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Introduction: Solanum dasyphyllum is an edible egg plant belonging to Solanaceae family. The fruit and leaf of
S. dasyphyllum are traditionally used to relief swellings and oedema. In this study, we investigated the phyto-
chemical constituents, DPPH antioxidant activity, brine shrimp lethality and cytotoxicity on human cancer cell
lines of the leaf and fruit extracts of S. dasyphyllum.

Methods: The leaf and fruit extracts of S. dasyphyllum were subjected to phytochemical screening, in vitro anti-
oxidant assay using DPPH, brine shrimp lethality (BSL) bioassay and MTT colorimetric assay using human can-
cer cell lines.

Results: The leaf and fruit of S. dasyphyllum tested positive for the presence of alkaloids, tannins, saponins and
cardiac glycosides. Extract of the leaf (ICso of 274.6+2.45 and LCs, 0f 406.0+7.41) and fruit (278.2+2.68 pg/mL
and 766.7+9.14 pg/mL) displayed weak DPPH radical scavenging activity and brine shrimp lethality (BSL) com-
pared to ascorbic acid (1Cs5,=20.2+0.36 pg/mL) and cyclophosphamide (LCs, of 98.76+0.15 pug/mL) respectively.
Compared to the fruits extracts, the leaf extract was found to be more cytotoxic with CCs of 28.46+1.42,
2.99+0.15 and 23.33+2.7 pg/mL on the human cancer cell lines Rd, Hep-2c and the normal cell line, Vero, re-

brine shrimp lethality
MTT Colorimetric Assay

spectively in the MTT colorimetric assay.

Significance: The leaf and fruit extracts of S. dasyphyllum had weak DPPH activity and elicited mild cytotoxi-
city in BSL assay. However, the leaf extract of displayed a higher cytotoxicity than the fruit extract on human
cancer line used in the study.

@ 2019 Faculty of Veterinary Medicine, University of llorin, Nigeria. All rights reserved.

Introduction

Cancer is a global cause of death and has recently becoming
public health challenge in many developing countries of Africa.
In the year 2008 only, over seven hundred thousand new cancer
cases and over five hundred thousand deaths were reported in
Africa alone. The indices are postulated to double in the next
20 years (Boyle, 2008).

The survival of man even in the 21% century still depends
largely on the plants. Humans do not only depend on plants for
food, shelter and clothing but also as a source of medicines
(Jamshidi-Kia et al., 2018). Nature is the ultimate and constant
source of raw materials for the development of medicines from
medieval times and scientific investigation into bioactivities
and phytochemistry of medicinal plants has led to the discovery
of drugs (Saranraj and Sivasakthi, 2018). An impressive num-
ber (over 80%) of Africans still rely on plants for their medi-
cines and primary health care needs (WHO, 2003). There is an
increase use of medicinal plants partly because of the increasing
cost of orthodox medicines coupled with their associated side
effects. Successful use of plants and plant products has revolu-
tionized modern medicines and over 60% of the approved anti-
cancer and 75% of anti-infective agents currently in use are de-
rived from plants (Cragg and Newman, 2005; David and Gord-
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on, 2012). Several medicinal plants are known and applied in the
treatment and management of several conditions such as malaria,
diabetes, sickle-cell anaemia, mental disorders, HIV/AIDS and
countless number of other diseases (Elujoba et al., 2005). Inter-
estingly, plants with potent antioxidant activity have been impli-
cated in the management of several chronic diseases that arise
from prolong oxidative stress including cancer (Valko et al.,
2006). Plants from several families have been used traditionally
in the management of cancer. Ethnobotanical survey in many
parts of Nigeria indicated that Solanaceae plants are not often
mentioned except Capsicum frutescens and Nicotina tabacum
leaves which are used traditionally in the management of cancer
(Gbadamosi and Erinoso, 2016; Soladoye et al., 2010). Tomato
fruit (Lycopersicon esculentum) has been reported to have cancer
preventive activity (Yadav et al., 2016). Some members of the
solanaceae contain potent tropane alkaloids which are sometimes
highly toxic however other solanaceous plants are nontoxic and
are consumed as staple foods in some cultures (Yadav et al.,
2016).

Solanum dasyphyllum (egg plant) is an edible plant locally called
Boboawodi in Yoruba (SW Nigeria) and common in West, Cen-
tral and East Africa (Oladele et al., 2011; UTP, 2016). The fruit
and leaf of S. dasyphyllum are often used as vegetables. In Nige-
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ria ethnomedicine, the fruit of S. dasyphyllum is used as pain-
Killers, laxatives and help to relief swellings. While the leaf-sap
and flowers are used in subcutaneous parasitic infection and as
antidotes in Strophanthus poisoning (UTP, 2016). Hence, to fur-
ther our interest in screening common vegetables and food plants
for their anticancer properties, Solanum dasyphyllum leaf and
fruit were selected with the aim to evaluate their 2, 2-diphenyl-
1-picryl hydrazyl (DPPH) radical scavenging, brine shrimp le-
thality and cytotoxicity on human cancer cell lines.

Materials and Methods

Plant collection

The whole plant and fruit of S. dasyphyllum was obtained from
Bode Market in Ibadan, Oyo State, Nigeria. The plant was identi-
fied and authenticated at the Department of Pharmacognosy Her-
barium University of Ibadan (DPHUI), Ibadan, Nigeria.

Plant preparation

The leaves of S. dasyphyllum were washed, air-dried under the
shade, pulverized and extracted into 15 L of distilled methanol.
The extract was concentrated using a rotary evaporator (40-50°C)
and the concentrated extract was weighed and stored in refrigera-
tor at -4°C until needed. The same procedure was repeated with
mature fruits S. dasyphyllum.

Phytochemical screening

Dried leaf and fruit powder of S. dasyphyllum were screened for
the presence of secondary plant metabolites by method described
by Sofowora (2008) and Evans (2009).

Biological assays

In vitro DPPH radical scavenging assay

The ability of the leaf and fruit extracts of S. dasyphyllum to scav-
enge DPPH (Sigma-Aldrich, USA) free radicals was evaluated us-
ing a protocol described by Patel et al. (2015).Two milligrams of
each extract were dissolved in 2 mL of distilled methanol to obtain
a stock concentration of 1000 pg/mL and serial dilutions of 200,
100, 50, 25, 12.5 and 6.25 pg/mL were prepared in the 96 well-
plate by diluting the extracts solutions (100 pL each) with150 puL
of DPPH in methanol (0.04 pg/mL). The negative control wells
contained only DPPH solution without extract. While varying
concentration of ascorbic acid (Sigma-Aldrich, USA) was used as
positive control. The micro-plate was incubated in the dark at
room temperature (25°C) for 30 min. Thereafter, the absorbance
of the resulting solution was measured at 517 nm using the UV
spectrophotometer (Paul Bucher Analytik und Biotechnologie,
Switzerland). The experiment was carried out in three replicates.
The results were expressed as percentage inhibition and calculated
by the formula below (Patel et al., 2015):

Inhibition (%) = X 100

A
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Where:
A = the mean optical density of control wells.
B = the mean optical density of the wells with plant extracts.

Brine shrimp lethality (BSL) assay

The eggs of Artemia salina were hatched in natural seawater (ob-
tained from the Bar Beach, Victoria, Lagos) after 48 h incuba-
tion. The BSL assay was conducted using a modified method de-
scribed by McLaughlin et al. (1991). Ten milligrams (10 mg) of
the leaf and fruit extracts of S. dasyphyllum each was diluted to
1000 pg/mL by dissolving in 2 mL of seawater (water insoluble
compounds which were dissolved in 50 uL. of DMSO prior to the
addition of sea water). Serial dilutions of the extracts were made
in 96-well microplates in triplicates. The negative control wells
contained 0.5% DMSO in sea water. A 250 uL suspension of
nauplii in the extract was added to each well. The plates were
incubated at RT (25-33°C) for 24 h. The number of dead nauplii
in each well was counted. The results were expressed as percent-
age death and calculated by the formula below (McLaughlin et
al., 1991):

A-B
Inhibition (%) = X100

A

Where:
A = the mean number of shrimp in negative control wells.
B = the mean number of shrimp in the wells with plant extracts.

Cytotoxicity assay
Human cancer and normal cell lines culture

Cell lines were obtained from the Centre for Disease Control and
Prevention (CDC), Atlanta, USA and maintained in WHO Polio
laboratory, Department of Virology, University of Ibadan, Nige-
ria. Two human cancer cell lines; Rhabdomyosarcoma (Rd) and
laryngeal carcinoma (Hep-2c) and a normal cell line (VVero) from
African green monkey kidney were used. The cells were grown in
minimum essential medium (MEM); all supplemented with 10%
heat inactivated foetal bovine serum (FBS), 2 mM L-glutamine,
and 1% penicillin-streptomycin. The MEM was also supple-
mented with 0.01 mg/mL insulin and 1mM sodium pyruvate.
Cells were incubated in a 5% CO, humidified incubator at 37°C
and passaged bi-weekly.

The MTT colorimetric assay

The cytotoxicity effect of the two extracts was determined by
MTT colorimetric assay by a method described by Raja et al.
(2011). Each of the extracts was dissolved in DMSO to achieve a
concentration of 10 mg/mL. The stock (0.1 mL) was dissolved in
0.9 mL of maintenance medium to obtain a concentration of 1000
pg/mL and designated as “neat”. Serial ten-fold dilutions of the
extracts were prepared from the “neat” using maintenance me-
dium as diluent to obtain different concentrations. A volume of 50
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uL of each extract dilution was dispensed into 96-well microtiter
plates already seeded with monolayer of Rd, Hep-2cor Vero cells.
The plates were incubated at 37°C in a CO; environment and the
cells observed under microscope after 72 h (Raja et al., 2011).
Supernatants were removed from all wells after the 72 h incuba-
tion. Then, 25 pL of 2 mg/mL yellow solution of MTT in Phos-
phate Buffer Saline (PBS) was added to each well and the plates
were incubated for additional 2 h at 37 °C. Thereafter 125 pL of
DMSO was added into the wells to solubilize the purple colour
formazan crystals formed by viable cells. The plates were placed
on a shaker for 15 min to ensure that the formazan crystals are
well dissolved and dispersed, thereafter the absorbance of the
plates were read at a wavelength of 492 nm using a multi-well
spectrophotometer (Paul Bucher Analytik und Biotechnologie,
Switzerland). Experiments were performed in triplicates.
The percentage cytotoxicity was calculated as:

(A-B)

%cytotoxicity = X 100

Where: A = the mean opucai aensity of untreated cells.
B = the mean optical density of cells treated with plant
extracts/ fractions (Ferrari et al., 1990).

The selective index (SI) of the two extracts and cyclophospha-
mide were estimated using the Vero cells. Data were expressed as
the means + SEM. When Sl is greater than 1, it is indicative of
selectivity (Artun et al., 2016).

CCso on Vero cells

Selective index (SI) =
CCsxq on cancer cells

Data analysis

Data obtained were processed and analysed using GraphPad prism
6.0 version. The concentration with 50% DPPH radical scaveng-
ing (ICsp), 50% BSL (LCso) and 50% cytotoxicity (CCsp) in the
MTT assays were estimated from a non-linear dose-response re-
gression curve. The results are displayed as mean £ SEM of three
replicates. Statistical significance between the test sample and
positive control was evaluated using student’s t-test and results
with p< 0.05 were considered significant.

Results

The plant collected was identified and authenticated at the De-
partment of Pharmacognosy Herbarium University of Ibadan and
a voucher number (DPHUI: 1649) was issued. The pulverized
leaf and fruit of S. dasyphyllum tested positive for the presences
of alkaloids, tannins, saponins and cardiac glycosides as shown
in Table 1.

On extracting, the dried powered leaf and fruit yielded 1.8 and
6.2 % “/w, respectively as shown in Table 2. Both the leaf (ICso
of 274.6 + 2.45 pg/mL) and fruit (ICs of 278.2 + 2.68 pg/mL)
extracts displayed similar but very weak DPPH radical scaveng-
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ing activity compared to ascorbic acid (ICsp of 20.2 + 0.36
pg/mL) as shown in Table 2.

In the BSL assay, the leaf and fruit extracts displayed weak to
moderate toxicity compared to cyclophosphamide that displayed
a much stronger toxicity with a LCso of 98.76 + 0.15 pg/mL as
shown in Table 3.

In the MTT colorimetric assay, the leaf extract is more active on
the two cancer cells than the fruit extract. The cytotoxicity of the
leaf extract on Hep-2c is comparable to the reference standards
(cyclophosphamide). However, on the normal (Vero) cell, the
fruit extract has the least cytotoxicity compared to the leaf extract
and cyclophosphamide as shown in Table 3.

Table 1. Phytochemical analysis of Solanum dasyphyllum leaf
and fruit

Metabolite Test Solanum dasyphyllum
Leaf Fruit
Extract Extract
Alkaloid Drangendorff’s + ++
Wagner’s + ++
Meyer’s + ++
Flavonoid Shinoda’s test - -
Lead acetate - -
Tannins FeCls + +
Saponins Frothing ++ ++
Emulsifying ++ ++
Anthraguinone Combined - -
Free - -
Cardiac Keller-Kiliani + ++
glycoside
Kedde + ++
Steriod/terpenoid  Salkowski - -

—: Absence of component
+: Presence of component, ++ Copious amount of component

Discussion

Cancer remains a major public health challenge and there is a
renewed effort in the search for new effective anticancer agents
with minimum adverse effect. Several efforts are directed to
finding candidate plants with potent cytotoxicity for drug discov-
ery. Hence, in our effect to identify new plants for anticancer
drug discovery, we have studied S. dasyphyllum and to the best
of our knowledge, this is the first report on phytochemical anal-
ysis, DPPH radical scavenging, brine shrimp and cytotoxic eval-
uation of S. dasyphyllum. This research found out that the phy-
tochemical constituents of the leaf and fruit powder of S. dasy-
phyllum lead to the identification of important secondary metab-
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Table 2. Percentage yield and DPPH antioxidant activity of leaf and fruit extracts of Solanum dasyphyllum

Extracts/drug Voucher number  Percentage yield (%) ICs0 (ng/mL) p value
**k
S. dasyphyllum Leaf 1.8 274.6 +£2.45
DPHUI: 1649 . 0.16
S. dasyphyllum Fruit 6.2 278.2+2.68
Ascorbic acid 202 +0.36

* — No significant difference (p > 0.05)
** _ Significant difference (p < 0.05)

Table 3. In vitro Brine Shrimp lethality and antiproliferative activities of Solanum dasyphyllum leaf and fruit extracts, on Rd, Hep-2c

and Vero cell lines

| " L Cso CCso (ng/mL)
Plant Extracts/dru -

g (ug/mL) Rd Hep-2c Vero
S. dasyphyllum Leaf 406.0 £ 7.41 28.46 +1.42 2.99+0.15 2333+ 2.7
S. dasyphyllum Fruit 766.7 +£9.14 82.07 £4.10 4448 £2.22 171.10 £ 2.3
Cyclophosphamide” 98.76 £ 0.15 223+0.11 2.66 £ 0.13 8.05+0.6

“Standard drug

Table 4. Selective indices of Solanum dasyphyllum leaf and fruit
extracts on Rd and Hep-2c cancer cell line

Extracts Rd Hep-2c

S. dasyphyllum (Leaf) 0.82£0.03 7.78 £0.30
S. dasyphyllum (Fruit) 2.08 +0.04 3.85+0.08
Cyclophosphamide 3.61 +0.06 3.02+0.05

Sl — Selective Index (Sl), Sl value > 1 indicates selectivity.

olites that include alkaloids, polyphenols, flavonoids, glyco-
sides, phytosterols, saponins, triterpenoids, tannins and steroids
as the major classes of compounds present (Tiwari et al., 2009;
Habtamu et al., 2014).

The leaf and fruit extracts of S. dasyphyllum displayed weak
DPPH radical scavenging activity. The poor DPPH radical scav-
enging activity of the extract may be associated with the poor
flavonoids and tannins content of the extracts. Flavonoids and
polyphenols have been associated with DPPH antioxidant activ-
ity and many fruit or plants rich in flavonoids content often dis-
play high antioxidant properties (Wojdylo et al., 2007).Other re-
lated species such as Solanum aethiopicum (ECsp of 62.73) and
S. nigrum leaf (ECso of 25.51) have been evaluated for DPPH
radical scavenging activity and they were observed to have mild
DPPH radical scavenging activity (Anosike et al., 2015).

Brine shrimp lethality (BSL) assay has been shown to have a good
correlation with other antitumor assays. The BSL model has
proved helpful as a preliminary screening model in the drug de-
sign and synthesis of cytotoxic compounds (Nazir et al., 2013).
The lethality of the extracts on the brine shrimps was classified by
Padmaja et al. (2002). Where LCso> 1000 ug/mL was considered
to be non-toxic, LCsp = 500 to 1000 pg/mL as weakly toxic, LCso
=100 to 500 pg/mL as moderately toxic and LCsp < 100 pg/mL
as strongly toxic. Table 3 shows the BSL of the two extracts. The
BSL of the leaves extract of Solanum sisymbriifolium a closely re

lated species had been studied and it was observed to exhibit a
mild toxicity on the brine shrimps with a LCso values ranging
from 10.10 - 321.35 (Apu et al., 2013). The result of the BSL as-
say justifies the safe use of the leaf and fruit of S. dasyphyllum as
food. Other Solanum species such S. torvum is used in food prep-
aration in India (Ramamurthy et al., 2012).

The leaf extract displayed significant cytotoxicity on Hep-2c can-
cer cell line and was found to be comparable to cyclophospha-
mide. The extract of S. nigrum leaf also found to be cytotoxic with
significant growth inhibition on 3T3 NIH mouse embryo fibro-
blast cell line (Ehssan et al., 2014). In another study, the ethanol
extract of S. torvum berries was observed to elicit a cytotoxicity
of 7.09 % and 85.79 % at a concentration of 50ug/mL to
1000pg/mL, respectively (Panigrahi et al., 2014). As displayed in
Table 4, S. dasyphyllum leaf and fruit extracts had varied degree
of selectivity on Rd, while S. dasyphyllum leaf (SI=7.78 £+ 0.30)
and fruit (SI = 3.85 + 0.08) had some selectivity for Hep-2c cancer
cell line better than cyclophosphamide Hep-2c. The fruit extract
of S. dasyphyllum had similar selective index to cyclophospha-
mide on both cancer cell lines. However, the leaf extract had poor
selectivity for the Rd cancer cell line, while the fruit extract had a
significant selectivity on both the Rd and Hep-2c cancer cell lines.

Conclusion

The extracts exhibited weak antioxidant and brine shrimp lethal-
ity properties. Only the leaf extract of the plant had excellent cy-
totoxicity on the human laryngeal cancer cell line (Hep-2c) com-
parable to the control drug (cyclophosphamide). The leaf extract
was also very selective to Hep-2c. The leaf of Solanum dasyphyl-
lum may be a source for discovery of anticancer compound(s).
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