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INTRODUCTION

Within the genus Solanum (Solanaceae family) over 2,000 species
exist which are distributed throughout the world and includes foods
such as tomatoes, potatoes, and aubergines (1,2). The family member,
Solanum nigrum (S. nigrum) the European blackberry nightshade or
black nightshade is native originally to Eurasia and was later
established in the Americas, Africa and Australasia. Whereas the
cooked leaves and ripe berries of edible strains are frequently used as
ingredients in foods, traditional medicine and as food supplements the
plant is sometimes confused with the toxic deadly nightshade (Atropa
belladonna) a member of another Solanaceae genus. The entire plant
of S. nigrum has beneficial detoxification effects of detoxification and
has been commonly used for thousands of years (3). Recently, research
has identified that the plant is rich in in steroidal alkaloids and saponins
as well as organic acids, flavonoids, polysaccharides, and other
compounds of interest which have been demonstrated to deliver
numerous health benefits including likely immunomodulatory,
antitumor, anti-inflammatory, antioxidative, neuroprotective and
hepatoprotective effects.

As aresult of the increased interest in S. nigrum and its demonstrable
pharmacological effects, this systematic summary reviews its
phytochemistry, widespread use as a food in many countries around
the world, extensive uses in traditional medicines, its pharmacological
activity, and application as a food supplement and safety based upon
sources of databases of the scientific literature.

Botanical Description and Taxonomy

S. nigrum is an annual herb. It is erect, 25-100 cm high, with bifurcated
branches and ovate/oblong/lanceolate, sinuate or toothless leaves of a
colour that is dull to dark green. It produces 3-8 white flowers and
small ripe berries that are typically reddish brown or black brown
around 10 mm in diameter (4,5). It has numerous other descriptive
names based upon the characteristics of its leaves, flowers and fruits
that differentiate it from deadly nightshade(6,7).

Culinary usage

Since early times S. nigrum has been extensively used as a food, with
records showing the berries eaten during famines in the 15th-century in
China (8). Although the boiled leaves have a slightly bitter and strong
flavor, they are used like spinach in quiches and pies in certain
European countries, whilst the black ripe berries taste both salty and
sweet, somewhat like melon or liquorice (9). Since ancient times, both
the cooked young leaves and berries have been consumed on every
continent (10, 11) with remains of seeds excavated in York in Viking
layers (12) as well as other similar sites in Germany, Denmark, Russia,
Sweden and Ireland. These excavated seeds like those still used
nowadays highlight their widespread use throughout different areas
and cultures dating back to the migration from Africa of early humans
during in mid-Pleistocene (13)

The UK Medicines and Healthcare Regulatory Authority recognizes
that the fresh fruit and berries are reported to have culinary use (14).
EFSA/EU menu guidance appendix 5.2.2 suggests a maximum daily
intake of 500g of black nightshade (AOONL) with a maximum of 300g
at a single eating event (15). In Turkey and Greece, the leaves are
known as istifino, whilst in Crete they are called stifno. They are an
ingredient in a salad dish of boiled greens called horta (16,17).

Cultivated species are grown in Africa, where the leaves are used as
vegetables which are high in Vitamin C, flavonoids, folate and
antioxidants (18-20) and to make them less bitter often cooked in milk.
A delicacy in Kenya, it is either blanched or boiled and then sauteed
and salted and eaten with the corn meal dish Ugali (21). It is also
popular as a vegetable in Tanzania where it is cooked in a similar way

(22). The ripe berries are eaten in Ethiopia, especially during famines,
whilst the leaves are cooked in salty water as a vegetable (23). Because
the plant matures before maize harvesting can begin, it is often used as
a source of food until other crops become available (24) In Ghana,
leaves are used in preparing stews and soups (25). The very ripe fruit is
prepared as a purple runny jam in South Africa (26).

In Indonesia, the fruit is cooked as a fried dish with oncom or as part of
atraditional salad known as lalapan, where the young leaves and fruits
are eaten raw (27). The small white flowers, young shoots, berries and
leaves are reported to have been eaten historically in Hawaii, where the
leaves would be cooked with other greens (28, 29).

In the Chinese treatise Jinhuang Bencao of the the 13" century, S.
nigrum leaves and berries are reported to be used both as a food and
medicine (30). Today in southern China the leaves are still consumed
as a food. In Asia, especially on the subcontinent of Indian the leaves
are used as a vegetable (31,32), for its fruits (33) and in medicine (34).
In the South of India, the berries and leaves are commonly cooked and
eaten with onion, tamarind and cumin seeds (35, 36). In Kerala, Tamil
Nadu South Pradesh and Karnataka the fruits are eaten both fresh and
dried.

Traditional Medicinal Uses

As a result of its wide range of pharmacological effects S. nigrum has
been extensively employed as traditional medicine throughout the
world.

The first known record of'its use as a medicine appears in the texts from
the Yao Xing Lun Tang Dynasty in China (37). Here, the plant has
numerous names in various locailities, such as “Yehaijiao”, “Yelahu”,
“Heitiantian”, “Heixingxing”, “Kucai”, “Kukui”, “Yesanzi” and
“Heidoudou” (38). It is considered to be of cold property, and is
designated to be of use in the kidney and lung meridians. In traditional
Chinese medicine (TCM) as well as folk medicine, the effects of the
whole plant are described to have the whole plant, the effects are
described to have benefits that clear away heat, disperse stasis of the
blood, detoxify the body, as well as in the treatment of eczema, canker
sores, prostate issues, bacterial dysentery, urinary tract infections, and
chronic bronchitis (39).

In Oriental medicine S. nigrum is extensively used for its anti-
inflammatory, antitumorigenic, hepatoprotective, antipyretic and
diuretic effects effects (40). Infusions are used in traditional medicine in
India to treat stomach conditions, fevers and dysentery (41) and the juice
in skin diseases and on ulcers. The fruits are employed as a laxative,
appetite stimulant, tonic, and to relieve asthma (42). In the North of
India, boiled extracts of berries and leaves are also used to treat liver-
related conditions such as jaundice. Juice extracted from the roots is
utilised to treat whooping cough and asthma (43). However, typically in
the Ayurvedic system it is the berries and leaves and berries that are used
therapeutically (44). For example, in the winter in Tamil Nadu, the leaves
are used to treat mouth ulcers (45). The leaves are also used to relieve
toothache (46), whilst the juice from the berries has been used to treat
liver and eye diseases as well as dysentery (47). Fruits have been found of
benefit in skin diseases and inflammation (48).

The plant has similarly been historically used to treat many complains
and diseases in many other areas of the ancient world (49-51). In Europe
its uses are recorded in numerous national Pharmacopoeias (52). S.
nigrum appears to be the most commonly utilised European species of
Solanum and Dunal (53) reports use dating back to Dioscorides,
Theophrastus and Hippocrates. Commonly, its anti-inflammatory,
antiseptic, diuretic and expectorant properties are cited as well as being
used to treat stomach problems and eye conditions (54).
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In order to distinguish black nightshade from poisonous species,
deadly nightshade-known as “great morel”- S. nigrum was called
“petit (small) morel”. In his herbal, Culpepper notes: 'Do not mistake
the deadly nightshade for this,' cautiously adding, 'if you know it not,
you may then let them both alone.' In the 14th century, the plant also
known as Petty Morel was used to treat cankers and taken with wine for
dropsy (55). In the first English herbal John Gerard (56) extensively
discussed the use of what he described as the Garden Nightshade
(“Solanum Hortense” = S. nigrum). However, by the middle of the 15"
century, as a result of black nightshade becoming commonly confused
with the toxic deadly nightshade (4tropa belladonna) a reputation for
all nightshades' as being poisonous was developing which has resulted
in its use being limited in succeeding centuries throughout Europe.
This despite its widespread use in local cultures throughout the region.

In Africa medicinal uses of S. nigrum include treatment of diarrhoea
and as an antiseptic for the skin and eyes as well as a tonic for general
good health (57,58). The seeds which are a source of fatty acids are also
utilised in certain areas (59). In Libya, it has a reputation as a folk
medicine, where the berries are used as an emetic, antispasmodic and
diuretic as well as to relieve fever, diarrhoea, and eye conditions (60).
The leaves are employed externally to relieve itching and treat
wounds. In Yemen, it is used as an expectorant and to staunch bleeding
and relieve diarrhoea (61,620 The juice of the roots is used to treat
whooping cough and asthma in Assam (63). In Jordan, the fruit is
employed as an antirheumatic and antispasmodic (64). The juice is
used as a laxative by locals in Hawaii and the boiled young leaves used
to coughs and relieve sore throats (65).

Phytochemical Constituents

To date, over 180 phytochemical compounds have been identified in
different parts of S. migrum. These include alkaloids, steroidal
molecules, flavonoids, organic acids, glycosides of phenylpropanoids
along with other groups of compounds such as polysaccharides (66).
Steroidal alkaloids and steroidal saponins are considered to be the
main bioactive compounds with extensive pharmacological activity
such as anti-inflammatory, antitumour, antiviral and hepatoprotective
effects. The polysaccharide components are thought to be responsible
for the plant's activity as an immunomodulator.

Steroidal Saponins

To date, 76 compounds in this class of secondary metabolites have
been isolated and characterised and found to be responsible for a
number of pharmacological activities (67).

Alkaloids

Although other types of alkaloids have been identified, the main
alkaloids present in S. nigrum consist of steroidal alkaloids such as
solanine, which are present as glycosides in the leaves, fruits, roots and
stems (68). The immature fruit has concentration of these compounds
reaching levels as high as 4.2% content. However, as the plant grows
the content gradually decreases. Respectively, solasonine and
solamargine make up to 0.2% and 0.25% and after alkaline hydrolysis
the glycoside of both compounds is solasodine (69). Solamargine has
been identified to have inhibitory activity against cancers of the cervix,
liver, lung, larynx, oesophagus, as well as cholangiocarcinoma cancer
(70-72).

As the leaf grows, the total amount of alkaloid in it increases, but the
concentration becomes diminised. The small green fruit contains high
levels of solasodine, and as with the leaf, as it matures, the absolute
amount and concentration of solasodine in each fruit decreases (73).
Throughout most of the plant, the glycoalkaloid, solanine is present as
a phytoalexin making up some 95% of'its' total alkaloid content. When
raw, the fruit has the highest level of solanine, but as the plant matures,
the concentration eventually becomes lower (74-76).

Phenylpropanoids
These include phenylpropionic acids and their esters, coumarin, and
lignans, which have been identified in the whole plant (77).

Flavonoids

Flavonoids have various effects which are typically anti-inflammatory
and antioxidant. (78). The latter activity is closely aligned to the
flavonoid content of the plant.

Phenolics
Gallic acid, caffeic acid, quercetin, catechins, rutin, protocatechuic
acid (PCA), epicatechins and naringenin and flavonoids act primarily

as antioxidants scavenging free radicals. Total flavonoid and phenolic
concentrations were respectively estimated to be 2262.81 mg/g
quercetin equivalents and 3222.66 mg/g gallic acid equivalents (79-
81).

Benzoic Acids

These include 2, 4-dihydroxybenzoic acid, vanillic acid,
protocatechuic acid, 4-hydroxybenzoic acid, 2,5-dihydroxybenzoic
acid and salicylic (82,83) which have antioxidant, anti-inflammatory,
antiviral and antibacterial activities.

Polysaccharides

At present, 12 different types of polysaccharides have been identified,
that are reported to have immunomodulatory, antitumor, and
hepatoprotective effects (84,85).

Other Compounds

These include citric acid, ursolic acid, malic acid, tartaric acid and
acetic acid as well as mineral such as Ca, K, Mg, Na, Fe, Zn and Mn.
The root and fruit also contain vitamin C with the highest
concentration in the latter (86) and as well as containing lipids, the
seeds also have a moderate amount of protein.

Pharmacological Activities

Various types of extraction techniques have isolated numerous
bioactive compounds with extensive pharmacological activity
including hepatoprotective, anti-inflammatory, antitumor,
immunomodulatory, antioxidant, antimicrobial, antiviral and
antihypertensive effects (87-89).

Hepatoprotective Activity

Quantitative and qualitative histopathological investigations
identified S. nigrum water extract (SNWE) administered to rats for six
weeks at dosages of 0.2, 0.5, and 1.0 g/kg in CCl4- induced chronic
hepatotoxicity, reversed organ and body weight loss and fatty
degeneration. Furthermore, the extracts also lowered serum liver
enzyme marker levels (GPT, GOT, bilirubin and ALP), hydroxyl and
superoxide radicals and restored SOD and GSH the normal especially
at the two higher doses (90). When rats with liver damage induced by
AAF were supplemented with 1% and 2% SNWE, the liver/body
weight ratios were respectively 3.1- and 2.9-fold of those of a control
group. Decreased levels of the serum biomarkers APF, GOT GPT, and
y-GT were observed as well as an induced the expression and
activation of GST-p and GST-a, which metabolise a wide range of
carcinogens and xenobiotics. In addition, the extract regulated levels
of Nrf2 as well as downstream antioxidant enzymes including catalase,
SOD-1 and GPx (92). A different hydroalcoholic extract containing
250 mg/kg caused a significant change tissue antioxidant status in rats
with D-galactosamine-induced hepatic fibrosi and also demonstrated a
hepatoprotective effect on the liver (93). Polysaccharides extracts have
been shown to alleviate liver swelling, increase levels of CAT, GSH,
and SOD and reduced MDA concentrations (94).

The saponins (nigrumnins I and II) have also been demonstrated to
deliver hepatoprotective effects against CCl,-induced liver damage
(95,96). Protection of DNA against oxidative damage suggests that
these hepatoprotective effects might also be the result of the extract's
effectiveness in suppressing any oxidative degradation of DNA in
tissue debris (97). Other researchers report elevated activity of uridine
diphosphate aminopyrine N-demethylase, glucuronyltransferase, and
glutathione S-transferase, without any changes in serum levels of
aspartate aminotransferase, gamma-glutamyltransferase and alkaline
phosphatase (98). S. nigrum has been identified to be a potent
scavenger of DPPH and hydroxyl radicals (99). In vitro cytoprotective
assays of extracts show significant inhibition of cytotoxicity, along
with hydroxyl radical scavenging activity (100). Similarly, gastric
mucosal cytoprotection has been identified against aspirin-induced
gastriculcers (101)

Antitumor Activity

Crude Extract

Various solvent extracts deliver significant inhibition in the growth of'a
number of cancer cell lines including those of the breast, kidney,
oesophagus, liver, stomach, colon and lung (102). SNWE at
concentrations of 1% and 2% significantly respectively reduced
carcinogenesis to 40% and 20% as well as delivering an increased
survival rate of 90% and 100% in rats with hepatoma induced by
AAF/NaNO2 (103).In the human breast cancer cell line (MCF-7), the
same extract at a concentration of 10 g/L also produced 43%
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cytotoxicity and inhibited cell migration (104). In-vitro antitumor
activity has been also reported with other different solvent extracts
(water, chloroform, n-Butanol and ethanol) across a broad spectrum of
cancers (105,106).

Isolated Compounds

a-solanine has displayed multiple antitumor effects (107) and it has
been established that solamargine can induce autophagy and
apoptosis in cancer of the liver (108). In renal cancer degalactotigonin
inhibits invasion, proliferation, tumorigenicity and migration of cells
(109). In vitro work suggests Solanine can inhibit pancreatic and breast
cancer cell proliferation by inducing autophagy and apoptosis and
inhibiting metastasis (110).

Immunomodulatory Activity

In macrophages, S. nigrum polysaccharides displayed significant
immunoregulatory activity by inducing NO release and enhancing IL-
6 and TNF-a cytokine secretion of cytokines and improving
expression of TLR4 (111). One study identified that glycoalkaloid
compounds such as quercetin, apigenin and kaempferol interact with
SARS-CoV-2 protease (112) suggesting these immunostimulant
effects might help in the regulation of Covid-19 (113).

Anti-Inflammatory Activity

A chloroform lower case extract demonstrated an 80% inhibition of the
production of iNOS and NO stimulated by LPS (114). Other
experiments of hydroalcoholic extracts in subacute and acute rat
models showed more deposition of collagen fibres and less in
macrophages as well as protective actions in the stomach, liver and
kidney (115).

Antibacterial and Larvicidal Activity
Different extracts of different parts of the plant have exhibited
antifungal activities against five fungal strains (116,117).

Antioxidant Activity

In vitro and studies have focussed on the antioxidant activity of S.
nigrum extracts (118). In cultures of primary rat astroglial cells an
extract of the leaf decreased intracellular ROS levels and increased
GSH suggesting that it could restore the oxidative status (119). In a
hydroxyl radical scavenging assay, an alcoholic extract demonstrated
significant DPPH scavenging activity (120).

Neuroprotective Activity

An oscopolamine-induced cognitive impairment model was used to
evaluate the effect of a S. nigrum extract inrats and showed significant
restoration of impaired memory function as well as a decrease in the
MDA content, AChE activity, and additionally the BChE activity and
GSH content of the brain was increased (121).

Anti-cholesterol Activity

It has been reported that polyphenols present in S. nigrum might have
anti-obesogenic effects, and promote decreases in serum triglycerides,
hepatic lipolysis, low-density lipoprotein (LDL)-cholesterol and total
cholesterol and inhibit lipogenesis (122). Additionally, in
hyperlipidaemic rats, oral administration of an extract reversed the
increases of serum levels of total cholesterol, LDL cholesterol,
triglycerides and the reduction of HDL cholesterol (123).

Cardioprotective activity

Results from a model using global in vitro ischemia-reperfusion injury
where an alcoholic extract of S. nigrum was administered for 6 days a
week over 30 days suggest significant cardioprotective effects (124).

Clinical Effectiveness in Humans

Given its widespread use of S. nigrum around the world as a traditional
medicine, not surprisingly it has attracted researchers interest in
clinical investigations (125).

Hepatoprotection

S. nigrum efficacy in the treatment of liver cancer was assessed in a
prospective open label, randomized study carried out between 2012 to
2015. Eighty-two liver cancer patients were allocated to either a
control or observation group. Those in the former group received
sorafenib, whilst S. nigrum tablets were used to treat the observation
group. The rates of complete remission and total effectiveness in those
receiving S. nigrum observation group were 14.63% and 43.90%
whilst in the control group these outcomes were reported as 2.44% and

14.63% respectively. At 3, and 12 months significantly higher numbers
of patients in the S. nigrum group were recorded with liver function
recovery than in the control group. Upon completion of treatment,
levels of TNF-a, IL-1, IL-6 were significantly lower in those treated
with S. nigrum. Similarly, those in the observation group experienced
significantly higher one and two year survival rates than their
counterparts in the control group (126). A further study identified S.
nigrum treatment in advanced primary liver cancer patients effectively
improved clinical symptoms, immune and liver function as well as
their quality of life (127).

Antidiabetic Effects

An aqueous extract of was assessed for hypolipidemic and
hypoglycaemic effects in hyperlipidaemic and diabetic male patients
aged 35-60 over 90 days. Levels of HbAlc, LDL- cholesterol, total
cholesterol and triglycerides, were reduced respectively by 19%, 10%,
8%, and 17% at the end of treatment (128)

Gastric Ulcer

In a placebo-controlled investigation, 200mg of S.nigrum extract in
the treatment of gastric ulcers over 7 days significantly reduced the
ulcer index (129). A subsequent higher daily dose of 4 g/kg of extract
resulted in no detectable changes in counts of red or white blood cells,
haemoglobin, haematocrit or mean corpuscular volume.

Use as a food supplement

Solanum nigrum whole plant has two on-hold claims in the EFSA
Article 13.1 claims-claim 4127 (Supports the health of the kidneys and
urinary function) and 4128 (Supports the immune system and has an
anti-inflammatory effect) (130)

However, the most widely purchased supplement containing Solanum
nigrum is the preparation Liv 52 which is registered as a nutritional
supplement in those European countries where this process is
mandatory-Latvia, Slovakia, Romania, Italy, Bosnia, Portugal,
Bulgaria, Serbia, Spain, as well as in Canada where the product is a
Licensed Natural Health Product in Canada (NPN 80042427)

Liv.52

The first introduction of Liv. 52 was by The Himalaya Drug Company
in 1955. It is used as a liver tonic in India as a treatment for conditions
such alcoholic liver disease-ALD (130) and contains herbal
ingredients including Solanum nigrum (Kakamachi), Capparis
spinosa (Himsara), Mandur bhasma, Terminalia arjuna (Arjuna),
Cichorium intybus (Kasani), Achillea millefolium (Biranjasipha),
Cassia occidentalis (Kasamarda), and Tamarix gallica (Jhavaka) that
have been demonstrated to deliver hepatoprotective effects in
hepatotoxicity which has been induced chemically (131). The
preparation is commonly used in the treatment or prevention liver
conditions such as ALD, pre and early liver cirrhosis, viral hepatitis,
loss of appetite, anorexia and radiation induced liver damage (132). As
well, it used alongside medications with known hepatotoxicity such as
chemotherapeutic agents, anti-tubercular drugs and antiretrovirals
(133). The recommended dosage is 23 tablets taken twice a day and
that of syrup is 10-15ml two or three times a day (134). The
formulation is based on Ayurvedic principles (135) around
hepatoprotection:

Cichorium intybus and Capparis spinosa contain p-methoxybenzoic
acid and esculetin which in animal models has been shown to have
effects that are hepatoprotective effects and antioxidant (136,137).
Arjuna contains flavonoids and arjunolic acid which elevate levels of
glutathione levels, while Solanum has been demonstrated to
significantly protect hepatocytes from free radical induced DNA
damage (138,139). Achillea millefolium and Cassia occidentalis also
have hepatoprotective and antioxidative effects (140,141).

Preclinical Studies of Liv.52

Alcoholic liver disease

Liv 52 prevented increases in gamma-glutamyl transpeptidase (GGT)
typically induced by ethanol in rats (142). It also decreased liver lipid
peroxidation. Following consumption of alcohol, the levels of
antioxidant enzymes such as glutathione, glutathione peroxidase and
superoxide dismutase enzyme levels are known to reduce, however
Liv 52 has been shown to have a protective action on their activity
(143). In HepG2 cells, Liv.52 both suppressed any alcohol-induced
increased levels of tumor necrosis factor-alpha (TNFa) induced by
alcohol and upregulated expression of peroxisome proliferator
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activator receptor gamma (PPAR) indicating hepatoprotective effects
(144). In hepatic organelles Liv.52 has be shown to reduce hepatic
damage by significantly inhibiting the accumulation of acetaldehyde
(145). In a related study of chronic administration of alcohol, Liv.52
normalized the elevated levels of blood acetaldehyde and ethanol in a
dose-related way (146). Liv.52 is reported to reduce the deleterious
effects of ethanol administered to pregnant rats and reduce the levels of
acetaldehyde present in amniotic fluid (147).

Clinical Studies of Liv.52

Alcohol Absorption

Here, 8 social drinkers consumed 30 mL whisky in 5 minutes. The half-
life absorption time of alcohol was significantly less-3.62 minutes-in
those consuming one dose of Liv 52 tablets compared to placebo-6.29
minutes. The maximum concentration of alcohol was also significantly
increased in those taking Liv.52 compared to placebo (49.9 mg/100 mL
versus 40.5 mg/100 mL), however it was noted that those in the former
group had significantly reduced levels of acetaldehyde at 3 and 4 hours.
In the Liv52 group excretion of aldehyde in the urine was increased by
a factor of four. Hence, it is suggested Liv.52 minimises the formation
of liver acetaldehyde protein adducts and lowers levels of
acetaldehyde in the blood of social drinkers of alcohol thereby
explaining some ofits effects as a hepatoprotective (148,149).

Alcoholic Liver Disease

A retrospective observational, in-patient, study in a tertiary care
teaching hospital setting in India of hepatoprotective drug prescribing
in ALD, reported that Liv.52 was the most commonly used medication
(40% of prescriptions) (150).

A 6 month prospective open-label study in 50 patients diagnosed with
early onset alcoholic cirrhosis taking one Liv.52 tablet twice daily
showed a highly significant reduction in symptoms of tiredness, easy
fatigability, aesthenia, anorexia, nausea, abdominal pain and
discomfort, muscle cramps and abdominal pain as early as the first
month. Similarly, at the end of the study, scores of physical signs were
reduced significantly, these included-jaundice, muscle wasting,
anaemia, hepatomegaly, ascites, and oedema as well as improvements
in parameters of liver function ( ALP, AST, ALT, total bilirubin,
prothrombin time and albumin) (151). These observations have been
corroborated in a study of treatment of patients with liver damage
taking Liv.52 tablets for a year without side effects (152).

In a prospective, randomised, phase 3 study of twenty five patients
with alcoholic hepatitis confirmed by ultrasound, improvements for
echogenicity and clearance of ascites were observed following the
eight week treatment period of two Liv.52 taken twice daily.
Significant improvements in liver function test scores were also
observed at the end of the study (153)

Alcoholic Hepatitis

An eight week study of Liv.52 in 50 patients with alcoholic hepatitis
demonstrated treatment reduced lipid peroxidation and increased the
antioxidant levels of hepatic intracellular and cellular membranes,
thereby likely reducing free radical damage in the liver as well as
increasing Vitamin C and E levels suggesting liver cells may be also be
regenerating after treatment. (154).

Meta-analysis and systematic review

Three reviews of Liv 52 are reported in the peer reviewed literature.
The first meta-analysis examined a total of fifty studies carried out over
aperiod of thirty years with a mean duration of 6.62 months (155). Of
these, there were three placebo-controlled, double-blind studies,
twenty-one placebo-controlled studies, twenty-two non-comparative
and four case studies. Of the population of 4490 patients, 233 were
children. Cumulative analysis of data identified a significant reduction
in mean levels of SGOT, SB, AP, PT and SGPT, and mean time
necessary for required for total recovery using clinical, symptomatic,
and biochemical assessments. In all studies, when compared to the pre-
treatment values SG and SA were also significantly increased. No
significant adverse events were reported in any trials and medication
compliance was considered to be excellent. Hence, this meta-analysis
concluded that “Liv.52 tablets and syrup are effective and safe in the
management of hepatitis”.

A more recent systematic review assessed more than 35 studies
investigating the clinical effectiveness of Liv.52 in a number of chronic
liver diseases (156). Its hepatoprotective effects was evaluated using

both clinical symptoms together with parameters of liver function in:
viral hepatitis (nine studies), tuberculosis (six studies), non-alcoholic
fatty liver disease (six studies), alcoholic liver disease (five studies),
liver cirrhosis (three studies), and one study in each of the following
non-infectious chronic liver diseases, hepatomegaly syndrome and
liver function in pregnancy. Despite differences in the trials around
dose, duration, and product formulation, results suggested a positive
trend for Liv.52 treatment. Even though many studies were placebo-
controlled and randomized, the authors noted some were of a limited
sample size. However, in most an improvement in liver parameters
and clinical symptoms in various hepatic disorders were noted often
within four to twelve weeks, likely as a result of reduced inflammation
and oxidative stress in hepatocytes.

It concluded that overall, the systemic review indicates that in a
number of liver diseases, for example: non-alcoholic fatty liver
disease, liver dysfunction in pregnancy, drug-induced hepatotoxicity,
hepatitis and alcoholic liver disease, Liv.52 may deliver a beneficial
improvement in both symptoms as well as hepatic parameters. It also
demonstrates that Liv.52 has potential effects as a hepatoprotective
treatment and delivers significant improvement in function of the liver
and quality of life. It is well-tolerated, with no drug-related or serious
side effects identified in any of the studies.

A further systematic review of clinical and preclinical and clinical
studies identified that Liv.52 reduces inflammation, modulates the
lipotropic activity of hepatocytes, protects the parenchyma of the liver
by restoring hepatocyte antioxidant levels, and enhances acetaldehyde
and alcohol metabolism (157). It concluded these studies provide
evidence that Liv.52 delivers both improvements in test parameters of
hepatic function as well as delivering improvement in subjective
patient symptoms. It suggests Liv.52 is well tolerated with no reported
side effects.

Safety of LIV 52

Anunpublished communication (158) from Himalaya Drug Company
provides a detailed assessment of the safety of Liv 52 tablets and
concludes:-

Liv.52 tablets safety in relevance to glycoalkaloid (GA) content: Total
GA in Liv.52 tablets was calculated as equivalent to solasodine.
Repeated batches of Liv.52 tablets were analysed and the solasodine
content were in the range of below quantification limit (0.05 ppm) to
0.082 pg/tablet. Based on the maximum daily recommended human
dose (2 tablets twice daily) it corresponds to 0.328 pg of
glycoalkaloid/day which is 3048.78 times lesser than the accepted
daily intake-ADI- for GA. Based on the outcome it is explicit that the
concentration of GA is negligible and is very unlikely to cause any
adverse effects. This is in turn reaffirmed by the long-standing safety
(launched in the year 1955) of the product.

Inferences on the safety of Solanum nigrum in Liv.52 tablets

» Repeated dose 21-day oral toxicity studies in rats with Solanum
nigrum and glycoalkaloids was observed at 4000 mg/kg and 100
mg/kg respectively.

» Invivo genotoxicity study with Solanum nigrum extract indicated
thatitis non-mutagenic at 1000mg/kg.

* Repeated dose 270-day (Chronic) toxicity study as well as
developmental and reproductive toxicity studies performed with
Liv.52 (based on the dose conversion in terms of Solanum nigrum
equivalence) the margin of safety with respect to the maximum
daily recommended human dose (2 tablets twice daily) is higher by
14.66 t0 21.99 times, thereby indicating wide margin of safety.

»  Extensive preclinical safety studies with Liv.52 revealed that it is
safe and devoid of any adverse effects. A repeated dose 270-day
(Chronic) toxicity study as well as developmental and
reproductive toxicity studies performed with Liv.52 revealed
NOAEL of 3000 and 2000 mg/kg, which is above the limit test
dose of 1000 mg/kg as recommended by OECD guidelines.

» Dietary studies in human volunteers consuming 1 mg/kg of GA in
diet for 1 week reported no signs of toxicity.

Pharmacokinetic study performed in human volunteers with GA dose
0f0.95-1.10 mg/kg body weight revealed no adverse effects.

*  Maximum daily recommended human dose of Liv.52 (2 tablets
twice daily), solasodine content present in Liv.52 tablets
corresponds to 0.328 pg of glycoalkaloid/day which is 3048.78
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times lesser than the ADI for GA.

Based on the literature-based weight of evidence, extensive
toxicological screening, studies in human volunteers, proposed ADI
and GA content present in tablets, it could be concluded that Solanum
nigrum in Liv.52 tablets do not pose any safety concerns.

Toxicity of solanum nigrum

When administered to mice by continuous gavage, a dose of 21.5 g/kg
of S. nigrum juice over fourteen days resulted in no reports of death or
toxicity (159). The results of evaluations of genotoxicity and short-
term mutagenicity using the mouse sperm deformation, Ames and
micronucleus tests were all negative. A further study in mice of an
aqueous preparation of S. nigrum identified 494.4 g/kg as a maximum
dose. There are reports of healthy individuals consuming 30g to 60g
rarely experiencing side effects or toxicity (160).

A study examining the oral toxicity and anticonvulsant effect of S.
nigrum berries acutely, reported the oral median lethal dose of the
extract to be 3129 mg/kg body weight and allocated it to category 5 on
the basis of this result and hence considered safe (161). Other
researchers consider doses of 5 g/kg body weight to be safe (162).
When evaluating hepatic and haematological parameters oral S.
nigrum extract was found to be safe at a dose of 4 gm/kg over a period
of 21 days, however toxicity of the glycoalkaloid fraction was found at
adose 0f200 and 400 mg/kg (163).

Other investigators evaluated the genotoxic and acute toxic effects of
oral administration of an alcoholic extract in three groups of 5 mice at
doses of 300, 2000 and 5000 mg/kgBW over seven days and found no
lethal effects, even at the highest dose (164).

A further acute toxicity study performed to determine the safe dose as
per OECD guideline 425 with aqueous leaf extract of Solanum nigrum
indicated that the median lethal dose (LD50) was greater than 2000
mg/kg and no signs and symptoms of toxicity was noticed during the
14 days post-dose observation period (165). Acute toxicity study
performed as per OECD guideline 423 with hydroalcoholic whole
plant extract of Solanum nigrum showed no mortality and behavioural
changes during the 14 days observation period. The median lethal dose
(LD50) was greater than 2000 mg/kg (166). Acute oral toxicity studies
performed with whole plant powder of Solanum nigrum and
glycoalkaloids in mice indicated that the median lethal dose (LD50)
was greater than 5000 mg/kg and 2000 mg/kg, respectively (167).

Crude extract of Solanum nigrum was evaluated in a repeated dose oral
toxicity study in mice for 10 days at doses ranging from 250 — 2000
mg/kg. The observations indicated that it was safe as indicated by
increase in body weight and devoid of any overt signs and symptoms of
toxicity throughout the study period (168). In a 21 day repeated dose
oral toxicity study in rats Solanum nigrum (dose range - 1000 to 4000
mg/kg b.wt.) and glycoalkaloids (dose range - 100 to 400 mg/kg b.wt.),
it was observed that the hematological and clinical chemistry
parameters were within the normal range and the NOAEL for Solanum
nigrum and glycoalkaloids was observed at 4000 mg/kg and 100
mg/kgrespectively (167).

Based on the literature based weight of evidence outcome on oral
administration of Solanum nigrum in acute, repeated dose and in vivo
genotoxicity studies it is inferred that

¢ Median lethal dose (LD50)2000—5000 mg/kg
*  NOAEL4000 mg/kg/day
¢ Non-mutagenic at 1000 mg/kg

Safety of glycoalkaloids (GA) in Human Volunteers:

Dietary studies in human volunteers consuming 1 mg/kg of GA in diet
for 1 week reported no signs of toxicity (170). A pilot study on the
pharmacokinetics of potato glycoalkaloids was performed in human
volunteers in the form of a solution containing 0.20-0.70 mg/kg body
weight of GA or a portion of mashed potatoes containing 0.80-1.25
mg/kg body weight of GA. No adverse effects were reported after
administration of GA doses 0.95 and 1.10 mg/kg body weight (171).
Dose of 1 mg GA/kg body weight is considered to be the acceptable
daily intake (ADI) for an adult (172).

Suggested limits on consumption of solanine
Since potatoes can also contain high levels of solanine, the

concentration of this glycoalkaloid in this commonly consumed food
can act as a useful reference. In the US, typical average consumption of
potatoes is calculated at around 167 g/person/day (173). Although
levels of this glycoalkaloid vary in different varieties farmers try to
maintain solanine concentrations at no more than 0.2 mg/g, which
results in a daily consumption of no more than 33.4mg of solanine
(174). Given, a potato typically contains 0.075 mg/g of solanine, based
on the above consumption this equates to a daily intake of around 0.18
mg/kg. It has been calculated that an intake of 2-5 mg/kg of
glycoalkaloids such as solanine is likely to induce toxic effect in
humans (175).

Glycosylation is the main metabolic reaction of steroidal alkaloids
during the maturation of Solanaceae plants. Glycosylation can reduce
the toxicity of aglycones. For example, the steroidal alkaloid aglycone
tomatine in tomatoes is toxic to a variety of organisms, including
bacteria, fungi, animals, and even plants themselves, while the toxic
effect of the glycosidic alkaloid a-tomatine formed after glycosylation
on tomato fruits and leaves is almost negligible (176)..
Glycosyltransferases in Solanum nigrum fruit are now thought to
result in glycosylation products of steroidal alkaloids and were
observed inarecent study (177).

CONCLUSIONS

Solanum Nigrum has been used through history as a food, traditional
medicine and more recently as a food supplement. The similarity
between black nightshade (Solanum nigrum) and deadly night shade
(Atropa belladonna) rightly requires caution in selecting the correct
species for these purposes due to the high toxicity of the latter. There is
concern regarding the levels of potentially problematic
glycoalkaloids, such as solanine, solasonine and solamargine,
however, the concentrations and any potential toxicity around these
compounds significantly decreases in the fruit as the plant ripens as
exemplified by the situation of other members of the Solanaceae
family such as tomatoes and potatoes.

Given the acceptable daily intake for glycoalkaloids is considered to be
Img/kg body weight, clearly, the safest way to obtain the well
described physiological benefits from solanum nigrum is to consume it
in the form of a regulated food supplement manufactured to the highest
standards of quality assurance, which has undergone extensive safety
testing and also been demonstrated to be safe and effective in a clinical
setting. One of the few products of this type is Liv 52 which delivers
32mg solanum nigrum extract per tablet. At the recommended dose of
two tablets per day-or equivalent depending on dosage format-
consumption of Liv 52 is likely to deliver only 0.328mcg of
glycoalkaloids per day which is 3048.78 time less than the acceptable
daily intake for this family of compounds. Hence the explicit
concentration of glycoalkaloids is insignificant and unlikely to cause
any adverse effects, an observation reinforced by the long-standing
safety of the product over the past 70 years.
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