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 Ephedra alata is one of the natural plants grow in AL-Salman 

Desert in AL-Muthana Governorate, Iraq and limited used in 

folk medicine. The most significance phytochemical 

constituents in plants are compounds considered antioxidants 

such as polyphenols. In general, the extraction conditions 

involving the technique employed and solvent type, greatly 

affect the anti-oxidant contents of herbal plants. The study 

aimed to evaluate the characteristics of some solvents like 

distilled water and other organic solvents such as ethanol, 

methanol, and acetone as the extraction solvents on efficiency, 

extraction yield, and antioxidant activity as well as determine 

the total polyphenol content (TPC), total flavonoids, and total 

tannins content of Ephedra alata leaves extracts. Overall the 

four different extracts obtained, the ethanol solvent exhibited 

the highest yield extraction, whereas methanol extract showed 

both higher antioxidant activity and total phenol content (TPC). 

Acetone showed lower antioxidant capacity and TPC compared 

with the three extracts. The obtained results are demonstrated 

that an increased phenolic content in Ephedra alata leaves 

extracts contributes to increase their antioxidant efficiency. 

Based on toxicity assessments, LD50 was measured (1150 

mg/kg BW), this suggests the plant’s safety.  
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G R A P H I C A L   A B S T R A C T 

 

 

1. Introduction 
Recently, a great interest has been attracted 
many researchers to focus on antioxidants and 
antimicrobial of herbal plants [1]. Plants are 
good sources of many bioactive compounds for a 
treat and maintaining human health [2]. Herbal 
plants therapy is considered useful for caring 
against many human diseases since oxidative 
stress as free radicals and reactive nitrogen or 
oxygen species responsible for generating 
damage cells diseases [1]. Antioxidants are 
group of substances used to control or inhibit 
oxidants due to their ability to defend against 
pathogenesis and injury tissues [3].  Herbs are 
rich of natural antioxidant potentials, such as 
phenolic compounds and other secondary 
metabolites [4]. Moreover, their ability as 
antioxidants, phenolic compounds in plants are 
proven to be as anti-microbial, anti-mutagenic, 
and anti-inflammatory properties. Extraction is a 
method to obtain metabolites in plants such as 
alkaloids, phenolics, flavonoids, glycosides, and 
others using selective solvents [5]. The solvent 
selectivity to extract the target compound from a 
plant material is related to the polarity [6]. 
Various organic solvents were used successfully 
to isolate and purify these effective antioxidants 

with high yields [7]. This study focus on 
determine toxicity, antioxidant potential, and 
phenolic compounds derived from one of the 
remedy plants (Ephedra alata) which grows in 
Al-Salman desert in Al-Muthanna governorate, 
south of Iraq using many extraction solvents [8]. 
The findings of this study discovered that 
methanol extracts from the plant selected have a 
high concentrations of antioxidants. To the best 
of our knowledge, this study is the first in Iraq 
sighting to evaluate the phytochemical 
components, antioxidants contents present in 
the natural plant Ephedra alata. However, 
further work is needed to identify the specific 
compounds that possess antioxidant properties 
in Ephedra, thus can be developed further on its 
applications for pharmaceutical uses.  

2. Chemicals and Reagents   
Aluminum chloride (AlCl3), sodium hydroxide 
(NaOH), Folin-Ciocalteu (F-C) reagent, ascorbic 
acid, 95% ethanol, methanol 96%, acetone 98%, 
and DPPH (2, 2-Diphenyl picrylhydrazyl) 
reagent were purchased from Sigma Aldrich. 
Tannic acid, Sodium nitrite (≥ 99.0 % purity), 
Gallic acid, and Catechin reagents were from 
Sigma Aldrich. Sodium carbonates were 
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purchesed from Fluka Biochemika 
(Switzerland), quercetin, concentrated 
hydrochloric acid (37%) was purchased from 
Fluka.  

2.1. Plant Material  
The parts of the herbal plant Ephedra alata 
(Figure 1) were obtained and collected from the 
Al-Salman Desert in Al-Muthanna governorate, 
Iraq 200 km (124 miles) south of Samawah 
(Figure 2), from May to September (2020), the 
leaves were dried, powdered, stored in amber 
bottles, and kept in a dark dry place for 
extraction and analysis.  

 

Figure 1. Ephedra alata in Salman in Muthanna, 
Iraq 

 

Figure 2. Location of area study. 

2.2. Preparation of Extracts 
The dried Ephedra parts (leaves) extracts were 
obtained by sonication (Elmasonic S 150). In 
separated experiments, 2.5 gm of powdered dry 
leaves with 50 mL of solvent (water, ethanol, 
methanol, and acetone) for 40 min at (40 ± 3 °C). 

The different extracts were stirred for 10 min 
(200 rpm). The supernatant of each extract was 
transferred to another tube and centrifuged at 
room temperature for 10 min at 2000 rpm. 
Evaporated and stored at 4 °C until analysis [9]. 

2.3. Total Phenol Content 
The total phenolic content of plant leaves extract 
of Ephedra alata was examined by Folin-
Ciocalteu colorimetric method based on 
oxidation-reduction reaction as reported by 
[10]. Gallic acid is used as the standard reference 
since it is less costly and essentially available 
than the other alternatives. The absorbance 
measurements were carried out on a Gallic acid 
solution using a UV-VIS spectrophotometer at 
wavelength of 760 nm. Three replications 
experiments were performed and the results are 
expressed as mg of Gallic acid per g of dry 
sample. 

2.4. Total Flavonoid Concentration 
Total flavonoids were determined based on 
aluminum chloride colorimetric assay reported 
by [11]. The absorbance of the extract solution 
was measured with spectrophotometer at a 
wavelength of 434 nm and the TFC results were 
expressed in mg which is equivalent to quercetin 
per gram of Ephedra extract. 

2.5. Total Tannins 
Tannins contents of extracts were quantified by 
spectrophotometric analysis according to the 
Folin Ciocalteuas described by [12]. Tannic acid 
was used as a standard. Absorbance for test and 
standard solutions were measured against the 
blank at 725 nm with an UV/Visible 
spectrophotometer. The tannin content was 
expressed in terms of mg of GAE /g of the dry 
extract [13]. 

2.6. DPPH Assay 
The method to measure free radical property 
according to the assay described by [14].  The 
extracts with the concentrations (5, 10, 50, and 
100 µg mL-1) were added to 0.5 mL of methanol 
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solution of DPPH. The absorbance was estimated 
versus a blank at 517 nm after incubation for 54 
min at room temperature. The percentage 
scavenger of free radical DPPH was calculated 
using the following formula: 
Scavenging effect (%) = (control absorbance ˗ 
sample absorbance)/control absorbance x 100. 

3. Results and Discussion 
3.1. Extraction Yield 
The extraction yield of Ephedra alata in different 
solvents varied from 8.22±0.27 to 18.72±0.91% 

(Figure 3). The ethanol was the best extraction 
solvent resulted in the highest level of the total 
bioactive compounds from the selected herbal 
plant. On the other hand, the use of acetone as an 
extraction solvent yielded small quantities of 
phenolic compounds when compared with the 
other solvents. The variations described the 
difference in polarities of the fourth solvents; a 
wide range of compounds with a high polarity 
can be isolated by solvents with high polarity 
[8].  
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Figure 3. Ephedra alata  leaves extraction yield (% DM) of the different solvents. 

3.2. Total phenols, flavonoids, and tannins  
Total phenolics, tannins, and flavonoids 
measured in the selected plant. The total 
phenolics and tannins content of Ephedra 
alata herbal extracts were estimated using 
Folin-Ciocalteuas reagent [15], while flavonoids 

content was determined by aluminum chloride 
methods [16]. These results obtained for 
extraction bioactive compounds from Ephedra 
alata using water, ethanol methanol, and 
acetone extracts of the plants are presented in 
Table 1. 

Table 1. The total polyphenol, flavonoid, and tannin concentrations in different extracts 
Solvent Polyphenols mg/g Flavoniods mg/g Tannins mg/g 
Water 1.8 ± 0.00 3.5 ± 0.01 3.8 ± 0.03 

Ethanol 2.4 ± 0.02 4.8 ± 0.06 4.1 ± 0.01 
methanol 4.6 ± 0.07 4.9 ± 0.01 5.8 ± 0.00 
acetone 3.9 ± 0.62 4.6 ± 0.04 4.3 ± 0.01 
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3.3. Antioxidant activities 
The antioxidant properties of different solvents 
extracts of ephedra alata medicinal herb were 

evaluated by DPPH free radical scavenging [17] 
(Figure 4). 

 
Figure 4. Antioxidant activities of different solvents extracts of Ephedra alata. 

3.4. Acute Toxicity Assessments (Animals and 
treatment) 
Fasted adult rats were divided into five groups 
of eight animals per group. Aqueous Ephedra 
alata extract was orally administrated to the 
experimental animals. The groups treated orally 
dosed with Ephedra alata (100, 200, 400, 
500,700, 900, 1000, 1300, 1700, and 2300 
mg/kg BW) of the Ephedra extract, respectively. 

There were no signs of toxicity or body weight 
changes up to 14 days for the selected. No death 
occurred in animals up to 2300 mg/kg of 
aqueous Ephedra alata extract. The acute oral 
LD50 value of Ephedra alata was calculated as 
1150 mg/kg body weight. Thus, it could be 
concluded that the Ephedra alata observed no 
toxic signs till the dose range of 2300 mg/kg 
B.W, as illustrated in Figure 5.  
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Figure 5. LD50 dose response curve of Ephedra alata 
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3.5. Effect of Different Extraction Solvents on 
Total Phenol Content of Ephedra Alata 
Extracts 
Phenolic compounds are considered as the most 
phytochemical metabolites generated by plants 
to protect them from oxidative stress damage 
[18]. These important natural phytochemicals 
act as free radicals scavengers [19]. They also 
play a vital role as natural antioxidants by 
donating electrons to stabilize, prevent free 
radical action and damage [20]. Moreover, the 
biological antioxidant activity of herbal plant 
extract is due to the presence of phenolic 
compounds. Moreover, considerable attention 
has been elevated greatly in efficiency these 
important biological compounds isolated from 
herbal plants to utilize them as a natural 
antioxidant for health benefits [21]. The 
efficiency of polyphenolic extraction depends on 
the proper extraction solvent used in extraction 
[22]. In the present research, the extraction of 
Ephedra alata leaves to obtain the highest 
content of TPC using four solvents different in 
their polarities. Table 1 presents TPC, TFC, and 
total tannins of Ephedra alata leaves extracts 
from common solvents (water, methanol, 
ethanol, and acetone). The highest total phenolic 
levels produced from the methanolic extract (4.6 
± 0.07 mg GAE/g Ephedra alata extract), 
whereas acetone extract (3.9 ± 0.62 mg GAE/g 
Ephedra alata extract). Furthermore, Table 1 
lists the total flavonoids levels and tannins levels 
of Ephedra alata leaves extracts. These results 
indicated that the methanol extract seems to be 
more effective and suitable for polyphenols 
extraction from Ephedra alata leaves. 

3.6. Effect of Different Extraction Solvents on 
Antioxidant Powerful of Ephedra alata leaves 
Extract 
In recent years, many reports focused on the 
antioxidant properties levels affected by the 
different polarity solvents of the obtained 
extracts [23-26]. All the results of extracts tested 

to the DPPH radical method revealed that the 
greatest free radical scavenging potential of 
Ephedra alata leaves was found in methanol 
extract. This can be illustrated by the great 
solubility of the secondary bioactive compounds 
due to the methanol polarity. DPPH is the most 
common antioxidant compound to determine 
the antioxidant activity of plant extracts in a 
short time [27]. The DPPH radical scavenging of 
different Ephedra alata extracts using ascorbic 
acid as a standard were depicted in Figure 4. The 
extracts obtained from acetone showed the 
higher significant radical scavenging activity 
compared with the other solvents. Moreover, the 
solvent ethanol indicated the remarkably 
antioxidant potential of Ephedra alata extracts. 
Moreover, according to the obtained current 
results, the increased scavenging ability of 
extracts is directly in agreement with higher 
contents of TPC. In the case of determining the 
antioxidant power and total phenolic values of 
the different extracts, this present study 
indicates that the highest level of total phenol 
content and antioxidant properties can be 
obtained when methanol is used as solvent 
extraction. 

3.7. Acute Toxicity 
The present study revealed safety of Ephedra 
alata extract. It was found that the aqueous 
herbal extract was found to be safe and 
produced no death or signs of toxicity up to 
2300 mg/kg BW. To investigate the effect of 
the Ephedra alata on mortality and toxic 
potential, different level doses of the aqueous 
extract were tested attributable to the oral use 
of this extract caused neither little change in the 
general behavior nor toxicity at the dose (100 to 
2300 mg/kg). However, it was observed a dose 
increase in symptoms of toxicity and death rate. 
These findings could be indicated safety 
evaluation of Ephedra extract, as demonstrated 
in Figure 5. 
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4. Conclusions 
The present study indicated the evaluation of 
several extraction solvents for their capacity to 
extract antioxidant and phenolic contents from 
Ephedra alata leaves. Among the tested 
extraction solvents, methanol exhibited as the 
suitable solvent for the highest yield of 
phytochemical compounds amounts extracted 
from Ephedra alata including phenolics, 
flavonoids, and tannins. Based on the obtained 
results, it can be concluded that the methanolic 
extract of Ephedra alata provided the highest 
antioxidant properties among the used solvents. 
These findings suggest that methanol was a 
highly efficient solvent to obtain the highest 
value of bioactive compounds which are 
responsible for the desired pharmaceutically 
materials. The higher LD50 measured is 
generally considered the herbal plant safe. 
However, further tests were required to 
discover more efficacy compounds for their 
beneficial effects on human health. 
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