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Abstract

Background: The current study undertaken to evaluate antioxidant property of Solanum macranthum fruit methanol
extract and its in-vitro cytotoxic effects on breast cancer MDA-MB-231 and mice embryo fibroblast (MEF-L929) cell line.

Methods: The total alkaloids, phenols and flavonoids content in the methanol extract of S.macranthum fruit were
estimated. The antioxidant activity was evaluated by FRAP assay, H2O2 scavenging assay and DPPH assay. Anti-
inflammatory protein denaturation inhibition assay was carried out using bovine serum albumin. Anticancer property
of the extract was evaluated against breast cancer MDA-MB-231 by MTT assay and comparative study was carried out
on normal cells using MEF-L929 cell line.

Results: Phytochemical estimation revealed that total alkaloid content was measurable high (13.6 g/100 g of extract),
where as the total phenolics and flavonoids content was 115.5 mg/GAE and 142.6 mg/QE. Further, the antioxidant
effect of methanol extract by H2O2 assay showed considerably higher scavenging activity with 99.6% at 400 μg/ml,
where as by FRAP assay the relative reducing power was estimated to be 39.1% at 400 μg/ml and in case of DPPH
assay it was found to be 47.9% at 400 μg/ml. EC50 value of anti-inflammatory assay was found to be 112.96 μg/ml.
Anticancer studies showed that the IC50 value was found to be 373.77 μg /ml against MDA-MB-231 breast cancer cell
line, where as the methanol extract showed negligible cytotoxic effect against normal cells (MEF -L929 cell line),
indicating its cancer specific effect.

Conclusion: Based on the results obtained, methanol extract of Solanum macranthum fruit was found to possess
significant antioxidant properties and also showed potential anticancer property against MDA-MB-231 breast cancer
cell line with negligible cytotoxic effect on normal cells revealing its potential application as an anticancer agent.
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Introduction
Globally Breast Cancer ranks second cause of death (i.e.,
overall 522,000 deaths annually) with the mortality rate
of 6 per 100,000 in Eastern Asia and 20 per 100,000 in
Western Africa (Globocan 2018). Among the Indian
population breast cancer is Highest compared to other
cancer with ASR incidences of 25.76 per 100,000 women
with the death ratio of 2:1 (out of two newly diagnosed

breast cancer in women one dies) and the estimated in-
cidence rate of 200,000 new diagnosed cases per year by
2030 [1–3]. Development of proper treatment against
cancer has been a continuous global effort, with regard
to this many of the natural products are being tested
against various cell lines to identify and develop a
potential anticancer agent. The currently available can-
cer treatment includes chemotherapy, radiation therapy,
hormonal therapy and surgical removal of breast [4]. But
these treatments generally pose life threatening side ef-
fects on morbid and economic week population of devel-
oping countries like India and also such population
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cannot afford the expensive synthetic drugs. According
to the reports of National Cancer Institute (NCI) 35,000
plant species possess anticancer properties and as per
the reports of World Health Organization (WHO), 252
molecules are FDA approved anticancer drugs, out of
which 11% are derived from plants. India is considered
to be possessing rich source of medicinal plants and
hence poses major producer of plant based medicine
owing upto 25,000 effective plant-based formulations
used in ethanobotanical communities in India, with
many reports available on anticancer property of plant
extracts, but their respective bioactive phytochemicals
have remained unexplored [5]. The present investigation
is focused on unmasking the anticancer property of an
important plant Solanum manranthum Dunal (syn. S.
wrightii Benth) or ‘Giant Potato tree’, which is a shrub
and an ornamental plant [6]. Solanum “Sunberry” (Sola-
naceae) consisting of approx 2700 species, covering
nearly 60% species of the solanaceas family [7]. The sola-
naceae family exhibits a vivid variety of medicinal prop-
erties including antimicrobial, anti-inflammatory,
antioxidant as well as anticancer application [8]. With
this background the present investigation was under-
taken to assess the anticancer potential of S.macranthum
fruit extract. This investigation has also focused on val-
idation of cancer specific effect of S.macranthum fruit
extract through evaluation of its non-toxic property
against normal cells in order to set a platform for its use
as an anticancer agent.

Materials and methods
The Solanum macranthum plant Fruit was collected from
the medicinal garden of K.L.E’s P. C Jabin Science Hub-
balli. The fruits were dried and subjected to sequential ex-
tractions using Petroleum ether, Chloroform, Methanol
and water solvents. The qualitative analysis of all the sol-
vents extracts revealed thatmethanol extract of
S.macranthum fruit possesed more phytochemical profile
than the other solvent extract which has been discussed in
detail in our pervious studies [8]. Therefore, the present
investigation was carried out using methanol extract of
S.macranthum fruit.

Determination of Total alkaloids
S.macranthum fruit methanol extract (5gm)was trans-
ferred to 150 ml of acetic acid (20%). The mixture was
incubated for 4 h at room temperature and filtered. The
filtrate was heated on boiling water bath until the

mixture was reduced to one fourth of its volume. The
filtrate was cooled and ammonium hydroxide solution
was added drop wise until the occurrence of the precipi-
tation in the filtrate was ceased. The precipitate formed
was allowed to settle down and filtered. The percentage
of the alkaloid was determined applying the formula to
dried filtrate of alkaloid obtained from the extract [9].
The results were analyzed in triplicate.

Percentage of total alkaloids ð%Þ ¼ Weight of residue=

Weight of sample taken � 100

Determination of Total flavonoids
The estimation of total flavonoids was carried out by fol-
lowing method described by Zhishen et.al. [10]. 20 μg of
the methanol extract and aliquots of standard quercetin
ranging from 10 to 50 μg was diluted up to 1ml using ab-
solute methanol. 200 μl of distill water and 150 μl of (5%)
sodium nitrate was added to the dilution. After incubating
the mixture for 5min, 150 μl of (10%) aluminium chloride
was added and incubated for further 6min. 2ml of (4%)
sodium hydroxide was added and kept for 15min at room
temperature. The development of pink colour indicates the
presence flavonoids, which was measured at 510 nm (Lab-
man UV Visible Spectrophotometer: LMSP-UV1200PC).
The total flavonoid was tabulated using calibration curve
and the results were analyzed in triplicates.

Determination of Total phenols
Total phenol content was determined by Folins-phenols
reagent method described by Siddhuraju et.al. 2003 [11].
20 μg of the methanol extract of the fruit was diluted up
to 1ml using distilled water. To this 500 μl of diluted
Folins-phenols reagent (1:1 with water) and 2.5 ml of so-
dium carbonate were added. The mixture was incubated
for 40 min in dark until the colour develops. The absorb-
ance was measured at 725 nm (Labman UV Visible
Spectrophotometer: LMSP-UV1200PC). Gallic acid (10-
50 μg/ml) was used to construct the calibration curve.
The results were analyzed in triplicate. The total phenol
of methanol extract was expressed (mg of gallic acid)
using standard graph.

Determination of antioxidant property by in-vitro assays
Ferric ion reducing antioxidant power (FRAP) assay
The total antioxidant capacity of the methanol extract was
evaluated by the FRAP assay method with slight modifica-
tions according to the procedure described by Benzie and

Table 1 Phytoconstituents present in the S.macranthum Fruit methanol extract (SMFE)

Parameters Alkaloids Flavonoids Glycosides Phenols Saponins Tannins Terpeniods Steroids Carbohydrates

SMFE ++ ++ ++ ++ ++ + + + +

++:- Moderately Present, +:- poorly present, −-:- Absent
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Strain 1996 [12] and the results were analyzed in triplicate.
0.5 mL of various concentrations (25, 50, 100, 200, 400 μg/
mL) of S.macranthum fruit methanol extract and standard
were mixed with 2ml of freshly prepared FRAP reagent.
The control used here contained the reagent but devoid of
the extract or the drug. The reaction mixture was mixed
thoroughly and incubated for 30min under dark condi-
tions. Absorbance was read at 593 nm (Labman UV Vis-
ible Spectrophotometer: LMSP-UV1200PC). Ascorbic
acid is been used as reference standard.

Relative%of reducing power
¼ As−Acð Þ= Amax−Acð Þ½ � � 100

Where, 'As' is absorbance of Sample, 'Ac' is absorbance
of control and Amax is highest absorbance of Standard.

H2O2 scavenging assay
Solution of hydrogen peroxide (40 mM) was prepared in
phosphate buffer (pH 7.4). S.macranthum fruit methanol
extract (25,50,100,200,400 μg/mL) in distilled water were
added to a 0.6 ml of hydrogen peroxide solution (40
mM) and final volume was adjusted to 1 ml with distilled
water. The control used here contained the reagent but

devoid of the extract or the drug. Absorbance of hydro-
gen peroxide at 230 nm (Labman UV Visible Spectro-
photometer: LMSP-UV1200PC) was determined 10 min
later against a blank solution containing the phosphate
buffer without hydrogen peroxide. The percentage of
hydrogen peroxide scavenging of both methanol extract
and standard compounds were calculated using the
formula:

Fig. 1 Graph illustrating the linear regression curve used for calculation of total phenol content of S. macrathum methanol fruit extract

Table 2 Total Phenol content of S.macranthum Fruit methanol
extract (SFME)

Concentration μg/ml Absorbance at 725 nm

Control 0.000 ± 0.01

10 0.224 ± 0.01**

20 0.478 ± 0.01**

30 0.734 ± 0.01**

40 1.212 ± 0.01**

50 1.685 ± 0.01**

SFME (20 μg/ml) 0.185 ± 0.01**

Data is presented as mean standard error of the mean (n = 3). Statistical
significance was assessed using one-way ANOVA. * = p < 0.05 ** = p < 0.01.
Significantly different in comparison with control
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%Scavenged H2O2½ � ¼ AC � ASð Þ=AC½ � � 100:

Where AC is the absorbance of the control and AS is
the absorbance of the sample of extracts or standards.
Ascorbic acid was used as reference standard [13]. The
results were analyzed in triplicate.

2, 2-Diphenyl-1-picrylhydrazyl radical scavenging ability
assay
DPPH of 2ml working solution (0.2 mM) was mixed
with 0.5 ml of different concentrations (25, 50, 100, 200,
400 μg/ml) of S.macranthum fruit methanol extract and
standard solution followed by incubation for 30 min in
dark at room temperature. The control used here con-
tained the reagent but devoid of the extract or the drug
The absorbance was measured at 517 nm (Labman UV
Visible Spectrophotometer: LMSP-UV1200PC). The per-
cent antioxidant or radical scavenging activity was calcu-
lated using the following formula:

%Antioxidant activity ¼ Ac−Asð Þ=Ac½ � � 100

Where, 'Ac' and 'As' are the absorbance of control and
sample, respectively. Ascorbic acid is been used as refer-
ence standard [14]. The results were analyzed in triplicate.

In vitro anti-inflammatory activity
The anti inflammatory activity of methanol extract of S.
macranthum fruits was assessed according to Chandra
et al. 2012 [15] and Sangeetha et al. 2011 [16] using the
inhibition of albumin denaturation method with slight
modification and the results were analyzed in triplicate.
Test solution: 0.2% w/v aqueous solution of BSA

(100 μl) and test solution of different concentrations (50,
100, 150, 200, and 250 μg/ml) of methanol extract of S.

Fig. 2 Graph illustrating the linear regression curve used for calculation of total flavonoids content of S. macrathum methanol fruit extract

Table 3 Total Flavonoid content of S.macranthum Fruit
methanol extract (SFME)

Concentration μg/ml Absorbance at 510 nm

Control 0.01 ± 0.01

10 0.03 ± 0.01**

20 0.06 ± 0.01**

30 0.08 ± 0.01**

40 0.11 ± 0.01**

50 0.15 ± 0.01**

SFME (20 mg/ml) 2.85 ± 0.01**

Data is presented as mean standard error of the mean (n = 3). Statistical
significance was assessed using one-way ANOVA. * = p < 0.05 ** = p < 0.01.
Significantly different in comparison with control
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macranthum fruit along with phosphate buffer saline
(PBS) pH 6.4 (2 ml) were used.
Test control solution: 0.2% w/v aqueous solution of

BSA (100 μl) and PBS (2 ml) were used.
Standard solution: 0.2% w/v aqueous solution of

BSA (100 μl) and Diclofenac sodium 100 μg/ml was
used.
The assay mixture was incubated at 37 °C for 20 min

followed by incubation at 70 °C for 5 min. The assay
mixture was cooled and the absorbance was measured

using Labman UV Visible Spectrophotometer: LMSP-
UV1200PC at 660 nm. The absorbance values were de-
termined by calculating the difference in the OD values
of all the samples prior incubation and after incubation
time. The control represents 100% protein denaturation.
The percentage inhibition of protein denaturation was
calculated by the following formula:

% of Inhibition ¼ fðAbs Control −Abs sampleÞ=Abs Controlg � 100

Fig. 3 Hydrogen peroxide (H2O2) scavenging activity of S. macrathum methanol fruit extract (SMFE)

Table 4 Antioxidant assays of S.macranthum Fruit methanol extract (SFME)

Concentration
μg/ml

DPPH Assay
Absorbance at 517 nm

FRAP Assay
Absorbance at 593 nm

H2O2 Assay
Absorbance at 230 nm

Ascorbic acid SFME Ascorbic acid SFME Ascorbic acid SFME

Control 1.4 ± 0.01 1.4 ± 0.01 0.35 ± 0.01 0.35 ± 0.01 0.74 ± 0.01 0.74 ± 0.01

25 1.01 ± 0.01** 1.15 ± 0.01** 1.36 ± 0.01** 0.54 ± 0.01** 0.38 ± 0.01** 0.52 ± 0.01**

50 0.95 ± 0.02** 1.13 ± 0.01** 1.90 ± 0.01** 0.58 ± 0.01** 0.36 ± 0.01** 0.43 ± 0.01**

100 0.69 ± 0.03** 1.06 ± 0.01** 2.39 ± 0.01** 0.74 ± 0.01** 0.28 ± 0.01** 0.34 ± 0.01**

200 0.42 ± 0.01** 0.96 ± 0.01** 2.56 ± 0.03** 0.97 ± 0.01** 0.17 ± 0.01** 0.18 ± 0.01**

400 0.11 ± 0.01** 0.73 ± 0.01** 2.69 ± 0.01** 1.27 ± 0.01** 0.05 ± 0.01** 0.01 ± 0.01**

Data is presented as mean standard error of the mean (n = 3). Statistical significance was assessed using one-way ANOVA. * = p < 0.05 ** = p < 0.01. Significantly
different in comparison with control
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Comparative cytotoxic evaluation of S.macranthum
methanol fruit extract on MDA-MB-231 and MEF-L929 cell
line
Breast cancer MDA-MB-231 and noncancerous MEF-
L929 cell lines were obtained from National Centre for
Cell Science (NCCS), Pune, India. The monolayer cell
culture was trypsinized cells, were subcultured using
Dulbecco modified eagles medium supplemented with
10% FBS, such that 200 μl of suspension contains ap-
proximately 20,000 cells which was seeded to the 96 mi-
crotitre late and incubated at 37 °C with 5% CO2

atmosphere for 24 h.

When partial monolayer was formed after 24 h of incu-
bation the culture was aspirated, 200 μl of different test
concentrations (100,200,300,400,500 μg/ml) of methanol
extract of S.macranthum fruit along with reference stand-
ard drug camptothecin (15 μM)were added to the partial
monolayer of the cell suspension of both the cell lines sep-
arately and incubated at 37 °C with 5% CO2 atmosphere
for 24 h. The drug containing media was aspirated and
10% MTT reagent was then added to each well and incu-
bated at 37 °C with 5% CO2 atmosphere for 3 h. After in-
cubation, solubilisation of formazan occurred by the

addition of 100 μL di-methylsulfoxide. The percentage of
inhibition was calculated in triplicate (n = 3) by measuring
observance of microtitre plate at 570 nm and 630 nm
using microtiter plate reader [17].

Statistical analysis
All the tests were carried out in triplets (n = 3) and sta-
tistically analyzed and is presented as mean ± S.E. using
ezANOVA statistical programme. Further Tukey's t-test
was carried out and statistical significance of the result
was determined where e * refers to p ≤ 0.05 and ** refers
to p ≤ 0.01.

Results
Phytochemical analysis
The qualitative analysis of the methanol extract were
found to posses more phytoconstituents which was re-
vealed by qualitative analysis indicating the presence
of alkaloids, falvonoids, glycosides, phenols, saponins,
tannins, terpenoids, steroids and carbohydrates which is
briefed in the Table 1.

Fig. 4 Ferric Reducing Antioxidant Power (FRAP) Assay of S.macranthum Methanol fruit extract (SMFE)
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Total alkaloid content
The alkaloids of the methanol extract of S.macranthum
fruit was determined by the method followed by Sengut-
tuvan et.al. 2014 with slight modification. Gravimetric
analysis for alkaloids content in the extract sample was
found to be 13,600 mg/100 g.

Total phenols content
Total phenols content of the methanol extract of
S.macranthum fruit was estimated by using Gallic
acid as standard. The total phenol present in the ex-
tract sample was found to be 115.5 mg/GAE which
was calculated using the standard graph Fig. 1 and
Table 2.

Total flavonoids
The total flavonoids content present in the methanol ex-
tract of S.macranthum fruit was found to be 142.6 mg/
quercetin equivalent, which was calculated using the
standard graph Fig. 2 and Table 3.

Antioxidant activity
Hydrogen peroxide (H2O2) scavenging activity
Hydrogen peroxide (H2O2) scavenging activity of
S.macranthum fruit methanol extract was carried out along
with reference standard ascorbic acid. The results obtained
revealed that effective concentration (EC50) of methanol ex-
tract and standard was 97.24 μg/ml and 14.83 μg/ml re-
spectively. At 200 μg/ml concentration the percentage of
scavenging activity of methanol extract was significantly
similar at par with reference standard ascorbic acid i.e.,
76.38% and 76.89% respectively. Further with the increase
in the concentration of 400 μg/ml, methanolic extract anti-
oxidant activity significantly increased and had higher per-
centage of scavenging activity when compared with
standard reference ascorbic acid i.e., 99.6% and 92.8% re-
spectively. Hydrogen peroxide (H2O2) scavenging activity of
S.macranthum fruit methanol extract along with standard
reference ascorbic acid is depicted in Fig. 3 and Table 4.

Ferric reducing antioxidant power (FRAP) assay
The assay was based on reducing power of the antioxi-
dant, where the reduction of ferric ion (Fe3+) to the

Fig. 5 2, 2-Diphenyl-1-picrylhydrazyl radical scavenging ability (DPPH) Assay of S. macrathum methanol fruit extract (SMFE)
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ferrous ion (Fe2+) take place by donating electron. The
methanolic extract of S.macranthum fruit was subjected
to FRAP assay and ascorbic acid was used as standard.
The methanol extract showed significant antioxidant ac-
tivity with increase in concentration and EC50 value was
calculated to be 515.144 μg/ml. Ferric Reducing Antioxi-
dant Power Assay of S.macranthum fruit methanol ex-
tract along with standard reference ascorbic acid is
depicted in Fig. 4 and Table 4.

2, 2-Diphenyl-1-picrylhydrazyl radical scavenging ability
(DPPH) assay
The assay is based on accepting of hydrogen donar by
DPPH compound from antioxidant molecule. The metha-
nol extract of S.macranthum fruit obtained was subjected
to DPPH assay with ascorbic acid as reference. The extract
showed a significant antioxidant activity with increase in
the concentration and was maximum with 47.9% at
400 μg/ml and EC50 was calculated to be 426.112 μg/ml.
DPPH Assay of S.macranthum fruit methanol extract
along with standard reference ascorbic acid is depicted in
Fig. 5 and Table 4.

Anti-inflammatory assay
The SMFE showed a significant protein denaturation in-
hibitory effect in concentration dependant manner
which has been depicted in the Fig. 6 and Table 5. The
SMFE was found to have a maximum inhibition of pro-
tein denaturation of 85% at 250 μg concentration which
is at par with standard Diclofenac sodium whose per-
centage of inhibition was to found 73% at 100 μg/ml.
The EC50 of the SMFE was calculated to be 112.96 μg/
ml.

Fig. 6 Protein Denaturation Inhibition Effect of Solanum Macrathum methanol Fruit Extract (SMFE)

Table 5 Anti-inflammatory effect of S.macranthum Fruit
methanol extract (SFME)

Concentration μg/ml Absorbance at 660 nm % of Inhibition

Control 0.037 ± 0.01 –

50 0.023 ± 0.01* 36.36364

100 0.021 ± 0.01** 42.72727

150 0.014 ± 0.01* 60.90909

200 0.009 ± 0.01** 74.54545

250 0.005 ± 0.01** 86.27273

Data is presented as mean standard error of the mean (n = 3). Statistical
significance was assessed using one-way ANOVA. * = p < 0.05 ** = p < 0.01.
Significantly different in comparison with control
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Comparative cytotoxic evaluation of S.macranthum
methanol fruit extract on MDA-MB-231 and MEF-L929 cell
line
MTT assay measures the cell proliferation rate and
conversely when metabolic activity decreased eventu-
ally leads to apoptosis or necrosis, representing
reduction in cell viability. The methanolic extract of
S.macranthum fruit through MTT assay revealed sig-
nificant cytotoxic effect on MDA-MB-231 cell line,
however no growth inhibition was induced on MEF-
L929 cells. The cytotoxic effect of the methanolic
extract had similar effects as that of standard camp-
tothecin against MDA-MB-231 cell lines. Morpho-
logically the MDA-MB-231 cells appeared to be
shrink, followed by the death of the cells induced by
the methanolic extract of S.macranthum fruit. The
IC50 value of S.macranthum fruit methanolic extract
was 373.77 μg/ml against MDA-MB-231 breast cancer
cell lines. However, S.macranthum fruit methanolic
extract showed negligible toxicity against normal cell
line MEF-L929, where in the highest tested concen-
tration (500 μg/ml) itself showed 73.29% cell viability,
whereas the IC50 was found out to be in negative
concentration hence revealing its non toxic property
against normal cells. This study clearly indicated the
cancer specific cytotoxic effect of S.macranthum fruit
methanolic extract (Figs. 7 and 8 and Table 6).

Discussion
Plant derived compounds are drawing a great interest
due to their versatile applications, they have been richest
bio-source of drugs among the traditional medicine,
modern medicine, food supplements and as well as
chemical entities of synthetic drugs [18]. The qualita-
tive phytochemical analysis of the S.macranthum fruit
had been carried for four different solvent extracts
i.e., petroleum ether, chloroform, methanol and water
extract. Among them methanol extract was found to
be positive for various phytoconstituents such as alka-
loids, tannins, terpeniods, flavonoids, saponins and
phenols [8]. The prominent phytoconstituents which
are reported for their importance in combating with
various diseases and disorders are likely to be alka-
loids, flavonoids and phenols. These bioactive com-
pounds have predominantly available in the vast
variety of plant species. In this study the methanol
extract of S.macranthum fruit expressed a greater
amount of these bioactive compounds, among these
alkaloid concentration (13,600 mg/100 g) tend to be
higher followed by flavonoids (142.6 mg/QE) and phe-
nols (115.5 mg/GAE). These bioactive compounds also
display a potentially antioxidant property.
Reactive oxygen species (ROS) majorly constitute as

pathological factor involved in serious diseases, neurode-
generative disorders, damaging the cells and one of the

Fig. 7 Cytotoxic effect of S. macrathum methanol fruit extract on MDA-MB-231 and MEF-L929 cell lines
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causative factors to induce cancer. There are reports
which signifies and implies that oxidative stress has sig-
nificant correlation between the occurrences of breast
cancer especially in premenopausal women [19]. Many
of the phytoconstituents have the ability to suppress
these free radicals by donating the electrons and balan-
cing their valences [20]. Solanum species are known to
possess a great variety of medicinal properties including
antitumorigenic, antioxidant, anti-inflammatory, hepato-
protective, diuretic, antipyretic, microbicidal, cytotoxic,
anti-convulsant, antiulcerogenic and also against sexually
transmitted diseases [21]. The study focused on evaluat-
ing the antioxidant property of Solanum macranthum
extract, since there have been no reports of antioxidant
activity of the plant till date. The methanol extract of
the S.macranthum fruit was tested for their antioxidant
properties by subjecting to the H2O Assay, DPPH assay

and FRAP assay. Hydrogen peroxide (H2O2) assay is one
if the most widely accepted assay to determine the anti-
oxidant activity of any compound, the activity is based
on the ability of antioxidant to inhibit the formation of
hydroxyl radicals and malondialdehyde (MDA) and there
by reduce or prevent the degradation of 2-deoxyribose
[20]. When methanol extract of S.macranthum fruit was
tested for its antioxidant activity by H2O2 assay, it had
similar antioxidant activity at par with reference stand-
ard ascorbic acid at 200 μg/ml concentration, but at
400 μg/ml concentration the antioxidant activity of
methanol extract increased appreciably than reference
ascorbic acid, with EC50 value of 51.872 μg/ml, which re-
veals that methanol extract of S.macranthum fruit had
major radical scavenging activity.
FRAP assay, based on the reduction of ferric tripyridyl-

triazine complex to its ferrous colored form. This

Fig. 8.
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reduction of 2,4,6-Tripyridyl-S-Triazine (TPTZ)-Fe (III)
complex to TPTZ-Fe(II) by the methanolic extract of
S.macranthum fruit was used to assess the total reducing
power of antioxidants. Under the acidic condition when
an TPTZ-Fe3+ complex is reduced by electron donating
antioxidants, the change from colourless Fe3+ to blue
colored Fe2+ was measured at 593 nm [22]. The results
revealed that methanolic extract had prominent antioxi-
dant activity with increase in the concentration and with
EC50 value of 515.144 μg/ml, establishing that the bio-
active compounds present in the methanol extract of
S.macranthum fruit has an notable antioxidant property.
DPPH Assay is based on hydrogen donating ability

of the compound. The DPPH free organic nitrogen
radical is very stable which contains an odd electron
when reacts with antioxidant compounds that can do-
nate hydrogen atoms, after accepting the electron it
reduces and the purple color is changed to yellow.
This degree of reduction in absorbance measurement
at 512 nm is indicative of scavenging potential of
compounds [23]. From the experimental data metha-
nolic extract showed properties of scavenging the free
radicals (EC50 = 426.112 μg/ml) and posses antioxi-
dant activity with increase in the concentration.
Denaturation of the proteins has been well docu-

mented as cause inflammation in the individual. When
external stress or compound, such as strong acid or
base, a concentrated inorganic salt, organic solvent or
heat is exerted on these proteins loses its primary and
secondary structure configuration. Under such condition
most of the biological proteins get denatured [24].
Precisely chronic inflammation has also been impli-

cated to complications such as arthritis, stroke, and can-
cer [25]. There has been an substantial epidemiologic
and experimental data which configures significant role
of inflammation has impacted in establishment, progres-
sion, and/or aggressiveness of various malignancies, for
most of the biological entities involved in signaling path-
ways in apoptosis, cell proliferation, and angiogenesis

were found to be common in both inflammation and
carcinogenesis [26]. As part of the current investigation
the SMFE exhibited its anti-inflammatory property ran-
ging from 36.36% to 85.45% with EC50 value of
112.96 μg/ml, signifying its ability to inhibit the protein
denaturation at par with standard drug.
The bioactivity assessment of plant extracts its ability

to inhibit the proliferation of cancerous cells will help in
its utilization as a therapeutic agent [27]. For evaluating
the preliminary cytotoxic effect of the synthetic deriva-
tives, natural products and natural products extracts
MTT assay is most widely preferred, where the reduc-
tion of tetrazolium salts by mitochondrial dehydrogenase
by pur-ple formazan product [28].
Various reports have been documented of Solanaceae

family for their medicinal applications [29]. Among them
few of the species have proven to have anticancer prop-
erty but at very higher concentration such as, methanol
extract of S.nigrum ripe berries had effective cytotoxic
activity with IC50 value of 4.8 mg/ml on HL-60 promye-
locytic leukemia cell line [23] and on HeLa cell line hav-
ing IC50 value of 265.0 mg/ml [30]. Ethyl acetate leaves
extract of Solanum anguivi was found to be toxic for
HepG2 and MCF-7 cell lines whose IC50 value was re-
ported to be 0.625 mg/ml and 1.25 mg/ml respectively
[31]. On the Ehrlich Ascites Carcinoma cells (EAC) the
ethanolic extract of Solanum torvum fruit berries
showed its toxicity with IC50 value of 600 μg/ml [32].
This cytotoxic effect is majorly due to certain bioactive
active compounds such as glycoalkaloids, solamargine,
solasodine, and solasonine, found in these species spe-
cially solamargine are responsible to induce apoptosis in
cancer cell lines [33–35].
In this study, the in vitro cytotoxicity was assessed

using non cancerous L929-Mouse fibroblast Cell Line
and MDA-MB- 231 breast cancer Cell line. The results
obtained revealed that the methanol extract significantly
inhibited the growth of MDA-MB- 231 cell line with
IC50 value of 373.77 μg/ml which is considerably higher

Table 6 Cytotoxic effect of S.macranthum Fruit methanol extract (SFME) on MDA-MB-231 and MEF-L929 cell line

MDA-MB-231 MEF-L929

Concentration μg/ml Absorbance at 630 nm % of Viability Absorbance at 630 nm % of Viability

Blank 0.04 ± 0.01 – 0.04 ± 0.01 –

Control 1.13 ± 0.15** 100 0.61 ± 0.01** 100

100 1.08 ± 0.16* 96.27 0.90 ± 0.01** 98.29

200 0.96 ± 0.14* 84.74 0.85 ± 0.01** 91.93

300 0.75 ± 0.06** 64.89 0.80 ± 0.01** 86.87

400 0.55 ± 0.02** 47.08 0.75 ± 0.01** 80.17

500 0.29 ± 0.01** 23.14 0.68 ± 0.01** 73.29

Camptothecin (15uM) 0.61 ± 0.09* 52.51 0.92 ± 0.01** 64.26

Data is presented as mean standard error of the mean (n = 3). Statistical significance was assessed using one-way ANOVA. * = p < 0.05 ** = p < 0.01. Significantly
different in comparison with Blank
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cytotoxic effect than the solanum plant species stated
above, while the methanol extract of S.macranthum fruit
did not exhibit any toxicity against proliferation of nor-
mal MEF-L929 cells even at higher concentration. The
results also confirmed that the differential effect induced
by the extracts and standard drug in cancerous and nor-
mal cells. As a result the inhibition of the growth of the
cancerous cells by S.macranthum methanol fruit extract
can be conceivably due to the several bioactive compo-
nents present in them.

Conclusion
In conclusion methanol extract of the S.macranthum ex-
hibits strong antioxidant potential, anti-inflammatory re-
sponse and possess specific cytotoxic effect towards
breast cancer cells while posing no toxic effect on the
normal cell line. Thus further investigations should be
made in order to find the potential bioactive phytocon-
stituent present in the fruit of S.macranthum and assess
its anticancer effects in in-vivo models.
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