











2007). Fruits of S. sisymbriifo-
lium taste like a mixture of tart cherry and tomato and are
used in the making of culinary applications, for example,
preserves, fruit tarts, chutneys, jams, sauces, salads, pies,
sorbets, and wine (Weaver 2009; Moehninsi et al. 2015).

In South America, this plant is also used as a traditional
remedy to treat ailments such as febrifuge, hypertension,
diarrhoea, respiratory and urinary tract infections, di erent
central nervous system disorders like epilepsy and depres-
sion (Hnatsczyn et al. 1974; Martinez-Crovetto 1981; Perez
and Anesini 1994; Ibarrola et al. 2000; Ferro et al. 2005;
Chauhan et al. 2011). Ethnomedicinally the plant has been
reported to be used as a diuretic and an antihypertensive
(Gonzkles Torres 1984). In some Brazilian communities and
Argentina, owers, fruits, and roots of the plant are used
to treat pain, asthma, and in ammation and as an analge-
sic, diuretic, contraceptive, anti-syphilitic and hepatopro-
tective remedy (Siddiqi et al. 1990; Filipov 1994; Simies
et al. 1999; Ferro et al. 2005; Uddin et al. 2008). In India,
the fruits and owers of the plant are used in corticosteroid
and oral contraceptive synthesis and as an analgesic (Ferro
et al. 2005).

Phytonutrient and mineral content

Compounds such as Ascorbic acid, carotenoids, and phe-
nolic compounds, act as antioxidants, are known for their
nutritional properties, and thus help maintain good health
if consumed. These compounds if sourced from plants, are
considered phytonutrients. Phytonutrient content of S. sis-
ymbriifolium berries was determined by Moehninsi et al.
(2015), using HPLC and microplate methods to gather infor-
mation on the nutritional value of the fruits.

The total phenolic content (6.8 to 10.4 mg gallic acid
equivalents/g dry weight) of the fruits was evaluated using
Folin Ciocalteu method and found to be similar to that of
Magic Molly, a high-phenylpropanoid purple potato, and
higher than in tomatoes (2.0 6.0 mg/g dry weight) or toma-
tillos (~ 1.0 mg/g fresh weight) (Luthria et al. 2006; Toor
et al. 2006; Navarre et al. 2011). Based on antioxidant activ-
ity measured by DPPH (2,2-diphenyl-1-picrylhydrazyl) and
FRAP (Ferric Reducing Antioxidant Power) assays, the ber-
ries are found to be good sources of antioxidants compared
to fruits and vegetables like melons, pomegranate, tomatoes,
artichoke, asparagus, broccoli, zucchini, and peppers. Lowry
method was used to count total soluble protein concentration
(86.9 to 120.9 mg/g), which is much higher than reported
amounts of soluble proteins in di erent varieties of toma-
toes (2.0 to 15.6 mg/g), and similar to tomatillo (110 mg/g)
and eggplants (122 mg/g) (Bock et al. 1995; Lawande and
Chavan 1998; Matsuda and Kubota 2010).

They have also quanti ed fourteen individual com-
pounds by HPLC, which included ascorbic acid, four

phenolic acids, three flavonoids, three carotenoids,
and three aromatic amino acids. Ascorbic acid con-
tent (43.9 95.9 mg/100 g fresh weight) was found to be
higher than ascorbic acid in ripened tomatoes (12.2 to
21 mg/100 g fresh weight) (Di Matteo et al. 2010). Among
the phenolic compounds analysed, chlorogenic acid was
found in the greatest amount (185.6 to 438.5 mg/100 g
dry weight) and by comparison, S. sisymbriifolium ber-
ries have considerable amounts of chlorogenic acid than
onion, garlic, pumpkin, summer squash, okra, tomato
(30 64 mg/100 g dry weight), apples (10 20 mg/100 g
dry weight), potatoes (50 140 mg/100 g dry weight),
eggplant (490 mg/100 g dry weight) and blueberries
(330 1300 mg/100 g dry weight) (Cli ord 2000; De Maria
etal. 1999; Pontes et al. 2002). Rutin (1.7 11.7 mg/100 g
dry weight) and kaempferol (1.0 4.4 mg/100 g dry weight)
were the two most abundantly present avonols, and small
amounts (0.21 0.91 mg/100 g) of pelargonidin, an antho-
cyanin was also found. -carotene, a provitamin A, was
the most abundantly found carotenoid (20.3 mg/100 g to
63.2 mg/100 g dry weight), with lutein (0.3 1.1 mg/100 g
dry weight) and zeaxanthin (0.028 0.183 mg/100 g dry
weight) being some of the lower concentration carot-
enoids. Compared to some commonly consumed fruits
and vegetables such as tomatoes (0.3 6 mg/100 g fresh
weight), tomatillos (21 mg/100 g fresh weight), and cher-
ries (0.06 mg/100 g dry weight), the -carotene content of
S. sisymbriifolium berries was found higher, but it was less
than in carrots (103 mg/100 g dry weight) (Ben-Amotz and
Fishler 1998; Elizalde-Gonzalez and Hernandez-Ogarcia
2007). Tryptophan, tyrosine, and phenylalanine are critical
amino acids that act as precursors to di erent hormones,
and their content ranged from 2.8 to 28.2 mg/100 g,
108.7 279.7 mg/100 g, and 22.5 50.2 mg/100 g for the
respective amino acids in S. sisymbriifolium fruits, which
was found to be higher than the tryptophan, tyrosine, phe-
nylalanine content in tomatoes.

Mineral content, including magnesium (Mg), phos-
phorus (P), sodium (Na), iron (Fe), potassium (K), and
calcium (Ca) of unripe and ripe fruits of S. sisymbriifo-
lium was investigated by Momen et al. (2021). Both unripe
and ripe fruits are rich in magnesium with concentrations
of 23.55—3.03 and 31.40—2.28 mg/100 g respectively.
Except for calcium, which was found in lower amouunt
in ripe fruits (06.73—2.03 mg/100 g) than unripe fruits
(08.91—0.78 mg/100 g), other minerals were found in
higher concentrations in ripe fruits. The concentrations
of phosphorus, sodium, iron, and potassium in unripe
and ripe fruits are 11.80—1.07 (P), 0.61—0.34 (Na),
0.13—0.002 (Fe), 10.38—0.64 (K) and 17.54—0.60 (P),
1.57—0.07 (Na), 0.24—0.005 (Fe), 15.61—1.52 mg/100 g
(K) respectively.




2). Species
of Solanum are known for synthesising steroidal alkaloids
and spirostane derivatives (Bagalwa et al. 2010). Consid-
ering that several other secondary metabolites of di erent
classes have also been reported to be found in S. sisymbrii-
folium, which include glycoalkaloids, sterols, steroid glyco-
sides, steroidal saponins, pyrrolidine alkaloids, and lignans
(Fig. 3a 1) (More 2017). These metabolites are the reason
behind the reported biological activities of di erent parts
of the plant (Table 2) and can explain the earlier mentioned
ethnomedicinal uses of the plant.

Solasodine, a glycoalkaloid, has been isolated from the
fruits and leaves of this plant (Mazumdar 1984; Chand et al.
1995; Weissenberg 2001). It is a spiroketal alkaloid sapo-
genin with a heterocyclic nitrogen atom (Fig. 3a). Solasodine
can be easily converted to 16-dehydropregnenolone, a key
intermediate in the synthesis of steroidal hormones such
as progesterone and cortisone (Pawar et al. 2008). It also
enhances plant defence against pests and diseases. Alkaloids
with similarities to solasodine are found in the roots and
leaves (Niero et al. 2006), of which solanine and solasonine
are toxic, and solamargine and -solamarine have shown
molluscicidal activity. In a study, for the acetylcholinesterase
inhibition activity of the S. sisymbriifolium leaf extract, a
unique glycoalkaloid, malonyl solanandaine was identi ed
(Popova et al. 2023).

Compounds that are also previously reported to be found
in the roots of S. sisymbriifolium include cuscohygrine, sol-
acaproine, isonuatigenin-3-0O-b-solatriose, and nuatigenin-
3-0- -chacotriose or nuatigenosido (Ferro et al. 2002, 2005;
Ibarrola et al. 2006 2011; Apu et al. 2013). A neolignan
sisymbrifolin, -sitosterol, and a rare C30 sterol carpesterol
are reported in the berries (Chakravarty et al. 1996). In addi-
tion, steroid glycosides or withanolide compounds cilistol
A, cilistadiol, and cilistepoxide are reported to be found in
the leaves and stem of the plant (Niero et al. 2006), of which
cilistol A and cilistadiol show leishmanicidal activity (Filho
et al. 2013). Choline, cuscohygrine, solacapro ne, solanine,
and solasodine can also be found in di erent parts of the
plant (Gupta 1995; Alonso 2004).

Pharmacological activities

Novel information about plant pharmacological activi-
ties greatly aids in future drug development. A series
of pharmacological studies have been carried out on S.
sisymbriifolium, which verify and validate the traditional
medicinal applications of this plant (Table 3). Various
parts of this plant were scienti cally evaluated, which have

demonstrated pharmacological properties including anti-
oxidant, antimicrobial, antiviral, antifungal, nematicidal,
antileishmanial, analgesic, antidiarrhoeal, neuropharmaco-
logical, and cytotoxic activities (Vaghela et al. 2009; Apu
et al. 2013; Filho et al. 2013; Gupta et al. 2014; Pestana
et al. 2014; Figueiredo et al. 2021). Furthermore, some
studies have also highlighted a number of compounds from
the plant that possess hypotensive activity, cardiovascular
e ect, and anticonvulsant activity (Ibarrola et al. 1996,
2000, 2006 2022; Chauhan et al. 2011). The plant has
also been reported to possess molluscicidal, piscicidal,
and insecticidal activity (Silva et al. 2005; Bagalwa et al.
2010). In a study, S. sisymbriifolium alone has showed its
nematicidal activity by reducing the number of Globodera
pallida encysted eggs by up to 67%, compared to non-
treated control (Chhetri et al. 2022).

Tissue culture mediated in vitro propagation

High-frequency plant regeneration of S. sisymbriifolium
in in vitro conditions was experimented by Deb et al.
(2019), for the production of a large number of seedlings,
which could be used as resistant rootstocks, against wilt
disease, for tomato and eggplant cultivation. Seeds of S.
sisymbriifolium were treated with various concentrations
of Gibberellic acid (GA;) to break dormancy. The opti-
mum germination rate (76.67%) was observed in seeds
treated with 750 or 1000 mg/L GA;. Sterilised seeds
were subjected to germination in % strength MS media
(Murashige and Skoog 1962), with 3% sucrose. Callus
cultures were initiated with cotyledon and hypocotyl
explants, collected from 14 days old in vitro germinated
seedlings in MS media supplemented with di erent con-
centrations of 6-Benzylaminopurine (BA), -Naphthalene
acetic acid (NAA), and 2,4-Dichlorophenoxy acetic acid
(2,4-D). Best callus initiation responses for cotyledon
(100%) and hypocotyl (93.33%) explants were observed
in MS+ 0.5 mg/L NAA+1 mg/L BA and MS+ 0.5 mg/L
NAA +1 mg/L BA combinations respectively. After an
incubation period of 2 weeks, suitably sized callus tissues
were transferred to shoot induction media. The combina-
tion of MS + 0.2 mg/L NAA + 3.0 mg/L BA showed the
highest shoot regeneration from both cotyledon (73.33%)
and hypocotyl (66.67%) calli. Highest rooting response
(86.67%) was observed in MS +0.1 mg/L NAA medium.
Plantlets with well-developed root systems were acclima-
tised and 35 days old established plants of S. sisymbrii-
folium were then used as rootstocks for tomato (Solanum
lycopersicum cv BARI hybrid 4) grafting. The rootstocks
showed good compatibility in grafting experiments and
wilt disease was not detected in grafted plants until fruit
maturity.
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