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ABSTRACT The objective of present study is to valorize different extracts (aqueous, ethanol and acetone) 
of the tubers of Bunium pachypodum P.W. Ball (Apiales Apiaceae) plant, by carrying out a 
phytochemical screening, and determine total phenolic and flavonoid contents, then evaluate 
the antioxidant activity by DPPH method (2, 2-diphenyl 1-1picrylhydrazyl) and FRAP (Ferric 
reducing antioxidant power), as well as the anti-inflammatory activity by stabilization method 
of human red blood cells and inhibition human albumin protein denaturation method. Phyto-
chemical analysis of extracts showed presence for the presence of flavonoids, quinones, re-
ducing sugars and saponins. Comparison between the extracts showed that aqueous extract 
exhibited the highest total polyphenols and flavonoids contents, followed by ethanol extract. 
The antioxidant activity evaluated through the DPPH assay showed that acetone extract was 
the more active, followed by aqueous extract, but lower active than the control (ascorbic acid). 
In contrast, it is the aqueous extract that has shown the most important reducing power. How-
ever, no significant difference was observed between the three extracts. At 1000 μg/ml, aque-
ous extract showed the most significant anti-hemolytic activity with 54%, and at the 
concentration of 500μg/ml, it showed 70.19% inhibition of albumin denaturation, statistically 
similar (P > 0.05) to that of the reference anti-inflammatory drug.

INTRODUCTION 
 

The tubers (rhizomes) of this plant are widely 
used in traditional medicine, in the form of dry 
powder, as astringent, anti-diarrheal, anti-inflam-
matory but especially for the treatment of thyroid 
disorders (Bousetla et al., 2015; Taïbi et al., 2021).  

Is known that several diseases such as cancer 

(Raafat et al., 2011), diabetes (Bandeira et al., 2012), 
asthma (Salam et al., 2012), those cardiovascular 
(Meagher & Rader, 2001) and inflammatory (Se-
queira et al., 2012) are the result of damage induced 
by free radicals formed as a result of oxidative stress.  

Oxidative stress is defined as an imbalance be-
tween the reactive oxygen species (ROS) produc-
tion, and the removal of these species by the 
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Sigma (represented by Algerian Chemical Society, 
Tlemcen, Algeria). 
 
Plant material 
 

Bunium pachypodum were harvested in the re-
gion of Ain Temouchent (North West of Algeria) 
during the period March–April (2021). The taxo-
nomical classification was performed by botanists  
from the University of Ain Temouchent (Algeria). 
The tubers of Bunium pachypodum were washed in 
tap water and peeled. Then they were cut and dried 
in for 10 days at room temperature, in shade. The 
dried plant materials were powdered with a labora-
tory mill. The obtained powder was stored in glass 
jars, sealed and stored away from light. 
 
Preparation of extracts 
 

Each ten grams of dried powder were extracted 
with three different solvents (100 ml): distilled 
water (Aq), ethanol-water (Eth) (70:30, v/v) and 
acetone-water (Ace) (70:30, v/v) at room tempera-
ture, on shaker for 24h. After filtration, the extracts 
were concentrated using a rotary evaporator (Stuart) 
under vacuum at 40 °C, they were completely dried 
at 40 °C in the oven. The extracts were weighed to 
calculate the yield percentage using the following 
equation: Yield % = (weight of dry extract/weight 
of dry tubers before extraction) × 100%. The ex-
tracts were stored at 4 °C until further analysis. 
 
Phytochemical screening of the plant extract 
 

A small portion of the dry extracts was used for 
the phytochemical tests in accordance with several 
methods (Trease & Evans, 1987; Rizk et al., 1982;  
Sofowora, 1993; Bruneton, 1999) with little modi-
fications. The following methods were applied: 

Saponins: 10 ml of distilled water was added to 
5 ml of the extract (aqueous, hydro-ethanolic, 
hydro-acetonic). After stirring for 2 min, the appear-
ance of a persistent froth after 15 min or an emul-
sion formed after addition of olive oil, revealed 
presence of saponins. 

Triterpenes and sterols: for each 2.5 ml of ex-
tract, 0.12 ml of acetic anhydride, 0.12 ml chloro-
form and 0.5 ml of sulfuric acid were added. The 
positive test is revealed by the formation of brown-
ish-red or purple ring on the surface (presence of 

antioxidant defense mechanism (Sies, 1991; Sarr et 
al., 2015). This imbalance can have various causes, 
such as nutritional deficiency in antioxidants, envi-
ronmental exposure to pro-oxidative factors, or en-
dogenous overproduction of inflammatory origin 
(Favier, 1997, Favier, 2003). 

Indeed, there is a correlation between chronic in-
flammation and oxidative stress (Ercan et al., 2006, 
Sequeira et al., 2012). According to Moreno-Macias 
& Romieu (2014) oxidative stress causes a disrup-
tion of cell signaling and alters arachidonic acid me-
tabolism (Moreno-Macias & Romieu, 2014). 
Oxidative stress has also been shown to increase in-
flammation associated with cytokine production by 
TH1 and TH2 cells (King et al., 2006). Prolonged 
use of anti-inflammatory drugs, such as non-
steroidal anti-inflammatory drugs (NSAIDs), to re-
duce swelling and pain of inflammation carries risks 
of gastro-intestinal, cardiovascular and other toxic-
ities (Abramson & Weaver, 2005). Consequently, 
the use of natural bioactive molecules present in 
plants may be an alternative with lesser side effects.  

Medicinal plants are considered today as a valu-
able material for the development of food and phar-
maceutical products capable of serving as 
preventive agents for several types of diseases re-
lated to oxidative stress (Rao, 2012). In fact, it has 
been shown that ROS can be scavenged or neutral-
ized by antioxidant substances naturally present in 
medicinal plants (Mouhoubi-Tafinine et al., 2016) 
and are usually the products of their metabolism 
(Gurib-Fakim, 2006) such as polyphenols. The 
properties of polyphenols are widely studied in the 
medical field where they are known to have anti-
viral, anti-tumor, anti-inflammatory, anti-allergic 
and anti-cancer activities and positive actions on 
obesity, diabetes, Alzheimer’s and Parkinson’s dis-
eases (Manach et al., 2004; Pan et al., 2015). 

The aim of this work is the phytochemical study 
and evaluation of the antioxidant and anti-inflam-
matory activity of the Bunium pachypodum tuber 
extracts from our region, knowing that this plant is 
little studied scientifically. 
 
 
MATERIAL AND METHODS 
 
Chemicals 
 
All chemicals were purchased from Prochima -
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sterols) or the appearance of a greenish purple col-
oration (presence of triterpenes). 

Tannins: 5 ml of distilled water and 2 drops of 
FeCl3 was added to 0.5 ml of extract. The appear-
ance of a greenish brown color indicates the pres-
ence of condensed tannins. If the coloring is 
blue-black, it indicates the presence of hydrolyzable 
tannins. 

Flavonoids: 5 ml of each extract was treated 
with 5 ml with 5 ml of a diluted solution mixture 
(NH3+H2SO4). The presence of flavonoids was in-
dicated by a yellow coloration which disappears 
after a while. 

Alkaloids: 5 ml of 1% aqueous HCL was added 
to 0.2 ml of extracts. The mixture is stirred in a 
water bath for 15 min and filtered. Then a few drops 
of Wagner’s reagent are added to 1 ml of filtrate. 
Precipitation or turbidity indicates the presence of 
alkaloids. 

Anthraquinones: 5 ml of KOH (10%) was added 
to 5 ml of extracts. After shaking, the occurrence of 
a red coloration was indicative of the an-
thraquinones. 
 
Determination of total phenol 
 

The amount of total phenol in the three extracts 
was determined with Folin-Ciocalteu reagent using 
the method of Wang & Weller (2006).  

Of the samples (3 replicates), 0.1 ml of each was 
mixed with 2.5 ml of 10% Folin ciocalteu. After 
stirring, the mixture was incubated for 5 min at 
room temperature. Then 2.5 ml of 1% Na2CO3 so-
lution was added. The resulting mixture was incu-
bated at ambiant temperature for 15 min. The 
absorbance of the samples was measured at 725 nm 
using UV/visible light.  

A calibration curve is performed under the same 
operating conditions using gallic acid as a positive 
control at different concentrations (0.018, 0.037, 
0.075, 0.15, 0.31, 0.625, 1.25 mg/ml). The total 
phenolic content was expressed as mg equivalents 
of gallic acid per gram of dry plant matter (mg 
GAE/gDM).  
 
Determination of flavonoïds 
 

Aluminum chloride colorimetric method was 
used for flavonoïds determination, using the proto-
col established by Dewanto et al. (2002).  

Of the samples (3 replicates), 500 μl of each  
was mixed with 2 ml of distilled water. Then, 150 
μl of NaNO2 (7.5%) was added. After 6 minutes, 
150 μl of AlCl3 (5%) was added. At 6 min, 2 ml of 
NaOH (4%) was added to the mixture. The total 
volume is completed with addition of 5 ml of dis-
tilled water and remains at room temperature for 15 
minutes. The absorbance of the reaction mixture 
was measured at 510 nm with UV visible spec-
trophotometer.  

The content of flavonoids was determined from 
extrapolation of calibration curve which was made 
by preparing catechin solution at different concen-
trations (0.0045, 0.018, 0.037, 0.075, 0.15, 0.31, 
0.625, 1.25 mg/ml). The concentration of flavonoids 
was expressed as mg of catechin equivalent (CE) 
per g of dry weight of plant material (mg CE/g 
DW). 
 
Determination of the antioxidant activity 

 
The stable radical 1, 1-diphenyl 1-2-picrylhy-

drazyl (DPPH), was used for determination of free 
radical scavenging activity of the extracts 
(Sánchez‐Moreno et al., 1998). 

To prepare the DPPH solution, 2.5 mg of DPPH 
powder is solubilized in 100 ml of ethanol. 50 μl of 
different concentrations of each extract and the 
ascorbic acid standard were added to 1950 μl of 
ethanolic solution of DPPH. The negative control 
was prepared by mixing 50 μl of ethanol with 1950 
μl of DPPH ethanolic solution. After 30 min at 
room temperature, the absorbance was measured 
515 nm using a spectrophotometer.  

The scavenging ability of the extracts was ex-
pressed as the inhibition percentage and was calcu-
lated using the following formula: 

971

Where Abs control is the absorbance of DPPH 
+ ethanol; Abs sample is the absorbance of DPPH 
radical + sample (extract or standard). 

A percent inhibition versus concentration curve 
was plotted and the concentration of sample re-
quired for 50% inhibition was determined and ex-
pressed as IC50 value. 

The reducing power of the extract was deter-
mined according to the method of (Karagözler et 



al., 2008). 1 ml of samples at different concentra-
tions (0.075, 0.15, 0.31, 0.62, 1.25, 2.5, 5.10 mg/ml) 
diluted in distilled water was mixed with 2.5 ml of 
a phosphate buffer solution (0.2M; pH 6.6) and 2.5 
ml of potassium ferricyanid [K3Fe (CN)6] (1%). 
The mixture was incubated at 50 °C for 20 min, fol-
lowed by the addition of 2.5 ml of trichloro-acetic 
acid (10%). 

The mixture was centrifuged at 3000 rpm for 10 
min to collect the upper layer of the solution (2.5 
ml), mixed with distilled water (2.5 ml) and 0.5 ml 
of iron chloride solution (FeCl3, 6H2O) (0.1%). 
The absorbance was recorded at 700 nm and com-
pared to ascorbic acid standard. The ferric reducing 
power capacities of the plant extract and standard 
were expressed graphically by plotting absorbance 
versus concentration.  
 
In vitro anti-inflammatory activity 
 

The human red blood cell membrane stabiliza-
tion method (HRBC method) was used for the esti-
mation of anti-inflammatory activity in vitro of 
plant extract, after induction of hemolysis by hypo-
tonic solution associated with high temperature, ac-
cording to the protocol of Gandhidasan et al. (1991) 
and Mongelli et al. (1997) with some modifications.  

Blood was collected from a healthy human vol-
unteer who had  not taken any NSAIDs in the 2 
weeks prior to the experiment, and centrifuged at 
3000 rpm. The supernatant part was pipetted out. 
The packed cells were washed with equal volume 
of isosaline solution and centrifuged again. The 
process was repeated until the supernatant was 
clear. A 10% HRBC suspension was then prepared 
with normal saline and used immediately. 

Various concentrations of extracts were prepared 
(50, 100, 300, 500 and 1000 µg/ml) using normal 
saline and to each concentration, 2 ml hyposaline, 1 
ml of phosphate buffer (0.15 M, pH 7.4) and 0.5 ml 
of HRBC suspension were added. The mixture was 
incubated at 56 °C for 30 min, then were cooled 
under running water for 20 min and centrifuged at 
3000 rpm. The supernatants were separated and this 
absorbance was estimated spectrophotometrically at 
560 nm. Salicylic acid (50, 100, 300, 500 and 1000 
µg/ml) was used as reference standard and control 
was prepared by omitting the extracts. The percent-
age of HRBC membrane stabilization or protection 
was calculated by using the following formula:  

% Protection= 100 − (Abs sample/Abs control) 
×100 

 
This method consists of preparing four solutions 

(Kar et al., 2012).  Test solution (0.5 ml) is com-
posed of 0.45 ml the aqueous solution of human al-
bumin (5%) and 0.05 ml of different concentrations 
(100, 300, 500μg/ml) of extracts.  

Test control solution (0.5 ml) consists of 0.45 ml 
the aqueous solution of human albumin (5%) and 
0.05 ml of distilled water. Product control solution 
(0.5 ml) consists of 0.45 ml of distilled water and 
0.05 ml of extracts with (100, 300, 500μg/ml). 

Standard solution (0.5 ml) consists of 0.45 ml 
of the aqueous solution of human albumin (5%) and 
0.05 ml of salicylic acid (100, 300, 500μg/ml). 

The samples were incubated at 37 °C for 20 min, 
and then the temperature was increased to 57 °C for 
3 min. After cooling, 2.5 ml of phosphate buffer 
saline (pH 6.3) was added to the above solutions. 

The absorbance (Abs) was measured at 416 nm 
and the percentage inhibition of protein denatura-
tion was calculated as follows, the control repre-
sents 100% protein denaturation: 

 
Percentage inhibition = 100 – [(Abs test solu-

tion- Abs product control)/(Abs test control)] ×100 
 
Statistical analysis 
 

Experiments were conducted in three parallel 
measurements and results were expressed as mean 
± standard deviation (SD). Student’s t-test was used 
to analyze level of statistical significance between 
two groups (*P<0.05). Analysis of variance was 
performed by ANOVA procedure with one factor 
followed by Tukey’s test in the software XLSTAT. 
Differences were considered to be significant at 
*P< 0.05.  

 
 
RESULTS AND DISCUSSION 
 
Extraction Yield 
 

As it shown in Table 1, the percentage yield of 
water-ethanol extract was important than water-ace-
tone and aqueous extracts. According Do et al. 
(2014), the combined use of water and organic sol-
vent may facilitate the extraction of chemicals that 
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B. pachypodum tubers are reported in Table 3. 
Aqueous extract showed the highest amounts of 
total phenols and flavonoids, followed by ethanol 
extract and acetone extract. However, statistically 
no significative difference (P> 0.05) was observed 
between the extracts about flavonoids contents. In 
contrast, aqueous extract is significantly higher (*P 
< 0.05) than that of the ethanol extract. 

The obtained total phenol and flavonoids con-
tents in our study were lower than that reported by 

are soluble in water and/or organic solvent like 
ethanol, acetone and methanol.  

Ethanol is known as a good solvent for polyphe-
nols extraction and is non-polluting and non-toxic 
to health compared to other solvents such as 
methanol (Jokić et al., 2010). However, methanol 
has been found to be more efficient in extraction of 
lower molecular weight polyphenols, while aque-
ous acetone is better for extraction of higher molec-
ular weight flavanols (Dai & Mumper, 2010; Jokić 
et al., 2010). 
 
Phytochemical screening 
 

The presence of various antioxidant compounds 
with different chemical characteristics and polarities 
may or may not be soluble in a particular solvent 
(Turkmen et al., 2006). Polar solvents are frequently 
used for recovering polyphenols from plant matrices 
(Do et al., 2014). The preliminary phytochemical 
test (Table 2) showed the strong presence of 
saponins, flavonoids and reducing sugars in all ex-
tracts. Sterols and antraquinones are reported present 
only in ethanol extract and acetone extract respec-
tively, whereas triterpens, tannins and alkaloids 
tested negative in all extracts. The result is in agree-
ment with those of Dehimi et al. (2021), concerning 
the presence of flavonoids in the aqueous and ace-
tone extract of B. pachypodum tubers. However, it 
remains different regarding the absence of saponins 
and the presence of tannins in their extracts. 

Flavonoids represent the large class of polyphe-
nolic compounds present in plants that have bene-
ficial effects on health. They are known to have 
pharmacological activity, particularly anti-allergic, 
anti-inflammatory, anti-viral or anti-carcinogenic 
effects (Huck et al., 2002). The plant extracts re-
vealed to contain saponins as well, known to pro-
duce inhibitory effect on inflammation (Just et al., 
1998) and are major ingredients in traditional Chi-
nese medicine which are responsible for most of the 
observed biological effects (Liu & Henkel, 2002).  

In addition, a good percentage of reducing 
sugars was discovered, which justifies the use of B. 
pachypodum in food in the past years in Algeria. 

 
Total phenol and flavonoid contents in B. 
pachypodum 
 

The amounts of total phenols and flavonoids in 

Table 1. Extraction yield of B. pachypodum extracts.  
Aq: Aqueous, Et: Ethanol-water, Ac: Acetone-water;

Table 2. Phytochemical screening of crude extracts of B. pa-
chypodum. Aq: Aqueous, Et: Ethanol-water, Ac: Acetone-
water; +++: appreciable amount (positive within 5 mins); 
++: moderate amount (positive after 5 mins); +: trace 
amount (positive after 10 min); −: completely absent.

Table 3. Phenolic and flavonoid contents in B. pachypodum   
tubers extracts.  Aq: Aqueous, Et: Ethanol-water, Ac: Ace-
tone-water, GAE: gallic acid equivalents, CAE: cathechin 
equivalents, DM: dry matter. Results are expressed as mean 
of three experiments ± SD. Mean values are not statistically 
significant by student’s test (P > 0.05). 
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Dehimi et al. (2021). Furthermore, these authors 
showed high total phenols and flavonoids contents 
in acetone extract followed by methanol extract. 

Such differences of quantifications with our 
study may be due to the effect of several factors 
such as origin, climatic conditions (Amaral et al., 
2010), as well as many parameters related to the ex-
traction method as temperature, time contact, sol-
vent type, etc.) (Pinelo et al., 2005). 

 
Antioxidant activity assays 
 

For evaluating the antioxidant capacities of the 
crude extracts of B. pachypodum, two complemen-
tary test systems, DPPH and the reducing power, 
were applied. According to Nuutila et al. (2003), 
two or more methods should always be used to 
evaluate the antioxidant activities of plant extracts. 
As displayed in Fig. 1, the antiradical activity val-
ues for investigated extracts and ascorbic acid in-
creases with the increase in the concentrations and 
exceeded 60% for acetone and ethanol extracts and 
90% for ascorbic acid.  

The three extracts are statistically similar (P > 
0.05) but significantly lower (*P < 0.05) than that 
of ascorbique acid at 1.25 mg/ml (Fig. 2). It appears 
from these results that DPPH radical scavenging by 
extracts is classified according to the following 
order: Acetone > Aqueous > Ethanol. This differ-
ence of antioxidant potential is strongly dependent 
on the extraction solvent.  

The IC50 calculated are reported in the Table 2. 
Low IC50 associates to a strong inhibitory capacity 
of DPPH radical. The values showed that the IC50 
of acetone extract is lower followed by aqueous and 
ethanol extracts. However, they remain superior than 
standard. This confirms the results presented in Fig. 

5. Our results are different from those obtained by 
Dehimi et al. (2021) on tubers of B. pachypodum, 
who noted a low scavenger effect equal to 24.65 
mg/ml and 21.18 mg/ml for the acetone and 
methanolic extracts respectively. According to their 
results, the aqueous extract recorded no activity. 

The reduction of DPPH radical by the plant ex-
tracts has been attributed by several authors, at the 
presence of phenolic compounds which yield easily 
to reduce protons (Li et al., 2009). However, we no-
ticed that the acetone extract that showed the best 
DPPH radical scavenging activity had lower 
amounts of phenols. According to Kwee & 
Niemeyer (2011), the antioxidant activity of ex-
tracts is approximately connected to their phenolic 
composition and strongly depends upon their phe-
nolic structures.  

Since the antioxidant activity of a substance is 
usually correlated to its reducing capacity, the 
FRAP assay provides a reliable method to study the 
antioxidant activity of various compounds (Kwee 
& Niemeyer, 2011).  As shown in Fig. 3, the reduc-
ing power of the extracts and of ascorbic acid in-
creases with the increase of the concentration. 
Indeed, an increase in absorbance means an in-
crease in the reducing power of the tested extracts 
(Öztürk et al., 2007). 

The analysis of the reducing power of aqueous, 
ethanol and acetone extract to the concentration 2.5 
mg/ml resulted in absorbance between 0.50 and 
0.80 (Fig. 4). As can be observed, there is no sig-
nificant (P > 0.05) difference between the three ex-
tracts. According to the polarity of each extract, 
they were classified as following: Aqueous> 
Ethanol>Acetone. However, Dehimi et al. (2021) 
have shown that the high reducing power have been 
reported for acetone extract and is related to his 
phenolic compounds. 
 
In vitro anti-inflammatory activity 
 

Inflammation is a complex process, which in-
volves occurrences such as: the increase of vascular 
permeability, increase of protein denaturation and 
membrane alteration (Grabowski and Tortora, 
2000). The erythrocyte membrane is analogous to 
the lysosomal membrane (Chou, 1997) and its sta-
bilization implies that the extract may as well sta-
bilize lysosomal membranes; by limiting the 
inflammatory response. 

Table 4. IC50 of the of the DPPH radical scavenging of B. 
pachypodum and standard Aq: Aqueous, Et: Ethanol-water, 
Ac: Acetone-water, Asc ac.: ascorbique acid.
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The results obtained by HRBC method (Table 3) 
show that the extracts were concentration depend-
ent. With increasing concentration, the anti-inflam-
matory activity also increases. At concentrations 
ranging from 50 to 1000 μg/ml, the three extracts 
showed anti-hemolytic activity, with percentages of 
protection up to 54%. Those of standard salicylic 
acid reached 64%. 

Results of Anova analysis (Fig. 5) indicated that 
aqueous and acetone extracts are statistically similar 
(P > 0.05) than standard but significantly superior 
(*P< 0.05) than that of ethanol extract.  

In questioning the literature on the anti-inflam-
matory effect of the B. pachypodum tubers, we 
found only the study of El Kolli et al. (2017), per-
formed on the hydro-methanolic extract of B.  
pachypodum from the Eastern region of Algeria 
(Setif), who showed the maximum inhibition ≈ 90 
% at 2000 μg/ml. According some authors, the ac-

tivities difference of plants may be due to the geo-
graphical origin, locality, climate conditions, and 
the harvest time of the collected plant material (Oke 
et al., 2009, Hossain & Nagooru, 2011). 

Denaturation of tissue proteins is another cause 
of inflammatory and arthritic diseases. Production 
of auto antigens in certain arthritic diseases may be 
due to denaturation of proteins in vivo (Kar et al., 
2012). So, several anti-inflammatory drugs have 
shown dose dependent ability to inhibit thermally 
induced protein denaturation (Rahman et al., 2015).   

According to our results (table 4), salicylic acid 
showed a maximum inhibition between 60 and 80% 
observed in the different concentrations (100, 300, 
500 μg/ml). The aqueous extract inhibits albumin 
denaturation in a range of 50–70%; while for the 
ethanolic extract, the inhibition rate is between 50–
60%, and for the acetone extract between 30 and 
40%. 

Figure 2. Means antioxidant activity against DPPH radical 
of aqueous, ethanol, acetone extracts and standard at 1.25 
mg/ml. Values bearing the same letter showed no significant 
difference (P > 0.05). The results are sorted in decreasing 
order: a > b (*P < 0.05)

Figure 4. Reducing power of aqueous, ethanol, acetone 
extracts and standard at 2.5 mg/ml. Values bearing the 
same letter showed no significant difference (P > 0.05). 
The results are sorted in decreasing order: a > b (*P < 
0.05).

Figure 1. Antiradical (DPPH) activity  
of B. pachypodum extracts.

Figure 3. Antioxidant Activity Using the Ferric  
Reducing (FRAP) of B. pachypodum extracts.
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At the concentration of 500μg/ml, the most po-
tent inhibitory effect was obtained with the aque-
ous extract (70.19%). This inhibition is 
statistically similar (P>0.05) to that of the refer-
ence anti-inflammatory drug (salicylic acid) (Fig. 
6). El Kolli et al. (2017) have reported that denat-
uration inhibitory percentage of methanolic extract 
of B. pachypodum exceeded 50%. Also, these au-
thors revealed that the inhibition of protein denat-
uration is concentration dependent (El Kolli et al., 
2017). 

Many studies on the antioxidant and anti-in-
flammatory activities of plants showed that these 
activities are related to the chemical composition. 
According to the phytochemical screening per-
formed on the studied extracts of B. pachypodum, 
we have reported the presence of a variety of phy-

tochemical constituents like saponins, presents in 
aqueous extract, reducing sugars, flavonoids, and 
anthraquinones. 

Some works have reported that plants extracts 
which contain saponins, are known to produce in-
hibitory effect on inflammation (Just et al., 1998, 
Cheeke et al., 2006). 

The results are also related to the flavonoid con-
tent of the extracts, since several authors have 
shown the role of flavonoids in conferring antioxi-
dant and anti-inflammatory activity (Xu et al., 
2019), and have been known to inhibit protein ki-
nase C and L-arginine/NO pathways (Meotti et al., 
2006).  

In addition, the aqueous extract which is rich 
in total phenols and flavonoids showed the best 
anti-oxidant activity by the FRAP method and 

Table 6. Effect of extracts of B. pachypodum in-vitro anti-inflammatory activity on human protein denaturation method.

Table 5. Effect of extracts of B. pachypodum on HRBC membrane stabilization. Sal Ac: Salicylic Acid. 
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anti-inflammatory activity. Therefore, the anti-in-
flammatory activity of the extract is due to the phe-
nolic compounds in it (Govindappa et al., 2011). 

We made no characterize the phytochemical 
constituents in crude extracts in the present study. 
However, researchers have reported that the anti-
inflammatory properties could be attributed to the 
presence of quercetin which is known to decrease 
inflammation NF-kβ, thereby reducing inflamma-
tion (Das et al., 2012). Moreover, it has been 
demonstrated that natural anthraquinones possess a 
broad range of bioactivities such as anticancer, anti-
inflammatory, immunosuppressive, antimicrobial 
and antioxidant activities (Locatelli, 2011, 
Reynolds, 2004, Duval et al., 2016). 

On the other hand, the tubers of B. pachypodum 
are rich in polysaccharides, Wang et al. (2011) in-
dicated the pharmacological role of polysaccharides 
for prevention of inflammation and atherosclerosis. 
Also, work of Madhu et al., that tested the efficacy 
of Curcuma longa containing polysaccharides in 
osteoarthritis patients, indicates the involvement of 
polysaccharides against inflammation (Madhu et 
al., 2013). 

It was found that the richest extract in phenolic 
compounds (aqueous extract) is the most active ex-
tract, having a significant anti-inflammatory poten-
tial. Indeed, plant phenolic extracts are generally 
mixtures of different classes of phenolic com-
pounds which are soluble in the used solvent 
(Naczk & Shahidi, 2004). 

CONCLUSIONS 
 
In conclusion, the present study demonstrated an im-
portant antioxidant and anti-inflammatory activity of 
tubers of B. pachypodum, mainly the aqueous ex-
tract, due to its bioactive components. It can provide 
scientific basis to justify it traditional use. It would 
be interesting to widen the panel of biological activ-
ities, especially the antifungal, antibacterial and an-
titumor activities, and to isolate, purify and identify 
the molecules responsible for these pharmacological 
properties, since it is a very little studied plant, espe-
cially in our region, despite its use by the population. 
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