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INTRODUCTION

Since ancient times, plant-based drugs have been used 
worldwide in folk medicine to treat and prevent various 
disorders, and over time, the health benefits of many of these 
natural products have been well established (Rios & Recio, 
2005). Consequently, alternative medicines are becoming 
more popular and used increasingly nowadays (Gautam et al., 
2007). Indeed, herbs appear to be the most promising materials 
for discovering novel pharmacologically active compounds to 
treat common as well as incurable diseases, especially cancers 
(Hoareau & DaSilva, 1999). Besides their therapeutic potential, 
some species are almost daily involved in our food (Belhouala & 

Benarba, 2021). These dietary plants contain various antioxidant 
chemical substances that boost immunity. A plant-based diet 
can protect against chronic diseases associated with oxidative 
stress, and it has been hypothesized that plant phenols may 
contribute to this beneficial effect (Asif, 2015). Diet can modify 
the pathophysiological processes of metabolic disorders and can 
be effective in several pathological processes, most of which are 
known to contribute to oxidative damage (Ullah & Khan, 2008).

Of the plant foods, spices such as cloves, mint, thyme, and 
cinnamon have been used for centuries as food flavorings, 
preservatives, and ingredients in traditional medicine mainly 
due to their antioxidant and antimicrobial activities (Cortés-
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ABSTRACT
Telephium imperati L. is one of the most valuable spices used by Algerians for food and different medicinal purposes. 
Here, we report the main phenolic compounds of T. imperati that grows in arid regions and its antioxidant, anti-
inflammatory, and anticancer activities. The phenolic profiles of methanolic and aqueous extracts of T. imperati roots 
was obtained using HPLC-DAD, whereas antioxidant activity was evaluated using 2.2-diphenyl-1-picrylhydrazyl 
(DPPH), potassium ferricyanide, and Hydrogen peroxide (H2O2) assays. Moreover, the anti-inflammatory activity was 
investigated by measuring the level of protection of the human red blood cell (HRBC) membrane against hypotonicity-
induced lysis. The anticancer activity was evaluated using the MTT assay against three human cancer cell lines (HT-29, 
PC-3, A-549) and one non-tumorigenic (CCD18-Co) cells. Our results showed that the methanolic extract was rich in 
phenols (493.17±0.0 mg GAE/g), flavonoids (271.56±0.1 mg QE/g), and tannins (106.50±2.3 mg CE/g). The HPLC-
DAD analysis revealed that caffeic acid (78.61 mg/g), ferulic acid (49.12 mg/g), rosmarinic acid (42.80 mg/g), coumarin 
(39.87 mg/g), rutin (37.68 mg/g), myricetin (25.62 mg/g), syringic acid (18.90 mg/g), and quercetin (18.65 mg/g) 
were mainly present in T. imperati extracts. Although the DPPH assay showed slight antioxidant activity for both 
extracts, the methanolic extract exhibited significant potent anti-inflammatory action in all in vitro tests, protecting 
HRBC damage and BSA denaturation at rates of 80.18 and 97.62%, respectively. Likewise, the methanolic extract 
exhibited an important anticancer activity against the HT-29 and A-549 cell lines, with IC50 values ranging from 1.85 
to 2.00 log10 μg/mL. Interestingly, no toxic effects on CCD18-Co were observed. Therefore, the present study revealed 
that T. imperati root extracts are rich in phenolic compounds and could be a promising source of anti-inflammatory 
and anticancer molecules.
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Rojas et al., 2014). Currently, many reports have confirmed the 
antibacterial, antifungal, antiviral, and anticancer properties 
of several promising spice plants (Shan et al., 2005). Although 
many spices are known only to the indigenous population 
for their healing properties, they have not been scientifically 
investigated. Among them, Telephium imperati L., named 
in Algeria as “tassarghit/sarghina”, is an herbaceous plant 
belonging to the family Caryophyllaceae (Yang et al., 2017). It 
grows wild on rocky terrains and boulders up to 3000 m high 
(Nejjari et al., 2019). This rare spice is well known to be used for 
culinary purposes. Its parts are usually consumed as soup spice 
for postpartum women in Algeria (Sahara and Kabyle region) 
(Belhouala & Benarba, 2021). T. imperati is used for medicinal 
purposes by local healers in Algeria to treat mouth ulcers and 
anemia (Belhouala & Benarba, 2021; Nejjari et al., 2019).

Recently, the anticancer, anti-inflammatory, and antioxidant 
potential of phenolic compounds has been well documented 
(Silva et al., 2024). Indeed, phenolics are considered the most 
important sources of dietary antioxidants owing to their free 
radical-scavenging potential attributed to the presence of 
hydroxyl groups in their structure (Tutun & Yipel, 2024). It 
has been demonstrated that higher phenol contents in foods, 
spices, and plants enhance antioxidant activity (Yen et  al., 
2018; Muhammad et al., 2020; Demir et al., 2022). This 
antioxidant potential has been related to the chemopreventive 
and chemotherapeutic effects exhibited by phenolic compounds 
against different cancers (Srivastava et al., 2023). The cytotoxic 
effects of phenolic compounds have been well demonstrated 
(Kamto et al., 2023; Tavallali et al., 2024). The anticancer effects 
of phenolics are exerted by different mechanisms including, 
apoptosis induction, cell cycle arrest, enzyme modulation, 
receptor binding, gene alteration, and modulation of oxidative 
stress (Maheshwari & Sharma, 2023).

To the best of our knowledge, there are no published reports 
on the phenolic composition or investigating the biological 
activities of T. imperati. Therefore, the current investigation was 
conducted on the extracts of the roots of T. imperati to evaluate 
its antioxidant, anticancer, and anti-inflammatory activities and 
establish their phenolic profile.

MATERIALS AND METHODS

Plant Material

Telephium imperati was collected from Biskra, Algeria, in June 
2021. Botanical identification was conducted by Prof. Dr. Bachir 
Benarba from the department of Biology, University of Mascara, 
Algeria, and the voucher specimen (Voucher No. LRSBG/
AB/20/158) was deposited in the LRSBG (Laboratory Research 
on Biological Systems and Geomatics) herbarium, a certified 
herbarium at the Department of Biology, University of Mascara, 
Algeria. The fresh roots were prewashed and dried for several 
days at ambient temperature (20-30 °C) in the Laboratory 
(Figure 1). After 10 days, the samples were crushed using an 
IKA M20 Laboratory universal grinder. The recovered powder 
was stored in a black container.

Chemicals

Chemicals such as 3-(4,5 dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), methanol, ethanol, 
hydrochloric acid, glacial acetic acid, ferric chloride, concentrated 
sulfuric acid, magnesium ribbon, Hager’s reagent, sodium 
hydroxide solution, DPPH, phosphomolybdate reagent, 
Phosphate buffer, and 30% H2O2 solution were obtained from 
Sigma-Aldrich.

Preparation of Plant Extracts

The dried root powder (20  g) 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. The 
residue was re-extracted twice following the same process. 
All filtrates were combined, concentrated, lyophilized, and 
stored at 4 °C until use (Yadav & Agarwala, 2011). The 
methanolic extract was prepared by macerating 40  g of 
dried roots with 400 mL of methanol for seven days (Sioud 
et al., 2020). The mixture was continuously stirred daily at 
room temperature and then stored overnight at 4 °C. The 
obtained extracts were filtered, concentrated, and stored at 
4 °C until further use.

Phytochemical Characterization

To establish the phytochemical profile of T. imperati root 
extracts, phytochemical content screening followed by 
HPLC-DAD analysis was performed.

Qualitative Tests

Phytochemical screening of the extracts was performed using 
standard methods adapted from previous studies. The presence 
of alkaloids, flavonoids, steroids, terpenoids, reducing sugars, 
saponins, tannins, cardiac glycosides, and anthraquinones was 
detected using Hager, Ammonia, Salkowski, Salkowski, Fehling, 
frothing, FeCl3, Killer-Killani, and Chloroform layer tests, 
respectively (Sofowora, 1993; Trease & Evans, 2002; Marsoul 
et al., 2020; Alqethami & Aldhebiani, 2021).

Figure 1: T. imperati roots
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Quantitative Screening

Total phenolic content (TPC)

The total phenolic content of the extracts was determined 
using the Folin-Ciocalteu colorimetric method (Hosu et al., 
2014). Briefly, 1.5 mL of Folin-Ciocalteu reagent (0.2 mol/L) 
and 300 µL of each extract (0.1 g) were added to 1.2 mL of 
0.7 mol/L Na2CO3, mixed, and incubated for 120 min in the 
dark at room temperature. The absorbance was then measured 
at 760 nm. A calibration curve was prepared using gallic acid 
at different concentrations under the same conditions. The 
phenolic content was calculated as gallic acid equivalent GAE/g 
of dry plant material. The values were determined in triplicate.

Total flavonoid content

The total flavonoid content (TFC) was determined using the 
aluminum chloride colorimetric-colorimetric method by mixing 
400 µL of each extract and 120 µL of 5% NaNO2 and resting for 
5 min before the addition of 120 µL of 10% AlCl3. 800 µL of 1 
M NaOH solution were then added, and the resulting mixture 
was incubated for 30 min at room temperature. The absorbance 
was measured at 510 nm, and TFC was expressed as quercetin 
equivalent (QE) mg/g dry weight. Values were determined in 
triplicate (Marsoul et al., 2020).

Determination of condensed tannin content

The condensed tannin content (TTC) was determined using 
the Vanillin-HCl method (Bikoro Bi Athomo et al., 2018). An 
aliquot (0.5 mL) of the extract was mixed with 3 mL of 3% 
vanillin/methanol (w/v) and 1.5 mL HCl (37%). The resulting 
mixture was incubated at room temperature for 15  min, 
and absorbance was measured at 500 nm. TTC is expressed 
as catechin equivalent (CE) mg/g dry weight. Values were 
determined in triplicate.

HPLC-DAD analysis

The phenolic profiles of the T. imperati extracts were analyzed 
using HPLC-DAD as previously reported under standard 
conditions (Deveci et al., 2019; Çayan et al., 2020). The phenolic 
compounds were monitored at 280  nm with a photodiode 
array detector (PDA) and then identified in terms of retention 
time and UV data by comparison with commercial standards. 
The calibration curve was drawn via the injection of standard 
compounds at different concentrations, and the results are 
presented as mg/g extract dry weight (dw).

Antioxidant Activity

Total antioxidant capacity assay

Total antioxidant capacity (TAC) was determined using the 
phosphomolybdate assay, as previously described (Ahmed et al., 
2014). 3 mL of phosphomolybdate reagent (0.6 M sulfuric acid, 
28 mM sodium phosphate and 4 mM ammonium molybdate) 

was added to 300 μL of the extract, and the resulting mixture 
was incubated in a water bath at 95 °C for 90 min. After cooling 
the samples to room temperature, the absorbance was measured 
at 765  nm against a blank (300 μL of the extract’s vehicle 
instead of plant sample). A  calibration curve was generated 
using different concentrations (25, 50, 100, 250, 500 µg/mL) 
of ascorbic acid. TAC was expressed as mg/g of ascorbic acid 
equivalents (mg/g AAE).

DPPH radical scavenging activity

The DPPH radical scavenging activity was evaluated as described 
by Brand-Williams et al. (1995). Briefly, 1 mL of the extract or 
ascorbic acid (as positive control) at varying concentrations 
(25-500 μg/mL) was mixed with 0.1 mM methanolic DPPH 
solution (4 mg/100 mL) freshly prepared. The absorbance of the 
reaction mixture was measured at 517 nm against the DPPH 
methanolic solution as a control and the extraction solvent as a 
blank after incubating in the dark at room temperature for 16 min.

The DPPH free radical scavenging activity was expressed using 
the following formula:

A1-A2
% Scavenging activity= ×100

A1

A1: absorbance of the control (DPPH solution) without extract.
A2: absorbance after the addition of the extract.
IC50 (half-maximal inhibitory concentration) value was 
calculated by linear regression analysis.

Reducing power assay

The reducing power was measured using the potassium 
ferricyanide assay (Oyaizu, 1986). Briefly, 2.5  mL of the 
plant extract (or standard) was mixed with 2.5 mL of sodium 
phosphate buffer (0.2 M, pH  6.6) and 2.5  mL potassium 
ferricyanide solution (1%). After incubation at 50 °C for 20 min, 
2.5 mL of trichloroacetic acid (10%) was added to the mixture, 
and centrifuged at 650 rpm for 10 min. The supernatant (5 mL) 
was mixed with 5 ml distilled water and 1 mL of ferric chloride 
solution (0.1%). The absorbance was measured at 700  nm 
against a blank (2.5 mL methanol instead plant sample), and 
the results are expressed in mg AAE/g extract.

H2O2 assay

The ability of the extracts to scavenge H2O2 was evaluated 
using the method of Ruch et al. (1989). In brief, 100 µL of the 
extracts or ascorbic acid (positive control) (25-500 mg/mL) were 
added to 3 mL of H2O2 (2 mM). The mixture was vortexed, and 
after 10 min of reaction time, the absorbance was measured at 
230 nm. The ability to scavenge H2O2 was calculated using the 
following formula:

2 2
A1-A2

%H O Scavenging= ×100
A1
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A1: absorbance of the control
A2: absorbance of the sample

Anti-inflammatory Activity

HRBC membrane stabilizing assay

HRBC membrane stabilization activity of the extracts was 
determined using heat-  and hypotonic solution-induced 
hemolysis as previously described (Sunmathi et al., 2016). 
HRBC suspensions were prepared by mixing equal volumes 
of blood (O+) obtained from healthy volunteers who had 
not been taking any NSAIDS for the past two weeks with 
ELSIVER solutions (2% dextrose, 0.8% sodium citrate, 0.5% 
citric acid and 0.42% NaCl), followed by centrifugation at 
3000 rpm for 10 min. The pellet was washed three times with 
an equal volume of PBS (pH=6.3), and red cells were re-
suspended in PBS (10% v/v) (Azeem et al., 2010). The reaction 
mixture (1mL of various concentrations of the extracts (25, 
50, 100, 250, 500 µg/mL), 0.5 ml HRBC suspension, 1 mL 
phosphate buffer, and 2  mL hyposaline (0.25%  w/v NaCl) 
was incubated at 37 °C for 30 min and then centrifuged at 
300 rpm for 20 min. The control was prepared by omitting 
the plant extract, and the reference standard drug was sodium 
diclofenac (s-DCF).

The hemoglobin content of the supernatant solution was 
estimated spectrophotometrically at 560 nm against the blank 
(Sakat et al., 2010).

( )  
 
 

A1-A2
Membrane stabilization % =100-  ×100

A1

A1: Absorbance of the control (hypotonic-buffered saline 
solution alone)
A2: Absorbance of the sample

Heat-induced hemolysis assay

1 mL of T. imperati extract or s-DCF (standard drug) was mixed 
with 1 mL of 10% HRBC suspension, and the resulting mixture 
was incubated in a water bath at 56 °C for 30 min, cooled under 
running tap water, and then centrifuged at 3000 rpm for 5 min. 
The supernatant absorbance was measured at 560 nm, and the 
percentage inhibition of hemolysis was calculated as follows 
(Sangeetha & Vidhya, 2016; Shinde et al., 1999):

% inhibition of haemolysis
Absorbance control - Absorbance test

= ×100
Absorbance control

Albumin denaturation assay

Protein denaturation is correlated with inflammatory disorders 
through the formation of antigens. Thus, a substance or extract 
that inhibits protein denaturation could exert important 
anti-inflammatory effects. Three protein denaturation assays 

were performed: bovine serum albumin and egg albumin 
denaturation assays and protease inhibition (Rahman et al., 
2015).

Bovine serum albumin (BSA) denaturation assay

0.45 mL of BSA (0.5% w/v aqueous solution) was mixed with 
0.05 mL of various concentrations (50, 100, 250, 500 µg/mL) 
of the extract or s-DCF as the standard drug. The resulting 
mixtures were incubated at 37 °C for 20  min, and the 
temperature was increased to maintain the samples at 57 °C 
for 3 min. After cooling, 2.5 mL of phosphate buffer (pH=6.6) 
was added, and absorbance was measured at 255 nm against 
a blank. The control solution consisted of 0.45  mL 0.5% 
BSA and 50 µL distilled water (Rahman et al., 2015). The 
percentage inhibition of protein denaturation was calculated 
as follows:

 
 
 

A1-A2
% inhibition of protein denaturation=100 – ×100

A1

A1: Absorbance of the sample
A2: Absorbance of the control

Egg albumin denaturation assay

The prevention of egg albumin denaturation was carried out 
according to the method described by Sunmathi et al. (2016). 
2 mL of varying concentrations of the extract (50, 100, 250, 
500 µg/mL) or s-DCF (positive control) were mixed with 0.2 mL 
of egg albumin (0.5% w/v aqueous solution) and 2.8 mL of PBS 
(pH=6.4). After incubation at 37 °C for 15 min, the mixture was 
heated at 70 °C for 5 min, and absorbance was then measured at 
660 nm against the solvent as blank and distilled water instead 
of the extract as a control. Inhibition of protein denaturation 
(%) was calculated using the following formula:

A1-A2
% inhibition of protein denaturation= ×100

A1

A1: Absorbance of the sample
A2: Absorbance of the control

Proteinase inhibition

The test was performed according to the method of Oyedapo 
and Femurewa (1995), modified by Sakat et al. (2010). The 
reaction mixture (2  mL) containing 0.06  mg trypsin, 1  mL 
20 mM Tris HCl buffer (pH 7.4), and 1 mL test samples of 
different concentrations was incubated at 37 °C for 5  min. 
Then, 1 mL of 0.8% (w/v) casein was added, and the mixture 
was incubated for 20 min. 2 mL of 70% perchloric acid was 
added to terminate the reaction. The cloudy suspension was 
centrifuged, and the absorbance of the supernatant was read 
at 210  nm against the buffer as blank. The experiment was 
performed in triplicate. The percentage of proteinase inhibitory 
activity was calculated as follows:
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×
Absorbance control - Absorbance test

% inhibition = 100
Absorbance control

Anticancer Activity

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide] tetrazolium reduction assay

The cytotoxic effects of T. imperati extracts on the viability 
of three human cancer cell lines (HT-29, PC-3, A 549) and 
normal human (CCD18-Co) cells were determined using the 
colorimetric MTT assay. In brief, cells were seeded in 96-well 
plates at a density of 1x104 cells/well and incubated for 24 h in 
a humidified atmosphere containing 5% CO2 and 95% air at 37 
°C. Cells were then treated with increasing concentrations (from 
0 to 200 µg/mL) of T. imperati extract and incubated for 72 h. At 
the end of treatment, 10 μL of MTT (0.5 mg/mL) were added. 
After 4 h of incubation, the medium was gently removed and 
100 μL of pure DMSO was added to dissolve the formazan blue 
crystals. The plate was incubated for 10 min under obscurity, and 
absorbance was recorded at 540 nm using a microplate reader. All 
experiments were performed in triplicate (Wangchuk et al., 2011).

Statistical Analysis

The data were expressed as the mean±standard deviation (SD) 
of triplicate independent experiments and analyzed via two-way 
analysis of variance (ANOVA), followed by Tukey’s multiple 
comparison using EXCEL PRO 2019-QI Macros and GraphPad 
Prism version 8 Software. ƿ<0.05, <0.01, <0.001 and <0.0001 
were considered statistically significant.

RESULTS AND DISCUSSION

Extraction Yield, Quantitative and Qualitative 
Phytochemical Screening

The aqueous and methanol extracts of the powdered roots of T. 
imperati gave yields of 1.6% and 1.4%, respectively. Regarding 
quantitative phytochemical screening, our results showed 
significantly higher values for the alcohol extract compared with 
water extract (p<0.05), except for TTC, the difference was not 
statistically significant (Table 1).

Indeed, TPC, TFC, and TTC in the methanolic extract were 
found to be 493.17±0.0 mg GAE/g, 271.56±0.1 mg QE/g and 
106.50±2.3 mg CE/g, whereas those of the aqueous extracts 
were 275.83±0.2  mg GAE/g, 191.79±0.5  mg QE/g and 
64.83±0.9 mg CE/g, respectively. This suggests that the use of 
MeOH resulted in a higher amount of TPC with almost double 
the quantity of phenols, flavonoids, and tannins. In this study, 

methanol was found to be more efficient than other solvents 
for extracting the phenolic compounds of T. imperati. This 
was expected since previous studies consistently found higher 
concentrations of phenols in alcohol extracts. In fact, alcohols, 
which are less polar solvents, can break down plant cell walls 
more efficiently and thus extract the targeted components 
(Lapornik et al., 2005; Spigno et al., 2007; Adedapo et al., 
2011). Our study reports phytochemical content of T. imperati 
prepared using two extraction methods. The water extraction 
method used in this study was consistent with the traditional 
preparations used by healers in Sahara and Kabylie regions of 
Algeria (Belhouala & Benarba, 2021). Methanol extracts are 
preferentially involved in most pharmacological investigations 
studying the activity of medicinal herbs (Cieniak et al., 2015).

On the other hand, the qualitative phytochemical screening 
of T. imperati revealed the presence of cardiac glycosides, 
flavonoids, phenols, phytosteroids, tannins, and quinones. 
These classes were detected in both extracts, whereas the 
methanolic extract exclusively contained alkaloids, terpenoids, 
and saponins. Moreover, the aqueous extract revealed the 
presence of anthraquinones.

Phenolic Profile (HPLC-DAD Analysis)

On the other hand, HPLC-DAD analysis revealed remarkable 
qualitative and quantitative phenolic compounds in T. imperati. 
As shown in Table  2, 19 compounds were detected in this 
plant, including caffeic acid (78.61, 33.77 mg/g), ferulic acid 
(49.12 mg/g), rosmarinic acid (42.80, 23.35 mg/g), coumarin 
(39.87 mg/g), rutin (37.68 mg/g), myricetin (25.62, 18.03 mg/g), 
syringic acid (18.90 mg/g), quercetin (18.65, 12.37 mg/g), and 
p-hydroxy benzoic acid (17.63 mg/g) in methanolic and aqueous 
extracts, respectively. It is obvious that the methanolic extract is 
richer in these compounds than aqueous extract, indicating the 
important presence of caffeic acid, ferulic acid, and rosmarinic 
acid. However, the aqueous extract contained higher amounts 
of kaempferol, apigenin, and chrysin than the methanolic 
extract. Moreover, trans-cinnamic acid was only detected in 
the alcoholic extract.

Due to the lack of phytochemical studies on this species, no 
information could confirm these results. However, Nejjari et al. 
(2019) reported that the ethanolic extract of T. imperati leaves 
contained saponins and flavonoids, which corroborate our 
results showing the detection of saponins exclusively in the 
methanolic extract. Moreover, quercetin was found to be one 
of the components of the chloroform and diethyl ether extracts 
of plant leaves.

Overall, the results revealed T. imperati contains a variety of 
phytchemicals, and the methanolic root extract of this plant 

Table 1: Extraction yield, total phenolic, flavonoid and tannin contents of T. imperati extracts
Extract Yield % Phenols (mg AGE/g) Flavonoids (mg QE/g) Tannins (mg CE/g)

Aqueous 1.6 275.83±0.2**** 191.79±0.5** 64.83±0.9
Methanol 1.4 493.17±0.0**** 271.56±0.1** 106.50±2.3

****<0.0001, **=0.0047
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showed the presence of most of the tested phenolic compounds, 
such as caffeic acid, rutin, rosmarinic acid, quercetin, luteolin, 
and kaempferol. Although a solvent effect appears clearly in 
the variety of phytochemical contents of T. imperati, this effect 
was not noted for some compounds (gallic acid). Hence, these 
phytochemicals may have important biological activities, as 
previously mentioned (Wangchuk et al., 2011).

Antioxidant Activities

It has been found that disturbances of the oxidative status may 
contribute to the emergence and development of a number 
of diseases (Rahman et al., 2012). Therefore, the antioxidant 
contents of medicinal plants have been hypothesized to account 
for the ability of these plants to improve many pathological 
conditions (Hegde et al., 2008).

Data from the antioxidant assays shown in Figure 2. The total 
antioxidant capacity of the extracts ranged from 0.18 to 0.42 mg 
AAE/g, which was less than that of the standard (1.05 mg AAE/g) 
(Figure 2a). Regarding the DPPH scavenging activity, the same 
results were obtained for both extracts, which exhibited a dose-
dependent scavenging activity lower than that of ascorbic acid. 
Actually, both methanolic and aqueous extracts of T. imperati 
dried roots had maximum values of 7.74 and 7.30 % at the 
highest concentration (500 μg mL-1) (Figure 2b).

Likewise, our results showed that the methanolic extract 
exhibited considerable reducing activity (0.97 mg AAE g-1). The 
value of the latter was lower than that exhibited by the standard 
(1.52 mg AAE g-1) (Figure 2c). Furthermore, a slight hydrogen 
peroxide scavenging activity for both extract (IC50>500 μg mL-1) 
was observed, which was not comparable to that of ascorbic 
acid (Figure 2d).

Table 2: Phenolic composition of the extracts (mg/g extract)
S. No. Phenolic compounds RT (min) TEL-Met TEL-Aqu

1. Gallic acid 5.70 5.18 7.90
2. Protocatechuic acid 8.75 8.66 6.49
3. Chlorogenic acid 12.35 8.56 6.07
4. p-hydroxybenzoic acid 12.77 17.63 15.82
5. 6.7-Dihydroxy coumarin 14.10 2.41 1.04
6. Caffeic acid 15.09 78.61 33.77
7. 3-hydroxybenzoic acid 15.98 1.55 0.78
8. Syringic acid 16.56 18.90 7.24
9. Ferulic acid 22.14 49.12 29.50
10. Coumarin 24.49 39.87 12.47
11. Rutin 25.30 37.68 19,43
12. Rosmarinic acid 26.77 42.80 23.35
13. Myricetin 27.35 25.62 18.03
14. Quercetin 30.43 18.65 12.37
15. trans-cinnamic acid 31.33 3.37 -
16. Luteolin 31.70 10.58 5.88
17. Kaempferol 33.21 3.96 5,12
18. Apigenin 33.77 11.31 15.26
19. Chrysin 38.40 4.58 9.39

Figure 2: Antioxidant activity of T. imperati. a) Total antioxidant capacity, b) DPPH, c) Reducing power, and d) H2O2
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Although high-quality phenolic compounds were detected in 
T.  imperati, no significant antioxidant activity was observed. 
These results seem to suggest that there is no relationship 
between the phenolic content and the antioxidant activity of the 
T. imperati root extracts tested, confusingly suggesting that the 
phenolic compounds of this plant would not contribute to the 
radical scavenging activity of the species or that there are other 
compounds in which their combination suppresses the activity. 
A previous study by Liu et al. (2022) reported that the formation 
of caffeic acid and tartaric acid ester bonds could inhibit the 
antioxidant capacity of caffeic acid. In contrast to our findings, 
several studies have evaluated the relationship between the 
antioxidant activity of plant extracts and their phenolic content. 
It has been reported that phenolic compounds were the main 
antioxidant components, and their total contents were directly 
proportional to their antioxidant activity (Wojdyło et al., 2007).

Anti-inflammation Activity

In our study, we focused on the anti-inflammatory effect of 
T. imperati due to its contribution to the treatment of many 
inflammation-related diseases. The absorbance of hemoglobin 
was determined using an HRBC membrane stabilization 
method in which hemoglobin is released as a result of lysates of 
the RBC membrane due to less stabilization of the membrane 
(Sangeetha & Vidhya, 2016).

The plant extracts exhibited membrane stabilization via 
hypotonic and heat-induced lysation of the erythrocyte 
membrane, as shown in Figure 3. The results showed that the 
extracts (at concentration 500 µg/mL) were significantly potent 
in human erythrocytes, adequately protecting them against 
hypotonic solution and heat-induced lyses, compared with 
the standard drug (s-DCF) (p<0.0001). In a dose-dependent 
manner, the highest stabilization effect was obtained by the 
methanolic extract, with an increased stabilization percentage 
of 80.18% at the highest dose, while the aqueous extract 
reached a lower activity of 66.72%, followed by that of the 
standard (19.73%). Regarding heat-induced HRBC hemolysis, 
plant extracts significantly showed an interesting protective 
effect, reducing the percentage of lysis to no lysis action by 
the methanolic extract and almost zero by the aqueous extract 
compared with s-DCF (5.91%).

On the other hand, chronic inflammation can lead to many 
serious problems, such as arthritis (Jayaprakasam & Ravi, 2012). 
This inflammation is caused by protein denaturation, which 
is taregetd by anti-inflammatory drugs (steroids) to decrease 
inflammation in tissues and reducing the immune activity 
responsible for inflammation (Kanimozhi et al., 2022).

The anti-inflammatory activity of T. imperati was also 
determined by egg albumin and BSA denaturation at various 
concentrations of 50, 100, 250 and 500 μg/mL. The results of the 
anti-denaturation activity of the extracts from T. imperati root 
are given in Figure 4. The methanolic extract showed a marked 
inhibition of protein denaturation, with significant values of 
97.62 and 85.84% for both assays (BSA and egg albumin), 
respectively, exceeding those of the aqueous extract (96.92 and 
84.91%). Interestingly, the protective effect of the plant extracts 
against egg albumin denaturation was significantly greater than 
that of the standard drug. Furthermore, the methanolic extract 
showed total inhibition of protease action, reaching a maximum 
percentage of 99.48%, whereas the aqueous extract resulted 
in 97.11% inhibition (Figure 4c). Interestingly, both extracts 
exhibited significantly higher anti-protease activity than s-DCF. 
On the basis of these results, it is demonstrated that extracts of 
T. imperati roots have significant anti-inflammatory potential 
comparable with that of s-DCF (standard drug).

Our findings corroborate those reported by Nejjari et al. (2019) 
demonstrating the wound-healing potential activity of the 
hydroalcoholic extract of T. imperati on Wistar rat skin. In this 
study, treatment with T. imperati promoted cell proliferation 
and formation of a thick granulation tissue in an accelerated 
manner, with a decrease in inflammatory cells, suggesting an 
anti-inflammatory activity related to burn wound healing.

Obviously, the phenolic compounds found in T. imperati could 
contribute to the anti-inflammatory activity of this plant, 
such as caffeic acid, which was found to be the major phenolic 
compound found in the methanolic (78.61  mg/g) and the 
aqueous extract (33.77 mg/g). Indeed, caffeic acid has been 
shown to directly inhibit IRAK1, IRAK4, and JNK, along with 
strong suppression of the nuclear translocation of AP-1 family 
proteins acting as an anti-inflammatory drug (Yang et al., 2013). 
Furthermore, this compound can simultaneously suppress 

Figure 3: HRBC membrane stabilization and hemolysis inhibition (percentage) of T. imperati extracts compared with diclofenac sodium control. 
a) HRBC membrane stabilization and b) hemolysis inhibition.
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the activation of various transcription factors involved in 
inflammation, such as NFAT, NF-κB, and AP-1 (Feng et al., 
2005; Lee et al., 2012). Moreover, Nile et al. (2016) found 
that gallic, ferulic, and caffeic acid, abundant compounds in 
T. imperati, are promising anti-inflammatory agents that inhibit 
xanthine oxidase and cyclooxygenase-2. Additionally, another 
major compound, rosmarinic acid (methanolic: 42.80; aqueous: 
23.35 mg/g) has been revealed to have an in vitro and in vivo 
anti-inflammatory effect against various inflammatory diseases 
like arthritis, colitis, and atopic dermatitis (Luo et al., 2020). 
Although, our results were observed using experimental data, 
the mechanism of anti-inflammatory activity of T. imperati is 
unknown.

Anticancer Activity

Our results showed that the methanolic extract exerted 
significant antiproliferative effects against two human cancer 
cell lines from two different tissues, HT-29 and A549. Maximum 
growth inhibition (92%) was observed against HT-29 with low 
IC50=1.85 log10 

µ
g/mL, followed by 76% cytotoxicity against 

A-549 (IC50=2 log10 
µ

g/mL), and 23% against PC-3 with high 
IC50>200 µg/mL (Table 3). The aqueous extract of T. imperati 
suppressed only the proliferation of HT-29 with IC50=1.71 
log10 

µ
g/mL. Interestingly, both extracts from T. imperati 

exhibited no in vitro cytotoxic activity against non-tumorigenic 
cells (CCD18-Co) (>200 µg/mL). Thus, we demonstrated here 
that the methanolic extract of T. imperati displayed significant 
anticancer efficacy against carcinoma cells without affecting 
healthy cells. Most drugs used in cancer chemotherapy exhibit 
cell toxicity and can induce genotoxic, carcinogenic, and 

teratogenic effects in non-tumor cells. Therefore, there is a need 
for alternative natural drugs that are less toxic and have fewer 
side effects. The anticancer activity exhibited by T.  imperati 
could be attributed to the phenolic compounds. We found 
that the major phenolic compounds found in both T. imperati 
extracts were caffeic acid, ferulic acid, rosmarinic acid, 
coumarin, rutin, and myricetin. Caffeic acid was demonstrated 
to possess multiple biological activities, including anticancer 
potential (Min et al., 2018), by targeting MMP-9 (Singh et al., 
2018). Moreover, ferulic acid has been shown to be a potent 
anticancer agent despite its low bioavailability (Sweed et al., 
2024). The promising anticancer effects of rosmarinic acid, 
coumarin, rutin, myricetin, and other phenolic compounds have 
been documented (Benarba et al., 2019; Bouyahya et al., 2022; 
Konstantinou et al., 2023; Belhouala et al., 2024).

CONCLUSION

To the best of our knowledge, this is the first study on this 
plant including, a phenolic analysis and biological investigation. 
We found that T. imperati methanolic and aqueous extracts 
contained various phenolic compounds with the dominance of 
caffeic acid, ferulic acid, rosmarinic acid, coumarin, rutin, and 
myricetin. Moreover, we demonstrated that T. imperati anti-
inflammatory effect was higher than that of the drug reference, 
suggesting that phenolic compounds are probably responsible 
for this impressive effect. Interestingly, both extracts exhibited 
anticancer activity with no cytotoxic effect against non-
tumorigenic cells. Taken together, our results demonstrate that 
T. imperati could be a promising source of anti-inflammatory 

Table 3: Inhibition concentrations (IC50 in μg/mL) of T. imperati toward cancerous and nontumorigenic cell lines as determined 
using the MTT assay
T. imperati Canser Cell Lines Human Cell Line

HT-29
IC50 (log10 µg/mL)

PC-3
IC50 (µg/mL)

A 549
IC50 (log10 µg/mL)

Nontumorigenic (CCD18-Co) 
IC50 (µg/mL)

Methanolic 1.85 >200 2 >200
Aqueous 1.71 >200 >200 >200

Values are presented as mean±SD (n=3)

Figure 4: Inhibition of albumin denaturation by T. imperati aqueous and methanolic extracts compared with the diclofenac sodium control. a) BSA, 
b) Egg and c) Protease.
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and anticancer agents. Further studies are needed to establish 
the complete phenolic profile of the plant and clarify the 
mechanisms responsible for these activities.

REFERENCES

Adedapo, A., Jimoh, F., & Afolayan, A. (2011). Comparison of the nutritive 
value and biological activities of the acetone, methanol and water 
extracts of the leaves of Bidens pilosa and Chenopodium album. 
Acta Poloniae Pharmaceutica, 68(1), 83-92.

Ahmed, D., Fatima, K., & Saeed, R. (2014). Analysis of Phenolic and 
Flavonoid Contents, and the Anti-Oxidative Potential and Lipid 
Peroxidation Inhibitory Activity of Methanolic Extract of Carissa 
opaca Roots and Its Fractions in Different Solvents. Antioxidants, 3(4), 
671-683. https://doi.org/10.3390/antiox3040671

Alqethami, A., & Aldhebiani, A. Y. (2021). Medicinal plants used in Jeddah, 
Saudi Arabia: Phytochemical Screening. Saudi Journal of Biological 
Sciences, 28(1), 805-812. https://doi.org/10.1016/j.sjbs.2020.11.013

Asif, M. (2015). Chemistry and antioxidant activity of plants containing 
some phenolic compounds. Chemistry International, 1(1), 35-52.

Azeem, A. K., Dilip, C., Prasanth, S. S., Shahmia, V. J. H., Sajeev, K., 
Naseera, C. (2010). Anti-inflammatory activity of the glandular extracts 
of Thunnus Alalunga. Asian Pacific Journal of Tropical Medicine, 3(10), 
794-796. https://doi.org/10.1016/s1995-7645(10)60190-3

Belhouala, K., & Benarba, B. (2021). Medicinal plants used by traditional 
healers in Algeria: A multiregional ethnobotanical study. Frontiers in 
Pharmacology, 12, 760492. https://doi.org/10.3389/fphar.2021.760492

Belhouala, K., Pandiella, A., & Benarba, B. (2024). Synergistic effects 
of medicinal plants in combination with spices from Algeria: 
Anticancer, antiangiogenic activities, and embrytoxicity studies. 
Journal of Ethnopharmacology, 330, 118187. https://doi.org/10.1016/j.
jep.2024.118187

Benarba, B., Elmallah, A., & Pandiella, A. (2019). Bryonia dioica aqueous 
extract induces apoptosis and G2/M cell cycle arrest in MDAMB 
231 breast cancer cells. Molecular Medicine Reports, 20(1), 73-80. 
https://doi.org/10.3892/mmr.2019.10220

Bikoro Bi Athomo, A., Engozogho Anris, S. P., Safou-Tchiama, R., Santiago-
Medina, F. J., Cabaret, T., Pizzi, A., & Charrier, B. (2018). Chemical 
composition of African Mahogany (K. Ivorensis A. Chev) extractive 
and tannin structures of the bark by MALDI-TOF. Industrial Crops and 
Products, 113, 167-178. https://doi.org/10.1016/j.indcrop.2018.01.013

Bouyahya, A., Omari, N. E., Bakrim, S., Hachlafi, N. E., Balahbib,  A., 
Wilairatana, P., & Mubarak, M. S. (2022). Advances in dietary 
phenolic compounds to improve chemosensitivity of anticancer 
drugs.  Cancers,   14 (19) ,  4573. https:/ /doi .org/10.3390/
cancers14194573

Brand-Williams, W., Cuvelier, M. E., & Berset, C. (1995). Use of a free 
radical method to evaluate antioxidant activity. LWT - Food Science 
and Technology, 28(1), 25-30. https://doi.org/10.1016/s0023-
6438(95)80008-5

Çayan, F., Deveci, E., Tel-Çayan, G., & Duru, M. E. (2020). Identification and 
quantification of phenolic acid compounds of twenty-six mushrooms 
by HPLC–DAD. Journal of Food Measurement and Characterization, 
14, 1690-1698. https://doi.org/10.1007/s11694-020-00417-0

Cieniak, C., Walshe-Roussel, B., Liu, R., Muhammad, A., Saleem,  A., 
Haddad,  P. S., Cuerrier, A., Foster, B. C., & Arnason, J. T. 
(2015). Phytochemical Comparison of the Water and Ethanol 
Leaf Extracts of the Cree medicinal  plant,  Sarracenia 
purpurea L. (Sarraceniaceae). Journal of Pharmacy & Pharmaceutical 
Sciences, 18(4), 484-493. https://doi.org/10.18433/j35w27

Cortés-Rojas, D. F., de Souza, C. R. F., & Oliveira, W. P. (2014). Clove 
(Syzygium aromaticum): a precious spice. Asian Pacific Journal of 
Tropical Biomedicine, 4(2), 90-96. https://doi.org/10.1016/S2221-
1691(14)60215-X

Demir, T., Akpınar, Ö., Kara, H., & Güngör, H. (2022). Phenolic profile 
and investigation of biological activities of Allium scorodoprasum 
L. subsp. rotundum.  Food Bioscience,  46, 101548. https://doi.
org/10.1016/j.fbio.2022.101548

Deveci, E., Tel‐Çayan, G., Duru, M. E., & Öztürk, M. (2019). Phytochemical 
Contents, antioxidant effects, and inhibitory activities of key 
enzymes associated with Alzheimer’s disease, ulcer, and skin 
disorders of Sideritis Albiflora and Sideritis Leptoclada. Journal of 
Food Biochemistry, 43(12), 13078. https://doi.org/10.1111/jfbc.13078

Feng, R., Lu, Y., Bowman, L. L., Qian, Y., Castranova, V., & Ding, M. (2005). 
Inhibition of activator protein-1, NF-kappaB, and MAPKs and induction 
of phase 2 detoxifying enzyme activity by chlorogenic acid. Journal of 
Biological Chemistry, 280(30), 27888-27895. https://doi.org/10.1074/
jbc.M503347200

Gautam, R., Bassi, A. S., Yanful, E. K., & Cullen, E. (2007). Biodegradation 
of automotive waste polyester polyurethane foam using 
Pseudomonas chlororaphis ATCC55729. International Biodeterioration 
& Biodegradation,  60(4), 245-249. https://doi.org/10.1016/j.
ibiod.2007.03.009

Hegde, M. V., Patil, S., & Bhalerao, S. (2008). A philosophy for integration of 
ayurveda with modern medicine: A biochemist’s perspective. Current 
Science, 95(6), 721-722.

Hoareau, L., & DaSilva, E. J. (1999). Medicinal plants: a re-emerging health 
aid. Electronic Journal of Biotechnology, 2(2), 3-4.

Hosu, A., Cristea, V.-M., Cimpoiu, C. (2014). Analysis of Total Phenolic, 
Flavonoids, Anthocyanins and Tannins Content in Romanian Red 
Wines: Prediction of Antioxidant Activities and Classification of Wines 
Using Artificial Neural Networks. Food Chemistry, 150, 113-118. 
https://doi.org/10.1016/j.foodchem.2013.10.153

Jayaprakasam, R., & Ravi, T. K. (2012). Evaluation of anti-arthritic activity 
of the root extract of Acalypha indica Linn. Using in vitro techniques. 
International Journal of Phytopharmacy, 2(6), 169-173.

Kamto, E. L. D., Zingue, S., Grein, T., Kamdem, B. P., Maxeiner, S., 
Rutz, J., Mbing, J. N., Pegnyemb, D. E., Njamen, D., Blaheta, R. A., 
& Leitão, G. G. (2023). Two Phenolic compounds (Biscoumarin and 
Biflavonoid) from Ormocarpum kirkii S. Moore (Fabaceae) exhibit 
anticancer properties against human prostate cancer cells. Journal 
of Herbal Medicine,  42, 100811. https://doi.org/10.1016/j.
hermed.2023.100811

Kanimozhi, S., Durga, R., Sabithasree, M., Kumar, A. V., Sofiavizhimalar, A., 
Kadam, A. A., Rajagopal, R., Sathya, R., & Azelee, N. I. W. (2022). 
Biogenic synthesis of silver nanoparticle using Cissus quadrangularis 
extract and its in vitro study.  Journal of King Saud University-
Science, 34(4), 101930. https://doi.org/10.1016/j.jksus.2022.101930

Konstantinou, E. K., Panagiotopoulos, A. A., Argyri, K., Panoutsopoulos, G. I., 
Dimitriou, M., & Gioxari, A. (2024). Molecular pathways of rosmarinic 
acid anticancer activity in triple-negative breast cancer cells: 
A  literature review.  Nutrients,  16(1), 2. https://doi.org/10.3390/
nu16010002

Lapornik, B., Prosek, M., & Wondra, A. G. (2005). Comparison of extracts 
prepared from plant by-products using different solvents and 
extraction time. Journal of Food Engineering, 71(2), 214-222. https://
doi.org/10.1016/j.jfoodeng.2004.10.036

Lee, K.-M., Kang, H.-S., Yun, C.-H., & Kwak, H.-S. (2012). Potential in vitro 
protective effect of quercetin, catechin, caffeic acid and phytic 
acid against ethanol-induced oxidative stress in SK-Hep-1  cells. 
Biomolecules & Therapeutics, 20(5), 492-498. https://doi.org/10.4062/
biomolther.2012.20.5.492

Liu, G., Zhu, W., Li, S., Zhou, W., Zhang, H., Wang, J., Liu, X., 
Zhang, J., Liang,  L., & Xu, X. (2022). Antioxidant capacity and 
interaction of endogenous phenolic compounds from tea seed 
oil.  Food Chemistry,  376, 131940. https://doi.org/10.1016/j.
foodchem.2021.131940

Luo, C., Zou, L., Sun, H., Peng, J., Gao, C., Bao, L., Ji, R., Jin, Y., & Sun, S. 
(2020). A review of the anti-inflammatory effects of rosmarinic acid 
on inflammatory diseases. Frontiers in Pharmacology, 11, 153. https://
doi.org/10.3389/fphar.2020.00153

Maheshwari, N., & Sharma, M. C. (2023). Anticancer properties of some 
selected plant phenolic compounds: Future leads for therapeutic 
development. Journal of Herbal Medicine, 42, 100801. https://doi.
org/10.1016/j.hermed.2023.100801

Marsoul, A., Ijjaali, M., Elhajjaji, F., Taleb, M., Salim, R., & Boukir, A. (2020). 
Phytochemical screening, total phenolic and flavonoid methanolic 
extract of pomegranate bark (Punica granatum L): Evaluation 
of the inhibitory effect in acidic medium 1 M HCl. Materials 
Today: Proceedings, 27, 3193-3198. https://doi.org/10.1016/j.
matpr.2020.04.202

Min, J., Shen, H., Xi, W., Wang, Q., Yin, L., Zhang, Y., Yu, Y., Yang, Q., & 
Wang, Z. N. (2018). Synergistic Anticancer Activity of Combined Use 
of Caffeic Acid with Paclitaxel Enhances Apoptosis of Non-Small-Cell 
Lung Cancer H1299 Cells in vivo and in vitro. Cellular Physiology and 
Biochemistry, 48(4), 1433-1442. https://doi.org/10.1159/000492253

Muhammad, H., Qasim, M., Ikram, A., Versiani, M. A., Tahiri, I. A., 



Benarba et al.

J Phytol  •  2024  •  Vol 16	 	 225 

Yasmeen, K., Abbasi, M. W., Azeem, M., Ali, S. T., & Gul, B. (2020). 
Antioxidant and antimicrobial activities of Ixora coccinea root 
and quantification of phenolic compounds using HPLC.  South 
African Journal of Botany,  135, 71-79. https://doi.org/10.1016/j.
sajb.2020.08.012

Nejjari, R., Benabbes, M., Amrani, M., Meddah, B., Bouatia, M., & Taoufik, J. 
(2019). Phytochemical screening and wound healing activity of 
Telephium imperati (L.) in rats. South African Journal of Botany, 123, 
147-151. https://doi.org/10.1016/j.sajb.2019.03.023

Nile, S. H., Ko, E. Y., Kim, D. H., & Keum, Y.-S. (2016). Screening of ferulic 
acid related compounds as inhibitors of xanthine oxidase and 
cyclooxygenase-2 with anti-inflammatory activity. Revista Brasileira de 
Farmacognosia, 26(1), 50-55. https://doi.org/10.1016/j.bjp.2015.08.013

Oyaizu, M. (1986). Studies on products of browning reaction: Antioxidative 
activities of products of browning reaction prepared from 
Glucosamine. The Japanese Journal of Nutrition and Dietetics, 44(6), 
307-315. https://doi.org/10.5264/eiyogakuzashi.44.307

Oyedapo, O. O., & Famurewa, A. J. (1995). Antiprotease and membrane 
stabilizing activities of extracts of Fagara zanthoxyloides, 
Olax subscorpioides and Tetrapleura tetraptera. International 
Journa l  o f  Pharmacognosy,  33 (1 ) ,  65-69.  ht tps: / /do i .
org/10.3109/13880209509088150

Rahman, H., Eswaraiah, M. C., & Dutta, A. M. (2015). In-vitro anti-
inflammatory and anti-arthritic activity of Oryza Sativa Var. joha rice 
(an aromatic indigenous rice of Assam). American-Eurasian Journal 
of Agricultural & Environmental Sciences, 15(1), 115-121.

Rahman, T., Hosen, I., Islam, M. M. T., & Shekhar, H. U. (2012). Oxidative 
stress and human health. Advances in Bioscience and Biotechnology, 
3, 997-1019. https://doi.org/10.4236/abb.2012.327123

Rios, J. L., & Recio, M. C. (2005). Medicinal plants and antimicrobial 
activity. Journal of Ethnopharmacology, 100(1-2), 80-84. https://doi.
org/10.1016/j.jep.2005.04.025

Ruch, R. J., Cheng, S., & Klaunig, J. E. (1989). Prevention of cytotoxicity 
and inhibition of intercellular communication by antioxidant catechins 
isolated from chinese green tea. Carcinogenesis, 10(6), 1003-1008. 
https://doi.org/10.1093/carcin/10.6.1003

Sakat, S., Juvekar, A. R., & Gambhire, M. N. (2010). In vitro antioxidant and 
anti-inflammatory activity of methanol extract of Oxalis corniculata 
Linn. International Journal of Pharmacy and Pharmaceutical Sciences, 
2(1), 146-155.

Sangeetha, G., & Vidhya, R. (2016). In vitro anti-inflammatory activity of 
different parts of Pedalium Murex (L.). International Journal of Herbal 
Medicine, 4(3), 31-36.

Shan, B., Cai, Y. Z., Sun, M., & Corke, H. (2005). Antioxidant capacity of 26 
spice extracts and characterization of their phenolic constituents. 
Journal of Agricultural and Food Chemistry, 53(20), 7749-7759. https://
doi.org/10.1021/jf051513y

Shinde, U. A., Kulkarni, K. R., Phadke, A. S., Nair, A. M., Mungantiwar, A. A., 
Dikshit, V. J., & Saraf, M. N. (1999). Mast cell stabilizing and 
lipoxygenase inhibitory activity of Cedrus deodara (Roxb.) Loud. wood 
oil. Indian Journal of Experimental Biology, 37(3), 258-261.

Silva, L. R., Rodrigues, S., Kumar, N., Goel, N., Singh, K., & Gonçalves, A. C. 
(2024). Development of phenolic acids-based system as anticancer 
drugs. In Advancement of Phenolic Acids in Drug Discovery (pp. 255-
294) New York, US: Academic Press. https://doi.org/10.1016/B978-
0-443-18538-0.00006-8

Singh, P., Grewal, A. S., Pandita, D., & Lather, V. (2018). Synthesis and 
evaluation of a series of caffeic acid derivatives as anticancer 
agents. Future Journal of Pharmaceutical Sciences, 4(2), 124-130. 
https://doi.org/10.1016/j.fjps.2017.11.002

Sioud, F., Ben Toumia, I., Lahmer, A., Khlifi, R., Dhaouefi, Z., Maatouk, M., 

Ghedira, K., & Chekir-Ghedira, L. (2020). Methanolic extract of Ephedra 
alata ameliorates cisplatin-induced nephrotoxicity and hepatotoxicity 
through reducing oxidative stress and genotoxicity. Environmental 
Science and Pollution Research, 27, 12792-12801. https://doi.
org/10.1007/s11356-020-07904-3

Sofowora, A. (1993). Medicinal plants and traditional medicinal in Africa. 
(2nd ed.). Ibadan, Nigeria: Sunshine House.

Spigno, G., Trarnelli, L., & De Faveri, D. M. (2007). Effects of extraction time, 
temperature and solvent on concentration and antioxidant activity of 
grape marc phenolics. Journal of Food Engineering, 81(1), 200-208. 
https://doi.org/10.1016/j.jfoodeng.2006.10.021

Srivastava, A. K., Singh, D., & Singh, R. K. (2023). Drug-delivery systems of 
phytochemicals as therapeutic strategies in cancer therapy New York, 
US: Academic Press. https://doi.org/10.1016/C2022-0-02292-3

Sunmathi, D., Sivakumar, R., & Ravikumar, K. (2016). In vitro Anti-
inflammatory and antiarthritic activity of ethanolic leaf extract 
of Alternanthera sessilis (L.) R. BR. Ex DC and Alternanthera 
philoxeroides (Mart.) Griseb. International Journal of Advances in 
Pharmacy, Biology and Chemistry, 5(2), 109-115.

Sweed, N. M., Dawoud, M. H. S., Aborehab, N. M., & Ezzat, S. M. (2024). 
An approach for an enhanced anticancer activity of ferulic acid-
loaded polymeric micelles via MicroRNA-221 mediated activation 
of TP53INP1 in caco-2 cell line. Scientific Reports, 14, 2073. https://
doi.org/10.1038/s41598-024-52143-y

Tavallali, V., Rahmati, S., Bahmanzadegan, A., & Lasibi, M. J. M. (2024). 
Phenolic profile and evaluation of antimicrobial and anticancer 
activities of Calendula officinalis L. using exogenous polyamines 
application. Industrial Crops and Products, 214, 118571. https://doi.
org/10.1016/j.indcrop.2024.118571

Trease, G. E., & Evans, W. C. (2002). Pharmacognosy. (15th ed.). London: 
UK: Saunders Publishers.

Tutun, H., & Yipel, M. (2024). Phenolic acids as potent antioxidant agents. 
In N. Kumar, N. Goel & J. S. Gandara (Eds.), Advancement of Phenolic 
Acids in Drug Discovery (pp. 145-175). Academic Press.

Ullah, M. F., & Khan, M. W. (2008). Food as medicine: potential therapeutic 
tendencies of plant derived polyphenolic compounds. Asian Pacific 
Journal of Cancer Prevention, 9(2), 187-195.

Wangchuk, P., Keller, P. A., Pyne, S. G., Taweechotipatr, M., Tonsomboon, A., 
Rattanajak, R., & Kamchonwongpaisan, S. (2011). Evaluation of an 
ethnopharmacologically selected Bhutanese medicinal plants for their 
major classes of phytochemicals and biological activities. Journal 
of Ethnopharmacology,  137(1), 730-742. https://doi.org/10.1016/j.
jep.2011.06.032

Wojdyło, A., Oszmiański, J., & Czemerys, R. (2007). Antioxidant activity and 
phenolic compounds in 32 selected herbs. Food Chemistry, 105(3), 
940-949. https://doi.org/10.1016/j.foodchem.2007.04.038

Yadav, R. N. S. & Agarwala, M. (2011). Phytochemical analysis of some 
medicinal plants. Journal of Phytology, 3(12), 10-14.

Yang, B., Fu, X., Sidiropoulos, N. D., & Hong, M. (2017). Towards 
k-means-friendly spaces: Simultaneous deep learning and clustering. 
Sydney, Australia: Proceedings of the 34th International Conference 
on Machine Learning.

Yang, W. S., Jeong, D., Yi, Y.-S., Park, J. G., Seo, H., Moh, S. H., Hong, S., 
& Cho, J. Y. (2013). IRAK1/4-targeted anti-inflammatory action of 
caffeic acid. Mediators of Inflammation, 2013, 518183. https://doi.
org/10.1155/2013/518183

Yen, G.-C., Chen, C.-S., Chang, W.-T., Wu, M.-F., Cheng, F.-T., Shiau, D.-K., 
& Hsu, C.-L. (2018). Antioxidant activity and anticancer effect of 
ethanolic and aqueous extracts of the roots of Ficus beecheyana and 
their phenolic components. Journal of Food and Drug Analysis, 26(1), 
182-192. https://doi.org/10.1016/j.jfda.2017.02.002


