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ABSTRACT— Solanum sisymbriifolium Lam. (Solanaceae), commonly referredto as Kantikari (Bengali), sticky
nightshade, or litchi tomato. Despite, the traditional use of this plant for several ailments, very littleis known about
the phytochemical and pharmacological content of the edible ripe berries of this medicinal plant. Ethanol and
petroleum ether extractofthe ripe and unripe fruits of Solanum sisymbriifolium were examinedby using standard
analytical methods to determine and compare their bioactive chemical constituents, total phenolic content,
antioxidant, and cytotoxic potential. Quantitative phytochemical screening showed that the presenceof medicinally
active secondary metabolites likealkaloids, flavonoids, and saponins were detected inboth ripe and unripe fruits.
Antioxidantactivity and total phenoliccontent were found to be more pronounced in ripe fruit extract, whereas unripe
fruit extracts showed moderate cytotoxic activity. DPPH free radical scavenging method demonstrated that 1 Cso value
of ethanol andpetroleum ether extractof ripe fruits were 194.40ug/ml and 43 6ug/ml, and for unripefiuit the values
were 689.82ug/ml and 1411.23ug/ml. In brine shrimp lethality bioassay, the LCs, value of unripe fruits was
230.6559ug/ml for ethanol extract and 314.9227ug/mlfor petroleum ether extract. The L Cso value of the ethanol
extract of ripefruits was 456.1021ug/ml andfor petroleum ether extract was 1,017.6848ug/ml. The results of this
study showed that the litchitomato not only has the potential to bea rich source ofanedible compound due to the
presence of profound phytochemical constituents but also can be used as a source of pharmacological references.
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1. INTRODUCTION

The popularity of medicinal plants as relief fromnumerous illnesses is rapidly increasing across the world despite the
immense advancementof conventional chemical drugs. Countless side effects are oftenencountered with these drugs
while treating and managing diseases, whereas medicinal herbs and natural products canbecome a source of hope to
meet the healthcare needs due to the lower side effects in comparison to the prescription drugs. In today’s world, soaring
concern exists over the escalation in oxidative stress-related disorders such as cancer, cardiovascular disease,
Alzheimer’s, autoimmune disease, atherosclerosis, diabetes, multiple sclerosis ™. When free radicals with an unpaired
electron overwhelmthe antioxidant protective system, a condition known as oxidation stress develops which leads tothe
disintegration of cell membranes and cell compounds including proteins, lipids, and nucleic acids . It results from the
imbalance betweenthe productions of free radicles (reactive oxygen and nitrogen species) and the antioxidant defense
system. Numerous studies with plant phytochemicals showed thatthe phytochemicals with antioxidant activity helps in
converting the free radicals to less reactive species ! ¥, Many researches have beenfocusedon abilities of different
plants to induceantioxidant effects dueto theconcerns about the safety of synthetic antioxidants. Various plantextracts
contain antioxidantcompounds that protect cells againstthe damaging effects of reactive oxygen species (ROS), such as
peroxides, superoxide, hydroxylradical, singlet oxygen, and alpha-oxygen ™. Several studies have shown the inverse
relationship betweena human diet containing antioxidant-rich food and the incidence of human diseases [ 7],

Researches on thescreening ofextracts and isolated constituents of medicinal plants used traditionally to treatcancer has
intensified intending to find outpotential cytotoxicity for cancer chemotherapy ® . Proper scientific evaluation of
many traditionally used plants in Bangladesh for the cytotoxic effect would carry enormous potential and promise as part
of pharmaceutical products [
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Since ancient times both cultivated and wild species of the Solanaceae family have playedan essential role in human
nutrition and health Y. Nevertheless, there are wild species with the great significance of this family that has not been
reported much ontheir pharmacological activities. Solanum sisymbriifolium (Litchi Tomato) is one of the wild plants
which is a viscid and very prickly erect spiny shrub commonly known as Kantikari (Bengali), Kanta begun, Sticky
nightshade (English). It originates in South America, where it is used for cooking and medicinal purposes. It is
commonly found throughout Bangladesh. This plant has beenusedas atrap crop forthe management of potato cyst
nematode (PCN) 2. The chemical constituents previously reported being found in the roots of S. sisymbriifolium were
cuscohygrine and solacaproine *®!. Solasodine (molecular formula: C27H43N02), aglycoalkaloid usedin the synthesis
of corticosteroids, sexhormones, and a large componentof oral contraceptives, has beenisolated fromthis plant ™. The
edible fruits are globose-ovoid and shiny red whenripe, and comparable to cherries and gooseberries in taste. The berries
contain sisymbriifolin (a neolignan) and carpesterol (a rare C30 sterol) [, Traditionally the root ofthe plant has been
used in indigenous medicine for the treatmentof hypertension, hysteria, diarrhea, respiratory tractinfections, and various
central nervous system(CNS) disorders suchas epilepsy and depression ¢, Theseactivities of Solanum sisymbriifolium
may be due to the presence ofadiversified groups of phytochemicals andcompounds, and many of which possess
antioxidant and cytotoxic activity. As we know, fruits synthesize a wide array of phytochemicals at different ripening
stagesthat are reported to have health-promoting effects in humans. Therefore, to establish its traditional uses, the
presentinvestigations were carried outto study and compare the phytochemical screening and pharmacological activities
of ethanoland pet ether extract fromboth ripe and unripe fruits of S. sisymbriifolium available in Bangladesh.

1. MATERIALS AND METHODS

2.1 Sample Collection and Extraction:

The fresh unripe and ripe fruits of Solanum sisymbriifolium were collected fromthe hilly areas of Khulsi, Chittagong, a
district of Bangladesh. The study was carried outin the Department of Biochemistry and Molecular Biology, and the
specieswas identified by Dr. Sheikh Bokhtear Uddin, Professor, Department of Botany. The collected fruits were washed
and sun-dried for consecutivedays. The dried unripe andripe fruits were groundto a coarse powder with mortar and
pestle separately. The dried powder of unripe andripe fruits was macerated in ethanoland petether in a separate conical
flask for 5 days at roomtemperature (25+1)°C with occasional stirring. After completion of the extraction, the liquid was
filtered using a sterilized Whatman No.1 filter paper. Then the filtrate was concentrated under reduced pressure below
50°C througha cyclone rotary evaporator (RE 200, Bibby sterling, UK). The concentrated extracts were collected in a
petridish for complete evaporation of ethanoland pet ether. The whole process was repeated three times and finally, 15
gm Green-colored concentrated plant extracts of unripe fruits and 15 gmred-colored plant extract of ripe fruits were
obtained (yield 2.22% w/w). The green and red-colored crude extracts were preserved in the refrigerator at 4°C.

2.2 In Vitro Assay of Antioxidant Activity of Ethanol and Pet ether Extract of Unripe and Ripe Fruits

of Solanum sisymbriifolium:

The antioxidantactivity of ethanoland pet ether extract fromunripe and ripe fruits of Solanum sisymbriifolium and the
standardantioxidant ascorbic acid were assessed based on the free radical scavenging effect of the stab le 2, 2- diphenyl-
1- picrylnhydrazy| (DPPH)-free radical activity according to the method described by . Briefly, Ascorbicacid and the
ethanol and pet ether extracts (20, 40, 60, 80, 100, 200, 400, and 800 mg/ml) of ripe and unripe fruits of Solanum
sisymbriifoliumwere prepared in methanol. DPPH (Sigma, USA) solutions (0.004%) were prepared in methanoland 5ml
of this was mixed with the same volume of extracts and positive controlsolutionseparately. These solution mixtures
were kept in dark for 30 min and the absorbance of the mixture was determined at 517 nm using UV-Visible
Spectrophotometer (UV-1601 Shimadzu, Japan). Ascorbic acid was actedas a positive controland low absorbance of the
reaction mixture indicated higher free radical-scavenging activity. The scavenging activity against DPPH was calculated
using the following equation:

Scavengingactivity (%) =[(A - B) / A]x 100, Here, A is the absorbance of the (DPPH solutionwithout the sample), B
is the absorbance of DPPH solution in the presence ofthe sample (extract/ ascorbic acid).

Then, % scavengingactivity or % inhibition was plotted against log concentrationand ICso (Inhibitionconcentration
50) was calculated fromthe graph by linear regressionanalysis with Microsoft Office Excel 2007.

2.3 In Vitro Assay of Cytotoxicity of Solanum sisymbriifolium Unripe and Ripe Fruits:

Cytotoxic activity of ethanoland pet ether extract fromSolanum sisymbriifolium were determined by Brine-Shrimp
Lethality Bioassay as described by *"1. Cysts (eggs) of Brine shrimp were collected fromthe Institute of Marine Science
and Fisheries, University of Chittagong, Bangladesh, and the testsamples of ethanoland pet ether extract with different
concentrations (20, 40, 60, 80 100, 200, 400, 600, 800 and 1000ug/ml) were prepared by dissolvingthemin DMSO (not
more than 50pl in 5 ml solution) along with seawater. A vial of 30l DM SO (Sigma, USA) was used as negativecontrol
and standard gallic acid (Sigma, USA) was used as a positive control. In each experimentaland control vial, 10 Nauplius
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were transferred with Pasteur pipette and were tested in triplicate. The test tubes were maintained under illumination.
After 24 hours have elapsed, survivors were counted with the aid of a 3x magnifying glass. The LCsovalues were
calculated fromProbit Chart using computer software “BioStat-2009".

2.4 Phytochemical Screening:

Phytochemical study was performed through conducting preliminary phytochemical group tests using unripe andripe
fruits of S. sisymbriifolium. The presence of alkaloids, flavonoids, and saponins was carried outaccording to the methods
of Harbone (1973) as described by Edeoga et al. (2005), Boham, and kocipaiabyazan (1994) and Obadoniand Ocuko
(2001) respectively. 811191 [201 2]

2.5 Total Phenolic Content Determination:

Total phenolic content (TPC) of the ripe and unripe fruits of Solanum sisymbriifolium was determined by Folin—
Ciocalteu reagent (FCR) 22, Briefly, 5 ml freshly prepared dilute Folin—Ciocalteu Reagent and 4 ml of 7.5% sodium
carbonate were addedto 1 ml of dilute plant extract (200mg/ml) to prepare the reaction mixture. These mixtures were
kept in dark for 1h at ambient conditions to complete the reaction. The absorbance was measured by using a
spectrophotometer (Shimadzu UV PC-1600) at 765 nm. For standard reference, gallic acid was used andtheresults were
presentedas dry weightbasis with ug gallic acid equivalent (GAE)/mg of sample.

3. RESULT
3.1 Qualitative Phytochemical screening
The phytochemical screening was carried outto analyze the presence of alkaloids, flavonoids, and saponins in both the
ripe and unripe fruits of Solanum sisymbriifolium. Although, the mentioned phytochemical characters were present in
both ripe and unripe fruits, the investigation revealed that unripe fruits are a rich source of alkaloids and saponins,
whereas flavonoids is predominantly present in Ripe fruits (Table 1).
Table 1: Phytochemical Screening of unripeand ripe fruits of Solanum sisymbriifolium

SI. No. Phytochemicals Solanum sisymbriifolium
Unripe Fruits Ripe Fruits
1 Alkaloids ++ +
2. Flavonoids + ++
3. Saponins ++ +

3.2 Total Phenolic Content

Total phenolic content (TPC) of the fruit extracts were determined according to the method described by Folin—
Ciocalteu reagent (FCR), expressed as Gallic acid equivalent phenol compounds and was reported as Gallic acid
equivalents (GAE) by reference to a standard curve (y =0.013x + 0.106; r2 = 0.998) (datanot shown). Ethanol and pet
etherextracts of ripe fruits showed higher TPC content which were 62.15and 57.83 ug GAE/mg of dry weight compared
to the ethanoland pet ether extracts of unripe fruits which was 48.75and 46.28 ug GAE/mg of dry weight, respectively

(table 2).
Table 2: Total phenolic content of ethanoland pet ether extracts of unripe and ripe fruits of Solanum sisymbriifolium
Name of samples Total phenolic content
(ng/gmequivalent of Gallic acid)
Ethanol extract of unripe fruits of Solanum 48.75+0.30
sisymbriifolium
Ethanol extract of ripe fruits of Solanum 62.15+0.31
sisymbriifolium
Pet ether extract of unripe fruits of Solanum 46.28+0.50
sisymbriifolium
Pet ether extract of ripe fruits of Solanum 57.83+0.26
sisymbriifolium

Values are means (n=3) £SD. Here, all the values are statistically significantat the 5% level.

3.3 Invitro Assay of Antioxidant Activity
A widely used in-vitromechanismfor screening theantioxidant activity of plant extract is DPPHradical scavenging
due to their hydrogen donating ability (?*1. In this assay, the violet/purple-colored DPPHs o lution was reduced to the

yellow-colored stable diamagnetic molecule, diphenylpicryl hydrazine, by the addition of an antioxidant compound 24!
[25]
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Here, the DPPH scavenging effectofthe ripe and unripe fruit extract was compared with ascorbic acid as a standard
antioxidant. Both theethanoland pet ether extract of ripe and unripe fruits of Solanum sisymbriifolium have shown dose-
dependent activity in comparison with Ascorbic acid reference. The antioxidant activity of the fruit extracts was
measured by the decrease of absorbance at 520nm. The increased concentration of both the fruit extracts and the standard
showedan increase in antioxidant activity by decreasing the free radicals in the mixture 21,

Eight different concentrations were used in this study and at concentration of 800 pg/mL, the value for ripe fruit’s
ethanol extract amounted to 74.13%, while a similar concentration of green unripe fruit ethanol extract showed a far
lower antioxidant activity (53.47%) (Fig 1). As DPPH scavenging activity %), fully mature ripe fruit’s pet ether extract’s
activity (60.59%) was greater than unripe green fruits pet ether extract’s (47.57%) (Fig 1). The ICso value of ethanol
extract of ripe fruits, ethanol extract of unripe fruits, Pet ether extract of ripe fruits, Pet ether extract of unripe fruits, and
Ascorbic acid were found 194.40ug/ml, 689.82ug/ml, 436pg/ml, 1411.23ug/ml, and 1.13ug/ml respectively (Supplement
table 1).

% of scavenging activity

b

Log{conc)pug/ml

Fig. 1: Comparative % of scavengingactivities Ethanol ripe (ICso 194.40ug/ml), Ethanolunripe (ICso 689.82ug/ml), Pet
etherripe (ICso 436pg/ml), Petetherunripe (ICso 1411.23ug/ml) and Ascorbic acid (1Cso1.13ug/ml)

3.4 In vitro Assay of Cytotoxic Activity:

Cytotoxic activity of ethanol and petether extracts of unripe andripe fruits of Solanum sisymbriifoliumwas assessed
using the Brine Shrimp Lethality Bioassay. The results showed that percentage lethality of brine shrimp at ten different
concentrations (20to 1000 pg/ml) of ethanoland petether extracts of unripe andripe fruits exhibited lethality inadose-
dependent manner. Ethanol extract of unripe fruits showed 0,10,20,20,30,40,50,80,80 and 100% mortality of brine
shrimp at 20, 40, 60, 80 100, 200, 400, 600, 800 and 1000 pg/ml concentrations (Fig 2), respectively. The LCso value of
ethanol extract of unripe fruits was found 230.6559 ug/ml, with 95% confidence limit where the lowerand upper limits
were 158.2663 and 346.7523 pg/ml (Supplement table 2). However, pet ether extract of unripe fruits showed
0,10,10,10,20,40,50,70,70 and 90% mortality of brine shrimp at 20, 40, 60, 80 100, 200, 400, 600, 800 and 1000 pg/ml
concentrations, respectively (Fig 2). The corresponding LCso value was found 314.9227 pg/ml (Supplement table 2), with
95% confidence limit where the lowerand upper limits were 214.8288 and 496.0832 pug/ml.

Ethanolextract of ripe fruits showed0,0,10,10,20,20,40,50,70 and 80% mortality of brine shrimp at 20, 40, 60, 80 100,
200, 400, 600, 800 and 1000 pg/ml concentrations (Fig 2), respectively. The LCso value of this extract was found
456.1021 ug/ml (Supplement Table. 2), with 95% confidence limit where the lowerand upper limits were 306.8122 and
783.8993 ug/ml. Pet ether extract of ripe fruits showed 0,0,10,10,10,20,30,40,40 and 50% mortality of brine shrimp at
20, 40, 60, 80 100, 200, 400, 600, 800 and 1000pug/ml concentrations (Fig 2), respectively and the LCsp value of the
corresponding extract was found 1,017.6848 ug/ml (Supplement Table. 1), with 95% confidence limit where the lower
and upper limits were 543.9804 and 4,319.4246 pg/ml.

The LCso value of Gallic acid was found 4.40 ug/ml (Supplement Table. 1) with 95% confidence limit where the lower
and upper limits were 0 and 10.331 pg/ml.
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Fig. 2: Comparative % of lethality ethanol and Pet ether extract of unripe andripe fruits of Solanum sisymbriifolium with
Gallic acid (positive control)

4. DISCUSSION

4.1 Phytochemical Screening

The phytochemical screening revealedthe presence of medicinally active constituents’, alkaloids, flavonoids, and
saponins in bothripe and unripe fruits of Solanum sisymbriifolium. These findings are in correlationwith the previous
phytochemical screening of the extracts which showed that Solanumsisymbriifolium possess alkaloids, flavonoids,
saponins, and other secondary metabolites 2", These secondary metabolites are accountable to produce definite
pharmacological actions in the humanbody which can lead tothe developmentof novel and safe medicinal agents 28 (291,

4.2 Total Phenolic Content

The current study assessed the Total Phenolic Content (TPC) in the extract of ethanoland petether of unripe and ripe
fruits of S. sisymbriifolium. Results showed that ethanol extract of ripe fruits contained higher phenolic content (62.15ug
GAE/mg) than the unripe extracts and the TPCvalue of pet etherextracts of matured red fruits was in close proximity of
its ethanol extract (57.83 pg GAE/mg). Phenolic is a large class of chemical compounds, and in plants, they exist as
secondary metabolites %, These are produced in plant cells through secondary metabolismand function in plant
reproductionand growth, and had substantial health potential area o f research and medical use . Total phenolic content
of plant extract is determined as an approach to get the quantitative data for compounds that have the antioxidant
potential. Therefore, the nutritionaland medicinal value of phenolic compounds provides enormous health benefits and
serves as defense mechanisms to counteract reactive oxygen species (ROS) 2,

4.3 Antioxidant Activity:

Natural phenolic compounds such as flavonoids haveredoxproperties that allowthemto act as reducing agents and
thus, showantioxidant property. In addition, they have the potential to metallic chelating 2. The ICso value obtained for
ethanoland petether fruit extracts andthe standard reference ascorbic acid indicatethatthe efficacyof both the fruits
extracts is lower than the ascorbic acid. Researchers haveshownthat plants synthesize various kinds of secondary
metabolites that actas antioxidants to thrivein hostile conditions situations 3! %% 8] The presentstudy reveals that the
ripe fruits of S. sisymbriifolium possess greater antioxidant activity compared to the activity exhibited by the fruits
immature green stage which may be due to the presence of higher polyphenols and flavonoids in the ripened fruits
extracts 7). This phenomenon can be explained by the existence of higher concentration of flavonoids (demonstrated by
the phytochemical screening) in ripe fruits of S. sisymbriifolium compare to the unripe one. Several studies have proved
that, flavonoids, presentin fruits and vegetables are one of the major groups where the free radical scavenging activity is
attributed by a broad spectrum of biological activities and are responsible for diminishing free radicals and lipid
peroxidation (3816391,
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4.4 Cytotoxic Activity:

Ethanoland pet ether extract of unripe fruits has shownmoderate cytotoxic activity comparedto the res pective ripe
fruits extract, in comparison with the positive control (Gallic acid). This result indicates that the fruits of Solanum
sisymbriifolium in the immature developmental stage possess a higheramount of potent bioactive compounds, which
might be useful as anticancer, antitumor, antimicrobial, and other pharmacological activities [“?'. Thus, the unripe fruit
extracts might be considered for therapeutic and clinical potentials for the treatment of many life-threatening diseases
such as cancer Y, The predominant presence of alkaloids and saponins in unripe fruits could be responsible for the
observedbioactivity. Further investigations of the active principles reside in the unripe fruits of Solanum sisymbriifolium
are necessary as a varied array of pharmacological activities are indicated by the potent cytotoxic activity of plant
extracts.

5. CONCLUSION

On the basis of our research results, it can be stated that the unripe fruits extract of Solanum sisymbriifolium
demonstrated a moderate level of phenolic content and free radical scavengingactivity but showed potent cytotoxic
effects, whereasripe fruits exhibited reasonable cytotoxic effect with higher total phenolic content and greater values of
antioxidant activity. Therefore, the ripe fruits of Solanum sisvmbriifolium have a sianificant potential to useas a natural
antioxidantagent and to include in food systems to maintain food quality. Furthermore, the demonstrated cytotoxic
effects of the unripegreen fruits might be subjectedto clinical and therapeutic trials for life-threatening diseasessuch as
cancer. However, further studies are required to explicate detail medicinal values of fruits of Solanum sisymbriifolium for
possible therapeutic utilization.
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10. Supplement

Table 1: DPPH free radical scavengingactivity ofethanoland petether extracts of unripe andripe fruits of Solanum
sisymbriifolium

NAMEOF SAMPLE ICs0 LoglCso
Ascorbic acid 1.13ug/ml 0.0540
Ethanolextract of Solanumsisymbriifolium 689.82ug/ml 2.84
unripe fruits
Ethanolextract of Solanumsisymbriifolium ripe 194.40pg/ml 2.29
fruits
Pet ether extract of Solanumsisymbriifolium 1411.23ug/ml 3.15
unripe fruits
Pet ether extract of Solanumsisymbriifolium 436pg/ml 2.64
ripe fruits

Table 2: LCso Values of ethanoland pet ether extracts of unripeandripe fruits of Solanum sisymbriifolium

NAMEOF SAMPLE LCso
Gallic Acid 4.40 pg/ml
Ethanolextract of Solanum sisymbriifolium 230.6559 pg/ml
unripe fruits
Ethanolextract of Solanum sisymbriifolium 456.1021 pg/ml
ripe fruits
Pet etherextract of Solanumsisymbriifolium 314.9227 pg/ml
unripe fruits
Pet etherextract of Solanumsisymbriifolium 1,017.6848 pg/ml
ripe fruits
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