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ABSTRACT

Ephedra alata Decne. is a medicinal species used to treat several ailments including cancer,
digestive and respiratory disorders, bacterial and fungal infections, and renal failure. Although
its therapeutic uses are documented, comprehensive in vitro evaluation of its anti-inflammatory,
antioxidant, and anticancer potential using a phytochemical-based approach has remained
limited. This study focused on the evaluation of anticancer (MTT assay), anti-inflammatory
(HRBC membrane stabilizing, proteins denaturation and protease inhibition assays), and
antioxidant activities (TAC, DPPH, reducing power, and H>0), in addition to the phenolic
characterization of E. alata extracts. The phytochemical compounds were identified by HPLC-
DAD analysis. Additionally, the anti-inflammatory, antioxidant and anticancer potential were
assessed in vitro. Rutin, vanillin, p-hydroxy benzoic acid, pyrocatechol, luteolin, and quercetin
were the phenolic compounds revealed in the aerial part of E. alata by HPLC-DAD. The
methanolic and aqueous extracts exhibited an important radical scavenging activity with ICsg
value of 535 +0.035 and 644 + 0.048 png/mL, respectively. Impressively, the methanolic extract
was particularly effective in reducing hypotonic-induced HRBC lysis with 42.80% protection
(ICso value of 12.22 + 0.04 pg/mL). Unfortunately, no potent anticancer effects were exerted
against the carcinoma cells. However, the extracts from E. alata were found not to be toxic to
normal cells. Taken together, these findings suggest that the phytochemicals of E. alata
contributed to the biological activities and could be considered as natural sources of antioxidant
and anti-inflammatory agents, although no considerable anticancer activity was observed here.
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1. INTRODUCTION

Plants are considered promising sources of active molecules owing to their phytochemical
diversity (Olalekan, 2023; Shahidi et al., 2015). Their compounds have interesting biological
properties, acting mainly as antioxidant, antimicrobial, anti-inflammatory, and antitumor agents
(Ramirez et al., 2024; Salleh and Khamis, 2020; Ozcan et al., 2014; Carocho and Ferreira,
2013). Of these plants, some common species revealed their effects in experimental studies by
identifying their bioactive constituents and measuring their biological activities to ensure their
pharmacological benefits. Others were reported only in ethnobotanical research, as they are
traditionally used by local people in many countries to eliminate several diseases (Belhouala
and Benarba, 2021; Salleh and Ahmad, 2016). In Algeria, folk medicine took an important place
in the Algerian culture, exhibiting numerous ethnobotanical approaches with interesting flora.
This “continent-country” is characterized by unique biodiversity due to the geographical and
climatic diversity in each region. Numerous species such as Artemisia herba-alba, Bryonia
dioica, and Aristolochia longa have been shown to contain promising bioactive chemicals with
significant  biological potential, including antimicrobial, anticancer, and anti-
inflammatory (Ziani et al., 2018; Benarba, 2016).

Ephedra alata Decne., a Saharan species, is a small and perennial stiff shrub, about 50-
100 cm tall of the genus Ephedra (Al-Rimawi et al., 2017). This medicinal plant is widely
distributed across arid environments, often near shifting sand dunes, and grows on gravely
rocky, sandy, and clay soils. It is native to Algeria, Iraq, Iran, Chad, Egypt, Palestine, Lebanon,
Jordan, Saudi Arabia, Morocco, Syria, Libya, Mauritania, Mali, Somalia, and Tunisia (Jaradat
et al., 2015). E. alata is a perennial genus of non-flowering seeds with light green densely
branched dioecious with therapeutic properties. The stem of E. alata has long been used in
traditional medicine for the treatment of kidney, bronchi, circular system, and digestive system
disorders, as well as relief from asthma attacks and bacterial and fungal infections. Furthermore,
the aerial parts of this plant have been attributed to cancer treatments. Indeed, it has been
reported that E. alata presents in vitro anticancer activities, inhibiting proliferation and inducing
apoptosis, which suppress tumor angiogenesis (Shukla and Mehta, 2015). In spite of some
previous studies reporting cytotoxic activities, systematic or comprehensive in vitro
investigations assessing the antioxidant, anti-inflammatory and cytotoxic effects of the plant
are lacking. On the other hand, the phenolic profile of E. alata, especially those growing in the
Algerian Sahara, remains poorly characterized using advanced techniques such as HPLC-DAD.
Therefore, the present study aims to fill these gaps by providing new insights into the
therapeutic potential of this underexplored Saharan medicinal plant and supports its rational use
in natural product drug discovery.

Here, the main objectives were to evaluate the antioxidant and anti-inflammatory
potential and emphasize the anticancer properties against three human cancer cells (HT-29, PC-
3, A549), in addition to the phytochemical investigation of E. alata extracts.

2.  MATERIALS AND METHODS
2.1. Plant Material

Fresh aerial parts of E. alata (Voucher No.007.LRSBG/AB/21/12) were gathered on June
6, 2021 from Adrar, Sahara region in southwestern Algeria (Figure 1). The sample was cleaned,
dried, and crushed using a grinder (Laboratory IKA M20 universal grinding mill) to recover the

powder of E. alata aerial parts and then stored in a black container. The botanical identification
was performed at the Department of Biology (University of Mascara, Algeria).
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2.2. Chemicals and Reagents

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide (MTT), methanol,
ethanol, hydrochloric acid, glacial acetic acid, ferric chloride, concentrated sulphuric acid,
magnesium ribbon, Hager’s reagent, sodium hydroxide solution, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), phosphomolybdate reagent, phosphate buffer, and 30% H20O: solution were obtained
from Sigma Aldrich.

2.3. Preparation of the Plant Extracts

Aqueous extract: A total of 20 g of dried aerial part powder was mixed with 200 mL of
distilled water heated to 100°C with continuous stirring for 20 min, cooled to room temperature,
and then filtered using a filter paper (WhatmanNo.42). The residue was re-extracted twice
following the same process. All the filtrates obtained were combined, concentrated, lyophilized,
and stored at 4°C until further analysis (Yadav and Agarwala, 2011).

Methanolic extract: To prepare the methanol extract, 40 g of the dried aerial part was
macerated for seven days with 400 mL of methanol, and the mixture was constantly stirred at
room temperature and stored overnight at 4°C. (Sioud et al., 2020). The resulting extracts were
filtered, concentrated at 40°C with reduced pressure in a rotary evaporator, and then dried.
Before being used, the crude extracts were collected and kept at 4°C.

2.4. Phytochemical Screening

The phytochemical screening of E. alata aerial part extracts was conducted qualitatively
and quantitatively using standard color and precipitation methods as previously described
(Trease and Evans, 2002; Sofowora, 1993; Marsoul et al., 2020; Algethami & Aldhebiani,
2021). The total phenolic content (TPC) and total flavonoid content (TFC) were determined as
previously described by Hosu et al. (2014), expressed as mg gallic acid equivalents (mg GAE/g
extract) and mg quercetin equivalents (mg QE/g extract), respectively. The total tannin content
(TTC) was analyzed using the vanillin assay (Bikoro et al., 2018) and expressed as mg catechin
equivalents (mg CE/g of extract). Under standard conditions, the phenolic profile analysis of E.
alata was carried out by the HPLC-DAD technique as described by Deveci et al. (2019); and
Cayan et al. (2020). The phenolic compounds were monitored at 280 nm with a photodiode
array detector (PDA) and then identified in terms of retention times and UV data by comparison
with commercial standards. The calibration curve was obtained by injecting the standard
compounds at concentrations between 0.0 and 1.0 ppm. The analyses were repeated three times
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and the results were provided as mg/g extract dry weight (dw) (Deveci et al., 2019; Cayan et
al., 2020; Tel-Cayan et al., 2022).

2.5. Antioxidant Activity

The total antioxidant capacity (TAC) was evaluated using the phosphomolybdate assay
(Ahmed et al., 2014). The results were expressed as mg/g of ascorbic acid equivalents (mg/g
AAE). The DPPH radical scavenging activity of the E. alata extracts was estimated according
to the method of Brand-Williams et al. (1995) and was expressed as percent inhibition. The
reducing power was determined using the method of Oyaizu et al. (1986), with the absorbance
measured at 700 nm. The hydrogen peroxide (H20) scavenging activity was evaluated
following the method described by Ruch et al. (1989), with the absorbance measured at 230
nm. The results were expressed as the percentage scavenging activity.

2.6. Anti-inflammatory Activity

2.6.1. HRBC Membrane Stabilizing Assay

The human red blood cell (HRBC) membrane stabilization activity of the plant was
evaluated via heat and hypotonic solution-induced hemolysis as described by Azeem et al
(2010). HRBCs were prepared from O+ human blood (donors provided written informed
consent in accordance with the Declaration of Helsinki) and suspended in PBS. Results were
expressed as percentage of protection.

2.6.2. Effect on Protein Denaturation

The inhibition of heat-induced protein denaturation was performed using bovine serum
albumin and egg albumin according to the two methods described by Sunmathi et al. (2016).
The inhibition percentages were calculated based on the absorbance readings at 255 and 660
nm, respectively.

2.6.3. Protease Inhibition Assay

The protease inhibitory activity of the E. alata extracts was evaluated as previously
described by Oyedepo et al. (1995) using trypsin and casein. After reading the absorbance at
210 nm, the results were expressed as the inhibitory percentage.

2.7. Anticancer Activity

Cells were seeded in 96-well plates at a concentration of 1x104 cells/well for 24 h in a
humidified environment with 5% CO» and 95% air. The cells were then treated with increasing
concentrations of E. alata extracts for 72 h. After adding 10 mL of MTT (0.5 mg/mL),
incubation for 4 h and removing the media, 100 pL of pure DMSO was added to dissolve the
formazan blue crystals that had formed, and the absorbance was then measured at 540 nm on a
microplate reader. All samples were analyzed in triplicate, and the anticancer potential was
calculated as the cell viability percentage.

2.8. Statistical Analysis
With GraphPad Prism version 8 software, the data were presented as the mean + standard

deviation (SD) of three independent experiments. They were then subjected to one-way analysis
of variance (ANOVA) and Tukey's multiple comparison, with a significance level of p<0.05.
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3. RESULTS AND DISCUSSION
3.1. Extraction Yield

According to the results (Table 1), methanol produced the highest extraction yield
(17.83%), followed by the aqueous extract (14.50%). The extraction yields in this case were
directly influenced by the polarity of the solvent, the solute's solubility in the solvent, and the
technique used (Cowan, 1999). Furthermore, because maceration is often carried out at room
temperature, the time needed for the methanolic extraction process is longer than that of the
decoction method, which may account for the wvariation in the extraction yields
(Ngamwonglumlert et al., 2017).

Table 1. Extraction yields, total phenolic, flavonoid and tannin contents of . alata extracts

Extracts Yield% Phenols mg Flavonoids mg Tannins mg
AGE/g QE/g CE/g
Aqueous 14.50 +£ 0.09**#*  137.50 & 0.03%*** 63.19 £+ 0.1 7%*** 63.72 £ Q.1 2%***
Methanolic  17.83 + 0.05 145.83 + 0.55 85.51 £ 0.00 75.94 + 0.07
*xA%<0.0001

3.2. Phytochemical Screening

The qualitative screening of E. alata was performed by applying coloring tests to both
extracts obtained from decoction and maceration in water and methanol, respectively. The
results revealed the presence of diverse secondary metabolites: cyanins, quinones, glycosides,
saponins, steroids, phytosteroids, flavonoids, phenols, terpenoids, reducing sugars, alkaloids,
and cardiac glycosides in both extracts. Besides, coumarins were only detected in the
methanolic extract, whereas anthraquinones were not detected. In agreement with our findings,
a study by Bousenna et al. (2022) showed the presence of phenols, reducing sugars, flavonoids
and tannins, alkaloids, triterpenoides and steroids in the aerial part of Algerian E. alata
(Bousenna et al., 2022). Similarly, E. alata extract represented a source of polyphenolic
compounds such as flavones, flavanols, bisflavanols, carboxylic acids and alkaloids
(Abourashed et al., 2003). Moreover, the methanolic extract exhibited a high presence of
phenolic acids, tannins, flavonoids, cardiac glycoside, alkaloids, reducing sugars and saponins
(Jaradat et al., 2015).

Regarding the quantitative phytochemical composition, we found that the TPC was
significantly higher in the E. alata methanolic extract (972.50 = 0.001 mg GAE/g) compared
with the aqueous extract (650.83 £ 0.001 mg GAE/g) (p<0.01). Conversely, the TFC of the
aqueous extract (582.57 = 0.013 mg QE/g) significantly exceeded that of the methanolic extract
(364.58 £ 0.009 mg QE/g) by almost 60% (p<0.05). In the same line, previous research reported
a variable concentration of phenols (214.92 mg AGE/g extract) and flavonoids (30.74 mg QE/g
extract) in the methanolic extract from the aerial parts of E. alata (Bousenna et al., 2022). In
another study, E. alata fruits showed the presence of a higher amount of total flavonoids (98.95
mg RUE/g extract) (Jaradat et al. 2021). Moreover, the TPC and TFC were found to be 125.73
mg AGE/g and 27.89 mg QE/g extract, respectively, in the aerial parts (Danciu et al., 2018;
Dbeibia et al., 2021). Additionally, a recent investigation reported a low amount of phenol and
flavonoid content in ethyl acetate extract (46.66 + 3.064 mg GAE/g extract 23.3 + 0.504 mg
QE/g extract) and butanol extract 19.62 + 0.244 mg GAE/g extract; 10.39 £ 0.193 mg QE/g
extract obtained from E. alata growing in Ouargla, South Algeria (Chebouat et al., 2023).
Interestingly, all these findings were observed to be lower than ours, which could be related to
several factors influencing the quality and quantity of phytochemicals in the plant, of them the
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dissimilarity of geographical location and time of harvest, selected part and the interaction
between solvent, extraction method and plants.

3.3. Characterization of Phenolic Compounds

Regarding the HPLC-DAD analysis, the phenolic compounds and organic acid
composition of E. alata samples are listed in Table 2. Although twenty-six phenolic compound
and organic acid standards were tested, only six standard compounds namely pyrocatechol, p-
hydroxy benzoic acid, Vanillin, Rutin, Quercetin, and Luteolin were revealed in the E. alata
extracts. Here, the main compound detected in methanolic extract was rutin (29.40 mg/g)
followed by vanillin (12.52 mg/g) while this last was mainly detected to be the major compound
in the aqueous extract. Contrary to methanolic extract, rutin was only detected in the aqueous
extract with an amount of 1.54 mg/g. The remained compounds were found in small quantities
in both samples of E. alata aerial part ranging from 1.54 to 9.21 mg/g. A similar investigation
confirmed the presence of rutin in the E. alata aerial part extract in addition to other compounds
such as gallic acid, catechin, caffeic acid, ferulic acid, and quercetin (Soumaya et al., 2020). In
contrast with our findings, kaempferol (28.68 pg/mL), resveratrol 10.387 (png/mL) and
quercetin 4.57 (ug/mL) were mainly detected in the hydroalcoholic extracts of E. alata aerial
part in other analyses conducted via LC-MS. However, rutin was not detected in the ethanolic
extract in this previous investigation (Danciu et al., 2018). Furthermore, a study by Mahmoudi
et al (2023) reported low amounts of gallic acid, quercetin, cirsiliol, naringin, and epicatechin
in the extract of E. alata seeds (Mahmoudi et al., 2023). On the other hand, isoflavones and
flavonol derivatives were found to be the major compounds in E. alata extracts (Ziani et al.
2019). Additionally, Khattabi et al. (2022) characterized 21 compounds in the aerial parts of E.
alata, including caffeic acid, gallic acid, quercetin-O-rhamnoside, hyperoside, quercetin-3-O-
galactoside, isorhamnetin-3-O-glucoside, quercetin-3-O-glucoside, and epicatechin (Khattabi
et al., 2022).

Table 2. Phenolic composition of . alata roots extracts by HPLC-DAD (mg/g extract)

No Phenolic compounds RT (min) EA-Met  EA-Aqu Class

1 Pyrocatechol 11.04 7.68 1.90****  Benzenediols
2 p-hydroxy benzoic acid 12.77 9.21 4.75%***  Phenolic acids
3 Vanillin 17.78 12.52 13.02 Phenolic acids
4 Rutin 25.30 29.40 1.54****  Flavonoids

5 Quercetin 30.43 2.97 343 Flavonoids

6 Luteolin 31.70 3.05 2.87 Flavonoids

*a%%<0.0001

3.4. Antioxidant Activity

As shown in Figure 2(A), at a concentration of 1 mg/mL, the total antioxidant capacity of
the methanolic extract from E. alata aerial part reached 7.23 + 0.04 mg/g AAE, which was
slightly higher that that of the aqueous extract (7.18 + 0.03 mg/g AAE), although no significant
statistical difference was found (p>0.05). Consistent with our results, Soumaya et al. (2020)
reported that E. alata ethanol extract exhibited the highest antioxidant activity (280 mg GAE/g
DW) compared to ethyl acetate extract of other species namely E. fragilis (131 mg GAE/g DW)
in which the antioxidant activity was influenced by the solvent type affected (Soumaya et al.,
2020).

As Figure 2(B) illustrates, a dose-dependent increase in the DPPH radical scavenging
activity was recorded for both extracts. At the highest concentration of 500 ug/mL, the
scavenging activity of the aqueous extract of the aerial part of E. alata reached 48.98%, while
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at the same concentration, that of the methanolic was 47.10% with 1Cso values of 535 + 0.035
and 644 + 0.048 pg/mL (p<0.05), respectively. Moreover, the DPPH radical scavenging
abilities of both extracts of E. alata were moderately less than that of the standard (49.86%).
The ethanol extract of E. alata possessed a high content of polyphenolic compounds and
significant antioxidant effects (DPPH: ICso value 3.37 £ 0.1 pg/mL) (Soumaya et al. 2020).
Furthermore, Chebouat et al. (2023) showed an effective to quench the stable-colored DPPH
with ICso values of 0.228 and 0.581 mg/mL for ethyl acetate and butanol extracts obtained from
E. alata growing in Ouargla region (Southeast Algeria), respectively (Chebouat et al., 2023).
Another research performed on Tunisian E. alata reported that the seeds extract possessed a
potential antioxidant in DPPH with ICso value of 14.9 pg/mL (Mahmoudi et al., 2023).

As illustrated in Figure 2(C), the methanolic extract of E. alata exhibited a significantly
higher reducing power of 2.15 mg AAE/g at the concentration of 500 pg/mL compared with
the aqueous extract (1.70 mg AAE/g, p<0.05). In agreement with our findings, the aerial parts
of E. alata ethanolic extract showed higher reducing power than the aqueous extract with an
ECso value of 262 pg/mL (Soumaya et al., 2020). The same effect was found in ethanolic extract
of Palestinian E. alata (Jaradat et al., 2015). Nevertheless, Ziani et al. (2019) proved that
hydroethanolic extracts had lower reducing power than that of aqueous extracts (infusions and
decoctions) with ECso values of 377 +4.10, 108 £ 1 pg/mL, respectively (Ziani et al., 2019).

The H20: radical scavenging activity of the E. alata extracts is illustrated in Figure 2(D).
The scavenging activity of the aqueous extract was markedly increased from 29% to 57% in a
dose-dependent manner (p<0.01). Likewise, the methanolic extract showed a scavenging ability
of 58% (p<0.05), which slightly exceeded the scavenging capacity of ascorbic acid under the
same conditions (p <0.05). These data corroborate that E. alata possesses important scavenging
effects against hydroxyl radical (Kose and Dogan, 1995).
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Figure 2. Antioxidant activity of E. alata aqueous and methanolic extracts [**(p<0.0001);%***
(p<0.0001)]
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Overall, the antioxidant activity was found to be correlated to the phenolic content. In
fact, in several herbal products, numerous studies reported that the antioxidant activity was
positively related to the total phenolic content (Zohdi et al., 2025; Mohd et al., 2023; Oktay et
al., 2003). On the other hand, despite the antioxidant potential exhibited by both extracts, the
methanolic extract was more effective regarding the reducing power, whereas the aqueous
extract possessed better radical scavenging activity, possibly due to the differences in the
chemical profiles of both extracts.

3.5. Anti-inflammatory Activity

Figure 3 showed that the aerial part of E. alata can be considered as a strong hemolysis
inhibitor contributing to its anti-inflammatory effects. Indeed, the methanolic extract exhibited
significantly higher HRBC membrane stabilization activity compared to the aqueous extract
and the standard drug. At 500 pg/mL, the methanolic extract resulted in the maximum
inhibitory activity of 42.80 + 0.12%, which was significantly higher than that of the aqueous
extract (29.34 £ 0.09%, p<0.01) and that of the anti-inflammatory drug (19.73 + 0.89%,
p<0.001). Chouikh (2020) reported the erythrocytes protective activity of E. alata extract, in
which at a concentration of 1 mg/mL the hemolysis percentage was reduced from 55.46 to
22.27%.
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Figure 3. HRBC membrane stabilization activity (A) and hemolysis percentage (B) of E. alata extracts
compared to s-DCF [**** (p<0.0001)]

As shown in Figure 4, both extracts exhibited a dose-dependent inhibition of bovine
serum albumin (BSA) and egg albumin denaturation (EA). At 500pg/mL, the aqueous extract
resulted in a slightly higher inhibition of BSA denaturation (57.46 + 0.05%) than the methanolic
extract (54.52 £ 1.77%, p=>0.05). Similarly, both aqueous and methanolic extracts inhibited egg
albumin denaturation by 31.48 £ 0.28 and 31.95 £ 0.27%, respectively (p=>0.05). Nonetheless,
both extracts showed lower inhibition when compared to the standard diclofenac sodium (96.09
+ 0.82% and 75.60 £ 0.31%, p<0.001) at the same concentration. In our previous study, we
reported a notable inhibition of serum albumin denaturation (99.22 + 0.02% and 89.74 + 0.60%,
p<0.001) at the dose of 50 ug/mL and egg albumin denaturation (73.31 = 0.90% and 71.66%,
p<0.001) at the dose of (2000 pg/mL), induced by aqueous and methanolic extracts,
respectively. The effect of both extracts was higher than the standard diclofenac sodium
(Benarba et al., 2021). Here, the difference in the protection action percentage between aqueous
and methanolic extracts could be related to the dissimilarity in the concentration of phenolic
compounds such as vanillin (13.02 and 12.52 mg/g extract, respectively). Vanillin is considered
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as anti-inflammatory agent with important effect to protect against liver injury and fibrosis.
Indeed, vanillin was found to protect against CCl4-induced acute liver injury through reduction
of the levels of pro-inflammatory cytokines such as TNF-a, IL-1p, and IL-6, and prevented
CCl4-induced hepatic cell alteration and liver necrosis (Makni et al., 2011). Likewise, Eun-Ju
et al. (2008) demonstrated the anti-inflammatory activity of vanillin that inhibited the
production of nitric oxide (NO), induction of inducible nitric oxide synthase (iNOS) and
reduced the iNOS mRNA level in the LPS-activated macrophages in ICR Mice (Eun-Ju et al.,
2008).
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Figure 4. Inhibition of protein denaturation: BSA (A) and egg albumin (B) of £. alata extracts compared
to s-DCF [**** (p<0.0001)]

Figure 5 shows the inhibitory effect of E. alata extracts against proteinase activity. With
different concentrations, both extracts showed weak inhibition toward protease. Indeed, at the
highest concentration of 500pg/mL aqueous and methanolic caused an inhibition percentage of
4.92 £ 0.07 and 3.53 £ 0.26%, respectively (p=>0.05), compared to 51 + 0.10% inhibition by
diclofenac (p<0.05). No earlier research nor our previous study have reported the proteinase
inhibition activity of E. alata. These low levels of protease inhibition suggest that the latter is
either not involved or only minimally involved in the anti-inflammatory effects of E. alata
extracts. Nonetheless, it has been reported that the flavonoids, abundant in our extracts, can
suppress both enzymes and mediators involved in the inflammatory process by inhibition of
proteinase action (Menon and Sudheer, 2007; Ribeiro et al., 2015). Notably, rutin, abundantly
found in our extracts, was identified as a potential inhibitor of the SARS-CoV-2 main protease
(MP™) (Agrawal et al., 2021).
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Figure 5. Proteinase inhibition activity of E. alata extracts compared to s-DCF
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3.6. Anti-cancer Effect

The cytotoxic potential of E. alata was assessed on three cancer cell lines: HT-29, PC-3,
and A549, which treated with increasing concentrations (25 to 200 pg/mL) of methanolic and
aqueous E. alata extracts. As shown in Figure 6, both the methanolic and aqueous extracts
exhibited weak effects, with ICso values exceeding 200 pg/mL for all tested cancer and normal
cell lines (p=>0.05). At the highest concentration of 200 pg/mL, a modest dose-dependent
decrease in cell viability was observed in the two cancerous cell lines: HT-29, and PC-3 treated
with methanolic and aqueous extracts (200 pg/mL) to 55.55, 62.61, 61.87 and 93.04%,
respectively. Moreover, no significant cytotoxic effect was observed against A549 and CCD18-
Co cell lines. The ICso values exceeding 200 pg/mL reveal that E. alata extracts in the present
study lack cytotoxic activity against the tested cell lines, especially when compared to typical
cytotoxicity thresholds of ICso below 100 pg/mL.
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Figure 6. Cytotoxic activity of . alata extracts (0 to 200 pg/mL) incubated for 72 h of treatment

In contrast, previous studies using ethanolic or ethyl acetate extracts of E. alata reported
significantly higher cytotoxic effects. Indeed, Bensam et al. (2023) found that Algerian E. alata
ethanolic extract inhibited the growth of the liver (HepG2), breast (MCF-7), and colon cancer
cells (Caco-2). The strongest cytotoxic effect was exerted against MCF-7 cells (ICso value 153
pg/mL). Additionally, the same extract induced cell death in all human cancer cells mainly
through apoptosis induction (Bensam et al., 2023). Moreover, Mohammed and Mohammed
(2023) screened this effect on human breast cancer cell lines (MDA-MB-231) and normal
human lymphocytes (HLs) showing 50.11% cell death at a concentration of 75mg/mL on MDA -
MB-231 cell lines while there was no risk in using Ephedra species due to its low cytotoxicity
on HLs normal cell line (Mohammed and Mohammed 2023). In the same context, Danciu et al.
(2018) reported that hydroalcoholic extract of E. alata exhibited strong anticancer activity
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against MCF-7 human breast cancer cell line reaching 56.45 = 3.9 growth inhibition at the
highest concentration of 30 pg/mL (Danciu et al., 2018).

Other research investigated the antiproliferative activity of two species from Ephedra
extracts also against MCF-7 cells via MTT and resazurin assays. The ethyl acetate extract of E.
alata showed the highest cytotoxic activity with ICso (MTT) value 26 and ICso (resazurin) value
16 pg/mL while the second species E. fragilis had a lower effect (Soumaya et al.,
2020). Nonetheless, similar results were reported for other species such as Cassia sieberiana
and C. singueana (Jibril et al., 2025). These recorded discrepancies could be explained by
differences in the polarity of the extracts, solvents, and extraction methods, concentrations of
active compounds, and sensitivity of the cell lines tested. The relative resistance of treated cell
lines to crude plant extracts could also explain this observation, which justifies the tendency of
our research group to test mixtures for a more pronounced synergistic effect (Belhouala et al.,
2024). This is consistent with the results of Mohammed and Mohammed (2023), who obtained
significant cytotoxicity against breast cancer cells only at very high concentrations reaching 75
mg/mL, while no cytotoxicity was observed in normal human lymphocytes.

4. CONCLUSION

In the present study, we highlight notable antioxidant and anti-inflammatory properties
of E. alata aqueous and methanolic extracts of the aerial parts, with better performance shown
by the methanolic extract in several assays. We found that the methanolic extract exhibited the
highest reducing power of 2.15 mg AAE/g, the strongest H>O> scavenging ability of 58% that,
slightly exceeded that of ascorbic acid. Interestingly, both the methanolic and aqueous extracts
exhibited important HRBC membrane stabilization of 42.80 + 0.12 and 29.34 + 0.09%, which
were 117% and 49% higher than that of the anti-inflammatory standard drug Diclofenac,
respectively. These activities could be attributed to the presence of phenolic compounds such
as rutin, anillin, p-hydroxy benzoic acid, pyrocatechol, luteolin, and quercetin as revealed by
HPLC-DAD analysis. Nonetheless, both extracts exerted limited cytotoxic effects with ICso
values higher than 200 pg/mL, suggesting a lack of important anticancer activity under the
tested conditions. This fact may be attributed to the polarity of the extracts, solvents and
extraction methods, concentrations of active compounds, and sensitivity of the cell lines tested.
However, the extracts were not cytotoxic towards normal cells, which may support their safety
profile. Despite the absence of strong anticancer activity, our findings corroborate the need for
further research to investigate the use of E. alata as a source of potent bioactive antioxidant and
anti-inflammatory compounds. Furthermore, additional studies should be undertaken to
demonstrate the antioxidant and anti-inflammatory potential of E. alata in vivo, identify
molecules that could be responsible for these activities, clarify the molecular pathways
involved, and investigate the possible synergistic interactions either among plant
phytochemicals or between the plant-based products and conventional drugs to better manage
oxidative stress, inflammatory conditions or even to serve as adjuvants in cancer therapy.
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