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Abstract
L-asparaginase is used in chemotherapy for acute lymphoblastic leukemia and other cancers. L-asparaginase derived from
bacterial source triggers immune responses. The current study investigates Solanum nigrum as a novel and latent source of L-
asparaginase to minimize immunological reactions. The antitumor activity of SN methanol extract was determined using the
potato disc assay. InterPro Chimera and InterPro were used to predict the amino acid sequence of L-asparaginase and its
anticancer activity. Purification of the enzyme was carried out to homogeneity of 1.51-fold with a recovery of 61.99%. At
optimal conditions of 36.5°C, pH 8.6, and 8.5 g/mL substrate, fruit (crude extract) revealed an L-asparaginase titer of 48.23 U/
mL. Themolecular weight of the enzymewas calculated to be 32 ± 5 kDa using SDS PAGE. The fruit’s total flavonoids and phenolic
contents are 0.42 ± .030 g/mL and 94 ± 1.9 mg CAE, respectively. Anti-tumorigenic efficacy was determined to be 66% against
Agrobacterium tumefaciens. Additionally, the extract possesses potent antifungal and antibacterial properties. Molecular docking
provided the structural motifs and underlying interactions between L-asparaginase, N-acetylglucosamine, murine, and chitin. SN
contains high levels of the enzyme L-asparaginase and phytochemicals, making it a potential source of anticancer drugs.

Keywords
antibacterial plant, anticancer plants, antifungal plants, flavanoids, L-asparaginase, polyphenols, Solanum nigrum

Introduction

Synthetic drugs and antibiotics cure many microbial and viral
infections caused by biofilm-forming bacteria and viruses,
which is of main public health concern.1,2 Allopathic medi-
cines mostly tend to develop patentable compound “magic
bullet,” which may evoke sensitivity and other allergic re-
sponses. Moreover, chemotherapeutic drugs to date also
impose toxic effects on other non-target tissues.2 In contrast,
medicinal plants employed to heal the illness and restore
equilibrium by converging on specific biomolecules and
pathways.2 These natural remedies have been developed
overages through extensive experimentation. The frequent use
of herbal extracts in local communities is due to their effective
biological responses and cost-effectiveness.3 Over 80% of the
world’s population is dependent on traditional medicinal

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE

and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

1 Department of Biochemistry, Faisalabad Medical University, Faisalabad,
Pakistan

2 College of Marine Life Sciences, Ocean University of China, Qingdao, China
3 College of Allied Health Professionals, Government College University,
Faisalabad, Pakistan

4 Department of Biochemistry, University of Agriculture Faisalabad,
Faisalabad, Pakistan

5 Department of Fisheries & Aquaculture, MNS-University of Agriculture,
Multan, Pakistan

6 Institute of Physiology and Pharmacology, University of Agriculture
Faisalabad, Faisalabad, Pakistan

7 Department of Biochemistry, Riphah International University, Faisalabad,
Pakistan

8 Pakistan Council of Scientific and Industrial Research (PCSIR) Labs, Lahore,
Pakistan

Received 4 January 2022; accepted 15 March 2022

Corresponding Author:
Ambreen Aisha, Department of Biochemistry, Punjab medical college,
Faisalabad Medical University, Faisalabad 38000, Pakistan.
Email: aishafmu@gmail.com; aisha.fmu@pmc.edu.pk

https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/15593258221092379
https://journals.sagepub.com/home/dos
https://orcid.org/0000-0002-8006-0307
https://orcid.org/0000-0002-2307-0218
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
mailto:aishafmu@gmail.com
mailto:aisha.fmu@pmc.edu.pk


remedies for healthcare support, as they are less susceptible to
side effects and more effective.3 There are 35,000 species of
plants investigated and sorted for anticancer potential like
vincristine, vinblastine, and taxol, which are plant-sourced.2

Chemotherapies do not always result in a successful and
durable cure. Recently, there has been a resurgence of interest
in metabolic treatment for cancer, namely amino acid de-
pletion by enzymes. L-asparaginase has been licensed by the
US Food and Drug Administration for the treatment of acute
lymphoblastic leukemia. Clinical studies with arginine de-
aminase and recombinant human arginase as prospective
cancer therapeutic agents for the treatment of arginine-
auxotrophic malignancies have started. Furthermore, for the
therapy of malignant leukemias, new amino acid degrading
enzymes such as glutaminase, methionase, lysine oxidase, and
phenylalanine ammonia lyase have been discovered.4

Enzyme L-asparaginase (EC 3.5.1.1) (ASNase) possesses a
vital role among chemotherapeutic regimens. It is adminis-
tered in amalgamation with various chemotherapies like
daunorubicin, cytosine arabinoside, vincristine, and
L-asparaginase5,6 for different kinds of cancer such as acute
lymphocytic leukemia, lymphosarcoma, melanosarcoma.
ALL affected over 53,000 people in 2020 and to date ALL
patients are subjected to chemotherapy.7 L-asparaginase is the
asparagine amidohydrolase, an extracellular enzyme that
catalytically hydrolyzes asparagine (Asn) and liberates am-
monia and aspartic acid in cancer cells. Healthy cells escape
this shortage of asparagine as they recover by supplying Asn’
from L-Asparaginase synthetase.8 Commercially, the anti-
cancer enzyme for clinical application is obtained from Es-
cherichia coli and Erwinia carotovora, commonly marketed
as Elspar, Oncaspar, Erwinase, and Kidrolase, which induce
therapeutic reactions and side effects.9-11 To avoid adverse
anaphylaxis and therapeutic reactions, the anticancer enzyme
L-asparaginase was elucidated from a phytomedicinal
source. The members of Solanaceae family have been re-
ported as a potent source of L-asparaginase, regarding its
antiproliferative/antitumor activity against cell lines of he-
patic carcinomas, colon, stomach, lung, bladder and breast
cancer.12 As far as enzyme concentration is concerned, a
markedly high concentration of L-asparaginase from Vigna
radiata and Tamarindus indica (Fabaceae) is also reported.8

Solanum nigrum,13 a phytomedicinal source well known as
“Black Nightshade” and “Makoh,”14 belongs to the genus
Solanum, family Solanaceae15 SN world widely employed
for disparate ailments, including seizure and epilepsy, pain,
ulcer, inflammation, diarrhea, some eye infections, and
jaundice.14 SN (fruit and leaf parts) contains flavonoids,
phenolic compounds, tocopherols, polysaccharides, glyco-
alkaloids, and glycoproteins well-known to produce anti-
proliferative effects due to their immunomodulatory
properties. The flavonoids and glycoalkaloids also deliver
antifungal and anti-inflammatory activity by activating the
proapoptotic factors or inhibiting the transcription factors,
which play an essential role.16 Numerous studies have

reported that SN showed in vitro antitumor efficiency in
hepatocellular carcinoma cells, human ovarian carcinoma
cells,17 human colorectal carcinoma cells, and human en-
dometrial carcinoma cells.18,19

The commercial demand for therapeutic enzymes in cancer
therapy and natural sourced antibiotics and antifungal medi-
cines opens new windows for research. The plants are cheaper
and accessible source of enzymes, yield high L-asparaginase
concentration with markedly increased activity. To avoid severe
hypersensitivity reactions, obtaining L-asparaginase from
medicinal plants or edible sources is preferable to microbial or
fungal sources.9,20 A recent study was conducted to explore L-
asparaginase activity and concentration, investigate optimum
milieu for the activity of L-Asparaginase from SN and its
bioactivity against tumor and fungal and bacterial strains. The
biological activities of SN extracts were justified and proved by
molecular and mechanistic methods using bioinformatics.

Materials and Methods

Chemicals

The chemicals used in this study were L-asparagine (Sigma
Aldrich), Sephadex G-100 (Sigma Aldrich Chemical Co.
USA), DEAE cellulose resin (Diethylamine ethyl amine)
cellulose resin, PMSF (Phenyl methyl sulfonyl fluoride),
EDTA (Ethylene diamine tetra amine), SDS (Sodium do-
decyl sulfate), 30% acrylamide stock (37.5: 1 acrylamide:
bisacrylamide) (Bio-Rad Laboratories), TEMED (Life
Technologies, Gibco®), ammonium persulfate (Sigma
Aldrich), pre-stain protein MW marker (Bio-Rad Labo-
ratories), bromophenol blue (Thermo Fisher Scientific),
tris base (Calbiochem-Behring), Tris-HCl (pH 6.8), and
β-mercaptoethanol (Sigma Aldrich). Fruits of SN were
obtained from the botanical garden situated at the Uni-
versity of Agriculture, Faisalabad.

Preparation of Extracts

SN fruit (10 g) was crushed with .05 M potassium phosphate
buffer (three volumes) for asparaginase extraction; pH was
adjusted to 8.0 along with the addition of PMSF 1 mM, 1 mM
EDTA and 10% (w/v) glycerol. The mixture of reagents and
extract was centrifuged at 10,000 rpm for 20 min (SCILOGEX
SCI24 Micro-Centrifuge). The next supernatant was retained
as a crude enzyme.

Purification of L-Asparaginase

Ammonium sulfate precipitation was used to partially purify
crude extract and dialysis against phosphate buffer at pH 8.6.
Through ion-exchange chromatography consisting of a DEAE
cellulose-packed column, 500 μL of the partially purified
enzyme was used, and 100 fractions were collected at the rate
of 30 mL/h. L-asparaginase was finally purified by gel
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filtration chromatography using a column filled with Sepha-
dex G-100 resin and tris buffer at pH 8.6. The fractions
collected were also analyzed spectrophotometrically at
540 nm.8

Assay for L-asparaginase by Nesslerization. The enzymatic assay
was performed using L-asparagine as substrate, and hydro-
lysis was undertaken by the Nessler method using phosphate
buffer. The principle followed the enzymatic transformation of
L-asparagine to L-aspartate, and ammonia was liberated. The
ammonia concentration in samples was determined by com-
bining .5 mL of the enzyme sample to be estimated with 4 mL
of distilled water and .5 mL of Nessler’s reagent and incu-
bating it at 37°C for 15 minutes. The absorbance was mea-
sured at a wavelength (450 nm). While protein content was
determined spectrophotometrically (UV-VIS-1900, Shi-
madzu), crude fruit extracts and purified enzyme protein
content were estimated using the Biuret method. At the same
time, bovine serum albumin (BSA) was taken as a
standard.18,19 The enzyme activity and the protein concen-
tration were estimated by applying the following equations
(1)-(6)

Activity ðunit=mLÞ¼Concentration of ammonia ðμmol=mLÞ
Time of reaction × Enzyme used ðmgÞ

(1)

Ammoniaðμg=mLÞ¼Concentrationof Absorbanceat450nm

Slope

(2)

Protein concentration ðmg=mLÞ ¼ Absorbance at 540 nm

× Standard factor

(3)

Specific activity ðunit=mgÞ¼ Activity ðunit=mLÞ
Protein concentration ðmg=mLÞ

(4)

Fold purification ¼ Specific activity of purified enzyme

Specific activity of crude enzyme

(5)

Percentage recovery ð%Þ ¼ Activity of fraction

Activity of crude enzyme
(6)

Kinetic Characterization of Enzymes

Enzyme activity was measured at different pHs, including 5, 6,
7, 8, and 13. Different pH values were introduced by sodium
acetate buffer (5 to 5.6), phosphate buffer with a pH range of
5.8 to 8.0, and borate buffer for pH (10. L-asparaginase pu-
rified from SN fruit extract was tested at various temperatures
(15, 25, 30, 35, 40, 45, 50, and 55°C) and asparagine

(substrate) concentrations (2 g/mL to 15 g/mL) to determine
the optimal temperature and substrate amount.7

Molecular Weight Determination

SDS PAGE was performed on 500 L of pure and lyophilized
enzyme according to Laemmli et al21-23 SDS PAGE was
carried out following the specifications provided by Invitrogen
NuPAGE®. In brief, 7.5 μL purified enzyme (5-25 μg protein)
was mixed four times with 2.5 μL LDS loading buffer (In-
vitrogen). After loading the sample onto precast NuPAGE
Novex 12% Bis-Tris 1.0 mm mini gels (Invitrogen). Fol-
lowing that, each gel run was loaded with 5 μL of pre-stained
SDS PAGE standards (Bio-Rad) with known molecular
weights. Electrophoresis was performed at room temperature
for 45 minutes at a constant voltage of 200 V in a 1X solution
of NuPAGE MOPS SDS running buffer (Invitrogen) until the
dye reached 60 mm of gel. Compositions of buffers were
determined using the manufacturer’s technical manual.24

Identification and Quantification of Flavonoids and
Phenolic Content

Sodium Hydroxide Test for Flavonoids. A 10% sodium hydroxide
aqueous solution (2 mL) was added to 5 mL of the aqueous
extract filtrate from the fruit. We obtained a yellow-colored
solution. After adding diluted HCL, the color changed from
yellow to colorless, indicating the presence of flavonoids.25

The crude extract of SN fruit (.5 mL) was dissolved in .1 mL
of 1 M potassium acetate. An equal volume of 10% aluminum
chloride was added with 1.5 mL methanol and 2.8 mL distilled
water. For 30 minutes, the mixture was kept at room temper-
ature. At 415 nm, the optical density of the mixture was de-
termined spectrophotometrically. Rutin was used as the
standard, and standard curve dilutions were prepared. The assay
was performed in triplicate. The results were expressed as
μgmL-1 of rutin concentration using the following calibration
curve: Y = 2.142x–.1, R2 = .974, where Y indicated the ab-
sorbance and x signified the rutin concentration.15,26

Determination of Phenolic Compounds. The ferric chloride test
was used to determine the presence of phenolic compounds. To a
1 mL crude extract, 5% neutral ferric chloride was added (2-3
drops). The dark green color of the solution indicated the presence
of phenols.27 To prepare the Folin Ciocalteu reagent, 700 mL
distilled water was mixed with 25 g sodium molybdate, 100 g
sodium tungstate, 50 mL 85% phosphoric acid, and 100 mL
concentrated HCl. After adding 150 g of lithium sulfate, the total
volume was 1000 mL. For 10 hours, the mixture was refluxed.

To determine the phenolic content, the gallic acid standard
curve was plotted. Gallic acid was added to the Folin Ciocalteu
reagent (.5 mg/4 mL aqueous Na2CO3) (1:10 in distilled
water). After incubating the reaction mixtures for 30 minutes
at room temperature, the absorbance at 765 nm was deter-
mined spectrophotometrically. The assay was duplicated three
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times. The calibration curve converted the results to gallic acid
equivalents in μgmL-1.

In vitro Biological Activities

Antifungal Activity. Two fungal strains (Aspergillus niger EBL-
A and Aspergillus tamari RMLC-10)28 were grown on
Sabouraud’s glucose agar medium to determine antifungal
activity. At a pH of 5.3, SGA medium (glucose 40 g/L, agar
20 g/L, and peptone 10 g/L) was used to culture the fungal
strains. The medium was autoclaved for 15 minutes at 121°C at
a pressure of 15 psi and then transferred to autoclaved test tubes.
Growth was produced in 3–4 days, as a modest modification in
approach utilized by Serban et al and others.29–31 Following
that, the zone of inhibition caused by the antifungal activity of
SN extracts and the control fluconazole (.6 μg/ml) was mea-
sured and calculated using equation (7).

Fungal growth inhibition ð%Þ
¼ Linear growth in treatment plate

Linear growth in positive control
× 100 (7)

Antibacterial Activity. The bacterial strains usedwere;E coli strain
(ST131) (accession number KX171170–171195).32 Staphylo-
coccus aureus strain 32S (ST 239) (JTJX00000000)33 and
Bacillus subtilis strain DH5α (accession number AJ004803).34

After 15 minutes of sterilization at 121°C, the nutrient broth
medium was inoculated with diluted E coli (1:1000), S aureus
(1:100), andB subtilis (1:10). At 37°C, test tubes were inoculated
and incubated for 12 hours. Antibacterial activity of crude ex-
tracts of SN leaf and fruit was assessed using the common well
diffusion method.31 B subtilis, S aureus, and E coli were all
treated with SN leaf and fruit extracts. The results were compared
to those obtained with the conventional antibiotic (Erythromycin
250 mg/L: 100 μL/30 mL). After 24 hours of incubation, the
diameter of well-defined inhibition zones was determined, in-
dicating antimicrobial activity, and the percent inhibition was
calculated35 (Table 1) (Figure 3).

Antitumor Activity. The antitumor activity of SN methanol
extract was determined using the potato disc assay. On Luria
Bertani (LB) agar medium, an A tumefaciens strain was

cultured.36,37 Sterilized LB broth medium containing phosphate
buffer pH 7.3. Cork-borers were used to cut potatoes obtained
from the market into 5 × 8mm sections. Discs were placed in agar
medium in Petri plates (10 discs per plate). Petri plates were
inoculated with a sufficient amount of 50 μL of A tumefaciens
inoculums, and plant extract (leaves)was incubated at 27 ± 3°C for
2 days. To determine the antitumor activity of the SN extract,
600 μL of plant extract were diluted with 150 μL of sterilized
distilled water and combined with 800 μL A tumefaciens in PBS.

The mixture was injected into potato disc galls. Standard
Camptothecin 30 ppm (1 ppm = 1 mg/L) was used as a control
for extract activity on potato discs. After four weeks of in-
cubation at 28–30°C, potato discs were stained with Lugol’s
solutions (10% KI, 5% I2). Gall tumors were counted under a
microscope to determine the tumor percentage.38

In silico Anticancer Activity

L-asparaginase’s antifungal and anticancer activity was con-
firmed using the bioinformatics tools Chimera and InterPro
Scan. Docking was performed using Chimera 1.13.1.39 To
ascertain the enzyme L-asparaginase anticancer activity, the
amino acid sequence was functionally predicted using In-
terPro Scan, and the amino acid sequence was retrieved from
the NCBI protein repository (Mitchell et al., 2019).

Statistical Analysis

The analyses were conducted in triplicate, mean and standard
deviation was calculated (mean ± SD). The observations
were expressed both in absolute numbers and in terms of the
standard error of the mean by using SPSS version 21. The
two extracts’ percentage inhibition of cell growth was de-
termined using their respective absorbance values at all
concentrations.2

Results

Purification of L-Asparaginase

The enzyme purification steps are depicted in Figure 1A. After
sorting the ion-exchange chromatography fractions9,10,25,26 con-
taining a high concentration of protein and enzyme, 500 μL of

Table 1. Antifungal activity of Solanum nigrum extracts against fungal strains of Aspergillus niger and Aspergillus tamari; antibacterial activity of
SN extract (10μg/mL) against Escherichia coli, Staphylococcus aureus, and Bacillus subtilis

Plant
Part

Fungal strains/Bacterial
strain

Control Growth
(mm)

Treatment Growth in mm (Mean
SD)

Inhibition of Bacterial/Fungal Growth
(%)

Fruit Aspergillus niger 65 34 ± .00 52.30
Fruit Aspergillus Tamari 55 30 ± .05 54.54
Fruit Escherichia coli 15 11.95 ± 1.5 42.61
Fruit Staphylococcus aureus 13.55 12.6 ± .32 34.39
Fruit Bacillus subtilis 13.4 11.8 ± 1.43 31.33
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the eluent from these fractions was introduced to gel filtration
process, while utilizing Sephadex G-100 more than fifty
fractions were collected, out of which numerous fractions
revealed peaks like in fraction number 22, 23 with the ab-
sorbance .278 and .265 as shown in Figure 1C.

The crude extract of SN fruit contained 64.38 U/mL L-
asparaginase activity, whereas the purified enzyme received in
the 24th fraction after gel filtration contained 43.98 U/mL

Figure 1. The experimental results of (A) enzyme purifications, (B)
ion exchange, and (C) gel filtration of L-asparaginase from Solanum
nigrum.

Figure 2. Effect of (A) substrate concentration, (B) pH, and (C)
temperature on the activity of L-asparaginase from Solanum nigrum.

Aisha et al. 5



activity and 95.67 U/mg specific activity. The crude extract of
SN contained 66.27 U/mL L-asparaginase activity and
1.02 mg protein, which gradually decreased with each puri-
fication step. It eventually revealed a concentration of 43.98
U/mL and protein content of .451 mg. While the specific
activity increased from 64.38 U/mg crude enzymes to 95.67
U/mg purified enzyme as illustrated in Figure 1B.

Characterization of Enzyme

The enzyme was purified from the fruit of SN. The optimal
enzyme activity was observed at a pH of 8.4 and a temperature
of 36.5°C in the presence of .2 M phosphate buffer (see Figure
2B and C). The peak activity of L-asparaginase was observed at
8.5 g/mL substrate concentration (see Figure 2A). At pH 8.4,
the activity reached a maximum of 27.54 U/mL, while .76 U/
mL activity was obtained when 8.5 g/mL L-asparagine amino
acid substrate was consumed (see Figure 2A).

The results indicated that the plant extract (fruit) possessed
a broad spectrum of antibacterial activity, as evidenced by the
formation of distinct inhibition regions in bacterial lawns of
various strains. In comparison to 2 g/mL and 5 g/mL, the
concentration of 10 g/mL exhibited the largest zone of in-
hibition (Figure 3A, B, D and E). The growth of E coli, S
aureus and B. Subtilis observed were 11.95 ± 1.5, 12.6 ± .32,

11.8 ± 1.43 nm, respectively, against the 10 g/mL concentration
of plant fruit extract. Yet the MIC was observed to be 2 mg/dL
for B. Subtilis and 5 mg/d for E coli and S aureus. The anti-
fungal activity of methanol extracts of SN fruit was determined
using the Well diffusion method following 3–4 days of As-
pergillus growth on Sabraud medium in petri plates. S nigrum
fruit (10 g/mL) extract inhibited maximum fungal growth of A
niger and A tamari by 52.03 and 54.54%, with the growth zones
of 34 ± .00 and 30 ± .05 nm, respectively (Table 1). TheMIC of
SN was recorded to be 2 g/mL for fungal growth retardation.

For testing enzyme purity, SDS PAGE was employed. The
molecular weight of SN has been determined to be 32 ± 5 kDa
(Figure 3C).

Antitumor Activity

Antitumor activity was determined using the A tumefaciens
strain. The sensitivity of gall tumors of A tumefaciens against
SN leaf extract was used as a cursor for antitumor activity. The
control potato discs had developed a few millimeters of
proliferative tissue 3-4 weeks after inoculation. The test
samples of potato discs had developed crown gall tumors, as
indicated by the percentage inhibition in Figure 4. The
maximum inhibition of 65%, was secured by the 6 mg/dL
concentration of S.N fruit extract.

Figure 3. (A) Antibacterial assay, regarding Solanum nigrum extract inhibiting the bacterial lawn of B. subtilus (B) antifungal assay, the effect of
Solanum nigrum extract on the fungal growth of Aspergillus tamari (C) SDS PAGE depicted molecular weight of S nigrum (32 ± .5 kDa) as
compared to the standard proteins, with molecular weights ranging from 6 kDa to 210 kDa. (D) E. coli growth inhibited maximal by 10 g/mL
concentration of SN fruit ext. (E) Staphylococcus aureus zones of inhibition by fruit extract of SN as compared to erythromycin control.
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Bioinformatic Confirmation of the Anticancer and
Antibacterial Potential of SN

Chimera docking revealed sufficient interactions between
chitin and L-asparaginase with bond lengths of 2.32, 2.07, and
2.54 Å with RMSD value .00 and score�5.5 (see Figure 5A).
InterPro Scan established the anticancer activity of L-
asparaginase by presenting its domain IPR027474 and ac-
tive sites IPR020827 and IPR027475. These active sites
catalyze the deamination of L-asparagine, which results in the
death of tumor cells (see Figure 5B).

Figure 5A illustrates the results of L-asparaginase and
chitin docking. The optimal results had the highest number of
hydrogen bonds, the lowest (energy score), and an RMSD
value close to zero. Three hydrogen bonds with bond lengths
of 2.32, 2.07, and 2.54 Å were optimal docking results. The
RMSD value was .00, and the score was �5.5. The results
were satisfactory and indicated proper bonding between L-
asparaginase and chitin monomer N-acetylglucosamine.

L-asparaginase has the IPR027474 domain and the active
sites IPR020827 and IPR027475. The domain and active sites
catalyze the deamination of L-asparagine. The illustration of
functional analysis is presented in Figure 5B.

Additionally, SN may help alleviate the mucositis asso-
ciated with chemotherapy.12,40 In Chinese medicinal plants,
SN’s diuretic and antipyretic properties aid in treating a variety
of alleviated inflammations such as edema.41

Mechanism Involved in Apoptosis of Cancer Cells by
Flavonoids and Phenolic Compounds

In crude methanolic extracts of SN, flavonoids and phenolic
compounds were identified qualitatively. Quantification of
flavonoids and phenols was performed following the

methodology described in the section Identification and
Quantification of Flavonoids and Phenolic Content. The
concentration of flavonoids in the SN (fruit) extract was .42 ±
.030μg mL-1, equivalent to 94 ± 1.9 mg chlorogenic acid (mg
CAE).

Flavonoids participate in the extrinsic apoptotic pathway
by activating apoptotic proteins and transcription factors,
resulting in cancer cell apoptosis. The apoptotic complex
(apoptosome) is composed of caspase-8, which activates
caspase-3 and cytochrome C (a component of the electron
transport chain) in the mitochondrion, transmitting numerous
signals for cell death via the extrinsic pathway. Caspase-9 also
activates caspase-3, which cleaves target proapoptotic family
proteins (e.g., Bax, Bad, Bid, and Bak) and anti-apoptotic
family proteins (e.g., BCL-2, McL-1, and Bcl-xL) that are
primarily responsible for cell death (Figure 6).

Discussion

Southern Indian people use the leaves of the SN plant as herbal
medicine in traditional systems to treat mouth ulcers, con-
stipation, arthritis (rheumatism), and even as an anticancer.41

Kaur and colleagues discovered that SN leaves have the
highest enzymatic activity (52 U/mL), followed by fruit (48 U/
mL), and other plant parts,11,42,43 close to 64.38 U/mL de-
termined in this study from SN fruit extracts.

The purified enzyme was subjected to a series of tests to
determine the optimal conditions for its activity and aspara-
gine specificity (used as substrate). The concentration of the
substrate affects the rate of the reaction (enzyme activity) until
optimal conditions are reached. However, enzyme saturation
limits both the rate of the reaction and the concentration of the
substrate. The enzyme potency was maintained constant in the
laboratory, while the substrate concentration was gradually
increased until the optima was achieved for enzymatic activity.
Similarly, temperature and pH parameters behaved optimally
in a specific manner. Likewise, L-asparaginase derived from
Pisum sativum from same family of plants, exhibited maxi-
mum activity at 37°C, and phosphate buffer was a suitable
buffer for enzymatic stability.44 The current study established
that L-asparaginase retained efficacy at pH values ranging
from 5.0 to 9.0 and temperatures ranging from 40 to 45°C, as
previously reported.13

The extracted and purified enzyme L-asparaginase ap-
peared to have a molecular weight of 32 kDa, comparable to
the molecular weight of beans (P. Vulgaris) from the Fabaceae
family, which consists of homodimer subunits of 40.6 kDa.45

While the molecular weight of L-asparaginase extracted from
Withania somnifera fruit was determined to be 72 ±.5 kDa,46

this indicates that the molecular weight of the L-asparaginase
molecule varies even within plants. Pharmaceutical com-
pounds produced from plants are a viable strategy for drug
discovery. Polyphenols, a class of phytochemicals that in-
cludes phenolic acid, flavonoids, and tannins, exhibit sub-
stantial radical scavenging effects, for preserving the viability

Figure 4. Antitumor activity (Potato disc assay) of methanolic
extracts of Solanum nigrum on (Agrobacterium tumefaciens) strain
AtSl0105 against Campothacin (30ppm) as control.
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of cells and cell membranes by reacting with reactive oxygen
species.15,47,48 Among polyphenols, flavanoids are well-
known to have anticancer, antibacterial, and fungicidal
properties (Figures 5 and 6). Campisi reported a significant
concentration of total polyphenolic content and flavone
components in SN (leaf extract), which improved the oxi-
dative state of primary cultures of astrocytes14

Microbial infections are widely recognized as the leading
cause of morbidity and mortality. Using the well diffusion
method, the antibacterial activity was observed as a distinct

zone of inhibition. A fruit extract at a concentration of 10 g/mL
inhibited the growth of both Gram-positive (B subtillus, S
aureus) and Gram-negative bacteria (E coli).49 These findings
corroborate those of Mahmood et al,50 who investigated the
antimicrobial activity of L-Asparaginase isolated fromDatura
Inoxia against the list of microbes used in this work. The
antifungal activity of S nigrum (fruit) is remarkable. Crude
plant extracts showed that the SN methanolic extract is packed
with the biologically active components of plant parts (see
Table 1). The ethanol extract of R. longipes demonstrated

Figure 5. (A) Docking of L-asparaginase with Chitin monomer 2-acetamido-2-deoxy-beta-D-glucopyranose. (B) Functional analysis of L-
asparaginase to validate its anti-cancerous activity. (C) The bactericidal potential of flavonoids and phenols; Flavonoids and phenolics
(phytochemicals) interaction with a murine component of bacterial cell wall ending up cell death. Both flavonoids and phenols offer a 1 h bond
with murine (a component of the bacterial cell wall), with bond lengths 1.98 and 2.285, respectively.
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broad-spectrum antibacterial activity with inhibition zone of
25.5 mm against S aureus, 27.5 mm against E coli.51While SN
fruit extract had established 34.39 nm zone against S aureus
and 45.61 nm against E coli.

The fruit exhibited a moderate level of antifungal activity.
The antifungal activity of the fruit was 54.54% inhibitory
against A tamari. Surrattense Solanum bacteriostatic and
fungicidal activity is attributed to recently discovered steroidal
alkaloids and glycosides.19,52 Nitric oxide (NO)-induced
apoptosis in fungal and bacterial lawns is induced by lipo-
polysaccharide (LPS). Additionally, these bioactive com-
pounds aid plants in defending themselves against bacterial
and pest invasion.14

The anticancer assay was carried out using the potato discs
technique in the same manner as performed by Mahmood
et al.50 The control group’s gall formation was compared to the
results of the plant extract treatments.

In the current study, tumors induced by A tumefaciens were
treated with eight plant extracts ranging from 1mg/dL to 8 mg/
dL. The tumor reduction was determined using the plant
extracts’ concentration gradient compared to negative control
of potato discs. The highest antitumor activity (65%) was
obtained at a concentration of 6 mg/dL. Flavonoids and
polyphenols also play a significant role in tumor cell apo-
ptosis. The fruit contains flavonoids and phenolic acids in
concentrations of .42 ±.030 μg mL–1 and 94 ±1.9 mg (mg
CAE), respectively, which act as scavengers of reactive ox-
ygen species (ROS). ROS cause DNA damage, which results

in mutations, tumorgenesis, and angiogenesis. Flavonoids
have the potential to inhibit angiogenesis. Endothelial cell
migration, lumen formation, and proliferation are all stages of
the angiogenesis cascade. Flavonoids are well-known inhib-
itors that play a critical role in interfering with angiogenesis
steps. In response to flavonoids and phenols, the proteins
promote the formation and activation of apoptosomes, which
disintegrates cellular components, the rupture of the cell
membrane, and ultimately the death of tumor cells. Another
mechanism by which flavonoids kill tumor cells is inhibiting
protein kinases involved in the angiogenesis signal trans-
duction cascade.53

The chosen docking results had the lowest energy score, an
RMSD value close to zero, and the maximum number of
hydrogen bonds. Chitin is the primary component of the
fungal cell wall. N-acetylglucosamine, a chitin monomer, was
chosen for docking with L-asparaginase to demonstrate the
antifungal activity of L-asparaginase. L-asparaginase forms
hydrogen bonds with Chitin monomers, weakening and
eventually killing the fungal cell wall. This bonding impairs
the cell wall and ultimately destroys the pathogen cell. In
cancerous cells, this process is irreversible and results in
apoptosis. L-asparaginase has antioxidant properties and is
considered an anti-cancerous, antiproliferative biomolecule.20

SN leaves contain significant amounts of calcium, iron,
phosphorus, and vitamins A and C. Vitamin C, as an anti-
oxidant, has been shown to kill cancer cells by generating
intracellular H2O2, a cell death signal.54,55

Figure 6. Solanum nigrum extracts ameliorating apoptotic cascade of cancer/tumor cells by Flavonoids; Bax, Bak, and Bid are regulators of
apoptosis. BcL-x, Bad, and BcL-2 are regulatory proteins for apoptosis cascade (inhibited by flavonoids), procaspase-9 and Apaf1 and
cytochrome C combine to form apoptosome. Simultaneously, death receptors integrate with procaspase-8, triggering caspase-3 and
activating apoptosis.53
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Function prediction was performed to substantiate a claim
about SN’s anticancer potential. The domain and active sites
catalyze the deamination of L-asparagine to produce aspartic
acid and an ammonium ion.56 Functional analysis for L-
asparaginase shows that it converts asparagine to aspartic
acid.57 Cancerous cells are deficient in Asparagine synthetase.
Thus, once asparagine has been converted to aspartic acid, it
cannot be reversed, resulting in asparagine depletion and
eventual cell death.58 In rat models, the protective effect of SN
aqueous extract in the treatment of oral mucositis has been
established.12 Cytotoxic activity of the plant compounds
against liver cancer cell line (HepG2), breast cancer cell line
(MCF-7) and a human melanocyte (normal cell line) (HFB-4)
in vitro were reported recently by.59 Penicillin-binding protein

2a (PBP2a) was revealed as target that mediates both for the
antibacterial and the antibiotic-synergistic consequences of
phenolics. Further molecular docking and molecular dynamic
simulation experiments proved that phenolics have potential
antibacterial effects against the methicillin-resistant S aureus
(MRSA).60

The antiproliferative activity of the crude and extracted
bioactive compounds of SN was also evaluated on a variety
of tumor cell lines, including breast cancer (MCF-7),61

Ehrlich ascites carcinoma cell (EACC) line and Hepatoma
cell (HepG2) line,62 colon cancer (HT 29),16 and cervical
cancer (U14 and HeLa),63 indicating that SN is an ex-
cellent candidate for therapeutic regimens designed in
chemotherapy.

Abbreviations

SN Solanum Nigrum
ADR Adverse drug reaction
ALL Acute lymphoblastic leukemia
AST antibiotic susceptibility testing

DEAE diethyl ethanolamine
EDTA ethylene diamine tetra amine
MIC minimum inhibitory concentration
PBS para benzoic sulfate

PMSF phenylmethylsulfonyl fluoride
SDS PAGE sodium dodecyl sulfate-polyacrylamide gel

electrophoresis

Conclusion

Natural agents may be used to combat cancer’s hallmarks; S nigrum
provided a scientific rationale for its antitumor, bacteriostatic, and
fungicidal activity. The in vitro findings of methanolic extract of SN
fruit are established through simulations to justify as a potential
source of antifungal and antibiotic drugs. The SN molecular com-
plexity, inherent bioactivity against microbes, affordability, ease of
availability, lack of significant toxic effects, and high concentration of
antitumor enzyme L-Asparaginase define its suitability for treating
premalignant neoplasms inhibiting tumor progression. Stability
studies on the enzyme’s activity indicated that it is stable up to 45°C
and retains activity over a broad pH range (5.0-9.0). The antitumor
activity of methanolic extracts (6-8 mg/dL) of SN was 65% in A
tumefaciens. The MIC of fruit extract was 2 g/mL against bacterial
growths while maximum clear zones were observed with 10 g/mL.
Flavonoids and phenolics (phytochemicals) interaction with a murine
component of bacterial cell wall and Chitin monomer 2-acetamido-2-
deoxy-beta-D-glucopyranose prove the effective interaction with
murine and chitin, respectively. Additional validation studies are
necessary to ascertain the extracts’ cytotoxicity and the optimal
dosage of therapeutic formulations.
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