
Trends in Phytochemical Research (TPR)
Journal  Homepage:  https ://sanad. iau. i r/ journal/tpr

Trends Phytochem. Res. 8(2) 2024 131-140

Original Research Article

A B S T R A C T A R T I C L E  H I S T O R Y

K E Y W O R D S

Exploring the biological potential of Cruciata taurica (Pall. ex Willd.) Ehrend.: Evaluating 
antibacterial, antioxidant, antidiabetic, and cytotoxic properties

Shiva Khalil-Moghaddam1 *, Roya Moghimi2, Thomas Efferth3, And Sajedeh Mousavian4

1Department of Biology, Yadegar-e-Imam Khomeini (RAH) Shahre Rey Branch, Islamic Azad University, Tehran, Iran 
2Department of Organic Chemistry, Faculty of Chemistry, University of Mazandaran, Babolsar, Iran
3Department of Pharmaceutical Biology, Institute of Pharmaceutical and Biomedical Sciences, Johannes Gutenberg University Mainz, Germany
4Departmant of Biology, Science and Research Branch, Islamic Azad University, Tehran, Iran

Received: 06 February 2024
Revised: 29 May 2024
Accepted: 17 June 2024
ePublished: 28 June 2024

  Corresponding author: Shiva Khalil-Moghaddam
Tel: +989127752895; Fax: +989127752895
E-mail address: shiva.moghaddam@yahoo.com, doi: 10.71596/tpr.2024.1126086

Bioactivity
Cancer
Cruciata taurica (Pall. ex Willd.) 
Ehrend.
Cytotoxic 
Ethnopharmacology
Multidrug resistance
Plant extract

includes only nine species (Tava et al., 2020). Cruciata 
genus has central hermaphrodite and lateral male 
flowers (Huysmans et al., 2003). The species within the 
Cruciata genus have diverse applications in traditional 
medicine. For instance, C. laevipes has been traditionally 
recognized for its wound-healing properties, has 
historically been used for both external and internal 
purposes (De Rosa et al., 2003). The internal uses of 
this herbal species include treatment of stomach and 
bowel obstructions, appetite stimulation, rheumatism, 
and dropsy (Tava et al., 2020). C. taurica is distributed 
in Crimea, East Greece, Southwest Asia, and Iran (De 
Rosa et al., 2003). This plant is a small shrub with yellow 
flowers. It is a perennial, semi-woody, herbaceous plant 
with primary roots and sometimes adventitious roots. 
The stems are typically upright from the base, with 
erect to ascending branches that are quadrangular, and 
often have sparse or no trichomes. The leaves are ovate 
to almost circular, approximately 30 mm long and 15 

1. Introduction

The Rubiaceae family, also known as the Madder 
family, Bedstraw family, or coffee family, is named 
after the Madder genus Rubia. Currently, the 

Rubiaceae family comprises approximately 637 genera 
and over 13,000 species, making it one of the six largest 
angiosperm families in terms of both genus and species 
diversity (Wooster et al., 2008; Avoseh et al., 2020; 
Nyobe et al., 2020; Wonkam et al., 2022). It shares this 
distinction with the Asteraceae, Orchidaceae, Fabaceae, 
Poaceae, and Euphorbiaceae families (Bremer and 
Eriksson, 2009). Rubiaceae species are predominantly 
found in warmer and tropical regions across the globe. 
This family exhibits a wide range of growth forms, with 
shrubs being the most common, although its members 
can also be trees, lianas, or herbs. While the majority 
of species are woody, less than 20% of the genera are 
herbaceous (Karou et al., 2011). The Cruciata genus 

This study focused on the biological properties of Cruciata taurica, a plant found in the 
Irano-Turanian region, which has not been extensively studied in terms of its phytochemical 
and biological activities. The methanolic extract of the plant was obtained and its cytotoxic, 
antibacterial, antidiabetic, and antioxidant properties were investigated. The antibacterial 
activity of the fractions was evaluated using broth microdilution method, while the antioxidant 
properties were assessed through the DPPH assay and the cytotoxic properties were determined 
using the RRA assay. This study revealed that the residual aqueous fraction exhibited the 
highest extraction yield and the most potent antioxidant activity. The EtOAc fraction showed 
strong antibacterial activity against certain bacteria, while the n-hexane fraction exhibited 
greater antidiabetic effects. Additionally, the EtOAc fraction was found to be the most cytotoxic. 
Overall, the study suggested that C. taurica has potential therapeutic applications due to its 
various biological properties.
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antidiabetic, antibacterial, and cytotoxic activities.

2. Experimental

2.1. Plant collection

The aerial parts of the C. taurica plant were collected 
from Iran, specifically from the Kurdistan Province, 
Marivan City, and Miraji Mountain, in May 2021 (Fig. 
1). The plant was collected and identified by Dr. 
Nastaran Jalilian. A voucher number (RANK-8420) was 
deposited at the herbarium of the Agricultural and 
Natural Resources Research and Education Center in 
Kermanshah, Iran. The specimen was obtained from an 
area characterized by inceptisol soil composition, which 
consists of minimally developed soils interspersed with 
rock fragments. The region’s climate is Mediterranean 
and cold. The plant collection was conducted under 
the authority of the official national plant protection 
organization.

2.2. Chemicals and reagents 

The following compounds were used: DPPH (Merck 
Millipore), α-amylase (Merck-Millipore), Starch (Merck 
Millipore), acarbose (Sigma-Aldrich, Taufkirchen, 
Germany), 3,5-dinitrosalicylic acid (Sigma-Aldrich), 
resazurin reagent (Sigma-Aldrich), RPMI 1640 culture 
medium (Gibco BRL, Eggenstein, Germany), fetal bovine 
serum (FBS; Gibco), penicillin and streptomycin sulfate 
(Biochrom, Germany). All solvents were purchased 
from Merck Millipore. All chemicals used in this study 
were of 99% purity or higher.  An Infinite M2000 Pro™ 
plate reader (Tecan, Crailsheim, Germany) was used for 
fluorescence measurement. Also, UV absorbance was 
conducted using a spectrophotometer (Jasco V-750, 
Japan).

2.3. Plant extract

The maceration method was used for the preparation of 
the plant extracts. The cleaned aerial parts of the plant 
were dried at room temperature and then powdered. 
Subsequently, 200 g of C. taurica powder was extracted 
with methanol (MeOH) at room temperature for 48 h 
under shaking conditions (150 rpm), at plant material-
to-solvent ratio of 1:10 (w/v%). The plant material 
was removed from the solvents by filtration through 
Whatman paper, and the filtrate was concentrated using 
a rotary evaporator. The MeOH extract was suspended 
in distilled water, and further extraction was performed 
using EtOAc and n-hexane solvents (1:1 v/v%) by the 
liquid-liquid extraction method (Mazzola et al., 2008).

2.4. Yield of extraction

The extraction yield was represented as the dry matter 
content of the extracts and was calculated using the 
following equation (Eqn. 1). For this purpose, MeOH, 
aqueous, EtOAc, and n-hexane fractions were dried 
using a freeze dryer at -60 °C. The residual aqueous 
solution was obtained from the remaining liquid-liquid 
extraction process.

mm wide, and tend towards yellow or purplish colors. 
After flowering, the leaves are retrorsed. The secondary 
leaves are ovate to almost round, about 15 mm long 
and 12 mm wide, and may have trichomes that are 
roughened. The flower has a golden yellow to yellowish 
cup that is ovate to oblong and sharp-beaked. The fruit 
has a nut-like, usually solitary, globose structure without 
trichomes or sometimes with appressed trichomes 
(Ehrendorfer et al, 2005). The midpoint of diversification 
and the source of this species is the Irano-Turanian area 
(Ehrendorfer and Schönbeck-Temesy, 1982; Salim and 
Necattin, 2018). Phytochemical studies have shown that 
C. taurica contains coumarins, e.g., umbelliferon and 
scopoletin (Borisov, 1974), flavonoids, e.g., hyperoside, 
quercetin, and iridoid glycosides (Ergun et al., 1984; De 
Rosa et al., 2003). C. taurica has been used in traditional 
medicine as a mixed juice of crushed material with fresh 
milk (Salim and Necattin, 2018).
Herbal products have different biological activities 
including anti-inflammatory (Karakas et al., 2017; Lopez-
Corona et al., 2022; Yeshi et al., 2022), antibacterial (Singh, 
2022; Eruygur et al., 2023), anticancer (Ng et al., 2022), 
antioxidant (Ghagane et al., 2017; Alam et al., 2022a; 
Sbieh et al., 2022), cardioprotective (Tomou et al., 2023), 
neuroprotective (Zieneldien et al., 2022), antidiabetic 
(Alam et al., 2022b), antiparasitic (Ranasinghe et al., 
2023), and antiviral properties (Saifulazmi et al., 2022). 
Diabetes mellitus is characterized by impaired and 
prolonged insulin activity in target tissues, as well as 
disruptions that affect the metabolism of carbohydrates, 
fats, and proteins (Choudhury et al., 2018). One of the 
most important remedies for diabetes is controlling 
postprandial hyperglycemia (Méril-Mamert et al., 2022). 
Low and stable blood glucose levels can be achieved 
by delaying glucose absorption through inhibiting 
enzymes such as α-amylase and α-glucosidase, which 
break down carbohydrates in the digestive system 
(Khadayat et al., 2020). There are numerous commercial 
products available worldwide that are designed to 
manage diabetes and are derived from medicinal plants 
(Ansari et al., 2022). Natural products with antioxidant 
properties neutralize free radicals and safeguard cells 
against damage and degradation (Zhang et al., 2023). 
These herbal products exhibit notable bioactivities and 
can help inhibit the progression of diabetes mellitus, 
cancer, and heart disease. Cancer is a major global 
cause of mortality (Tohma et al., 2019; Behdarvand et 
al., 2020; Goli et al., 2021). Recently, there has been 
increased focus on natural bioactive compounds from 
medicinal plants that exhibit anticancer activity (Abd 
Wahab et al., 2020; Khan et al., 2022; Yuan et al., 2022).
To the best of our knowledge, there are only few studies 
on the biological activity of C. taurica (De Rosa et al., 
2002, 2003). Furthermore, there is a lack of research 
on the liquid-liquid extraction of C. taurica. This study 
represents the first investigation of the cytotoxic effects 
of C. taurica extracts on leukemia cells. In this study, 
we report on the methanolic extract of the aerial 
parts of the plant, obtained through maceration and 
liquid-liquid extraction. The plant was fractionated 
into different fractions (MeOH, EtOAc, n-hexane, 
and residual aqueous fractions), and their biological 
activities were investigated, including antioxidant, 
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Extraction yield = (W1/W2) × 100                            (Eqn. 1)

Where W1 is the dry weight of the MeOH extract or 
fractions, and W2 is the weight of the dried aerial parts 
of C. taurica.

2.5. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay

The DPPH free radical scavenging assay, as recently 
described with slight modifications (Khalil-Moghaddam 
et al., 2021) was used to determine the antioxidant 
activity of various plant fractions. In summary, diluted 
DMSO solutions of the samples were prepared at 
concentrations ranging from 0.009 to 10 mg/mL. A 
solution of DPPH (80 μg/mL) was then prepared in 
MeOH, and 150 µL of this solution was added to the 
different concentrations of the plant fractions. Sample 
blanks were also prepared by substituting MeOH for 
the DPPH solution. The plates were then incubated at 
25 °C for 30 minutes, followed by measurement of the 
absorbance of each well at 517 nm using a microplate 
reader. As a positive control, butylated hydroxytoluene 
(BHT) was used.
The percent inhibition was calculated as follows (Eqn. 
2):

Inhibition (%) = (ABlank-ASample/ABlank) × 100                 (Eqn. 2)

The terms ABlank and ASample respectively account for 
the corresponding absorbance of the control reaction 
(DPPH solution), and the plant extraction combined 
with DPPH, both at 517 nm. Furthermore, the solution 
concentration that led to 50% inhibition (IC50) was 
determined by plotting the inhibition percentage 

Fig. 1. A: The photograph of C. taurica plant and B: Map showing the location of the sampling (Kurdistan Province, Marivan 
City, Miraji Mountain, Iran).

against each plant extraction concentration.

2.6. Antibacterial activity

2.6.1. Microbial strain

Four bacterial standard strains were evaluated in this 
study, i.e., Pseudomonas aeruginosa ATCC 27853, 
Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC 
11788, and Escherichia coli ATCC 25922.

2.6.2. Determination of the minimum inhibitory 
concentration (MIC)

MICs were assigned using a broth microdilution assay 
according to CLSI method (CLSI, 2006) in a 96-well 
microtiter plate. Different fractions of the C. taurica 
extract were dissolved in DMSO to produce an initial 
concentration of 36 mg/mL. Subsequently, aliquots of 
the samples were consecutively diluted in a 96-well 
plate containing Mueller-Hinton Broth (MHB) medium 
to yield a concentration range of 0.017-36 mg/mL. A 
standardized bacterial suspension (100 μL, 106 CFU/mL) 
was inoculated in each well and incubated overnight 
at 37 °C. The lowest concentration that showed no 
visible growth was considered the minimum inhibitory 
concentration. The antibacterial activity of DMSO was 
also analyzed, and no antibacterial activity was observed 
at the examined concentrations.

2.7. α-Amylase inhibitory activity

The α-amylase inhibition assay was conducted using 
the 3,5-dinitrosalicylic acid (DNSA) method with certain 
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modifications (Wickramaratne et al., 2016). Acarbose 
was employed as the positive control. To prepare the 
DNSA reagent, DNSA (1.0 g) and sodium potassium 
tartaric acid (30 g) were dissolved in 20 mL of NaOH 
(2.0 N). The sample was then diluted to 100 mL using 
distilled water. The plant extract was dissolved in a 
minimal amount of dimethyl sulfoxide (DMSO: 50 mg/
mL). In the initial step, two concentrations (3 and 300 
µg/mL) of various fractions were evaluated to determine 
the most effective fraction with significant antidiabetic 
activity. Subsequently, concentration ranges of 0.3, 3, 
30, and 300 μg/mL were analyzed for the best fraction 
(n-hexane), while concentrations of 0.3, 0.75, 1.5, 3.75, 
and 7.5 were assessed for acarbose. Additionally, the 
IC50 values for both the n-hexane fraction and acarbose 
were calculated during this stage. To initiate the assay, 
200 μL of α-amylase solution (1.0 mg/mL) was added to 
200 μL of plant extract and incubated for 30 min at 37 

°C. Subsequently, 200 μL of an aqueous starch solution 
(1.0% w/v in buffer solution) was added to each sample 
and incubated at 37 °C for 3 min. The absorbance of 
each tube was measured at 540 nm using a UV-Visible 
spectrophotometer.

2.8. Cytotoxic effect

2.8.1. Cell lines and culture

Human CCRF-CEM acute lymphoblastic leukemia cells 
and their multidrug resistant subline CEM/ADR5000 
Axel Sauerbrey (Department of Pediatrics, University of 
Jena, Jena, Germany) were used for cytotoxicity assays. 
The generation of CEM/ADR5000 cells was described 
by selection with doxorubicin and the characterization 
of their multidrug resistance phenotype (Efferth et al., 
2008).  The cell lines were maintained in RPMI 1640 
culture medium supplemented with fetal bovine serum 
(FBS, 10.0%), (penicillin (100 U/mL), and streptomycin 
sulfate (100 mg/mL). The resistance phenotype of CEM/
ADR5000 was maintained by treating the cells every 
other week with 5000 ng/mL doxorubicin. The cells 
were incubated at 37 °C in a CO2 incubator (5.0% CO2).

2.8.2. Resazurin reduction assay (RRA)

The investigation into the cytotoxicity of the plant 
fractions was conducted by employing the RRA assay, 
with certain modifications (Youmbi et al., 2023). Following 
appropriate growth for experimental purposes, the 
cell lines underwent a series of procedures, including 
washing, trypsinization, and resuspension in a fresh 
medium. At the initial stage, the cells were cultured in 
96-well plates, with or without varying concentrations 
of the plant fractions (10 and 100 µg/mL), for a duration 
of 72 hours. Subsequently, the most potent fraction 
exhibiting the most effective antiproliferative activity 
was chosen for IC50 determination. To this end, ten 
concentrations of the optimal fraction (ranging from 
0.01 to 1000 µg/mL) were prepared and tested against 
two different cell lines and the IC50 representing the 
concentration at which 50% of the cells were killed was 
subsequently determined. The fluorescence emitted 
during the experiment was measured using an Infinite 

M2000 Pro™ plate reader (Tecan, Crailsheim, Germany). 
The excitation and emission wavelengths were 544 nm 
and 590 nm, respectively. 

2.9. Statistical analysis

All experiments were performed in triplicate with 
each of the six parallel measurements. The results 
are presented as means ± standard deviation (SD). 
Statistical analysis was performed employing Graph Pad 
Prism software version 9.2.0. The comparison between 
the three groups was accomplished by the use of one-
way analysis of variance (ANOVA).

3. Results and Discussion

3.1. Extraction yield and antioxidant activity

The results of the extraction yield and DPPH assays 
for the MeOH, EtOAc, n-hexane, and residual aqueous 
fractions are presented in Table 1. As can be seen in 
this table, the lowest and highest extraction yield was 
obtained for the EtOAc (0.2%) and the residual aqueous 
(2.2%) fractions, respectively. The DPPH assay showed 
that the residual aqueous fraction had the lowest IC50 
(10.0 ± 2.6 μg/mL). A comparison of the antioxidant 
activity of different plant fractions with BHT revealed 
that C. taurica extracts had potent antioxidant activity, 
and the IC50 of different fractions was comparable to 
that of the synthetic standard antioxidant compound 
(BHT). As far as we know, there are no comprehensive 
studies on the antioxidant activity of the Cruciata genus 
in the literature. In one study, some compounds isolated 
from Cruciata articulata did not exhibit antioxidant or 
antibacterial activity (Liu et al., 2021). The antioxidant 
properties of the Rubiaceae family have been discussed 
in a recently published review, which highlights that the 
family contains active biological compounds with potent 
antioxidant activity, capable of preventing oxidative 
stress (González-Castelazo et al., 2023). The antioxidant 
activity of C. cruciata may be attributed to the presence 
of flavonoids such as hyperoside, quercetin, and rutin 
(De Rosa et al., 2003). Flavonoids with antioxidant 
properties can effectively modulate essential stages of 
cell growth and differentiation, thereby influencing the 
regulation of overall plant development and formation 
of individual organs (Agati et al., 2012).

3.2. Antibacterial activity

The antibacterial activities of the plant fractions were 
investigated against two Gram-negative bacteria (E. 
coli and P. aerosinosa) and two Gram-positive bacteria 
(B. cereus and S. aureus). Among the plant fractions 
screened, the EtOAc fraction showed the most 
significant inhibitory effect against E. coli and B. cereus, 
with an MIC value of 0.1 mg/mL (Table 2). Moreover, 
the n-hexane fraction had more excellent antibacterial 
activity against P. aeruginosa than the other fractions 
(MIC: 2.2 mg/mL). On the other hand, the residual 
aqueous fraction showed the weakest antibacterial 
activity among all fractions against E. coli (MIC: 18 mg/
mL). Several studies have reported MIC values of less 
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Samples Yield of extraction (%) DPPH assay 
IC50 (μg/mL)

MeOH 1.8 150.0 ± 12.0
EtOAc 0.2 20.0 ± 2.0
n-Hexane 1.2 1010.0 ± 81.0
Water 2.2 10.0 ± 2.6
BHT - 10.0 ± 2.0

Table 1
Yield of plant extraction and antioxidant activity of different 
C. taurica fractions.

Samples S. aureus
ATCC 25923

P. aeruginosa
ATCC27853

B. cereus
ATCC 11778

E. coli
ATCC 25922

MeOH 4.5 4.5 0.6 1.1
EtOAc 1.1 4.5 0.1 0.1
n-Hexane 1.1 2.2 0.3 0.3
Water 4.5 4.5 4.5 18
Chloramphenicol 2.0a 64 1 8

Table 2
MIC values of C. taurica fractions (mg/mL).

a MIC value of Chloramphenicol was represented as μg/mL.

than 0.5 mg/mL, indicating the potent and significant 
antibacterial activity of plant extracts (Sartoratto et al., 
2004; Mogana et al., 2020). As a result, the n-hexane 
and EtOAc fractions exhibited strong antibacterial 
activity against B. cereus and E. coli. 
C. cruciata is a rich source of aromatic monoterpenoid 
glycosides. These glycoside compounds can be 
extracted using methanol and exhibit significant 
antimicrobial activity (De Rosa et al., 2003). Therefore, 
the antibacterial activity observed in different fractions 
of C. cruciata’s methanolic extract can be attributed to 
the presence of these compounds. A previous research 
has examined the antibacterial activity of many plants 
belonging to the Rubiaceae family (Chassagne et al., 
2021). The aqueous and ethanol extracts of Mtracarpus 
villosus leaves, for instance, were shown to have 
antibacterial activity in a research. In accordance with 
this study, the results indicated that the MICs against 
S. aureus, B. subtilis, S. faecalis, and E. coli ranged from 
0.1 to 8.0 mg/mL (Irobi and Daramola, 1994). In another 
study, the ethanolic extracts from the leaves of M. 
scabrum were tested for their potential antibacterial 
efficacy against different pathogens including E. coli 
and S. aureus. In this connection, the greatest results 
were obtained with the hydroalcoholic extract with an 
MIC of 50 mg/mL (Ouadja et al., 2018). A previous study 
reported the antibacterial and antifungal activities of 
selected plants (75 crude extracts) from the Rubiaceae 
family. Specifically, 85% of n-hexane extracts from 
these plants demonstrated significant antibacterial 

activity. Our results are consistent with the previous 
study, which found that the n-hexane extract of plants 
belonging to the Rubiaceae family exhibited significant 
antibacterial activity (Niño et al., 2012).

3.3. α-Amylase inhibitory assay

The α-amylase inhibitory activity of the different plant 
fractions was plotted as a function of the extract 
concentration (Fig. 2A), and the IC50 values were 
subsequently calculated (Fig. 2B). As seen, the results 
for the two concentrations of each fraction were 
significantly different (p < 0.05). In addition, significant 
differences were found between the IC50 values of 
the sample and the standard (p < 0.001). Evaluation 
of the inhibitory activity of the plant fractions against 
α-amylase at two concentrations (3 and 300 µg/mL) 
revealed that the n-hexane fraction was the most potent. 
The IC50 of the n-hexane fraction was determined to be 
183.1 ± 8.6 µg/mL. In comparison, the standard positive 
control, acarbose, exhibited an IC50 of 3.8 ± 0.1 μg/mL. 
Our findings also showed that all plant fractions had 
relatively weak antidiabetic activity compared to the 
standard compound, acarbose. Several studies have 
previously evaluated the α-amylase inhibitory activities 
of plant extracts (Borhan et al., 2013; Namjoyan et 
al., 2015; Wickramaratne et al., 2016; Sai et al., 2019; 
Abdollahzadeh et al., 2021; Abd Elkader et al., 2022; 
Kumar et al., 2022). The α-amylase inhibitory activity of 
different extracts of loquat (Eriobotrya japonica) leaves 
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Fig. 2. Enzyme inhibition (%) (A) For different fractions of C. taurica at two concentrations 
(3 and 300 µg/mL), (B) As a function of optimum fraction (n-hexane) extract concentration 
for determination of IC50 (Note: Different letters in the same pattern represent significant 
difference (p < 0.05).

has been the subject of a recently published report 
(Mogole et al., 2020). In another study, the α-amylase 
inhibitory activity of nine traditional plant extracts from 
Southeastern Nigeria was investigated. The results 
indicated that eight of the plant extracts exhibited 
moderate α-amylase inhibitory activity (Oyedemi 
et al., 2017). The α-amylase enzyme facilitates the 
process of breaking down starch through a double 
substitution mechanism, which involves the formation 
and subsequent breakdown of a covalent β-glycosyl 
enzyme intermediate within its active site. Inhibiting 
the α-amylase with plant-derived compounds appears 
to be a promising approach for treating diabetes. 
Coumarins and iridoid glycoside are a potent source 
for antidiabetic effect of C. cruciate extracts (Chen 
et al., 2016; Li et al., 2017). Also, flavonoids had high 
inhibitory capacity against α-amylase. The proposed 
inhibitory capacity of flavonoids action mechanism 
correlates inhibition potency of these compounds with 
the number of hydroxyl groups in the B ring of the 
flavonoid (Shah et al., 2018). Typically, flavonoids exhibit 

desirable structural characteristics as enzyme inhibitors, 
which encompass adaptable backbones, a hydrophobic 
composition, and multiple accessible hydrogen bond 
(H-bond) donors and acceptors (Rasouli et al., 2017). 
Our findings are consistent with previously published 
studies, which reported moderate to weak antidiabetic 
effects of plant extracts. We hypothesized that the 
results might be improved if the α-amylase inhibitory 
activity of pure active compounds from these plants 
was investigated.

3.4. Cytotoxic activity

The plant extracts were analyzed at concentrations of 
10 and 100 µg/mL while using doxorubicin as a positive 
control drug on human CEM-CCRF lymphoblastic 
leukemia cells (drug-sensitive) (Fig. 3A) and their 
multidrug-resistant sub-line CEM/ADR5000 (multidrug-
resistant) (Fig. 3B). Among the plant fractions tested, 
the EtOAc fraction demonstrated cytotoxic activity on
cell proliferation of both cell lines at a concentration
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Fig. 3. Growth inhibition of C. taurica plant fractions. Effect of fixed concentrations 
(10 and 100 µg/mL) towards: A: Drug-sensitive CCRF-CEM, B: Multidrug-resistant 
CEM/ADR5000 and C: Effect of a dose range from 0.01 to 1000 µg/mL EtOAc 
fraction to both CEM-CCRF and CEM/ADR5000 cells.

of 100 µg/mL. In contrast, the other fractions showed 
no apparent cytotoxic effects at the concentrations 
used. Consequently, the EtOAc fraction was selected 
as the optimal fraction, exhibiting the best cytotoxic 
activity. Further investigation of the EtOAc fraction at 
various concentrations (0.01-1000 µg/mL) led to the 
determination of the IC50 value (Fig. 3C). The IC50 values 
obtained were 58.8 ± 9.7 and 51.9 ± 5.9 µg/mL for CCRF-
CEM and CEM/ADR5000 cells, respectively. Although 
the IC50 values indicate relatively weak activity of the 
extract, there was no cross-resistance of CEM/ADR5000 
cells to the C. taurica extract. The presence of flavonoids 
is a crucial factor in the cytotoxic properties of the C. 
taurica extract (Sak, 2014). This is noteworthy since CEM/
ADR5000 cells exhibited high resistance to doxorubicin 
and many other clinically established anticancer drugs 
(Efferth et al., 2008). Multidrug resistance is a frequent 
cause of failure of chemotherapy, which leads to the 
death of many cancer patients (Volm and Efferth, 2015). 
Therefore, the cytotoxic potency of plant extracts and 
natural products that can inhibit multidrug-resistant 
cells with similar efficacy to drug-sensitive tumor cells 
may have the potential to overcome drug resistance. 
Numerous studies have focused on the anticancer 
activities of plant extracts and isolated phytochemicals 
(Molnár et al., 2010; Kumar and Jaitak, 2019; Luo et 
al., 2019). In one of the recently published reports, 

multidrug-resistant. However, many inhibited sensitive 
and multidrug-resistant cells with similar efficacies 
(Atanasov et al., 2021). This may open a new horizon to 
treat multidrug-resistant tumors with plant extracts and 
natural products.

4. Concluding remarks

In this study, the methanol (MeOH) extract of C. 
taurica was obtained. Subsequently, several fractions 
were made from the initial extract, including residual 
aqueous, n-hexane, and EtOAc fractions. To gain a 
better understanding of the plant’s biological activity, 
some complimentary tests were conducted to assess its 
antibacterial, antioxidant, anticancer, and antidiabetic 
properties. The results confirmed that the residual 
aqueous fraction had remarkable antioxidant activity. 
The EtOAc fraction was potent against E. coli and B. 
cereus, with a minimum inhibitory concentration (MIC) 
of 0.1 mg/mL. The n-hexane and EtOAc fractions 
exhibited the best antidiabetic and anticancer effects, 
respectively. Different plant extracts can be a valuable 
natural resource for isolating active ingredients with 
potent biological activity. The investigations presented 
here demonstrate that C. taurica could be a rich source 
of natural bioactive compounds with antibacterial, 
anticancer, antidiabetic, and antioxidant properties. 
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The key limitation of this work was the assessment of 
the biological activity of the crude extracts. Therefore, 
further investigation is recommended to confirm the 
potential of the extracts as phytotherapeutic agents. 
This includes: i) Isolating and characterizing the main 
active compounds from the extracts. ii) Exploring the 
biological activities and mechanisms of action of the 
isolated compounds. By addressing these aspects, 
the full potential of C. taurica as a source of natural 
bioactive compounds can be more thoroughly explored 
and validated.
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