E. Pegnyemb, Antibacterial and cytotoxic 
activities of undescribed cassiaric acid and other constituents from Cassia arereh 

stem barks, Nat. Prod. Res. 36 (17) (2021) 4324–4333, https://doi.org/10.1080/ 
14786419.2021.1981313.

[8] K.G.S. Ado, L. Salihu, Fundulopanchax gardneri test: a convenient method of 
bioassay for active constituents of national products, Nat Prod Chem Res 2 (4) 
(2014), https://doi.org/10.4172/2329-6836.1000133.

[9] N. De, L. Maori, H. Ardo, A study on antimicrobial effect of extracts of cassia arereh 
Del, on some clinical isolates, J. Med. Plants. Res. 3 (3) (2009) 116–119. https 
://academicjournals.org/JMPR.

[10] S.I. Ngulde, S. Sanni, U.K. Sandabe, D. Sani, Phytochemical and antimicrobial 
screening of the aqueous extract of cassia arereh Del Stem-bark, Afr. J. Pharm. 
Pharmacol 4 (8) (2010) 530–534. https://researchgate.net/publication/ 
228797845.

[11] S.I. Ngulde, M.B. Tijjani, J.M. Ihopo, A.M. Ya’uba, Anti trypanosomal Potential of 
methanol extract of cassia arereh Delile root rark in albinos rats, Int. J. Drug Res. 
Technol. 1 (2013) 1–7.

[12] A. Olusola, O. Olutayo, M. Afolayan, F. Olakunle, A.O. Edah, Elemental analysis 
and anti-microbial potentials of the leaf extract of cassia arereh Del, Int. Res. J. 
Pharm. Pharmacol. 8 (1) (2011) 188–193. http://hdl.handle.net/123456789/ 
1929.

[13] B.O. Akanbi, C.J. Nnakaogu, Phytochemical Screening and antimicrobial property 
of cassia arereh, Researcher 4 (12) (2012) 96–100.

[14] H. Imam, A.E.W.H. Abd Alla, S.M. Yagi Abd Alla, Evaluation of the larvicidal, 
antiplasmodial and cytotoxicity properties of cassia arereh Del, Stem Bark, Europ. J. 
Med. Plants 3(1) (2013) 78-87, https://sciencedomain.org/abstract.

[15] M. Khurm, X. Wang, H. Zhang, S.N. Hussain, M.N. Qaisar, K. Hayat, F. Saqib, 
X. Zhang, Z. Zhan, Z. Guo, Review: ethnopharmacological and phytochemical 
overview, Journal of Phytotherapy Research (2020) 1–50, https://doi.org/ 
10.1002/ptr.6954.

[16] M. Mondal, M.S. Hossen, M.A. Rahman, S. Saha, C. Sarkar, N.C. Bhoumik, S. 
K. Kundu, Antioxidant mediated protective effect of bridelia tomentosa leaf extract 
against carbofuran induced oxidative hepatic toxicity, Toxicol. Rep. 8 (2021) 
1369–1380, https://doi.org/10.1016/j.toxrep.2021.07.003.

[17] O.S. Nwozo, E.M. Effiong, P.M. Aja, C.G. Awuchi, Antioxidant, phytochemical, and 
therapeutic properties of medicinal plants: a review, Int. J. Food Prop. 26 (1) 
(2023) 359–388, https://doi.org/10.1080/10942912.2022.2157425.

[18] A.U. Khan, A.U. Khan, B. Li, M.H. Mahnashi, B.A. Alyami, Y.S. Alqahtani, A. 
O. Alqarni, Z.U. Khan, S. Ullah, M. Wasim, et al., Biosynthesis of silver capped 
magnesium oxide nanocomposite using olea cuspidata leaf extract and their 
photocatalytic antioxidant and antibacterial activity, Photodiagn Photodyn Ther 
33 (2021) 102153, https://doi.org/10.1016/j.pdpdt.2020.102153.

[19] National Committee for Clinical Laboratory Standards (NCCLS), Performancrs 
Standard for antimicrobial disc susceptibility test approved standard NCCLS 
Documents M2-A5 (1993) 940.

[20] D. Greenwood, Antibiotic Sensitivily Testing in: antimicrobial chemotherapy 
(Greenwood D., ed), Oxford University Press, New York (1989), 91-100.

[21] Y. Tang, F. Lou, J. Wang, Y. Li, S. Zhuang, Coumaroyl flavonol glycosides from the 
leaves of Ginkgo biloba, J. Phytochemistry 58 (8) (2001) 1251–1256, https://doi. 
org/10.1016/s0031-9422(01)00320-x.

[22] Y.S. Kill, S.M. Kim, U. Kang, H.Y. Chung, E.K. Seo, Peroxynitrite-scavenging 
glycosides from the bark of catalpa ovata, J. Nat. Prod. 80 (8) (2017) 2240–2251, 
https://doi.org/10.1021/acs.jnatprod.7b00139.

[23] H. Wangso, A. Laya, P.B. Leutcha, B.B. Koubala, S. Laurent, C. Henoumont, 
E. Talla, Antibacterial and antioxidant activities and phytochemical composition of 
Stereospermum kunthia root bark, National Product Research 36 (22) (2021) 
5665–5675, https://doi.org/10.1080/14786419.2021.2019730.

[24] S. Hartmants, J.P. Smits, M.J. Van Der Werf, F. Volkering, J.A.M. De Bont, 
Metabolism of styrene oxide and 2-phenylethanol in the Styrene-Degrading 
Xanthobacter Strain 124X, American Society for Microbiology 55 (11) (1989) 
2850–2855.

[25] M. Veit, H. Geiger, R.K. Markham, B. Kast, C. Beckert, C. Horn, H. Wong, C. 
F. Czygan, Styrylpyrone glucoside from equisetum, Phytochemistry 39 (4) (1995) 
915–917, https://doi.org/10.1016/0031-9422(95)00941-Y.

[26] A. Falodun, I.M. Qadir, C.F. Poh, E.K.I. Omogbai, M.I. Choudhary, Bioactive 
Chemical constituents of stereospermun kunthianum (Bignoniaceae), Res. J. 
Phytochem. 3 (2) (2009) 35–43, https://doi.org/10.3923/rjphyto.2009.35.43.

[27] T. Peshin, H.K. Kar, Isolation and Characterization of ß-Sitosterol-3-O-ß-D- 
glucoside from the Extract of the flowers of Viola odorata, British Journal of 
Pharmaceutical Research 16 (4) (2017) 1–8.

[28] Q.G. Ma, K. Xu, Z.P. Sang, R.R. Wei, W.M. Liu, Y.L. Su, J.B. Yang, A.G. Wang, T. 
F. Ji, T.F. Li, Alkenes with antoxidative activities from Murraya Koenigii (L), 
Spreng, Bioorg Med Chem Lett 26 (3) (2016) 799–803, https://doi.org/10.1016/j. 
bmcl.2015.12.091.

[29] M. Tian, H. Dai, X. Li, B. Wang, Chemical constituents of marine medicinal 
mangrove plant sonneratia caseolaris, Chem. J. Oceanol. Limnol. 27 (2009) 
288–296, https://doi.org/10.1007/s00343-009-9138-7.

[30] O. Abdulrazaq, O. Ibrahim, O. Patricia, C. Iqbal, Isolation of Betulinic acid from the 
stem bark and root of Uapaca guineensis, Journal of Research and Review in Science 
4 (1) (2018) 91–95, https://doi.org/10.36108/jrrslasu/7102/40(0121).

[31] A. Famiko, Y. Tatsuo, Glycosides of 19α-hydroxyoleanane type triterpenoids from 
trachelospermum asiaticum (Trachelospermum. IV), Chem. Pharm. Bull. 35 (5) 
(1987) 1833–1838.

[32] M. Young, M. Claudia, A.R. Araùjo, C.A. Silva, M.N. Lopes, L.M.V. Trevisan, V. 
S. Bolzani, Triterpenes and saponins from Rudgea viburnioides, J. Nat. Prod. 61 (7) 
(1998) 936–938, https://doi.org/10.1021/np9704617.

N. Chefo Kengne et al.                                                                                                                                                                                                                         Results in Chemistry 11 (2024) 101802 

6 

https://doi.org/10.1016/j.rechem.2024.101802
https://doi.org/10.1016/j.rechem.2024.101802
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0005
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0005
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0005
https://doi.org/10.1007/s11694-021-00850-9
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0020
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0020
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0020
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0020
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0025
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0025
https://academicjournals.org/JMPR
https://academicjournals.org/JMPR
https://doi.org/10.1080/14786419.2021.1981313
https://doi.org/10.1080/14786419.2021.1981313
https://doi.org/10.4172/2329-6836.1000133
https://academicjournals.org/JMPR
https://academicjournals.org/JMPR
https://researchgate.net/publication/228797845
https://researchgate.net/publication/228797845
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0055
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0055
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0055
http://hdl.handle.net/123456789/1929
http://hdl.handle.net/123456789/1929
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0065
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0065
https://doi.org/10.1002/ptr.6954
https://doi.org/10.1002/ptr.6954
https://doi.org/10.1016/j.toxrep.2021.07.003
https://doi.org/10.1080/10942912.2022.2157425
https://doi.org/10.1016/j.pdpdt.2020.102153
https://doi.org/10.1016/s0031-9422(01)00320-x
https://doi.org/10.1016/s0031-9422(01)00320-x
https://doi.org/10.1021/acs.jnatprod.7b00139
https://doi.org/10.1080/14786419.2021.2019730
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0120
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0120
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0120
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0120
https://doi.org/10.1016/0031-9422(95)00941-Y
https://doi.org/10.3923/rjphyto.2009.35.43
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0135
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0135
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0135
https://doi.org/10.1016/j.bmcl.2015.12.091
https://doi.org/10.1016/j.bmcl.2015.12.091
https://doi.org/10.1007/s00343-009-9138-7
https://doi.org/10.36108/jrrslasu/7102/40(0121)
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0155
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0155
http://refhub.elsevier.com/S2211-7156(24)00498-3/h0155
https://doi.org/10.1021/np9704617


[33] S. Siddiqui, S.B. Siddiqui, A. Naeed, S. Begum, Three Pentacyclic triterpenoids from 
the leaves of Plumeria obtuse, J. Nat. Prod. 53 (5) (1990) 1332–1336, https://doi. 
org/10.1021/np50071a029.

[34] J.S. Lee, J. Kim, B.Y. Kim, H.S. Lee, J.S. Ahn, Y.S. Chang, Inhibition of 
phospholipase Cy1 and cancer cell proliferation by triterpene ester from Uncaria 
rhunchophylla, J. Nat. Prod. 63 (6) (2000) 753–756, https://doi.org/10.1021/ 
np990478k.

[35] M. Shaaban, M. Ali, F.M. Tala, A. Hamed, Z.A. Hassan, Ecological and 
phytochemical studies on Euphorbia retusa (Forssk), J. Anal. Methods Chem. 10 
(2018) 1028, https://doi.org/10.1155/2018/9143683.

[36] D. Ezez, N. Mekounnen, Tefera, Phytochemical analysis of Withania somnifera leaf 
extracts by GC-MS and evaluating antioxidants and antibacterial activities, Int. J. 
Food Prop. 26 (1) (2023) 581–590, https://doi.org/10.1080/ 
10942912.2023.2173229.

[37] X. Xiao-Nian, W. Fang, Y. Yi-Ting, L. Jing, L. Yue-Zhen, Y. Xing, Antibactrial 
activity and mode of action of dihydromyricetin from ampelopsis, Molecules 24 
(15) (2019) 2831, https://doi.org/10.3390/molecules24152831.

[38] A. Laya B.B. Koubala H. Kouninki H. Massi N.E. Nukenine Effect of the harvesting 
period on the proximal composition and the antioxydant properties of the leaves 
from local and improved cassava (Manihot esculenta) varieties introduced in the 
far north region (Cameroon) Heliyon 3 2 2015 40 47 10.12691/ajfst-3-2-3.

[39] P.C. Eklund, O.K. Langvik, J.P. Warna, T.O. Salmi, S.M. Willfor, R.E. Sioholm, 
Chemical studies on antioxidant mechanisms and free radical scavenging 
properties of liganans, Org. Biomol. Chem. 3 (18) (2005) 3336–3347, https://doi. 
org/10.1039/B506739A.

[40] F. Jehl, A. Chabaud, A. Grillon, L’antibiogramme: diametres ou CMI? Anti- 
Infectieux 15 (2015) 133, https://doi.org/10.1016/j.antinf.2015.08.003.

[41] B. Biswas, S. Dey, A. Xiao, S. Huang, M.Z. Birhanie, Y. Deng, L. Liu, D. Li, 
Hytochemical content and antioxidant activity of different anatomical parts of 
Corchorus olitorius and C. capsularis during different phenological stages, J. Heliyon 
9 16494 (2023), https://doi.org/10.1016/j.heliyon.2023.e16494.

[42] V. Kuete, Potential of Cameroonian plants and derived products against microbial 
infections: a review, Planta Med. 76 (2010) 1479–1491, https://doi.org/10.1055/ 
s-0030.1250027.

N. Chefo Kengne et al.                                                                                                                                                                                                                         Results in Chemistry 11 (2024) 101802 

7 

https://doi.org/10.1021/np50071a029
https://doi.org/10.1021/np50071a029
https://doi.org/10.1021/np990478k
https://doi.org/10.1021/np990478k
https://doi.org/10.1155/2018/9143683
https://doi.org/10.1080/10942912.2023.2173229
https://doi.org/10.1080/10942912.2023.2173229
https://doi.org/10.3390/molecules24152831
https://doi.org/10.1039/B506739A
https://doi.org/10.1039/B506739A
https://doi.org/10.1016/j.antinf.2015.08.003
https://doi.org/10.1016/j.heliyon.2023.e16494
https://doi.org/10.1055/s-0030.1250027
https://doi.org/10.1055/s-0030.1250027

	Antibacterial and antioxidant activities of a new phenolic coumpound from the roots barks of Cassia arereh Delile (Fabaceae)
	Introduction
	Experimental
	Extraction and isolation
	Spectroscopic data of compound 1
	Antioxidant activity
	Antibacterial activity
	Microbial test and conditions of growth
	Evaluation of antibacterial effect

	Statistical analysis

	Results and discussion
	Structural elucidation
	Antioxidant activity
	Antibacterial activity

	Conclusion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


