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ABSTRACT  
Arthrophytum scoparium is plant commonly used in folk medicine in Algeria to treat numerous human diseases especially infectious, 
Rheumatism, diabetes and cancer. However, its anti-inflammatory activity and the underlying mechanisms have not been studied 
systematically. The present study aims to assess both the in vitro and in vivo anti-inflammatory potential and antioxidant activity of the plant. 
Results showed that A. scoparium chloroform extract (ChE) contains the largest amount of phenolic and flavonoid compounds. In-vitro bioassay 
consisted of investigating the effect of the plant extracts against protein denaturation (BSA and egg albumin).  In-vivo anti-inflammatory activity 
was evaluated by measuring the percentage inhibition of carrageenan-induced rat paw edema after oral administration of the extracts. Results 
showed that inhibition of protein denaturation was maximum in case of A. scoparium crude extract (CrE) with dose dependant manner. 
Similarly in the in-vivo study, carrageenan induced inflammation was significantly antagonized by CrE with inhibition of 87.02% at 400 mg/kg. 
CrE extracts showed the highest scavenger effect against hydroxyl and hydrogen peroxide. The CrE showed potent anti-inflammatory activity in 
both the conditions in vivo and in vitro. In conclusion different A. scoparium extracts scavenged reactive oxygen species efficiently; it may be due 
to the presence of its flavonoids and polyphenols. These results support the traditional use of this plant. 
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INTRODUCTION 

Inflammation is a host defence mechanism of the body and 
it’s an essential immune response that enables the body to 
survival during infection or injury and maintains tissue 
homeostasis in noxious conditions1 (Chen et al., 2017). But 
in some conditions when negative effect of the inflammatory 
process is produced example: rheumatoid arthritis, 
osteoarthritis, inflammatory bowel diseases, retinitis, 
multiple sclerosis, psoriasis and atherosclerosis2 (Poovizhi 
et al., 2019). For overcoming this problem, search of newer 
drugs is very requisite and necessary and there are many of 
phytoconstituents present in plants which are playing a very 
important role in the treatment of inflammation3 (Yuan et 
al., 2016). For a long time, plants have been a major source 
of pharmacologically-active substances. Plant extracts 
possess various biological compounds and have been used 
commonly for the treatment of inflammatory diseases4 (Che 

and Zhang, 2019). In a recent study, the anti-inflammatory 
activity of several plant extracts was demonstrated 
scientifically5 (Bailey-Shaw et al., 2017). Therefore, various 
plant-derived remedies have recently received great interest 
because of their diverse bioactive constituents and relatively 
low toxicity in the treatment of various medical conditions, 
including inflammation-related ailments6 (Oguntibeju, 
2018). 

Arthrophytum scoparium belongs to the family of 
chenopodiaceae. It was worldwide distributed, especially in 
desert and semi desert areas. A.scoparium is a local 
medicinal plant, which has been used extensively in the 
southwestern part of Algeria. It is used to treat numerous 
human diseases especially infectious (skin infections, 
urinary and genital infections), Rheumatism, diabetes, 
cancer, infertility, hair problems and stomach disorder7, 8 
(Allaoui et al., 2016; Fatehi et al., 2017). 

http://jddtonline.info/
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This study aim to ascertain the anti-inflammatory properties 
of A.scoparium extracts against protein denaturation, and in 
an animal model of inflammation. In order to valorized the 
traditional use of   this plant from one hand and from 
another hand to look for a new treatment, which may be 
used as alternative to the known pharmaceutical medicine 
already used in treating inflammation.    

MATERIALS AND METHODS 

Plant collection 

The vegetal material was collected in April 2016 from ouled 
djellal, Biskra, Algeria and was identified by Pr. Oujhih B. an 
expert taxonomist at the Institut of nutrition and agronomy, 
university of Batna (Algeria), where a voucher specimen 
(227/ISVSA/ DA/UHLB1/17) was deposited. Plant materials 
were then washed separately with fresh water to remove 
dirt and other contaminants, and were dried for two weeks 
in free air in dark room. The dried materials were ground 
into coarse powder by a grinding machine and the materials 
were stored at room temperature for future use. 

Preparation of the extracts 

The extraction was performed according to Madoui et al. 
(2018)9. About 100 g of powdered plant materials was taken 
in amber colored extraction bottles and soaked with 1 L of 
methanol- water (85:15 v/v) and kept under agitation 
overnight at 4°C the resulting solution was filtered to obtain 
the first filtrate. This procedure was repeated on the residue 
using water–methanol (50:50 v/v) under agitation for 4 
hours to obtain the last filtrate. The extracts were filtered 
separately through a fresh cotton plug and finally with 
Whatman No.1 filter papers. The filtrates were concentrated 
with a rotary evaporator under reduced pressure to get CrE. 
The hydro-methanolic solution was washed with hexane 
several times until a clear upper layer of hexane was 
obtained. The lower layer was then extracted successively 
with chloroform and ethyl acetate to obtain 3 fractions; 
chloroform extract (ChE), ethyl acetate extract (EAE) and 
aqueous extract (AQE). Each fraction was stored at -20 ºC 
until use. 

Determination of total phenolics 

Total phenolic contents in the extracts were determined by 
the modified Folin-Ciocalteu method described by 
Boussoualim et al.(2016)10. An aliquot of the extract was 
mixed with 0.5 ml Folin-Ciocalteu reagent (previously 
diluted 1:10 v/v) and 0.4 ml (75 g/L) of sodium carbonate. 
The tubes were vortexed for 15 s and allowed to stand for 1 
h and 30 min at 25 °C in the dark for color development. 
Absorbance was then measured at 760 nm. Total phenolic 
contents were expressed in terms of gallic acid equivalent, 
GAE/g of dry extract. The experiment was repeated three 
times at each concentration. 

Determination of total flavonoids 

Total flavonoids were estimated using aluminum chloride 
colorimetric assay described by11 Guemmaz et al.(2018). To 
1 ml of samples/standard, 1 ml of 2% aluminum chloride. 
The mixture left at room temperature for 10 min. 
Absorbance of the mixtures was measured at 430 nm. The 
flavonoids content was expressed in mg quercitin equivalent 
per gram of dry weight (QE). The experiment was repeated 
three times at each concentration. 

Determination of tannin content 

The capacity to precipitate hemoglobin was determined 
using bovine fresh blood according to Bouaziz et al12. Briefly, 

an equal volumes of each extract and hemolysed bovine 
blood (absorbance = 1.6) were mixed. After 20 min, the 
mixture was centrifuged at 4000 rpm for 10 min, and the 
absorbance of the supernatant was measured at 756 nm. The 
results were expressed as mg equivalent tannic acid per 
gram dried weight (mg TAE/g DW). 

Hydroxyl radical scavenging activity 

Hydroxyl radical scavenging activity of the extractives was 
determined by the method of Mayouf et al.,(2019)13. 
Hydroxyl radical was generated by the Fe3+-ascorbate-
EDTA-H2O2 system (Fenton reaction). The assay is based on 
the production of OH• in the reaction medium through the 
reaction of Fenton, then the OH product reacted with sodium 
salicylate to produce the hydroxyl salicylate complex. The 
reaction mixture (3 ml) contained 1 ml of FeSO4 (1.5 mM), 
0.7 ml of H2O2 (6 mM), 0.3 ml of sodium salicylate (20 mM) 
and varying concentrations of plant extracts and standard. 
The mixtures were kept in a water bath at 37 °C for 1h, after 
which the absorbance of the hydroxylated salicylate complex 
was measured at 562 nm. The percentage of hydroxyl radical 
scavenging activity was calculated according to the following 
formula: 

Scavenging rate %= [1-(A1-A2)/A0]*100 

Where, A0 was the absorbance of the control (without 
sample) and A1 was the absorbance in the presence of the 
sample; A2 was the absorbance without sodium salicylate. 

Hydrogen peroxide scavenging activity 

Hydrogen peroxide is a weak oxidizing agent and can 
inactivate a few enzymes directly, usually by oxidation of 
essential thiol (-SH) groups. The hydrogen peroxide 
scavenging assay was carried out following the procedure 
mentioned by Benslama et al. (2019)14. For this aim, a 
solution of H2O2 (43 mM) was prepared in phosphate buffer 
(0.1 M, pH 7.4). The plant extracts at different 
concentrations in 3.4 ml phosphate buffer was added to 0.6 
ml of H2O2 solution (43 mM). The absorbance value of the 
reaction mixture was recorded at 230 nm. Blank solution 
was containing the sodium phosphate buffer without H2O2. 
The percentage of H2O2 scavenging activity of samples and 
standard compounds was calculated using the following 
equation: 

H2O2 scavenging effect % = (Ac – As)/ Ac * 100 

Where, AC is the absorbance of the control and AS is the 
absorbance in the presence of the sample or standards. 

Assessment of in vitro anti-inflammatory activity 

Inhibition of albumin denaturation 

Anti-inflammatory activity of methanolic extracts of 
A.scoparium were studied according to the protocol of 
Rastogi et al. (2018), with some modifications15. Inhibition 
of albumin denaturation was done according to the protocol. 
The reaction mixture consists of an equal volume of test 
extracts of different concentrations and 1% aqueous 
solution of Bovine serum albumin (BSA or "Fraction V"). The 
pH of the reaction mixture was adjusted using a small 
amount of 1N HCl. The sample extracts were incubated at 
37°C for 20 min and then heated to 70°C for 5 min. The 
absorbance was measured after cooling the samples at room 
temperature. The turbidity formed was measured at 660 nm 
using ultraviolet (UV)-visible spectrophotometer. The 
percentage inhibition of protein denaturation was calculated 
by using the following formula:  

% inhibition of denaturation = 100 × (1 − A2/A1) 
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Where A1 = absorption of the control sample, and A2 = 
absorption of the test sample. 

Egg albumin denaturation  

Protein denaturation assay was done according to the 
method described by Kiranmayi et al. (2018)16. About 0.2 ml 
of eggs albumin (from hen’s egg) was comprised 5 ml of 
reaction mixture, 2 ml of varying concentrations of extract, 
and 2.8 ml of phosphate-buffered saline (PBS, pH 6.4). The 
control was served as similar volume of double distilled 
water. Then, the mixture was heated at 70°C for 5 min. After 
cooling, their absorbance was measured at 660 nm using 
pure blank. Aspirin was used as reference drug and treated 
as such for the determination of absorbance. The percentage 
inhibition of protein denaturation was calculated as below:  

Percent inhibition = [(Abs control - Abs treated)/ Abs 
treated]  × 100. 

Carrageenan induced paw edema  

Antiinflammatory activity was determined in female wistar 
rats as described by Kim et al. (2018)17. This experiment 
involved five groups of five rats each, The experimental 
design was as follows: Group I: rats were orally 
administered with 1 ml 0.9% NaCl only (normal group); 
Group II: rats were orally administered with 10 mg/kg body 
weight (b.w.) diclofenac Sodium+ induction of inflammation 
using carrageenan (standard group); Group III, IV and V: rats 
were orally administered with 100, 200 and 400 mg/kg b.w. 
CrE + induction of inflammation using carrageenan (test 
groups). Prior to the treatments, the initial paw edema of 
each rat was measured using a digital caliper. One hour after 

treatment, paw edema was induced by injecting 0.1 ml 1% 
solution of carrageenan into the left hind paw just beneath 
the plantar of aponeurosis. Subsequently, the increase in left 
paw edema was measured at an hour interval for 6 h post-
treatment. The percentage inhibition of inflammation was 
calculated as stated below: 

% inhibition of inflammation = (1−Vt/Vc)×100 

Vt is the mean paw edema in the treated groups while Vt is 
the mean paw edema in the control group. 

Statistical analysis 

Data were expressed as mean ± standard error of mean 
(SEM). Sample T-test analytical method was used to evaluate 
the difference between means in the in vitro experiments. 
Linear regression was performed to determine 50 % 
inhibitory concentration (IC50). The difference between the 
experimental and control groups was determined using 
GraphPad Prism® version 5.0, the comparison carried out 
using one-way analysis of variance (ANOVA).  

RESULTS AND DISCUSSION 

Polyphenol, Flavonoid and Tannin Contents  

In the present study, the quantification of total phenols was 
performed using Folin-Ciocalteu reagent. The results 
showed that ChE was the richest fractions on phenolic, 
flavonoids whereas; the ChE was the richest fractions on 
tannins, as shown in Table 1. 

 

Table 1: Total polyphenol, a flavonoids and tannins content in A.scoparium extracts 

Extract Total phenolic 
content mg/GAE  

Total flavonoid 
content mg/QE 

Total tannins content 
mg/TAE 

CrE 18,00 ± 3,54 83,11 ± 3.84 93,63 ± 2,65 

ChE 21,30 ± 1,46 95,94 ± 2,81 68,33 ± 1,95 

EAE 3,83 ± 1,361 7,88 ± 2,42 51,77 ± 0,48 

AQE 20,741 ± 3,39 19,61 ± 1,18 24,97 ± 1,83 

Results are expressed as means ± standard (n = 3). CrE: crude extract, ChE: chloroform extract, EAE: ethyl acetate extract, AQE: 
aqueous extract, DEC: decoction, GAE: gallic acid equivalent, QE: quercitin equivalent, TAE: tannic acid equivalent. 

 

The phenolic contents of A.scoparium in our study were 
higher than that of Atriplex halimus and Anabasis articulate, 
which belong to the same family, (Belyagoubi-Benhammou et 
al., 2014)18. The extraction procedures and solvents are 
responsible for dissolving the endogenous compound of the 
plants. Moreover, plant components can be polar or non-
polar in nature; due to the presence of a hydroxyl group, 
therefore methanol was selected as the extracting solvent 
(Kumar and Roy, 2018; Aryal et al., 2019)19, 20. 

Hydroxyl radical scavenging activity 

Hydroxyl radical is one of the potent reactive oxygen species. 
In the biological system, it reacts with polyunsaturated fatty 
acid of cell membrane and causes damage to cell. The studied 
extracts showed an important anti-radical effect, positively 
related to their amount of total phenolic and flavonoids 
contents.  As shown in Fig.1 it was found that the CrE 
recorded the highest hydroxyl radical scavenging effect with 
IC50 = 0.022 ± 0.013 mg/ml. 
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Figure 1: IC50 values of different plant extracts in hydroxyl 
radical scavenging activity. CrE: crude extract, ChE: 
chloroform extract, EAE: ethyl acetate extract, AQE: aqueous 
extract. Data were presented as IC50 means ± SD (n = 3) 
compared to vitamin C as standard. 
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The mainly function of hydroxyl radical as free radical 
scavengers, chain breaking antioxidants, metal chelators, 
reducing agents, oxidative enzyme inhibitors and quenchers 
of singlet oxygen21 (Tijani et al., 2018). The important anti-
radical effect is positively related to the amount of total 
phenolic and flavonoids contents and this might be due to 
their active hydrogen donor ability of hydroxyl substitution22 
(Lupu and Cremer, 2018). 

Hydrogen peroxide scavenging activity 

Hydrogen peroxide itself is not very reactive and it is a weak 
oxidizing agent that inactivates a few enzymes directly, but it 
can sometimes be toxic. As represented in Fig.2. Results 
showed that the strongest scavenging effects were registered 
with CrE IC50 = 0.31 ± 0.03mg/ml. 
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Figure 2: The IC50 values of H2O2 scavenging activity of 
A.scoparium. Values were expressed as mean ± SD (n = 3). 
CrE: Crude extract, ChE: chloroform extract, EAE: ethyl 
acetate extract, AQE: aqueous extract. Data were presented 
as IC50 means ± SD (n = 3) compared to vitamin C as 
standard. 

 

According to literature, many studies demonstrate the 
positive relationship between total phenols and H2O2 
scavenging activity, which appears to be the trend in many 
plant species23 (Ruskin et al., 2017). The present study 
revealed a significant correlation between both total phenols 
and flavonoids contents and IC50 of H2O2 scavenging activity, 
suggesting that phenolics compounds were responsible for 
this antioxidant activity. 

Assessment of in vitro anti-inflammatory activity 

Inhibition of albumin denaturation 

A. scoparium extracts were able to inhibit protein 
denaturation in a dose-dependent manner.  The inhibitory 
effect of different extracts at different concentrations on 
protein denaturation is shown in Fig.3. Inhibition percentage 
of protein denaturation of studied plant was ranging from 70 
% to 97 % using concentrations varying between 5 and 30 
mg/ml.  A. scoparium CrE exhibited a higher level of 
inhibition compared to other extracts. 
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Figure 3: Effects of A.scoparium extracts on protein 
denaturation. CrE: Crude extract, ChE: chloroform extract, 
EAE: ethyl acetate extract, AQE: aqueous extract. Data are 
presented as the means ± standard deviations of three 
replicate determinations. 

Egg albumin denaturation  

All A .scoparium   extracts exhibited a significant anti-
inflammatory activity at diffrents dose as presented in Fig.4. 
The CrE (5, 15 and 25 mg/ml) exhibited the highest anti-
inflammatory effect similar with positive control. 
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Figure 4: Influence of extracts of A.scoparium against protein 
denaturation. CrE: Crude extract, ChE: chloroform extract, 
EAE: ethyl acetate extract, AQE: aqueous extract. Data are 
presented as the means ± standard deviations of three 
replicate determinations. 

 

Denaturation of protein molecules is well documented in the 
literature, and it is due to an inflammation process in 
conditions like arthritis. One of the main mechanisms of 
action of NSAIDs is the protection against protein 
denaturation24 (Gunathilake et al., 2018). Protein 
denaturation is a process in which proteins lose their tertiary 
structure and secondary structure by application of external 
stress or compound such as strong acid or base, a 
concentrated inorganic salt, an organic solvent, or heat. Most 
biological proteins lose their biological function when 
denatured16 (Kiranmayi et al., 2018). The effect of different 
plant parts on protein denaturation have been evaluated by 
two methods (BSA and egg albumen). From the result 
illustrated in Fig.3 and Fig.4, it can be stated that all the 
extracts of A.scoparium are capable to inhibit the 
denaturation of proteins and their effect were comparable to 
standard drug. These effects are may be due to the presence 
of active principles in the extracts and/or polyphenolic 
content and flavonoids presents in various fractions24 
(Gunathilake et al., 2018). 
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Carrageenan induced paw edema  

Results in Fig.5 showed that 100, 200 and 400 mg/kg b.w. of 
CrE and 10 mg/kg b.w. Diclofenac Sodium treated animals 
induced with inflammation using carrageenan inhibited paw 

edema in a dose-dependent manner after a period of 6 hours. 
Data in Fig.6 indicated that diclofenac Sodium (10 mg/kg 
b.w.) and CrE (400 mg/kg b.w.) suppressed paw edema of 
rats after sixth hour of the treatment by 86.74% and 87.02%, 
respectively.  
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Figure 5: Change in paw edema by different doses of methanol extract of CrE in rat induced inflammation using carrageenan. 
Data expressed as mean ± standard error of mean. 
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Figure 6: Percentage inhibition of carrageenan-induced paw edema in rats treated with different doses of CrE of A.scoparium. 
Data expressed as mean ± standard error of mean. 

 

For assessment of anti-inflammatory effect of natural 
products. Carrageenan-induced paw edema has been used 
widely as an animal model of inflammation and is divided 
into two phases25 (Banerjee et al., 2014).The initial phase (1 
h or 1.5 h) is mainly a non-phagocytic edema and it involves 
the release of pro-inflammatory compounds, such as 
histamine and serotonin, while the late phase (up to 5 h) is 
due to increased COX-2 and the release of PGE217  (kim et al., 
2018). Based on our results (Fig.5 and Fig.6), CrE reduced 
carrageenan-induced inflammation in the early phase. In the 
same time, it is effectively inhibited the increase of paw 
edema during the late phase of inflammation. 

CONCLUSION 

The present study demonstrates that all the extracts 
of Arthrophytum scoparium are a potential source of natural 
antioxidants and serves as an effective free radical 

scavenger. Our result clearly demonstrates that the extracts 
of Arthrophytum scoparium have anti-inflammatory activities 
in both in vitro and in vivo systems. Results of this study can 
accelerate the development of a new class of anti-
inflammatory agents and be a good plant-based 
pharmaceutical product for several diseases caused by free 
radicals. Further research on isolating the responsible 
components may be undertaken and they may be 
incorporated into existing anti-inflammatory herbal 
compositions to improve their efficacy. 
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