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Abstract 
Species of the genus Desmodium are generally used in the traditional Beninese 
pharmacopoeia for the treatment of many diseases, including infectious dis-
eases. The objective of this work is to evaluate the antioxidant, anti-inflamma-
tory activities and cytotoxicity of Desmodium ramosissimum herb extract. 
Identification of phenolic compounds was achieved using HPLC. Ferric re-
duction/antioxidant power (FRAP) and the free radical DPPH essay were 
used to evaluate D. ramosissimum antioxidant activity. The anti-inflamma-
tory activity was evaluated in vitro by the albumin denaturation method using 
Diclofenac as a reference. The cytotoxicity of the extracts was evaluated with 
Artemia salina larvae. All the extracts have a remarkable antioxidant activ-
ity. However, the lowest IC50 values were obtained with the methanol (2.45 ± 
0.14 µg/ml) and ethanol (2.5 ± 0.7 µg/ml) extracts. Furthermore, the hydro-
ethanol extract showed the strongest anti-inflammatory activity at a rate of 
92.99% ± 0.04% inhibition of albumin denaturation. Cytotoxic tests showed 
that no toxicity towards shrimp larvae was noticed. D. ramosissimum occu-
pies an important place in the Beninese therapeutic arsenal. These results 
confirm the traditional use of these plants in Benin. Furthermore, D. ramosis-
simum opens up prospects for the search for active ingredients of plant origin 
with antimicrobial, anti-inflammatory and antioxidant properties. 
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1. Introduction 

About 50% of Beninese population resides in rural areas [1]. The non-availability 
of recent healthcare facilities in these rural communities in Benin has made people 
to rely upon medicinal plants in treating lots of degenerative diseases since ancient 
time. The efficacy of those plants lies on their numerous bioactive compounds [2]. 
Ancestral knowledge of medicinal plants has always guided the seek for new cures. 
Despite the arrival of contemporary high-throughput drug discovery and organic 
chemistry, traditional medical systems have given clues to the invention of valuable 
drugs [3]. Traditional medicinal plants are often cheaper, locally available and simply 
consumable, raw or as simple medicinal preparations [2]. Nowadays, traditional 
medicinal practices form a part of holistic or alternative medicines. Although their 
efficacy and mechanism of action have not been tested scientifically in most cases, 
these simple medicinal preparations often mediate beneficial responses thanks to 
their active chemical constituents [4]. Free radicals, produced thanks to normal 
biochemical reactions within the body, are implicated in numerous diseases. They 
play a task as toxic compounds, since they will be harmful to the body. Within the 
body, an overload of free radicals that cannot be destroyed gradually generates a 
phenomenon called oxidative stress [5]. This process plays a significant part in the 
development of chronic and degenerative illnesses. Cancer, autoimmune disor-
ders, aging, cataract, autoimmune disease, cardiovascular and neurodegenerative 
diseases are most the times the consequences due to their accumulation in the body 
[5]. Apart from our innate defence mechanisms to counter free radicals, plants are 
used as food supplement to reinforce our body defence. Phenolic compounds pre-
sent in plants possess strong biological properties that are beneficial to human 
body. 

There have been several studies on the antioxidant and anti-inflammatory ac-
tivities of various herbs/plants with medicinal values. The present study aims to 
investigate the free radical scavenging and anti-inflammatory activities, the quan-
tification of phenolic compounds by high-performance liquid chromatography and 
in vitro cytotoxic activity of D. ramosissimum, a commonly used medicinal plant 
in South Benin. 

2. Material and Methods 
2.1. Collection of Plant Material 

The leaves and stems of D. ramossisimum were collected in March 2018 in the town 
of Porto-Novo. At the laboratory, the leaves and stems were washed with distilled 
water, then dried at room temperature 25˚C ± 3˚C for 16 days. They were then 
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ground into a uniform powder, using a Retsch mill type SM 2000/1430/Upm/Smfet. 
The obtained powder was used for the preparation of different extracts. 

2.2. Preparation of Plant Extracts 
2.2.1. Methanol Extract and Water-Ethanol Extract 
The extraction method described by Dah-Nouvlessounon et al. [6] was used. Briefly, 
50 g of powder were macerated in 500 ml of solvent: methanol and water-ethanol 
(30:70, v/v) under continuous stirring for 48 hours. The mixture was then filtered 
thrice through cotton wool and once with the filter paper Whatman N˚1. The ex-
tracts were concentrated to dryness using a rotary evaporator (RE 300). The result-
ing residues were dried at 40˚C in oven. The resulting powders constitute the meth-
anol dry extract and water-ethanol dry extract ready for use. Dry extracts were stored 
at 4˚C until analysis. 

2.2.2. Successive Extraction with Hexane, Ethanol, and Ethyl Acetate 
The extraction technique is an adaptation of the protocol used by N’Guessan et al. 
[7]. Briefly, 100 g of powder was macerated in 1 L of ethanol 96˚ under continuous 
stirring for 72 hours. The mixture was filtered thrice. Then, 50 ml of distilled water 
and 50 ml of hexane were added to it. The mixture obtained was then poured in a 
separatory funnel. After decantation, two phases are observed: a lower aqueous 
phase and an upper organic phase. The organic layer was collected and then dried 
to obtain the hexane dry extract. The first half of the lower layer was dried at 40˚C 
to obtain the ethanol dry extract. For the second half of aqueous phase, 200 ml 
of distilled water and 100 ml of ethyl acetate were added to it. The resulting mixture 
was left decanted to obtain two phases. The upper layer was recovered and dried 
to obtain the dry extract of ethyl acetate. The lower phase was dried to obtain the 
residual ethanol dry extract. The extracts obtained were stored in sterile bottles 
for further use. The extraction yield was determined by the ratio between the mass 
of dry extract obtained after evaporation and the mass of plant material. 

2.3. Identification and Quantification of Phenolic Compounds 

The phenolic compounds were quantified using high-performance liquid chroma-
tography (HPLC) in reverse mode equipped with 600 E pump associated with Wa-
ters 486 UV tunable absorbance detector and 20 µl injection and a reversed-phase 
column (Inertsil ODS RP C18 Column × 150 mm; size, 5 µm) with a flow rate of 1 
ml/min. The compound content was determined using a five-point calibration curve 
of each standard (R2 = 0.99) in the linearity range of 10 - 100 μg/ml. The analyses 
were carried out at a wavelength of 320 nm. The identification and quantification of 
the phenolic compounds contained in the extracts was done by comparing the reten-
tion time of the surfaces of the standards used with those obtained by analyzing the 
extracts. The gradient used is constituted of three mobile phases: 
- Solvent A: 50 mM of phosphate ammonium at 2.6 pH adjusted (NH4H2PO4) 

with orthophosphoric acid (H3PO4). 
- Solvent B: composition 80:20 (v/v) of acetonitrile/solvent A. 
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- Solvent C: composition 200 mM orthophosphoric acid (H3PO4) at pH 1.5 ad-
justed with NaOH).  

The solvents were filtered through filter paper, Whatman N˚1 and disposed in 
ultrasound apparatus for 25 min. The profile of the gradient used is resumed in 
Table 1. 

 
Table 1. Profile of the gradient for HPLC analyses. 

Time (minutes) 
Nature of solvents and composition (%) 

A B C 

0 100 0 0 

4 92 8 0 

10 0 14 86 

22.5 0 16 84 

27.5 0 25 75 

50 0 80 20 

55 100 0 0 

60 100 0 0 

2.4. Antioxidant Activities 
2.4.1. DPPH Radical Scavenging Test 
The antioxidant activity of D. ramosissimum extracts, on the basis of the scaveng-
ing activity of the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical, was 
determined by the method described by Lamien-Médard et al. [8]. A methanol 
solution of 100 μg/ml of DPPH was mixed with extracts of Desmodium ramosis-
simum prepared from a stock solution of 400 μg/ml (400; 200; 100; 50; 25; 12.5; 
6.25; 3.125; 1.56; 0.78 μg/ml). Briefly, 1 ml of the DPPH methanol solution was 
added to 1 ml of each extract, the mixture was vigorously stirred, and then the tubes 
were incubated at room temperature and in the dark for 30 minutes. Absorbance 
was read at 517 nm against a blank consisting of DPPH and methanol. Ascorbic 
acid, quercetin, BHA and BHT were used as positive control. Each test was carried 
out in triplicates. The antiradical activity is estimated according to the equation 
below: 

 Blank s absorbance Sample s absorbance%Inh 100
Blank s absorbance

′ ′−
= ×

′
  

The IC50 (Concentration providing 50% inhibition) was calculated graphically 
using a calibration curve in the linear range by plotting the extract concentration 
and the corresponding scavenging effect. Antioxidant activity index (AAI) was 
calculated according to the formula used by Scherer and Godoy [9]. 

2.4.2. Ferric Reducing/Antioxidant Power (FRAP) 
FRAP essay was conducted according to the protocol described by Dieng et al. [10]. 
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Thus, 0.5 ml of sample at different concentrations was mixed with 1 ml of phosphate 
buffer (0.2 M; pH = 6.6) and 1 ml of 1% potassium hexacyanoferrate [K3Fe(CN)6]. 
After incubating the mixture at 50˚C for 30 minutes, 1 ml of 10% trichloroacetic 
acid was added to stop the reaction, and then the tubes were centrifuged at 3000 
rpm for 10 minutes. Then, 1 ml of the supernatant from each tube was mixed with 
0.2 ml of a 0.1% FeCl3 solution and left to stand in the dark for 30 minutes before 
measuring optical densities at 700 nm. The antioxidant activity related to the re-
ducing power of the extracts is expressed in reducing power (RP) using the follow-
ing formula: 

 Sample s s absorbance Blank s absorbance%RP 100
Sample s absorbance

′ ′ ′−
= ×

′
  

IC50 (Concentration that inhibits the 50% of DPPH or reduces the 50% of Fe3+) 
was determined by the probit method. 

2.5. In Vitro Anti-Inflammatory Activity 

The in vitro anti-inflammatory activity has been evaluated using the method of 
inhibition of albumin denaturation described by Ghumre [11]. Briefly, 5 ml of the 
reaction mixture consisted of 0.2 ml of egg albumin, 2.8 ml of phosphate-buffered 
saline (PBS, pH 6.4) and 2 ml of variable concentration of extracts (1000; 500; 250; 
125; 62.5; 31.5 µg/ml). A similar volume of distilled water was used as a control. 
The mixture was then incubated at 37˚C for about 15 minutes and then heated 
to 70˚C for 5 minutes. After cooling, absorbances were measured at 660 nm. 
Diclofenac sodium inj.Pb./Drugs/1804-B was used as standard at a concentration 
of 6.25 to 25 mg/ml under the same conditions as the extracts. The inhibition’s 
percentage of protein denaturation was calculated by the formula mentioned be-
low: 

 sabsorbance control absorbance sample%Inh 100
absorbance control

−
= ×   

2.6. Cytotoxicity Essay 

The cytotoxic effect of the extracts was evaluated based on the method described 
by Kawsar et al. [12]. Larvae were obtained by hatching 10 mg of freeze-dried eggs 
of Artemia salina (ARTEMIO JBL GmbH D-67141 Neuhofem) under continuous 
agitation in 1 L of seawater for 72 h. From a concentration of 20 mg/ml, a range 
of 10 concentrations is achieved with sterile distilled water following dilutions of 
1/2 in test tubes numbered T1 to T10. Then, 1 ml of sea water containing 16 alive 
larvae was added to all tubes. The number of surviving larvae was counted after 
24 h incubation. For each extract, the lethal concentration 50 (LC50) was deter-
mined from the regression line obtained from the curve representing the number 
of surviving larvae as a function of extract concentration (the curves are appended 
to this manuscript). The results were interpreted using the correlation grid asso-
ciating the degree of toxicity to LC50 proposed by Moshi et al. [13]. 
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3. Results 

The extractions yields are summarised in Table 2. They are expressed as a percent-
age of the mass of the initial powder. The extraction yields vary from one type of 
extract to another. The ethanol extract yielded the best result (16%), while the hex-
ane extract showed the lowest yield (2.24%). 

 
Table 2. Extracts yields. 

Extract Mass of powder (g) Mass of extract (g) Yield (%) 

Ethanol 50 8 16 

Water-ethanol 50 6.7 13.4 

Methanol 50 7.39 14.78 

Ethyl acetate 50 2.6 5.2 

Hexane 50 1.12 2.24 

Ethanol residual 50 2.11 4.22 

3.1. HPLC Analysis 

Table 3 presents the different phenolic compounds identified in the hydro-etha-
nol and methanol extracts of D. ramossissimum. The analysis of Table 3 shows 
that 63% of the compounds were identified in the hydro-ethanol extract, while 50% 
were found in the methanol extract. Among the quantified compounds, the high-
est levels of phenolic compounds were obtained with glucose quercetin (0.45 ± 0.03 
mg/ml) and quercetin dihydrate (2.12 ± 0.16 mg/ml) for the hydro-ethanol and 
methanol extracts, respectively. Furthermore, among the quantified compounds, 
quercetin had the lowest level (0.05 ± 0.04 mg/ml) with the hydro-ethanol extract, 
while cinnamic acid had the lowest level (0.78 ± 0.07 mg/ml) with the methanol 
extract (Figures 1-3). 

 
Table 3. Concentration of phenolic compounds contained in hydro-ethanol and methanol 
extracts. 

Rt (min) Ref. Compounds H-Eth (mg/ml) MEth (mg/ml) 

11.98 ± 0.22 1 Gallic acid nd nd 

14.78 ± 0.92 2 Protocatechuic acid nd nd 

23.96 ± 0.23 3 Catechin 0.05 ± 0.04 nd 

280 ± 0.23 4 Chlorogenic acid nd nd 

37.02 ± 0.36 5 Rutin 0.23 ± 0.01 0.29 ± 0.04 

37.71 ± 0.18 6 
Glucose-containing 

quercetin 
0.45 ± 0.03 0.18 ± 0.01 

39.47 ± 0.19 7 Quercetin dihydrate 0.16 ± 0.02 2.12 ± 0.16 

41.68 ± 0.65 8 Cinnamic acid 0.13 ± 0.01 0.78 ± 0.07 

H-Eth: hydro-ethanol; MEth: methanol extract; Ref.: reference; Rt: retention time; nd: not 
detected. 
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(a) 

 
(b) 

 
(c) 

1: gallic acid; 2: protocatechuic acid; 3: catechin; 4: chlorogenic acid; 5: rutin; 6: glucose 
quercetin; 7: quercetin dihydrate; 8: cinnamic acid. 

Figure 1. Chromatographic profile of the standard mixture (a), hydro-ethanol (b) and meth-
anol (c) extract. 
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Table 4 presents the different phenolic compounds identified in the ethanol 
and residual ethanol extracts of D. ramossissimum. The analysis of Table 4 reveals 
that 87.5% of the compounds were identified in ethanol extract against 75% in 
residual ethanol extract. The minority compounds extracted with the ethanol were 
catechin (40.10 ± 0.04 mg/ml) and gallic acid (50.11 ± 0.01 mg/ml), chlorogenic 
acid was not determined. However, in the residual ethanol extract, quercetin di-
hydrate (50.20 ± 0.02 mg/ml) and glucose quercetin (39.39 ± 0.03 mg/ml) are pre-
dominantly represented. Rutin and cinnamic acid were not determined in the re-
sidual ethanol extract.  

 
Table 4. Concentration of phenolic compounds contained in residual ethanol and ethanol 
extracts. 

Rt (min) Ref. Compounds Ethr (mg/ml) Eth (mg/ml) 

11.98 ± 0.22 1 Gallic acid 10.10 ± 0.01 50.11 ± 0.01 

14.78 ± 0.92 2 Protocatechuic acid 19.9 ± 0.02 80.10 ± 0.02 

23.96 ± 0.23 3 Catechin 15.08 ± 0.04 40.10 ± 0.04 

25.80 ± 0.23 4 Chlorogenic acid 25.05± 0.01 nd 

37.02 ± 0.36 5 Rutin nd 60.20 ± 0.01 

37.71 ± 0.18 6 Glucose-containing quercetin 39.39± 0.03 85.40 ± 0.03 

39.47 ± 0.19 7 Quercetin dihydrate 50.20 ± 0.02 70.20 ± 0.02 

41.68 ± 0.65 8 Cinnamic acid nd 95.18 ± 0.01 

Eth: ethanol extract; Ethr: residual ethanol extract; Ref.: reference; Rt: retention time; nd: 
not detected. 

 

  
(a)                                                    (b) 

1: gallic acid; 2: protocatechuic acid; 3: catechin; 4: chlorogenic acid; 5: rutin; 6: glucose quercetin; 7: quercetin dihydrate; 8: cin-
namic acid. 

Figure 2. Chromatographic profile of the residual ethanol (a) and ethanol extract (b). 
 
Table 5 presents the different phenolic compounds identified in the hexane and 

ethyl acetate extracts of D. ramossissimum. Table 5 reveals that the hexane extract 
and the ethyl acetate extract have the same proportion of compound (50%). Among 
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the quantified compounds, chlorogenic acid is predominantly represented (17.10 ± 
0.01 mg/ml) in the hexane extract, followed by hydrated quercetin (13.07 ± 0.02 
mg/ml) in the ethyl acetate extract. The lowest level of compound recorded in the 
quantified compounds was obtained with protocatechuic acid (10.05 ± 0.02 mg/ml) 
for the hexane extract, while catechin showed the lowest level (8.08 ± 0.04 mg/ml) 
with the ethyl acetate extract. 

 
Table 5. Concentration of phenolic compounds contained in the hexane and ethyl acetate 
extracts. 

Rt (min) Ref. Name of compounds Hex (mg/ml) Eth-ace (mg/ml) 

11.98 ± 0.22 1 Gallic acid 15.08 ± 0.01 nd 

14.78 ± 0.92 2 Protocatechuic acid 10.05 ± 0.02 nd 

23.96 ± 0.23 3 Catechin nd 8.08 ± 0.04 

25.80 ± 0.23 4 Chlorogenic acid 17.10 ± 0.01 nd 

37.02 ± 0.36 5 Rutin nd nd 

37.71 ± 0.18 6 Glucose-containing quercetin nd 10.05 ± 0.03 

39.47 ± 0.19 7 Quercetin dihydrate nd 13.07 ± 0.02 

41.68 ± 0.65 8 Cinnamic acid nd nd 

Hex: hexane extract; Eth-ace: ethyl acetate extract, Ref.: reference, Rt: retention time, nd: 
not detected. 

 

 
(a)                                                 (b) 

1: gallic acid; 2: protocatechuic acid; 3: catechin; 4: chlorogenic acid; 6: glucose quercetin; 7: quercetin dihydrate. 

Figure 3. Chromatographic profile of the hexane (a) and ethyl acetate (b) extract. 

3.2. Antioxidant Activities 

The results of the antiradical activity of our extracts were expressed in millimole 
equivalent of ascorbic acid per gram of extract (Table 6) in reference to a standard 
curve (y = 0.0522x + 0.056, R2 = 0.9934) and in inhibition’s percentage of the free 
radical DPPH-. Therefore, the concentrations that inhibit 50% of the free radicals 
(IC50) as well as the antioxidant activity index (AAI) are respectively consigned to 
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Table 6.  
The ethanolic extract presented the highest concentration (37 ± 0.66 mmol EAA/g 

of sample) in ascorbic acid equivalent, with a low IC50 (2.5 ± 0.7 µg/ml), thus show-
ing its strongest antioxidant power. Furthermore, although the hexanic extract pre-
sented the lowest concentration (7 ± 0.03 mmol EAA/g of sample), it is the hydro-
ethanolic extract that recorded the highest IC50 (37.5 ± 0.06 µg/ml), thus showing 
its weak antioxidant potential. 

 
Table 6. Equivalent content of ascorbic acid and IC50 of D. ramosissimum extracts. 

Extraits 
Content in ascorbic  

acid equivalent 
(mmol EAA/g of sample) 

IC50 (µg/ml) AAI 

Hydro-ethanol 10.97 ± 0.02 37.5 ± 0.06 1.33 ± 0.09 

Methanol 26 ±0.3 2.45 ± 0.14 20.40 ± 0.5 

Hexane 7 ± 0.03 6 ± 0.08 8.33 ± 0.04 

Ethyl acetate 11.75 ± 0.55 10.5 ± 0.15 4.76 ± 0.45 

Ethanol residual 13.8 ± 0.05 4 ± 0.17 12.5 ± 0.1 

Ethanol 37 ± 0.66 2.5 ± 0.7 20 ± 0.09 

3.2.1. DPPH Radical Scavenging Test 
The inhibition percentages vary depending on the extracts. Indeed, the highest per-
centage was obtained with the hydroethanolic extract, followed by the residual eth-
anolic extract, the methanolic extract and finally the ethanolic extract (Figure 4). 

 

 
Figure 4. Variation in the percentage of inhibition in function of extract concentration. 

3.2.2. Ferric Reducing/Antioxidant Power (FRAP) 
The ferric ion reduction power was shown in Table 7. The results show that four 
out of six extracts tested show antioxidant activity using the FRAP method. The 
IC50 ranges from 1.1 mg/ml (ethanolic extract) to 7 mg/ml (methanolic extract), 
which shows that the ethanolic extract has a higher ferric ion reduction power than 
the other extracts. The analysis of variance shows that the interaction between the 
inhibitory power of extracts varies according to their concentrations. Indeed, the 
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percentage of inhibition of extracts varies significantly (p = 0.0001).  
 

Table 7. Percentage of inhibition of D. ramosissimum extracts and IC50. 

Percentage of inhibition (%) 

Extracts BHT Hydro-E Eth Eth R Meth Ethyl acetate Hexane 

25 78.16 86 61.11 67.27 61.70 - - 

12.5 63.39 62.162 58.82 64 55 - - 

6.25 57.29 51.72 56.25 61.70 48.57 - - 

3.125 56.55 44 54.83 48.57 45.45 - - 

1.56 44.23 36.36 54.84 28 45.45 - - 

0.78 36.79 26.34 41.66 28 21.74 - - 

0.39 15.56 17.65 17.64 18.18 25 - - 

0.18 12.14 6.67 26.32 25 5.26 - - 

IC50 (mg/ml) 2.12 5.5 1.1 3.4 7 - - 

3.3. In Vitro Anti-Inflammatory Activity 

The in vitro anti-inflammatory effect of D. ramosissimum extracts is summarised 
in Table 8. Indeed, the highest inhibition percentages obtained were for hydro-eth-
anolic 92.99% ± 0.04%, ethanolic 92.55% ± 0% and residual ethanolic 92.85% ± 0.04% 
extracts. In addition, the analysis of variance showed a significant difference (p < 
0.05) between the concentrations at 15.75 µg/ml. However, the hydro-ethanol ex-
tract was more active than the ethanol extract. This was confirmed by comparing 
their IC50 values. Indeed, the hydro-ethanol extract shows the strongest inhibition 
of protein denaturation (egg albumin). Diclofenac sodium (in the concentration 
range of 6.25 to 25 mg/ml) was used as the reference drug, which also showed a 
concentration-dependent inhibition of protein denaturation. The results showed 
that the high activity (94.55% ± 0.12%) of Diclofenac is obtained at 25 mg/ml.  

 
Table 8. Inhibition percentage of Diclofenac and Desmodium ramosissi mum extracts. 

Concentration Inhibition percentage (%) 

Extraits  
(μg/ml) 

Diclofenac  
(mg/ml) 

Hydro-Ethanol Ethanol Ethanol R Methanol Ethyle acetate Hexane Diclofenac 

1000 25000 92.99 ± 0.04 92.55 ± 0 92.85 ± 0.04 78.94 ± 0.06 86.54 ± 0.04 75.89 ± 0.08 94.55 ± 0.12 

500 12500 91.10 ± 0.07 91.94 ± 0.04 91.79 ± 0.02 77.87 ± 0.04 85.48 ± 0.02 74.83 ± 0.02 89.10 ± 0.25 

250 6250 94.54 ± 0.02 91.60 ± 0.04 90.72 ± 0.02 76.81 ± 0.21 84.41 ± 0.02 73.38 ± 0 87.23 ± 0.37 

125 - 89.55 ± 0.04 87.64 ± 0.02 89.66 ± 0.04 75.74 ± 0.04 83.36 ± 0.02 72.32 ± 0.02 - 

62.5 - 86.21 ± 0.06 87.45 ± 0.05 88.59 ± 0.04 74.68 ± 0.04 82.28 ± 0.02 71.63 ± 0.02 - 

31.25 - 84.92 ± 0.04 87.11 ± 0.04 87.53 ± 0.2 73.61 ± 0.04 81.22 ± 0.04 71.33 ± 0.02 - 

15.75 - 82.31 ± 0.07 86.35 ± 0.04 86.46 ± 0.6 72.55 ± 0.02 80.15 ± 0.02 70.27 ± 0.02 - 

IC50 (μg/ml) <15.75 <15.75 <15.75 <15.75 <15.75 <15.75  
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From this table, it can be seen that the greatest inhibition percentages (92.99% ± 
0.04%) obtained are the one of hydro-ethanol extract, ethanol extract (92.55% ± 0%) 
and residual ethanol extract (92.85% ± 0.04%).  

3.4. Cytotoxicity Essay 

The cytotoxicity of D.ramosissimum extracts has been evaluated on Artemia sa-
lina. After 24-hour of exposure to the tested extracts, larval mortality was investi-
gated using a regression curve obtained from the number of surviving larvae in 
each tube according to the extract’s concentrations. Figure 5 shows the number of 
surviving larvae with each extract after 24 hours of incubation. 
 

 
Figure 5. Variation in larval mortality of Artemia salina according to D. ramosissimum 
extracts. 

4. Discussion 
4.1. Extraction Efficiency of the Different Solvents Used 

The yields of extracts obtained from D. ramosissimum are in decreasing order: 
16% for the ethanol extract, 14.78% for the methanol extract, 13.4% for the hydro-
ethanol extract, 5.2% for the acetic extract followed by 4.22% for the residual eth-
anol extract and 2.24% for the hexane extract. These results reveal that they would 
contain bioactive molecules that were extracted at various degrees depending on 
the type of solvent. These results also show that ethanol is the most suitable solvent 
for the extraction. Alcoholic solvents are capable of increasing the permeability of 
cell walls by facilitating the extraction of a greater number of polar’s molecules of 
medium and low polarity [14]. Moreover, the maceration process, under stirring 
for a spread-out time (72 hours) and at room temperature, allows, respectively, the 
exhaustion of the solvent in active compounds and the prevention of their altera-
tion or modification probably due to the high temperature. According to Wu et 
al. [15], the extraction yield could be explained by several factors: the chemical 
structure of the compounds, the maceration time, the temperature, the nature of 
the solvent and the storage conditions. For example, Dah-Nouvlessounon et al. [6] 
showed that the variability in extraction yields could be explained by the extraction 
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capacity of each solvent, which depends on the affinity of the solvent for the phy-
tomolecules on one hand and the polarity of the solvent on the other hand. The 
drying of the plant was carried out in an open air in a shady environment in order 
to preserve the active ingredients from degradation by the hydrolases present in 
the fresh plant material. Drying the plant in the dark prevents chemical transfor-
mations such as isomerisation and degradation caused by ultraviolet radiation from 
sunlight [16]. Grinding and sieving have been carried out to recover as much fine 
powder as possible with a diameter smaller than 63 μm, because according to the 
work of Chen et al. [17], this diameter increases the contact surface of the solvent 
with the powder for better yield. Also, we used several solvents during extraction 
to ensure separation between polar and non-polar compounds [18]. In addition, 
extraction with several solvents allows better separation of compounds with anti-
oxidant activity [19]. These extraction yields that we obtained are not consistent 
with the results of Maddi et al. [20], who found 26.37% for the ethanol extract and 
33.32% for the acetate extract. These discrepancies could be due to several reasons, 
including the stage of maturity of the leaves collected [21], the extraction process, 
the geographical origin of the plant drug [22], the drying conditions of the leaves 
[23], the harvesting season and the quality of the solvents used. However, our re-
sults corroborate with those of Onzo et al. [24] who reported that the hexane extract 
has the lowest extraction yield, as in the present study. 

4.2. Antioxidant Property of Desmodium ramosissimum Extracts 

The antioxidant activity of the extracts is evaluated by two techniques, iron reduc-
tion (Ferric reducing antioxidant power or FRAP) and the scavenging of the free 
radical 2,2-diphenyl-1-picrylhydrazyl (DPPH). The results of the DPPH test show 
that D. ramosissimum extracts have interesting antiradical properties that vary 
from one type of extract to another. The results showed that the equivalent ascor-
bic acid content of the ethanol (37 ± 0.66 mmol EAA/g extract) and methanol 
(26 ± 0.3 mmol EAA/g extract) extracts is quite high. This result could be explained 
by the fact that these extracts have a high reducing power and therefore contain 
molecules with a stronger electron-donating reducing potential than the other ex-
tracts. As a result, the reducing electron-donating power is dependent on the bio-
active molecules. These results corroborate with those of Nounagnon et al. [25] 
who found the best ascorbic acid equivalent contents with the ethanol and meth-
anol extracts of Combretum adenogonium. The results of the DPPH test show 
that at a concentration of 200 µg/ml, the ethanol, methanol and residual ethanol 
extracts of D. ramosissimum have respectively a scavenging power of the DPPH 
free radical at 84.79%; 78.95% and 80.05%, while at the same concentration, ascor-
bic acid, quercetin, BHA and BHT respectively inhibit 91.73%;74.8%; 65.95% and 
72.54% of this free radical. These results show that D. ramosissimum extracts have 
low IC50 values, which means that they would be excellent antiradical agents. 
Comparing these values to those of standard antioxidants shows that these ex-
tracts are more active than BHT and BHA. This antioxidant property of D. ramosis-
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simum would be linked to the presence of polyphenols such as flavonoids, tannins, 
and coumarins. These compounds are identified by Hooper et al. [26] in the leaves 
and roots of D. ramosissimum. The results of the qualitative and quantitative anal-
yses carried out by HPLC have revealed that our extracts are rich in phenolic com-
pounds, including gallic acid, protocatechic acid, catechin, chlorogenic acid, rutin, 
glucosed quercetin, quercetin dihydrate, and cinnamic acid. These results would 
explain the strong antioxidant activity observed in the plant.  

The high levels of quercetin dihydrate and chlorogenic acid identified by HPLC 
provide a clear biochemical basis for the strong antioxidant and anti-inflamma-
tory activities of D. ramosissimum. Quercetin is a potent flavonoid known for its 
free-radical-scavenging capacity and its ability to inhibit key inflammatory path-
ways such as NF-κB and COX-2 (Boots et al., 2008; Li et al., 2016) [27] [28]. Like-
wise, chlorogenic acid exhibits strong antioxidant effects through ROS neutrali-
zation and reduces inflammation by suppressing oxidative-stress-mediated signal-
ing (Naveed et al., 2018) [29]. The presence of these well-characterized compounds 
therefore supports the biological activities observed and strengthens the therapeu-
tic relevance of this species. 

Furthermore, considering the results of the antioxidant activity indexes (AAI) 
according to Scherer and Goddoy [9], we can conclude that apart from the hydro-
ethanol extract, all the other extracts of D. ramosissimum have a very high DPPH 
radical scavenging power (AAI > 2). The action of these antioxidants is assumed 
to be due to their ability to donate hydrogen atoms or electrons derived mainly from 
the A-ring hydroxyl of flavonoids [30]. In addition, Albano and Miguel [31] re-
ported that flavonoids and phenolic acids are more effective in scavenging free 
radicals after extraction by moderate or hydrophilic solvents. The effectiveness 
of the antioxidant (AH) increases if the strength of the A-H bond is low and the 
resulting (A) radical must be as stable as possible, which is the case for phenolic 
and flavonoid compounds, which are better electron or hydrogen donors [32]. 
Our results regarding inhibition percentages are comparable to those of Kabran et 
al. [33], who obtained 95% with D. adscendens extracts. D. ramosissimum extracts 
can protect the organism against the oxidative stress. Stress is a major contributor 
to the appearance of many pathologies such as cancers, cardiovascular diseases 
and degenerative pathologies of the nervous system [34]. Faced with this situation, 
scientific work has shown that natural antioxidants are more protective than syn-
thetic antioxidants [35].  

With regard to the determination of antioxidant activity by the FRAP method, 
the increase in iron reduction is proportional to the concentrations used. Except 
for the ethanol extract, all our extracts have higher IC50 than BHT. FRAP is based 
on the capacity of the extracts to reduce ferric iron Fe3+ to ferrous iron Fe2+. The 
high activity of D. ramosissimum extracts might be due to their high content of 
polyphenolic compounds. The reducing power of these extracts would be due to 
the hydroxyl group in the phenolic compounds that can serve as electron donors. 
Therefore, antioxidants can be considered as reducing and inactivating oxidants 
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[36]. Some previous studies have also shown that the reducing power of a com-
pound can serve as a significant indicator of its potential antioxidant activity [37]. 
Alcohol-based extracts are the most active, this is surely due to the composition 
of these extracts in polyphenolic substances and the synergy between them for a 
better antioxidant activity [38]. Several studies have shown that the hydroxyl groups 
in phenolic and flavonoid compounds are responsible for their antioxidant power 
[39]. These results are consistent with the results obtained in terms of HPLC, which 
revealed that our extracts are rich in phenolic compounds. 

4.3. Anti-Inflammatory Activity 

The extracts showed concentration-dependent inhibition of protein denaturation 
(egg albumin) over the entire concentration range from 15.75 to 1000 µg/ml. These 
results showed that the extracts have a good inhibition of protein denaturation com-
pared to the reference molecule (Diclofenac sodium). 

4.4. Larval Cytotoxicity 

Referring to the toxicity scale established by Moshi et al. [13], the LD50 of extracts 
are above 0.1 mg/ml. At this value, the extract is considered to be non-toxic. In-
deed, the extracts tested on Artemia salina were found to be non-toxic at the tested 
doses. However, the mortality of brine shrimp (A. salina) would increase by in-
creasing the concentration of our extracts. Mayer et al. [40] came to the same con-
clusion in their study of several species of the genus Euphorbia with the Artemia 
salina larvae. The same results were found by Bapna et al. (2014) [41] with different 
extracts of Citrus aurantifolia.  

This toxicity test showed that at a dose of 20 mg/ml, the extracts showed no tox-
icity on the cells of shrimp larvae. By definition, a substance is toxic if it causes al-
terations or disturbances in the functions of the living organism, leading to harm-
ful effects. The most serious harm is the death of this organism [42] (Ramade, 1979). 
Also, according to Cowan et al. [43], the mechanism of toxicity could be linked to 
the inhibition of hydrolytic enzymes (proteases and carbohydrolase) or other in-
teractions to inactivate microbial adhesins, transport and cell envelope proteins. 
The Artemia salina model has been suggested for the evaluation of cytotoxicity in 
pharmacology because cytotoxicity in shrimp larvae is correlated with 9 PS and 9 
KB cells [44]; A-549 cells in lung carcinoma and HT-29 cells in colon carcinoma 
[45]. It is a test that is much more widely used in underdeveloped countries where 
traditional medicine plays a key role. The evaluation of this activity with D. ramosis-
simum can therefore serve as an indication in the choice of therapeutic doses. 

5. Conclusion 

Phytotherapy occupies a prominent place in developing countries despite the spec-
tacular development of modern medicine. The development of this heritage involves 
the production of traditionally improved medicines, i.e., effective medicines with 
proven safety and precise dosages. In this work, some biological activities of the 
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different extracts of D. ramosissimum were evaluated in order to highlight the po-
tential of this plant. At the end of this study, it appears that D. ramosissimum has 
important antiradical activity. The assessment of the antioxidant power of the dif-
ferent extracts (ethanol, methanol, ethyl acetate, hexane, hydro-ethanol and residual 
ethanol) of D. ramosissimum using the DPPH free radical scavenging method showed 
that the ethanol extract is the most active, with an IC50 value of 2.5 ± 0.7 μg/ml, 
comparable to that of quercetin (IC50 = 2.05 ± 07 μg/ml). Furthermore, it should 
be noted that the extracts of this plant act at low doses and have low toxicity. With 
regard to these results, Desmodium ramosissimum is a promising source of anti-
oxidant, anti-inflammatory compounds and has a preliminary safety profile. Fur-
ther studies, including in vivo confirmation of its antioxidant capacity and the eval-
uation of additional biological activities such as hepatoprotective, antiviral, and 
anti-inflammatory effects, are necessary. It would also be essential to elucidate the 
specific molecular targets and receptors involved in its mechanisms of action in or-
der to support the development of traditionally improved medicines at lower cost in 
Benin. Taken together, the marked bioactivity and minimal toxicity provide com-
pelling evidence for the plant’s relevance in developing standardized and reliable 
phytomedicines and simultaneously affirm the scientific validity of traditional heal-
ing knowledge. 
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