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1. Introduction

Medicinal plants have shown great promise in 
the fight against cancer, with many studies 
demonstrating their potent anticancer 

properties. Several naturally occurring plant-based 
compounds, such as curcumin, resveratrol, and 
quercetin, have exhibited anticancer effects and are 
being investigated as potential adjuvant chemotherapy 
agents (Greenwell and Rahman, 2015; Khan et al., 2019; 
Mahdavi and Mohammadhosseini 2022). These plant-
derived compounds often have lower toxicity towards 
healthy cells and a tendency to target abnormal or 
cancerous cells specifically. Many of the drugs currently 
on the market are structurally similar to natural 
compounds found in medicinal plants (Khan et al., 2019; 
Obafemi and Besong, 2023). Herbal compounds possess 
various beneficial qualities, including antioxidant, 
anti-inflammatory, antimutagenic, and apoptosis-

Olea europaea (OFE) and Ficus carica (FFE) extracts have shown anticancer activity. In the 
currents report, we aim to evaluate the phytochemical composition, antioxidant properties 
and anticancer activity of OFE and FFE against PANC-1 and AsPC-1 pancreatic cancer cell lines. 
OFE possessed higher phenolic, flavonoid content and antioxidant ability than FFE. OFE and 
FFE induced a cytotoxic effect and their combination resulted in an increased cytotoxicity. OFE 
showed an antiproliferative effect while FFE had no effect. Combination of the two extracts 
resulted in an antiproliferative effect similar to that of OFE. OFE showed an anti-migratory 
effect, while FFE exhibited a promigratory effect. Interestingly, combination of the two extracts 
resulted in an anti-migratory effect similar to that caused by OFE. In view of the findings of 
this study, these extracts could be considered potential sources of natural compounds with 
antioxidant and anti-pancreatic cancer effects. The combination of these extracts should be 
further investigated in the context of pancreatic cancer.

inducing activities, which aid in the early diagnosis 
and treatment of cancer. Adequate dietary intake 
of these herbal products may help prevent and treat 
cancer by causing cell cycle arrest, inducing apoptosis, 
regulating carcinogen metabolism and oncogenic 
expression, inhibiting cell adhesion, proliferation, and 
migration, and blocking signaling pathways crucial for 
cancer progression (Obafemi and Besong, 2023). Plants 
produce a wide variety of secondary metabolites, such 
as tannins, alkaloids, terpenoids, flavonoids, pigments, 
and pigment-like molecules, which have been shown 
to have biological effects on hematopoietic cells, 
lipids, and cardiovascular systems, as well as anti-
inflammatory, anticancer, and contraceptive effects 
(Mohammadhosseini et al., 2019a; Mohammadhosseini 
et al., 2019b; Mohammadhosseini et al., 2021).
Pancreatic cancer is one of the most aggressive cancers 
with poor prognosis and survival despite surgical and 
adjuvant therapies. Currently, it constitutes the fourth 
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cause of cancer mortality in occidental countries (Siegel 
et al., 2016). Treatment with gemcitabine, a pyrimidine 
agonist, has been the standard of care for metastatic 
pancreatic cancer for more than a decade. However, 
survival for most patients treated with this drug has not 
improved beyond 6 months (Moore et al., 2007; Park 
et al., 2021). One of the main problems posed with 
anticancer drugs is that they target not only tumor 
cells, but also other cell types, leading to toxicity to 
both abnormal and normal cells (Baldo and Pham, 
2014). Another problem related to anticancer therapy 
is the development of resistance of cancer cells against 
anticancer treatments (Bar-Zeevet et al., 2017). This is 
the case of pancreatic cancer cells, which are highly 
resistant to current chemotherapy and radiotherapy 
treatments (Vendrely et al., 2017). Therefore, finding 
new therapeutic options is urgently needed to help 
manage this deadly cancer.
Nutrition and diet are good candidate agents for 
protection against various types of cancer (Kazeminia 
et al., 2022). Epidemiological studies have shown a 
reduction in the risk of pancreatic cancer through 
increased consumption of fruits and vegetables (Zheng 
et al., 2017; Gianfredi et al., 2022). The Mediterranean 
diet has been recognized as a healthy diet with a 
preventive effect against chronic diseases associated 
with oxidative damage, including cardiovascular 
disease, diabetes, and cancer (Schwingshackl and 
Hoffmann, 2014; Saha et al., 2017; Mentella et al., 2019; 
Guasch-Ferré and Willett, 2021). These effects seem to 
be mediated by many individual components of this 
diet, including polyphenolic phytochemicals present 
in fruits such as figs and olive oil (Owen et al., 2000b; 
Solomon et al., 2006; Lopez-Miranda, 2010).
The olive tree, Olea europaea, produces the olive fruit 
and is one of the vital components of the Mediterranean 
diet. Olive and its products have many health benefits, 
including cancer (Markellos et al., 2022; Romani et 
al., 2019). Preclinical in vitro and in vivo studies have 
demonstrated an antitumoral effect of olive fruit 
extracts (OFE) against hepatic and colorectal cancer 
(Maalejet al., 2017; Shirazi et al., 2018; Celano et al., 
2019). The components of olives and olive oil that have 
been most consistently associated with a protective 
effect on carcinogenesis are vitamin E, squalene, and 
phenolic compounds (Guo et al., 2018). The most 
abundant phenolic compounds in olive oil are the 
lignans (+)-1-acetoxypinoresinol and (+)-pinoresinol, 
followed by the oleuropein-derived simple phenols 
hydroxytyrosol and tyrosol and the secoiridoids 
oleuropein, ligstroside aglycone and their respective 
decarboxylated dialdehyde derivatives (Owen et al., 
2004). In contrast, polyphenols such as the flavonoid 
luteolin, the phenolic acid gallic acid, the phenolic 
alcohols hydroxytyrosol and tyrosol and the secoiridoids 
oleuropein and verbascoside are most abundant in olive 
fruits (Owen et al., 2004; Dekdouket al., 2015). Previous 
studies have clearly evidenced an antitumor effect of 
these phenolic compounds against certain types of 
cancers, namely breast (Han et al., 2009; González et 
al., 2013; Carrera- Akl et al. 2014; Sepporta et al., 2014), 
colorectal (Owen et al., 2000a; Carrera-González et al., 
2013; Hormozi et al., 2020), gastric (Kountouri et al., 

2009), hepatic (Pei et al., 2016), skin cancer (Carrera-
González et al., 2013) and leukemia (Fabiani et al., 
2002), and also pancreatic cancer (LeGendre et al., 2015; 
Goldsmith et al., 2018).
Ficus carica is a species characteristic of the 
Mediterranean region where its cultivation and use 
constitute an ancient tradition. Figs are consumed both 
fresh and dried (Baby and Justin, 2011). Figs are an 
excellent source of minerals, vitamins, carbohydrates, 
and dietary fiber, they are fat- and cholesterol-free and 
rich in several amino acids (Cruz et al., 2022; Olaoluwa et 
al., 2022; Ijoma et al., 2023; Popwo Tameye et al., 2023). 
Figs have traditionally been used for their medicinal 
benefits as laxative and cardiovascular, respiratory, 
antispasmodic and anti-inflammatory remedies 
(Guarrera, 2005). However, figs also exhibit anticancer 
properties (Morovatiet al., 2022). Namely, preclinical 
in vitro and in vivo models revealed anticancer activity 
of F. carica latex or fruit extracts (FFE) in relation to 
several types of cancers, including breast (Ghandehari 
et al., 2018), colorectal (Soltana et al., 2019), gastric 
(Hashemi et al., 2011), hepatic (Purnamasariet al., 2019) 
and, recently, also in relation to pancreatic cancer (Ou 
et al., 2022). An important organic compound in figs is 
2-benzhydrylsulfinyl-N-hydroxyacetamide-Na, which is 
less abundant in other fruits and plants, and exhibits 
anticancer activity in vitro (Al Salman et al., 2020). 
Moreover, Ficus carica is a rich source of polyphenols. 
Quercetin and quercetin-related compounds are 
the main phenolic compounds present in this fruit 
(Khadhraoui et al., 2019; Arvaniti et al., 2019), and are 
well known to possess antitumor activity against several 
types of cancer, including pancreatic cancer (Rauf et al., 
2018).
Several in vitro and in vivo preclinical studies have 
demonstrated varying degrees of efficacy of natural 
products against pancreatic cancer (Singh et al., 2015), 
and numerous dietary and pharmacological agents 
have been proposed as alternative strategies for the 
prevention and/or treatment of this disease (Dhar et al., 
2018; Selvarajoo et al., 2022). 
To the best of our knowledge, no report on the effects of 
a combination of OFE and FFE on pancreatic cancer cells 
is available in the literature. Keeping this point in view, 
the present study was conducted to evaluate the in vitro 
antioxidant activities and the cytotoxic, antiproliferative 
and antimigratory effects of OFE and FFE, alone and in 
combination, on two pancreatic cancer cell lines.

2. Experimental

2.1. Chemicals and reagents

3H-Thymidine ([methyl-3H]-thymidine, 79 Ci/mmol) 
was purchased from GE Healthcare GmbH (Freiburg, 
Germany). Dimethylsulfoxide (DMSO), hydrochloric 
acid (HCl), triton X-100, trichloroacetic acid (TCA) were 
purchased from Merck (Darmstadt, Germany). Aluminium 
chloride (AlCl3), 1,1-diphenyl-2-picrylhydrazyl (DPPH), 
gallic acid, Folin-Ciocalteus’s phenol reagent, ascorbic 
acid, sodium carbonate (Na2CO3), potassium ferricyanide 
[K3Fe(CN)6], 2,2-azinobis-3-ethylbenzothiazoline-6-
sulfonic acid (ABTS), potassium persulfate (K2S2O8), 
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The quantification of TFC was performed by the 
trichloroaluminum method (Turkoglu et al., 2007). 
Briefly, 1 mL of AlCl3 (2.0 (w/v)) solution was added to 
1 mL of OFE or FFE. The mixture was vigorously stirred 
and incubated for 10 min at room temperature, and 
then the absorbance of each sample was read at 430 
nm. Quercetin (1.25-25 μg/mL) was used to establish 
the calibration curve used to estimate the concentration 
of flavonoids found in the crude extracts. The results are 
given as TFC (mg EQ/100 g extract).

2.3. Antioxidant activity of OFE and FFE

2.3.1. DPPH• (1,1-DIphenyl-2-picrylhydrazil) scavenging 
assay

The antiradical activity of OFE and FFE was evaluated 
by the free radical DPPH• assay (Blois,1958). In 
brief, 25 µL of different dilutions of the extracts or 
standards BHA (butylated hydroxyl anisole) and BHT 
(butylhydroxytoluene) were added to 975 µL of DPPH 
(0.025 mg/mL) prepared in methanol. The obtained 
mixture was incubated for 30 min in obscurity. Then, 
the absorbances were measured using a UV-Vis 
spectrophotometer at 517 nm and the percentage of 
DPPH• free radical-scavenging activity of each extract 
was calculated as follows, where I(%) is the percentage 
of inhibition and AC and AS are the absorbances of the 
control and the test sample, respectively (Eqn. 1):
I(%) = [(AC-AS) ∕AC] × 100          (Eqn. 1)
The results were compared to the standard antioxidant 
BHA and BHT.

2.3.2. ABTS•+ (2,2’-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt) scavenging assay

The ABTS•+ scavenging activity of OFE and FFE was 
performed spectrophotometrically (Re et al., 1999). 2 
mL of the diluted ABTS cation solution was added to 
1 mL of sample solution: Extracts or standards (BHT 
and BHA) at different concentrations (0.0156-1 mg/
mL). After 30 min of incubation, the absorbance was 
measured at 734 nm and the percentage of ABTS 
scavenging effect of each extract was calculated using 
Eqn. 1, where I(%) is the percentage of inhibition and AC 
and AS are the absorbances of the control and the test 
sample, respectively. The results were compared to the 
standard antioxidant BHA and BHT.

2.3.3. Cupric acid reducing antioxidant capacity 
(CUPRAC)

Fifty µL of a solution of copper(II) chloride (10 mM) were 
added to 50 μL of the neocuprine solution (7.5 mM) and 
60 μL of ammonium acetate buffer solution (1 M, pH = 

7.0). Different concentrations of OFE, FFE and standards 
(BHT and BHA) were added to the initial mixture to make 
a final volume of 200 μL. The samples were shielded 
from light and the absorbance was measured at 450 
nm after 1 h of incubation. The results were calculated 
as A 0.5 (μg/mL) (the absorbance whose inhibition is 
equivalent to 50%), and the reduction capacity of the 
extracts was compared with those of BHA and BHT as 

2,6-di-tert-butyl-4-hydroxy toluene (BHA), butylated 
hydroxyltoluene (BHT), α-tocopherol, iron (III) chloride 
(FeCl3), 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT), antibiotic/antimicotic 
solution (100 U/mL penicillin, 100 µg/mL streptomycin, 
and 0.25 µg/mL amphotericin B), Dulbecco’s Modified 
Eagle’s Medium-high glucose, fetal bovine serum, 
N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic 
acid (HEPES), RPMI 1640 medium, sodium hydroxide 
(NaOH) and trypsin-ethylenediamine-tetraacetic acid 
(EDTA) solution were purchased from Sigma-Aldrich (St. 
Louis, MO, USA).

2.2. Extraction and identification of phenolic compounds

2.2.1. Plant material

Fruits of the F. carica ‘Mkaousi’ cultivar were harvested 
in the Constantine region (Algeria) in September 2017. 
Olives of the Chemlal cultivar of Olea europaea were 
harvested in Algeria in December 2017. The olives 
were handpicked during the harvest season and 
were immediately frozen in liquid nitrogen to block 
enzyme activities. Healthy fruits (100 g), without any 
physical damage or type of infection, were selected, 
and lyophilized. A reference specimen for each 
sample is deposited at the Herbarium of the Faculty 
of Natural and Life Sciences (Université des Frères 
Mentouri Constantine, Algeria). The plant samples 
were authenticated by Mendil, M, Director General of 
Technical Institute of Fruit Arboriculture and Vine (ITAF), 
Algeria.

2.2.2. Extraction procedure

The lyophilized fruits of O. europaea (100 g) were 
defatted with hexane, and then extracted for 48 h with 
CHCl3, and MeOH, successively, to give 28.33, 2.7, and 
5.37 g of the respective residues. The polyphenols 
from lyophilized fruits of F. carica were extracted by 
maceration using ethyl acetate to give 2.07 g. It has 
been demonstrated that this solvent is better than 
others to extract phenolics (Fki et al., 2005). Solvent was 
renewed 3 times and the obtained extracts were dried 
using a rotary evaporator.

2.2.3. Determination of total phenolic content (TPC)

The TPC of crude OFE and FFE was estimated 
spectrophotometrically using Folin-Ciocalteu method 
(Le et al., 2007). In brief, 200 µL of each extract were 
added to 1 mL of Folin-Ciolcalteu reagent (10% (w/v)). 
After 4 min, 800 µL of sodium carbonate solution (75 
g/L) was added. The mixture was allowed to react for 2 
h in darkness at room temperature. 
After incubation, the absorbance was recorded at 765 
nm using UV-Vis spectrophotometer (VIS-7220G). Gallic 
acid (5-200 μg/mL) was used as reference to establish 
the calibration curve from which the concentration 
of polyphenols was calculated, and the results are 
expressed as TPC (mg EGA/100 g extract).

2.2.4. Determination of total flavonoid content (TFC)
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standards (Apak et al., 2004).

2.3.4. Reducing power assay

The reducing power of OFE and FFE were examined 
according to the previous method (Oyaizu, 1986). 
Accordingly, 100 µL of sample solution (extracts or 
references) prepared at different concentrations were 
added to 0.5 mL of phosphate buffer (0.2 M pH 6.6) 
and 0.5 mL of potassium ferricyanide (1.0 (w/v)). The 
mixture was incubated at 50 °C for 20 min. Then, 500 
µL of CCl3COOH (10% (w/v)) was added to the mixture, 
which was centrifuged (10 min/3000 rpm). A volume of 
500 µL of the supernatant solution was mixed with 500 
µL of distilled water and 125 μL of FeCl3 (1.0% (w/v)) 
freshly prepared. The absorptions were read at 700 nm 
and the results were calculated as A 0.5 (μg/mL) (the 
absorbance whose inhibition is equivalent to 50%). The 
reducing power of the various extracts was compared 
with those of ascorbic and tannic acids as standards.

2.4. Anticancer effect OFE and FFE

2.4.1. Cell culture and treatments

PANC-1 cell line (human pancreatic epithelioid 
carcinoma cell line) and AsPC-1 cell line (human 
pancreatic ascites adenocarcinoma cell line) were 
obtained from the American Type Culture Collection 
(ATCC) and used between passage numbers 36-38. Cells 
were maintained in a humidified atmosphere of 5% 
CO2-95% air and were grown in Dulbecco’s modified 
Eagle’s medium supplemented with 4.5 g/L glucose, 
2 mM L-glutamine, 10 mM sodium bicarbonate, 10 
(v/v%) heat-inactivated fetal bovine serum and 1.0 
(v/v%) antibiotic/antimycotic (PANC-1 cells) or in RPMI 
1640 supplemented with 2 mM of L-glutamine, 10 mM 
of sodium bicarbonate, 1 mM of sodium pyruvate, 10 
(v/v%) heat-inactivated fetal bovine serum and 1.0 
(v/v%) antibiotic/antimycotic (AsPC-1 cells). Culture 
medium was changed every 2-3 days and the culture 
was split every 7 days. For sub-culturing, the cells were 
removed enzymatically (0.25 (w/v%) trypsin-EDTA, 
37 °C), split 1:4 (PANC-1) or 1:3 (AsPC-1) and sub-
cultured in plastic culture dishes (21 cm2; Ø 60 mm, 
TPP®, Trasadingen, Switerzland). For determination 
of migration, viability and cell proliferation, cells were 
seeded on 24-well plastic cell culture dishes (2 cm2; 
Ø 16 mm; TPP®, Trasadingen, Switerzland) and were 
used after 7 (PANC-1 cells) or 11 days (AsPC-1 cells) 
(90% confluence). The OFE and FFE to be tested were 
dissolved in DMSO. The final concentration of the 
solvent in the culture medium was 1.0 (v/v%). Controls 
for the extracts were run in the presence of this solvent.

2.4.2. Determination of cell viability

Cell viability was determined with the MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) assay. Briefly, cells were exposed to OFE and/
or FFE (or to the solvent) for 24 h. After the treatment 
period, 30 µL of MTT solution (5 mg/mL) was added 
to each well and the cells were further incubated for 3 

h at 37 °C. Afterwards, the MTT solution was removed 
and the cells were lysed by the addition of 200 µL of 
DMSO followed by plate shaking for 10 min at room 
temperature. Optical density (OD) for the solution in 
each well was determined at both 540 and 660 nm. 
The OD at 660 nm corresponds to unspecific light 
absorption and was subtracted from the OD at 540 
nm to give the OD value specific to formazan crystals 
derived from MTT cleavage, which is proportional to 
the number of viable cells with active mitochondria.

2.4.3. Determination of cell proliferation

Cell proliferation rate was determined by the 
3H-thymidine incorporation assay. Briefly, cells were 
exposed to OFE and/or FFE (or the solvent) for 24 h, 
being incubated with3H-thymidine 0.025 µCi/mL in 
the last 5 h of treatment. After removal of excess 
3H-thymidine by a wash with 300 μL of 10% TCA (w/v) 
for 1 h at 4 °C, drying for 30 min and addition of 1 M 
NaOH (280 μL/well), the lysate was neutralized with 5 
M HCl prior to the addition of scintillation fluid. The 
radioactivity of the samples was then quantified by 
liquid scintillometry (LKB Wallac 1209 Rackbeta, Turku, 
Finland). Cellular DNA synthesis rate was expressed as 
incorporation of 3H-thymidine (μCi/mg protein).

2.4.4. Determination of cell migration rates

Cell migration rates were determined by a scratch 
injury assay. Briefly, the cell monolayers were scratched 
with a 10 µL pipette tip and were afterwards treated 
for 24 h with OFE and/or FFE (or the solvent). Images 
were obtained at 0 and 24 h after the scratch, and 
quantification was performed using the ImageJ software 
(NIH, Bethesda, MD, USA).

2.4.5. Protein determination

The protein content of cell monolayers was determined 
as described by Bradford (1976), using human serum 
albumin as standard.

2.5. Calculations and statistics

Arithmetic means are given with standard error of the 
mean (SEM) or standard deviation (SD). The value of 
n indicates the number of replicates of at least 2 or 3 
different replicates.
The extract/drug concentration for 50% inhibition (IC50) 
was estimated by plotting percentage inhibition with 
respect to control against treatment concentration in 
vitro tests. A0.5 values were determined from absorbance 
curves at the corresponding wavelength.
Statistical significance of the difference between 
various groups was evaluated by analysis of variance 
test followed by the Student-Newman-Keuls test. For 
comparison between two groups, Student’s t test was 
used. Differences were considered significant when p 
< 0.05.

3. Results and Discussion
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3.1. Total polyphenol content (TPC) and flavonoid 
contents (TFC) of OFE and FFE

The total phenol and flavonoid content of OFE and 
FFE extracts is shown in Table 1. OFE (174.7 ± 6.0 mg 
EGA/100 g extract) was proven to have a higher total 
polyphenol content when compared to FFE (83.2 ± 4.4 
mg EGA/100 g extract); similarly, the total flavonoid 
content of OFE (59.9 ± 2.9 mg EQ/100 g extract) was 
higher than that of FFE (27.6 ± 1.2 mg EQ/100 g extract).
The TPC of OFE reported in the present work (174.7 mg 
EGA/100 g) agrees with a previous determination of 
TPC in olive fruits of seven different cultivars of Olea 
europaea, collected in Italy (Coratina, Frantoio, Leccino, 
Maiatica, and Ogliarola cultivars) and Algeria (Sigoise 
and Chemlal cultivars), which ranged from 147.1 to 
290.2 EGA/100 g. However, the TPC was slightly lower 
than the previously determined in the same olive fruit 
variety (272.8 EGA/100 g) (Dekdouk et al., 2015). This 
value is also similar to those observed in the Chetoui 
variety of olive fruits, from Tunisia, which were 313.6, 
309.8, 36.1 and 83.3 mg hydroxytyrosol equivalents/100 
g during the extraction with hexane, dichloromethane, 
ethyl acetate and methanol, respectively, although a 
different standard (hydroxytyrosol equivalents) was 
used (Brahmi et al., 2015). This variation in TPC may be 
related to the solvent system used (Brahmi et al., 2015) 
and the varieties of olive fruits (Dekdouk et al., 2015).
In the case of figs, the TPC content was 83.2 mg 
EGA/100 g extract, which is lower than that reported 
by Khadhraoui et al. (2019) for dark dried fig of Saoudi 
Douiret cultivar, but similar to that of green dried fig 
of Bayoudhi Douiret cultivar from Tunisia (TPC of 201.8 
and 73.7 mg EGA/100 g, respectively). This value is also 
lower than those reported for dark colored (Aberkane, 
Azandjar and Bouankik varieties) and light colored 
(Abiarous, Azegzaw, El-bakour, Taamriwth, Tahyounte 
and Taghanimt varieties) dried figs from northern 
Algeria: the median for dark and light varieties of figs 
were 619 and 515 mg EGA/100g, respectively (Bachir 
Bey and Louaileche, 2015). Moreover, they are also 
lower than the TPC estimated for Iranian (1120-2682 mg 
EGA/100 g; Pourghayoumi et al., 2017), Indian (331.9 
mg EGA/100 g; Vijaya Kumar Reddy et al. (2010) and 
Turkish (169.4 mg EGA/100 g; dried figs (Capanoglu, 
2014). These differences in TPC could be due to many 
parameters such as the geographical origin, varieties, 
extraction conditions, and postharvest storage 
conditions (Bachir Bey et al., 2013; Hoxha et al., 2015).
Flavonoids, a class of polyphenolic secondary 
metabolites, are one of the most diverse and widespread 
groups of phytochemicals. These compounds constitute 
a potential therapeutic alternative for various diseases 
(Mutha et al., 2021). We verified that the TFC of OFE 
and FFE were 59.9 ± 2.9 and 27.6 ± 1.2 mg EQ/100 g, 
respectively. The flavonoid content of olive and Fig fruits 
are well documented in the literature. The TFC values 
of OFE obtained is lower than that previously reported 
for olive extracts of the Chetoui variety, from Tunisia, 
which were 844.6 and 131.2 mg catechin equivalents 
(EC)/100 g, by dichloromethane and hexane extraction, 
respectively (Brahmi et al. 2015). Similarly, the TFC of 
FFE is also slightly lower than those obtained by Bachir 

Bey and Louaileche (2015), which indicated TFC of 
dark and light dried fig varieties of 126.6 mg EQ/100 g 
and 87.2 mg EQ/100 g, respectively. Khadhraoui et al. 
(2019) reported that the TFC of dried fig extracts from 
South-Eastern and Middle Eastern Tunisia ranged from 
58.0 mg to 112.3 mg EQ/100 g. The variation of TPC 
could be due to differences in Fig varieties/genotype 
(Caliskan and Polat, 2012), drying methods (Khadhraoui 
et al., 2019), solvent used and could also be related to 
different unit used (catechin or quercetin equivalents).

3.2. Antioxidant activity of OFE and FFE

The antioxidant activity of OFE and FFE was determined 
using different in vitro methods: DPPH• free radical 
scavenging assay, ABTS•+ scavenging assay, CUPRAC 
assay and the Reducing Power assay. The results of all 
the tests, expressed in terms of IC50 (µg/mL) or A0.5, are 
presented in Table 2. The effectiveness of antioxidant 
properties is inversely correlated with their A0.5 and 
IC50values.
DPPH• or ABTS•+ can accept an electron or a hydrogen 
atom from the antioxidant compound and will thus be 
converted to a more stable molecule; this reduction is 
observed as a color switch for DPPH• (from purple to 
yellow) and as a decolorization for the radical ABTS•+ (Re 
et al., 1999; Magalhães et al., 2006). Table 2 showed that 
OFE was more effective in DPPH• and ABTS•+ scavenging 
assays (IC50 value of 29.6 ± 0.8 and 32.4 ± 0.5 µg/mL, 
respectively) than FFE (IC50>100 μg/mL in both assays).
In the Reducing power assay, the presence of reductants 
converts the oxidized form of iron (Fe3+) in ferric chloride 
to ferrous (Fe2+), which can be monitored by absorbance 
measurement at 700 nm (Oyaizu, 1986). The CUPRAC 
assay is based on the reduction of the neocuproine-
copper complex, resulting in the formation of a 
chromogenic complex of copper-neocuproine (Cu(II)-
Nc), which absorbs at 450 nm (Saci et al., 2020). The 
antioxidant capacity of the extracts evaluated with the 
CUPRAC and the Reducing power assays is presented 
as A0.5 values, which were determined from absorbance 
curves at the corresponding wavelength (700 and 
450 nm, respectively). This reduction was found to be 
concentration-dependent (results not shown). OFE 
exhibited a strong ability to reduce iron (A0.5 value: 129.8 

± 3.7 μg/mL) and a weaker ability to reduce copper (A0.5 
value: 29.8 ± 0.9 μg/mL). FFE showed a lower capacity 
to reduce both iron and copper (A0.5 values were > 200 
μg/mL and > 100 μg/mL, respectively) (Table 2).
As expected, BHA and BHT, the standard references 
for the DPPH•, ABTS•+ and CUPRAC assays, showed a 
strong scavenger and reducing ability. Ascorbic acid 
and tannic acids, which were used as standards for the 
Reducing Power assay, showed also strong reducing 
activities (Table 2).
Due to the variable responses exerted by a specific 
antioxidant in various testing systems, it is important to 
use diverse antioxidant methods to take in account the 
mechanism of action of each compound (Moukette et 
al., 2015). The potent antioxidant activity of polyphenols 
and flavonoids resumes in their ability to act as reducing 
agents, hydrogen donors and singlet oxygen quenchers 
(Kasote et al., 2015). The methanolic extract conclusion, 
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Extract TPC (mg EGA/ 100 g extract) TFC (mg EQ/100 g extract)
OFE 174.74  ± 6.03 59.88  ±  2.91
FFE 83.19  ± 4.42 27.64  ± 1.22

Table 1
Total phenolic content (TPC) and total flavonoid content (TFC) of Olea europaea 
(OFE) and Ficus carica (FFE) fruit extracts. Total phenolics content is expressed as 
mg of gallic acid equivalents per 100 mg of extract (mg EGA/100 mg) and total 
flavonoid content as mg quercetin equivalents per 100 mg of extract (mg EQ/100 
g)a.

a Results are expressed as arithmetic means ± SD of three measurements.

    
Sample DPPH•

(IC50)
ABTS•+

(IC50)
CUPRAC

(A0.5)
Reducing Power 

(A0.5)
OFE 29.55 ± 0.77 32.40 ± 0.45 29.83 ± 0.91 129.84 ± 3.72
FFE >100 >100 >100 >200
BHT 22.32 ± 1.19 1.29 ± 0.30 9.62 ± 0.87 nt
BHA 5.73 ± 0.41 1.81 ± 0.10 3.64 ± 0.19 nt
Ascorbic acid nt nt nt 6.77 ± 1.15
Tannic acid nt nt nt 5.39 ± 0.91

Table 2
Antioxidant activity of Olea europaea (OFE) and Ficus carica (FFE) fruit extracts. 
Results are expressed as IC50 (µg/mL) (DPPH• and ABTS•+ assays) or A0.5 (μg/mL) 
(CUPRAC and reducing power assays).

The A0.5 (Reducing power and CUPRAC assays) and the IC50 values (DPPH• and ABTS•+ assays) were calculated by 
linear regression analysis. Results are expressed as arithmetic means ± SD of three measurements. BHA: Butylated 
hydroxyl anisole, BHT: Butylhydroxytoluene. nt: Not tested.

Fig. 1. Effects of Olea europaea (OFE) and/or Ficus carica (FFE) fruit extracts (24 h) on the 
viability of PANC-1 and AsPC-1 cells. (A-B) Effect of distinct concentrations of OFE and 
FFE (n=6); (C-D) Effect of the combination of OFE (0.5 mg/mL) and FFE (0.5 mg/mL) (n=8). 
Results are presented as arithmetic means ± SEM of two measurements. (A-B) * p < 0.05 
(Student’s t test); (C-D) * p < 0.05 vs control and # p <0.05 vs each other (ANOVA followed 
by Student-Newman-Keuls test).
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Fig. 2. Effects of Olea europaea (OFE) and/or Ficus carica (FFE) fruit extracts 
(24 h) on proliferation of PANC-1 and AsPC-1 cells. (A-B) Effect of distinct 
concentrations of OFE and FFE (n = 4); (C-D) Effect of combination of OFE (0.5 
mg/mL) and FFE (0.5 mg/mL) (n = 6). Results are presented as arithmetic means 

± SEM of two measurements. (A-B) *p < 0.05 (Student’s t test); (C-D) * p < 0.05 
vs control and #p < 0.05 vs each other (ANOVA followed by Student-Newman-
Keuls test).

of olive fruit (OFE) was found to exhibit a more potent 
activity as a scavenger of free radicals and as a reducing 
agent than Fig extract (FFE). Olive fruits are known to 
have a potent antioxidant activity (Brahmi et al., 2015; 
Dekdouk et al., 2015), and the major contributors to 
their antioxidant activity appear to be hydroxytyrosol, 
tyrosol, p-hydroxybenzoic acid, and verbascoside 
(Dekdouk et al., 2015). So, the more potent antioxidant 
activity of OFE is most probably correlated with its 
higher phenolic content (Dekdouk et al., 2015; Brahmi 
et al., 2015).

3.3. Anticancer activity

3.3.1. Effects of OFE and/or FFE on cell viability

As shown in Fig. 1, OFE and FFE showed promising 
cytotoxicity against PANC-1 and AsPC-1 cells (Fig. 1A-
B). Combination of the extracts clearly increase the 
cytotoxic effect against both pancreatic cell lines (Fig. 
1C-D).

3.3.2. Effect of OFE and/or FFE on cell proliferation

OFE exhibited a marked concentration-dependent 
antiproliferative effect in both cell lines. In contrast, 
FFE caused no significant changes in proliferation rates 
(Fig. 2A-B). When the two extracts were combined, the 
inhibitory effect was equal to that caused by OFE, in 
both cell lines (Fig. 2C-D).
A general consensus exists on the importance of dietary 

habits, including the quantity and quality of food 
ingested, and their impact on health. Epidemiological 
studies have clearly established a protective effect of 
the Mediterranean diet against several types of cancer 
(Schwingshackl and Hoffmann, 2014; Saha et al., 
2017; Mentella et al., 2019; Guasch-Ferré and Willett, 
2021), including colorectal (Bamia et al., 2013), gastric 
(Buckland et al., 2010) and breast (Buckland et al., 2013) 
cancers.
A positive relationship between olive oil consumption 
and a reduction in cancer risk has been reported (Romani 
et al., 2019; Markellos et al., 2022). In agreement with this, 
our study revealed that OFE possesses a concentration-
dependent cytotoxic and antiproliferative effect in 
both AsPC-1 and PANC-1 pancreatic cancer cell lines. 
These findings agree with previous reports showing 
a cytotoxic and/or antiproliferative effect of OFE 
against other cancer lines, namely hepatic (HepG2) 
and colorectal (Caco-2) (Maalej et al., 2017; Celano 
et al., 2019) and a protective effect in a rat model of 
hepatocellular carcinoma (Shirazi et al., 2018). Moreover, 
an antiproliferative effect of extracts from Corregiola 
and Frantoio varieties of Olea europaea L. leaves were 
reported in the MIA PaCa-2 pancreatic cancer cell line 
(Goldsmith et al., 2015). The underlying mechanisms by 
which olive oil exerts a cancer preventive effect have 
been attributed to its content in various bioactive natural 
products, specifically polyphenols. Indeed, polyphenols 
are known to possess several anticancer mechanisms, 
namely antioxidant, anti-inflammatory, anti-mutagenic, 
anti-proliferative, pro-apoptotic and anti-angiogenic 
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(Gorzynik-Debicka et al., 2018). In support of this the 
main phenolic compounds present in olive extracts 
(tyrosol, hydroxytyrosol, oleocanthal, oleuropein, rutin, 
quercetin and glucoside forms of luteolin) have been 
shown to have anticancer effects on several types of 
cancers. For instance, hydroxytyrosol induces apoptosis 
of the LS180 human colorectal carcinoma cell line 
(Hormozi et al., 2020). Additionally, oleocanthal has 
antiproliferative and cell cycle inhibitory effects in 
hepatocarcinoma cells in vitro and suppresses tumor 
growth in an orthotopic hepatocarcinoma model (Pei 
et al., 2016). It also inhibits invasiveness and tumor 
growth in breast cancer models (Akl et al., 2014). As to 
oleuropein, it decreases the number of breast cancer 
MCF-7 cells by inhibiting the rate of proliferation and 
inducing cell apoptosis (Han et al., 2009). Importantly, 
oleocanthal was reported to induce death of the BxPC-
3 pancreatic cancer cell line (LeGendre et al., 2015) and 
Goldsmith et al. (2018) reported a potential antitumoral 
effect of oleuropein and hydroxytyrosol through 
reduction of proliferation, influence of cell cycle and 
induction of apoptosis in MIA PaCa-2 pancreatic cancer 
cells. However, these compounds showed no effect on 
other pancreatic cancer cell lines (BxPC-3 and CFPAC-1) 
(Goldsmith et al., 2018).
Our current study evidenced that FFE possesses a cytotoxic 
effect against both AsPC-1 and PANC-1 pancreatic 
cancer cell lines, although no significant antiproliferative 
effect was verified. The methanolic extract of Ficus 
carica leaves and fruits was previously shown to possess 
cytotoxic, pronecrotic and proapoptotic effects in 
Huh7it cancer liver cells (Purnamasari et al., 2019). Very 
interestingly, a recent study also showed that a F. carica 
fruit extract reduced viability and effectively suppressed 
migration, metastasis, invasion, and colony formation 
of PANC-1 and QGP-1 pancreatic cancer cell lines, by 
inducing apoptotic cell death and autophagy (Ou et 
al., 2022). However, in contrast to the present study, 
antiproliferative effects of fig extracts were observed in 
other cancer cell types. Namely, F. carica leaves extract 
induced anti-growth effects on triple-negative breast 
cancer MDA-MB-231 cells by promoting apoptosis and 
cell-cycle arrest at the S phase (Zhang et al., 2018), an 
antiproliferative effect of fig tree latex was observed on 
a stomach cancer cell line (Hashemi et al., 2011), and an 
antiproliferative and proapoptotic effect of fig leaves, 
whole fruit and latex extracts was observed on HCT-
116 and HT-29 colorectal cancer cell lines (Soltana et 
al., 2019).
A synergic effect has been widely investigated between 
polyphenols and therapeutical drugs. For instance, 
quercetin promoted cisplatin-induced apoptosis in 
vitro in human oral squamous cell carcinoma cell lines 
by downregulating NF-κB and promoted the apoptotic 
effect of cisplatin in vivo in a mouse xenograph model 
(Li et al., 2019). Moreover, this same combination had 
a synergic inhibitory effect on cervical cancer cells via 
inhibition of proliferation, migration, invasion, and 
stimulation of apoptosis (Xu et al., 2021). In the current 
study, we were interested in verifying the effect of 
combination of the two extracts against AsPC-1 and 
PANC-1 cell lines. Our findings show a potent additive 
cytotoxic and antiproliferative effect of combination 

of OFE and FFE against these two cell lines. This result 
may be explained by the additive effect of phenolic 
compounds present in the two extracts, as previously 
reported when combining quercetin and sulforaphane 
(Srivastava et al., 2011), isoflavone and curcumin (Wang 
et al., 2008) and ferulic acid and δ-tocotrienol (Eitsuka 
et al., 2014).

3.3.3. Effect of OFE and/or FFE on cell migration

As shown in Fig. 3, OFE evidenced a concentration-
dependent antimigratory effect in PANC-1 cells, but no 
effect on AsPC-1 migration rates was found. As for FFE, 
it exhibited a marked and concentration-dependent 
stimulatory effect on the migration rates of both cell 
lines (Fig. 3A-B). More interestingly, combination of 
the two extracts led to a complete abolition of the 
stimulatory effect of FFE in the two cell lines; instead, an 
effect very similar to that caused by OFE was observed 
(Fig. 3C-D).
Directional cell migration plays a key role in pivotal 
steps that promote tumor metastasis, such as cellular 
migration and invasion into the surrounding stroma. 
Given the fact that current chemotherapy drugs for 
pancreatic cancer only offer an increase in survival of up 
to six months (Moore et al., 2007; Park et al., 2021), the 
search for novel agents with an antimigratory effect on 
pancreatic cancer cells while displaying limited toxicity 
towards normal cells is thus paramount. The present 
data clearly demonstrate that: 
(1) OFE showed a concentration-dependent 
antimigratory effect towards PANC-1 cells only. 
(2) OFE presented a marked stimulatory effect on the 
migration of both cell lines. 
(3) Very interestingly, combination of the two extracts 
resulted in a complete abolition of the stimulatory 
effect of FFE and instead an effect comparable to 
that caused by OFE was found. Although we have no 
evidence as to the mechanism involved in this effect of 
OFE, components in OFE appear to be able to abolish 
the stimulatory effect of FFE on cell migration.
Several studies have tested the ability of crude extracts 
rich in phenolic compounds or isolated phenolic 
compounds in inhibiting migration of pancreatic cancer 
cells in vitro and in vivo. Fahrioğlu et al. (2016) reported 
that ferulic acid exhibits an anticancer effect by 
inhibiting migration of MIA PaCa-2 pancreatic cancer 
cells. Similarly, kaempferol effectively inhibited the 
migratory activity of MIA PaCa-2, PANC-1, and SNU-
213 human pancreatic cancer cell lines at relatively 
low concentrations (Lee and Kim, 2016). From our 
findings, we believe that the use of OFE, either alone or 
in combination with pro-migratory agents, can inhibit 
pancreatic cell migration, which is very interesting.

4. Concluding remarks

Collectively, this report demonstrates that OFE, which 
is very rich in bioactive polyphenolic compounds, 
possesses anticancer effects against PANC-1 and AsPC-
1 pancreatic cancer cell lines. It exhibits cytotoxic, 
antiproliferative and antimigratory effects. In contrast, 
FFE exhibits a cytotoxic effect in these two cell lines, 
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Fig. 3. Effects of Olea europaea (OFE) and/or Ficus carica (FFE) fruit extracts (24 
h) on the migration capacity of PANC-1 and AsPC-1 cells. (A-B) Effect of distinct 
concentrations of OFE and FFE (n = 6); (C-D) Effect of combination of OFE (0.5 mg/
mL) and FFE (0.5 mg/mL) (n=8). Results are presented as arithmetic means ± SEM of 
two measurements. (A-B) *p < 0.05 (Student’s t test); (C-D) *p < 0.05 vs control and # 
p < 0.05 vs each other (ANOVA followed by Student-Newman-Keuls test).

but it does not have an antiproliferative effect and even 
stimulates the migration of these cells. The combination 
of OFE and FFE led to an increase in the cytotoxic 
effect in both cell lines and the disappearance of the 
promigratory effect of FFE. Thus, the combination of 
these extracts in fact exerts a more interesting anti-
cancer effect than either of the extracts alone.
This report also demonstrates that OFE and FFE exhibit 
different antioxidant properties in response to different 
models, namely DPPH•, ABTS•+, CUPRAC and Reducing 
Power models, which may be related to their different 
polyphenol and flavonoid content. More importantly, 
the higher phenolic and flavonoid content and 
antioxidant ability of OFE, in relation to FFE, correlates 
with a more prominent anticancer effect. Because the 
biological activity of polyphenols is strongly related 
to their antioxidant properties (Gorzynik-Debicka et 
al., 2018), we suggest that the anticancer effect of the 
extracts results from their antioxidant properties.
This study could lead to new research on pancreatic 
cancer and the consumption of olive and fig products, 
and place OFE and FFE/ phenolic compounds as good 
candidates for further molecular studies aimed at 
finding a better, and more effective treatment approach 
for resistant pancreatic cancer. In future work, it would 
be very interesting to confirm the results of this study 
in other human pancreatic cancer cell lines, and also in 

animal pre-clinical models. Moreover, the mechanisms 
involved in the positive interaction between OFE and 
FFE should be further explored.
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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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pharmacy and improving the quality of life for people 
around the world.
Dendrobium transparens (common name: Translucent 
Dendrobium) is a medium to large-sized rare orchid 
growing on trees, with slender, basally swollen, erect 
to pendulous stems. Translucent Dendrobium is found 
in the Himalayas, from Kumaon, Nepal to Bhutan, NE 
India, Laos, and Myanmar at altitudes of 800-2000 m 
(eFloras, 2020). It is a horticulturally important orchid. 
Besides horticulture, it has been widely important 
in traditional medicine to treat fractured, dislocated 
bones and geriatric diseases (Gutierrez, 2010). The wild 
resource of this orchid is depleting day by day due to 
habitat loss, and collection from hobbyists to large-scale 
illegal trade. The rate of vegetative multiplication of this 
orchid is extremely slow producing 2-4 shoots per year, 
however, its seed germination process is very complex 
as it needs a specific mycorrhiza due to the lack of 

1. Introduction

Medicinal plants have long been recognized for 
their remarkable ability to produce a diverse 
array of biologically active compounds that 

exhibit a wide range of therapeutic effects (El Jabboury 
et al., 2023; Kota et al., 2023). These natural products, 
often the result of millions of years of evolutionary 
adaptation, have the potential to treat various ailments, 
from inflammation and pain to cancer and infectious 
diseases (Hapuarachchi et al., 2022). By harnessing 
the power of medicinal plants, researchers and 
healthcare professionals can develop novel drugs and 
treatments that are both effective and safe, offering 
hope to those suffering from debilitating conditions 
(Mohammadhosseini et al., 2019; Mohammadhosseini 
et al., 2021). As we continue to explore the vast and 
largely untapped potential of these botanical wonders, 
we move closer to unlocking the secrets of nature’s 

This study assessed the phenolic and flavonoid contents, and antioxidant, antibacterial, as well 
as cytotoxic properties of the protocorm extract of Dendrobium transparens and compared it 
to its wild equivalents. Methanol was used to extract compounds from the stems (DTSE) and 
protocorms (DTPE). DTSE contained 61.889 mg flavonoid and 82.00 mg phenolic content per 
gram extract equivalent to quercetin and gallic acid, respectively. At a concentration of 191.23 
μg/mL, DTSE exhibited a 50% DPPH radical scavenging efficiency. Compared to the 3T3 cell 
line (2108.87 μg/mL), the DTPE’s cytotoxic ability against the HeLa (229.30 μg/mL) and U251 
(213.90 μg/mL) cell lines was found to be significantly stronger. However, the U251 cell line 
was strongly cytotoxic to DTSE (75.84 μg/mL). At a dose of 2000 mg/kg, neither DTSE nor DTPE 
caused any discernible harm in mice. They could inhibit the growth of Acinetobacter baumannii, 
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Staphylococcus aureus. 
Based upon the experimental results, the wild stems and protocorms were found to be 
alternatives suitable for creating pharmacologically bioactive substances.
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For protocorm formation, mature seeds were placed on 
a hormone-free MS solid medium and supplemented 
with BAP (0.5-2.0 mg/L) and NAA (0.5-1.0 mg/L). 
Protocorms were cultivated on hormone-free MS 
medium as control and on MS medium comprising 
NAA, BAP or kinetin with concentrations ranging from 
0.5 to 2.0 mg/L for shoot initiation. For subsequent 
growth, healthy shoots were sub-cultured on the basal 
MS medium. MS medium with NAA, indole-3-acetic 
acid (IAA) and indole-3-butyric acid (IBA) at 1-1.5 mg/L 
as well as coconut water (100 mL/L) were used for root 
initiation.

2.5. Biomass determination and extraction

In-vitro growth protocorms were removed by mesh 
filtering and the biomass was quantified after surface 
drying. The biomass of protocorms was dried up at 
room temperature. The in vitro developed protocorms 
and wild plant stems were soaked in methanol for 
48 hours and centrifuged at 4000x for 15 minutes. 
The supernatant was collected and dried in a rotary 
evaporator. Both protocorms extract (DTPE) and stem 
extract (DTSE) of Translucent Dendrobium were stored 
at 4 °C until further use.

2.6. Determination of total phenolic content (TPC)

Total phenolic content of DTPE and DTSE was 
determined using the Folin-Ciocalteu (FC) reagent 
colorimetric method. In brief, 25 µL of extract (1.0 
mg/mL) was mixed with 25 µL of FC reagent (10.0%) 
followed by 75 µL of distilled water in a 96-well plate. A 
similar procedure was applied for a gallic acid standard 
(25-200 mg/mL). The blank was prepared by replacing 
the plant sample with absolute methanol. After a steady 
reaction, 100 µL of Na2CO3 (1.0 M) was added to each 
sample. The plate was covered and incubated in the 
dark for 90 minutes. The absorbance of each solution 
was then read at 765 nm using a microplate reader 
(Azure Biosystems Microplate Reader). The experiment 
was done in triplicate. Total phenolic content was stated 
in terms of milligram of gallic acid equivalent per gram 
of plant extract (mg GAE/g).

2.7. Determination of total flavonoid content (TFC)

Total flavonoid content (TFC) of DTPE and DTSE was 
determined using the aluminium chloride (AlCl3) 
colorimetric method. In summary, 25 μL of extract (1 
mg/mL) was mixed with 75 μL of AlCl3 (10.0%) and then 
50 μL of potassium acetate (1.0 M) in a 96-well plate. A 
similar procedure was applied for the quercetin as the 
TFC standard (25-200 mg/mL). The blank was prepared 
by replacing the plant sample with absolute methanol. 
The plate was then covered and incubated at room 
temperature for 30 minutes. Finally, the absorbance was 
recorded at 415 nm using a microplate reader (Azure 
Biosystems Microplate Reader). The experiment was 
done in triplicate and the TFC was stated in terms of 
a milligram of quercetin equivalent per gram of plant 
extract (mg QE/g).

endosperm, and about 2.0-5.0% are germinated (Otero 
et al., 2002; Pant et. al., 2017). Plant tissue culture has 
overstated the endeavours in plant conservation and 
would be the most appropriate substitute to reduce the 
burden on wild orchids (Pfab and Scholes, 2004; Pant, 
2013, 2014), thus assisting in their sustainable utilization. 
Furthermore, it is useful for delivering plant-derived 
bioactive components (Bourgaud et al., 2001; Vanisree 
et al., 2004; Hussain et al., 2012; Ochoa-Villarreal et al., 
2016; Espinosa-Leal et al., 2018). Orchid protocorms 
are unique, highly organized tissues that emerge from 
in vitro seed cultures and undergo differentiation into 
mature plants. These tissues are characterized by the 
accumulation of a high concentration of secondary 
metabolites (Paudel et al., 2020; Pant et al., 2021). The 
major purpose of orchid protocorm development is to 
form plantlets and the isolation of bioactive secondary 
metabolites (Yeung, 2017). 
This research was assumed on Translucent Dendrobium 
to (i) Perceive the effect of different phytohormones 
on seed germination, protocorms formation, shoot 
and root initiation, (ii) Determine the phenolic and 
flavonoid contents of wild plants and tissue culture-
raised protocorms, and (iii) Evaluate the antioxidant, 
antibacterial and cytotoxicity of wild plant and in vitro 
developed protocorms.

2. Experimental

2.1. Plant materials

The mature capsule and stems of Translucent 
Dendrobium were collected from the Bhaktapur district 
of central Nepal (27.6451° N, 85.4427° E) in June and 
July 2018. The voucher specimen was deposited at 
the Tribhuvan University Central Herbarium (TUCH) 
(voucher number P08), Kathmandu, Nepal. The seeds 
were used as explants in the production of protocorms 
and plantlets.

2.2. Sterilization of capsule

The capsule was sterilized with 1-2 drops of Tween-20 
and rinsed for at least half an hour under running 
tap water. The capsule was submerged in a sodium 
hypochlorite solution (1.0%) for 15 minutes and in 
ethanol (70%) for 10 minutes. Then, it was washed with 
sterile water.

2.3. Culture medium and culture conditions

Full and half strengths of Murashige and Skoog (MS) 
basal medium were used for protocorm development 
from seeds. BAP (6-benzylaminopurine) and NAA 
(1-naphthaleneacetic acid) were used as organic 
additives. The pH of the medium was adjusted to 5.8 
before being sterilized in an autoclave at 121 °C and 1 
kPa for 20 minutes. The cultures were kept in a room at 
25 ± 2 °C under a 16/8-hour (light/dark) photoperiod of 
30 µmol/m2/s intensity.

2.4. Induction of protocorms and plant regeneration
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2.8. Determination of antioxidant activity

The antioxidant activity of DTPE and DTSE was 
determined by the DPPH free radicals scavenging 
method (Babili et al., 2022). Briefly, 50 µL of extract at a 
concentration ranging from 25 to 200 µg/mL was mixed 
up with 150 µL of DPPH (0.2 mM) in a 96-well plate. 
The blank was prepared by replacing the same volume 
of plant sample with absolute methanol. After 30 
minutes of incubation in the dark at room temperature, 
the absorbance of the plate was read at 517 nm using 
a microplate reader (Azure Biosystems Microplate 
reader). The antioxidant capacity of the extract (IC50) 
was calculated using a polynomial regression equation 
derived from the percentage of DPPH scavenging 
activity at various concentrations of the extract.

2.9. Determination of cytotoxic activity

The cytotoxic activity of DTPE and DTSE was determined 
by employing the MTT (3-[4,5-dimethylthiazole-2-yl]-
2,5-diphenyl-tetrazolium bromide) colorimetric assay in 
HeLa, U251 and 3T3 cell lines. Briefly, 1 x104 cells were 
transferred to a 96-well plate with 100 µL of DMEM 
(Dulbecco’s Modified Eagle Medium) including 10.0% 
fetal bovine serum (FBS), penicillin/streptomycin (1.0%) 
and L-glutamine (1.0%). The plate was incubated in a 
5.0% CO2 incubator at 37 °C to reach a confluence of 
80-90%. The extract at 50, 100, 200, and 400 µg/mL 
concentrations was put into the well and incubated 
for 48 hours. After incubation, the supernatant was 
substituted with 150 µL of medium and 50 µL of MTT. 
Purple formazan crystals appeared after 4 hours of 
incubation and were dissolved by DMSO (0.1%). The 
absorbance of the plate was read at 595 nm using a 
microplate reader (Azure Biosystems Microplate Reader) 
with a commercially available cisplatin serving as a 
positive control. The cytotoxic capacity of extract (IC50) 
was calculated using a polynomial regression equation 
obtained from percentage cell growth inhibition at 
different concentrations of extract.

2.10. Acute toxicity assay

Twenty albino mice, approximately 8-10 weeks old, 
were selected, with 10 males and 10 females, weighing 
28 ± 4 g. The mice were kept under control conditions 
for five days according to OECD (2008) test guidelines. 
Before dosing, the mice were fasted overnight for 
approximately 16 hours. They were then orally 
administered a dose of 20 mL/kg of DTPE and DTSE 
extracts at a concentration of 2000 mg/kg body weight. 
The control group consisted of five mice that were fed 
an equivalent volume of sterile water. After dosing, 
the mice were fed their regular diet. Furthermore, 
both groups were closely monitored for any signs of 
abnormality for 14 days.

2.11. Determination of antibacterial activity

The pure culture of Escherichia coli, Klebsiella 
pneumoniae, Pseudomonas aeruginosa, Staphylococcus 
aureus and Acinetobacter baumannii in nutrient broth 

(HiMedia, India) was incubated in a shaker at 37 °C and 
120 rpm overnight. Each bacterial strain was inoculated 
on the Mueller-Hinton agar plate. The antibacterial 
activity of the extracts was determined by using the 
well diffusion method. Five wells of 7 mm diameter 
were made on a nutrient agar plate. Three wells were 
filled with 100 µL of each DTSE and DTPE (2.5, 5, 10 
and 15 mg/mL), one with DMSO (negative control) and 
one with antibiotics (positive control). After incubation 
overnight at 37 °C, the zone of inhibition was measured 
in millimetres (mm).

2.12. Statistical analysis

The data were presented as mean ± SD of three 
replicates. One-way analysis of variance was applied to 
compare the values using SPSS version 20.

3. Results and Discussion

3.1. Results

The seeds of Translucent Dendrobium (Fig. 1) were 
cultured on full-strength MS medium and full-strength 
MS medium supplemented with BAP (0.5 to 2.0 mg/L) 
and NAA (1 mg/L). The seeds were germinated and 
developed into protocorms on full-strength MS 
medium as early as 4 weeks of culture (Table 1). The full-
strength MS medium supplemented with 2.0 mg/L BAP 
and 1 mg/L NAA also induced protocorm formation 
after 6 weeks of seed culture, and these protocorms 
developed into shoots and roots within 8 and 11 weeks 
of culture, respectively (Table 1, Fig. 1). The protocorms 
and wild stem extracts (DTPE and DTSE) were evaluated 
for their total phenolic and flavonoid contents and 
antioxidant activity. Accordingly, DTSE demonstrated 
comparable high total phenolic content (82.00 mg 
GAE/g) and total flavonoid content (61.889 mg QE/g) as 
that of DTPE (Table 2). In view of the obtained findings 
of this study, DTSE was capable of scavenging 64.91% of 
DPPH radical, while DTPE scavenged only 53.79-56.10% 
at 100-200 µg/mL concentration. However, ascorbic 
acid (as a positive control) scavenged 62.15-74.58% at 
the same concentration (Fig. 2). The DTSE performed 
the highest DPPH radical scavenging activity and thus 
showed strong antioxidant capacity by scavenging 50% 
DPPH radicals at 191.23 µg/mL as compared to DTPE 
(Table 2).
The cytotoxic activity of DTSE and DTPE was evaluated 
against two cancer cell lines, namely HeLa and U251 
and a normal cell line, namely 3T3. DTPE exhibited a 
significantly high percentage of cell growth inhibition in 
HeLa (56.63%) and U251 (60.29%) cell lines compared 
to the 3T3 cell line (7.6%) at a concentration of 400 μg/
mL (Fig. 3 and Fig. 4). The cytotoxic capacity (IC50) of 
DTPE against HeLa (229.30 μg/mL) and U251 (213.90 
μg/mL) cell lines was found to be significantly stronger 
than that against the 3T3 cell line (2108.87 μg/mL) (Table 
3). Similarly, DTSE showed significantly strong cytotoxic 
capacity towards both cancer cell lines, whereas it was 
least cytotoxic towards normal cell lines (data retrieved 
from our previous publication, Joshi et al. 2020). 
However, commercially available cisplatin exhibited 
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Fig. 1. Seed germination and protocorms development: Ocular view of seeds under 
inverted microscope at x200 magnification before culture (a), Protocorms developed on 
full strength MS medium with 2 mg/L BAP and 1 mg/L NAA (b).

S.N. Medium
PGRs Initiation of events observed in a week
BAP NAA Germination Protocorms Shoot Root

1 HMS 0 0 5±0.3 7±0.6 10±0.5 12±0.7
2 FMS 0 0 4±0.4* 6±0.5* 9±0.7 ∞±0
3 FMS 0.5 1 7±0.5 9±0.3 ∞±0 ∞±0
4 FMS 1 1 6±1.6 7±0.5 ∞±0 ∞±0
5 FMS 1.5 1 6±1.1 7±0.7 10±0.2 14±0.7
6 FMS 2 1 5±0.4 6±1.5* 8±0.3* 11±0.2*

Table 1
Effect of different strengths of MS medium with or without BAP and NAA for in 
vitro culture of seeds of Translucent Dendrobium.

*The values with an asterisk (*) are significantly different at p < 0.05.

S.N. Extract
Total Phenolic 
Content 
(mg GAE/g)

Total Flavonoid 
Content
(mg QE/g)

Antioxidant 
capacity (IC50) 
(µg/mL)

1 Wild stem (DTSE) 82 61.89 191.23
2 Protocorms (DTPE) 72.33 56.89 295.83
3 Ascorbic acid - - 33.72

Table 2 
Total phenolic, total flavonoid, and antioxidant activity of Translucent Dendrobium 
extracts.

Fig. 2. Percentage of DPPH radical scavenging by Translucent Dendrobium extracts and 
Ascorbic acid.
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Fig. 3. Percentage of cell growth inhibition by Translucent Dendrobium protocorm extract 
(DTPE).

Fig. 4. Translucent Dendrobium protocorm extract (DTPE) treated cell lines; from left- HeLa, 
U251 and 3T3.

significantly strong anticancer activity towards both 
cancer cell lines compared to the extracts tested (Table 
3). The acute toxicity of DTSE and DTPE was assessed 
in albino mice. It was observed that all tested animals 
survived until the 14-day observation period, and there 
was no significant change compared to the control 
group of mice. The lethal dose (LD) value ranged above 
2000 mg/kg body weight for both extracts (Table 4).

Antibacterial activity of the DTSE and DTPE was 
evaluated against the five ATCC-type bacteria, namely 
Escherichia coli, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Staphylococcus aureus and Acinetobacter 
baumannii (Fig. 5). Regarding the experimental findings, 
both of the extracts were capable of inhibiting the 
growth of all the bacterial strains used, but only the 
higher concentration of extracts inhibited the growth
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S.N. Extract/Control IC50 for HeLa 
cells (µg/ mL)

IC50 for U251 
cells (µg/ mL)

IC50 for 3T3 cells 
(µg/ mL)

1 Wild stem (DTSE) 382.14* 75.84* 2329.17
2 Protocorms 

(DTPE)
229.30* 213.90* 2108.87

3 Cisplatin drug 25.00** 25.00** -

Table 3
Cytotoxic capacity (IC50) of Translucent Dendrobium extracts and cisplatin 
towards HeLa, U251 and 3T3 cell lines.

S.N. Extract LD50 value Remarks
1 Wild stem (DTSE) >2000 mg/kg BW Acute oral toxicity test according 

to OECD TG 425 Up and down 
procedure, 2008

2 Protocorms (DTPE) >2000 mg/kg BW

Table 4 
Acute toxicity test in albino mice.

Fig. 5. Inhibition of growth of Acinetobacter baumannii by DTSE (A) and 
DTPE (B).

of Klebsiella pneumoniae and Pseudomonas aeruginosa 
(Table 5). However, commercial antibiotics (gentamycin) 
have significantly inhibited the growth of bacterial 
strains.

3.2. Discussion

Orchids are gaining popularity as a means of preventing 
and treating a variety of ailments. They are considered 
safe and free of major side effects, encouraging 
consumers to use natural treatments (Pariyani et al., 
2015). Orchids are also equally important in the field 
of horticulture. However, their large-scale consumption 
from natural habitats has led to a decrease in their 
population. To address this, orchids are being conserved 
through plant tissue culture techniques, which can 
synthesize bioactive secondary metabolites in their 

tissues. Protocorms, highly organized tissues produced 
through seed culture, are particularly noteworthy as 
they accumulate these valuable bioactive secondary 
metabolites. Protocorm cultures have been accepted for 
the mass propagation of valuable orchid species (Park 
et al., 2000, 2020; Paudel et al., 2020) and the production 
of bioactive compounds including polysaccharides (Zha 
et al., 2007). In this study, a full-strength MS medium 
was found to produce protocorms for further biological 
assays. Production of the metabolite from in vitro 
cultures is dependent on the composition of media, 
pH, the density of inoculum used, and environmental 
conditions like temperature, light density, and aeration 
because of which conditions need to be optimized for 
efficient metabolite production (Pant 2014; Ochoa-
Villarreal et al., 2016; Isah et al., 2018). Macronutrients 
and micronutrients, vitamins, sugars, amino acids
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and plant hormones in a culture medium might have 
influenced the metabolite formation in protocorms 
(Cardoso et al., 2019), due to which protocorms have 
subsequently shown better antioxidant, antibacterial 
and cytotoxic activity including a significant number of 
polyphenols comparable to its wild counterpart. 
Previous studies by Park et al. (2000), Zha et al. 
(2007), and Cui et al. (2015) support our claim that 
protocorms can be a proper source for isolating 
bioactive components with decent biological activity. 
In this study, we produced biomass from in vitro-
developed protocorms for the synthesis of bioactive 
secondary metabolites and evaluated their antioxidant, 
antibacterial, and cytotoxic activities.
Our results show that the wild sample exhibited slightly 
superior antioxidant, antibacterial, and cytotoxic activity 
compared to the protocorm extract, which had higher 
flavonoid and phenolic content. Antioxidant-rich 
substances found in plants can scavenge free radicals 
and reactive oxygen species produced in the human 
body, potentially preventing cancer. These antioxidant-
rich substances can halt the cell cycle and induce 
apoptosis, as reported by Pham-Huy et al. (2008) 
and Roleira et al. (2015). In a previous study, in-vitro-
developed protocorms from Dendrobium densiflorum 
were also found to have significant cytotoxicity and 
antioxidant activity compared to their wild counterpart 
(Pant et al., 2021). A similar result was also reported in 
Coelogyne stricta with cytotoxic activity against HeLa 
cells (Thapa et al., 2020). The existence of bioactive 
compounds varies depending on which section of 
the plant is inoculated, and variations in the nutrient 
components of organic supplements have a significant 
impact on the accumulation of such compounds (Zha 
et al., 2007; Cui et al., 2015). Similar mechanisms of 
action of antioxidant-rich substances found in wild 
counterparts and protocorms were seen in Dendrobium 
longicornu, D. amoenum, D. crepidatum, D. moniliforme, 
D. chryseum and D. densiflorum on the HeLa and U251 
cell lines (Sayin et al., 2014; Gali-Muhtasib et al., 2015; 
Paudel et al., 2017, 2018, 2019; Pant et al., 2021). Many 
folk medicinal plants have been reported to exhibit 
toxic effects (Roleira et al., 2015; Saleem et al., 2016). 
Initial toxicological evaluation is crucial for confirming 
the safety of herbal medications. However, acute 
oral toxicity studies are required to determine the 
appropriate dosage to manage the clinical signs and 
symptoms of the drugs (Saleem et al., 2016). Mice were 
used in the present study to collect data on lethal doses 
as they are more suitable for anticipating toxic effects 
(Walum et al., 1995). The acute toxicity test revealed 
that the extracts of Translucent Dendrobium (DTSE and 
DTPE) are non-toxic and reliable, with no evidence of 
toxicity observed up to a dose of 2000 mg/kg body 
weight.

4. Concluding remarks

On a full-strength MS medium containing 2.0 mg/L 
BAP and 1.0 mg/L NAA, D. transparens protocorms 
were effectively replicated in vitro. D. transparens 
wild stems extract displayed comparable high total 
phenolic content and total flavonoid content, therefore, 

scavenged at least 50% DPPH radicals at its 191.23 µg/mL 
concentration. However, D. transparens wild stems and 
protocorms extracts exhibited cytotoxic effects against 
HeLa and U251 cell lines, but not normal cell lines (3T3). 
These extracts showed no overt harmful effects in mice. 
These extracts also have antibacterial activity against 
certain ATCC-type bacteria. Therefore, D. transparens 
wild stems and in-vitro-raised protocorms may be 
ideal for synthesizing pharmacologically bioactive 
substances. Protocorms alone in pharmacology would 
be used sustainably to lessen the strain on this species’ 
natural population.
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excellent biocompatibility (Li et al., 2020; Tungare et al., 
2020; Nammahachak et al., 2022; Mat Zaid et al., 2023). 
The luminescence of CQDs exhibits promising optical 
properties that function effectively even in solid-state 
conditions (Magesh et al., 2022; Shan et al., 2023; 
Sharma et al., 2023; Shan et al., 2024).
Among their notable features, the luminescence and, 
in particular, the photoluminescence (PL) emission of 
CQDs have garnered significant attention in recent 
years. CQDs are capable of emitting photons across a 
wide spectrum, from the ultraviolet to the near-infrared 
region (Zhang et al., 2019). Several plausible mechanisms 
have been proposed to explain the factors influencing 
the PL emission of CQDs, including surface passivation, 
aggregation-induced emission (AIE), proximity effects 
of other CQD particles, and CQD size (Tang et al., 2019; 
Lai et al., 2020; Ghasedi et al., 2022). Additionally, 
impurities can significantly alter the optical behavior of 

1. Introduction

Carbon, as the fundamental element in organic 
chemistry, has a profound impact on human 
daily life. Furthermore, carbon’s versatility in 

combining with other elements makes it one of the most 
important and valuable elements in the pharmaceutical 
and food industries (Demming, 2010; Egbedina et al., 
2022). Carbon quantum dots (CQDs) are the smallest 
members of the carbon family and have emerged as 
a powerful alternative to numerous fluorophores due 
to their exceptional electrical, optical, and physical 
properties (Huang et al., 2019b; Tajik et al., 2020; 
Kumar et al., 2022; Soumya et al., 2023; Zhao et al., 
2023). In addition, CQDs are a desirable alternative to 
conventional materials in a wide array of applications, 
spanning from biological to industrial fields. This is 
due to their advantageous properties compared to 
other materials, such as extremely low cytotoxicity and 

Quantum dots are small semiconductors less than 50 nanometers in size, exhibiting unique 
optical and electronic properties due to quantum mechanics. Carbon quantum dots (CQDs) are 
particularly popular due to their size-dependent fluorescence, non-toxicity, biocompatibility, 
and ease of access. CQDs have significant potential applications in various chemical fields. In 
this study, CQDs were successfully synthesized using a green, one-step hydrothermal method 
involving citrus (tangerine). The synthesized CQDs were characterized using UV-VIS, XRD, IR, 
and TEM methods. The CQDs were then reacted with silver oxide to form CQD/Ag composite, 
and chitosan polymer was used to synthesize carbon quantum dots/Ag/Chitosan (CQD/Ag/
Chit) bio-composite. The product was characterized using ultraviolet and infrared spectroscopy 
to confirm the bonds. This composite has potential applications in biological fields, as chitosan 
and silver have strong antibacterial properties, and their combination with active CQDs can 
enhance these properties.
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solvothermal method using citrus (tangerine) juice 
as the carbon source. For this propose, 25 mL of the 
filtered fruit juice and 25 mL of deionized water were 
poured into a teflon autoclave, which was protected 
by a stainless steel. After shaking, the autoclave was 
tightly lidded reaction container and placed in an oven 
at 160 °C for 4 hours (Bhunia et al., 2013). After the 
completeness of the reaction, the autoclave was cooled 
to ambient temperature. Next, the obtained product 
was placed in a centrifuge for 10 minutes at a speed 
of 12000 rpm. Then, the obtained solution was filtered 
with a 0.22 mm smooth syringe head filter and was 
finally kept as CQDs. The sediment was also dried and 
stored in a suitable place for analysis.

2.2. Synthesis of CQDs/Ag

To synthesize CQDs/Ag, 10 mL of AgNO3 (1.0 M) was 
mixed with 10 mL of NaCl (1.0 M). After shaking, the 
mixture was centrifuged at 8000 rpm for 5 min. Next, 
5 mL of NaOH (1.0 M) was added to the residue and 
shaked vigorously. The centrifuging process was then 
continued for over 5 min. The residue, as silver oxide, 
was kept to be used in the next step. In the next step, 
0.06 g of silver oxide was added to 5 mL of deionized 
water and centrifuge was placed in an ultrasonic bath 
for 30 min at 60 °C. Then, 1 mL of the silver oxide 
solution and 1 mL of CODs were poured into an 
autoclave containing 10 mL of deionized water. After 
tightly lidding, the autoclave was put in an oven at 160 
°C for 2 h. The obtained yield was kept cold in a dark 
place for the synthesis of CQDs/Ag/Chitosan.

2.3. Synthesis of CQDs/Ag/Chitosan composite

For the successful synthesis of CQDs/Ag/Chitosan 
composite, 0.2 g of chitosan was first dissolved in 50 mL 
of acetic acid (1.0%). Then, 10 mL of CQDs/Ag was added 
dropwise to chitosan solution at 40 and the mixture 
was stirred moderately for 24 h. Finally, the obtained 
powder (CQDs/Ag/Chitosan composite) was kept in a 
cold place for the relevant analyses (Esmaeilzadeh et 
al., 2020).

2.4. Characterization methods

To prove the formation of CQDs, a UV chamber with 
a lamp in the wavelength range of 200 to 300 nm was 
used. For this purpose, a solution of CQDs and NaOH 
with the ratio of 1 to 2 was poured in a test tube and 
exposed to UV radiation. In this relation, UV-VIS spectra 
were used to determine the amount and range of 
absorption of CQDs. About 1 mL of the product diluted 
12 times with water to completely become transparent 
which was then transferred to the special quartz cell of 
the device and the absorption spectrum was recorded 
over the wavelength range of 200 to 800 nm. Absorption 
spectra were also recorded for the synthesized products 
of other steps in the same way using a NanoDrop 
2000 UV-Vis spectrophotometer. A 150 kV Philips 
CM30 transmittance electron microscopy (TEM) was 
used to take TEM images. To obtain Fourier Transform 
Infrared (FT-IR) spectra of the sample, a PerkinElmer 

CQDs by introducing new energy states within the band 
gap between the highest occupied molecular orbital 
(HOMO) and the lowest unoccupied molecular orbital 
(LUMO), thereby affecting electronic transitions (Yang 
et al., 2018; Kou et al., 2020). An excited electron can 
jump to an energy state within the middle of the band 
gap and then return to its initial state. In the study of 
Tang et al. (2019), white-emitting CQDs were prepared 
using a direct one-pot synthesis approach, which offers 
the advantage of an in situ cellulose matrix in the 
synthesis medium.
On the other hand, the use of green resources to produce 
nanoparticles and quantum dots has been a focus of 
extensive research in recent years (Haji and Barzinjy, 
2023; Khajavi et al., 2023; Kakhki et al., 2024). The key 
advantages of these green synthesis methods include 
simplicity, low cost, and biocompatibility. Recently, 
our group has synthesized CQDs using the leaves of 
Aloe Vera (Montazeri et al., 2024). The durability of 
cellulose fibers in the Aloe Vera paste allowed us to 
utilize them as in-situ matrix networks. In a recently 
published paper, Hong et al. (2019a) synthesized 
CQDs through a one-step hydrothermal process 
using straw plant and bamboo plant residues at 180 
°C. Subsequently, they characterized the synthesized 
sample using spectroscopic methods, demonstrating 
its high optical properties and quantum performance. 
Finally, they presented their product for advanced 
biological imaging applications. In another study, CQDs 
were synthesized from candle soot and dispersed 
in a chitosan matrix, yielding a homogeneous CQD-
Chit nanocomposite. After extensive experiments and 
subsequent spectrometric analysis, it was determined 
that the proposed sensor can be used to measure 
insulin with high selectivity, accuracy, and sensitivity. 
Additionally, this sensor offers a simple, cost-effective 
construction and superior stability compared to other 
sensors (Abazar and Noorbakhsh, 2020).
In the present study, CQDs were prepared under 
hydrothermal conditions (in an aqueous environment 
at 160 °C) using an easily accessible citrus species as 
a precursor. This method is simple, environmentally 
friendly, and potentially scalable for mass production. 
The obtained CQDs contain a significant amount of 
oxygen-containing functional groups, as confirmed by 
infrared spectroscopy. A series of analyses, including 
transmission electron microscopy (TEM), ultraviolet-
visible (UV-Vis) spectroscopy, X-ray diffraction (XRD), 
and Fourier-transform infrared (FT-IR) spectroscopy 
were conducted to provide sufficient evidence 
supporting the claims regarding the white emission of 
CQDs. Additionally, the final product of this study is a 
CQD-Ag-polymer bio-composite which has potential 
applications in biological fields, as compounds such as 
chitosan and silver have strong antibacterial properties, 
and their combination with active CQDs can enhance 
these properties.

2. Experimental 

2.1. Synthesis of CQDs

We synthesized CQDs using a hydrothermal/
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spectrometer (ASTM E 1252-98) was employed. 

3. Results and Discussion

3.1. Impact of addition of different volumes of CQD/Ag 
composite to chitosan

The experiment was carried out by adding 1, 4, 7 and 10 
mL of CQD/Ag composite to chitosan, and it was found 
that the higher the volume of CQD/Ag composite, the 
darker the color of the obtained product that is due 
to the presence of more CQDs representing optical 
properties of the sample. As shown in Fig. 1, the product 
with 4 mL CQD/Ag has lower optical absorption than the 
product with 10 mL. The greenish photoluminescence 
of CQDs has been shown in Fig. 1.b and Fig. 1.d. 

3.2. UV-Vis. absorption spectra of the prepared CQDs, 
CQDs/Ag composite and Ag NPs

UV-visible spectroscopy is regarded as a simple 
approach for characterizing carbon quantum dots 
(CQDs), implying some valuable insights into their 
optical properties and structural features. The UV-
visible spectra of CQDs typically exhibit absorption 
peaks in the UV region, often accompanied by emission 
peaks in the 
visible range, which can be used to determine the 
size, shape, and composition of the particles (De and 
Karak, 2013; Zulfajri et al., 2019). The position and 
intensity of these peaks can provide information about 
the functional groups present on the surface of the 
CQDs, such as carbon, nitrogen, and oxygen, which 
are critical for their optical and biological applications 
(De and Karak, 2013; Zulfajri et al., 2019). Furthermore, 
the UV-visible spectra can be used as proper criteria to 
evaluate the photoluminescence mechanism of CQDs, 
which is of paramount importance for understanding 
their fluorescence properties and potential uses in 
sensing, imaging, and photocatalysis (Guo et al., 
2017; Zhu et al., 2017; Rawat et al., 2023; Danawala et 
al., 2024). In the literature, UV-visible spectroscopy is 
referred as a powerful tool for probing the optical and 
structural characteristics of CQDs, enabling researchers 
to optimize their synthesis and applications in various 
fields.
The absorption spectrum of CQDs has shown two peaks 
between 200 nm and 300 nm, which are caused by π 
to π* electron transitions related to sp2 orbitals and n 
to π* electron transitions related to C=O bonds. Fig. 2 
(A-E) depicted UV-Visible spectra of all the products in 
this study.

3.3. IR spectra of the synthesized CQD and CQD/Ag/
Chit

IR spectroscopy was used to determine the functional 
groups of the prepared products. For this purpose, 
the synthesized product (CQD and CQD/Ag/Chit) was 
placed in a dark place at room temperature for 48 hours 
to ensure the absence of any water in the environment. 
Then, 0.1 g of the powdered sediment with 1.0 g of 
potassium bromide was pounded and homogenized 

into a tablet and the spectra were recorded.
In order to identify functional groups on the surface 
of CQDs, the absorption of synthesized nanoparticles 
in the IR spectral region was taken into consideration. 
CQDs are composed of a core of two-dimensional 
spherical structures whose surface are covered by 
hydrophilic groups in the raw materials and cause the 
optimal solubility of CQDs in the aqueous environment 
(Lv et al., 2017). After the synthesis and filtration, the 
CQDs sample of the sediment obtained was dried and 
the FT-IR spectrum was recorded (see Fig. 3). Using FT-
IR, the spectral analysis shows a strong and relatively 
broad peak in the range of 3400 cm-1 related to the 
stretching vibrations of the O-H groups. The stretching 
vibrations of the C-H group (CH2/CH3) also appeared 
around the wavenumber of 2930 cm-1. The peaks 
appearing or the range of 1600-1700 cm-1 belong to 
C=C and C=N bonds, and the peaks related to N=O 
and C-O of ester groups were observed at 1400 and 
1200 cm-1, respectively. The peak at 1730 cm-1 is related 
to the C=O groups of the carboxylic acid in the relevant 
structures.
In the infrared spectrum of chitosan, the peak 
appearing at 3440 cm-1 is related to the O-H group and 
intramolecular hydrogen bonds, while that at 2900 cm-1  

shows the prisons of C-H group of the carboxylic acid 
group in chitosan. On the other hand, the peak at cm-1 

1600 is related to N-H bending vibrations of the amine 
group in this polymer. Also, peaks in the range of 1040-
11000 cm-1 are attributed to the C-O amine and ring 
vibrations (Dimzon and Knepper, 2015; Negrea et al., 
2015).
In the infrared spectrum containing CQDs, silver and 
chitosan, the peak at the wavelength of 11650 cm 
indicates the C=O stretching vibrations of the amide 
bond and the possibility of forming a bond between 
the carboxyl group of CQD and the amine group of 
chitosan. The two peaks appearing in the range of 
3400-3500 cm-1 have shown the stretching vibrations 
of N-H and O-H group compared to the spectrum of 
chitosan alone (Dimzon and Knepper, 2015; Negrea et 
al., 2015) (Fig. 3).

3.4. XRD pattern of that prepared CQDs

X-ray diffraction (XRD) spectroscopy has been proven 
as a powerful technique for characterizing the structural 
properties of carbon quantum dots (CQDs). XRD 
analysis can provide information about the crystalline 
structure, phase composition, and average crystallite 
size of CQDs (Shaikh et al., 2019; Hamid Abd and 
Ibrahim, 2022; Sharma et al., 2022). The XRD pattern 
of CQDs typically exhibits a broad peak around 20-
30° 2θ, indicating the presence of amorphous or 
nanocrystalline carbon (Shaikh et al., 2019; Sharma et 
al., 2022). The position and width of this peak can be 
used to estimate the average size of the CQD core, with 
smaller CQDs exhibiting broader peaks due to quantum 
confinement effects (Hamid Abd and Ibrahim, 2022; 
Das et al., 2024). Additionally, the presence of sharp 
peaks in the XRD pattern may suggest the formation of 
graphitic or crystalline domains within the CQDs (Das et 
al., 2024). By comparing the experimental XRD data with 
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Fig. 1. a: CQD/Ag/Chit with 4 mL of CQD/Ag . b: Sample a under UV 
lamination. c: CQD/Ag/Chit with 10 mL of CQD/Ag . d: Sample c under UV 
lamination.

Fig. 2. UV-Visible spectra of A: CQDs, B: CQDs/Ag composite, C: AgNPs, D: Chitosan and 
E: CQDs/Ag/Chit.
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Fig. 3. IR absorption spectra of A: CQDs; B: CQDs/Ag/Chit.

reference patterns, it is possible to identify the presence 
of specific carbon allotropes or impurities in the CQD 
sample (Shaikh et al., 2019; Hamid Abd and Ibrahim, 
2022; Sharma et al., 2022). In fact, XRD spectroscopy is a 
valuable tool for probing the structural characteristics of 
CQDs and understanding their formation mechanisms 
and properties.
As shown in Fig. 4, according to the XRD pattern of 
activated carbon, which has a strong peak in the range 
of ϴ2 = 20˚ and the characteristic of the presence of 
activated carbon, it can be attributed to CQDs. This 
type of carbon has an irregular and mostly amorphous 
structure.

3.5. TEM images of the prepared CQDs

Transmission electron microscopy (TEM) is often 
considered as an efficient technique for characterizing 
nanoparticles, offering detailed structural and chemical 
insights at the nanoscale (Anandharamakrishnan and 
Anandharamakrishnan, 2014; Mast et al., 2020). TEM 
enables the analysis of 2D projections of individual 
particles, providing information on their size, shape, 
and composition (Jain et al., 2023). This technique is 
ideal for nanoscale studies, offering high-resolution 
imaging, electron diffraction, and chemical analysis 
in a single instrument. With advancements like highly 
coherent field emission electron sources, TEM enhances 
its analytical capabilities, allowing for the study of 

diverse nanomaterials such as carbon nanocages, 
metal nanoparticles, and soft materials used in drug 
delivery systems. The versatility of TEM in providing 
comprehensive information about nanoparticles 
makes it an indispensable tool in nanomaterial 
characterization (Kumar, 2013; Anandharamakrishnan 
and Anandharamakrishnan, 2014; Mast et al., 2020; 
Vladár and Hodoroaba, 2020; Jain et al., 2023).
To check the morphology and determine the average 
size of the particles, transmission electron microscopy 
(TEM) is used. As can be seen in the Fig. 5, the synthesized 
CQDs have shown a spherical crystal structure that is 
well dispersed in water and the particles do not have 
significant molecular aggregation. Also, the average 
diameter of each spherical particle is 25 nm, which is 
comparable to other works. In this context, the particles 
have the right size.

4. Concluding remarks

CQDs were prepared under hydrothermal conditions (in 
an aqueous environment at a temperature of 160 °C) 
using an easily available citrus species as a precursor. 
This method is an easy and environmentally friendly 
method that may be possible for large-scale production. 
The obtained CQDs contain a large amount of oxygen-
containing groups, which were detected by infrared 
spectroscopy. According to the analyzed results, 
hydrothermal forms points close to polyaromatic 
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Fig. 4. XRD diagram of CQDs.

Fig. 5. TEM images of CQDs.

hydrocarbon clusters, such as furanocarbon-based 
polymers, and sp2 and sp3 points are formed with 
attractive luminescence properties. The prepared CQDs 
are worthy of attention due to their advantages in green 
synthesis, high solubility in aqueous environment and 
luminescence properties, and they can have potential 
applications as fluorescent markers and efficient catalysts 

in life and energy sciences. Also, the final product of this 
study is CQD-Ag-polymer biocomposite. Chitosan has 
also kept its optical and photoluminescence properties. 
This composite can be suitable in order to biological 
aspect, because according to literature, compounds 
such as chitosan and silver have strong antibacterial 
properties, and their combination with active CQDs can
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intensify their antibacterial properties. 
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sesquiterpenoids, coumarins, alkaloids, carotenoids, and 
dietary fibers, which possess antioxidant, antimicrobial, 
and anti-inflammatory properties, offering significant 
potential for applications in food, pharmaceutical, and 
cosmetic industries (Mohammadhosseini, et al., 2019; 
Mohammadhosseini, et al., 2021a; Mohammadhosseini, 
et al., 2021b).
Lannea coromandelica is a topical deciduous tree with 
broad leaves that is included in the Anacardiaceae 
family. It is frequently applied by tribal people such as 
Teli, Pahan, Garo in tropical countries like Bangladesh, 
India, etc. The juice prepared from the leaves of this 
plant can be used to treat ulcer-related discomfort. 
The sap of this plant is applied as a cough and cold 
remedy, while the bark is used for dysentery, dyspepsia, 
skin lesions and pain from ulcers and toothache (Alam 
et al., 2017). Diabetes, hepatitis, heart conditions, and 
digestive issues can also be treated using its stem bark. 
According to the literature, the twigs of this plant have 

1. Introduction

Medicinal plants, often known as herbs, have 
been utilized to cure a wide range of illnesses 
since primitive times (Mulat et al., 2019). In 

order to treat a variety of human diseases, many newly 
developed therapeutic methods make use of medicinal 
plants. These natural plant resources are truly valuable 
for the human beings as they are enriched with beneficial 
phytochemical constituents, which are economically 
available and have potential pharmacological effects 
that may play a pivotal role to treat human illness 
(Martins and Brijesh, 2018). The therapeutic potential 
of medicinal plants has shown promising impacts in 
the treatment of various diseases, offering a natural 
and effective alternative to conventional medications 
(Makenzi et al., 2023; Singh et al., 2023). Plant 
materials are rich in a diverse array of valuable natural 
bioactive compounds, including phenolic compounds, 

The current research aimed to conduct bioassay-guided isolation of bioactive compounds 
from the stem bark of Lannea coromandelica. Using column chromatography and NMR 
spectroscopy, two compounds -ursolic acid and palmitoleic acid- were isolated from the 
plant’s stem bark. The methanolic stem bark extract possessed higher total phenolic, flavonoid, 
and antioxidant capacity content than the n-hexane extract. The IC50 value of the methanol and 
n-hexane stem bark extracts for DPPH free radical scavenging potential was found to be 37.37 
and 27.726 μg/mL, respectively, while for nitric oxide, the IC50 value was 14.615 and 22.136 μg/
mL, respectively. The n-hexane extract exhibited higher antidiabetic effectiveness (46% blood 
glucose reduction) than the methanolic extract (37.8% blood glucose reduction) after 3 hours 
of glucose administration in mice model at a dose of 400 mg/kg body weight (p < 0.001). The 
methanolic extract demonstrated the highest anti-diarrheal action at a dose of 400 mg/kg 
body weight (88.70% inhibition of defecation, p < 0.001). Furthermore, the n-hexane extract 
showed the highest analgesic activity (70.5% inhibition of writhing, p < 0.01).
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765 nm using a spectrophotometer and compared to 
a control. Gallic acid equivalents (GAE) were used to 
determine the total amount of phenolic compounds 
in plant methanol extracts, as described by Harbertson 
and Spayd (2006).

2.4.2. Determination of total flavonoid content 

Flavonoids found in fruits and vegetables may enhance 
mental and physical performance, while lowering the 
risk of infection (Davis et al., 2009; Mehjabin et al., 2024). 
In this report, a colorimetric technique using aluminum 
chloride was employed to determine the flavonoids, 
with quercetin serving as the standard (Bao et al., 
2005). Briefly, a mixture of 5.6 mL of distilled water, 3 
mL of methanol, 0.2 mL of aluminum chloride (10.0%), 
and 0.2 mL of potassium acetate (1.0 M) was prepared 
with 1 mL of the sample and the standard at different 
concentrations. After 30 minutes at room temperature, 
the reaction mixture’s absorbance was measured at 
415 nm using a UV/Visible spectrophotometer. For the 
construction of the relevant calibration curve, various 
concentrations of quercetin solutions were considered, 
and the level of flavonoids was expressed as mg/g 
equivalent of the sample (Lin and Tang, 2007; Mahboubi 
et al., 2015).

2.4.3. Determination of total antioxidant capacity 

According to the steps outlined by Prieto et al. (1999), 
total antioxidant potential of both extracts was evaluated 
spectrophotometrically using the phosphomolybdenum 
technique. The test tubes contained a mixture of 
the sample extracts and a reagent solution. The 
reagent solution was prepared by combining 3.3 
mL of concentrated H2SO4 (98%), 0.381 g of sodium 
phosphate and 0.494 g of ammonium molybdate and 
the final volume adjusted upto 100 mL with distilled 
water in a volumetric flask. The resulting mixture was 
then incubated at 95 °C for about 90 minutes and the 
corresponding absorbance was measured at 695 nm. 
A typical blank solution, consisting of 3 mL of reagent 
solution, was used in place of the required amount of 
sample solution (300 µL) of the same solvent.

2.4.4. DPPH free radical scavenging assay

The 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) assay 
is a commonly used assay to evaluate an antioxidant’s 
ability to scavenge free radicals. This technique enables 
the measurement of an antioxidant’s antiradical power, 
as described by Choi et al. (2000). Each test tube 
received 2 mL of the reagent solution (DPPH: 0.004%) 
and 200 μL of the plant extracts or standards, and 
was then incubated for half an hour. The solution’s 
absorbance was measured using a spectrophotometer 
at 517 nm, compared to a blank. The inhibitory activity 
was estimated as a percentage (%).
Inhibition (%)= (Ao - A1)/Ao × 100                           (Eqn. 1)
Eqn. 1 was used to calculate the percentage (%) 
inhibitory activity. Next, inhibition percentages were 
plotted against log concentration, and the IC50 was 
determined from the graph.

shown apoptosis induction in the cancerous human 
liver cells, while the leaves have shown anti-diarrheal, 
antinociceptive and potential antioxidant capacity (Kaur 
et al., 2013, Weerapreeyakul et al., 2016). Furthermore, 
the barks of the plant have shown zoo sporicidal activity, 
anti-inflammatory, anti-hyperglycemic, hypotensive 
and antimicrobial activity (Islam et al., 2002). However, 
there is no extensive research on the pharmacological 
properties of stem bark of this plant. 
In the current report, the stem bark of L. coromandelica 
was tested pharmacologically in vitro and in vivo, 
and the bioactive components of the plant were also 
successfully isolated and characterized.

2. Experimental

2.1. Collection and identification of plant sample

Mr. Abdur Rahim, a taxonomist from the Department 
of Botany at Jahangirnagar University in Savar, Dhaka, 
Bangladesh, identified Lannea coromandelica (Accession 
number: UAP_Herb/10541) and collected the plant 
material from the Khulna district in Bangladesh, which is 
located at latitude 22.820000 and longitude 89.550003.

2.2. Extraction of the plant sample

The approaches outlined by Shinwari (2011), 
Saradhajyothi and Subbarao (2011) as well as Welters et 
al. (2006) were used for the extraction process. Initially, 
the plant was dried naturally under the sunlight for 15 
days, then oven-dried at 40 °C for a week before being 
ground into a coarse powder. In order to facilitate 
filtration, 600 g of the obtained powder was dissolved 
in 2.5 L of methanol and n-hexane separately and 
subjected to repeated shaking for 2 weeks. Next, the 
supernatant was obtained using cotton filtering. The 
extract, which included both methanol and n-hexane, 
naturally evaporated at ambient temperature.

2.3. Phytochemical screening

The existence of various phytoconstituent groups in the 
plant extract, such as carbohydrate, steroids, phenolics, 
flavonoids, alkaloids, saponin and so on, were 
determined using the established protocols (Trease and 
Evans, 1989, Tiwari et al., 2011).

2.4. Antioxidant potentials

2.4.1. Determination of total phenolic content 

Using Folin-Ciocalteu reagent (FCR), total phenolic 
content of the methanolic and n-hexane extracts of L. 
coromandelica was calculated. FCR actually determines 
total phenolic content of a plant extract (Stanojević 
et al., 2009). Test tubes containing 1 mL extracts and 
standard were mixed with 5 mL of FCR solution (1.9-
2.1 N, diluted tenfold), followed by the addition of 4 
mL of sodium carbonate solution (7.5% w/v). Then, the 
test tubes were incubated at 20.0 °C for 30 minutes for 
standard solutions and one hour at 20.0 °C for the plant 
extracts. The solutions’ absorbances were measured at 
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2.4.5. Nitric oxide free radical scavenging capacity assay

It is generally known that at physiological pH (7.2), 
sodium nitroprusside degrades in aqueous solution, 
producing NO-. Nitric oxide (NO-) and oxygen interact 
to generate stable products (nitrate and nitrite) in an 
aerobic environment. The quantities of nitric oxide 
that react with oxygen to form stable products can be 
calculated using the Griess reagent. A chromophore was 
created when nitrite was diazotized with sulfanilamide 
and subsequently linked with naphthyl ethylene 
diamine dihydro chloride. At 550 nm, the absorbance of 
this chromophore was taken (Sreejayan and Rao, 1997; 
Haenen and Bast, 1999). 1 mL of sodium nitroprusside 
solution (5 mM) was added to each test tube along 
with 4 mL of each plant extract or standard solution of 
various concentrations. To finish the reaction, the test 
tubes were incubated for two hours at 30 °C. Then, 2 
mL of solutions from each test tube containing the 
standards and extracts were withdrawn and mixed 
with 1.2 mL of Griess reagent (0.5% w/v) and the 
absorbances of the solutions were measured at 550 nm 
using a spectrophotometer against blank.

2.5. Determination of in vitro thrombolytic activity 

Uddin et al. (2016) and Prasad et al. (2006) have 
described the method used to assess thrombolytic 
activity in vitro. Beforehand, each of the eight vials was 
weighed. One milliliter of blood was then added to 
each vial, and the vials were incubated at 37 °C for 45 
minutes. After incubation, blood clots remained at the 
bottom of each vial, and the serum was removed from 
the upper part. The weight of the vial-containing clots 
was then measured. Four vials (vials 1, 2, 3, and 4) were 
filled with 100 μL of sample extract solutions, two vials 
(vials 5 and 6) were filled with 100 μL of distilled water, 
and the final two vials (vials 7 and 8) were filled with 
100 μL of streptokinase (30,000 IU). After 90 minutes 
of incubation at 37 °C, the serum was removed from 
the upper part of each vial, leaving the clots at the 
bottom. The vials’ weight was then measured once 
more and percent of clot lysis was estimated by using 
the following equation: 

Clot lysis (%) = (Weight of the clot after lysis/Weight of 
the clot before lysis) × 100                                   (Eqn. 2)

2.6. Determination of membrane stabilizing potential

The Omale and Shahriar methods were used to test 
the extracts’ hypotonic and heat-induced stabilizing 
membrane effects on human erythrocytes (Omale and 
Okafor, 2008; Shahriar et al., 2015). The test sample was 
made up of a 30 mL stock suspension of erythrocytes 
(RBCs) in a hypotonic solution containing sodium 
chloride (50 mM), sodium phosphate saline buffer (10 
mM, pH 7.4), plant extracts, and acetyl salicylic acid (0.10 
mg/mL, each). After the mixture was centrifuged for 10 
minutes at 1500 rpm and preheated for 10 minutes to 
room temperature, the absorbance was measured at 
540 nm. The following calculation was used to compute 
the percentage inhibition of membrane stabilization or 

hemolysis: 
Hemolysis inhibition (%)= (OD1 - OD2)/OD1 × 100 (Eqn. 
3)
Two falcon tubes were filled with isotonic buffer 
containing plant extracts and erythrocyte suspension 
along with reagents. The tubes were kept in an ice bath 
and incubated in water for 20 minutes. Percentage 
hemolysis inhibition was determined using the 
following equation (Omale and Okafor, 2008; Shahriar 
et al., 2015).
Hemolysis Inhibition (%)= [1 - (OD2-OD1/OD3-OD1)] × 

100                                                                       (Eqn. 4) 

2.7. Cytotoxic activity: Brine shrimp lethality bioassay

This investigation utilized Artemia salina, or brine 
shrimp, as the test organism. Cysts were hatched in 
saline water (38 g/L NaCl) for 48 hours, transforming 
into living nauplii. Both methanolic and n-hexane 
extracts were prepared in various concentrations using 
dimethyl sulfoxide (DMSO) as the solvent. Each test 
tube was inoculated with ten nauplii, and the volume 
was adjusted with saline water. Vincristine sulfate, a 
highly cytotoxic alkaloid, served as the positive control, 
tested at concentrations of 25, 12.5, 5, 1, 0.5, 0.25, 0.125, 
and 0.06 μg/mL.Three pre-marked test tubes holding 
4.9 mL of simulated sea water each received 50 μL 
of DMSO. Ten shrimp nauplii were added to serve as 
negative control groups. After a 24-hour rest period, all 
test tubes were counted to determine the number of 
living and dead nauplii using a magnifying glass against 
a black background, as described by Price et al. (1974). 
The percent of lethality was determined accordingly.

2.8. In vitro α-amylase inhibitory activity

This investigation utilized a modified starch-iodine 
technique, involving different plant extracts or standard 
dosages. Test tubes were incubated with amylase, 
starch solution (1.0%), and distilled water. Absorbance 
was determined at 565 nm and the relevant IC50 values 
were calculated by the use of linear regression analysis. 
Three experiments were conducted, resulting in a 
comprehensive understanding of the process (Uddin et 
al., 2014).

2.9 Antimicrobial activity

A common test for antimicrobial susceptibility is the 
disc diffusion method. This strategy was first introduced 
by Bauer et al. (1966), who tested it on a large variety of 
microorganisms. This technique can also be used to test 
phytochemicals and plant extracts. In this method, the 
test material is placed in Mueller-Hinton Agar media 
after being soaked in 6 mm filter paper discs. There will 
be obvious places where there is enough of the test 
agent to stop bacterial growth. A drug’s antibacterial 
activity can be estimated using the clear zone’s diameter 
(Nascimento et al., 2000).

2.10. In vivo pharmacological activities

2.10.1. Experimental animal
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This study employed male Swiss albino mice that 
weighed 25-30 g (Akanda and Hasan, 2021). The 
International Centre for Diarrheal Disease Research, 
Bangladesh (ICDDRB) provided the animals for all of 
the experiments. All animals were kept under standard 
environmental conditions: Relative humidity 55-65%, 
ambient temperature 22-25 °C, and a 12-hour light-
dark cycle. The experiment was conducted in the 
Phytopharmacology Laboratory of the Department 
of Pharmacy of University of Asia Pacific as per the 
guideline. 

2.10.2. Evaluation of anti-diarrheal activity

A typical digestive ailment, diarrhea is brought on 
by bacterial, viral, and parasite species. To test the 
effectiveness of L. coromandelica stem bark extracts as 
a diarrhea preventative, castor oil-induced diarrhea in 
mice was used. The control, positive, and test groups 
each had four mice. Loperamide was administered orally 
to the positive control group at a dose of 50 mg per kg. 
n-Hexane and methanolic extracts were administered 
to the test group at doses of 200 and 400 mg/kg body 
weight, respectively. 60 minutes after obtaining test 
samples, the mice were also given 0.5 mL of castor oil 
orally (Amabeoku, 2009; Umer et al., 2013; Araújo et al., 
2015; Jabri et al., 2016). 

2.10.3. Peripheral analgesic activity 

The acetic acid-induced writhing method is Koster 
and Taber’s favored method for determining in vivo 
peripheral analgesic activity (Koster, 1959; Taber et al., 
1969). In the current experiment, diclofenac was used as 
a typical medicine. The pain-relieving potential of two 
distinct dosages of the crude extracts from the stem 
bark of L. coromandelica was examined to be 200 and 
400 mg/kg of body weight (Koster, 1959; Taber et al., 
1969).

2.10.4. Antidiabetic activity

This study investigated hypoglycemic action of plant 
extracts in hyperglycemic mice given glucose. Among 
six mice groups, group I served as the control and 
merely got DMSO mixed with regular saline water and 
Tween-80 (a suspending agent). Glibenclamide was 
given orally to Group II as the standard group at a dose 
of 5 mg/kg body weight. Groups III to VI were given oral 
doses of the crude methanolic and n-hexane extract in 
the amounts of 200 and 400 mg/kg body weight. After 
60 minutes, mice were given a glucose solution. Blood 
samples were collected from the tail vein and tested 
using a glucometer and reactive strips (Upadhya et al., 
2004).

2.10.5. Antipyretic activity

This study assessed the plant extract’s ability to reduce 
fever caused by Brewer’s yeast in mice (Tomazetti et 
al., 2005). A digital thermometer was used to gauge 
basal rectal temperature at zero hours. Animals with an 
increase of at least 0.6 °C over 18 hours were chosen for 

the investigation. Pyrexia was produced by administering 
10 mL/kg of body weight of a suspension of Brewer’s 
yeast (15 w/v%) in distilled water subcutaneously. Four 
groups were formed, with control being Tween-80 
(1.0%), paracetamol administered orally, temperatures 
were obtained from each group at various intervals, 
and mice from the control and standard groups were 
compared (Gupta et al., 2005).

2.10.6. Acute toxicity test

In this investigation, Swiss albino male mice were used 
to test the acute toxicity of L. coromandelica stem bark 
extracts. The crude extracts in various doses (500, 1000, 
2000, and 4000 mg/kg) were given orally to 36 mice 
divided into 9 groups. After 24 hours, mortality rates 
were evaluated (Mosnaim et al., 2020).

2.11. Isolation of bioactive substances 

Column chromatography can be used to identify 
bioactive compounds from plant extracts, followed by 
TLC, and ultimately NMR to determine and characterize 
the structure of the isolated compounds. The idea 
behind silica column chromatography is that the solvent 
(mobile phase) is passed through the stationary phase, 
while the mixture’s molecules are applied to the surface 
of solid silica (stationary phase) (Coskun, 2016).
The plant’s methanol extract was then placed on top 
of the stationary phase and run by a mobile phase 
composed of n-hexane, chloroform, and ethyl acetate 
in various ratios from non-polar to semi-polar. Eluted 
samples were stored in previously numbered (1-300) 
test tubes, and the eluted samples were then tested 
over TLC plates with a specified solvent system as 
part of the initial screening procedure to identify test 
tubes containing comparable chemicals. The test tube 
contents which had the same rf value were mixed 
together for further separation by TLC. Following that, 
the contents of the test tubes were run over a TLC plate 
with a mobile phase composed of n-hexane, chloroform, 
and ethyl acetate in various proportions, and the 
separated compounds were suitably spotted under UV 
lamps of long- and short wavelength. According to this 
procedure, the sample of 140-154 numbered test tubes 
were isolated with ethyl acetate (10.0%) in chloroform 
separated with preparative TLC, and compounds were 
spotted under UV lamp, eluted and coded as LC-002-
10-EA-LS and sample of 188-200 numbered test tubes 
are eluted with ethyl acetate (25%) in CHCl3 in a similar 
way, coded as LC-001-25-EA-L and referred for 1H-NMR 
and 13C-NMR study to BCSIR (Bangladesh Council of 
Scientific and Industrial Research). After comparing the 
NMR data with the references, structure of our isolated 
compounds was determined.

2.12. Statistical analysis

The data were expressed using the standard error of 
the mean (SEM). The results were statistically evaluated 
using Microsoft Excel 2010. T-test of two equal variances 
was done and results with less than *p < 0.05, **p < 0.01 
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and ***p < 0.001 are considered statistically significant. 
The LC50 values for cytotoxicity as well as the IC50 values 
for scavenging free radicals were calculated using the 
dosage response curve.

3. Results and Discussion

3.1. Phytochemical screening

The plant contains some secondary metabolites like 
carbohydrate, glucoside, saponin, steroid, flavonoid, 
and alkaloid, but it also shows the absence of glycoside 
and tannin. The secondary metabolites glucose, 
glucoside, saponin, steroid, flavonoid, and alkaloid are 
all present in the methanolic extract. The n-hexane 
extract contained large amounts of carbohydrates, 
glycosides, steroids, flavonoids, saponins, and alkaloids, 
as summarized in Table 1. 
The initial phytochemical screening of L. coromandelica 
identified the presence of several crucial secondary 
metabolites. This finding aligns with previous research, 
where the methanolic extract of L. coromandelica leaves 
was reported to contain alkaloids, glycosides, cardiac 
glycosides, saponins, carbohydrates, and flavonoids 
(Manik et al., 2013).
According to a recent study, it was found that the 
ethanolic extract of pulp contained tannins, flavonoids, 
saponins, cyanogenic glycosides, terpenoids, but lacked 
phenolics, alkaloids, steroids, and anthraquinones 
(Islam et al., 2022).

3.2. Antioxidant potentials 

3.2.1. Determination of total phenolic content

In this study, the methanolic stem bark extract of L. 
coromandelica had a higher total phenolic content than 
the n-hexane fraction, estimated by using the standard 
curve of gallic acid (y = 0.0069x + 0.0357, R2

 = 0.9958). 
The total phenolic content of the methanolic and 
n-hexane fractions were found to be 52.30 ± 0.141 and 
23.671 ± 0.101 mg/g of GAE, respectively (Table 2).

3.2.2. Determination of flavonoid content

The equation y = 0.0084x - 0.1082, R2
 = 0.9878, derived 

from the reference standard of quercetin, was used 
to compute the total flavonoid concentration. The 
flavonoid content for methanolic and n-hexane 
fractions were found to be 47.450 ± 0.636 and 23.475 ± 

1.025 mg/g of quercetin equivalent (Table 2). As seen, 
the total flavonoid content of n-hexane stem bark 
fractions of L. coromandelica was lower than the total 
phenolic content of methanolic fraction. 

3.2.3. Determination of total antioxidant capacity

Using the equation y = 0.0054x-0.0926, R2
 = 0.9509 

derived from the reference standard of ascorbic acid, the 
total antioxidant capacity of various stem bark extracts 
was computed and expressed as mg/g ascorbic acid 

equivalent. In this study, the amount of total antioxidant 
capacity of L. coromandelica showed that methanolic 
stem bark extract was more potent than n-hexane 
extract. Total antioxidant capacity of methanolic and 
n-hexane stem bark extracts of L. coromandelica were 
found to be 12.048 ± 0.102 and 6.582 ± 0.025 mg/g of 
ascorbic acid equivalent (Table 2). 

3.2.4. DPPH free radical scavenging potential

The results of this study showed that the extracts 
exhibited dose-dependent scavenging activity against 
DPPH free radicals. Compared to the standard ascorbic 
acid concentration of 35.854 µg/mL, the IC50 values 
for the methanolic and n-hexane fractions of the stem 
bark extract were 37.37 and 27.726 µg/mL, respectively 
(Table 2). Both fractions demonstrated scavenging 
activity comparable to that of ascorbic acid (Fig. 1).

3.2.5. Nitric oxide free radical scavenging capacity assay

According to the experimental findings of this report, 
both stem bark extracts of L. coromandelica inhibited 
nitric oxide in a dose-dependent way (Fig. 2). This might 
be attributed to the fact that the extracts contained 
antioxidant elements that compete with oxygen to 
react with nitric oxide. According to our current study, 
methanolic extract was found more potent NO free 
radical scavenger than n-hexane extracts as compared 
with ascorbic acid (Table 2).
Oxidative stress may give rise to various disorders in 
the body. Antioxidants may prove to be an inhibitor of 
oxidative stress (Islam et al., 2022). A method referred as 
total antioxidant capacity (TAC) is widely applied for the 
assay of antioxidant properties present in the biological 
samples. It can also assess the antioxidant property 
against the free radicals generated in a particular disease 
(Marques et al., 2014). Compared to the n-hexane 
fraction (23.671 mg/g GAE), the methanolic fraction of 
the stem bark showed a greater total phenolic content 
(52.30 mg/g GAE). Comparably, the flavonoid content 
of the methanolic fraction was greater (47.450 mg/g) 
than that of the n-hexane fraction (23.475 mg/g). The 
total antioxidant capacity of the methanolic extract was 
higher (12.048 mg/g ascorbic acid equivalent) than 
that of the n-hexane extract (6.582 mg/g ascorbic acid 
equivalent).
The review of the literature demonstrates that the total 
antioxidant capacity of the stem bark of L. coromandelica 
using phosphomolybdenum method was not previously 
reported and numerous polyphenols and flavonoids are 
essential for plants overall antioxidant activity (Wahid, 
2012).
Free radicals damage cells through reactions with 
membrane lipids, nucleic acids, proteins, enzymes, 
contributing to aging and degenerative diseases like 
cardiovascular and cancer. According to a recent study, 
methanolic extract of stem bark has a higher potential 
for nitric oxide scavenging ability than ascorbic acid, 
which is consistent with the results of the present 
investigation (Sztanke and Sztanke, 2017). A free radical 
regarded as DPPH has a deep-violet or purple color 
and has the capacity to accept an electron or hydrogen 
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Phytochemical Tests Methanolic extract n-Hexane extract
Carbohydrate + +
Glycoside - -
Glucoside + +
Saponin + +
Steroid + +
Tannin - -
Flavonoid + +
Alkaloid test by different reagent
Hager’s reagent + +
Wagner’s reagent + +
Dragendroff’s reagent + +

Table 1
Phytochemical screening of Lannea coromandelica extractives.

 Here, [- = Not present, + = Present].

Fig. 1. DPPH free radical scavenging curve of stem bark extracts of L. 
coromandelica at different concentrations.

Sample
Total Phenolic 
Content, mg/g 
GAE ± STD

Total Falvonoid 
Content, mg/g QE 
± STD

Total Antioxidant 
Capacity, mg/g AAE ± 

STD

Scavenging capacity assay, 
IC50 (μg/mL)

DPPH NO
Methanolic 
extract

52.30 ± 0.141 47.450 ± 0.636 12.048 ± 0.102a 37.373a 14.615

n-Hexane 
extract

23.671 ± 0.101 23.475 ± 1.025 6.582 ± 0.025a 27.726a 22.136

Ascorbic acid - - - 35.854a 16.03

Table 2
Antioxidant activity of stem bark extract of L. coromandelica. 

[Note:Values are represented as mean ± SEM, t-test of two equal variance was done to analyze the data set. Values in the same column with 
different superscripts are significantly different from another, p ˂ 0.05].
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radical to get stabilized as a diamagnetic molecule 
that is yellow in color (DPPH) followed by the reaction 
with antioxidants, whether of natural or synthetic 
origin (Kedare and Singh, 2011). The DPPH free radical 
scavenging activity of the methanolic and n-hexane 
extracts was dose-dependent, with IC50 values of 37.37 
and 27.726 µg/mL, respectively. Ascorbic acid, n-hexane 
and methanolic extract also exhibited dose-dependent  
scavenging of NO free radicals.

3.3. Determination of in vitro thrombolytic activity

A positive control of 100 mL of streptokinase (SK) for 
fibrinolytic medications (30,000 IU) demonstrated 
66.381% clot destruction, whereas a negative control 
of 50.038% clot lysis was observed using sterile 
distilled water. Methanolic stem bark extract exhibited 
26.196% and n-hexane stem bark extract showed 
43.46%, respectively, in an in vitro thrombolytic activity 
investigation (Table 3). The results of this investigation 
demonstrated poor thrombolytic activity of L. 
coromandelica stem bark extract, as n-hexane extract 
was potent than methanolic extract (Table 3). 
Streptokinase, a fibrinolytic medication, lowers 
mortality rates in myocardial infarction patients by 
triggering a plasminogen enzyme that dissolves fibrin. 
This medication retains blood flow to the ischemic 
myocardium and reduces necrosis (Manik et al., 2013). 
A previous research has shown that the n-hexane 
fraction of L. coromandelica bark exhibits weaker activity 
compared to other extracts, which is consistent with the 
findings of this study (Manik et al., 2013). It has been 
documented that the average clot lysis activity of the 
dichloromethane leaf extract was 23.98 ± 2.71%, while 
the n-hexane leaf extract showed an average activity 
of 7.19 ± 2.09%. In contrast, the dichloromethane 
partitionate of L. coromandelica bark demonstrated the 
highest activity, with an average clot lysis value of 34.81 

± 3.02% (Manik et al., 2013). 

3.4. Determination of membrane stabilizing potential

In comparison to the standard acetylsalicylic acid 
(ASA), L. coromandelica was tested for the hemolysis 
of RBC induced by hypnotic solution and heat induced 
hemolysis. When compared to the standard and test 
sample, hemolysis is caused by both a hypotonic 
solution and heat, ASA decreased RBC hemolysis in 
hypotonic solution-induced cases by 64.235 ± 0.629%, 
methanolic extract by 31.178 ± 0.291%, and n-hexane 
fraction by 24.674 ± 1.465%. On the other hand, the 
inhibitions of heat induce hemolysis showed higher 
compared with inhibition of hypotonic solution 
hemolysis. The percent of inhibition of heat induce 
hemolysis standard acetylsalicylic acid (ASA) was 67.591 

± 2.06%, where test sample methanolic fraction of stem 
bark was 36.177 ± 4.60% and n-hexane fraction of the 
stem bark was found to be 51.729 ± 1.53%, respectively 
(Table 3). Both extracts exhibited moderated inhibition 
of percent of hemolysis compared to the standard ASA. 
The results can be used to hypothesize that the anti-
inflammatory activity of L. coromandelica may have a 
mechanism of action involving its ability to stabilize 

membranes and its suppression of erythrocyte lysis.

3.5. Cytotoxic activity: Brine shrimp lethality bioassay

Percentage of lethality of methanol (y = 53.388x-83.038, 
R2 = 0.8959) and n-hexane (y = 56.8x-80.9, R2

 = 0.9167) 
were calculated by monitoring the number of alive 
nauplii after 24 hours and the corresponding LC50 values 
were determined by using their respective regression 
equations and compared with the standard cytotoxic, 
vincristine sulphate (y = 54.48 + 28.5, R2

 = 0.964). Both 
the methanolic and n-hexane extracts exhibited similar 
cytotoxic properties. The LC50 (lethal concentration 
that kills 50% of cells) values were 2.35 µg/mL for the 
methanolic extract and 2.303 µg/mL for the n-hexane 
extract, indicating that both extracts possessed potent 
cytotoxic potential (Table 3). Artemia larvae mortality 
rate indicates potential anticancer activity. Toxicity tests 
correlate with cytotoxicity of anticancer compounds, 
but brine shrimp lethality bioassay is not specific. The 
methanolic fraction of the plant has LC50 of 50-60 µg/
mL, suggesting potential anticancer, antibacterial, 
and antiviral properties (Shoeb et al., 2014). In the 
brine shrimp lethality assays, both the methanolic and 
n-hexane extracts demonstrated strong cytotoxicity, 
with LC50 values of 2.35 and 2.303 µg/mL, respectively. 
This shows that the stem bark of L. coromandelica can 
have the potential use as an anticancer herb.

3.6. In vitro α-amylase inhibitory activity

When compared to the standard acarbose, both of 
the L. coromandelica stem bark extracts displayed 
almost similar and comparable α-amylase inhibitory 
potential (Table 3). The methanolic stem bark extract 
of L. coromandelica had an IC50 value of 1.743 µg/mL 
for antidiabetic activity, while the n-hexane extract had 
an IC50 of 1.968 µg/mL. In comparison, the standard 
drug acarbose had an IC50 of 1.665 µg/mL. These 
results indicate that both the methanolic and n-hexane 
extracts of L. coromandelica stem bark possess potent 
antidiabetic activity, comparable to the standard.

3.7. Antimicrobial activity

The antimicrobial activities were evaluated on two-
Gram positive bacteria, namely Staphylococcus aureus, 
Bacillus megaterium, two-Gram negative bacteria, 
namely Escherichia coli, Salmonella typhi along with a 
fungus, namely Aspergillus niger. No zone of inhibition 
was found in any of the five species examined in 
the methanol or n-hexane stem bark extract of L. 
coromendelica, as the plant extracts lack antimicrobial 
activities on the tested microorganisms. 
Infectious disease, which accounts for more than 50% 
of all mortality in tropical countries, is one of the main 
causes of death worldwide (Shetty and Shetty, 2009). 
Studies suggest that certain bacteria are susceptible 
to L. coromandelica, with some showing moderate 
efficacy. The ethanolic extract of L. coromandelica bark’s 
aqueous partitionate showed moderate efficacy against 
several bacteria e.g., Shigella dysentery 9 mm (800 g) 
and 8 mm (400 g), Pseudomonas aeruginosa 10 mm 
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Extracts /Std
Thrombolytic activity

% Inhibition of hemolysis ± 
STD (membrane stabilizing 

potential)

Brine shrimp lethality 
bioassay (μg/mL)

α-Amylase inhibitory 
activity (μg/mL)

 Clot lysis (%) Hypotonic 
Solution Heat Induce LC50 IC50

Methanol extract 26.196 ± 6.393 31.178  ± 0.291 36.18 ±  4.6 2.35 1.743
n-Hexane extract 43.462 ± 1.507 24.674 ± 1.465 51.729 ± 1.5 2.303 1.968
Streptokinase 66.381 ± 0.896 - - - -
Distilled water 50.038 ± 0.966 - - - -
Acetyl salicylic acid - 64.235 ± 0.629 67.591 ± 2.0 - -
Vincristine sulfate - - - 0.392 -
Acarbose - - - - 1.665

Fig. 2. Nitric oxide free radical scavenging curve of stem bark extracts of 
L. coromandelica at different concentrations.

Table 3
Thrombolytic activity, membrane stabilizing potential, brine shrimp lethality bioassay and α-amylase inhibitory 
activity of L. coromandelica and standard.

(800 g) and 8 mm (400 g). However, or other examined 
bacteria, the same extract did not show any zone of 
inhibition, indicating no antibacterial effect (Ramadhan 
et al., 2022).

3.8. Evaluation of anti-diarrheal activity

In this study, the defective pellet was reduced by 74.78% 
and 86.70% (p < 0.001) at 200 and 400 mg/kg body 
weight dose, respectively, from the methanolic extracts 
(ME). However, the n-hexane (n-HE) extract showed a 
statistically significant decrease in defection of 51.30% 
and 64.35% (p < 0.001). The reduction of the defective 
pellet of the standard loperamide was 73.475% at a 
dose of 50 mg/kg body weight (Fig. 3-a). The stem bark 
methanolic extract was more potent than the n-hexane 

extract at the same dosage.
Ricinoleate salts in the intestine cause inflammation and 
permeability, affecting intestinal absorptive cells. Castor 
oil inhibits prostaglandin E2 formation, which induces 
intestinal secretion. This inhibition may contribute to its 
antidiarrheal effects on stem bark. Reduced ricinoleic 
acid secretion stimulates Na+/K+ ATPase activity, 
promoting the release of Na+ and K+ from the intestinal 
mucosa. Terpenoids, tannins, and flavonoids in seed 
and bark extracts may improve colon absorption of 
water and electrolytes (Mbahi et al., 2018).

3.9. Peripheral analgesic activity 

At dosages of 200 and 400 mg/kg body weight, 
respectively, the methanolic extract achieved 49.02% 
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and 68.63% (Fig. 3-b) writhing inhibition in the acetic 
acid-induced writhing model in mice, which is used to 
evaluate peripheral analgesic activity. n-Hexane extract 
suppressed writhing by 49.02% and 70.59% (Fig. 3-b), 
respectively at the same dose. The positive standard 
diclofenac sodium inhibited 60.78% of at a dose of 50 
mg/kg body weight. Both extracts exhibited almost 
similar analgesic activity at higher dose and found 
statistically significant (p < 0.01). Both the extracts 
exhibited dose-dependent  inhibition of percent of 
writhing. 
Analgesic activity was assayed in mice through the 
application of acetic acid induced writhing model. 
As the extract concentration was raised, the writhing 
inhibition grew stronger. The extract caused impressive 
writhing inhibition at the higher dose tested (400 
mg/kg body weight), which was comparable and, in 
some cases, even greater than the positive standard, 
diclofenac sodium. Acetic acid-induced writhing has 
produced algesia by releasing endogenous chemicals 
that in turn stimulate the pain nerve terminals (Ricciotti 
and FitzGerald, 2011). Acetic acid administered 
intraperitoneally has been shown to induce pain, which 
is associated with elevated levels of PGE2 and PGF2 in 
peritoneal fluid. Given this result, it is reasonable to 
assume that a peripheral mechanism may be involved 
in the mode of action. As alkaloids, flavonoids, and 
saponins have been proven to be responsible for 
analgesic and anti-inflammatory effects, the results 
of phytochemical analysis from previous studies of L. 
coromandelica support the antinociceptive activity 
(Rajesh and Selvakumar, 2022). The methanolic extract 
demonstrated marginally greater potency at higher 
dosages than the other extract, although both showed 
dose-dependent peripheral analgesic action.

3.10. Antidiabetic activity

Both extracts exhibited antidiabetic efficacy dose-
dependently and the highest activity was found at 
the 3rd hour after glucose administration and found 
statistically significant. Methanolic (ME) and n-hexane 
(n-HE) stem bark extract of L. coromandelica reduced 
37.8% and 46.0% (Fig. 4-a, p < 0.001) of blood glucose 
in mice model at 400 mg/kg body weight dose after 
3 h administration of glucose. According to this study, 
n-hexane extract exhibited higher antidiabetic efficacy 
than methanolic stem bark extract.
The complex disease known as diabetes mellitus 
is characterized by a significant breakdown in the 
metabolism of proteins, carbohydrates, and lipids. It is 
a long-term metabolic disorder of glucose metabolism 
that eventually alters the vasculature and has challenging 
side effects (American Diabetes Association, 2010). In a 
glucose management trial, insulin production took two 
to three hours to return blood sugar levels. The plant 
extracts have antihyperglycemic properties, likely due 
to peripheral glucose ingestion or increased beta cell 
sensitivity to glucose (Aziz et al., 2021). In conclusion, 
our research reveals that the stem bark extract of 
L. coromandelica might contain a number of active 
phytochemicals that may likely have hypoglycemic and 
antihyperglycemic effects via a variety of pathways. 

3.11. Antipyretic activity

The initial temperature of 6 different groups of Swiss 
albino mice was recorded. Then, the mice were fed the 
sample extracts of L. coromendeica and temperature 
was recorded for the next 3 h. It is seen that both 
the methanolic extract decreased body temperature 
by 7.5% (p < 0.05) and n-hexane fraction by 5.7% (p < 

0.01) at 400 mg/kg BW dose after 3 h (Fig. 4). Hence, 
it can be concluded that the methanolic stem bark of 
L. coromendelica demonstrated higher anti-pyretic 
efficacy (Fig. 4-b), and then it could be inferred that this 
organic extract has moderate anti-pyretic effectiveness. 
A high body temperature has always been a cause for 
concern because of its negative consequences, which 
includes intracranial hemorrhage, sepsis, Kawasaki 
syndrome, thyroid storm, and serotonin syndrome 
(Mercier et al., 2021). In conclusion, it can be claimed 
that L. coromandelica’s stem bark exhibits some mild 
antipyretic effect. The antidiabetic effects of both 
extracts were dose-dependent, with the n-hexane extract 
showing the greatest effectiveness. The methanolic 
extract was more effective than the n-hexane fraction in 
terms of antipyretic efficacy.

3.12. Acute toxicity test

In the present study, even a higher dose of plant 
extract which is 4000 mg/kg did not show any signs 
of toxicity or mortality for animals. Thus, plant extract 
of stem bark even at 4000 mg/kg may be considered 
for further investigation. Toxicology studies the adverse 
effects of substances on organisms, focusing on their 
potential to harm people and animals. Factors like host 
characteristics, species, entry point, dose, and exposure 
length can impact the effects. Yuet Ping et al. (2013) 
have reported that at a single dose of  of 5000 mg/
kg, none of the rats observed during the observation 
period exhibited any signs of acute toxicity or mortality. 
A dose of 1000 mg/kg significantly reduced the rats’ 
body weight gain during the sub chronic test, The 
plant extract did not exhibit any toxicity or mortality 
symptoms, even at a greater dose of 4000 mg/kg, 
indicating that it is safe for more research.

3.13. Isolation of bioactive substances 

The eluted two samples coded as LC-001-25-EA_L and 
LC-002-10-EA_LS were studied by NMR spectroscopy 
and NMR data were compared with the phytochemistry 
report to finally determine their structures. One major 
molecule has been found from each sample (LC-001-
25-EA_L and LC-002-10-EA_LS, respectively), according 
to the report obtained from BCSIR. 
One significant chemical was discovered in the first 
sample. Sample 1’s 1H NMR spectrum (400 MHz, CDCl3) 
showed a doublet at H 2.09, 0.81, and 0.91, respectively, 
which corresponds to the locations of H-18, H-29, 
and H-30 in the structure. The spectra also showed a 
peak associated with the hydroxyl group, H 3.63, which 
indicates H-3, along with numerous additional singlets 
at H 1.58, 1.72, 1.30, 2.04, etc.
All of these indications suggested that LC-001-25-EA_L 



Anjum et al. / Trends in Phytochemical Research 8(2) 2024 106-121 115

Fig. 3. Inhibition (%) of a) defecation and b) % of Inhibition writhing of L.coromandelica extractives of plant extract and 
standard at two different dose.

Fig. 4. a) Percent decrease in glucose level and b) Percent decrease in body temperature after three hours of 
feeding different Lannea coromendelica stem bark samples to Swiss albino mice. 
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includes ursolic acid, a pentacyclic triterpenoid moiety 
that is a natural triterpene chemical, and when compared 
to published ursolic acid data, it was determined that 
the pentacyclic moiety is ursolic acid as shown in Fig. 5 
and Fig. 6. The ursolic acid values from were compared 
to the 1H NMR data (Labib et al., 2016). Table 4 shows 
the comparison between the standard and the isolated 
sample 1. 
On this basis, the identity of sample 1 was confirmed 
as ursolic acid shown in Fig. 7(a). The 1H and 13C NMR 
spectrum of the isolated compound LC-001-25-EA_L is 
illustrated in Fig. 5. 
The positions of the doublet at H 2.338 (d, J = 7.5) in LC-
002-10-EA_LS, 1H NMR spectrum (400 MHz, CDCl3) are 
suggestive of H-4 in the structure. The spectrum also 
gave rise to a triplet at δH 0.882 (3H, t) which indicates 
Me-18 proton. and multiplate at δH 1.684, 1.379, 2.087, 
2.043, 2.007, 1.305, 0.906 that revealed H-5, H-9, 
H-10, H-13, H-15, H-16 and H-17 proton. All of these 
signals pointed to the presence of a chemical with a 
monounsaturated fatty acid moiety in sample LC-002-
10-EA_LS, and a comparison to previously published 
data confirmed the compound as palmitoleic acid 
(Table 5 and Table 6, Fig. 4-b) (Knothe and Kenar, 2004). 
The 1H and 13C NMR spectrum of isolated compound 
LC-001-25-EA_L is illustrated in Fig. 5.
Ursolic acid, found in plants like apple peels and holy 
basil, is a compound used in cosmetics and anticancer 
drugs. It may increase muscle mass, while reducing 
fat mass, but no human trials have been conducted. 
Consuming ursolic acid may reduce fat accumulation, 
increase muscle growth, promote fat burning, and 
maintain muscle mass (Saraswati et al., 2013). This acid 
has been isolated from L. coromandelica stem bark 
for the first time. It is a popular anti-inflammatory, 
antioxidant, anti-apoptotic, and anti-carcinogenic 
compound found in fruits and vegetables. Ursolic acid is 
a crucial component of the human diet, with nearly 700 
research articles published in the past decade (Khwaza 
et al., 2020). It has demonstrated antioxidant and anti-
cancer properties. Due to the fact that it scavenges 
reactive oxygen species, it might play a crucial part in 
the high glucose-mediated apoptosis. The therapeutic 
use of ursolic acid affects the growth and death of 
malignant cells (Saraswati et al., 2013). 
Palmitoleic acid, a monounsaturated fatty acid, is 
found in small amounts in the human diet and blood 
plasma. Macadamia oil is a significant potential source, 
making it crucial to understand its importance. trans-
Palmitoleate is mostly an exogenous source in ruminant 
fat and dairy products, while it can also be produced 
in humans. Recent research suggests that palmitoleate 
is a lipokine that is released from adipose tissue and 
can influence the metabolism of distant organs. The 
metabolic effects and mechanisms of palmitoleate 
have been investigated, which may have potential 
anti-thrombotic properties in medicinal applications 
(Bermúdez et al., 2022).
Palmitoleic acid is a monounsaturated omega-7 fatty 
acid that is primarily found in plants and marine sources 
(Yang et al., 2019). It has been well documented that 
palmitoleic acid improves insulin sensitivity, lipid 
metabolism, and hemostasis. Beta-cell apoptosis that 

is brought on by glucose or saturated fatty acids may 
be prevented by palmitoleic acid (Welters et al., 2006). 
Ultimately, a thorough analysis of L. coromandelica 
extracts has shown a high level of bioactivity, including 
cytotoxic, anti-diarrheal, antioxidant, and antidiabetic 
effects. Ursolic acid and palmitoleic acid’s separation 
provides important new insights into the plant’s 
possible bioactive constituents. However, to investigate 
the molecular processes behind these actions and 
evaluate the plant’s medicinal potential in a range of 
medical diseases, more research is necessary.

4. Concluding remarks

This research highlights the considerable therapeutic 
potential of L. coromandelica stem bark, which has 
been confirmed by an extensive analysis that used both 
in vitro and in vivo techniques. The plant’s medicinal 
richness is further supported by the extraction of 
bioactive components, such as ursolic and palmitoleic 
acid, using the relevant extraction techniques and 
column chromatography. Although both extracts were 
effective, the n-hexane extract showed slightly stronger 
antidiabetic effects along with better thrombolytic, 
membrane stabilizing, and cytotoxic qualities. According 
to this study’s findings, brine shrimp are effectively 
killed by extracts from L. coromandelica that have good 
to moderate cytotoxic and antioxidant activity. The 
antioxidant and cytotoxic potential of the plant may 
be due to its polyphenol components, flavonoids, and 
other phytochemicals, and it can be an excellent source 
of new, natural antioxidants. Additionally, it is obvious 
that variations in the thrombolytic and membrane 
stabilizing abilities of the various L. coromandelica 
extracts point to a high potential for efficient anti-
inflammatory activity both in vitro and in vivo. Due to 
the abundance of flavonoids, it may be believed that 
these extracts are a great source of thrombolytic and 
membrane-stabilizing substances. Although further 
research is required to completely understand the 
underlying mechanisms, it’s feasible that the effects of 
L. coromandelica will have a big impact on medicine. 
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Fig. 5. a) 1H and b)13C NMR spectrum of LC-001-25-EA_L.

Fig. 6. 1H and 13C NMR spectrum of LC-002-10-EA_LS.
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Si No.
LC-001 Ursolic acid

13C NMR 1H NMR 13C NMR 1H NMR
1 1.58 38.8 1.56
2 1.72 27 1.72
3 76.7 3.63 76.9 3.58 (OH, bs)
4 38.4
5 1.32 54.8 1.39
6 1.52 18 1.52
7 31.92 1.3 32.7 1.31
8 40.2
9 47.1
10 36.6
11 22.69 2.04 22.9 2.04
12 124.6 5.12 (1H, bs)
13 138.2
14 41.7
15 27.6
16 23.9
17 46.9
18 2.09 (1H, d) 52.4 2.10 (1H, d)
19 1.64 38.6 1.63
20 1.61 38.5 1.6
21 29.7 1.27 30.2 1.27
22 35.59 36.4
23 29.13 28.3 0.67 (3H, s)
24 14.11 0.88 (3H, s) 15.3 0.89 (3H, s)
25 0.87 (3H, s) 16.1 0.86 (3H, s)
26 17 0.74 (3H, s)
27 23.3 1.03 (3H, s)
28 178.3
29 0.81 (3H, d) 16.9 0.81 (3H, d)
30 0.91 (3H, d) 21.1 0.90 (3H, d)

Table 4 
1H-NMR (400 MHz) spectral data of LC-001-25-EA_L and Ursolic acid 
in CDCl3.

Fig. 7. a) Structure of ursolic acid and b) Palmetoleic acid.
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2020). Oxidative stress resulting from chemotherapy-
induced reactive oxygen species (ROS) contributes to 
or is primarily responsible for many adverse effects 
of the treatment. Cancer cells compared to normal 
cells, have higher levels of ROS and more likely to 
have mitochondrial dysfunction (Acuña et al., 2012). 
Overproduction of oxygen-centered free radicals 
or any ROS such as hydroxyl and superoxide free 
radicals can cause oxidative damage in biomolecules, 
e.g., lipids, proteins and DNA which is also evident in 
some kinds of cancers such as cancer of the liver, lung, 
stomach, colon, breast, and so forth (Poulsen et al., 
1998; Bhalla et al., 2013). The most rational approach 
to prevent carcinogenesis is by interfering with the 
basic modulation steps such as initiation, promotion, 
progression and the associated signal transduction 
pathways (Fresco et al., 2006; Bhalla et al., 2013). 
Antioxidants such as vitamin C remove damaging 
oxidizing agents like hydrogen peroxide from living 

1. Introduction

The Lamiaceae (Labiatae) family, commonly 
known as the mint family, is a diverse group of 
flowering plants that includes over 7,000 species 

and 236 genera (Hashemi-Moghaddam et al., 2015; 
Mohammadhosseini et al., 2019a; Mohammadhosseini 
et al., 2019b; Kianasab et al., 2023). This family is 
characterized by its distinctive four-sided stems, 
aromatic leaves, and tubular flowers. Many members 
of the Lamiaceae family are widely cultivated for 
their culinary and medicinal properties, such as basil, 
rosemary, lavender, and thyme, and are found all over 
the world (Anita Margret et al., 2022; Sarkar et al., 2023).
Cancer is a growing global health concern. 
Conservative estimates suggest that liver, breast, lung, 
cervical, stomach, and colorectal cancers account 
for approximately 13% of annual deaths worldwide 
(Organisation mondiale de la santé, 2018; Omara et al., 

This study explored the pharmacognostical and biological properties of Ocimum sanctum L., 
focusing on its hydromethanolic (HME) and aqueous (AQE) extracts, as well as the bioactive 
compounds eugenol (EUG) and β-caryophyllene (BCP). Phytochemical analysis revealed a 
diverse range of compounds, with HME showing higher levels of phenolics, flavonoids, and 
tannins compared to AQE. Both extracts exhibited antioxidant activity, while EUG and BCP 
displayed significant cytotoxicity against MCF-7 cells. Molecular docking studies indicated that 
EUG has potential binding to catalase. The findings of this study underscore O. sanctum as a 
valuable source of bioactive compounds with potential antioxidant and anticancer properties. 
Notably, the extraction method played a crucial role in determining the phytochemical 
profile. However, further investigations are necessary to fully understand the mechanisms and 
therapeutic applications of EUG and BCP, particularly as potential catalase inhibitors.
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2.1.1. Collection, authentication of plant material and 
preparation of O. sanctum leaves extracts

Fresh leaves of O. sanctum L. or holy basil (Fig. 1a) were 
collected from the plant grown at Samaras girl’s hostel, 
Navrangpura, Ahmedabad (Fig. 1b) and authenticated 
by Prof. and Head, Dr. Hitesh Solanki, Department 
of Botany, School of Sciences, Gujarat University, 
Ahmedabad. The herbarium number was GU/BOT/L/
O18.
After washing thoroughly in distilled water, the green 
leaves were shade-dried at room temperature, then 
pulverized into fine powder, and stored in an airtight 
container for future use (Harborne, 1984). The dried 
leaf powder of O. sanctum L. (5.0 g) was subjected to 
extraction by soxhlet apparatus using hydromethanol 
solvent (70:30) to prepare hydromethanolic extract and 
filtered using charcoal filter paper to remove impurities. 
For aqueous extract, leaves powder (25 g) was refluxed 
with 300 mL of double distilled water for 3 h at 60-65 °C 
on the magnetic stirrer. It was then cooled and filtered 
using muslin cloth followed by evaporation for desired 
volume in a hot air oven at 37 to 40 °C.

2.1.2. Qualitative analysis of Ocimum sanctum leaf 
extract

2.1.2.1. Determination of pH and percentage yield

A pH meter (WW-35634-90, Cole-Parmer, USA) was 
used to determine the pH. HME and AQE were kept in an 
incubator for 3 days at 37 °C for drying and percentage 
yield was calculated by the following formula:
Percentage yield (%) = [Weight of product after 
evaporation in incubator (g)/ Weight of powder used 
in soxhelt system (g)] × 100                              (Eqn. 1) 

2.1.2.2. FTIR analysis 

O. sanctum L. (Tulsi) leaves extracts (HME and AQE) 
and their bioactive compounds EUG and BCP were 
used for FTIR analysis using Fourier transform infrared 
attenuated total reflection (FTIR-ATR) spectroscopy 
(Bruker, Germany) to determine functional groups 
present.

2.1.2.3. Phytochemical analysis of Ocimum sanctum

Phytochemicals were analyzed to ascertain the 
presence or absence of various phytocomponents 
like saponins, alkaloids, tannins, phenolic compounds, 
flavonoids, glycosides, fats, steroids, and triterpenoids 
in O. sanctum L. by the method of Harborne (1984). 
Molisch’s, Fehling’s, Benedict’s, and Barfoed’s tests were 
respectively performed for the absence or presence of 
carbohydrates. Biuret’s, Millon’s, and xanthoprotein’s 
tests were performed for proteins. Ninhydrin test 
was performed for amino acid presence. Salkowaski’s 
and Liebermann-Burchard’s tests were performed for 
steroids and triterpenoids presence. Shinoda and lead 
acetate tests were performed for flavonoid presence. 
FeCl3, acetic acid and iodine tests were performed for 
tannin and phenolic compounds presence. 

organisms and neutralize free radicals that harm our 
body cells (Pehlivan, 2017). The modern world’s socio-
cultural life is heavily reliant on allopathic medicine, 
including chemotherapy. However, much contemporary 
research has focused on addressing this disease using 
ayurvedic herbs as a complementary or alternative 
approach, driven by the need to mitigate side effects 
such as alopecia, chemotherapy-induced peripheral 
neuropathy, nausea and vomiting, cardiotoxicity, 
diarrhea, infertility, and chemo brain (Pandey et al., 
2013; Brianna and Lee, 2023). Therefore, it is crucial 
to develop an effective strategy and novel drugs with 
minimal side effects or toxicity that can mitigate the 
sequelae of cancer chemotherapy. 
Numerous herbs have been scientifically shown to 
possess anti-carcinogenic properties, which are used 
to treat various cancers (Farzaneh and Carvalho, 2015). 
Among a broad spectrum of medicinal plants, Ocimum 
sanctum L. has been widely used in traditional Indian 
medicine for centuries to treat a range of ailments 
and diseases (Kaushal et al., 2018). O. sanctum L., “The 
Queen of herbs” known as ‘Tulsi’ in Hindi and ‘Holy 
Basil’ in English, belongs to the Angiospermae and 
family Lamiaceae (Prakash and Gupta, 2005). This herbal 
species . has two assortments, namely dark (Krishna 
Tulsi) and green (Rama Tulsi), and their chemical 
constituents are comparable. Basil or Tulsi leaves contain 
a high percentage of eugenol (EUG) (57.9%) (4-allyl-2-
methoxyphenol) and β-caryophyllene (BCP) (15.3%) 
[(1R,9S)-4,11,11-trimethyl-8-methylidenebicyclo[7.2.0]
undec-4-ene] (9.1%) (Mirdha et al., 2007). 
Eugenol (EUG) is a methoxyphenol with a short 
hydrocarbon chain and an aromatic ring, featuring a 
hydroxyl group that enables it to act as a hydrogen 
atom donor and inhibit oxidation. This structural-activity 
relationship contributes to its antioxidant properties 
(Gülçin, 2011), anti-genotoxic (Rompelberg et al., 1996), 
anti-carcinogenic (Zheng et al., 1992; Gülçin, 2011), etc. 
β-Caryophyllene (BCP) is a sesquiterpene, which has 
interesting chemopreventive properties such as anti-
inflammatory, genoprotective and anti-proliferative (Di 
Giacomo et al., 2016, 2017).
This investigation aims to:
i) Evaluate the pharmacognostic and antioxidant 
properties of hydromethanolic (HME) and aqueous 
(AQE) extracts of O. sanctum L., as they contain most of 
the active phytocomponents.
ii) Study the in vitro cytotoxicity of HME, AQE, eugenol 
(EUG), and β-caryophyllene (BCP) against the human 
breast cancer cell line MCF-7.
iii) Predict the binding affinity of EUG and BCP with the 
antioxidant enzymes catalase (CAT) and glutathione 
reductase (GR) using in silico docking studies.
This work underscores the crucial impact of extraction 
methods on the phytochemical profile and bioactivity of 
O. sanctum, providing new insights into its antioxidant 
and anticancer properties and paving the way for 
further research into the therapeutic applications of its 
bioactive compounds.

2. Experimental

2.1. Pharmacognostic profile
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Fig. 1. a: The photograph of the studied plant Ocimum sanctum L. b: The geographical map of the sampling area with 
Longitude= 72.540678°, Latitude= 23.037545°.

Dragendorff’s, Mayer’s, Hager’s and Wagner’s tests 
were performed for alkaloids presence. A foam test was 
performed for fat and saponins presence. 

2.1.2.4. Thin layer chromatography (TLC)

Thin layer chromatography was performed as 
described by Hassan and coworkers (2015) to confirm 
the presence of EUG and BCP in the extracts of plant 
leaves using different solvents as mobile phase, namely 
toluene:ethyl acetate:acetic acid (10:1:0.32) for the 
presence of EUG and ethyl acetate: n-hexane (7:3) for 
the presence of BCP.

2.1.3. Quantitative analysis of Ocimum sanctum leaf 
extract

2.1.3.1. Estimation of total phenolic content (TPC)

The total phenolic content of O. sanctum L. leaf extracts 
was determined using the method of Singleton and 
Rossi (1965) with minor modifications. A standard 
curve was prepared using different concentrations of 
gallic acid (5-50 µg/mL) to measure the comparative 
total phenolic level in the samples. The results were 
expressed in terms of gallic acid equivalent (µg of gallic 
acid per mg of extract) and calculated using the linear 
regression equation of the standard curve.

2.1.3.2. Estimation of total flavonoid content (TFC)

With minor changes in the method of Harborne 
(1984), the total flavonoid content of O. sanctum L. leaf 
extracts was estimated. The concentration of flavonoids 
in HME and AQE extracts (1 mg/mL) was calculated 
using a regression equation derived from the graph of 
quercetin concentration versus absorbance at 470 nm. 
Quercetin (1-10 µg/mL) was used as a standard, and the 
results were expressed in terms of quercetin equivalent 
(µg of quercetin per mg of extract).

2.1.3.3. Estimation of total tannin content (TTC)

The total tannin content in O. sanctum L. leaf extracts 
was analyzed using the method of Harborne (1984) with 
minor modifications. The concentration of total tannins 
in HME and AQE extracts (1 mg/mL) was calculated 
using a regression equation derived from the graph of 
tannic acid concentration versus absorbance at 550 nm. 
Tannic acid (5-30 µg/mL) was used as a standard, and 
the results were expressed in terms of tannin equivalent 
(µg of tannic acid per mg of extract).

2.1.4. Determination of antioxidant activity

2.1.4.1. DPPH scavenging assay

To assess the antioxidant activity of the plant extracts, 
the method adapted from  Blois (1958) was used 
with slight modifications. A stock solution of DPPH 
(2,2-diphenyl-1-picrylhydrazyl radical) (0.1 mM) stock 
solution was prepared in methanol and stored in 
anamber bottle, kept in the dark at 4 °C between the 
measurements. For the assay, 50 µL solution of DPPH 
methanol was added to 50 µL plant extracts solutions 
at varying concentrations, (3.9 to 500 µg/mL), prepared 
by serial dilution. The mixture was incubated in the 
dark at room temperature for 30 min. The decrease in 
absorbance was measured at 517 nm against methanol 
as blank. Ascorbic acid, at the same concentrations as 
the samples, was used as a standard. The IC50 value was 
determined by linear regression analysis of the dose-
response curve, plotting percentage inhibition against 
concentration.

2.1.4.2. ABTS scavenging assay

ABTS (2,2-Azino-bis-3-ethylbenzothiazoline-6-sulfonic 
acid) cation radical scavenging activity was assessed 
as described by Re and coworkers (1999) with slight 
modifications. The ABTS.+ radicals were generated 
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by mixing ABTS solution (7.0 mM) and potassium 
persulphate (2.45 mM) and allowing the mixture to 
stand in the dark overnight. Samples and standards, with 
concentrations ranging from 4.88 to 625 µg/mL, were 
then added (100 µL each) to a 12-well plate, followed by 
the addition of ABTS solution (900 µL) to each well.  After 
5 min of incubation at room temperature, the decrease 
in absorbance was quantified spectrophotometrically at 
540 nm. Ascorbic acid was used as standard to prepare 
the standard inhibition curve and the IC50 value of O. 
sanctum L. extracts was calculated based on this curve. 

2.1.4.3. Superoxide anion scavenging assay

The superoxide radical scavenging activity of O. 
sanctum L. leaf extract was evaluated according to 
the method of Yen and Hsieh (1995) using nitro blue 
tetrazolium (NBT) dye with some minor modifications. 
The reaction mixture contained 0.1 mL of NBT (1 mM), 
0.1 mL of NADH (0.1 mM), 0.5 mL of the sample with the 
concentration range between 100-1000 µg/mL and 0.25 
mL of phosphate buffer saline. After 1 min of incubation, 
0.1 mL phenyl methosulfate (PMS) (120 µM) was added 
and absorbance was quantified spectrophotometrically 
at 560 nm. Ascorbic acid was taken as standard to 
prepare the standard inhibition curve and the IC50 value 
of leaf extracts was determined based on this curve. 

2.1.4.4. Nitric oxide scavenging assay

Nitric oxide radical scavenging capacity was estimated 
using Griess-Ilosvay’s reagent (Green et al., 1982; Badami 
et al., 2003). The reaction mixture containing 1 mL of 
sodium nitroprusside (10 mM), 0.25 mL of phosphate 
buffer saline, and 0.25 mL of sample or standard 
solution of ascorbic acid at various concentrations 
ranging between 1-10 µg/mL were incubated at 25 
°C for 150 min. After incubation, 0.5 mL of the Griess 
reagent was added. A pink-colored chromophore was 
formed in diffused light. The absorbance of these 
solutions was measured spectrophotometrically at 540 
nm. The inhibition curve was plotted and the IC50 value 
of O. sanctum L. leaf extracts was determined. 

2.2. Cytotoxicity study: MTT assay

2.2.1. Cell Culture

MCF-7, a human breast cancer cell line was purchased 
from the National Centre for Cell Science (NCCS), Pune, 
and was cultured in RPMI 1640 media, supplemented 
with fetal bovine serum (FBS, 10%), 2 mM L-glutamine 
and 0.1 mM non-essential amino acids. The cells were 
maintained at 37 °C in a 5% CO2 incubator (Biocenter, 
Salvis Lab). Once each cell line became confluent 
(80%), cells were trypsinized (0.25% trypsin-EDTA), 
counted, and seeded in a 96-well plate according to the 
experimental protocol. 

2.2.2. Experimental groups

To check the anticancer effects of EUG, BCP, HME and 
AQE, the study was divided into six different groups as 

Group Compound Dose
I Control -
II Vehicle control 

(DMSO)
1.00%

III Eugenol (EUG) 50-600 nM
IV β-Caryophyllene (BCP) 100-1200 nM
V Hydromethanolic 

extract (HME)
1-20 µg/mL

VI Aqueous extract 
(AQE)

1-20 µg/mL 

listed in Table 1.  

   Table 1
   Experimental groups for MTT assay.

2.2.3. MTT assay

The MTT [3-(4,5-dimethyl thiazolyl-2)-2,5-
diphenyltetrazolium bromide] colorimetric assay was 
used to measure the cytotoxicity and cell proliferation 
based on the conversion of MTT into formazan 
crystals by mitochondrial dehydrogenase in living cells 
(Mosmann, 1983). Cells were harvested and seeded 
into a 96-well plate (5×103 cells/well) and incubated 
for 24 h. The cells were treated with different doses of 
compounds as mentioned in Table 1, for 24 h. 20 µL 
MTT (5 mg/mL in PBS) was added to each well of the 96-
well culture plate at the end of various treatments and 
were incubated for 4 h at 37 °C in a 5% CO2 incubator. 
After incubation, 50 µL of dimethyl sulfoxide (DMSO) 
was added to solubilize formazans. After incubation 
of at 37 °C for 10 min, the absorbance was recorded 
at 570 nm using a double beam spectrophotometer 
(Epoch microplate spectrometer, Biotek, USA). DMSO 
was used as a vehicle control (1.0%), only media was 
taken as blank and media along with the cells, without 
any treatment having maximum cell viability was taken 
as control. 

2.3. Statistical analysis

All the experiments were performed in triplicates and 
the results were expressed as mean ± SD. The statistical 
significance was evaluated by two way-analysis of 
variance (ANOVA) using GraphPad Prism version 8. The 
value of p < 0.05 was considered to indicate significant 
difference.

2.4. In silico study: Molecular docking

EUG and BCP were docked with two enzymatic 
antioxidants, catalase (CAT) and glutathione reductase 
(GR). The 3D structure of the CAT (PDB ID: 1DGH), 
and GR (PDB ID: 1XAN) were downloaded from PDB 
database (https://www.rcsb.org/) and prepared using 
protein preparation wizard; later Molecular docking 
was performed using “GLIDE” Software of Schrödinger 
suite (Schrödinger, LLC, NY, 2023). The structure of EUG 
and BCP were retrieved from the PubChem database 



Trivedi et al. / Trends in Phytochemical Research 8(2) 2024 93-105 97

https://pubchem.ncbi.nlm.nih.gov) and prepared using 
the LigPrep module, inducing potential ionization 
at pH 7.0. Protein structures were optimized and 
minimized, then subjected to grid generation using 
the receptor grid generation module of the software. 
The 3D structure of target proteins was retrieved in 
their complex forms with co-crystallized ligands from 
the PDB. These inhibitor ligands were used as a native 
ligand and selected during the receptor grid generation 
to determine the active site of the protein. All the 
docking calculations were performed using Glide’s XP 
(Extra precision) mode. The visualization of the docked 
(protein-ligand complex was performed using Discover 
studio visualizer, Biovia. 

3. Results and Discussion

3.1.1. pH and percentage yield

3.1. Qualitative analysis of O. sanctum extracts

The pH of O. sanctum HME and AQE was 7.0 and 6.0, 
respectively (Table 2). The HME and AQE extracts were 
dried in an incubator at 37 °C for 3 days, yielding 16.07% 
of HME and 16.61% of AQE (Table 2). These results are 
consistent with the findings of Mandal et al. (1993).

Tests HME AQE
pH 7 6
Percentage yield 16.07% 16.61%

HME: Hydromethanolic extract, AQE: Aqueous extract.

Table 2
pH and percentage yield of hydromethanolic 
extract and aqueous extract.

3.1.2. FTIR analysis

The functional groups in both HME and AQE extracts, as 
well as EUG and BCP phytocomponents, were analyzed 
using FTIR spectroscopy. The results are presented 
in Fig. 2 (a-d), which show the corresponding FTIR 
spectra. FTIR analysis revealed the presence of various 
functional groups in all samples, including alcohols, 
alkanes, aromatic hydrocarbons, and ethers, but alkynes 
were absent. The analysis also found that carboxylic 
acids, amines, amides, and halides were absent in 
EUG and BCP, while aldehydes, ketones, and esters 
were absent in HME, EUG, and BCP. AQE showed the
presence of all functional groups except alkynes. The 
differences in spectral shape and absorbance intensity 
indicated variations in composition and quantity 
among the samples. The results confirmed the presence 
of EUG and BCP in both HME and AQE extracts. The 
wavenumbers and corresponding functional groups 
are presented in Table 3. The presence of various 
functional groups suggests the existence of multiple 
active phytochemicals that may interact with biological 
systems through multiple biochemical pathways, such 
as enzymatic inhibition, oxidation reactions, and altered 
biochemical formation processes (Ullah et al., 2020). 
These functional groups can interact with biological 

receptors, enzymes, or cellular structures, influencing 
the compound’s effects on the body. For example, 
the presence of hydroxyl groups (-OH) is commonly 
found in phenolic compounds like flavonoids and is 
associated with antioxidant and anti-inflammatory 
activities (Gomathi et al., 2014). Previous reports 
indicate that peaks for Ocimum sp. are characteristic 
of EUG, linalool, and terpenes, which are abundant in 
these plant extracts (Ramteke et al., 2013).

3.1.3. Phytochemical screening of O. sanctum L. leaves 
extracts (HME and AQE)

The phytochemical analysis was carried out for both 
HME and AQE of the O. sanctum leaves to identify 
the presence of carbohydrates, protein, amino 
acids, steroid, triterpenoids, flavonoids, tannin, 
phenol, saponin, fatty acids, cardiac glycosides, and 
alkaloids. The preliminary phytochemical analysis and 
characterization of bioactive compounds from plants 
is an important step in ascertaining their medicinal 
value (Sasidharan et al., 2011; Madike et al., 2017). 
The phytochemical analysis and qualitative estimation 
of HME and AQE of O. sanctum L. leaves showed the 
presence of carbohydrates, proteins, amino acids, 
steroids, triterpenoids, flavonoids, tannins, phenol, 
and fatty acids. Saponin and cardiac glycosides were 
absent in the extracts (Table 4). Similar results were 
observed by Devendran and Balasubramanian (2011) 
during qualitative phytochemical screening and GC-
MS analysis of extracts of O. sanctum L. leaves. The 
presence of ROS scavenging phytochemical molecules 
(e.g., flavonoids, alkaloids) indicates that the extracts 
that contain these phytochemicals can be used as an 
antioxidant to forage free radicals and can also be used 
as a potent antioxidative agent to treat various diseases.

3.1.4. Thin layer chromatography (TLC)

The presence of EUG and BCP was confirmed in both 
HME and AQE extracts using TLC. EUG was detected 
with a solvent system of toluene: ethyl acetate: acetic 
acid (10:1:0.32) and an Rf value of 0.49 (Fig. 3a) after 
derivatization with PMA. BCP was detected with a 
mobile phase of ethyl acetate: n-hexane (7:3) and an Rf 
value of 0.82 (Fig. 3b) after derivatization with KMnO4. 
The bioactive components EUG and BCP were present 
in both extracts, as confirmed by TLC with retention 
factors of 0.49 and 0.82, respectively. This finding is 
consistent with previous research by Lalla et al. (2007). 
Additionally, a study by Anandjiwala et al. (2006) 
reported the presence of EUG in green and black Tulsi 
using high-performance liquid chromatography (HPLC). 

3.1.5. Quantitative analysis of O. sanctum L. leaves 
extracts (HME and AQE)

The quantitative analysis of phytochemicals of HME and 
AQE was carried out to determine total phenolic (TPC), 
flavonoid (TFC), and tannin (TTC) content. Results were 
obtained using a regression formula generated using 
gallic acid, quercetin, and tannic acid as standard for 
phenolic, flavonoid, and tannin content, respectively. 
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Fig. 2. FTIR spectrum of A: hydromethanolic extract (HME), B: aqueous extract (AQE), C: eugenol (EUG), D: β-caryophyllene 
(BCP).

Fig. no. 3a 3b
Compound EUG BCP

Solvent system Toluene: Ethyl acetate: Acetic acid
(10: 1: 0.32) Ethyl acetate: n-hexane (7: 3)

Derivatized with PMA (propylene glycol monomethyl 
ether acetate) KMnO4

extracts successfully scavenged free radicals in a 
dose-dependent manner. Ascorbic acid was used as a 
standard in all assays. The IC50 values were:
i) DPPH: 25.014 ± 0.176 µg/mL for HME and 39.102 ± 

0.108 µg/mL for AQE
ii) ABTS: 218.946 ± 3.484 µg/mL for HME (not determined 
for AQE)
iii) Superoxide anion: 449.8 ± 7.267 µg/mL for HME and 
752.31 ± 2.101 µg/mL for AQE
iv)Nitric oxide: 2.480 ± 0.012 µg/mL for HME and 4.478 

± 0.009 µg/mL for AQE
The lower IC50 values for HME in scavenging DPPH and 
NO radicals may be attributed to its higher polyphenolic 
and flavonoid content compared to AQE (Table 2). 
Quantitative analysis showed that HME contained more 
phenols, flavonoids, and tannins than AQE. The higher 
phenolic content likely contributes to HME’s more 
potent free radical scavenging effects (Pourmorad et 
al., 2006). This result is consistent with the finding of 
Gulluce et al. (2007), who reported that methanolic 
extracts are particularly strong free radical scavengers 
due to their total phenol and flavonoid content (Lam 
et al., 2018). 

3.1.6. Cytotoxicity study: MTT assay

Dose-dependent cytotoxicity was observed on the

When both extracts (1 mg/mL) were compared based 
on the regression formula generated from the graph for 
total phenol (Fig. 4a), flavonoid (Fig. 4b), and tannin (Fig. 
4c) content, their concentrations were relatively high in 
hydromethaolic extract compared with aqueous extract 
(Table 5). It also showed that total phenolic content was 
relatively higher in both extracts as compared to total 
flavonoid and tannin content (TPC > TFC > TTC). The 
quantitative analysis is important due to their potential 
health benefits as well as for free radical-associated 
oxidative damages. A previous reports also showed the 
presence of high phenolic and flavonoid content in O. 
sanctum leaves (Mondal, 2014). It has also been implied 
that higher phenolic content is correlated with the 
relevant antioxidant capacity (Fernandez et al., 2014).

3.1.6. Determination of antioxidant activity of O. 
sanctum L. leaves extracts (HME and AQE)

In this study, four different assays were performed 
to evaluate the free radical scavenging activity of 
hydromethanolic (HME) and aqueous (AQE) extracts 
prepared from O. sanctum :
i) DPPH scavenging assay
ii) ABTS scavenging assay
iii) Superoxide anion scavenging assay
iv) Nitric oxide scavenging assay
The results are presented in Fig. 5 and Table 6. Both 
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Absorption
frequency (cm-1) Characteristic bond Functional group HME AQE EUG BCP

3750-3200 O-H stretch Alcohol + + + +
1300-1210 C=O stretch
2960-2850 C-H stretch Alkanes + + + +
1300-800 C-C stretch
3100-3000 C-H stretch Alkenes - + + +
1675-1650 C=C stretch
3500-3300 C-H stretch Alkynes - - - -
2150-2100 C≡C stretch
3050-3000 stretch Aromatic hydrocarbon + + + +
1120-1070 R-O-R stretch Ethers + + + +
2940-2850 C-H stretch
1740-1720 CHO stretch Aldehyde - + - -
1725-1700 C=O stretch Ketone - + - -
1715 COOH stretch Carboxylic acid + + - -
1750-1735 C-O-R stretch Esters - + - -
3500-3425 N-H stretch Amines + + - -
3500-3300 O=C-N-H stretch Amides + + - -
500-1000 R-X Halides + + - -

No. Phytocomponents HME AQE
1 Carbohydrates + +
2 Protein + +
3 Amino acids + +
4 Steroids + +
5 Triterpenoids + +
6 Flavonoids + +
7 Tannin + +
8 Phenol + +
9 Saponin - -
10 Fatty acids + +
11 Cardio glycosides - -
12 Alkaloids + +

Table 4
Phytochemical screening of Ocimum sanctum L. 
leaves extracts (HME and AQE).

HME: Hydromethanolic extract, AQE: Aqueous extract.

MCF-7 breast cancer cell line after the treatment of 
various doses of EUG (0.05-0.6 μM) and BCP (0.1 to 1.2 
μM) for 24 h in the culture medium (Fig. 6a and Fig. 6b). 
It was found that the incubation of MCF-7 cells with 
EUG at a dose of 387.691 ± 5.99 nM resulted in 50% 
cell viability (Fig. 6a). Whereas 577.856 ± 14.61 nM dose 

of BCP on MCF-7 showed 50% cell viability (Fig. 6b).
Hydromethanolic and aqueous extracts of O. sactum 
leaves at concentrations of 1-20 μg/mL were checked 
for cytotoxicity on the MCF-7 cell line (Fig. 6c). These 
results showed that a significant decrease (p < 0.01 to p 
< 0.001) in viability was observed for MCF-7 with both

Table 3
Functional groups detected based on FTIR spectra for Ocimum sanctum L. leaves extracts (HME and AQE) and 
phytocomponents (EUG and BCP).
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Fig. 3. Thin layer chromatography of a: Eugenol and b: β-Caryophyllene.

the extracts in a dose-dependent manner (5 to 20 μg/
mL) as compared with the control group. On MCF-7 cell 
line, the IC50 value of hydromethanolic and aqueous 
extracts were found to be 23.137 ± 0.965 and 24.963 ± 

0.00 μg/mL, respectively, EUG, BCP and both extracts 
were highly cytotoxic to MCF-7 cells as compared to 
AQE, the HME showed cell inhibition more effectively 
and hence, it may have good anticancer property. 
Vidhya and Devaraj (2011) showed that cells treated 
with a higher concentration of EUG (1, 2, and 4 μM) 
exhibited a significant decrease in the number of 
viable cells. The best cytotoxic activity against MCF-
7 cells was obtained for the methanolic extract of O. 
sanctum L. leaves (IC50 = 31 mg/mL) (Basak et al., 2014). 
Moreover, it was observed that HME has a rich source 
of antioxidant compounds which could be an essential 
protagonist against excess generation of free radicals 
which contributes to apoptotic cell death and hence, 
leads to the death of cancer cells.

3.1.6. Molecular docking study

Molecular docking analysis was used to determine 
the binding affinity of EUG and BCP with two different 
enzymatic antioxidants (Fig. 7; Table 7). High binding 
energy showed good binding affinity between the 
two molecules. Virtual screening for EUG showed the 
interaction in higher to lower order as catalase (-3.659 
kcal/mol) > glutathione reductase (-4.38 kcal/mol). 
Whereas BCP showed a relatively high binding affinity 
for catalase (-2.271 kcal/mol) (Table 7). From both the 
studied compounds (EUG and BCP), the difference of 

binding energy between positive inhibitor and EUG was 
lowest for CAT and GR. An In silico study revealed that 
EUG and BCP showed relatively higher binding affinities 
for catalase than their binding affinities for GR. Catalase 
plays an important role in maintaining endogenous 
ROS production and it shows antioxidant and pro-
oxidant activities in response to DNA damage (Kang et 
al., 2013). The binding of EUG with catalase suggests 
that it could be enhancing its antioxidant activity. These 
binding affinities and docking scores suggest that both 
compounds have strong antioxidant activity. With the 
possession of free radical scavenging activity, if plant-
derived bioactives are non-toxic to normal cell lines and 
show cytotoxicity in cancer cell lines, such compounds 
can be advanced to clinical trials for further therapeutic 
development (Greenwell and Rahman, 2015). 

4. Concluding remarks

This study provides insights into the bioactivities of 
O. sanctum L. leaves extracts (HME and AQE) and 
their bioactive components, EUG and BCP. Medicinal 
plants have been used for centuries to treat various 
illnesses worldwide. Phytochemical screening of O. 
sanctum L. leaves extracts revealed a rich presence of 
major phytochemicals, including phenols, flavonoids, 
tannins, terpenoids, and alkaloids. Our findings 
suggest that the hydromethanolic extract could 
be a valuable source of natural antioxidants with 
therapeutic potential, surpassing the aqueous extract. 
TLC results confirmed the presence of EUG, a phenolic 
compound, and BCP, a plant-derived sesquiterpene, 
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in both HME and AQE extracts. Notably, EUG, BCP, 
and both extracts showed strong cytotoxic properties 
against human breast cancer cells (MCF-7). Molecular 
docking studies revealed high binding efficacy of 
EUG and BCP with enzymatic antioxidants. This study 
contributes to the understanding of O. sanctum L. 
leaves’ medicinal properties, anticancer activity, and 

interaction with antioxidant enzymes, potentially 
leading to the development of novel therapeutic 
interventions and natural antioxidant agents. However, 
further investigation is needed to prove the synergistic
effects of EUG, BCP, and both extracts when used 
incombination with chemotherapeutic drugs, including 
in vitro free radical toxicity testing and in vivo experiments.

Fig. 4. Hydromethanolic (HME) and aqueous extract (AQE) of Ocimum sanctum L. leaves:  A: Total phenolic content (TPC), 
B: Total flavonoid content (TFC), C: Total tannin content (Values are expressed as mean ± SD). 

Extracts of Ocimum 
sanctum L. leaves

TPC (µg GAE/ mg 
extract)

TFC (µg QE/ mg 
extract)

TTC (µg TAE/ mg 
extract)

HME 176.24 145.82 4.84
AQE 103.68 72.34 2.28

Table 5
Total phenolic, flavonoid and tannin content in in hydromethanolic (HME) and aqueous extract 
(AQE) of Ocimum sanctum L. leaves.

AQE: Aqueous extract; GAE: Gallic acid equivalent; HME: Hydromethanolic extract; TAE: Tannic acid equivalent; TFC: Total flavonoid 
content; TPC: Total phenolic content; TTC: Total tannin content; QE: Quercetin equivalent.

Fig. 5. Scavenging of free radicals at various concentrations of ascorbic acid (AA), hydromethanolic 
extract (HME) and aqueous extract (AQE); Values are expressed as mean ± SD. a: DPPH free radical 
scavenging activity; b: ABTS free radical scavenging activity; c: Superoxide (SO) free radical scavenging 
activity; d: Nitricoxide (NO) free radical scavenging activity.
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Table 6
IC50 values of AA (STD), HME and AQE for DPPH, ABTS, SO and NO free radical scavenging activity.

Test compounds
IC50 in DPPH free radical 

scavenging activity
(µg/mL)

IC50 in ABTS free radical 
scavenging activity

(µg/mL)

IC50 in Superoxide (SO) 
free radical scavenging 

activity
(µg/mL)

IC50 in Nitric oxide (NO) 
free radical scavenging 

activity
(µg/mL)

AA (STD) 8.193 ± 0.287 13.764 ± 0.003 176.50 ± 0.096 1.337 ± 0.002
HME 25.014 ± 0.176 218.946 ± 3.484 449.8 ± 7.267 2.480 ± 0.012
AQE 39.102 ± 0.108 - 752.31 ± 2.101 4.478 ± 0.009

Values are expressed as mean ± SD; AA (STD): Ascorbic acid (Standard); HME: Hydromethanolic extract; AQE: Aqueous extract; DPPH: 2,2-Diphenyl-1-
picrylhydrazyl; ABTS: (2,2-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid).

Fig. 6. Cytotoxicity study by MTT assay of a: Eugenol at different concentrations (50 nM to 600 
nM) b: β-caryophyllene at different concentrations (100 nM to 1200 nM) c: HME and AQE at 
different concentrations (1 μg/mL to 20 μg/mL) on the MCF-7 cell line. CON: Control, VC: Vehicle 
Control (DMSO). Values are expressed as mean ± SD; * p < 0.05, ** p < 0.01, ***p < 0.001, and ns: 
Non-significant when the different concentrations of eugenol and vehicle control compared with 
the control group.

Fig. 7. 3D Docked protein- ligand interaction pose based on hydrogen bond acceptor (HBA) and 
donor (HBD) of Catalase (CAT) protein with a: Eugenol (EUG), b: β-Caryophyllene (BCP), and c: 
NADPH (PI-Positive Inhibitor); and Glutathione reductase (GR) proteins with d: Eugenol (EUG), e: 
β-Caryophyllene (BCP), and f: FAD (PI-Positive Inhibitor).
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Table 7
Binding energy and contacting receptor residues in docking study of eugenol and β-caryophyllene with 
antioxidant enzymes.

Sr no. Macromolecule Code Method Resolution
Binding energy (kcal/mol)

EUG BCP PI

1 Catalase (CAT) 1DGH X-RAY 
DIFFRACTION 2.00 Å -3.659 -2.271 -7.791

2 Glutathione reductase 
(GR) 1XAN X-RAY 

DIFFRACTION 2.00 Å -4.38 -2.509 -9.322

BCP: β-Caryophyllene, EUG: Eugenol, PI: Positive Inhibitor (NADPH for CAT; FAD for GR).

List of abbreviations

ABTS: 2,2-Azino-Bis (3-Ethylbenzothiazoline-6-Sulfonic 
Acid); AQE: Aqueous Extract; BCP: β-Caryophyllene; 
CAT: Catalase; DPPH: 2,2-Diphenyl-1-Picrylhydrazyl; 
EUG: Eugenol; FTIR: Fourier Transform Infrared 
Spectroscopy; GR: Glutathione Reductase; HME: 
Hydromethanolic Extract; MTT: 3-(4,5-Dimethylthiazol-
2-yl)-2,5-Diphenyltetrazolium Bromide; TFC: Total 
Flavonoid Content; TPC: Total Phenolic Content; TTC: 
Total Tannin Content.
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