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Abstract:
This study aimed to estimate the natural products in the plant Ephedra altissima by qualitatively

assessing its chemical compound content through tests for chemical groups in both aqueous and
ethyl acetate extracts. The yield of extraction using water was 12.881%, which was higher
compared to the yield using ethyl acetate at 3.73%. The chemical analysis of the aerial parts of
the studied plants (Ephedra altissima) revealed the presence of compounds such as alkaloids,
carbohydrates, saponins, phytosterols, tannins, flavonoids, proteins, and terpenoids. The chemical
analysis of the aqueous extract of Ephedra altissima showed the presence of alkaloids,
carbohydrates, saponins, phytosterols, flavonoids, and terpenoids, while the ethyl acetate extract
contained alkaloids, carbohydrates, phytosterols, tannins, flavonoids, proteins, and terpenoids.

It was noted that the aqueous extract of Ephedra altissima did not contain proteins or tannins,
while saponins were not detected in the ethyl acetate extract.

Quantitative and qualitative estimations of chemical compounds were conducted using Gas
Chromatography-Mass Spectrometry (GC-MS), which revealed the presence of several
compounds in significant quantities in the studied plant. The results indicated that the aerial parts
of Ephedra altissima contained 26 chemical substances, with the most abundant compounds
being: 28.76% Hexadecanoic acid, methyl ester and 34.74% Hexadecatrienoic acid, methyl ester.
The highest abundant compound in the aerial parts of the caper plant was 9-Octadecenoic acid
(2)-, methyl ester.

Furthermore, antioxidant activity was studied using the DPPH test to estimate the antioxidant
effectiveness, with the results showing that the extract of Ephedra altissima had a low IC50
value, indicating increased antioxidant activity of the sample.
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Thus, it can be concluded that the aerial parts of Ephedra altissima exhibit antioxidant activity
with a value of approximately 13.49 pg/mL. When comparing these results with ascorbic acid
(8.041), which is used as an antioxidant, it can be said that the extracts showed lower antioxidant
activity than the reference compound.

Finally, the antibacterial effects of the plant extracts were studied by testing their antibacterial
effectiveness against two pathogenic bacterial strains: Staphylococcus aureus and Escherichia
coli. The results showed that the aqueous extract of Ephedra altissima demonstrated inhibitory
activity against the gram-negative Escherichia coli, with a larger inhibition zone of 10 mm
compared to the ethyl acetate extract, which had an inhibition zone of 6 mm. Conversely, the
inhibition activity of the aqueous extract against gram-positive Staphylococcus aureus showed
lower inhibitory activity with a zone of 6 mm compared to the ethyl acetate extract, which had an
inhibition zone of 12 mm.

Keywords: Ephedra altissima, Escherichia coli , Staphylococcus aureus, alkaloids, antioxidant, flavonoids.
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Introduction

"Medicinal plants have been an integral part of traditional and modern healthcare systems.
Throughout history, ancient civilizations relied on herbs and plants for treating diseases and
promoting health. For example, the Ebers Papyrus, dating back to ancient Egypt, is one of the
earliest records documenting the use of medicinal plants (1). Traditional Chinese medicine and
Indian Ayurveda also incorporated numerous herbs, many of which are still studied and used
today.

Medicinal plants contain a wide range of natural chemical compounds, such as alkaloids,
flavonoids, and essential oils, which confer anti-inflammatory, antioxidant, and antimicrobial
properties (2). These compounds form the scientific basis for many modern drugs developed
from plant sources, such as aspirin derived from willow bark and quinine used to treat malaria
(3).

With scientific advancements, the study of medicinal plants has become a focal point in
pharmaceutical and biochemical research. These studies aim to identify bioactive compounds and
analyze their effects on human health, contributing to the development of new and effective
medications. However, improper or unsupervised use of medicinal plants can lead to adverse side
effects, emphasizing the importance of safe and sustainable use (4).

Medicinal plants are not only a source of therapeutic value but also represent a connection
between humans and nature, demonstrating their ability to provide sustainable and effective
health solutions. This makes them an essential part of both human health and environmental
conservation."

A Marvel of Adaptation and Medicinal Value

Ephedra altissima, commonly known as the scarlet ephedra, is a fascinating plant belonging to
the genus Ephedra and the family Ephedraceae. This perennial shrub is renowned for its striking
crimson flowers and slender, jointed stems, which allow it to stand out in the harsh environments
where it thrives. Found primarily in arid and semi-arid regions of North Africa and parts of the
Mediterranean, Ephedra altissima has adapted remarkably to survive in extreme conditions,
making it a subject of great ecological, medicinal, and scientific interest.

From an ecological perspective, Ephedra altissima plays a critical role in stabilizing fragile desert
ecosystems. Its deep root system anchors it firmly in rocky or sandy soils, preventing erosion and
promoting soil health in regions where vegetation is sparse (5). The plant’s drought-resistant
features, such as its reduced leaf surface and efficient water storage mechanisms, enable it to
minimize water loss, a key adaptation to arid climates (6). Moreover, Ephedra altissima supports
local biodiversity by providing shelter and food for various insects and small animals, further
highlighting its ecological significance.

Medicinally, Ephedra altissima has been valued for centuries. Like other members of the
Ephedra genus, it contains alkaloids such as ephedrine and pseudoephedrine, compounds known
for their bronchodilator properties (7). These alkaloids have been used traditionally to treat
respiratory ailments, including asthma, colds, and bronchitis. Modern pharmacological studies
have confirmed the efficacy of these compounds, leading to their incorporation into numerous
over-the-counter medications (8). However, the use of Ephedra-derived compounds requires
careful regulation due to potential side effects, including increased heart rate and blood pressure.
In addition to its medicinal applications, Ephedra altissima holds cultural significance in
traditional medicine systems. Communities in regions where the plant grows have used it not
only for respiratory health but also as a general stimulant and diuretic. Its inclusion in ancient
remedies underscores its enduring importance to human health and wellbeing (1).

Scientifically, Ephedra altissima serves as a valuable model for studying plant survival in
extreme conditions. Researchers have investigated its photosynthetic efficiency under high
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temperatures and limited water availability, gaining insights into its remarkable resilience (9).
Such studies have broader implications, particularly for developing drought-resistant crops in the
face of climate change. The plant's ability to thrive in marginal environments provides a blueprint
for sustainable agriculture in arid and semi-arid regions.
Despite its numerous benefits, Ephedra altissima faces challenges, including habitat loss due to
urbanization and overharvesting for medicinal purposes. Conservation efforts are essential to
protect this species and its habitat, ensuring its ecological and medicinal contributions remain
available for future generations (10).
In conclusion, Ephedra altissima is more than just a desert shrub. It is a resilient survivor, a
healer, and a source of inspiration for scientists and conservationists alike. Its ecological role,
medicinal value, and adaptability to harsh conditions make it an indispensable part of the natural
and cultural heritage of the regions it inhabits. Continued research and conservation efforts will
ensure that this remarkable plant continues to thrive and benefit humanity
Materials and methods

1- (GC-MS) analysis method
The chemical composition of the samples was performed using Trace GC1310-ISQ mass
spectrometer (Thermo Scientific, Austin, TX, USA) with a direct capillary column TG-5MS
(30m x 0.25mm x 0.25um film thickness). The column oven temperature was initially held at 50
C and then increased by 5°C /min. to 230°C then held for 2min. increased to the final temperature
290°C by 30°C /min. and held for 2min. The injector and MS transfer line temperatures were
kept at 250, 260°C respectively; Helium was used as a carrier gas at a constant flow rate of 1
ml/min. The solvent delay was 3 min and diluted samples of 1 pl were injected automatically
using Auto sampler AS1300 coupled with GC in the split mode. El mass spectra were collected
at 70 eV ionization voltages over the range of m/z 40-1000 in full scan mode. The ion source
temperature was set at 200 °C, and then The components were identified by comparison of their
retention times and mass spectra with those of WILEY 09 and NIST 11 mass spectral database
(12).

2- Antioxidant Activity Test
Since DPPH is based on coloring and decolorizing at a certain wavelength, this method has been
applied to determine the captivating activity of plant antioxidant compounds.
Evaluation of antioxidant activity by DPPH radical scavenging method, this method is also
known as the BLOIS anti-free radical test, measures the capacity of extracts (antioxidants) to
donate a hydrogen atom (12). The colorimetric reaction of the free radical DPPH indicates if the
test is inhibiting the free radical.
The ability of sample extracts to scavenge free radicals were assessed using 1,1-diphenyl-2-
picryl hydrazyl (DPPH). 0.1 of DPPH solution in ethanol was made3.0mlof various extracts in
ethanol with different concentrations 3.9, 7.8, 15.62, 31.25, 62.5, 125, 250, 500, and 1000 pg/ml
were mixed with 1.0ml with this solution.
The only extracts that dissolve in ethanol are employed here, and the dilution procedure was used
to create the various concentrations of the extracts. After giving the mixture a good shake, it was
left at room temperature for half an hour. The absorbance was then determined at 517nm using a
UV-VIS Milton Roy spectrophotometer. The experiment was conducted in triplicate using
ascorbic acid as the reference standard component (13). The IC50 value of the sample, which is
the concentration of sample required to inhibit 50% of the DPPH free radical, was calculated
using Log dose inhibition curve. A lower absorbance reaction in the mixture indicates higher free
radical activity. The percent of DPPH scavenging effect was calculated using following equation:
DPPH scavenging effect (%) or Inhibition Percentage = (A0 - A1/ A0) x 100, where AO is the
Absorbance of control reaction and Al the Absorbance in presence of test or standard sample.

514



3- Anti-bacterial test
In this investigation, a variety of common human infectious bacterial strains were used to
examine the efficacy of their category (14) as shown in table (1).
Table 1: Bacterial strains tested in the research

Type of bacterial strain Symbol of isolation Classification
Staphylococcus aureus S.aureus Gram Positive
Escherichia coli E.coli Gram Negative

The antibacterial activity of the plant extracts were assessed using the discs on agar medium
method. Microorganisms Escherichia coli and Staphylococcus aureus were cultured on an agar
medium plate in an incubator for a whole day after being isolated from a urine sample. The Gram
strain was used for the identification.
All of the used to.ols were sterilised, and the area surrounding the Bunsen burner was carefully
cleaned filter paper discs was then applied as following procedure (15):
Preparation of bacterial suspension; the bacterial fragment was taken with a cotton swab and put
in a tube with 3ml of sterile physiological water to prevent the bacteria from being damaged. The
solution was then shaken well over a gasoline burner. Next, the bacterial species were cultured in
a petri box, where the bacteria were eventually distributed over the growth media surface using a
cotton swab, and then it was labelled.
Preparing of the tablets; after cutting the Whatman filter papers into 6 mm-diameter discs, the
discs were put in a glass test tube with 10 ml of distilled water. The glass test tube was then
autoclaved for 20 minutes at 120 °C, the water was withdrawn, and the discs were moved to an
incubator for drying. When you are ready to evaluate the extracts' impact on different bacterial
strains, immerse these tablets in a variety of extracts until they are fully saturated.
Preparation of Extracts on Agar Plates, using sterile forceps, discs saturated with extracts were
placed into Petri dishes. The discs were positioned evenly spaced from the edge of each dish.
Subsequently, the Petri dishes were inverted and incubated for 24 hours at a temperature of 37
°C. Once removed from the incubator, the distance to the nearest bacterial growth was measured.
Results and Discussion

1- Sample preparation
The study plants were collected from the Umm Al-Rathm region in the Libyan municipality of
Qawgas-Al-Khoms. The plant samples underwent a series of procedures including cleaning;
room temperature drying, grinding, sieving as in figure (1), and they were stored in darkened
sealed bottles marked with the names of the plants and the collection date.
The powdered aerial parts of Ephedra altissima possess a coarse texture attributed to the plant's
fibres, resulting in a gritty powder that has an astringent flavour and a pine scent.

E. altissima

Befor

Figure 1: The aerial parts of the study plant before and after grinding
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2- Moisture percentage
The experimental investigation found that the percentage of moisture and volatile material lost
through drying in the aerial parts of the Ephedra altissima plant was 30.4%, which indicating the
volatile chemical contents of the plant.
According to the experimental results, the Ephedra altissima plant's aerial parts have percentage
of ash 10%, which reflect the content of inorganic materials, or minerals, in the plant's aerial
parts.

3- pH measurements
The measurement showed that the aerial parts of the Ephedra altissima plant have a pH of 4.66.
The measurements indicate the acidic influence of the aerial parts of the plant.

4- Yield of extractions

The soaking method was applied, along with a shaking device set to 100 vibrations per minute

at room temperature for 24 hours; the process is a calculation method in terms of the mass of the
dry plant material used and the mass of the extracted dry plant material by water and ethyl acetate
separately. Water is used due to the high polarity to enhance extracting the polar materials.
Recent advancements in phytochemical research emphasize ethyl acetate's important role as an
intermediate-polarity solvent in plant extraction. Ethyl acetate is effective in isolating bioactive
compounds, particularly flavonoids and phenolics, due to its polarity index of 4.4 and boiling
point of 77.1°C. (16) In Phytochemical Analysis found that ethyl acetate-based extractions
achieve higher recovery rates of medium-polarity compounds, reaching up to 95% efficiency.(17)
The yield of the extraction was determined for the study plant (Ephedra altissima), as displayed
in table (2).

Table 2: The percentage and the color of the extracts

Ethyl acetate extract | Aqueous extract Volume
Plant of weight  of
Color | Productivity% | Color Productivity% | solvent Sample (g)
(ml)
E. Green | 3 739 Reddish/brown | 12.881% 100 10
altissima

The aerial parts of the studied plants were extracted by shaking for 24 hours at room temperature.
The extraction technique was employed in two separate polar solvents: distilled water and ethyl
acetate. According to the preceding table, the aqueous extract of the studied plant yielded
12.881%, while the ethyl acetate extract yielded 3.73%. The variation of the extraction yields
depends on the polarity of the solvent used; because of that, water extracted more materials than
ethyl acetate; moreover, the yields of the extraction reflect the high content of polar compounds
found in the plant.

5- Phytochemical screening
Chemical detection tests were used to identify the chemical compounds found in the aerial parts
of the studied plants. Specific reagents to each family of active compounds are used for the
identifications, which are kind of reactions depending on the precipitate or colour change
occurring. Table (3) displays the findings of the detection tests performed on E. altissima
extracts.
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Table 3: Phytochemical screening of Ephedra altissima extracts

Extrac H,0 EtAc
Alkaloids Wagner + +
Dragendroff + +
Carbohydrates Molisch + +
Benedict + +
Fehling + +
Saponins Froth Test + -
Phytosterols Salkowsky + +
Liberman + +
Phenols Ferric Chloride - -
Tannins Gelatin - +
Flavonoids Alkaline Reagent + +
Lead acetate + +
Proteins and amino acids Ninhydrin - +
Diterpenes Copper acetate + +

(+) Present, ( -) Absent

Many natural compounds are found in the Ephedra altissima plant, when the extraction
procedure previously described was applied. The findings displayed in Table (10), confirmed
that, the E.altissima plant contains; alkaloids, proteins, carbohydrates, saponins, flavonoids,
Tannins, Phytosterols, and terpenes.
The findings aligned with the results of Salem Edrah and colleagues' investigation, which
identified the presence of saponins, cardiac glycosides, flavonoids, steroids, and terpenes (18).
Likewise, the results compatible with phytochemical analysis conducted by Mezogi and
colleagues, which revealed the presence of alkaloids, flavonoids, terpenoids, carbohydrates, and
saponins in the extracts of Ephedra altissima's stem (19).
These results are significant, especially in light of the fact that these compounds have a variety of
biological functions, including antioxidant, antiviral, and antifungal properties (20).
Chemical analysis of the studied plant showed presence of the natural compounds like: alkaloids,
proteins, carbohydrates, saponins, flavonoids, Phytosterols, Tannins,and terpenes.
The aqueous extract showed the presence of compounds: alkaloids, proteins, carbohydrates,
saponins, flavonoids, Phytosterols, and terpenes, while phenol and tannins are absent. Whereas
the ethyl acetate extract showed the presence of: alkaloids, proteins, carbohydrates, saponins,
flavonoids, phytosterols, tannins and terpeneswith absence of phenol.

6- (GC-MS) analysis of Ephedra altissima
GC-MS analysis of the extract of the aerial parts of the Ephedra altissima plant revealed the
spectrum shown in the figure (3). Some of the compounds were shown in the table (4)
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2649 2876 146181092.31 35388440395
2776 032 16427728.57 5199584.22
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2848 1.2 6213945407 8565786.77
877 0.89 4535814452 8070143.13
2002 156 79491339.72 18587520.10
2057 207 105466984,34 32079359.54
207 34.74 1765788692.63 38136759139
30.18 463 235100855.14 52607506.55
3103 460 238472267.01 30579874.33
3134 0.72 36797445.84 751820581
3240 0.86 4377459401 4636332.08
3357 052 26601618.31 4106713.08
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Figure 3: Full GC Chromatogram of extract of Ephedra altissima
Table 1: Compounds found in Ephedra altissima plant using (GC/MS)
No | RT Compound name Area% | M.F M.wt
1 26.49 | Hexadecanoic acid, methyl ester 28.76 | C17H3402 270
2 27.49 | n-Hexadecanoic acid 2.89 C16H3202 256
3 28.48 | Pentadecanoic acid 1.22 C15H3002 242
4 29.02 | 2-Acetoxy-1,1,10-trimethyl-6,9-epi 156 C15H2404 268
dioxydecalin '
5 29,57 (E,E)-9,12-Octadecadienoic aci d, 507 C19H3402 204
Methyl ester,
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Hexadecatrienoic acid,

6 29.72 34.74 | C17H2802 264
Methyl ester

7 30.18 | Octydecenoic acid methyl ester 4.63 CI9H3802 298

8 31.03 | 9-Octadecenoic acid (2)- 4.69 C18H3402 282

9 31.34 | (z,2)-9,12-Octadecadienoic acid 0.72 C18H3202 280

37.00 | 3,8,8-Trimethoxy-3-piperidyl-2,2'-b

10 inaphthalene-1,1'4,4'-tetrone 1.93 C28H25NO7 487
a-d-Xylopyranoside,

11 | 41.20 | methyl-2,3,4-tris-O-[9-borabicyclo[3 0.69 C30H51B305 | 524
.3.1]non-9-yl]-

12 | 4419 | Cholesta-8,24-dien-3u-OL, 4-methyl-, (34.43)- | 1.18 | $28H460 398

13 |44.99 | VitaminE 5.16 C29H5002 430

RT: Retention time

The methanolic extract of the aerial parts of Ephedra altissima primarily consists of several key
components. The main constituents include hexadecatrienoic acid, methyl ester (34.74%) and
hexadecanoic acid, methyl ester (28.76%). Additionally, there are various low-concentration
compounds such as 2,5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl)-6-chromanol and Vitamin E
(5.16%), as well as 9-octadecenoic acid (z)- (4.69%) and n-hexadecanoic acid (2.89%). These
findings suggest that the aerial parts of Ephedra altissima are a rich source of bioactive
compounds.
The investigated plant exhibits a diverse array of chemical constituents in both quality and
quantity, which may contribute to its potential biological activity.
The results of this study demonstrate that the plant examined is a significant source of bioactive
compounds, which are frequently utilized in phytotherapy for the treatment of various diseases.
Hexadecanoic acid, a physiologically active compound, is primarily employed in the
management of infections (21). Additionally, vitamin E, a lipid-soluble antioxidant located at the
membrane level, inhibits numerous lipid peroxidation processes (22). Vitamin E interacts with
lipid radicals, mitigating their propagation by chelating them and transforming them into less
reactive free radicals compared to peroxyl radicals (¢LOO) (23). Phytosterols are well-
documented for their biological and therapeutic properties. Among these, stigmasterol is
particularly noted for its cholesterol-lowering, anticancer, and antioxidant effects. The biological
activities of stigmasterol may be attributed to its functional tetracycline rings and the unsaturation
of the anthracene group, which exhibit autoxidation capabilities (24).

7- Anti-oxidant analysis
The 1C50 value of the samples is determined based on the curves presented in Figures 4 and 5,
which illustrate the activity of the investigated samples in inhibiting the free radical DPPH. A
lower IC50 value indicates a more effective inhibitory action. This finding demonstrates that the
inhibition of the free radical DPPH by the ethanolic extracts of the plant parts under study, as
well as by the control ascorbic acid, is directly correlated with increases in concentration, as
shown in Tables 5, 6, and 7.
Table 5: The effect of the Ephedra altissima extracts on DPPH wall.

Ephedra  altissima, |OD |OD |OD |OD DPPH s |se
ug/ml R1 R2 R3 Mean scavenging%

1000 0.095 |0.091 |0.089 |0.092 |94.3 (3’-00 2-00
500 0.145 | 0.161 | 0.157 | 0.1564 | 90.4 0.00 | 0.00
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8 |3
250 0.269 |0.270 |0.284 |0.274 |83.0 3-00 g.oo
125 0.395 |0.389 |0.394 |0.393 |75.7 g.oo 2-00
62.5 0522 0531 (0541 |0531 |67.1 8-01 g.oo
31.25 0.642 0639 |0.641 |0.641 |60.3 (2’-00 8-00
15.625 0.748 | 0751 | 0742 |0.747 | 537 200 | 900
7.8125 0912 0921 | 0931 0921 429 8-01 g.oo
3.9 1.045 |1.053 |1.051 |1.050 |35.0 2-00 (1)-00
1.95 1167 |1.175 |1.139 |1.160 |28.1 8-01 2-00
0 162 1601 |1.622 [1614 |00 ‘2)-01 2-00
1C50 =13.9 pg/ml
( a
DPPH sCavenging“o of (Ephedra tissima )
—_— —o— 1000
—i—500
¥Q5o
*1%
—=62.5
-0-31.25
——15.625
7.8125
3.9
1.95
CONC. pug/ml
- )

Figure 4: The activity curves for inhibiting DPPH of Ephedra altissima.
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Table 2: The effect of concentration of Ascorbic acid on DPPH walls

Ascorbic acid.  |[OD | OD oD oD DPPH sp | sE
ug/ml R1 R2 R3 Mean scavenging%
1000 001 [0012 |0017 |0013  [99.1 2-00 ‘13-00
500 0.09 |0.078 |0081 |0.083 |94.2 2-00 2-00
250 0.109 | 0.112 |0.117 |0.113 92.2 2-00 2-00
125 0215|0242 [0.235 | 0231 |84.0 2-01 g.oo
62.5 0371|0383 |0374 |0376 |73.9 200 |20
31.25 0.485|0.491 |0499 |0.492 |659 ‘;-00 2-00
15.625 0.602 | 0.608 |0.611 |0.607 |57.9 g.oo 2-00
7.8125 0735|0725 |0741 |0.734  |49.1 g.oo 2-00
3.9 0.851[0.843 |0.854 |0.849  |411 2-00 2-00
1.95 0.997 | 0.957 |0.964 |0.973 |325 202 1599
8.04
IC50 1
-
DPPH scavenglngu/o of Ascorbpic acid. —o— 1000
- ==500
S
=i=62.5
=8—=31.25
15.625
CONC. pg/ml 7.8125
N
Figure 5: The activity curves for inhibiting DPPH of Ascorbic acid
Table 3: The IC50 values for the studied samples
Sample Ascorbic acid Ephedra altissima
IC50 ug/ml 8.041 13.49
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Plant extracts have been shown to possess the capability to generate hydrogen, which in turn
inhibits DPPH radicals, as evidenced by their IC50 values; lower 1C50 values indicate stronger
antioxidant activity. The data presented in Table 7 reveal that the extract derived from the aerial
parts of Ephedra altissima exhibits significant antioxidant activity, with an IC50 value of
approximately 13.49 pg/mL. In comparison, ascorbic acid, a widely recognized standard for
antioxidant activity, demonstrated superior effectiveness. Consequently, it can be concluded that
the extract demonstrates commendable antioxidant activity relative to the reference substance..

8- Evaluation of the Efficacy of Extracts Against Bacterial Strains
One objective of this study is to evaluate the antibacterial efficacy of raw plant extracts obtained
from Ephedra altissima against specific bacterial strains, specifically Escherichia coli and
Staphylococcus aureus. The assessment was conducted using filter paper discs, each saturated
with the respective extracts. Following saturation, the discs were dried and placed on an agar
medium to facilitate bacterial growth for 24 hours at a temperature of 37°C.e of the aims of this
study is to assess the antibacterial efficacy of raw plant extract derived from Ephedra altissima
against specific bacterial strains, namely Escherichia coli and Staphylococcus aureus. The
evaluation was performed utilizing filter paper discs, each individually saturated with the
respective extracts. After saturation, the discs were dried and subsequently positioned on an agar
medium to promote bacterial growth for a period of 24 hours at a temperature of 37°C.
Table 4: The inhibitory effect of studied plants on some bacterial strains

Bacterial strains Aqueous extract Et.Ac Extract H,O | Et.Ac
Escherichia coli 10mm 12 mm r6nm 7 mm
Staphylococcus 6 mm Lomm 6 7 mm
aureus mm

The results presented in Table 8 indicate that both the aqueous extract and ethyl acetate extract of
the investigated plant exhibited significant inhibitory effects against two bacterial species,
Escherichia coli and Staphylococcus aureus, following 24 hours of incubation at 37°C. The
impact of the various extracts was evidenced by the formation of a clear zone around the extract-
infused tablets, referred to as the inhibition zone. This effect was quantified through
measurements of the diameters of these inhibitory zones.

The ethyl acetate extract exhibited superior inhibitory activity against the Gram-negative
bacterium Escherichia coli, with an inhibition zone diameter of 12 mm, in contrast to the aqueous
extract, which demonstrated an inhibition zone of 10 mm. Conversely, the agueous extract
displayed reduced inhibitory effects against the Gram-positive bacterium Staphylococcus aureus,
measuring 6 mm in diameter, while the ethyl acetate extract produced a larger inhibition zone of
10 mm.

These findings indicate that the Gram-negative strains were more susceptible to both extracts of
the plant, whereas the Gram-positive strain exhibited lower sensitivity to the ethyl acetate extract
and showed no sensitivity to the aqueous extract. Ephedra altissima demonstrates reduced
sensitivity to Gram-positive bacterial strains when compared to Gram-negative strains. This
phenomenon may be attributed to structural differences in their cell walls: Gram-negative
bacteria possess two plasma membranes separated by a layer of peptidoglycan, whereas Gram-
positive bacteria have a single plasma membrane and a thicker peptidoglycan layer.
Consequently, the cell walls of Gram-negative bacteria tend to be thicker than those of their
Gram-positive counterparts. This observation supports the hypothesis that the antibacterial
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efficacy of phenolic compounds is contingent upon the quantity and spatial arrangement of their
hydroxyl groups.
Conclusion

This study has established a significant presence of various phytochemicals, including alkaloids,
carbohydrates, saponins, phytosterols, tannins, flavonoids, proteins, and terpenes, in Ephedra
altissima. This finding underscores the plant's potential importance in medicinal practices and its
physiological properties. It is recommended that further phytochemical screenings be conducted
utilizing a range of solvents to achieve pure isolation and identification of these compounds.

Moreover, advanced analytical techniques such as gas chromatography-mass spectrometry (GC-
MS) revealed a substantial quantity of diverse chemical classes, corroborating findings from
previous research. This suggests that Ephedra altissima may have beneficial therapeutic effects
for various health conditions. The positive outcomes of traditional medicinal applications warrant
further exploration into the isolation, purification, and characterization of the bioactive
constituents present in the plant.

The DPPH assay performed on the crude extracts of Ephedra altissima indicated relatively
moderate antioxidant activity compared to the reference compound, ascorbic acid. To gain deeper
insights, it is advisable to apply this assay to various solvent extractions and pure isolated
compounds.

Finally, the evaluation of antibacterial activity against Staphylococcus aureus and Escherichia
coli revealed variability in efficacy depending on the strain and type of extraction, enhancing the
observed inhibitory values. Given the limited studies, confirming the plant's inhibitory effects on
these strains, further research employing alternative methodologies and additional bacterial
strains is warranted.

References

1- Germer, R. (1993). Ancient Egyptian pharmaceutical plants and the eastern Mediterranean. In
the healing past (pp. 69-80). Brill.

2- Farnsworth, N. R., Akerele, O., & Bingel, A. S. (1985). "Medicinal Plants in Therapy."
Bulletin of the World Health Organization, 63(6), 965-981.

3- Newman, D. J., & Cragg, G. M. (2016). "Natural Products as Sources of New Drugs from
1981 to 2014." Journal of Natural Products, 79(3), 629-661.

4- World Health Organization (WHO). (2021). "WHO Guidelines on Good Agricultural and
Collection Practices (GACP) for Medicinal Plants."

5- Hegnauer, R. (1996). Chemotaxonomie der Pflanzen: Eine Ubersicht tber die Verbreitung
und die systematische Bedeutung der Pflanzenstoffe. Springer-Verlag.

6- Stewart, A., & Stewart, J. (1994). Dryland Plants: Characteristics and Uses. Wiley-
Blackwell.

7- Foster, S., & Duke, J. A. (2000). A Field Guide to Medicinal Plants and Herbs of Eastern
and Central North America. Houghton Mifflin Harcourt.

8- Sharma, P. C., Yelne, M. B., & Dennis, T. J. (2007). Database on Medicinal Plants Used in
Ayurveda. CCRAS.

9- Mooney, H. A., Dunn, E. L., & Shropshire, F. M. (1981). "Photosynthetic Adaptations of
Plants to High Temperatures.” Annual Review of Plant Physiology, 32, 529-548.

10- IUCN Red List. (2023). "Ephedra Species Assessment." [Online resource].

523



11-

12-

13-

14-

15-

16-

17-

18-

19-

20-

21-

22-

23-

24-

25-

26-

27-

Koo, I, Kim, S., & Zhang, X. (2013). Comparative analysis of mass spectral matching-based
compound identification in gas chromatography—mass spectrometry. Journal of
chromatography A, 1298, 132-138.

Blois, M. S. (1958). Antioxidant determinations by the use of a stable free
radical. Nature, 181(4617), 1199-1200.

Shekhar, T.C., and Anju, G.(2014). Antioxidant activity by DPPH radical scavenging method
of Ageratum conyzoides Linn. leaves. American journal of ethnomedicine, 1(4), 244-249.
Doss, A., et al. (2011): "Antibacterial evaluation and phytochemical analysis of Medicago
sativa L. against some microbial pathogens.” Indian Journal of Science and Technology 4.5
550-552.

Ruangpan, L., and Tendencia, E. (2004). Laboratory manual of standardized methods for
antimicrobial sensitivity tests for bacteria isolated from aquatic animals and environment.
Aquaculture Department, Southeast Asian Fisheries Development Center.

Zhang, H., et al. (2023). "Advanced Extraction Techniques in Natural Product Discovery."
Journal of Natural Products, 86(3), 711-725

Salem, M. O. A., & moftah Mohamed, N. (2025). Heavy Metal Contamination in the Fruit of
Date Palm: An Overview. .179-165 ¢«(1)10 ¢istudaill 5 4l o slall Al 5 5 daals Alaa
Montgomery, R., & Roberts, K. (2022). "Comparative Analysis of Extraction Solvents in
Plant Metabolomics.” Phytochemical Analysis, 33(2), 245-258.

Edrah, S. M., Aljenkawi, A., Omeman, A., and Alafid, F. (2016). Qualitative and quantities
analysis of phytochemicals of various extract for Ephedra altissima from Libya. Journal of
Medicinal Plants Studies, 4(3), 119-121.

Mezogi, J., Abusaida, H., El Jaafari, H., Shibani, N., Dali, A., Abuelkhair, K., ... and
Aburawi, S. (2020). Effect of sub toxic dose of Ephedra Altissima methanolic extract on
reproductive system of male albino mice. Alg J Med App Sci, 3, 13-22.

Nyamai, D. W., Arika, W., Ogola, P. E., Njagi, E. N., & Ngugi, M. P. (2016). Medicinally
important phytochemicals: an untapped research avenue. Journal of pharmacognosy and
phytochemistry, 4(4), 2321-6182.

Ismail A. Heblow, & Walid M. Hasuni. (2025). Synthesis and Study of the
Physical, Thermal,Chemical,and Biological Properties of 2,4-Dinitrophenylhydrazones of
Substituted Chalcones. Bani Waleed University Journal of Humanities and Applied Sciences,
10(1), 113-122

Aparna, V., Dileep, K.V., Mandal, P.K., Karthe, P., Sadasivan, C. and Haridas, M. (2012),
Anti-Inflammatory Property of n-Hexadecanoic Acid: Structural Evidence and Kinetic
Assessment. Chemical Biology & Drug Design, 80: 434-439. https://doi.org/10.1111/j.1747-
0285.2012.01418.x

Traber, M. G. (2007). Heart disease and single-vitamin supplementation. The American
journal of clinical nutrition, 85(1), 293S-299S

Naziroglu, M., Akkus, S., Soyupek, F., Yalman, K., Celik, O., Eris, S., & Uslusoy, G. A.
(2010). Vitamins C and E treatment combined with exercise modulates oxidative stress
markers in blood of patients with fiboromyalgia: a controlled clinical pilot study. Stress, 13(6),
498-505.

Ashraf, R., & Bhatti, H. N. (2021). Stigmasterol. In A centum of valuable plant
bioactives (pp. 213-232). Academic Press.

Ferreira, J., & Janick, J. (2009). Annual wormwood (Artemisia annua L.). New Crop
FactSHEET, 9.

524


https://doi.org/10.1111/j.1747-0285.2012.01418.x
https://doi.org/10.1111/j.1747-0285.2012.01418.x

