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Abstract

In modern medicine, synthetic drugs are predominant, yet they often pose health hazards. So, there is a
need to find natural alternatives. Ziziphus nummularia (Burm. F.) Wight & Arn., belongs to family
Rhamnaceae, is well known for its traditional value such as its fruits have been used as natural appetizer and
orally consumed around the world. This study investigated the phytochemical composition and bioactivity of
crude and fractionated extracts from the stem bark of Ziziphus nummularia. Crude extracts were prepared
using cold maceration, followed by partitioning based on polarity into n-hexane, chloroform, and ethyl acetate
fractions. These extracts were subjected to phytochemical analysis and evaluated for antioxidant, antibacterial,
and cytotoxic activities. The crude methanolic extract exhibited the highest antioxidant activity, with ICso
values of 136.49 pg/mL in DPPH and 78.9 pg/mL in ABTS assays. Antibacterial tests using the agar well
diffusion method revealed that the methanolic extract, ethyl acetate, and chloroform fractions demonstrated
broad-spectrum antibacterial activity against E. coli, K. pneumoniae, S. aureus, and S. epidermidis, with
inhibition zones ranging from 0 to 8.43 + 0.23 mm at 400 mg/mL. The brine shrimp lethality assay indicated
significant cytotoxicity in the methanolic, ethyl acetate, and chloroform extracts, compared to the negligible
effect of the n-hexane fraction. These findings highlight the potential of Z. nummaularia as a source of bioactive
compounds with therapeutic applications against infectious diseases, toxins, and oxidative stress. Further
isolation of pure compounds and animal trials are recommended to explore its potential in drug discovery.
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Introduction

Demand for bioactive constituents from nature increasing because natural substances are important for
developing new medicines and discovering drugs. Furthermore, there is increasing utilization of herbal
medicines for the treatment of many severe diseases (Nembo ez 4., 2020). In Covid-19 pandemic, the use of
medicinal plants was incredible and therefore needs further investigations (Soukand ez 4/, 2022).
Phytomedicine has offered significant antibacterial and anticancer leads. Paclitaxel, podophyllotoxins, and
vinblastine are derived directly from plants, etoposide, teniposide, irinotecan, and docetaxel are semi-synthetic
derivatives of these anticancer leads that are employed as anticancer medications with various mechanisms of
action (Alghamdi ez al., 2022). Today, many scientists and pharmacologist focus on concern of novel way for
the efficient action of herbal drugs (Jaleel ez 4/., 2020).

Ziziphus nummaulariais awild, small, thorny, branched, shrub found throughout Pakistan, India, China
(Khan ez 4l., 2020; Abdallah ez 4l., 2024), Afghanistan, Iraq, Iran, and Egypt with 6-8 feet height (Rauf ez 4L,
2016). This plant is known by different local names such as Jharberi, Bhor (Uddin ez 4/., 2020), Malla (Khalil
et al., 2022). It grows mostly in arid and semi-arid regions and has potential to combat drought environment.
The classification of Ziziphus nummularia is Kingdom of Plants, Tracheophyta Phylum, Magnoliopsida Class
(Dicotyledons), Rosales Order, Rhamnaceae Family Ziziphus is a genus, a species, and its binomial name is
Ziziphus nummularia (Burm. Fil.) Wight & Arn (Imran ez al., 2023). The stem bear spines, hairy or smooth
surface of brown, ash, purplish colored. Leaves are small coin size, ovate, with serrate margin. Flowers are
yellowish, emerge on axillary cymes in August-October. Fruits are drupes, brown to orange colored, round
shape, sweet sour in taste, ripen in November-December in cold season. Fruit is eaten fresh and dried as well.
Seed has hard covered of seed coat (Pandey ez 4/., 2010). The plant is used in the form of paste, decoction,
powder, extract or in infusion with other plants extract. Different Plant parts are directly eaten for heart
problems and nutritional source, anemia, hypertonic, nervous diseases (Ullah ez 4/, 2023) and used as a folk
remedy to aconite poisoning, ligament pain tuberculosis, blood disorder (Table 1) (Beg ez al., 2016). In China,
the plant extensively used to heal the burns (Kumar ez 4/, 2010). The fruit of Ziziphus nummaularia is big
sources of mineral and contain vitamin C, carbohydrates, which contribute to natural appetizer, cooling,
stomachic, astringent, improves digestion, aphrodisiac, laxative and remove biliousness, burning sensations,
thirst, vomiting, they cure mucous, tuberculosis and blood diseases (Uddin eral.,2022; Sharma and
Chakraborty, 2021; Ji ez al., 2023).

This plant is reported to have anti-athelmic (Aggarwal ez 4/, 2018), anti-inflammatory (Ray ez al., 2021),
anti-proliferative, anti-migratory, anti-invasive, anti-diabetics (Dubey e al, 2017), molluscicidal and
phytotoxicity (Shah e a/., 2018), hepa-protective (Yadav ez al., 2022) activities. The study was carried out to
assess the cytotoxic efficacy of fractionated extract of Ziziphus nummularia in addition to anti-bacterial and
antioxidants. Furthermore, the qualitative and quantitative phytochemical analysis were evaluated by standard
protocol. To the best of our knowledge, antioxidant, and cytotoxicity of the Ziziphus nummularia stem bark

fractionated extracts were not reported in previous literature.
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Table 1. Traditional medicinal uses of Ziziphus nummularia according to Ayurveda

Pl
ant Used as Traditional Uses References
parts
L Reduci besi ] i chewed £ hach Ullah ez 4l., 2021;
( calv;s Paste e ucut]g 0 csllltzll, ;Ctlii antll]iytr:tli;: ;:vcf t(r)r I;coot ache Imran et al., 2023;
ala cuts, wou ealing, a eatment of stra
P § gy Abdallah er al,, 2024
Bark Decocti D d diarrhea, febrifuge and astringent Sharma and
ar ecoction ysentery and diarrhea, febrifuge and astringen Chakraborty, 2021
Nat'ural .appctlzcr, c.()f)lmg, sto'machlc, astrmgcl'nlt, improves Uddin e¢ al., 2022;
. Raw, Powder, digestion, aphrodisiac, laxative and remove biliousness,
Fruit . . . .. Sharma and
Paste burning sensations, thirst, vomiting, they cure mucous,
. . Chakraborty, 2021
tuberculosis and blood diseases
C'rushed into Ulcers and old wounds, coughs, biliousness and headache, Kumar et al., 2010;
Root fine powder
. fever Sharma ez al., 2012
Decoction
Seed - Employs to treat eye diseases Begeral., 2016
Materials and Methods

Collection of Z. nummaularia bark & preparation of crude extract

The bark and fruit of Ziziphus nummularia were collected in April 2023 from surrounding area of
Malakwal, Mandi Bahauddin province Punjab in Pakistan. The plant was first recognized by its native name
and then identified by Dr. Rehmat Ullah Qureshi, Department of Botany, PMAS, Arid Agriculture University
Rawalpindi, Pakistan. At the Herbarium of University, plant specimen of Ziziphus nummularia was kept. Plant
material was washed thoroughly with water to remove dust particles. After washing plant parts with double
distilled water, the water was removed by keeping it in strainer (Bibi ez 4/, 2018). The plant material was shade
dried in the open air. The dry plant matter was grounded to powder with the help of mixer grinder. Plant
sample was stored in plastic sealed bag until needed (Bibi ez /., 2018). Crude extract was prepared by using cold
maceration technique. According to the protocol of Afzal ez a/. (2022) 30 g of plant sample powder were dipped
in 300 mL of methanol and placed at room temperature for 7-10 days. Next, the solution was filtered by
Whatman No.1 filter paper. The obtained filtrate was evaporated under open air and final thick dried extract

known as crude extract (Figure 1).

-

B

Filterate Crude extract

Figure 1. Preparation of crude extract using Ziziphus nummularia stem bark
Fractionation of ZN crude extract
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For the preparation of fraction, methods describe by Ahmed ez 4/. (2018) and Bibi ez a/. (2012) with few
modifications were employed. The quantity of 3 gcrude methanolic extract was dissolved in 100 mL of distilled
water and was subjected to prepare fraction in the separating funnel. Subsequently fractions were prepared
based on solvent-solvent partitioning, all fractions dried in open air. The suspended extract in distilled water,
and then partitions were created using n-hexane, chloroform, ethyl acetate, all of which had an increasing degree
of polarity. Then, using a rotary evaporator, all fractions were dried and stored at 4 °C. The yield was calculated
as a percentage of the weight of the air-dried plant material after the dried extract was weighed. The scheme
was described below (Figure 2).

Crude Methanol Extract

|n-Hexane: Water
2:1)

]

Aqueous Layer n-Hexane Layer
Chloroform: Water
2:1) ¢ n-Hexane Fraction

Chloroform Layer Aqueous Layer

|Ethyl acetate: Water

2:1)
Chloroform Fraction v
Ethyl acetate Layer Aqueous Layer
Ethyl acetate Fraction Residue

Figure 2. Fraction schemes for preparation of n-Hexane, chloroform and ethyl acetate fractions

Antioxidant activity

ABTS radical scavenging activity

The antioxidant activity of plant extract was determined by the ABTS method described by Zhou ez 4.
(2020). A mixture of ABTS 7.4 mM (dissolve 0.38 g of powder into 100 mL of distilled water), Potassium
persulfate K,$,0; 6mM (0.086 g dissolved in 100 mL of distilled water) was prepared and placed in darkness
for 16 hours at room temperature. Next, the prepared solution was diluted with methanol and measured its
absorbance at 734 nm with the value 1-1.5. Different concentrations of plant extract were prepared and
measured the absorbance at 734 nm with the help of spectrophotometer. The blank control was distilled water,
and ascorbic acid as a standard. Took the final reading by using formula mentioned below.

Reducing pPOwWEr assay

Phosphate buffer (2.5 mL) and 2.5 mL potassium ferro-cyanide were added to the plant sample fraction,
and it was allowed to remain inside the water bath at 50 °C for 20 minutes. After centrifuging the solution,
trichloroacetic acid (TCA) was added. At 700 nm, absorbance was measured with a spectrophotometer. A
positive control was ascorbic acid (Padalia and Chanda, 2021).

Phosphomolybdate assay

To evaluate the antioxidant capacity of plants sample was applied as an assay describe by Meshginfar ez
al. (2018) and Fernandez-Poyatos ez a/. (2020). Initially, 4 mL Phosphomolybdate reagent was prepared by

4
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mixing 0.6 M sulphuric acid, 28 mM sodium phosphate, 4 mM ammonium molybdate in a micro centrifuge
tube. 4 mL of phosphomolybdate reagent was mixed with the 1 mL of sample plant crude extract and fraction,
in falcon tube. For blank, 4 mL of reagent was added in 1 mL of ethanol. All the tubes were wrapped with
aluminium foil and allowed to stand for about 10 mins. Tubes were positioned in a water bath for 90 mins at
95 °C temperature. After incubation, tubes were allowed to cool and then measured absorbance at 695 nm by
spectrophotometer.

DPPH assay

DPPH radical-scavenging activity of the samples were assessed by using the protocol of Ferndndez-
Poyatos ez al. (2020). A net volume 0.2 mM DPPH solution was prepared in methanol. The mixture solution
was allowed to rest at room temperature. Different concentrations of plant extract were prepared, and equal
volume of DPPH solution was mixed in falcon tube. Test samples were kept for 30 minutes of incubation. At
517 nm, the absorbance was determined. Methanol was used as blank and Ascorbic acid were employed positive
control. ICs (extract concentration with 50% DPPH inhibition) was determined using plotting the inhibition
(%) vs. the extract concentration. The radical scavenging activity was expressed using a standard calibration
curve constructed by plotting percentage inhibition against concentration of positive control (Fernindez-
Poyatos et al., 2020).

Antibacterial activity

Protocol of Ishaque ez al. (2021) was used to determine the anti-bacterial activity of plant extract
fractions with some modification. The Agar well diffusion method is considered as appropriate method for
testing antibacterial activity of plants extracts.

Bacterial strain and control

The antibacterial activity of plant extracts alone and its fraction was tested on a panel of two Gram-
negative and two Gram-positive bacteria. Four distinct bacterial strains were tested against various fraction of
Ziziphus nummularia, including Staphylococcus aureus, Staphylococcus epidermidis, Klebsiella pneumonia, and
Escherichia coli. A well-known antibiotic called streptomycin and the chemical DMSO were utilized as positive

and negative controls, respectively.

Agar well diffusion method
Nutrient medium

For preparation of microbial culture media, 28 g agar powder was added in 1 liter of distilled water to
prepared nutrient agar medium.

Preparation of bacterial culture

Bacterial strains were grown in nutrient broth at 37 °C for 24-48 hours. This culture was kept alive for
the duration of the investigation in a liquid broth media at 4 °C. To prepare inoculum, liquid broth media was
taken in flask and carefully inserted a colony of bacterial strain in it. After addition, put this flask on rotatory
shaker at 150 rpm for 2 hours. Then, kept in incubator for 24 hours for complete processing.

Procedure

First, the instruments and equipment used in experiment were autoclaved. The media was autoclaved,
adjusted to the pH at 7.0, and allowed to cool. Media was poured into autoclaved labeled petri plates. This
media was seeded with bacterial suspension and allowed to solidify. Agar plates were pricked with 8 mm sterile
cork borer to make the wells. Subsequently, 400 pL test sample was added in respective well with the help of
micropipette. 100 uL of liquid nutrient agar medium were added in each well to seal them. streptomycin (2
mg/mL) in Dimethyl Sulfoxide (DMSO) and pure DMSO were considered as positive and negative control

5
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respectively. Petri-plates were wrapped with parafilm tap and then placed in incubator at 37 °C for 24 h. Vernier
caliper was used to measure the diameter of inhibition zone. T'o avoid any mistake, experiments were conducted
in triplicates. The mean was computed with standard deviation. Percentage inhibition was calculated by using
the following formula mentioned below.

Cytotoxicity

Brine shrimp’s lethality assay

The Brine Shrimp Lethality Test (BSLT) method has been utilized as a standard bioassay for identifying
the bioactivity of plant extract. This approach is used to determine the toxicity of active constituents in plant
extract. This is a plain, cost-effective, and attractive method, Artemia salina is used as model test organism

because of provide analogous response to that of the mammalian organism.

Procedure

Preparation of sea salt

The quantity of 38 g sea salt was dissolved in one liter (1000 mL) of deionized water then filter to
obtained pure solution.

Hatching of brine shrimps

As test organisms, Artemia salina eggs were utilized. We took some seawater within the small container,
sealed the one side where eggs shrimp were moved to. Constant supply of oxygen was rendered and allowed for
2 days for hatching, Subsequently, hatched shrimps were moved toward illuminated side. So, all those nauplli
were collected.

Brine shrimp lethality assay

Almost 10 nauplli was taken by micropipette and added in test tube containing seawater. Now the
resultant solution was known as brine solution. Various concentrations (25 uL/1 mL, 50 pL/1 mL, 100 uL/1
mL, 200 pL/1 mL, 400 uL/1 mL) of test samples were mixed in brine solution and place under light, for 24
hours at room temperature. After 24 hours’ time, number of live nauplli were counted and find the lethality
percentage by using following formula.

. , . no.of dead nauplii
Lethality % of brine shrimp = total no of nauplii x 100

As a negative control, dimethyl sulfoxide (DMSO) was utilized (Indriaty ez a/., 2022) and Vincristine as

a positive control. Triplicate experiment was applied for precise results.

Phytochemical analysis

Primarily, qualitative, and then quantitative estimation was carried out by using standard protocol for
the analysis of phytochemical. Phytochemical evaluation of fractionated extract of Ziziphus nummaularia were
performed by using standard procedures to find out the active compounds present in the extracts. Tests for
alkaloids, flavonoids, tannins, and phenols were performed in subsequent methods developed by (Nigussie ez
al,2021).

Qualitative analysis

For estimation of alkaloids test, crude extracts and fractions were tested for the presence of alkaloids
using Wagner's reagent. A portion of the extract was treated with Wagner's reagent, allowing it to stand for
three to five drops. Wait until the appearance of a reddish-brown precipitate (Anusmitha ez 4/., 2022). For the
estimation of flavonoids, the protocol of Des and Gezici, (2018) was followed with minor modifications. In
the test tube, 10 mL of ethyl acetate was added in extract fractions and placed in water bath for 3 minutes. The
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obtain filtrate followed by filtration was added in dilutes ammonium solution and shake well. The emergence
of yellow colour was confirmed by the flavonoid’s presence. About 0.5 g of all prepared fraction of plant extract
was treated with some drops of 2% of ferric chloride (FeCls). As a result, if black, blue, green colour appeared
it indicates the presence of total phenol in extract (Des and Gezici, 2018). The test was carried out according
to the method put forward by Sharaf ez /. (2022) with slight modifications. In plant extract, 10% NaCl and
1% gelatin solution was added. Consequently, formation of weight precipitate confirmed the tannins presence.
A test tube containing a crude plant extract and 5.0 mL of distilled water was forcefully stirred. A couple of
drops of olive oil were vigorously mixed into the foaming, and the look of the foam indicated the existence of

saponins (Gul ez a/., 2017).

Quantitative analysis

The quantification of Alkaloids, Tannins, phenolic constituents and total flavonoid contents in
Ziziphus nummularia crude extract and fractions is a crucial effort, providing valuable insights into their
potential bioactivity and medicinal properties. The total phenolic content was assessed by using the Folin-
Ciocalteu reagent method, as outlined by Mohammed e 4/. (2021). Gallic acid was used as standard and at 760
nm absorbance of spectrophotometer was noted (Mohammed ez /., 2021). While the total flavonoids content
was measured by using aluminum chloride method, with slight modifications per Oikeh ez al. (2020). The
absorbance was determined at 415 nm. The results were given in milligrams of quercetin equivalents. The total
tannins content was determined by using Ferric chloride method with some minor modification (Zahara ez al.,
2019). Absorbance of solution was measured by spectrophotometer at 495 nm. Tannin acid was used as
standard chemical. Alkaloid content was determined by using the methodology put forward by Ajanal ez 4/,
(2012). For the total alkaloids analysis, Atropine was used as standard chemical, and at 478 nm absorbance was
noted. All analysis was performed in triplicates, and the results are presented as mean values + SEM.

Results

Antioxidant

The free radical scavenging potential of Ziziphus nummularia crude methanolic extract and its fractions
was evaluated using several antioxidant assays, including DPPH, ABTS, Reducing Power Assay, and
Phosphomolybdate Antioxidant Assay. The results, displayed in Figure 3 (a, b, ¢, and d), illustrate the
percentage of free radical scavenging potential of test solutions and standards at various concentrations.
Specifically, Figure 3¢ demonstrates the outcomes of the Reducing Power Assay, where the absorption of light
directly corresponds to the free radical scavenging potential at a given concentration. For instance, the ICs
values of Ziziphus nummaularia crude methanolic extract were found to be 136.49 pg/mL, 78.9ug/mL for
DPPH, ABTS, respectively. The overall antioxidant activity of the samples employed in this investigation was
lower than other data, such as the DPPH radical scavenging activity of these samples, which showed higher
activity. All samples showed radical scavenging activity in a dose-dependent manner. The finding suggests that
crude extracts of Ziziphus nummaularia bark and all its three fractions studied herein exhibit potent DPPH
radical scavenging properties (Figure 3). The scavenging capacity rises with concentration in the range of 25-
400 pg/mL, with crude methanolic extract having the highest scavenging power. Therefore, it is highly
important and valuable to use the crude methanolic extract as a natural antioxidant in the food sector.
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Figure 3. The total antioxidant capacity of the crude extract and fractions of Ziziphus nummularia

Different concentrations of all extract were applied: (a) DPPH (b) ABTS (25-400 pg/mL) (c) FRAP (d) percentage
of phosphomolybdenum activity

Antibacterial assay

The antibacterial activity of extracts was determined using the agar well diffusion method. In this
method, wells served as reservoirs for both sample and standard dilutions. Sample dilutions were brought into
contact with the inoculated medium, and after 18 to 24 hours of incubation, the diameter of clear zones of
inhibition around the well was measured using a vernier caliper. If no activity was observed for the sample, no
zone of inhibition would develop. Extracts at a concentration of 100-400 mg/ml were tested for their
antimicrobial activity against two common human pathogenic bacteria. The methanol extract of all three-
extract demonstrated moderate to good antimicrobial activity against the test organisms, while the n-hexane
showed no remarkable activity. However, the ethyl acetate fraction from crude extract exhibited significant
activity against the organisms. Conversely, other fractions from crude extract did not display such effects (Table
2). The zone of inhibition for the fractions sampled in N-hexane, ethyl acetate, and chloroform was quite
selective. The recorded diameter is between 0 and 8.43+0.23 mm, and it shows that bark crude extract and
fractions prevented the growth of all (100%) of the tested bacteria. Our initial research revealed that all crude,
chloroform, n-hexane, and ethyl acetate extracts of Ziziphus nummaularia were effective against localized
human pathogens such Escherichia coli and Staphylococcus aureus. The crude methanolic extract of Ziziphus
nummularia bark shown substantial antibacterial activity against clinical isolates of bacteria that were multi-
drug resistant (Figure 4). At maximum concentration of dose of 400 mg/mL, all the extracts and fractions
showed effective inhibition. However, at minimum concentration (100-300 mg/mL) negligible result report
obtained. In the case of all bacterial strains crude methanolic extract and ethyl acetate were more effective than

chloroform and N-hexane. Nevertheless, all the bacterial strains displayed less resistance against crude
methanolic extract.
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Table 2. The inhibition zone observed by the application crude extract and different fraction of Ziziphus

nummularia
. Cefotaxime Crude . Ethyl acetate | Chloroform n- hexane
Test organisms (mm) methanolic (mm) (mm) (mm)
extract (mm)

Staphylococcus anreus 13.8 £0.16 8.43+0.23 6.5+ 0.31 45+0.11 14+0.23
Staphylococcus epidermidis 12.7 £ 0.37 7.6 +0.42 5+0.28 346+ 0.29 22
Escherichia coli 12.26 + 0.31 52+0.14 3.4 +0.05 24+0.21 -
Klebsiella pneumonia 124 +0.21 53%0.2 32402 294102 1.2+0.14

Zone of inhibition (mm) and values are expressed in mean # standard error of the mean. (Mean * S.E)

(c)

(d)

Figure 4. The antibacterial activity of different extract of Ziziphus nummularia stem bark(a) The inhibition

zone (mm) of crude methanolic extract, N-hexane, chloroform, ethyl acetate fraction against Staphylococcus
epidermidis at concentration of 100-400 mg. Also, the negative control, 10% v/v DMSO. (b) The
inhibition zone (mm) of crude methanolic extract, N-hexane, chloroform, ethyl acetate fractions against

Staphylococcus anrens (SA). (c) The inhibition zone (mm) of crude methanolic extract, N-hexane,

chloroform, ethyl acetate fractions against Escherichia coli. (d) The inhibition zone (mm) of crude

methanolic extract, N-hexane, chloroform, ethyl acetate fractions against Klebsiella pneumoniae.
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Cytotoxicity

The cytotoxic activity of a large variety of plant-derived extracts was originally determined throughout
the medication development process prior they were subsequently evaluated on cancer cell lines or higher
animals. Numerous studies have demonstrated a positive link between the BSL'T (Brine Shrimp Lethality Test)
and several tumor cell lines. If the plant extract's LCso value was below 1000 ug/mL (Table 3), it was thought
to be poisonous to brine shrimps. The level of toxicity will reveal an extract's anticancer effectiveness (Elsyana
et al., 2016). In current investigation, the cytotoxicity of fractionated extract of Ziziphus nummularia was
evaluated using the brine shrimp lethality test. Crude, n-hexane, chloroform, ethyl acetate fractions at five
different range of concentrations 25-400 ug/mL were assessed against 10 napulli in each vial. Results were
obtained based on percentage mortality rate of larvae. The extract showed result on concentration dependent,
at higher concentration of 200 and 400 pug/mL, mortality rate became high. Maximum lethality was shown by
crude methanolic fraction after standard with 90% mortality at 400 pg/mL. While at lowest concentration 25
ug/mL, the observed death rate was 30%. In case of Ethyl acetate, maximum lethality rate was 80% at 400
ug/mL and minimum death was 20% at 25 pg/mL. Following N-hexane, chloroform had 10% mortality at low
concentration and 70% at higher concentration. N-hexane showed less pronounced result with (5-60%)
mortality at 25-400 pug/mL (Figure 5). In this study, the LCso value of Crude extract was very close to the
standard value. It means that Crude extract showed higher toxicity after standard (vincristine).

Table 3. LCs value of Ziziphus nummularia crude extract and fractions cytotoxicity

Sample LCso pg/mL
Vincristine 33.01 +0.02
Crude extract 74.21 +0.05
Ethyl acetate 158.42 + 0.07
Chloroform 220.9 £ 0.09
N-Hexane 301.8 + 1.04
150—
© 100
2
=
=
Q
— 50
0 -
25 50 100 200 400

Concentration (pg/mL)

HE  Vincristine BB Crude extract BBl Ethylacetate
=3 Chlorofom B N-Haxane

Figure 5. Cyrotoxicity activity of crude extract, and various fraction of Ziziphus nummaularia stem bark
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Preliminary phytochemical screening

The preliminary qualitative phytochemical screening of Ziziphus nummaularia stem bark crude extract
and fraction revealed the presence of flavonoids, phenols, alkaloids, tannins, saponins, terpenoids (Table 4). A
greater number of phytochemicals are present in all these extracts and fractions. Phenols were highly positive
in ethyl acetate and crude extract. While saponins are very positive in crude extract and n-hexane. Tannins and
alkaloids are present in extract in same proportion. The concentration of alkaloids, flavonoids, phenols,
tannins, of crude extract and all fractions are shown (Table 5). The quantity of phenols, flavonoids, tannins
and alkaloids in crude extract and fractions were all significantly higher, suggesting that these bioactive
compounds had been largely enriched in stem bark of Ziziphus nummularia. The crude methanolic extract of
Ziziphus nummaularia was found to have higher phenolic content of 39.54+0.7 mg/g of gallic acid equivalents
while have higher flavonoid content estimated was 112.44+1.3 mg/g of quercetin equivalents. The n- hexane
extract has found less quantitate of calculated phytochemicals (Table 5). These established techniques,
involving spectrophotometric analysis at specific wavelengths, allow for the precise measurement of
absorbance, correlating directly with the concentration of phenolic, tannins, alkaloids flavonoids. Such
quantification not only sheds light on the antioxidant potential of Ziziphus nummularia but also offers
implications for its traditional medicinal use and future therapeutic applications. Further exploration into the
specific constituents and their biological activities, alongside investigations into bioavailability and in vivo
metabolism, promises to deepen our understanding and unlock the full therapeutic potential of Ziziphus

nummularia.

Table 4. Qualitative phytochemical estimations of Ziziphus nummularia bark extracts

Phytochemicals Test performed Crude extract | Ethyl acetate | Chloroform N-hexane
Alkaloids Wagner test + + + +
Tannins Folin-Ciocalteu test + + + +
Flavonoids Ammonium test + ++ + +
Phenols Ferric chloride ++ ++ + +
Saponins Foam test ++ + + +

Key (++) = high quantity while (+) = less quantity, indicate presence of the tested phytochemical.

Table 5. Quantitative phytochemical analyses of Ziziphus nummularia crude and fractionated extract

Phytochemicals Crude extract Ethyl acetate Chloroform N-hexane
Alkaloids (mg/g) 17.144 0.3 1191+ 1.3 5.67 + 14 1.96 £ 1.2
Flavonoids (mg/g) 11244 + 1.3 2791+ 1.7 90.37+ 1.5 28.87+ 1.6
Tannins (mg/g) 139+0.1 128+ 0.4 129402 1129+ 1.1
Phenols (mg/g) 39.54+0.7 2367+ 1.3 17.01+ 0.4 693+13

Values are expressed in mean + standard error of the mean.

Discussion

Reactive oxygen species (ROS) play crucial roles as signaling molecules and have been reported to have
pro-tumorigenic as well as anti-tumorigenic effects (Huangez al., 2021). At low concentrations, ROS performs
essential signaling roles, contributing to cellular equilibrium maintenance. Conversely, elevated ROS levels can
inflict damage upon cellular components such as lipids, proteins, and genomic DNA, potentially initiating
tumorigenesis (Figure 6). Furthermore, ROS has been associated with tumor invasion and metastasis.
Interestingly, increased levels of reactive oxygen species (ROS) can paradoxically hinder tumor advancement
by inhibiting the proliferation of cancer cells and inducing their programmed death. It's noteworthy that
chemotherapy and radiotherapy predominantly exert their anticancer effects by boosting intracellular ROS
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levels (Khan ez al.,2021). Our findings showed that the stem bark's antioxidant capacity measured by the ABTS
assay (IC50 = 78.969 ug/mL) was higher than that measured by the DPPH assay (ICso = 136.49 ug/mL) for
the crude extract. The antioxidant activity of ICso 78.9 pug/mL in crude methanolic extract was determined
using the total free radical scavenging ABTS test. One could suggest that most plant components exhibit
stronger antioxidant action against ABTS radicals than DPPH radicals. This is because of the ABTS assay's
increased sensitivity in detecting antioxidant activity, which accelerates the kinetic reaction. As a resul,
enhances antioxidant activity (Wei ez al., 2018; Akbari ez al., 2019).
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Figure 6. Mechanism of action antimicrobial agents

Nevertheless, these findings were consistent with prior research that revealed stronger antioxidant
properties in extract (Begez al., 2016). The ICso of CME and fractions of Z. nummularia were compared with
standard antioxidant compound (ascorbic acid). The order of ICsofor antioxidant assay were
nHF > CHF > EAF > CME > ascorbic acid. These findings are in agreement with previously published data
regarding antioxidant activities of Pseudocaryopteris foetida leaves (Lou et al., 2018; Afzal et al., 2022). Similar
finding was observed for Ziziphus mauritiana plant extract's that possesses a sizable amount of free radical
scavenging activity with its ICsp value was 0.875 g/mL. Therefore, Ziziphus mauritiana Lam. leaves' crude
methanolic extract may be used to treat a variety of human disorders (Cao et al., 2016; Ghasham et 4/., 2017).
Similarly, previous research has reported that stem ethanol extract and hexane fraction of Carpolobia lutea had
the highest inhibitory activity was ICso= 140 g/mL. Study concluded that stem has the highest total phenolic
content that shows highest antioxidant power (Nwidu ez al., 2017; Hu ez al., 2022). In our study, the total
phenolics and flavonoid content of Z. nummularia stem bark was measured using spectrophotometric
method. The total flavonoid content of was 112.44 mg/g and total phenols of 39.44 mg/g for crude extract.
These results support the good antioxidant capacity of stem bark extract and fraction. High content of phenolic
and flavonoid compounds means higher antioxidant activity of the plants (Noreen e# al., 2017; Yan ez al.,
2024).

The inhibitory zones of plant extracts in this investigation were found to be narrower than those of
antibiotics. Z. nummaularia’s crude extract and fraction, which exhibited an antibacterial impact on E. coli

bacteria, had different effects on other examined bacteria. Numerous factors are known to influence
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antibacterial activity. Ata concentration of 400 mg/mL, the highest zone of inhibition against the tested strains
was observed with the methanol crude extract, followed by the ethyl acetate and chloroform extracts (Table 2)
n-hexane extract was less effective. The efficiency of the extracts clearly relies on the type of solvent employed,
even if the exact mechanism by which these plant elements work is still not entirely understood but general
mechanism is illustrated in Figure 7. Sharma ez 4/. (2012) highlighted that most of the antibiotic chemicals
found in plants are allegedly saturated or aromatic organic molecules that are easily soluble in organic solvents.
All the strains that were tested respond effectively to the positive control cefotaxime.
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Figure 7. Oxidative stress is caused by an abundance of active oxygen species and can cause several

biochemical and physiological diseases, including metabolic dysfunction and cell death. Illustration also
proposed uptake process and mechanism of toxicity induced by extracts Ziziphus nummularia in cell

Some allied substances such as ascorbic acid, thiamine, riboflavin and bioflavonoids and pectin-A
present in the Ziziphus species exhibited significant anti-bacterial. which makes it to be effective in curing or
preventing various diseases (Beg ez al., 2016; Song ez al., 2023). Recent study demonstrated that cardiovascular
glycosides, coumarins, flavonoids, tannins, phenols, phytosterols, saponins, and terpenoids are among the
bioactive components of the crude extract of Z. mauritiana that can be detected as responsible for these
biological activity (Ghasham ez al., 2017; Huang ez al., 2023). Another study reported that S. aureus is
susceptible to five plant extracts. The outer membrane and cell wall composition of S. aureus may contribute
to its high sensitivity. According to our findings, gram-positive bacteria are typically extra vulnerable to the
extracts of spices and herbs. This was in line with earlier investigations on various herbs and spices
(Thirumurugan ez al., 2010; Niu ez al., 2023). Therefore, we believe that the bacterial inhibition may differ
depending on the plant extract, the extraction solvent, and the organism being examined. Khalil ez 4/. (2022)
reported that crude extracts and fraction prepared from Z. nummaularia fruit possess an effective antibacterial
property against E. coli, S. aureus, Pseudomonas, Streptococcus pyogenes (Khalil e al., 2022). Another study is
agreement with our finding that among Z. mauritiana leaf extracts, the methanol extract showed superior
antimicrobial efficacy, with Escherichia coli displaying the highest resistance (Ashraf ez 4/.,2015). Our findings
suggest that bacterial inhibition varies based on plant extract, solvent, and organism. Extracts with antibacterial
activity consistently contained alkaloids, saponins, and flavonoids, indicating these metabolites confer
antibacterial properties. However, the absence of activity in certain extracts doesn't imply a lack of bioactive
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compounds; rather, it may result from lower quantities by other substances (Kurek ez /., 2022; Huang and
Zhou, 2023; Mao et al., 2023).

Crude methanolic extract showed maximum mortality as compared to other extracts, with LCs value
of 74.21 pg/mL. Ethyl acetate extract showed maximum death rate at 500 pug/ml with LCso value of 158.42 pg/
mL. Hence, concluded that crude methanolic extract was more toxic than chloroform and n-Hexane (Table
3). Our results reported that cytotoxicity is dose-dependent. Same outcomes were achieved by examined Brine
shrimp lethality assay of Rhizophoraceae methanol extract (Indriaty ez al., 2022). Another finding concluded
that C. decandya and R. mucronata were the most toxic plant extracts for the bark. (Indriaty ez 4/., 2022). With
a LCsp of 10.93 ppm, another investigation demonstrated that stem bark extract of Rhinachantus nasutus
extract had a potent cytotoxic impact (Irawan ez /., 2023). Our result was also in agreement with previous data
on the anti-plasmodium activity of Z. nummularia stem bark extracts (Aggarwal ez 4l., 2020).

Consequently, we investigated the phytochemical composition of ZN crude extract, fraction and were
able to identify major chemicals that may be responsible for ZNE antioxidant and antibacterial effects.
Qualitative phytochemical analysis showed that crude extract and Ethyl acetate fraction had high alkaloids,
TFC, TPC and Tannins values. This indicated that plants are enriched in phenolic metabolites and flavonoids,
in agreement with previous reports (Sonia and Singh, 2019). A similar result to our study was reported by
another study on Ziziphus spina-christi put forward by Ads ez al. (2017). GC-MS revealed that Ziziphus spina-
christi crude extract contains tannins, flavonoids, and alkaloids (Ads ez 4/, 2017). This finding is relevant,
especially that therapeutic and antioxidant properties of plant extracts are mostly attributed to flavonoids and
phenols (Abdullah ez al., 2024). Phenols are reported to have antioxidant, antidiabetic, cardioprotective,
neuroprotective effects. They are also anticancer agents that can inhibit cell cycle progression, induce apoptosis,
inhibit metastasis.

In the current study preliminary phytochemical constituents of Z. nummlaria along with cyrotoxic,
antibacterial and antioxidant potential of this plant species were determined. The preliminary qualitative
phytochemical analysis revealed the presence of valuable different classes of phytochemicals in stem bark of Z.
nummaularia including Alkaloids, phenols, tannins, saponins, flavonoids. The presence of these diverse
categories of bioactive compounds in Z. nummaularia indicated the medicinal potential of plant. Consequently,
future research employing various extraction solvents, additional bacteria, and various plant sections can
precisely explain the antibacterial activity of the examined plants. As a result, medicines, nutraceuticals, and
food supplements are incorporating medicinal plants.

Conclusions

Ziziphus nummularia is a spiny shrub that primarily grows in semi-arid and arid regions. Because of its
medicinal characteristics, it is frequently employed in traditional medicine. The crude methanolic bark stem
extract (CME) of this plant species and its fractions, including the n-hexane fraction (NHF), chloroform
fraction (CHF), and ethyl acetate fraction (EAF), were examined for cytotoxic, antibacterial, and antioxidant
activity as well as phytochemical analyses in the current study. CME and other fractions showed positive results
in each of these assays. The range of ICs values for antioxidant assay was 78.9 with crude extract exhibiting the
greatest antioxidant potential. The cytotoxic potential was evaluated using the Brine Shrimp Lethality Test
and ICsp values ranging from 0.18-1.4 mg/mL. At the concentration of 300-400 g/mL all the extract and
fractions showed high antibacterial efficacy. In comparison to all extracts, crude extracts demonstrated stronger
antibacterial activity. The phytochemical examination of crude methanolic extract and fractions also
demonstrated the presence of alkaloid compounds, flavonoids, phenols, tannins and saponins, in various
amounts. The current study gives researchers the fundamentals they need to continue researching the plant to
confirm its other medical qualities as well as the bioactive compounds that are specifically responsible for its

14



Imran S et al. (2024). Not Bot Horti Agrobo 52(3):13663

unique action. As a result, the plant Ziziphus nummularia might play a part in the development of herbal

medicine.

Authors’ Contributions

YB and SN designed the study. SI performed the experiments. AQ and RS helped in data curation and
analysis of data. SAH and MJA collected literature reviews and helped in writing the original draft of the article.
YB and AQ provided technical expertise to improve the article and helped in funding acquisition. All authors
read and approved the final manuscript.

Ethical approval (for researches involving animals or humans)

Not applicable.

Acknowledgements

This project was supported by Researchers Supporting Project number (RSP2025R5), King Saud
University, Riyadh, Saudi Arabia.

Conflict of Interests

The authors declare that there are no conflicts of interest related to this article.

References

Abdallah R, Shaito AA, Badran A, Baydoun S, Sobeh M, Ouchari W, ... Baydoun E (2024). Fractionation and
phytochemical composition of an ethanolic extract of Ziziphus nummularia leaves: antioxidant and anticancerous
properties in human triple negative breast cancer cells. Frontiers in Pharmacology 15:1331843.
https://doi.org/10.3389/fphar.2024.1331843

Ads EN, Rajendrasozhan S, Hassan SI, Sharawy SMS, Humaidi JR (2017). Phytochemical, antimicrobial and cytotoxic
evaluation of Ziziphus spina-christi (L.) stem bark. Biomedical Research 28(15):6646-6653.

Afzal T, Bibi Y, Ishaque M, Masood S, Qayyum A, Nisa S, ... Chung G (2022). Pharmacological properties and preliminary
phytochemical analysis of Pseudocaryopteris foetida (D. Don) PD Cantino leaves. Saudi Journal of Biological
Sciences 29(2):1185-1190. https://doi.org/10.1016/.5jb5.2021.09.048

Aggarwal B, Sharma P, Lamba H (2018). Ethanobotanical, phytochemical and pharmacological properties of Zizyphus
nummularia ~ (Burm.  F.): A review. International  Journal of  Phytomedicine 10:137-147.
http://dx.doi.org/10.5138/09750185.2265

Aggarwal B, Sharma P, Lamba HS (2020). Gas chromatography-mass spectrometry characterization of bioactive
compounds from Ziziphus nummularia (Burm. F.) stem bark with promising in vizro antiplasmodial
activity. Journal of Pharmacy and Bioallied Sciences 12(1):42-47. https://doi.org/10.4103%2Fjpbs JPBS_41_18

Ahmed E, Arshad M, Bibi Y, Ahmed MS (2018). Phytochemical and antioxidant potential of crude methanolic extract
and fractions of Celtis eriocarpa Decne. leaves from lesser Himalaya Region of Pakistan. Pakistan Journal of

Botany 50(1):279-285.

15



Imran S et al. (2024). Not Bot Horti Agrobo 52(3):13663

Ajanal M, Gundkalle MB, Nayak SU (2012). Estimation of total alkaloid in Chitrakadivati by UV-
spectrophotometer. Ancient Science of Life 31(4):198-201. hztps://doi.org/10.4103%2F0257-7941.107361

Akbari S, Abdurahman NH, Yunus RM, Alara OR, Abayomi OO (2019). Extraction, characterization and antioxidant
activity of fenugreek (77igonella-foenum graecum) seed oil. Materials Science for Energy Technologies 2(2):349-
355. https://doi.org/10.1016/j.mset.2018.12.001

Alghamdi MD, Nazreen S, Ali NM, Amna T (2022). ZnO nanocomposites of Juniperus procera and Dodonaea viscosa
extracts as antiproliferative and antimicrobial agents. Nanomaterials 12(4):664.
https://doi.org/10.3390/nano12040664

Anusmitha KM, Aruna M, Job JT, Narayanankutty A, Benil PB, Rajagopal R, Alfarhan A, Barcelo D (2022).
Phytochemical analysis, antioxidant, anti-inflammatory, anti-genotoxic, and anticancer activities of different
Ocimum plant extracts prepared by ultrasound-assisted method. Physiological and Molecular Plant
Pathology 117:101746. hetps://doi.org/10.1016%2F) pmpp.2021.101746

Ashraf A, Sarfraz RA, Anwar F, Shahid SA, Alkharfy KM (2015). Chemical composition and biological activities of leaves
of Ziziphus mauritiana L. native to Pakistan. Pakistan Journal of Botany 47(1):367-376.

Beg MA, Teotia U, Farooq S (2016). Iz vitro antibacterial and anticancer activity of Ziziphus. Journal of Medicinal Plants
Studies 4(5):230-233.

Bibi Y, Naeem J, Zahara K, Arshad M, Qayyum A (2018). I vitro antimicrobial assessment of selected plant extracts from
Pakistan. Iranian ~ Journal of Science and Technology, Transactions A: Science 42:267-272.
hetp://dv.doi.org/10.1007/540995-018-0498-8

Bibi Y, Nisa S, Zia M, Waheed A, Ahmed S, Chaudhary MF (2012). Iz vitro cytotoxic activity of Aesculus indica against
breast adenocarcinoma cell line (MCF-7) and phytochemical analysis. Pakistan Journal of Pharmaceutical
Sciences 25(1):183-187.

CaoJ, Chen C, Wang Y, Chen X, Chen Z, ... Luo X (2016). Influence of autologous dendritic cells on cytokine-induced
killer cell proliferation, cell phenotype and antitumor activity iz vitro. Oncology Letters 12(3):2033-2037.
https://doi.org/10.3892/0l.2016.4839

Das K, Gezici S (2018). Secondary plant metabolites, their separation and identification, and role in human discase
prevention. Annals of Phytomedicine 7:13-24. http://dx.doi.org/10.21276/ap.2018.7.2.3

Dubey K, Dubey R, Gupta R, Gupta A (2017). Anti-diabetic potential of aqueous, methanolic and saponin extract of
leaves of Ziziphus nummlaria Linn.Journal of Drug Delivery and Therapeutics 7(7):173-174.
https://doi.org/10.22270/jddt.v7i7.1625

Elsyana V, Bintang M, Priosoeryanto BP (2016). Cytotoxicity and antiproliferative activity assay of clove mistletoe
(Dendrophthoe pentandra (L.) Miq.) leaves extracts. Advances in Pharmacological and Pharmaceutical
Sciences, 2016. https://doi.org/10.1155/2016/3242698

Ferndndez-Poyatos MDP, Zengin G, Salazar-Mendias C, Ruiz-Medina A, Sinan KI, Llorent-Martinez EJ (2020). Study
on three Sarcocapnos species as potential sources of bioactive compounds: relation between phenolic content and
bioactivity by multivariate Analysis. Journal of Analytical Methods in Chemistry 8885169.
https://doi.org/10.1155%2F2020%2F8885169

Ghasham AA, Al Muzaini M, Qureshi KA, Elhassan GO, Khan RA, Farhana SA, ... Abdallah WE (2017). Phytochemical
screening, antioxidant and antimicrobial activities of methanolic extract of Ziziphus mauritiana Lam. leaves
collected from Unaizah, Saudi Arabia. International Journal of Pharmaceutical Research & Allied Sciences 6(3).

Gul R, Jan SU, Faridullah S, Sherani S, Jahan N (2017). Preliminary phytochemical screening, quantitative analysis of
alkaloids, and antioxidant activity of crude plant extracts from Ephedra intermedia indigenous to Balochistan. The
Scientific World Journal 5873648. https://doi.org/10.1155/2017/5873648

HuB, Das P, Lv X, ShiM, Aa ], WangK, ... Wu X (2022). Effects of 'healthy’ fecal microbiota transplantation against the
deterioration of depression in fawn-hooded rats. mSystems 7(3):¢21822. https://doi.org/10.1128/msystems.0021 8-
22

Huang A, Zhou W (2023). Mn-based cGAS-STING activation for tumor therapy. Chinese Journal of Cancer Research
35(1):19-43. htps://doi.org/10.21147/j.issn. 1000-9604.2023.01.04

16



Imran S et al. (2024). Not Bot Horti Agrobo 52(3):13663

Huang B, Gui M, An H, ShenJ, Ye F,Ni Z, ... Lin J (2023). Babao Dan alleviates gut immune and microbiota disorders
while impacting the TLR4/MyD88/NF-kB pathway to attenuate 5-Fluorouracil-induced intestinal injury.
Biomedicine & Pharmacotherapy 166:115387. https://doi.org/10.1016/5.biopha.2023.115387

Huang R, Chen H, LiangJ, Li Y, Yang], Luo C, ... Xie X (2021). Dual role of reactive oxygen species and their application
in cancer therapy. Journal of Cancer 12(18):5543. https://doi.org/10.7150%2Fjca.54699

Imran S, Bibi Y, Munawar T, Yousaf AM, Hasnain M (2023). A panoramic review on ethnomedicinal, therapeutic,
phytochemical, and advance attributes, of the genus Ziziphus Mill., native to Pakistan. Ethnobotany Research and
Applications 25:1-32. http://dx.doi.org/10.32859/era.25.67.1-31

Indriaty I, Ginting B, Hasballah K (2022). Assessment cytotoxic assay of Rhizophora plants mangrove using brine shrimp
(Artemia salina L) model. In: IOP Conference Series: Earth and Environmental Science 951(1):012070. IOP
Publishing. hztp://dx.doi.org/10.1088/1755-1315/951/1/012070

Irawan C, Elya B, Hanafi M, Saputri FC (2023). Cytotoxicity by brine shrimp lethality test and potential Rhinachantus
nasutus (L.) Kurz stem bark ethanol extract as anti-inflammatory and antimicrobial. Egyptian Journal of
Chemistry 66(12):321-326. https://doi.org/10.21608/ejchem.2023.187779.7462

Ishaque M, Bibi Y, Ayoubi SA, Masood S, Nisa S, Qayyum A (2021). Iriflophenone-3-C--d glucopyranoside from
Dryopteris ramosa (Hope) C. Chr. with promising future as natural antibiotic for gastrointestinal tract
infections. Antibiotics 10(9):1128. https://doi.org/10.3390/antibiotics10091128

Jaleel F, Sohu ASS, Akhtar M, Irshad K, Irshad MB, Mehboob S (2020). Green synthesized nano particles based inspection
of ethano-medicinal flora of Cholistan Desert, Pakistan. IOP Conference Series: Materials Science and
Engineering 993(1):012116. https://doi.org/10.1088/1757-899X/993/1/012116

Ji X, Guo J, Tian J, Ma K, Liu Y (2023). Research progress on degradation methods and product properties of plant
polysaccharides. Journal of Light Industry 38(3):55-62. https://doi.org/10.12187/2023.03.007

Khalil MS, Shakeel M, Gulfam N, Ahmad SU, Aziz A, Ahmad ], ... Khandaker MU (2022). Fabrication of silver
nanoparticles from Ziziphus nummaularia fruit extract: effect on hair growth rate and activity against selected
bacterial and fungal strains. Journal of Nanomaterials 1-14. https://doi.org/10.1155/2022/3164951

Khan AQ, Rashid K, AlAmodi AA, Agha MV, Akhtar S, Hakeem [, ... Uddin S (2021). Reactive oxygen species (ROS) in
cancer pathogenesis and therapy: An update on the role of ROS in anticancer action of benzophenanthridine
alkaloids. Biomedicine & Pharmacotherapy 143:112142. https://doi.org/10.1016/;.biopha.2021.112142

Khan MN, Haq FU, Rahman S, Ali A, Musharraf SG (2020). Metabolite distribution and correlation studies of Ziziphus
jujuba and  Ziziphus nummularia using LC-ESI-MS/MS. Journal of Pharmaceutical and Biomedical
Analysis 178:112918. hetps://doi.org/10.1016/5.jpba.2019.112918

Kumar S, Garg VK, Sharma PK (2010). A review of Ziziphus nummularia. Pharmacology Online 2:565-574.

Kurek M, Benaida-Debbache N, Elez Garofuli¢ I, Gali¢ K, Avallone S, Voilley A, Waché Y (2022). Antioxidants and
bioactive compounds in food: Critical review of issues and prospects. Antioxidants 11(4):742.
https://doi.org/10.3390/antiox11040742

LouZ, Gong YQ, Zhou X, Hu GH (2018). Low expression of miR-199 in hepatocellular carcinoma contributes to tumor
cell hyper-proliferation by negatively suppressing XBPl. Oncology Letters 16(5):6531-6539.
bttps://doi.org/10.3892/0l.2018.9476

Mao X, Chen Y, Lu X, Jin S, Jiang P, Deng Z, ... Kang S (2023). Tissue resident memory T cells are enriched and
dysfunctional in effusion of patients with malignant tumor. Journal of Cancer 14(7):1223-1231.
https://doi.org/10.7150/jca.83615

Meshginfar N, Sadeghi Mahoonak A, Hosseinian F, Ghorbani M, Tsopmo A (2018). Production of antioxidant peptide
fractions from a by-product of tomato processing: Mass spectrometry identification of peptides and stability to
gastrointestinal digestion. Journal of Food Science and Technology 55:3498-3507.
bttps://doi.org/10.1007%2Fs13197-018-3274-z

Mohammed HA, Al-Omar MS, Mohammed SA, Alhowail AH, Eldecb HM, Sajid MS, ... Khan RA (2021).
Phytochemical analysis, pharmacological and safety evaluations of halophytic plant, Salsola
cyclophylla. Molecules 26(8):2384. https://doi.org/10.3390/molecules26082384

17



Imran S et al. (2024). Not Bot Horti Agrobo 52(3):13663

Nembo EN, Hescheler J, Nguemo F (2020). Stem cells in natural product and medicinal plant drug discovery—An
overview of new screening approaches. Biomedicine & Pharmacotherapy 131:110730.
https://doi.01g/10.1016/j.biopha.2020.110730

Nigussie D, Davey G, Legesse BA, Fekadu A, Makonnen E (2021). Antibacterial activity of methanol extracts of the leaves
of three medicinal plants against selected bacteria isolated from wounds of lymphoedema patients. BMC
Complementary Medicine and Therapies 21:1-10. hzps://doi.org/10.1186/512906-020-03183-0

Niu M, Guo H, ShangJ, Meng X (2023). Structural characterization and immunomodulatory activity of a mannose-rich
polysaccharide isolated from Bifidobacterium breve H4-2. Journal of Agricultural and Food Chemistry
71(49):19791-19803. https://doi.org/10.1021/acs.jafc. 3c04916

Noreen H, Semmar N, Farman M, McCullagh JS (2017). Measurement of total phenolic content and antioxidant activity
of aerial parts of medicinal plant Coronopus didymus. Asian Pacific Journal of Tropical Medicine 10(8):792-801.
bttps://doi.org/10.1016/j.apjtm.2017.07.024

Nwidu LL, Elmorsy E, Thornton J, Wijamunige B, Wijesckara A, Tarbox R, Warren A, Carter WG (2017). Anti-
acetylcholinesterase activity and antioxidant properties of extracts and fractions of Carpolobia
Iutea. Pharmaceutical Biology 55(1):1875-1883. https://doi.org/10.1080%2F13880209.2017.1339283

Oikeh EI, Oviasogie FE, Omoregie ES (2020). Quantitative phytochemical analysis and antimicrobial activities of fresh
and dry ethanol extracts of Citrus sinensis (L.) Osbeck (sweet Orange) peels. Clinical Phytoscience 6(1):1-6.
bttps://doi.org/10.1186/540816-020-00193-w

Padalia H, Chanda S (2021). Synthesis of silver nanoparticles using Ziziphus nummaularia leaf extract and evaluation of
their antimicrobial, antioxidant, cytotoxic and genotoxic potential (4-in-1 system). Artificial Cells,
Nanomedicine, and Biotechnology 49(1):354-366. https://doi.org/10.1080/21691401.2021.1903478

Pandey A, Singh R, Radhamani J, Bhandari DC (2010). Exploring the potential of Ziziphus nummularia (Burm. f.) Wight
et Arn. from drier regions of India. Genetic Resources and Crop Evolution 57:929-936.
http://dx.doi.org/10.1007/s10722-010-9566-4

Rauf A, Ali J, Khan H, Mubarak MS, Patel S (2016). Emerging CAM Ziziphus nummaularia with in vivo sedative-
hypnotic, antipyretic and analgesic attributes. 3 Biotech 6:1-10. hztps://doi.org/10.1007%2Fs13205-015-0322-5

Ray SD, Das N, Ray S (2021). A multi-pronged approach to assessing inflammatory inhibitory activity of a new cyclic
alkaloid compound from root bark of Ziziphus Nummularia (Aubrev.). Resecarch Square.
https://doi.org/10.21203/rs.3.rs-1134126/v1

Shah RB, Modi HA, Srivastava A (2018). Medicinal plant’s potential activity against skin disease-causing bacteria and
their phytochemical assessment. International Journal of Pharmaceutical & Biological Archives 9(3):85-92.

Sharaf MH, Abdelaziz AM, Kalaba MH, Radwan AA, Hashem AH (2022). Antimicrobial, antioxidant, cytotoxic
activities and phytochemical analysis of fungal endophytes isolated from Ocimum basilicum. Applied Biochemistry
and Biotechnology 1-19. hzps://doi.org/10.1007/s12010-021-03702-w

Sharma S, Chakraborty D (2021). Traditional medicinal plants used by tribal communities in Tonk district,
Rajasthan. Plant Science Today 8(1):225-228. hrtp://dx.doi.org/10.14719/pst.2021.8.1.1077

Sharma SK, Singh ], Maherchandani S, Kashyap SK (2012). Antibacterial activity of Ziziphus nummularia and Prosopis
cineraria leaves extracts against Staphylococcus aureus and Escherichia coli. Veterinary Practitioner 13(1):46-48.

Song Y, LiX, Nie S, HuZ, Zhou D, Sun D, ... Wang S (2023). Extracellular vesicles released by glioma cells are decorated
by annexin A2 allowing for cellular uptake via heparan sulfate. Cancer Gene Therapy 30(8):1156-1166.
hitps://doi.org/10.1038/5s41417-023-00627-w

Sonia S, Singh SK (2019). Phytoconstituents of Ziziphus nummularia (Burm. £.) Wight & Arn. leaves extracts using GC-
MS spectroscopy. Research and Review Journal of Life Science 9:109-118.

Soukand R, Kalle R, Pieroni A (2022). Homogenisation of biocultural diversity: Plant ethnomedicine and its diachronic
change in  Setomaa and  Voromaa, Estonia, in the last  century. Biology 11(2):192.
https://doi.org/10.3390/biology 11020192

Thirumurugan K, Shihabudeen MS, Hansi PD (2010). Antimicrobial activity and phytochemical analysis of selected
Indian folk medicinal plants. Steroids 1(7):430-434.

18



Imran S et al. (2024). Not Bot Horti Agrobo 52(3):13663

Uddin N, Ali N, Uddin Z, Nazir N, Zahoor M, Rashid U, ... Liu M (2020). Evaluation of cholinesterase inhibitory
potential of different genotypes of Ziziphus nummularia, their HPLC-UV, and molecular docking
analysis. Molecules 25(21):5011. hetps://doi.org/10.3390/molecules25215011

Uddin N, Muhammad N, Nisar M, Aisha Ali N, Ullah R, Ali EA, ... Zeb A (2022). Distribution of polyphenolic
compounds, antioxidant potential, and free amino acids in Ziziphus fruits extract; a study for determining the
influence of wider geography. Food Science & Nutrition 10(5):1414-1430. https://doi.org/10.1002%2Ffsn3.2726

Ullah I, Ullah I, Ali M, Durrani F, Khan SU, Hussain D, ... Bahadur S (2023). Quantitative study of medicinal plants and
biological activities of two common species used by inhabitants of district Bannu, Pakistan. Acta Ecologica
Sinica 43(2):271-287. http://dx.doi.org/10.1016/j.chnaes.2021.08.006

WeiS, Sun T, DuJ, Zhang B, Xiang D, ... Li W (2018). Xanthohumol, a prenylated flavonoid from Hops, exerts anticancer
effects against gastric cancer in vitro. Oncology Reports 40(6):3213-3222. https://doi.org/10.3892/0r.2018.6723

Yadav SM, Sharma VK, Sharma PK, Sharma ] (2022). Pharmacognostical, phytochemical, antimicrobial and
hepatoprotective screening of some plants of family Rhamnaceae. International Journal of Health Sciences
111:4890-4911. hrtps://dx.doi.org/10.53730/ijhs.v6nS3.6985

Yan J, Liu D, WangJ, You W, Yang W, Yan S, ... He W (2024). Rewiring chaperone-mediated autophagy in cancer by a
prion-like chemical inducer of proximity to counteract adaptive immune resistance. Drug Resistance Updates
73:101037. https://doi.org/10.1016/j.drup.2023.101037

Zahara K, Bibi Y, Qayyum A, Nisa S (2019). Investigation of antimicrobial and antioxidant properties of Bidens
biternata. Iranian ~ Journal of Science and Technology, Transactions A: Science 43:725-734.
hitp://dx.doi.ong/10.1007/540995-018-0564-2

ZhouL, Xie M, YangF, LiuJ (2020). Antioxidant activity of high purity blueberry anthocyanins and the effects on human
intestinal microbiota. Lwt 117:108621. hetp://dx.doi.org/10.1016/;.lwt.2019.108621

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
OPEN AcCEss| allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any

other lawful purpose, without asking prior permission from the publisher or the author.
License - Articles published in Notulae Botanicae Horti Agrobotanici Cluj-Napoca are Open-Access,

distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License.
BY © Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to

hold the copyright/to retain publishing rights without restriction.

Notes:

»  Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published
in the journal.

»  Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

»  Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for
the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors
or persons to whom they are credited. Publication of research information does not constitute a recommendation or
endorsement of products involved.

19



