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Introduction 

Earlier, thousands of years ago, people recognized the essential 

role of plants in various aspects of human life, mainly for 

nutrition and disease treatment. 80 % of the population uses 

medicinal plants for ailment management (1). The therapeutic 

potential of medicinal plants gave rise to the current medications 

made from pharmacologically active molecules isolated from these 

plants and used directly or after certain modifications to suit human 

use (2). Amaranthus viridis L. (family Amaranthaceae) is among the 

plants with multiple traditional uses for labor pain, venereal 

diseases, eye and respiratory problems and others (3). This herb 

gained attention as it is a rich source of amino acids and is used as a 

pseudocereal for individuals with grain allergies (4).  

 Extraction is the initial step for isolating and purifying 

bioactive compounds from their natural sources (5). This step is 

crucial in natural product research and ongoing efforts have been 

made to enhance extraction efficacy while simultaneously 

reducing the extraction time and cost (6).  

 Extraction is accomplished using traditional conventional 

methods and modern extraction techniques. Traditional methods 

such as maceration, digestion, infusion, decoction and Soxhlet. 

These extraction methods are simple but have drawbacks, 

including prolonged operational times, the need for large volumes 

of solvents and the degradation of heat-sensitive bioactive 

compounds in hot techniques. Modern methods represent the 

optimized solution for these problems (7). Modern extraction 

methods include supercritical fluid extraction, microwave-assisted 

extraction, ultrasonic-assisted extraction and pressurized liquid 

extraction. These methods save time and solvents and enhance 

extraction yield (8). UAE is a green extraction technique that causes 

cell membrane rupture and the diffusion of the cell contents into 

the surrounding medium. When US waves propagate through any 

media it creates a series of compression and expansion in the 

molecules of media such alternate pressure changes cause the 

formation growth and implosion of the air bubbles in the liquid 

media, that implosion is a violent collapse generate extremely high 

pressure and temperature at the surface of the cell membrane of 

plant matrix. As a result, cell thinning and distribution of the 

membrane create micro channels in the membrane; therefore, 

intracellular content becomes more available to solvent and 

solvent penetrates more easily through the microchannel toward 

target compounds, thus enhancing mass transfer and enhancing 

yield (9). The schematic illustration of the ultrasonic-assisted 

extraction mechanism is shown on Fig. 1.  
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Abstract  

Amaranthus viridis L. belongs to the Amaranthaceae family. It is a rich source of numerous phytochemicals and amino acids. The objective 

of this work was to optimize Ultrasound-Assisted Extraction (UAE) based on the extraction yield and Thin-Layer Chromatography (TLC) 
profile under different conditions, to compare the optimized UAE to the Soxhlet extraction method and evaluate the cytotoxic effects of 

the ethyl acetate fraction of the 80 % ethanolic extract on the SKGT-4 (human esophageal adenocarcinoma), AGS (human gastric 

adenocarcinoma) and A431 (human epidermoid carcinoma). A one-factor at a time experiment was carefully designed to assess the 

influence of the following factors on the extraction: time, frequency, solid-to-solvent ratio and aqueous ethanol concentration. Soxhlet 
extraction using 80 % aqueous ethanol was done for defatted plant material, then fractionation using chloroform, ethyl acetate and n-

butanol. Cytotoxicity of ethyl acetate fraction was evaluated using the MTT assay on AGS, A431 and SKGT-4 cell lines. The results indicated 

that in the UAE, the solid-to-solvent ratio has the most significant effect on yield. Soxhlet extraction proved to be more efficient than UAE 

in terms of TLC profiles. The cytotoxicity of the ethyl acetate fraction exhibited cytotoxic activity against the tested cell lines in a 
concentration-dependent manner. Thus, selecting a particular extraction method depends on the target compounds. Soxhlet is preferred 

for gaining certain compounds that require heat for their extraction. The ethyl acetate fraction showed a cytotoxic effect on various cell 

lines related to cell components and their interactions with phytochemicals present in this fraction.    
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 Globally, cancer is responsible for one out of six deaths 

and it is the second leading cause of mortality (10). Esophageal 

and gastric cancer are the most common cancers in Asia (11). 

Skin cancer also affects millions of people annually. Despite 

surgical intervention being the standard option for cancer 

management, there is an increasing demand for new 

antineoplastics, particularly those derived from nature.  Herbs 

and medicinal plants were tried and could be considered an 

option for the management of GIT cancer, including gastric and 

esophageal cancer, besides skin cancer (10,12). In Iraq, these 

cancers are of particular concern. The selected cell lines 

represent models for these tumors, aiding in demonstrating the 

effect of the same extract components on cancers of different 

origins. The primary purpose of the current research was to use 

one factor at a time experiment in UAE to evaluate various 

factors' influence, including extraction time, frequency, solvent 

concentration and solid-to-solvent ratio on extraction yield, 

compare it to the Soxhlet extraction method and to evaluate the 

cytotoxic effect of ethyl acetate fraction on SKGT-4, AGS and 

A431 cell lines. 

 

Materials and Methods 

Gathering and authentication of herbal plant material  

Fresh aerial parts of the Amaranthus viridis plant were gathered 

from Baghdad during the spring of 2023. Assistant Professor Dr. 

Sukaena Abass verified the plant at the herbarium of the College 

of Science, University of Baghdad. The plant was gently washed 

with water, allowed to dry in the shade for three weeks and then 

ground to a fine powder using an electric mill. 

Extraction by UAE 

Before performing UAE, the powdered plant materials (10 g 

each) were defatted with 75 mL of hexane using the Soxhlet 

apparatus until exhaustion. The temperature was set at 35 °C. 

This procedure was repeated several times to get the required 

defatted portions of plant materials; then, the defatted samples 

were subjected to UAE using a prob ultrasonic device (QSONICA 

sonicators). The extraction was performed at room temperature.  

Experimental design using one factor at a time experiment 

 A one-factor-at-a-time experiment was meticulously designed to 

evaluate the influence of each factor. The defatted sample (10 g) 

and a specified amount of solvent (aqueous ethanol) were placed 

in a 250 mL beaker. Four factors were evaluated: time, frequency, 

solid-to-solvent ratio and concentration of the aqueous ethanol. 

 Three selected factors remain constant during the extraction, 

while one factor undergoes alteration. The comprehensive 

conditions for each run were as listed in Table 1. The prob runs in 

pulse mode. The pulse duration was 20 sec, while the pulse interval 

was 10 sec during the cycle time. After each extraction run, the 

extract was filtered and dried. The extraction yield was determined. 

Extraction yield and TLC were used as an index for extraction 

efficiency (13). In TLC, a mobile phase composed of toluene, ethyl 

acetate and formic acid (12:5:3) was used (14). Extraction was 

performed again using the optimized parameters (Table 2) and the 

extraction yield was determined and compared to the Soxhlet 

method.  

Statistical analysis 

The results (extraction yields) were analyzed using SPSS and 

Graph Prism 8. The statistical method includes multiple linear 

regression. Level of significance α = 0.05.  

Extraction by a conventional Soxhlet extractor  

About 10 g of the desired plant was packed in a thimble and 

defatted with 75 mL of n-hexane at 35 °C until exhaustion. The 

hexane filtrate was concentrated for further analysis. The defatted 

mark was dried and then repacked in a new thimble. Extraction 

was performed at 50 °C using 80 % aqueous ethanol (75 mL) till 

exhaustion. The extract was then filtered and dried to obtain the 

desired dry extract. The extraction yield was determined; TLC was 

done to compare the phytochemical profile for dry extracts 

obtained from both extraction methods using a mobile phase 

composed of toluene: ethyl acetate and formic acid in proportions 

of (12:5:3). Based on the TLC result, Soxhlet method was done on a 

large scale using 200 g of plant material. The extract obtained by 

this method was subjected to fractionation (14) where it was 

reconstituted in distilled water (250 mL) with continuous stirring in 

a water bath until partial solubilization. A reconstituted extract was 

 

Fig. 1. The schematic illustration of the ultrasonic-assisted extraction mechanism.  
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partitioned individually and sequentially with chloroform, ethyl 

acetate and finally n-butanol (250 mL) four times for each solvent, 

excluding n-butanol. All remaining fractions were dried with 

anhydrous sodium sulfate and filtered. A rotary evaporator was 

used to achieve complete dryness of the fractions. The ethyl 

acetate fraction was subjected to preliminary analysis using 

chemical tests for flavonoids, phenolic acids, cardioactive 

glycosides and terpenoids (1,15). This fraction was chosen to 

evaluate its cytotoxic effect. 

Determination of the cytotoxic effect of ethyl acetate 

fraction against SKGT-4, AGS and A431 cell lines  

 SKGT-4 

The esophageal carcinoma cell line was established in 1989 from 

a primary tumor from an 89-year-old Caucasian male who had 

dysphagia secondary to a well-differentiated adenocarcinoma 

arising in the Barrett epithelium of the distal esophagus (16). 

AGS cell line 

This cell was obtained from the stomach tissue of a white female 

patient (54 years) having gastric adenocarcinoma (17).  

A431 cell line 

This cell was isolated from the skin tissue of an 85-year-old 

female having epidermoid carcinoma by the research team 

supervised by D. bJ. Giard (18).  

 The in vitro experiments involving these cell lines were 

conducted following the institutional ethical protocols. Cell lines 

were authenticated and all procedures adhered to relevant 

biosafety and ethical guidelines for cell culture research. 

Maintenance of cell cultures 

The SKGT-4 cell line was cultured in minimum essential media 

MEM (US Biological, USA) supplemented with 10 % (v/v) Fetal 

Bovine Serum (FBS), penicillin (100 IU) and streptomycin (100 IU). 

Incubation of the cells was optimized in a humidified atmosphere 

at 37 °C. Exponentially growing cells were employed to accomplish 

the experiment (19). The same procedure was applied to the other 

cell lines used in the study. 

MTT procedure 

A 96-well microplate was used to seed SKGT-4 cells at a density of 

10000 cells and incubated for 72 hr at 37 °C until the development 

of a monolayer confluence. The 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay was used to estimate 

cytotoxicity. The cells were exposed to serial concentrations of 

ethyl acetate fraction (31.2, 62.5, 125, 250, 500, 1000 µg/mL). 

  After 72 hr of incubation in each well, 28 µL (2 mg/mL) of 

MTT dye solution was added. The incubation continued for 

an additional 3 hr. 100 µL of dimethyl sulfoxide (DMSO) was 

added to each well and incubated for 15 min. A microplate 

reader measured the optical density at 492 nm (20). Cytotoxicity 

% was calculated using the following equation (21). 

    Cytotoxicity % = (OD control - OD sample)/OD control × 100 

 OD control is the mean optical density of untreated wells 

and OD sample is the optical density of treated wells.   

Statistical analysis    

The collected data were statistically examined using GraphPad 

Prism 8, one-way ANOVA and multiple comparison Tukey's test 

with a level of significance α = 0.05. The values were expressed as 

the triple measurements' mean ± standard deviation.  

 

Results 

Extraction by UAE and Soxhlet 

Phytochemicals are extracted from plant raw materials via two 

popular methods: UAE and Soxhlet extraction. In the UAE, the 

optimized extraction factors were determined and summarized 

(Table 2) based on extraction yields (grams of the extracts) (Fig. 2) 

and the colour intensity and number of separated spots in TLC 

chromatograms of various extracts obtained according to the 

examined variables (Fig. 3). 

 Frequency and percent ethanol concentration showed a 

nonsignificant effect on the extraction yield as specified by p-

values of 0.665, 0.162 for both factors, respectively. Meanwhile, 

solid-to-solvent ratio has a highly significant effect (p-value 

0.0037 and time also shows a significant effect (p-value 0.0416) 

(Fig. 4). Upon optimizing the extraction factors, the percentage 

yield was 18.2 %. In Soxhlet extraction, the percentage yield of 

the crude hydroalcoholic extract was 19.11 %. Soxhlet and UAE 

have comparable yields, but better TLC chromatograms for the 

Soxhlet extraction method. In Fig. 5, a characteristic blue 

Condition I Condition II 

Fixed variables Changed variable Fixed variables Changed variable 

Time (15 min) Solid to solvent ratio 
 1:5 

 1:7.5 
 1:10 

Solid to solvent ratio 1:7.5 Frequency (kHz) 
40 
50 
60 

Frequency (50 kHz) Time (15 min) 

 % ethanol concentration (80 %)  % ethanol concentration (80 %) 

Condition III Condition IV 

Fixed variables Changed variable Fixed variables Changed variables 

Solid to solvent ratio 1:7.5  % Ethanol concentration 
70 % 
80 % 
90 % 

Solid to solvent ratio 1:7.5 Time (min) 
10 
15 
20 
25 

Frequency (50 kHz) Frequency (50 kHz) 

Time (15 min)  % Ethanol concentration (80 %) 

Table 1. Fixed and changed factors (variables) used in a one-factor experiment at a time in the four selected conditions 

Table 2. Optimized extraction factors were achieved in UAE 

Optimized ultrasonic-assisted extraction factors 

Solid-to-solvent ratio Frequency  % ethanol concentration Extraction time 

1:10 60 kHz 90 % 25 min 
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Fig. 2. Effect of four factors on crude extract weights using a one-factor experiment at a time. 

 A: Solid-to-solvent ratio; B: Frequency; C:  % ethanol concentration; D: Extraction time 
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 Fig. 3. Comparative TLC chromatograms for extracts obtained from a one-factor experiment at a time.  

(1:5,1:7.5, 1:10 denote solid-to-solvent ratio), (40,50,60 denotes frequency in kHz), (70 %, 80 % and 90 % denote % ethanol concentration), 
10,15,20,25 min denotes extraction time.  A, B, C and D: evaluated at daylight, under UV light 254nm and 336 nm, after spraying with 5 % KOH, 

respectively 
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Fig. 4. Actual yield versus predicted yield using multiple linear regression. 

Fig. 5.  Comparative TLC chromatogram of extracts obtained from Soxhlet extraction [1] and optimized ultrasonic-assisted extraction [2].  

A– Evaluated at daylight; B- Under UV light 254nm; C– Under UV light 336 nm; D– After spraying with 5 % alcoholic KOH 



NOOR & ENAS  6     

https://plantsciencetoday.online 

fluorescence spot was observed only in the extract obtained 

from Soxhlet extraction (Rf value of 0.44), which left for further 

investigation. Thus, Soxhlet was more efficient and accordingly, 

large-scale extraction and fractionation were performed. The 

phytochemical analysis was done for each fraction. In the ethyl 

acetate fraction, the presence of flavonoids, phenolic acids, 

terpenoids and cardioactive glycosides was specified (22).  

The cytotoxic effect of the ethyl acetate fraction  

The cytotoxic potential of the ethyl acetate  fraction of the 

Amaranthus viridis aerial parts 80 % ethanolic extract 

demonstrated cytotoxic activity against SKGT-4, AGS and A431 

following concentration-dependent patterns with IC50 values of 

170.1, 119.8 and 122.7 µg/mL, respectively. 

 After 72 hr, an increase in cytotoxic potential was 

observed. In SKGT-4, the percentage of cell cytotoxic effect 

increased from 18.6 % to 77.16 % when the concentration was 

raised from 31.2 µg/mL to 1000 µg/mL. In the AGS cell line, the 

percentage cytotoxic effect rose from 9.3 % to 65.55 % when the 

concentration was scaled up from 31.2 µg/mL to 1000 µg/mL. 

 In A431, a maximum cytotoxic effect of 74.44 % was 

shown when the concentration was 1000 µg/ml, while a weak 

cytotoxic action of 9.09 % was observed when the concentration 

was 31.2 µg/ml (Fig. 6).  

 Morphological alterations reflect malignant cells' 

sensitivity to cytotoxic therapy. Cancerous cell structural changes, 

viability and behavior are influenced by anticancer agent-specific 

mechanisms of action and microenvironment within the cancer 

cells. The morphological changes associated with the cytotoxic 

effect are verified in Fig. 7.  

 Fig. 6. Ethyl acetate fraction mediated cytotoxicity and IC50 values in selected cancer cell lines. (A, C and E): Cytotoxic percentage of ethyl 
acetate fraction on SKGT-4, AGS and A431 cells; (B, D and F) IC50 values of ethyl acetate fraction on the SKGT-4, AGS and A431  cell lines 
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Discussion 

UAE is an advanced non-conventional extraction that reduces 

the solvent and time required for extraction (9). Based on the 

results in Table 2, the optimum solid-to-solvent ratio was 1:10. 

Usually, as solvent volume increases, extraction efficiency 

increases through dissolution process enhancement. Insufficient 

solvent volume prevents components from the plant matrix 

from being effectively transferred to the solvent at low solvent-to

-solid ratios (23). The solution's high viscosity at a low solvent-to-

solid ratio makes the cavitation effect more challenging (24). 

Increasing the solvent-to-solid proportion decreases the density 

of the blended mixture, reducing the attenuation of ultrasonic 

power and propagation of ultrasonic waves. This aids in the 

transfer of influential energy while improving the cavitation 

effect, thus increasing the extraction efficiency and yield (25). As 

part of the ultrasonic waves is released in the form of heat, 

solvent loss by evaporation can disrupt the solid-to-solvent ratio 

and hence, solubilization is reduced; this is most noticeable 

when the ratio is small. This explains why a solvent-solid ratio 

had the most noticeable effect (26).  

 Optimized extraction time is a crucial parameter as it saves 

time and power. The extraction was executed at different 

sonication times (10, 15, 20 and 25 min); the highest yield was 

achieved at 25 min. During extraction, the solute is in contact with 

the extraction solvent, so increasing the extraction time will 

improve the extraction for a specific time range. Sonication 

B 

C 

Fig. 7. Morphological changes in the tested cell lines pre– and post– treatment with ethyl acetate fraction. A: SKGT-4, B: AGS and C: A431 cell 
lines 

A 
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extraction comprises two phases; the washing phase is carried out 

during the first 20 min and accounts for 90 % of the extraction. The 

second phase is slow extraction, taking about 60 min (27). Thus, 

the optimal time should be determined; beyond this time, the 

extraction yield will reach a plateau or may decrease. The longer 

the extraction time, the higher the probability of solvent loss by 

evaporation, which reduces the solvent-to-solid ratio and thus 

adversely affects yield (28). Prolonged extraction time also 

triggered the destruction and oxidation of phytoconstituents (27). 

 The selected frequencies were 40,50 and 60 kHz, considered 

low frequencies that are not proposed to affect the extracted 

compounds' integrity (29). Cavitation is primarily affected by 

the frequency (30). For efficient extraction, mechanical force and 

strong shear generated by low-frequency, high-intensity ultrasound 

are required; meanwhile, high-frequency, low-power density 

produces many reactive radicals that are ultimately terminated by 

phytochemical degradation. A previous study demonstrated 

increased anthocyanin levels with growing frequency, achieving a 

maximum level of 62-64 kHz (31). Researchers commonly operate a 

prob device in a range between 20 and 60 kHz to extract bioactive 

compounds from natural sources (32). Based on the extraction yield, 

non-significant differences were observed among the tested 

frequencies. Nevertheless, higher numbers and distinguishable 

spots were obtained at 60 kHz; therefore, this frequency was 

chosen.    

 In Fig. 4, there is a statistically insignificant increase in the 

extraction yield with increasing percent ethanol concentration. 

Ethanol is the most widely used solvent in the UAE.  Aqueous ethanol 

enhances the extraction of methoxylated and hydroxylated 

compounds, affecting extract yield and quality. Cellular material 

swelling and increased plant matrix permeability are triggered by 

water incorporation, thus enhancing the extraction (32, 33). 

 As a result, setting optimized UAE parameters is essential 
as it enhances extraction efficiency, maintains the integrity of the 

phytochemicals and improves the extract quality while achieving a 

reduction in the environmental impact and resources used (34).   

 Soxhlet is a traditional extraction process that consumes 
time and solvent and needs specialized glassware (35). Here, 

Soxhlet was more efficient than UAE based on the TLC profile. 

Certain constituents were present in the Soxhlet but not in the UAE 

extract. This can be explained by the fact that these constituents 

might require heat during their extraction to improve their 

solubility in the extracting solvent (36,37). Also, in the UAE 

compound’s integrity might be compromised (structural changes, 

thermal degradation and free radical formation) due to the high 

frequency used in the extraction process (38).  

 The cytotoxic tendency of ethyl acetate was evaluated 
against SKGT-4, AGS and A431. This fraction demonstrates an IC50 

in the 119-170 μg/mL range on the examined cell lines.  The 

cytotoxic effects of plant extracts depend on several factors, 

including the extract's contents, the evaluated concentrations, 

duration and specific inhibition mechanisms. Also, the cytotoxic 

effect of the same extract varies across different cell lines (39). On 

SKGT-4, the examined fraction showed the highest IC50 among the 

other cell lines, meanwhile demonstrating the lowest IC50 on the 

AGS cell line; thus, it exerts a more potent cytotoxic action on this 

cell line. Consequently, a less concentration is required to inhibit 

AGS cell proliferation.     

 The variation in cytotoxic effects among cell lines is likely 

due to differences in cellular targets and constituent sensitivity, 

triggering different interactions of ethyl acetate fraction 

constituents with malignant cell contents. According to 

preliminary phytochemical investigations, phenolics (flavonoids 

and phenolic acids), terpenoids and cardioactive glycosides were 

recognized in the ethyl acetate fraction and the cytotoxic effect is 

correlated with the existence of these compounds. Phenolics have 

cytotoxic potential on these cell lines through diverse 

mechanisms; In SKGT-4, extract containing phenolic compounds 

enhances cell death through mitochondrial release of cytochrome 

C and triggers a variety of caspases, such as caspase 9, 8 and 3, 

simultaneously mitigating the expression of BCL-2 and BclXL (40). 

In AGS, the phenolics triggered programmed cell death by 

modifying BAX and Bcl-2 gene expression (increased BAX/BCL-2 

ratio inducing apoptosis in cancer cells) (41). In A431 cells, the 

cytotoxic effect of phenolics was observed through modifying the 

level of the expression of certain proteins: ERK, p38 and JNK (c-Jun 

NH2-terminal kinase) through stimulatory changes in MAPK 

(Mitogen-Activated Protein Kinase) signaling pathway (42). For 

cardioactive glycosides, cytotoxic effects can be clarified by cell 

cycle arrest at G2/M phase and enhancement of apoptosis (43). 

Inhibition of topoisomerase I, P53 and HIF-1 alpha synthesis, in 

addition to increased ROS production and calcium intake, are 

among the mechanisms associated with the cytotoxic potential of 

cardioactive glycosides (44). For terpenoids, the cytotoxic effect 

against A431 is produced by cell cycle arrest at G0/G1 phase, 

modifying molecular targets, which are involved in tumor initiation 

and progression; tubulin in the initiation stage and HYAL, ODC in 

the progressive stages (45). Certain terpenoids trigger autophagy 

in the SKGT-4 cell (46). 

 Flavonoids, phenolic acids and other types of phenolic 

compounds induce cytotoxic actions on cancerous cells; however, 

not all phenolics exhibit the same action, i.e., selectivity toward 

cancer cells. Differences in the chemical structure of phenolics are 

another factor affecting cancer cell sensitivity to these compounds. 

The number and position of hydroxyl groups, the aromatic ring 

and the unsaturated chain are key structural features required for 

phenolic compounds to have a cytotoxic effect. 

  Malignant cell sensitivities to phenolics can greatly vary 

depending on the tissues from which these cells originated. This 

suggests that the cytotoxic potential may relate to the type of cancer 

cell. Even among flavonoids with high structural similarities, 

compound-specific actions modulate precise biochemical reactions; 

therefore, the growth of certain tumors could be differentially 

influential, indicating tissue-specific cytotoxic action (47,48). 

 

Conclusion  

The choice of a specific extraction method depends on the target 

compounds and their applications. In the UAE, the solid-to-

solvent ratio and time have the most significant impact on yield, 

while varying the aqueous ethanol concentration and frequency 

does not influence the yield. However, an improved qualitative 

representation of phytochemicals was achieved at maximum 

concentration and frequency. 

  UAE is particularly effective when time is a critical factor 

in the extraction process. Soxhlet is the preferred method for 

compounds that may require heat for extraction or perhaps 
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degrade under the frequencies used. The ethyl acetate fraction 

demonstrated a cytotoxic effect on various cell lines associated 

with cell-type components and their interactions with the 

phytochemicals present in this fraction. This cytotoxic effect was 

concentration-dependent, with the AGS cell line being more 

sensitive to this fraction. Further research is needed to identify the 

target phytoconstituent(s) and clarify the cytotoxicity mechanism. 

To the best of our knowledge this is the first study concerning the 

extraction and optimization of UAE of Iraqi Amaranthus viridis and 

determining its cytotoxic effect on these cell lines.   

 

Acknowledgements  

The authors thank the University of Baghdad/ College of 

Pharmacy/Pharmacognosy and Medicinal Plants Department for 

providing us with the facilities to accomplish this work and 

express special appreciation to Dr. Salma Sultan Salman, for her 

valuable assistance in statistical analysis.   

 

Authors' contributions 

NSJ and EJK equally contributed to the manuscript regarding 

the concept, design, analysis and interpretation of data. All 

authors read and approved the final manuscript. 

 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of interests 

to declare. 

Ethical issues: None  

 

References 

1. Jaafar NS, Hassan AF, Hamad MN. Evaluation of the genotoxicity 
of the aerial parts of Iraqi Euphorbia cyathophora on bone marrow 

and spleen cells in mice. Iraqi J Pharm Sci. 2023;32(2):41-5. 
https://doi.org/10.31351/vol32iss2pp41-45  

2. Salmerón-Manzano E, Garrido-Cardenas JA, Manzano-Agugliaro F. 

Worldwide research trends on medicinal plants. Int J Environ Res 
Public Health. 2020;17(10):3376. https://doi.org/10.3390/

ijerph17103376  

3. Kumar BSA, Lakshman K, Jayaveera KKN, Shekar DS, Muragan 
CSV, Manoj B. Antinociceptive and antipyretic activities of 

Amaranthus viridis Linn in different experimental models. 
Avicenna J Med Biotech. 2009;1(3):167-71. 

4. Haider A. Pharmaceutical activity of medicinal plant Amaranthus viridis 

Linn due to its chemical constituents: a review. Bioeduscience. 2023;7
(2):143-8. https://doi.org/10.22236/jbes/12089  

5. Jha AK, Sit N. Extraction of bioactive compounds from plant 

materials using a combination of various novel methods: a 
review. Trends Food Sci Technol. 2022;119:579-91. https://

doi.org/10.1016/j.tifs.2021.11.019 

6. Bitwell C, Indra SS, Luke C, Kakoma MK. A review of modern and 
conventional extraction techniques and their applications for 

extracting phytochemicals from plants. Sci Afr. 2023;19:e01585. 
https://doi.org/10.1016/j.sciaf.2023.e01585  

7. Usman I, Hussain M, Imran A, Afzaal M, Saeed F, Javed M, et al. 

Traditional and innovative approaches for the extraction of 
bioactive compounds. Int J Food Prop. 2022;25(1):1215-33. 

https://doi.org/10.1080/10942912.2022.2074030 

8. Kirtane SR. Conventional extraction methods versus novel 

extraction methods of bioactive compounds from some 
medicinal plants. Int J Green Pharm. 2022;16(3). https://

doi.org/10.22377/ijgp.v16i3.3297  

9. Cook CM. Essential oils: isolation, production and uses. In: 
Caballero B, Finglas P, Toldrá F, editors. Encyclopedia of food and 

health. Vol. 1. Oxford: Academic Press; 2016. https://
doi.org/10.1016/B978-0-12-384947-2.00261-0  

10. Ijaz S, Akhtar N, Khan MS, Hameed A, Irfan M, Arshad MA, et al. 

Plant derived anticancer agents: a green approach towards skin 
cancers. Biomed Pharmacol Ther. 2018;103:1643-51. https://

doi.org/10.1016/j.biopha.2018.04.113  

11. Guo W, Cao P, Wang X, Hu M, Feng Y. Medicinal plants for the 
treatment of gastrointestinal cancers from the metabolomics 

perspective. Front Pharmacol. 2022;13:909755. https://
doi.org/10.3389/fphar.2022.909755 

12. An J, An S, Choi M, Jung JH, Kim B. Natural products for 

esophageal cancer therapy: from traditional medicine to modern 
drug discovery. Int J Mol Sci. 2022;23(21):13558. https://

doi.org/10.3390/ijms232113558  

13. Zuhair Abdul-lalil T. Ultrasound-assisted extraction of fennel 
leaves: process optimization, thin layer chromatography and 

cytotoxic activity of ethanolic extract. Iraqi J Pharm Sci. 2024;33
(1):94-103. https://doi.org/10.31351/vol33iss1pp94-103  

14. Alshammaa DA, Jaafar NS. Preliminary tests, phytochemical 

investigation (GC/MS, HPLC) and cytotoxic activity of Pyrus 
calleryana fruits cultivated in Iraq. Iraqi J Pharm Sci. 2025;34(1):59

-71. https://doi.org/10.31351/vol34iss1pp59-71  

15. Abd AM, Kadhim EJ. Phytochemical investigation of aerial parts of 
Iraqi Cardaria draba. Iraqi J Pharm Sci. 2020;29(2):27-36. https://

doi.org/10.31351/vol29iss2pp27-36  

16. Contino G, Eldridge MD, Secrier M, Bower L, Fels Elliott R, Weaver J, 
et al. Whole-genome sequencing of nine esophageal 

adenocarcinoma cell lines. F1000Res. 2016;5:1336. https://
doi.org/10.12688/f1000research.7033.1  

17. Barati T, Haddadi M, Sadeghi F, Muhammadnejad S, 
Muhammadnejad A, Heidarian R, et al. AGS cell line xenograft 

tumor as a suitable gastric adenocarcinoma model: growth 

kinetic characterization and immunohistochemistry analysis. Iran 
J Basic Med Sci. 2018;21(7):678. https://doi.org/10.22038/

IJBMS.2018.22938.5835  

18. Kalailingam P, Tan HB, Pan JY, Tan SH, Thanabalu T. 
Overexpression of CDC42SE1 in A431 cells reduced cell 

proliferation by inhibiting the Akt pathway. Cells. 2019;8(2):117. 
https://doi.org/10.3390/cells8020117  

19. Salman MI, Emran MA, Al-Shammari AM. Spheroid-formation 3D 

engineering model assay for in vitro assessment and expansion of 
cancer cells. In: Conference Proceedings of the AIP Conference; 

2021 Nov 15; Iraq. New York: AIP Publishing; 2021. https://
doi.org/10.1063/5.0065362  

20. Freshney RI. Culture of animal cells: a manual of basic technique 

and specialized applications. Hoboken (NJ): John Wiley & Sons; 
2015 

21. Jaafar NS, Alshammaa DA, Zuhair Abdul-lalil T, Ibrahem NM. 

Quantitative determination and cytotoxic effect of oleanolic acid 
from Olea europaea leaves extract cultivated in Iraq. Iraqi J Pharm 

Sci. 2022;31(2):244-50. https://doi.org/10.31351/vol31iss2pp244-250  

22. Haider A, Ikram M, Fatima U, Javed A. Pharmaceutical activity of 
medicinal plant Amaranthus viridis Linn due to its chemical 

constituents: a review. Bioeduscience. 2023;7(2):143-8. https://
doi.org/10.22236/jbes/12089  

23. Sun Y, Liu D, Chen J, Ye X, Yu D. Effects of different factors of 

ultrasound treatment on the extraction yield of the all-trans-β-

carotene from citrus peels. Ultrason Sonochem. 2011;18(1):243-9. 
https://doi.org/10.1016/j.ultsonch.2010.05.014  

https://doi.org/10.31351/vol32iss2pp41-45
https://doi.org/10.3390/ijerph17103376
https://doi.org/10.3390/ijerph17103376
https://doi.org/10.22236/jbes/12089
https://doi.org/10.1016/j.tifs.2021.11.019
https://doi.org/10.1016/j.tifs.2021.11.019
https://doi.org/10.1016/j.sciaf.2023.e01585
https://doi.org/10.1080/10942912.2022.2074030
https://doi.org/10.22377/ijgp.v16i3.3297
https://doi.org/10.22377/ijgp.v16i3.3297
https://doi.org/10.1016/B978-0-12-384947-2.00261-0
https://doi.org/10.1016/B978-0-12-384947-2.00261-0
https://doi.org/10.1016/j.biopha.2018.04.113
https://doi.org/10.1016/j.biopha.2018.04.113
https://doi.org/10.3389/fphar.2022.909755
https://doi.org/10.3389/fphar.2022.909755
https://doi.org/10.3390/ijms232113558
https://doi.org/10.3390/ijms232113558
https://doi.org/10.31351/vol33iss1pp94-103
https://doi.org/10.31351/vol34iss1pp59-71
https://doi.org/10.31351/vol29iss2pp27%1e36
https://doi.org/10.31351/vol29iss2pp27%1e36
https://doi.org/10.12688/f1000research.7033.1
https://doi.org/10.12688/f1000research.7033.1
https://doi.org/10.22038/IJBMS.2018.22938.5835
https://doi.org/10.22038/IJBMS.2018.22938.5835
https://doi.org/10.3390/cells8020117
https://doi.org/10.1063/5.0065362
https://doi.org/10.1063/5.0065362
https://doi.org/10.31351/vol31iss2pp244%1e250
https://doi.org/10.22236/jbes/12089
https://doi.org/10.22236/jbes/12089
https://doi.org/10.1016/j.ultsonch.2010.05.014


NOOR & ENAS  10     

https://plantsciencetoday.online 

24. Wang Q, Chen JJ, Qiu B, Zhou L, Liu RY, Huang JF, et al. 

Optimization of ultrasound-assisted deep eutectic solvents 
extraction of rutin from Ilex asprella using response surface 

methodology. Sci Rep. 2025;15(1):6205. https://doi.org/10.1038/
s41598-025-90536-9  

25. Maran JP, Manikandan S, Nivetha CV, Dinesh R. Ultrasound-

assisted extraction of bioactive compounds from Nephelium 
lappaceum L. fruit peel using central composite face-centered 

response surface design. Arab J Chem. 2017;10:S1145-57. https://
doi.org/10.1016/j.arabjc.2013.02.007 

26. Venson R, Korb AS, Cooper G. A review of the application of hollow-

fiber liquid-phase microextraction in bioanalytical methods - a 
systematic approach with focus on forensic toxicology. J 

Chromatogr B. 2019;1108:32-53. https://doi.org/10.1016/
j.jchromb.2019.01.006  

27. Borrás-Enríquez AJ, Reyes-Ventura E, Villanueva-Rodríguez SJ, 

Moreno-Vilet L. Effect of ultrasound-assisted extraction 
parameters on total polyphenols and its antioxidant activity from 

mango residues (Mangifera indica L. var. Manililla). Separations. 
2021;8(7):94. https://doi.org/10.3390/separations8070094 

28. Suhaimi SH, Hasham R, Hafiz Idris MK, Ismail HF, Mohd Ariffin NH, 

Abdul Majid FA. Optimization of ultrasound-assisted extraction 
conditions followed by solid phase extraction fractionation from 

Orthosiphon stamineus Benth (Lamiace) leaves for 
antiproliferative effect on prostate cancer cells. Molecules. 

2019;24(22):4183. https://doi.org/10.3390/molecules24224183  

29. Medina-Torres N, Ayora-Talavera T, Espinosa-Andrews H, Sánchez-
Contreras A, Pacheco N. Ultrasound-assisted extraction for the 

recovery of phenolic compounds from vegetable sources. 
Agronomy. 2017;7(3):47. https://doi.org/10.3390/agronomy7030047  

30. Shen L, Pang S, Zhong M, Sun Y, Qayum A, Liu Y, et al. A 
comprehensive review of ultrasonic assisted extraction (UAE) for 
bioactive components: principles, advantages, equipment and 

combined technologies. Ultrason Sonochem. 2023:106646. 
https://doi.org/10.1016/j.ultsonch.2023.106646  

31. Liao J, Xue H, Li J, Peng L. Effects of ultrasound frequency and 
process variables of modified ultrasound-assisted extraction on 
the extraction of anthocyanin from strawberry fruit. Food Sci 

Technol. 2022;42:e20922. https://doi.org/10.1590/fst.20922  

32. Mokaizh AAB, Nour AH, Kerboua K. Ultrasonic-assisted extraction 
to enhance the recovery of bioactive phenolic compounds from 

Commiphora gileadensis leaves. Ultrason Sonochem. 
2024;105:106852. https://doi.org/10.1016/j.ultsonch.2024.106852  

33. Muhamad N, Muhmed SA, Yusoff MM, Gimbun J. Influence of 
solvent polarity and conditions on extraction of antioxidant, 
flavonoids and phenolic content from Averrhoa bilimbi. J Food Sci 

Eng. 2014;4(2012):255-60. https://doi.org/10.17265/2159-
5828/2014.05.006  

34. Li F, Mao YD, Wang YF, Raza A, Qiu LP, Xu XQ. Optimization of 
ultrasonic-assisted enzymatic extraction conditions for improving 
total phenolic content, antioxidant and antitumor activities in 

vitro from Trapa quadrispinosa Roxb. residues. Molecules. 2017;22
(3):396. https://doi.org/10.3390/molecules22030396  

35. Rasul MG. Conventional extraction methods use in medicinal 
plants, their advantages and disadvantages. Int J Basic Sci Appl 
Comput. 2018;2:10-4. 

36. Suomi J, Sirén H, Hartonen K, Riekkola ML. Extraction of iridoid 
glycosides and their determination by micellar electrokinetic 
capillary chromatography. J Chromatogr A. 2000;868(1):73-83. 

https://doi.org/10.1016/S0021-9673(99)01170-X  

37. Kumar S, Yadav A, Yadav M, Yadav JP, Budhwar L, Yadav A, et al. 
Effect of climate change on phytochemical diversity, total 

phenolic content and in vitro antioxidant activity of Aloe vera (L) 
Burm f. BMC Res Notes. 2017;10:1-12. https://doi.org/10.1186/

s13104-017-2385-3  

38. Widyawati PS, Budianta TDW, Kusuma FA, Wijaya EL. Difference of 

solvent polarity to phytochemical content and antioxidant 
activity of Pluchea indica less leaves extracts. Int J Pharmacogn 

Phytochem Res. 2014;6(4):850-55. 

39. McGaw LJ, Elgorashi EE, Eloff JN. Cytotoxicity of African medicinal 
plants against normal animal and human cells. In: Toxicological 

survey of African medicinal plants. Elsevier; 2014. p. 181-233 
https://doi.org/10.1016/B978-0-12-800018-2.00008-X  

40. Aljabery RN, Auda MA, Al-Rekabi HY. Apoptotic effects of phenolic 

extract from Spirulina platensis on esophagus cancer cell line SK-
GT-4. 2023;1(3):92-5. J Adv Med Biomed Res. https://

doi.org/10.30699/jambs.31.148.499  

41. Tong J, Lifang L, Dong Z, Xu Z. Anticancer effects of hesperidin on 
gastric cancer cell lines and fibroblast cell lines by reducing the 

activation of PI3K pathway. Biomed Res Bull. 2023;1(3):92-5. 
https://doi.org/10.34172/biomedrb.2023.18  

42. Hasnat H, Shompa SA, Islam MM, Alam S, Richi FT, Emon NU, et al. 

Flavonoids: a treasure house of prospective pharmacological 
potentials. Heliyon 2024;10(6):e27533. https://doi.org/10.1016/

j.heliyon.2024.e27533  

43. Liu M, Huang Q, Li L, Li X, Zhang Z, Dong JT. The cardiac glycoside 
deslanoside exerts anticancer activity in prostate cancer cells by 

modulating multiple signaling pathways. Cancers. 2021;13
(22):5809. https://doi.org/10.3390/cancers13225809 

44. Reddy D, Kumavath R, Barh D, Azevedo V, Ghosh P. Anticancer 

and antiviral properties of cardiac glycosides: a review to explore 
the mechanism of actions. Molecules. 2020;25(16):3596. https://

doi.org/10.3390/molecules25163596  

45. Fatima K, Wani ZA, Meena A, Luqman S. Geraniol exerts its 
antiproliferative action by modulating molecular targets in lung 

and skin carcinoma cells. Phytother Res. 2021;35(7):3861-74. 
https://doi.org/10.1002/ptr.7094 

46. Mahmood MA, Abd AH, Kadhim EJ. Assessing the cytotoxicity of 

phenolic and terpene fractions extracted from Iraqi Prunus 
arabica on AMJ13 and SK-GT-4 human cancer cell lines. F1000Res. 

2023;12:433. https://doi.org/10.12688/f1000research.131336.3  

47. Shamloo S, Jafari Marandi S, Tajadod G, Majd A, Rahimi R. 
Cytotoxic effect of hydroalcoholic extract of Cota tinctoria (L.) J 

Gay on AGS and Hep-G2 cancer cell lines. Bol Latinoam Carib 
Plantas Medic Aromat. 2022;21(1):108-22. https://

doi.org/10.37360/blacpma.22.21.1.07  

48. Anantharaju PG, Gowda PC, et al. An overview on the role of 
dietary phenolics for the treatment of cancers. Nutr J. 2016;15:99. 

https://doi.org/10.1186/s12937-016-0217-2  

 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

 

https://plantsciencetoday.online
https://doi.org/10.1038/s41598-025-90536-9
https://doi.org/10.1038/s41598-025-90536-9
https://doi.org/10.1016/j.arabjc.2013.02.007
https://doi.org/10.1016/j.arabjc.2013.02.007
https://doi.org/10.1016/j.jchromb.2019.01.006
https://doi.org/10.1016/j.jchromb.2019.01.006
https://doi.org/10.3390/separations8070094
https://doi.org/10.3390/molecules24224183
https://doi.org/10.3390/agronomy7030047
https://doi.org/10.1016/j.ultsonch.2023.106646
https://doi.org/10.1590/fst.20922
https://doi.org/10.1016/j.ultsonch.2024.106852
https://doi.org/10.17265/2159-5828/2014.05.006
https://doi.org/10.17265/2159-5828/2014.05.006
https://doi.org/10.3390/molecules22030396
https://doi.org/10.1016/S0021-9673(99)01170-X
https://doi.org/10.1186/s13104-017-2385-3
https://doi.org/10.1186/s13104-017-2385-3
https://doi.org/10.1016/B978-0-12-800018-2.00008-X
https://doi.org/10.30699/jambs.31.148.499
https://doi.org/10.30699/jambs.31.148.499
https://doi.org/10.34172/biomedrb.2023.18
https://doi.org/10.1016/j.heliyon.2024.e27533
https://doi.org/10.1016/j.heliyon.2024.e27533
https://doi.org/10.3390/cancers13225809
https://doi.org/10.3390/molecules25163596
https://doi.org/10.3390/molecules25163596
https://doi.org/10.1002/ptr.7094
https://doi.org/10.12688/f1000research.131336.3
https://doi.org/10.37360/blacpma.22.21.1.07
https://doi.org/10.37360/blacpma.22.21.1.07
https://doi.org/10.1186/s12937-016-0217-2
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

