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Abstract: The ethnomedicinal values of plants form the basis of the herbal drug industry. India has
contributed its knowledge of traditional system medicines (Ayurveda and Siddha) to develop herbal
medicines with negligible side effects. The World Health Organization has also recognized the
benefits of drugs developed from natural products. Abutilon indicum, Hibiscus sabdariffa, Sida acuta and
Sida rhombifolia are ethnomedicinal plants of Malvaceae, commonly used in Indian traditional system
of medicines. Traditionally these plants were used in the form of extracts/powder/paste by tribal
populations of India for treating common ailments like cough and cold, fever, stomach, kidney and liver
disorders, pains, inflammations, wounds, etc. The present review is an overview of phytochemistry
and ethnopharmacological studies that support many of the traditional ethnomedicinal uses of these
plants. Many phytoconstituents have been isolated from the four ethnomedicinal plants and some of
them have shown pharmacological activities that have been demonstrated by in vivo and/or in vitro
experiments. Ethnomedicinal uses, supported by scientific evidences is essential for ensuring safe
and effective utilization of herbal medicines.

Keywords: Abutilon indicum; Hibiscus sabdariffa; Sida acuta; Sida rhombifolia; ethnopharmacological;
Malvaceae; phytoconstituents

1. Introduction

Herbal drugs from ethnomedicinal plants have gained considerable importance in the recent
past not only in India but also around the world [1]. Traditional medicinal knowledge in India has
passed from one generation to the next, within specific geographical locations or tribal groups [2].
This traditional knowledge finds its root in Indian traditional systems of medicine i.e., Ayurveda and
Siddha which is now gaining popularity in western world too. Ethnomedicines/herbal medicines
are much in demand as they are affordable and have much less side effects [3]. Recently WHO has
also recognized the importance of traditional medicine in the healthcare sector [4,5]. In Ayurveda and
Siddha systems, formulations from appropriate parts of plants are made and used for treatment of
various ailments. For almost past three decades, many ethnomedicinal plants mentioned in Ayurveda
and Siddha systems of medicines are being scientifically evaluated [6]. Scientific evaluation of
ethnomedicinal plants, provides evidence-based alternative medicines which form the basis of herbal
drug industry and discovery of drug targets in the pharmaceutical industry [7]. It maybe emphasized
here that usage of ethnomedicinal plants for traditional medical treatment or for use in manufacture of
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Ayurvedic medicines/other herbal drugs, when supported by scientific evidences can ensure safe and
more effective utilization of natural product drugs universally.

Malvaceae family encompasses approximately 244 genera with 4225 species of herbs, shrubs
and trees [8]. Around 22 genera of the family are reported from India, many of which have
ethnomedicinal value e.g., Abutilon indicum, Gossypium herbaceum, Hibiscus mutabilis, Hibiscus sabdariffa,
Hibiscus rosa-sinensis, Sida acuta, Sidacordifolia, Sida rhombifolia and several others [9]. Keeping this
in viewthe ethnomedicinal, phytochemical and ethnopharmacological aspects of four Malvaceae
members (Abutilonindicum, Hibiscus sabdariffa, Sida acuta, Sida rhombifolia), used as crude herbal drugs
by ethnic tribes in India and as ingredients of Ayurvedic medicines, have been reviewed. Further,
justification of traditional ethnomedicinal uses of these plants by scientific investigations including
their phytochemistry and ethnopharmacological activities have been assessed. The choice of the four
ethnomedicinal plants is based on the following criteria: (i) all belong to family Malvaceae; (ii) all are
used in Ayurveda and Siddha system of Medicines; (iii) all are commonly used by ethnic tribes in most
parts of India; and (iv) extracts of these plants are used to treat similar ailments (e.g., kidney disorders,
arthritis, pains, diabetes etc.).

2. Ethnomedicinal Uses

2.1. Abutilon Indicum

A. indicum is referred to as “Atibala’ in Sanskrit language and its medicinal potential and
therapeutic applications have been described in traditional Indian systems of medicines. The plant as
a whole or its different parts such as leaves, flower, seed, roots, and bark have been used for treating
inflammations, ulcer, diarrhea, pains, stomach ailments, diabetes and wounds [10-12]. Traditional
practitioners used the plant to treat diseases like gout, tuberculosis, ulcer, jaundice, leprosy, gonorrhea,
bronchitis, lumbago malarial fever, piles and other bleeding disorders [13-16]. Its roots and seeds are
used in the form of decoction to cure fever and cough. Root of the plant have been used as nervine
tonic to cure paralysis and also effective in strangury [10]. The powdered form of dried leaves of this
plant mixed with wheat flour is used for treating uterus displacement among some tribes in Orissa
in India [17]. Decoction of leaf and roots are used to cure dental problems [15]. There are reports of
topical application of leaf paste on the spot of scorpion bite to relieve pain [18]. Flowers of this plant
are used by tribal population in Southern India to increasethe volume of semen in humanbeings [19].

2.2. Hibiscus Sabdariffa

H. sabdariffa is known by the name of ‘Ambasthika’, in ancient Indian medical text. This plant, also
known as roselle or sorrel (‘Gongura’ in Hindi) is used both as food and traditional medicine. Leaves,
calyces, petals or whole flowers are traditionally used for their therapeutic potentials [20]. H. sabdariffa
has been used in folk medicine as a diuretic, mild laxativeand for the treatment of kidney, cardiac
and liver diseases. Different parts of the plant are also used for ailments like hypertension, pyrexia
and skin inflammations [21]. In southern India, leaves, petals, fleshy calyces are used for making
pickles and sour recipes which have medicinal benefits. Fruits and calyces are traditionally used by
Zeliang tribe of Nagaland (north-eastern India), to treat stomach disorders, as blood purifying agent
and as hair tonic [22]. In Jharkhand (eastern India), the sorrel drink is recommended for curing cough,
cold and malaria [23]. Calyx decoction is used to treat poisoning by the tribes of Nandurbar district of
Maharashtra (western India) [24] and as a general antidote for food and chemical poisoning by the
“Karbis’ tribe of Assam (eastern India).

Infusion of the fleshy calyx is used as a refreshing beverage and leaves are used as diuretic by
people in Salem District of Tamilnadu [25]. Powdered seed is used by Bhoxa community of Dehradun
district, Uttarakhand (northern India), to treat dysentery and diarrhea [26]. In Manipur (northeastern
India), tribals use a decoction of leaves to treat urinary troubles, especially kidney stones [27]. Tribes of
BhiwapurTahsil of Nagpur (western India) commonly call H. sabdariffa as ‘ambadibhaji’ and the juice
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extract of the flowers with sugar and black pepper is given to treat acidity. Seed paste is externally
applied to pains and bruises and leaves are used as purgative [28]. Roselleis used for treating dyspepsia
and piles by tribes of Andaman and Nicobar Islands, India [29]. Also, dried calyces are used to cure
menstrual disorders and other gynecological disorders [30].

Besides India, Roselle is widely utilized in other parts of the world. In African folk medicine,
Roselle leaves are used for their antimicrobial, emollient, antipyretic, diuretic, anti-helminthic and
sedative properties.In Nigeria, Sudan, Iran and other countries the plant is used to make a beverage/tea
which is used to control blood pressure, to treat cardiac conditions, and as a diuretic [31]. Traditionally,
beverages made from H. sabdariffa are used as cooling herb, providing relief during hot weather by
increasing the flow of blood to the skin surface and dilating the pores to cool the skin [32]. The plant is
used widely in Egypt for the treatment of cardiac and nerve diseases. The leaves in combination with
ginger are used to prevent high blood pressure and in the treatment of hypertension [33]. Lotion made
from leaf pulp is used to treat sores and external wounds [34].

2.3. Sida Acuta

The ethnomedicinal usage of S. acuta (Sanskrit name: Balapatta) has been reported from among
the ethnic tribes from many parts of India. The tribal population from north eastern and southern parts
of India, have been extensively using different parts of the plant for treatment of dandruff, rheumatism,
liver problems, kidney stones, nervous disorders [24-26], testicular swelling and elephantitis [35].
Juice of fresh leaves are used as anti-helminthic, anti-vomitting and gastric disorders [36-38]. Paste of
roots in lemon juice is applied on boils and abscises [39]. Decoction of roots is used to treat
rheumatism and breathing disorders. Hot water extract of whole plant is used as diuretic [40] and
for abortion of fetus [41]. Plant is also used by tribes of Tamil Nadu (Southern India) for treating
bronchitis dysentery, diarrhoea and skin diseases [42]. Besides India, other Asian (Sri Lanka, Taiwan);
Central and South American (Mexico, Venezuela, Colombia, Cuba, Nicaragua, Guatemala) and African
countries (Nigeria, Togo, Ivory Coast, Kenya) also use this ethnomedicinal plant for treating dysentery,
hemorrhoids, malaria, venereal diseases, ulcers, renal inflammations, fever and asthma [43].

2.4. Sida Rhombifolia

S. rhombifolia is known as ‘Mahabala’ in ancient text and is an ingredient of many Ayurvedic
medicines used for treating inflammations, to build immunity, for well being and vitality [44].
The tribal population of many parts of India use whole plant or plant parts for treatment of piles, gout,
rheumatism, kidney disorders and gonorrhoea [45]. Due to its known ethnomedicinal uses, the plant
forms an important component of Ayurvedic medicines marketed as ‘Baladikwath’, ‘Baladyaghir’,
‘Baladyarishta’, ‘Sudershan Churna” and ‘Kukuvadi churna’. These ayurvedic medicines are used to
cure pain and swelling caused by rheumatism, muscular weakness, urinary tract woumds and also
to treat tuberculosis, heart diseases and neurological disorders [46]. Roots of the plant are used for
treating snake bites [47]. Decoction of roots is taken for rheumatic pains [48] to treat tuberculosis and
also malaria [49]. Root paste is applied for healing boils [50]. Leaf of the plant in various forms is used
for fever, heart disease, piles and rheumatism [44]. Fruits are used for curing headache [51].

In parts of Africa, hot aqueous extract of aerial parts of the plant is used for snake bites and
abortion [52,53]. Also leaf and root extracts are used for asthma, pneumonia and bronchitis [54,55]
infusion of roots is taken for treating dysentery, diarrhoea and indigestion in Australia, Cameroon and
Papua New Guinea [52,55-57]. In Europe, roots are used for treating tuberculosis [58]. Whole plants
are used for treating gout (Indonesia), irregular menses (Malaysia), fever, bodyache (Thailand),
skin problems, liver problems, diarrhoea (Mexico), kidney inflammation (Bolivia), dandruff and
wounds (Panama) and gonorrhoea in Guatemala [59-65]. In Argentina, leaves of the plants are used
to treat menstrual pain [66]. Macerated leaves are orally taken for sedation, to treat hypertension and
venereal diseases [55]. In Senegal and Madagascar, flowers are rubbed on wasp stings to bring relief [55].
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3. Major Phytoconstituents

Phytoconstituents are naturally occurring chemical compounds, responsible for colour, odour
and therapeutic potential of plants. Plants synthesize these compounds as weapons for defense
against biotic and abiotic stresses. Most of the phytoconstituents have antioxidant properties and
protect cells against oxidative stress. Phytoconstituents also have commercial applications such as
drugs, enzymes, preservatives, flavors, fragrances, cosmetics and fuels. Phytochemical screening is
an important tool in identifying chemical compounds of medicinal and industrial value. For screening
and isolation of phytochemicals, plant parts (root, stem, leaf, etc.) and types of extraction procedure
used, play crucial roles [67].

There are thousands of different phytochemicals, and based on the chemical structures these
are classified into various categories like alkaloids, carotenoids, phenolics, flavonoids, coumarins,
steroids, tannins and others. Many phytoconstituents isolated from Malvaceae members belonging
to categories such as flavonoids, phenolics, acids, and polysaccharides exhibit therapeutic activities.
Table 1 lists the phytochemicals that have been reported in A. indicum, H. sabdariffa, S. acuta and
S. rhombifolia. The classes of phytochemicals (e.g., alkaloids, flavonoids, phenolics) are common among
the four ethnomedicinal plants and are responsible for most of the ethnopharmacological activities.
Figure 1 shows the different shared and unshared classes of phytoconstituents reported among the
four plants species.

Table 1. Major phytoconstituents identified from Abutilon indicum, Hibiscus sabdariffa, Sida acuta and

Sida rhombifolia.
Plant Phytoconstituents Pharmacolf)gical References
Class Type Properties
Fumaric acid (organic acid) [68]
Acid Galacturonic acid (sugar acid) [68]
Methyl indole-3-carboxylate (acid) [69]
Hinesol [70]
Cubenol [70]
Alcohol
Phytol [70]
Gamma-sitosterol Lupeol [70]
Palmitic acid [70]
Aliphatics
Pinellic acid Cytotoxic [71]
1-lycoperodine [69]
Alkaloids
s 1-methoxycarbonyl-3-carboline [69]
s
;§ Tertacontane [70]
8 Alkane
- 70
2 Hydrocarbon n-tetracosane [70]
T§ All-trans-squalene [70]
-
3-hyd -B-d 69
< Aromatic ketone ydroxy--damascone [69]
3-hydroxy-f-ionol [69]
Scopoletin [69]
Scoparone [69]
Coumarins p-coumaric [68]
Methylcoumarate [69]
Trans-p-coumaric acid [69]
Abutilin A [69]

Flavonoid
Quercetin [72]
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Plant Phytoconstituents Pharmacolf)gical References
Class Type Properties
Peptide Aurantiamide acetate [69]
Eugenol [4-allyl-2- . ..
methoxyphenol] Analgesic activity [73]
Syringic acid Cytotoxic [71]
Benzoic acid [69]
Vanillic acid [68,69]
Gallic acid [72]
N-feruloyl tyrosine [69]
Caffeic acid [69]
Phenolic p-B-D-glucosyloxybenzoic acid [68]
4-hydroxy-3-methoxy-trans- [69]
cinnamic acid methyl ester
Methyl caffeate Cytotoxic [71]
p-hydroxybenzaldehyde [69]
Vanillin [69]
Syringaldehyde [69]
4-hydroxyacetophenone [69]
Methylparaben [69]
B-sitosterol, [69]
Stigmasterol 69
Steroids & [69]
(R)-N-(1'-methoxycarbonyl-2'- (69]
phenylethyl)-4-hydroxybenzamide
Tocopherol di-alpha-tocopherol [70]
Malic acid [74]
Acid
Tartaric acid [74]
Aliphatics Linoleic acid [75]
Alkaloids B-sitosterol benzoate [76]
Antibacterial [77]
Protocatechuic acid Hepatoprotective [78]
Anti-cancerous [79]
Quercetin Neuroprotective [80]
Hibiscetine [81]
Sabdaretine [82]
Gossypetine [82]
=
& Hibiscitrin [81]
S
= . . Anti-aging, [83]
3 Naringenin
@ Flavonoids Anti-cancerous [83]
3
2 Rutin [84]
=
J=s] Isoquercitin [84]
Kaempferol-3-o-rutinoside [84]
Kaempferol-3-o-glucoside [84]
Kaempferol [84]
Myricetin 3-arabinogalactoside [85]
Cyanidin-3-glucoside Antioxidant [86]
Cyanidin-3-sambubioside Antioxidant [86]
Cyanidin-3-rutinoside Antioxidant [86]
Delphinidin-3-glucoside Antioxidant [86]
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Plant Phytoconstituents Pharmacolf)gical References
Class Type Properties
Delphinidin-3-sambubioside Antioxidant [86]
Delphinidin-3-xyloglucoside Antioxidant [86]
Prevents
Peptide Roseltidar T1 (plant knottins) mitochondrial [87]
dysfunction
Neochlorogenic acid [88]
Chlorogenic acid Antioxidant (891
Antihyperlipidemic [89]
Cryptochlorogenic acid [88]
Phenolics Ferulic acid Anti-ageing, ol
Antidiabetic [90]
Coumaroylquinic acid [88]
Hibiscus acid [88]
Caffeoylshikimic acid [91]
Eugenol [92]
HSP-II (Glucuronic acid, .
Rhamnose, Mannose, Immunomodulation: (93]
Immune-enhancement
Polysaccharides Glucose, Galactose)
Mannose, Sucrose, Xylose, [75]
«-Terpinyl acetate [75]
Cholesterol [94]
Campesterol [94]
Steroids [-sitosterol [94]
Clerosterol [94]
A-5-avenasterol [94]
«-tocopherol [94]
Tocopherols y-tocopherol [94]
d-tocopherol [94]
Ephedrine [95]
Antimalarial [96]
Cryptolepine Antimicrobial [95,97]
Cytotoxic [98-100]
Alkaloids Quinodolinone Cytotoxic [101]
Crytolepinone Cytotoxic [101]
11-Methoxyquindoline Cytotoxic [101]
Quindoline Antimicrobial [95,99]
Vasicinone [102]
..§ Vasicine [102]
S Hentriacontane [103]
§ Nonacosane [103]
Pristane [103]
Phytane [103]
Sterculic acid [104]
Aliphatics Malvalic acid [104]
Myristic acid [105]
Palmitic acid [105]

Stearic acid

[105]
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Table 1. Cont.

Plant Phytoconstituents Pharmacological References
Class Type Properties
Oleic acid [105]
Linoleic acid [105]
Coumarins Scopoletin [100,101]
Heraclenol [106]
Ecdysteroids 2D-Hydroxyecdysone [107]
Kaempferol-3-O-a-L-
rhamnopyranosyl-f3- [98]
Flavonoids D-glucopyranoside
Kaempferol-3-O- ‘ 98]
-D-glucopyranoside
4-Ketopinoresinol [101]
Lignans Syrigaresinol [101]
Acanthoside B [106]
N-trans-Ferulolyltyramine Cytotoxic [101]
Evofolin A Cytotoxic [101]
Evofolin B Cytotoxic [101]
Phenolics Ferulic acid Hepatoprotective [101]
Sinapic acid [101]
Syringic acid [101]
Vanillic acid [101]
Pthalate Di-(2-ethylhexyl)phthalate [108]
Cholesterol [103]
Campesterol [103]
Steroids [-Sitosterol [103]
Stigmasterol [103]
S’figmast—7.—enol(=22— [103]
dihydrospinasterol)
Vomifoliol Cytotoxic [101]
Loliolide Cytotoxic [101]
Terpenoids Taraxast-1.20(30)-dien-3-one [109]
Taraxasterone [109]
o-amyrine [97]
a-Tocopherol Antioxidant [109]
Tocopherols 7-Methyoxymethyl-a-tocopherol ~ Antioxidant [109]
-Tocopherol Antioxidant [109]
Tocospiro Antioxidant [109]
n-Hexacos-11-enoic acid Antimicrobial [110]
Sterculic acid [104]
Malvalic acid [104]
Myrstic acid [111]
Aliphatics Palmitic acid [111]
Stearic acid [111]
Oleic acid [111]
Linoleic acid [111]
-Phenethylamine [112]
Ephedrine [112]
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Plant Phytoconstituents Pharmacol?gical References
Class Type Properties
v-(Pseudo)-Ephedrine [112]
N-methyl-@3-Phenethylamine [112]
5-(+)-Np-Methyltryptophan [112]
methyl ester
Alkaloids Hypophorine methyl ester [112]
Vascicine [112]
Crytolepinone Vasorelaxant [113]
Salt of Cryptolepene Vasorelaxant [114]
i 114
Coumarins Scopoletin (114l
Escoporone [114]
Ecdysone [115]
2D-Hydroxyecdysone [115]
2-Deoxy-2D-hydroxyecdysone- [115]
3-O-B-D-Glucopyranoside
2D-Hydroxyecdysone3-O-f3-
) [115]
. D-Glucopyranoside
Ecdysteroids
< 25-Acetoxy-20-hydroxyecdysone- [115]
= O-B- D-Glucopyranoside :
£
= Pterosterone-3-O-f3- ;
E D-Glucopyranoside (1]
é Ecdysone-3-O-D-f3- [115]
B D-Glucopyranoside )
5,7-Dihydroxy-4-methoxy [113]
flavones (=Acacetin) -
Flavonoids Kaempferol [114]
Kaempferol-3-O-B-D-glycosyl- [114]
600-«-D-thamnose
Phaeophytin A [113]
Phaeophytins 132-Hydroxy Phaeophytin B [113]
173-Ethoxy phaeophorbide B [113]
Phenolics Ethoxy-ferulate [114]
Cholesterol [116]
Campesterol [116]
{3-Sitosterol Antibacterial [116,117]
Stigmasterol Antibacterial [116]
Stigmast-7-enol(=22- [116]
dihydrospinasterol)
Steroids 22-Dehydrocampesterol [116]
Spinasterol [116]
24-Methylene cholesterol [116]
Sitosterol-3-O-p3- [113]
D-Glucopyranoside )
Stigmasterol-3-O-3- [113]

D-Glucopyranoside
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H. Sabdariffa
13

12

i 3,48,
Abutilon 0 e 0 S. acuta

2,5,6 15,16,17

18
Sida rhombifolia

Figure 1. Common and unique classes of major phytoconstituents reported in Abutilon indicum, Hibiscus
sabdariffa, Sida acuta. and Sida rhombifolia. Numbers 1-18 represent the class of phytochemicals, (1—Acid,
2—Alcohol, 3—Aliphatics, 4—Alkaloids, 5—Alkane hydrocarbon, 6—Aromatic ketone, 7—Coumarins,
8—Flavonoids, 9—Peptide, 10—Phenolics, 11—Steroids, 12—Tocopherols, 13—Polysaccharides,
14—Ecdysteroids, 15—Lignans, 16—Phalate, 17—Terpenoids, 18—Phaeophytins). ‘0" represents no
phytochemical class is exclusively common between any two or three plants.

3.1. Aliphatics

Aliphatics are organic compounds containing carbon and hydrogen joined together in straight
chains, branched chains, or non-aromatic rings. Aliphatics can be cyclic, but only aromatic compounds
contain an especially stable ring of atoms. A number of aliphatics mostly fatty acids were identified
from the Malvaceace members including Palmitic acid, Pinellic acid, Linoleic acid, Oleic acid, Steric acid
(Table 1). Pinellic acid in methanol extract prepared from A. indicum was shown to have cytotoxic
effect on US7MG human glioblastoma cells [71]. Palmitic acid extracted from H. sabdariffa flower was
suggested to possess antioxidant activity [118]. Although role of other aliphatics have not been directly
deciphered but hints from other plants can suggest their potential role as bioactive chemicals in the
four plant species also.

3.2. Alkaloids

Alkaloids are a class of phytochemicals that contain basic nitrogen atom, although some alkaloids
contain oxygen, sulfur and chlorine. Alkaloids are also a widely spread class of phytochemicals
present in most of the medicinal plants. Alkaloids 1-lycoperodine and 1-methoxycarbonyl-3-carboline
were reported from A. indicum [69] while O-Methylisourea hydrogen sulfate and [3-sitosterol
benzoate were identified in H. sabdariffa and the later was shown to have antioxidant property.
Many pharmaceutical properties of S. acuta and S. rhombifolia are attributed to alkaloids. Cryptolepine
isolated from S. acuta showed anticancer activity in human gastric adenocarcinoma (AGS) cells [98].
It also showed antimalarial and antimicrobial activities.Cryptolepine was also shown to be vasorelaxant
in rat mesenteric artery rings [113]. In a study by Jang et al., cytotoxic activity of quinodolinone,
crytolepinone and 11-Methoxyquindoline from S. acuta was shown using a mouse mammary organ
culture model [101].
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3.3. Phenolics

Plant phenolics are diverse in structure but are characterized by presence of hydroxylated
aromatic ring. These are the largest category of phytochemicals and are widely distributed across
the plant kingdom.Phenolic compounds, present in plant foods may be partly responsible for the
pharmaceutical properties. Phenolic acids, polyphenols and flavonoids are the important groups of
phenolics. Phenolic acids form a diverse group that includes the widely distributed hydroxybenzoic,
hydroxycinnamic acids, chlorogenic acid and vanillic acid. More than 15 phenolics have been identified
in A. indicum [119] (Table 1) and out of these, eugenol was shown to possess analgesic activity [68]
while syringic acid and methyl caffeate were reported to be cytotoxic [74,75]. Ferulic acid in H. sabdariffa
was shown to have antioxidant activity and hypoglycaemic effect in STZ-induced diabeticmice [90].
Chlorogenic acid is another phenolic acid present in both leaf and calyx extracts of H. sabdarrifa
having anti-inflammatory, anti-mutagenic and anxiolytic properties [89]. Phenolics such as, evofolin A,
evofolin B, N-trans-ferulolyltyramine, ferulic acid, sinapic acid, syringic acid and canillic acid were
identified in the extract of the whole plants of S. acuta [101].

3.4. Flavonoids

Flavonoids are a class of plant phenolics which are further classified into several subclasses
including anthocyanins, flavonols, flavanols, flavanones, flavones, and isoflavones [120]. Flavonoids
are the largest group of plant phenols and the most studied.Abutilin A and quercetin were
identified from A. indicum [69,72].A number of flavonoids were identified from H.sabdariffa with
anthocyanins being a major subclass. Cyanidin-3-sambubioside and cyanidin-3-glucoside as
the major compounds were reported in this plant [121]. Anthocyanins, cyanidin-3-glucoside,
cyanidin-3-sambubioside, cyanidin-3-rutinoside, delphinidin-3-glucoside, delphinidin-3-sambubioside
and delphinidin-3-xyloglucoside are the chief constituents of H. sabdariffa flowers and have shown
antioxidant properties [75]. Other flavonoids identified from H. sabdariffa are protocatechuic acid,
quercetin, hibiscetine, sabdaretine, gossypetine, hibiscetine, hibiscitrin and naringenin. Protocatechuic
acid is an important phytochemical having antibacterial, hepatoprotective and anti-cancerous
properties. Chiu et al. have reported anti-aging and anti-cancerous effects of naringenin [122].
Flavonoids kaempferol-3-o-a-L-rhamnopyranosyl-p-D-glucopyranoside and kaempferol-3-O-f3-
D-glucopyranoside were reported in S. acuta [98]. Flavonoid 5,7-dihydroxy-4'-methoxyflavone was
identified for the first time in S. rhombifolia [113]. Recently, kaempferol and kaempferol-3-O-f3-D-
glycosyl-600-o-D-rhamnose were also identified in S. rhombifolia [114].

3.5. Steroids

All steroids have a characteristic chemical structure based around carbon atoms linked by single or
double bonds and arranged into four interconnected rings. Steroidal compounds are pharmacologically
important as many of them form sex hormones [123]. Stigmasterol and [3-sitosterol are present in all the
four plants under study. In S. rhombifolia, these were reported to have antibacterial properties [116,117].
Other important steroids present in these Malvaceae members include cholesterol, campesterol,
clerosterol, A-5-avenasterol and spinasterol.

3.6. Peptides

Plant proteins and peptides with bioactivity are also a class of phytochemicals. Such peptides are
often not hydrolysed in the digestive tract and have specific action in the body. Peptide, aurantiamide
acetate and roseltidar T1 were identified as phytochemicals in A. indicum and H. sabdariffa respectively.
Recently, Kam et al. [87] have reported that roseltide rT1, a bioenergetic-mitochondria-targeting peptide
from H. sabdariffa, improves bioenergy traits by increasing cellular ATP level and therefore can be used
for treating mitochondrial dysfunctions.
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3.7. Ecdysteroids

Ecdysteroids are polyhydroxylated ketosteroids that are structurally similar to androgens.
Phytoecdysteroids are plant-derived ecdysteroids, that plants synthesize for defense
against pathogens (insects). These compounds are mimics of hormones used by arthropods
in the molting [107]. Phytoecdysteroids ecdysone, 2D-hydroxyecdysone, 25-Acetoxy-20-
hydroxyecdysone-O-f3-D-Glucopyranoside, pterosterone-3-O-3-D-Glucopyranoside and ecdysone-3-
O-D-p-D-Glucopyranoside were exclusively reported from Sida species only.

3.8. Terpenes

Terpenes are hydrocarbons of plant origin with general formula (C5Hg), along with their oxygenated,
hydrogenated and dehydrogenated derivatives. Terpenes are derived from isoprene chains and are
classified according to the number of isoprene units. Vomifoliol, ioliolide, taraxast-1.20(30)-dien-3-one,
taraxasterone and o-amyrine were reported to present in S. acuta. Of these vomifoliol, loliolide
were shown to induce quinone reductase and to inhibit 7,12-dimethylbenz-[a]Janthracene-induced
preneoplastic lesions in a mouse mammary organ culture model [101].

3.9. Coumarins

Coumarins belong tobenzopyrene family consisting of a benzene ring joined to pyronering.
A large number of coumarinsare present in plants. Umbelliferone, esculetin and scopoletin show
a widespread presence in plant kingdom [124]. Scopoletin was reported from A. indicum [69], S. acuta [100]
and S. rhombifolia [114]. Scoparone, p—coumaric, methylcoumarate and trans-p-coumaric acid were
reported in A. indicum [69]. Heraclenol and escoporonewere reported from S. acuta [106] and
S. rhombifolia [114] respectively.

3.10. Tocopherols

Tocopherols play an important role as antioxidants and also in maintaining membrane stability in
plants [125]. «-Tocopherol is the major vitamin E compound found in leaf chloroplasts.x-tocopherol,
v-tocopherol and &-tocopherol are reported to be present in H. sabdariffa [94]. «-Tocopherol,
7-Methyoxymethyl-o-tocopherol, 3-Tocopherol and Tocospiro form S. acuta, are reported to have
antioxidant activity [109].

4. Ethnopharmacological Activities

A summary of ethnopharmacological activities (based on scientific investigations) reported
among the Malvaceae members (A. indicum, H. sabdariffa, S. acuta and S. rhombifolia) is represented
in Table 2. A total of 31 major ethnopharmacological activities are listed (Table 2), of which ten
(analgesic, anti-inflammatory, antidiabetic and antiobesity, antioxidant, antimicrobial, anxiolytic,
cardioprotective, cytotoxic, hepatoprotective and nephroprotective) activities have been demonstrated
in all four Malvaceae members. Seven ethnopharmacological activities have been reported
in any one plant species (A. indicum: anti-asthmatic, increased fertility and anti-estrogenic;
H. sabdariffa: anti-hyperammonemic, anti-hypertensive and anti-mutagenic; S. acuta: abortifacient).
The ethnopharmacological activities of extracts/isolates of various plant parts of A.indicum, H. sabdariffa,
S. acuta and S. rhombifolia are detailed in Table 3. The choice of plant part used for making the extract
(for assessing ethnopharmacological activity) is extremely important In addition, age of the plant can
affect the quantity of various classes of compounds, especially alkaloids and phenolics, and therefore
is an important criterion to be considered while making plant extracts
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Table 2. Comparison of ethnopharmacological activities of Abutilon indicum, Hibiscus sabdariffa, Sida acuta
and Sida rhombifolia (Y—Reported; N—Not reported).

S. No. Ethnopharmacological Activity A. indicum H. sabdariffa S. acuta S. rhombifolia
1 Antidiabetic/Hypoglycaemic & Antiobesity Y Y Y Y
2 Anti-inflammatory Y Y Y Y
3 Hepatoprotective Y Y Y Y
4 Analgesic Y Y Y Y
5 Antioxidant Y Y Y Y
6 Antimicrobial / Antibacterial Y Y Y Y
7 Nephroprotective Y Y Y Y
8 Cytotoxic Y Y Y Y
9 Cardioprotective/ Anti-hyperlipidemic Y Y Y Y
10 Anxiolytic Y Y Y Y
11 Anti convulsant/Neuroprotective Y Y Y N
12 Antiulcer Y Y Y N
13 Antitubercular Y Y N Y
14 Anti-diarrhoea Y Y N Y
15 Anticancerous/ Anti-proliferative Y Y Y N
16 Anti-arthritic Y N N Y
17 Antipyretic N Y Y N
18 Anti-spasmodic/anticholinergic N Y N Y
19 Antiplasmodial N N Y Y

20 Antiviral N Y Y N
21 Anti-hypertensive & Vasorelaxant N Y N Y
22 Antigout N N Y Y
23 Antivenom Y N Y N
24 Antiasthmatic Y N N N
25 Anti-atherosclerotic N Y N N
26 Increases Fertility Y N N N
27 Anti estrogenic activity Y N N N
28 Anti-mutagenic N Y N N
29 Anti-hyperammonemic N Y N N
30 Immunostimulatory N Y N N
31 Abortifacient N N Y N

Table 3. Ethnopharmacological activities of the extracts from different parts of Abutilon indicum,
Hibiscus sabdariffa, Sida acuta and Sida rhombifolia.

Name of Plant Plant Part Used Extract Ethnopharmacological Activity Reference
H 1 i 126
Alcohol ypoglycemic [126]
Anxiolytic [127]
Alcoholic and aqueous Antiulcer [128]
Hepatoprotective [129]
Antimicrobial [130,131]
Aqueous
Anticonvulsant [132]
Anti-diarrheal [133]
Butanol Antioxidant [134]
s Leaf Chloroform Antimicrobial [130,131]
3
% Anti-inflammatory [135]
s
3 Ethanol Anticonvulsant [132]
=)
= Antimicrobial [130,131]
s
Z‘E Gold nanoparticles of leaf extract ~ Anticancer [136]
Hexane Larvicidal against Aedesaegypti [137]
Loperamide Anti diarrheal [133]
Larvicidal [138]
Methanol Antivenom [139]
Anti diarrhoeal [133]
Nephroprotective [140]
Root Ethanol - -
Cardioprotective [141]
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Table 3. Cont.
Name of Plant Plant Part Used Extract Ethnopharmacological Activity Reference

Anti-asthmatic activity [142]
Aerial part Methanol Anti-estrogenic activity [143]
Anti-arthritic activity [144]
Alcoholic Hypoglycemic [126]
Antidiabetic [145]
Aqueous Hypoglycemic [126]
Anti-hyperlipidemic [146]
Antioxidant [147]
Whole Plant Biogenic silver nanoparticles Antibacterial [147]
Cytotoxic effects [147]
Butanol Antidiabetic [148]
Chloroform Enhanced Fertility [149]

Ethanol Anti-hyperlipidemic [148,150]
Analgesic [151]
Methanol Anti-inflammatory [151]
Phytol Cytotoxic [152]
Anticancerous [153]
Anti-proliferative [154]
Hypoglycaemic [155]
Aqueous Anti-hyperlipidemic Antioxidant [156]
Leaf Anti-hyperammonemic [157]
Anti-atherosclerotic [158]
Hepatoregenerative [159]
Antioxidant [159]
Aqueous-ethanolic Lipid lowering effect [160]
Ethanolic Antiviral [161]
Aqueous Anti-gastric carcinoma [162]
Antioxidant [20]
Flower Ethanolic Antioxidant [163]
Antiapoptotic [164]
% Methanolic Anti-atherosclerotic [165]
§ Aqueous-methanolic Antibacterial [166]
@ Cytotoxicity [166]
é Aqueous-ethanolic Immuno-stimulatory [167]
§ Antidiabetic [168]
Antioxidant [168]
Anti-mutagenic [169]
Aqueous Hypocholesterolaemic [170]
Calyx Nephroprotective [171]
Anti-hypertensive [172]
Neuroprotective [173]
Antispasmodic [174]
Anti-nociceptive [175]
Anti-diarrheal [175]
Anti-hypertensive [176]
Ethanolic Antipyretic [177]
Anti-inflammatory [177]

Antiulcer

[178]
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Table 3. Cont.

Name of Plant Plant Part Used Extract Ethnopharmacological Activity Reference
Anxiolytic [179]
Hepatoprotective [180]
Methanolic Vasorelaxant [181]
Anti-hypertensive [182]
Petals Aqueous Cardioprotective [182]
Vasorelaxant [32]
Seed Aqueous Antimicrobial [183]
Whole plant Aqueous Antitumoral [184]
Methanolic Antitubercular [185]
Aqueous Antimicrobial [186]
Chloromethane Antimicrobial [187]
Antimicrobial [186,187]
Antiulcer [36]
Antipyretic 188
Ethanol by L1551
Leaf Anticonvulsant [189]
Anxiolytic [189]
Abortifacient [190]
n-Hexane fraction Hepatoprotective [191]
Antimicrobial [192]
Antiviral [192]
Methanol
Antidiabetic [193]
Antiobesity [193]
Hepatoprotective [194]
Root Methanol -
Kidney stone treatment [195]
Antioxidant [196]
=
§ Acetone Anti-inflammatory [196]
S
3 Aerial parts Anti-hyperglycemic [196]
& Ethanol Antimicrobial [186]
Methanol Antiplasmodial [96]
Alkaloid fraction Antiplasmodial [197]
Aqueous Antimicrobial [198]
Analgesic [199]
Aqueous Me,CO
Anti-inflammatory [199]
Antimicrobial [198]
Antiplasmodial [197]
Ethanol -
Whole plant Anti ulcer [200]
Antivenom [201]
Ethyl Acetate Analgesic [202]
Cytotoxic [203]
Methanol Card.iovasculfir and [204]
cardioprotective
Wound healing [205]
Antimicrobial [206]
Polyphenol
Antioxidant [206]
Root, Leaf, Alkaloid Antimicrobial [207]
Stem, Bud Flavonoid Antifungal [208]
Hepatoprotective [209]
Aqueous Antidiabetic [210]

Antiobesity [210]
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Table 3. Cont.

Name of Plant Plant Part Used Extract Ethnopharmacological Activity Reference
Antimicrobial [211]
Cardioprotective [212]
Ethanol
Nephroprotective [213]
Anti-inflammatory [214]
Antimicrobial [215]
Cytotoxic [215]
Analgesic [214]
Leaf Ethylacetate 8
Antitubercular [216]
Anti-inflammatory [214]
Chloromethane Cytotoxic [215]
Antimicrobial [211]
Antioxidant [217]
Methanol
Antiplasmodial [218]
Anti-inflammatory [214]
Stem Ethanol Anti-arthritic [219]
Aqueous Anti-inflammatory [220]
Anti-inflammatory [220]
Ethanol Anti-arthritic [219]
Root Antioxidant [221]
= Ethylacetate Antitubercular [216]
E\ Methanol Antidiarrheal [222]
S
§ Powdered form Hepatoprotective [223]
'§ Fruit Methanol Antimicrobial [224]
=
& Antioxidant [196]
Acetone -
Anti-inflammatory [196]
Hepatoprotective [223]
Aqueous
Anti-arthritic [225]
Alkaloid fraction Antimicrobial [226]
Aerial parts Cryptolepinone Vasorelaxant [113]
Cytotoxic [227]
Ethanol
Anti-arthritic, antigout [225]
Hepatoprotective [223]
Analgesic [227]
Methanol —
Anti-inflammatory [223]
Antidiabetic [228]
Aqueous Antimicrobial [229]
Antioxidant [221]
Ethanol
Anti-anxiety [230]
Ethylacetate Antimicrobial [229]
Whole plant
Methanol Antimicrobial [231]
Anti-inflammatory [232]
n-hexane Anticholinergic [232]
Cytotoxic [232]

4.1. Analgesic and Anti-Inflammatory

All four plant species exhibit anti-inflammatory and analgesic activities (Table 3). Ethanolic
(EtOH) and methanolic (MeOH)/aqueous extracts of whole plant (WP) of A. indicum and aerial parts
(AP)/roots of S. rhombifolia suppress carrageenan induced oedema in rats and the effect is comparable
to ibuprofene [151] and indomethacin [220,223] respectively. Ethanolic extract of calyx of H. sabdariffa
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has demonstrated anti-inflammatory activity and anti-nociceptive activities by xylene-induced ear
oedema and acetic acid writhing test in rat models [175]. Aqueous acetone extract of S. acuta showed
analgesic effect in wistar mice model [199]. Diabetes related inflammation has been shown to reduce
in mice models, when treated with acetone extracts of AP of S. acuta [196].

4.2. Antidiabetic and Antiobesity

Butanol extract of WP of A. indicum reduces insulin resistance in rodents by peroxisome
proliferator activated receptor-gamma (PPAR-y) agonist activity and enhancing glucose
utilization [148]. Also, the plant extract was found be beneficial for reducing insulin resistance
owing to its potential of controlling adipocyte differentiation and elevating utilization of glucose by
enhancing promoter activity of Glucose transporter 1 (GLUT1) [148]. Aqueous and alcohol extracts
of leaf of A. indicum promoted insulin production in moderately diabetic rats [145]. The calyx extract
(aqueous) of H. sabdariffa is shown to prevent streptozotocin-induced liver injury in diabetic rats [168].
In S. acuta, the leaf extract exhibited hypoglycaemic and hypolipidaemic effectson alloxan-induced
diabetic rats [193]. Methanolic extract of S. rhombifolia decreased blood glucose and hence demonstrated
anti-hyperglycaemic effect in streptozotocin-induced diabetic rats [228].

4.3. Antimicrobial

The leaf extracts of A.indicum in chloroform, water and ethanol have shown anti microbial
activity against Escherichia coli, Bacillus subtilisin, Staphylococcus aureus, Klebsiellapneumoniae,
Salmonella typhi, Pseudomonasaeruginosa, Aspergillus niger and Candida parapsilosis [130,131].
The calyx extract of H. sabdariffa showed antibacterial effect against several bacteria including oral
cavity bacteria, Streptococcus aureus and Micrococcus lutens [166]. However, no antifungal effect
was observed against Candida albicans. Ethanolic extract showed better antimicrobial activity
compared to aqueous extract of calyx of H. sabdariffa. It has been suggested that EtOH extract and
protocatecchuic acid can be useful in food industry for preventing microbial contaminants [233].
In S. acuta, flavonoid and alkaloid extracts have shown antimicrobial activity. Strong antifungal
activity against C. albicans was observed in the flavonoid fraction of most parts of S. acuta [208].
Methanolic, EtOH, chloroform extracts and alkaloid fractions of various plant parts of S. rhombifolia
exhibited antimicrobial activity (Table 3). All investigations on antimicrobial activity were in vitro and
by disc diffusion method [215,229,231]. Stigmasterol and f3- sitosterol from root extract of S. rhombifolia
have been identified as the antimicrobial compounds in the plant [117].

4.4. Antioxidant

The antioxidant activity of A. indicum has been correlated with the total content of phenols
and flavanols. Ethylacetate extract showed maximum free radical scavenging activity compared to
chloroform, petroleum ether, butanol, aqueous and ethanol extracts [134]. In H. sabdariffa, extracts of
leaf [156,159], calyx [168] and flower [20] showed antioxidant effect in mice models. The extracts
have scavenging effect on reactive oxygen and free radicals [163,234]. Further, the antioxidant
activity is associated with inhibition of xanthine oxidase (XO) activity, protection from oxidative
damage [163], increased levels of superoxide dismutase, catalase and glutathione and decreased
malondialdehyde in liver [235]. Acetone extract of WP of S. acuta exhibited antioxidant activity in
DPPH (2,2-diphenyl-1-picrylhydrazyl) and XO inhibition assays [109,202]. In S. rhombifolia, antioxidant
activity in MeOH extract of leaves [217] and EtOH extracts of roots, stem, leaf and WP in DPPH,
superoxide, NO and lipid peroxidation assays have been reported [221].

4.5. Cardioprotective and Anti-Hyperlipidemic

Ethanolic extract of roots of A. indicum exhibited cardioprotective effect against isopropanol-
induced myocardial infarction in male rats [141]. Oral administration of EtOH extract for 28 days in
rats, significantly prevented cardiovascular dysfunction. Also, a significant fall was reported in levels of
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serum marker enzymes (including creatine kinase-MB, Aspartate, Transaminase, Alanine transaminase
and lactate dehydrogenase) in rats administered with root extract compared to isopranol-administered
rats. In the same study, increased antioxidant parameters were reported in heart homogenate,
indicating that cardioprotective effect might be related to the antioxidant activity of the plant extract.
The aqueous and EtOH extracts of leaf of A. indicum caused lowering of elevated cholesterol and
triglyceride in Triton WR1339 administered rats [146]. In another study, hydro-ethanolic extract of
the plant reduced the level of triglycerides, TC, LDL and VLDLup to 20.64% and 43.8%, 39.83% and
20.63% respectively [150]. Administration of aqueous extract of petals of H. sabdariffa to hypertensive
rats helped in reversing cardiac hypertrophy [182]. Extracts of calyx and leaf also reduced lipids,
thus preventing cardiovascular diseases [156]. Methanolic extract of WP of S. acuta reduce heart beat
rate and blood flow in cardiac vessels [204]. Ethanolic extract of leaf of S. rhombifolia has significant
cardioprotective effect on isoproterenol induced myocardial necrosis in rats [212].

4.6. Hepatoprotective

Paracetamol and carbon tetrachloride-induced hepatotoxicity in rats could be reversed by
aqueous extract of A. indicum [129]. Anthocyanin-rich, EtOH extract of calyx of H. sabdariffa exhibited
hepatoprotective effect on thioacetamide induced hepatotoxicity in rats [180]. Root extract of S. acuta
significantly decreased bilirubin, SGPT and SGOT values in paracetamol-induced hepatotoxicity in
rats [194]. Powdered root, MeOH and aqueous extract of AP of S. rhombifolia has hepatoprotective
effect against CCly-induced hepatotoxicity in rats [223].

4.7. Nephroprotective

Ethanolic extract of roots of A. indicum showed nephroprotective effect in gentamicin-induced
acute renal failure in rats [140]. Aqueous extract of calyx of H. sabdariffa significantly decreases the
effect of adenine-induced chronic kidney disease (CKD) in rats. Infusion in the form of tea is taken
in many parts of the world and therefore its nephroprotective effect adds to its dietary value [171].
In vitro experiments with MeOH and aqueous extracts of roots of S. acuta have shown to inhibit kidney
stone (calcium oxalate crystals) growth [195]. In S. rhombifolia, in vivo experiments have shown that
leaf extract has nephroprotective effect in gentamicininduced nephrotoxicity in rats by decreasing urea
and creatine in urine along with an increase of renal antioxidants [213].

4.8. Anxiolytic

Anxiety and hypertension are often treated together. Alcoholic leaf extract of A. indicum was tested
for anti-anxiety property on rats at a dose of 400 mg/kg [127]. The Elevated Pulse Maze (EPM) was
used for measuring the anxiety in control and experimental albino mice. The mice treated with an oral
dose of alcoholic leaf extract showed less anxiety compared with the control group. Ethanolic extract
of dried calyces of H. sabdariffa exhibited anxiolytic effect in animal models using EPM test. Increased
anxiolytic and sedative effect was also observed with repeated administration of the extract doses [179].
In human beings, during clinical trials, aqueous extract of anthocyanin from calyx of H. sabdariffa
was administered to patients with hypertension. The anti-hypertensive effect was then compared
with control group who were given catopril. The results showed no difference in anti-hypertensive
activity between experimental and control group indicating effectiveness of calyx extract to reverse
hypertension [172]. Adminstration of leaf and stem extracts of S. acuta and EtOH extract of WP of
S. rhombifolia to mice in EPM experiment showed anxiolytic effect on mice [189,230]. The extract also
had sedative effect on mice which led to anti-anxiety (relaxed) state in the experimental mice [189].

4.9. Cytotoxicity

Petroleum ether, methanol, chloroform and ethyl acetate fractions of A. indicum exhibited cytotoxic
activity on U87MG human glioblastoma cells. Maximum activity was observed in a sub fraction
of chloroform extract, which yielded four different components inpurified form through repeated
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chromatography. These components were methyl caffeate, syringic acid, trans-p-courmarate and
pinellic acid. Methyl caffeate was found to be relatively more active [71]. The hydromethanolic leaf
extract of A. indicum has been shown to reduce the growth and viability of Schizosaccharomyces pombe
cells and the active compound responsible for cytotoxicity was identified to be phytol [152]. Aqueous
methanolic extract of calyces of H. sabdariffa showed cytotoxic effect in brine shrimo lethality assay [166].
In S. acuta and S. rhombifolia, in vitro studies demonstrated cytotoxic activity in extracts of WP, AP,
and/or leaf [101,203]. Three alkaloids (quindolinone, cryptolepinone and 11-methoxy quindoline)
isolated from S. acuta showed significant cytotoxicity in mouse hepatoma cells [101]. Another alkaloid,
cryptolepine isolated from S. acuta showed strong cytotoxicity to TRAIL (Tumor necrosis factor Related
Apoptosis-Inducing Ligand)-sensitive human gastric adenocarcinoma cells [98].

4.10. Anticancer and Anti-Proliferative

The ethanolic leaf extract of A. indicum showed anti-proliferative activity on cancer cell line by
inducing the gene of apoptosis- activating factor (Apaf-1) through a network of various proteins [236].
Gold nanoparticles of leaf extract of A. indicum induces apoptosis in colon cancer cells [136]. Aqueous
extracts of leaf and calyx of H. sabdariffa have anticancerous effects. Calyx extract has shown
chemopreventive effect on human gastric carcinoma [162]. Aqueous extract of WP of H. sabdariffa
has cytostatic effect on multiple myeloma cells and oral squamous cell carcinoma, thus indicating
antitumor activity [184]. Cryptolepine isolated from S. acuta showed strong activity in overcoming
TRAIL-resistance in human gastric adenocarcinoma (AGS) cells [98].

4.11. Anti-Diarrheal

Aqueous and MeOH extract of leaf of A. indicum exhibited significant anti-diarrheal activity in
castor oil-induced and prostaglandin E2-induced diarrhoea in rats compared to the standard drug
loperamide [133]. Calyx extract of H. sabdariffa also exhibits anti-diarrheal activity in castor oil-induced
diarrhoea in rats [175]. Methanolic extract of roots of S. rhombifolia could treat diarrhoea in castor
oil-induced diarrhoea in mice models [222].

4.12. Immuno-Stimulatory Activity

When aqueous and EtOH extracts of leaf of A. indicum were orally administered to experimental
mice, an immune-stimulating effect was observed in the animals [237]. Aqueous EtOH extract of
calyx of H. sabdariffa showed higher immune-stimulatory effect in comparison to the drug levamisole.
The extract stimulated production of interleukin-10 and lowered the production of TNF-« in mouse
model [179]. The extract may be tried as immune-stimulatory agent in humans.

4.13. Anticonvulsant and Neuroprotective

The aqueous and EtOH leaf extracts of A. indicum exhibited anticonvulsant activity against
pentylene tetrazole (PTZ) and Maximal Electro Shock (MES) induced convulsion in Wistar rats. An oral
dose of extract (100 mg/kg and 400 mg/kg) could protect the rats against induced convulsions [132].
Further, chloroform extract has been shown to be more potent than aqueous and EtOH leaf
extracts [238]. In case of H. sabdariffa, aqueous extract of calyx prevent lipid-peroxidation in pro-oxidant
induced lipid peroxidation in rat brain cells, thus suggesting a neuroprotective role. This activity could
be attributed to high phenolic content resulting in strong antioxidant properties of the extract [173].
In S. acuta, leaf and stem extracts have anticonvulsant effects on pentylene tetrazole (PTZ)- induced
seizures in mice [189]. Ethanolic extract of leaf of S. acuta showed neuroprotective effect in cerebral
cells of experimental rats [239].
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4.14. Antiulcer

Leaf extract of A. indicum showed significant antiulcer activity in asprin plus pyrolus-induced,
ethanol-induced and acetic acid-induced ulcers in rat models. The treatment with extract indicated
higher gastroprotective activity when compared to famotidine [128]. Oral administration of EtOH
extract of calyx of H. sabdariffa in indomethacin-induced gastric ulcer showed antiulcer effect in
Wistar Albino rat models [178]. In vivo experiments with extracts of S. acuta in rats models, indicated
significant antiulcer activity compared to reference ulcer drug famotidine [36].

4.15. Antivenom

Methanolic leaf extract of A. indicum could inhibit the activity of enzymes present in the venom
of Echis carinatus (Indian saw scaled viper) [139]. In vitro experiments with extract demonstrated
suppression of activity of protease, phospho-monoesterase, phosphodiesterase, acetylcholinesterase,
phospholipase A2, hyaluronidase and Lamino acid oxidase of snake venom. Ethanolic extract of WP
of S. acuta can neutralize the venom of Bothraps atrax [201].

4.16. Anti-Arthritic

The plant extract of A. indicum has been tested in vitro for anti-arthritic activity which showed
a dose dependant effect on protein denaturation, membrane stabilization and inhibition of proteinases.
The herbal extract exhibited more potent analgesic activity than acetyl salicylic acid, a well-established
analgesic drug, for arthritis [144]. Ethanolic extracts of root and stem of S. rhombifolia exhibited
significant anti-arthritic effect in vivo, using adjuvant-induced arthritis in rat model [219].

4.17. Antipyretic

Ethanolic extract of calyx of H. sabdariffa and leaf of S. acuta have antipyretic effect on yeast-induced
fever in rats [177,188]. It was suggested that calyx extract of H. saddariffa inhibits the formation of
interleukin, interferons and tumor necrosis factor-«, which are produced during fever.

4.18. Anti-Atherosclerotic

Anthocyanin rich extracts from H. sabdariffa inhibit low density lipoprotein (LDL) oxidation and
slow down the progression of atherosclerosis by preventing lipid accumulation in rabbits fed with
high cholesterol diet [165].

4.19. Antispasmodic/Anticholinergic

Aqueous extract of calyx of H. sabdariffa shows antispasmodic effect in muscle preparations, e.g.,
rabbit aortic strip, rat uterus and rat diaphragm [174]. In S. rhombifolia, n-hexane extract of whole plant
showed has strong anti-cholinesterase activity, thus suggesting its anticholinergic role [232].

4.20. Antigout

In S. acuta, dichloromethane and ethylacetate fractions of WP extract showed antigout activity in
XO inhibitory assay [202]. In S. rhombifolia, the flavonoid fraction from extract of AP showed significant
antigout effect by XO activity inhibition.

4.21. Antiplasmodial

Aerial parts of S. acuta contain cryptolepine which shows antiplasmodic effect against
Plasmodium falciparum [96]. Methanolic extract of leaf of S. rhombifolia showed antiplasmodial activity
against Plasmodium bergheii infection in mice [218].
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4.22. Anti-Asthmatic

Methanolic extract of aerial parts of A. indicum showed mast cell stabilization in egg albumin-
induced mast cell degranulation, in rat peritoneum. In the same study, anti-inflammatory effect was
observed in carageenan-induced rat paw oedema model. It was suggested that bronchial asthma could
be treated because of mast cell stabilization and anti-inflammatory effects of the plant extract [142].

4.23. Abortifacient

Ethanolic leaf extract of S. acuta showed significant anti-implantation activity in pregnant rats up
to 7 days after conception [190].

4.24. Anti-Estrogenic Activity

Methanolic plant extracts of A. indicum were tested for uterotropic and uterine peroxidise activities
in ovariectomized rats and a negative correlation was established between these parameters and the
plant extract. The plant extract could significantly reduce the activity of these enzymes and uterotropic
response in estradiol treated rats [143].

4.25. Anti-Hyperammonemic

Oral administration of alcoholic extract of H. sabdariffa to ammonium chloride-induced,
hyperammonemic rats, reduces ammonia, urea, uric acid, creatinine and non-protein nitrogen to
normal levels in blood, indicating its anti-hyperammonemic effect [157].

4.26. Anti-Mutagenic

Aqueous extract of calyx of H. sabdariffa showed chemoprotective effects in cyclophosphamide-
induced DNA damage in male Wistar rats, thus indicating anti-mutagenic activity against chemical
(cyclophosphamide)- induced carcinogenesis [169].

4.27. Antitubercular

Methanolic extract of WP of H. sabdariffa [185] showed in vitro antitubercular activity against
the strains clinical and H37Rv of Mycobacterium tuberculosis. Root extract of S. rhombifolia showed
effectiveness against the standard strain M. tuberculosis H37Rv [216]. The ethylacetate leaf extract
of S. rhombifolia is effective against a strain of M. tuberculosis which was resistant to streptomycin,
isoniazid, rifampicin and ethambutol, thus emphasizing its antitubercular activity [216].

4.28. Antiviral

The leaf ethanolic extract of H. sabdariffa showedin vitroantiviral effect against virus extract
consisting of Hep-2 cells [161]. Methanolic extract of leaf of S. acuta showed antiviral activity against
Herpes simplex virus in virus-induced cytopathic assay [192].

4.29. Anti-Hypertensive and Vasorelaxant

Aqueous extract of petals and the crude MeOH extract of calyces of H. sabdariffa could relax
aortic rings of muscles of hypertension-induced rats, thus demonstrating a vasorelaxant effect [32,181].
The alkaloid fraction of S.rhombifolia showed vasorelaxant activity in rat mesenteric arterial rings.
Cryptolepinone, the compound isolated from the alkaloid fraction is shown to have vasorelaxant
activity [113]. The alkaloids quinodolinone and salt of crytolepine also have vasorelaxant effect [114].

5. Toxicity Studies

Toxicity testing is done to obtain information on the biological activity and mechanism of action
of the drug. The information generated by the test is used to assess safety of the drug. Toxicity of any
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compound is measured in the terms of LD50 which is standard measure of toxicity of a substance that
is sufficient to kill half of the sample population of a test animal. Acute toxicity of dried powder of
aerial parts as well as fresh juice of leaves of A. indicum was measured in Swiss mice. Administration of
either of the above plant material did not show any significant effect on body weight [240]. Acute oral
toxicity of the aqueous extract and aqueous suspension of the ethanolic extract of A. indicum leaves was
measured in Swiss albino mice. These were found to be safe at dose of 4000 mg/kg and 2000 mg/kg
respectively and did not show mortality in mice [237]. In mice, toxicity was not observed within
7 days after oral administration at the dose of 15 g/kg of ethanol and aqueous extracts of H. sabdariffa
calyces [177]. Effects of oral administration of water and alcohol extracts of dried calyx of H. sabdariffa
for 90-day were examined in albino rats. A dose of 2000 mg/kg caused the death of the animals which
was preceded by a severe weight loss [241]. Sireeratawong et al. [242] measured the toxicity study
of water extract from the calyces of H. sabdariffa by single and long-term oral administration in rats.
The results indicated that the single oral administration of extract in the amount of 5000 mg/kg body
weight does not produce acute toxicity.

For determining acute toxicity test of S. acuta, mice were injected with aqueous acetone extract
of dried plant material at dose of 1; 2; 2.5; 3; 4; 5 and 6 g/kg and the LD50 values of 3.2 g/kg
was determined, suggesting that the extract has negligible level of toxicity when administered
orally [199].While ethanolic extract of S. acuta was suggested to be toxic when administered at a
dose of 200 mg/kg to Wistar rats [243]. Acute toxicity of the aqueous-methanol extract of S. rhombifolia
was measured using Albino wistar rats. The animals exhibited slight changes in general behaviour but
did not expressed changes in their physio-pathological activities [231].

6. Conclusions and Future Prospects

This review presents scientific investigations thatjustify (i) the use of plant extracts of 4 Malvaceae
members (A. indicum, H. sabdariffa, S. acuta and S. rhombifolia) by Indian tribal populations; and (ii) their
use as ingredients in Indian traditional medicines. The pharmacological activities of the extracts
and isolates of these plants that have been investigated, can be correlated with the traditional
ethnomedicinal uses, detailed in Table 4, and in some cases the active key compound has also been
identified. All four ethnomedicinal plants have some common classes of phytoconstituents (alkaloids,
phenolics, flavonoids and steroids) to which many of the ethnopharmacological activities can be
attributed. The age of the plant and the plant part used for extraction are important parameters, which
can affect the ethnopharmacological activity of the extract. In case of alkaloids, older plants have
much less alkaloids compared to the younger plants. Likewise, aerial parts of S. acuta contain good
quantity of crytolepine and quindoline whereas these two compounds are absent from aerial parts
of S. rhombifolia. It is also observed that many ethnopharmacological activities (anti-inflammatory;,
analgesic, cytotoxic, etc.) are common to all four plants (see Table 2). Since all four plants belong to
same taxonomical family (Malvaceae) and also show several common ethnopharmacological activities,
identification of the active principle in one plant (e.g., eugenol identified in A. indicum has an analgesic
effect) can help in assessing the presence of that compound in the rest of the plants. Some of the
phytoconstituents are common between two or more of the four Malvaceae members, but their reported
ethnopharmacological effects are different (e.g., ferulic acid from H. sabdariffa has anti-diabetic and
anti-ageing effects whereas, ferulic acid from S. acuta has hepatoprotective effect). This suggests
that the phytochemicals in separate sets of conditions can exhibit different pharmacological activities
which may be due to complex interaction of the phytochemicals in the cells/body of the organisms.
Therefore, further studies may be undertaken to understand the exact mechanism of action of
different phytoconstituents showing various pharmacological activities, by taking cue from existing
scientific investigations.
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Table 4. Justification of traditional medicinal uses of Abutilon indicum, Hibiscus sabdariffa, Sida acuta
and Sida rhombifolia supportedby scientific investigations of their ethnopharmacological activities and
phytoconstituents (*-* indicates not reported).

Plant Traditional Medicinal Use

Ethnopharmacological Activity

Phytoconstituent Identified

Inflammations [10]

Anti-inflammatory [135]

Ulcer [10]

Antiulcer [128]

Diarrhoea [10]

Anti-diarrhoea [133]

Wounds [11]

Antimicrobial, Antibacterial [147]

A. indicum Diabetes [12]

Antidiabetic, Hypoglycaemic [145]

Joint pains and Arthritis [13]

Analgesic, Anti-arthritic [151]

Liver disorders/Jaundice [13]

Hepatoprotective [159]

Bronchitis [13]

Anti-asthmatic [142]

Pains [13]

Analgesic [151]

Eugenol [73]

Enhanced male fertility [19]

Enhanced semen production [149]

Skin inflammations [21]

Anti-inflammatory [177]

Roseltidar T1 (plant knottins) [87]
Chlorogenic acid [89]

Diarrhoea [26]

Anti-diarrheal [175]

Wounds [28]

Antibacterial, Antimicrobial [166]

Protocatechuic acid [77]
Chlorogenic acid [89]

Pains [28]

Anti-nociceptive [175]

H. sabdariffa Liver disorders [20]

Hepato-regenerative [159]
Hepatoprotective [180]

Protocatechuic acid [78]

Kidney disorders [27]

Nephroprotective [171]

Quercetin [80]

Cardiac diseases [31]

Cardioprotective [182]

Nervous disorders [20]

Neuroprotective [173]

Controlling Blood Pressure [31]

Anti-hypertensive, Vasorelaxant [127]

Pyrexia [20]

Antipyretic [177]

Cancers [20]

Anticancerous, Antitumoral [153]

Protocatechuic acid [79],
Naringenin [83]

Testicular swelling [35]

Anti-inflammatory [196]

Ulcers [24]

Antiulcer [200]

Wounds and infections [39]

Antimicrobial [198]

Crytolepine, Quinodoline [96]
n-Hexacos-11-enoic acid [110]

Headaches [24]

Analgesic [199]

Liver disorders [24]

Hepatoprotective [194]

Ferulic Acid [101]

Urinary disorders [25]

Kidney stone treatment [195]

S. t
acuta Neurological disorders e.g.,

paralysis [20]

Neuroprotective [189]

Fever [43] Antipyretic [188] -
Abortifacient [41] Abortion [190] -
Dandruff [25] Antifungal [208] -

Malaria [24]

Antiplasmodial [96]

Snake bites [25]

Antivenom [201]

Gonorrhoea (herpes) [24]

Antiviral [192]

Inflammations [46]

Anti-inflammatory [214]

Diarrhoea [45]

Anti-diarrhoea [222]

Abscess & Wounds [44]

Antimicrobial [211]

n-Hexacose-11-enoic Acid [110],
{-sitosterol, Stigmasterol [116]

Arthritis [45]

Anti-arthritic [219]

S. rhombifolia Headaches [45]

Analgesic [214]

Rheumatic pain [46]

Analgesic [214]

Liver disorders [46]

Hepatoprotective [209]

Urinary disorders [46]

Nephroprotective [213]

Heart disease [49]

Cardioprotective [212]

Tuberculosis [46]

Antitubercular [216]

Gout [45]

Antigout [225]




Medicines 2017, 4, 75 23 of 33

Acknowledgments: The funding by Department of Biotechnology (DBT), Government of India under BTIS
net program (Project: BT/BI/25/059/2012(BIF)) and Star college Scheme (SAN/No.102/IFD/DBT/SAN/
1911/2008-09) is gratefully acknowledged.

Author Contributions: ] K.A., SK. and A.M. contributed in compilation, analysis of the data and writing the
review paper. A.M. conceived the idea.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Farnsworth, N.R. The role of ethnopharmacology in drug development. In Ciba Foundation Symposium
154-Bioactive Compounds from Plants; John Wiley & Sons, Ltd.: Chichester, UK, 1990; pp. 2-21.

2. Dey, A,; Gorai, P.; Mukherjee, A.; Dhan, R. Ethnobiological treatments of neurological conditions in the
Chota Nagpur Plateau, India. J. Ethnopharmacol. 2017, 198, 33—44. [CrossRef] [PubMed]

3. Modak, B.; Gorai, P.; Dhan, R.; Mukherjee, A. Tradition in treating taboo: Folkloric medicinal wisdom of
the aboriginals of Purulia district, West Bengal, India against sexual, gynaecological and related disorders.
J. Ethnopharmacol. 2015, 169, 370-386. [CrossRef] [PubMed]

4. Ekor, M. The growing use of herbal medicines: Issues relating to adverse reactions and challenges in
monitoring safety. Front. Pharmacol. 2013, 4. [CrossRef] [PubMed]

5. Yigezu, Y.; Haile, D.; Ayen, W. Ethnoveterinary medicines in four districts of Jimma zone, Ethiopia: Cross
sectional survey for plant species and mode of use. BMC Vet. 2014, 10, 76. [CrossRef] [PubMed]

6. Sharma, R.; Patki, P. Double-blind, placebo-controlled clinical evaluation of an Ayurvedic formulation
(GlucoCare capsules) in non-insulin dependent diabetes mellitus. J. Ayurveda Integr. 2010, 1, 45-51.

7. Patwardhan, B. Ethnopharmacology and drug discovery. |. Ethnopharmacol. 2005, 100, 50-52. [CrossRef]
[PubMed]

8. Christenhusz, M.; Byng, J. The number of known plants species in the world and its annual increase.
Phytotaxa 2016, 261, 201-217. [CrossRef]

9. Rahman, A.; Gondha, R. Taxonomy and Traditional Medicine Practices on Malvaceae (Mallow Family) of
Rajshahi, Bangladesh. Open ]. Bot. 2014, 1, 19-24.

10. Khare, C.P. Medicinal & Aromatic Plants, 1st ed.; CBS Publishers & Distributors: Delhi, India, 2010.

11. Ushakumari, J.; And, R.V.V,; Reddy, K.J. Ethnomedicinal plants used for wounds and snake-bites by tribals
of Kinnerasani region. J. Pharmacogn. 2012, 3, 79-81.

12.  Jayaweera, D.M.A. Medicinal Plants (Indigenous and Exotic) Used in Ceylon/D.M.A. Jayaweera; with Taxonomic
Updating by Lilani K. Senaratna; The National Science Foundation: Colombo, Sri Lanka, 2006.

13.  Yoganarsimha, N.S. Medicinal Plant of India, 2nd ed.; Cyber Media, Tamil Nadu, Banglore: Banglore, India, 2000.

14.  Algesaboopathi, C. Medico—Botanical survey of plans in Kanjamalai hills of Salem, Tamil Nadu. Anc. Sci. Life
1994, 1, 112-116.

15. Muthu, C.; Ayyanar, M.; Raja, N.; Ignacimuthu, S. Medicinal plants used by traditional healers in
Kancheepuram District of Tamil Nadu, India. ]. Ethnobiol. Ethnomed. 2006, 2, 43. [CrossRef] [PubMed]

16. Nisha, M.C.; Rajeshkumar, S. Survey of crude drugs from Coimbatore city. Indian J. Nat. Prod. Resour. 2010,
1, 376-383.

17.  Mohapatra, S.P,; Sahoo, H.P. An Ethno-Medico-Botanical Study of Bolangir, Orissa, India: Native Plant
Remedies Against Gynaecological Diseases. Ethnobot. Leafl. 2008, 12, 846-850.

18. Dinesh, V.; Kashinath Bembrekar, S.; Sharma, P.P. Herbal Remedies Used in the Treatment of Scorpion Sting
from the Nizamabad District, Andhra Pradesh, India. Sci. Res. Rep. 2013, 3, 2249-7846.

19. Ramachandran, J. Herbs of Siddha Medicine/The First 3D Book On Herbs; Murugan PPatthipagam: Chenna,
India, 2008.

20. Ali, B.H.; Mousa, HM.; El-Mougy, S. The effect of a water extract and anthocyanins of Hibiscus sabdariffa L.
on paracetamol-induced hepatoxicity in rats. Phyther. Res. 2003, 17, 56-59. [CrossRef] [PubMed]

21. Chopra, R.N.; Nayar, S.L.; Chopra, I.C. Glossary of Indian Medicinal Plants with Active Principles; Council of
Scientific & Industrial Research: New Delhi, India, 1986.

22. Singh, N.P; Gajurel, P; Rethy, P. Ethnomedicinal value of traditional food plants used by the Zeliang tribe of

Nagaland. Indian J. Tradit. Knowl. 2015, 14, 298-305.


http://dx.doi.org/10.1016/j.jep.2016.12.040
http://www.ncbi.nlm.nih.gov/pubmed/28017696
http://dx.doi.org/10.1016/j.jep.2015.04.020
http://www.ncbi.nlm.nih.gov/pubmed/25917842
http://dx.doi.org/10.3389/fphar.2013.00177
http://www.ncbi.nlm.nih.gov/pubmed/24454289
http://dx.doi.org/10.1186/1746-6148-10-76
http://www.ncbi.nlm.nih.gov/pubmed/24679045
http://dx.doi.org/10.1016/j.jep.2005.06.006
http://www.ncbi.nlm.nih.gov/pubmed/16023811
http://dx.doi.org/10.11646/phytotaxa.261.3.1
http://dx.doi.org/10.1186/1746-4269-2-43
http://www.ncbi.nlm.nih.gov/pubmed/17026769
http://dx.doi.org/10.1002/ptr.1084
http://www.ncbi.nlm.nih.gov/pubmed/12557248

Medicines 2017, 4, 75 24 of 33

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Gautam, R. Sorrel—A lesser-known source of medicinal soft drink and food in India. Indian J. Nat. Prod. Resour.
2004, 3, 338-342.

Tayade, S.K.; Patil, D.A. Ethnomedicinal wisdom of tribals of Nandurbar district (Maharashtra).
Nat. Prod. Radiance 2006, 5, 64—69.

Mishra, S.; Dwivedi, S.; Shashi, A.; Prajapati, K. Ethnomedicinal Uses of Some Plant Species by Ethnic and
Rural Peoples of the Salem District of Tamil Nadu with Special Reference to the Conservation of Vanishing
Species. Ethnobot. Leafl. 2008, 12, 873-887.

Gairola, S.; Sharma, J.; Gaur, R.D; Siddiqi, T.O.; Painuli, R.M. Plants used for treatment of dysentery and
diarrhoea by the Bhoxa community of district Dehradun, Uttarakhand, India. J. Ethnopharmacol. 2013, 150,
989-1006. [CrossRef] [PubMed]

Lokendrajit, N.; Swapana, N.; Singh, C.D.; Singh, C. Herbal folk medicines used for urinary and calculi/stone
cases complaints in Manipur. Int. |. Environ. Biodivers. 2011, 2, 1-5.

Laddha, C.S.; Kunjalwar, S.G. Phytochemical Analysis of Some Wild Edible Plants Used by the Tribes of
Bhiwapur Tahsil of Nagpur District (M.S), India. Ind. Sci. J. 2016, 133-143.

Singh, S.; Singh, D.R.; Singh, L.B.; Chand, S.; Dam Roy;, S. Indigenous Vegetables for Food and Nutritional
Security in Andaman and Nicobar Islands, India. Int. ]. Agric. Food Sci. Technol. Soc. Sci. Sect. 2013,
4, 2249-3050.

Singh, R K.; Sureja, A.K,; Singh, D. Cultural and agricultural dynamics of agrobiodiversity conservation.
Indian Journal of Traditional Knowledge. Indian ]. Tradit. Knowl. 2006, 5, 151-157.

Musselman, L.J. Encyclopedia of Common Natural Ingredients Used in Food, Drugs, and Cosmetics, 2nd ed.;
Leung, A.T., Foster, S., Eds.; John Wiley & Sons: New York, NY, USA, 1996; Volume 50, p. 422.

Obiefuna, PC.M.; Owolabi, O.A.; Adegunloye, B.J.; Obiefuna, L.P.; Sofola, O.A. The petal extract of
Hibiscus sabdariffa produces relaxation of isolated rat aorta. Int. |. Pharmacogn. 1994, 32, 69-74. [CrossRef]
Haji Faraji, M.; Haji Tarkhani, A.H. The effect of sour tea (Hibiscus sabdariffa) on essential hypertension.
J. Ethnopharmacol. 1999, 65, 231-236. [CrossRef]

Neuwinger, H.D. African Traditional Medicine: A Dictionary of Plant Use and Applications; Medpharm Scientific:
Stuttgart, Germany, 2000.

Silja, V.P,; Varma, K.S.; Mohanan, K.V. Ethnomedicinal plant knowledge of the Mullu kuruma tribe of
Wayanad district, Kerala. Indian ]. Tradit. Knowl. 2008, 7, 604—-612.

Akilandeswari, S.; Senthamarai, R.; Valarmathi, R. Screening of gastric antiulcer activity of Sida acuta burm.
Int. ]. Pharmtech. Res. 2010, 2, 1644-1648.

Ramachandran, V.; Nair, N. Ethnobotanical observations on irulars of Tamil Nadu (India). ]. Econ. Taxon. Bot.
1981, 2, 183-190.

Naik, R.; Venugopalan, V.; Kumaravelayutham, P. Ethnoveterinary uses of medicinal plants among the
Lambani community in Chitradurga district, Karnataka, India. Asian Pac. |. 2012, 2, S470-5476. [CrossRef]
Shivanna, M.; Rajakumar, N. Ethno-medico-botanical knowledge of rural folk in Bhadravathi taluk of
Shimoga district, Karnataka. Indian ]. Nat. Prod. Resour. 2010, 1, 102-108.

Nadkarni, K.M. Indian Materia Medica with Ayurvedic, Unani-Tibbi, Siddha, Allopathic, Homeopathic, Naturopathic
& Home Remedies, Appendices & Indexes; Popular Prakashan: Bombay, India, 1976.

Kholkute, S.D.; Munshi, S.R.; Naik, S.D.; Jathar, V.S. Antifertility activity of indigenous plants Sida carpinifolia
Linn. & Podocarpus brevifolius Stapf in female rats. Indian J. Exp. Biol. 1978, 16, 696-698. [PubMed]
Ignacimuthu, S.; Ayyanar, M. Ethnobotanical investigations among tribes in Madurai district of Tamil Nadu
(India). J. Ethnobiol. Ethnomed. 2006, 2, 25. [CrossRef] [PubMed]

Dinda, B.; Das, N.; Dinda, S.; Dinda, M. The genus Sida L.—A traditional medicine: Its ethnopharmacological,
phytochemical and pharmacological data for commercial exploitation in herbal drugs industry.
J. Ethnopharmacol. 2015, 176, 135-176. [CrossRef] [PubMed]

Kirtikar, K.R.; Basu, B.D. Indian Medicinal Plants, 2nd ed.; International Book Distributors: Dehradun, India, 1987.
Nadkarni, K.M. Indian Materia Medica, 3rd ed.; Popular Prakashan: Bomabay, India, 1982.

Dhiman, A.K.; Kumar, A. Ayurvedic Drug Plants; Daya Books: New Delhi, India, 2006.

Selvanayagam, Z.; Gnanavendhan, S. Antisnake venom botanicals from ethnomedicine. J. Herbs Spices
Med. Plants 1995, 2, 45-100. [CrossRef]

Nambier, VPK.; Sasidharan, W.; Renuka, C.; Balagopalan, M. Studies on the Medicinal Plants of Kerala Forests;
Kerala Forest Research Institute: Peechi, Thrissur, India, 1985; pp. 15-16.


http://dx.doi.org/10.1016/j.jep.2013.10.007
http://www.ncbi.nlm.nih.gov/pubmed/24513640
http://dx.doi.org/10.3109/13880209409082975
http://dx.doi.org/10.1016/S0378-8741(98)00157-3
http://dx.doi.org/10.1016/S2221-1691(12)60256-1
http://www.ncbi.nlm.nih.gov/pubmed/700799
http://dx.doi.org/10.1186/1746-4269-2-25
http://www.ncbi.nlm.nih.gov/pubmed/16689985
http://dx.doi.org/10.1016/j.jep.2015.10.027
http://www.ncbi.nlm.nih.gov/pubmed/26497766
http://dx.doi.org/10.1300/J044v02n04_06

Medicines 2017, 4, 75 25 of 33

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Aminuddin, R.; Khan, A. Treatment of malaria through herbal drugs from Orissa, India. Fitoterapia 1993,
64, 545-548.

Adhikari, B.; Babu, M.; Saklani, P. Medicinal plants diversity and their conservation status in Wildlife
Institute of India (WII) campus, Dehradun. Ethnobot. Leafl. 2010, 2010, 46-83.

Parrotta, J. Healing Plants of Peninsular India; CABI Publisher: Oxfordshire, UK, 2001.

Holdsworth, D. Medicinal Plants of Papua New Guinea; Technical Paper No. 175; Noumea South Pacific
Community: Noumea, New Caledonia, 1977; 123p.

Holdsworth, D.; Pilokos, B.; Lambes, P. Traditional Medicinal Plants of New Ireland, Papua New Guinea
Part. II. New Hanover Island. Int. J. Crude Drug Res. 1983, 21, 161-168. [CrossRef]

Burkill, HM. The Useful Palnts of West Tropican Africa; Royal Botanic Gardens, Kew: Richmond, UK, 1997.
Perumal, B. Sida Rhombifolia. In Plant Resources of South-East Asia: Medicinal and Poisonous Plants Vol. 2;
Van Valkenberg, ].L.C.H., Bunyapraphatsara, N., Eds.; Backhuys: Leiden, The Netherlands, 2001; pp. 496-500.
ISBN 90-5782-099-4.

Cribb, A.; Cribb, J. Useful Wild Plants in Australia; Collins: New York, NY, USA, 1981; 269p.

Noumi, E.; Yomi, A. Medicinal plants used for intestinal diseases in Mbalmayo Region, Central Province,
Cameroon. Fitoterapia 2001, 72, 246-254. [CrossRef]

Mills, S. The Complete Guide to Modern Herbalism; Thorsons: Toronto, ON, Canada, 1994.

Burkill, I. A Dictionary of the Economic Products ofthe Malay Peninsula; Ministry of Agriculture and cooperatives:
Bangkok, Thailand, 1966.

Crovetto, RM. Las Plantas Utilizadas en Medicina en el Noroeste de Corrientes (Republica Argentina); Ministerio
de Cultura y Educacion, Fundacion Miguel Lillo: San Miguel de Tucumadn, Argentina, 1981.

Dharma, A.P. Indonesian Traditional Medicinal Plants; Balai Pustaka: Jakarta, Indonesia, 1985.

Boom, B. Use of plant resources by the Chacobo. Adv. Econ. Bot. 1989, 7, 78-96.

Céceres, A.; Menéndez, H.; Méndez, E.; Cohobon, E.; Samayoa, B.E.; Jauregui, E.; Peralta, E.; Carrillo, G.
Antigonorrhoeal activity of plants used in Guatemala for the treatment of sexually transmitted diseases.
J. Ethnopharmacol. 1995, 48, 85-88. [CrossRef]

Heinrich, M.; Ankli, A.; Frei, B.; Weimann, C.; Sticher, O. Medicinal plants in Mexico: Healers’ consensus
and cultural importance. Soc. Sci. Med. 1998, 47, 1859-1871. [CrossRef]

Maneenoon, K.; Khuniad, C.; Teanuan, Y.; Saedan, N.; Prom-in, S.; Rukleng, N.; Kongpool, W.; Pinsook, P.;
Wongwiwat, W. Ethnomedicinal plants used by the traditional healers in Phatthalung Province, Peninsular
Thailand. ]. Ethnobiol. Ethnomed. 2015, 11, 43. [CrossRef] [PubMed]

Morton, ]. Atlas of Medicinal Plants of Middle America: Bahamas to Yucatan; C. C. Thomas: Springfield, IL, USA, 1981.
Varma, N. Phytoconstituents and their mode of extractions: An overview. Res. |. Chem. Environ. Sci. 2016,
4,8-15.

Gaind, K.; Chopra, K. Phytochemical investigation of Abutilon indicum. Planta Med. 1976, 30, 174-185.
[CrossRef] [PubMed]

Kuo, P-C.; Yang, M.-L.; Wu, P-L.; Shih, H.-N.; Thang, T.D.; Dung, N.X.; Wu, T.-S. Chemical constituents from
Abutilon indicum. |. Asian Nat. Prod. Res. 2008, 10, 689-693. [CrossRef] [PubMed]

Shanthi, K.; Gowri, P.; Gopu, M. Pharmacognosy, analysis of bio-active compounds form Abutilon indicum
Linn. (Malvaceae) by using Gas Chromatography and Mass Spectrometry (GC-MS) in ethanol and hexane
solvent. J. Pharm. Res. 2011, 44, 4795-4797.

Khan, R.S;; Senthi, M.; Rao, P.C.; Basha, A.; Alvala, M.; Tummuri, D.; Masubuti, H.; Fujimoto, Y.; Begum, A.S.
Cytotoxic constituents of Abutilon indicum leaves against US7MG human glioblastoma cells. Nat. Prod. Res.
2015, 29, 1069-1073. [CrossRef] [PubMed]

Hussain, M.S,; Fareed, S.; Ali, M.; Rahman, M. A. Validation of the method for the simultaneous estimation
of bioactive marker gallic acid and quercetin in Abutilon indicum by HPTLC. Asian Pac. |. Trop. Dis. 2012, 2,
S576-S83. [CrossRef]

Ahmed, M.; Amin, S.; Islam, M.; Takahashi, M.; Okuyama, E.; Hossain, C.F. Analgesic principle from
Abutilon indicum. Pharmazie 2000, 55, 314-316. [PubMed]

Eggensperger, H.; Wilker, M. Hibiscus-Extrakt-Ein hautvertraglicher Wirkstoffkomplex aus AHA ‘a und
polysacchariden. Parfum. Kosmet. 1996, 9, 540-543.

Mahadevan, N.; Kamboj, P. Hibiscus sabdariffa Linn.—An overview. Nat. Prod. Radiance 2009, 8, 77-83.


http://dx.doi.org/10.3109/13880208309070636
http://dx.doi.org/10.1016/S0367-326X(00)00288-4
http://dx.doi.org/10.1016/0378-8741(95)01288-O
http://dx.doi.org/10.1016/S0277-9536(98)00181-6
http://dx.doi.org/10.1186/s13002-015-0031-5
http://www.ncbi.nlm.nih.gov/pubmed/26025447
http://dx.doi.org/10.1055/s-0028-1097714
http://www.ncbi.nlm.nih.gov/pubmed/981392
http://dx.doi.org/10.1080/10286020802016545
http://www.ncbi.nlm.nih.gov/pubmed/18636384
http://dx.doi.org/10.1080/14786419.2014.976643
http://www.ncbi.nlm.nih.gov/pubmed/25422029
http://dx.doi.org/10.1016/S2222-1808(12)60127-3
http://www.ncbi.nlm.nih.gov/pubmed/10798248

Medicines 2017, 4, 75 26 of 33

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Hirunpanich, V.; Utaipat, A.; Morales, N.P.; Bunyapraphatsara, N.; Sato, H.; Herunsalee, A.; Suthisisang, C.
Antioxidant effects of aqueous extracts from dried calyx of Hibiscus sabdariffa Linn. (Roselle) in vitro using
rat low-density lipoprotein (LDL). Biol. Pharm. Bull. 2005, 28, 481-484. [CrossRef] [PubMed]

Liu, K,; Tsao, S.; Yin, M. In vitro antibacterial activity of roselle calyx and protocatechuic acid. Phyther. Res.
2005, 19, 942-945. [CrossRef] [PubMed]

Lin, W.L.; Hsieh, YJ.; Chou, EP; Wang, C.J.; Cheng, M.T.; Tseng, T.H. Hibiscus protocatechuic acid inhibits
lipopolysaccharide-induced rat hepatic damage. Arch. Toxicol. 2003, 77, 42—47. [PubMed]

Tanaka, T.; Kojima, T.; Kawamori, T.; Mori, H. Chemoprevention of digestive organs carcinogenesis by
natural product protocatechuic acid. Cancer 1995, 75 (Suppl. 6), 1433-1439. [CrossRef]

Pu, E; Mishima, K.; Irie, K.; Motohashi, K.; Tanaka, Y.; Orito, K.; Egawa, T.; Kitamura, Y.; Egashira, N.;
Iwasaki, K.; et al. Neuroprotective effects of quercetin and rutin on spatial memory impairment in an 8-arm
radial maze task and neuronal death induced by repeated cerebral ischemia. J. Pharmacol. Sci. 2007, 104,
329-334. [CrossRef] [PubMed]

Rao, PS.; Seshadri, T.R. Isolation of hibiscitrin from the flowers of Hibiscus sabdariffa: Constitution of
Hibiscetin. Proc. Indian Acad. Sci. Sect. A 1942, 15, 148-153.

Rao, P.S.; Seshadri, T.R. Pigments of the flowers of Hibiscus sabdariffa. Proc. Indian Acad. Sci. Sect. A 1942,
16, 323. [CrossRef]

El-Mahdy, M.A.; Zhu, Q.; Wang, Q.-E.; Wani, G.; Patnaik, S.; Zhao, Q.; Arafa, E.-S.; Barakat, B.; Mir, S.N.;
Wani, A.A. Naringenin Protects HaCaT Human Keratinocytes Against UVB-induced Apoptosis and Enhances
the Removal of Cyclobutane Pyrimidine Dimers from the Genome. Photochem. Photobiol. 2008, 84, 307-316.
[CrossRef] [PubMed]

Wang, J.; Cao, X.; Ferchaud, V.; Qi, Y.; Jiang, H.; Tang, F.; Yue, Y.,; Chin, K.L. Variations in chemical
fingerprints and major flavonoid contents from the leaves of thirty-one accessions of Hibiscus sabdariffa L.
Biomed. Chromatogr. 2015, 30, 880-887. [CrossRef] [PubMed]

Ifie, I; Marshall, L.].; Ho, P; Williamson, G. Hibiscus sabdariffa(Roselle) Extracts and Wine: Phytochemical
Profile, Physicochemical Properties, and Carbohydrase Inhibition. J. Agric. Food Chem. 2016, 64, 4921-4931.
[CrossRef] [PubMed]

Maganha, E.G.; Halmenschlager, R.d.C.; Rosa, R.M.; Henriques, J.A.P.; de Paula Ramos, A.L.L.; Saffi, J.
Pharmacological evidences for the extracts and secondary metabolites from plants of the genus Hibiscus.
Food Chem. 2010, 118, 1-10. [CrossRef]

Kam, A ; Loo, S.; James, P.T. First-in-class Naturally—Occurring Bioenergetic Peptide from Hibiscus sabdariffa.
FASEB J. 2017, 31 (Suppl. 1), 241.

Borras-Linares, I.; Herranz-Lépez, M. Permeability study of polyphenols derived from a phenolic-enriched
Hibiscus sabdariffa extract by UHPLC-ESI-UHR-Qq-TOF-MS. Int. J. Mol. Sci. 2015, 16, 18396-18411. [CrossRef]
[PubMed]

Fernandez-Arroyo, S.; Rodriguez-Medina, I. Quantification of the polyphenolic fraction and in vitro
antioxidant and in vivo anti-hyperlipemic activities of Hibiscus sabdariffa aqueous extract. Food Res. Int. 2011,
44,1490-1495. [CrossRef]

Ohnishi, M.; Matuo, T.; Tsuno, T.; Hosoda, A.; Nomura, E.; Taniguchi, H.; Sasaki, H.; Morishita, H.
Antioxidant activity and hypoglycemic effect of ferulic acid in STZ-induced diabetic mice and KK-Aymice.
BioFactors 2004, 21, 315-319. [CrossRef] [PubMed]

Zhen, J.; Villani, T.S.; Guo, Y.; Qi, Y.; Chin, K; Pan, M.-H.; Ho, C.-T.; Simon, J.E.; Wu, Q. Phytochemistry,
antioxidant capacity, total phenolic content and anti-inflammatory activity of Hibiscus sabdariffa leaves.
Food Chem. 2016, 190, 673-680. [CrossRef] [PubMed]

Ali, B.; Wabel, N.; Blunden, G. Phytochemical, pharmacological and toxicological aspects of Hibiscus sabdariffa
L.: A review. Phyther. Res. 2005, 19, 369-375. [CrossRef] [PubMed]

Shen, C.-Y.; Zhang, W.-L.; Jiang, ].-G. Inmune-enhancing activity of polysaccharides from Hibiscus sabdariffa
Linn. via MAPK and NF-kB signaling pathways in RAW264.7 cells. ]J. Funct. Foods 2017, 34, 118-129.
[CrossRef]

Mohamed, R.; Fernandez, J.; Pineda, M. Roselle (Hibiscus sabdariffa) seed oil is a rich source of y-Tocopherol.
J. Food Sci. 2007, 72, S207-S211. [CrossRef] [PubMed]

Guantilaka, A.; Sotheeswaran, S. Studies on medicinal plants of Sri Lanka. III. Pharmacologically important
alkaloids of some Sida species. Planta Med. 1980, 39, 66-72. [CrossRef]


http://dx.doi.org/10.1248/bpb.28.481
http://www.ncbi.nlm.nih.gov/pubmed/15744073
http://dx.doi.org/10.1002/ptr.1760
http://www.ncbi.nlm.nih.gov/pubmed/16317650
http://www.ncbi.nlm.nih.gov/pubmed/12491040
http://dx.doi.org/10.1002/1097-0142(19950315)75:6+&lt;1433::AID-CNCR2820751507&gt;3.0.CO;2-4
http://dx.doi.org/10.1254/jphs.FP0070247
http://www.ncbi.nlm.nih.gov/pubmed/17666865
http://dx.doi.org/10.1007/BF03170544
http://dx.doi.org/10.1111/j.1751-1097.2007.00255.x
http://www.ncbi.nlm.nih.gov/pubmed/18086244
http://dx.doi.org/10.1002/bmc.3623
http://www.ncbi.nlm.nih.gov/pubmed/26394363
http://dx.doi.org/10.1021/acs.jafc.6b01246
http://www.ncbi.nlm.nih.gov/pubmed/27226105
http://dx.doi.org/10.1016/j.foodchem.2009.04.005
http://dx.doi.org/10.3390/ijms160818396
http://www.ncbi.nlm.nih.gov/pubmed/26262611
http://dx.doi.org/10.1016/j.foodres.2011.03.040
http://dx.doi.org/10.1002/biof.552210161
http://www.ncbi.nlm.nih.gov/pubmed/15630218
http://dx.doi.org/10.1016/j.foodchem.2015.06.006
http://www.ncbi.nlm.nih.gov/pubmed/26213025
http://dx.doi.org/10.1002/ptr.1628
http://www.ncbi.nlm.nih.gov/pubmed/16106391
http://dx.doi.org/10.1016/j.jff.2017.03.060
http://dx.doi.org/10.1111/j.1750-3841.2007.00285.x
http://www.ncbi.nlm.nih.gov/pubmed/17995816
http://dx.doi.org/10.1055/s-2008-1074904

Medicines 2017, 4, 75 27 of 33

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Banzouzi, J.; Prado, R.; Menan, H.; Valentin, A. Studies on medicinal plants of Ivory Coast: Investigation of
Sida acuta for in vitro antiplasmodial activities and identification of an active constituent. Phytomedicine 2004,
11, 338-341. [CrossRef] [PubMed]

Rao, R.; Satyanarayana, T.; Rao, B. Phytochemical investigations on the roots of Sida acuta growing in Waltart.
Fitoterapia 1984, 55, 249-250.

Ahmed, F; Toume, K.; Ohtsuki, T.; Rahman, M. Cryptolepine, isolated from Sida acuta, sensitizes human
gastric adenocarcinoma cells to TRAIL-induced apoptosis. Phytother. Res. 2011, 25, 147-150. [CrossRef]
[PubMed]

Karou, D.; Savadogo, A.; Canini, A.; Yameogo, S. Antibacterial activity of alkaloids from Sida acuta. Afr. |.
2005, 4, 1452-1457.

Tajudeen, L.A.; Ajewole, K.; Abife, L. Chemical Analysis of an Isolated Potentially Medicinal Active
Ingredient of Sida Acuta Plant. Int. Conf. Sci. Eng. Environ. Technol. 2016, 1, 121-127.

Jang, D.; Park, E.; Kang, Y.; Su, B. Compounds obtained fromSida acuta with the potential to induce
quinone reductase and to inhibit 7, 12-dimethylbenz- anthracene-induced preneoplastic lesions in.
Arch. Pharmacal. Res. 2003, 26, 585-590. [CrossRef]

Dhalwal, K.; Shinde, V. Optimization and validation of reverse phase HPLC and HPTLC method for
simultaneous quantification of vasicine and vasicinone in Sida Species. J. Med. Plant Res. 2010, 4, 1289-1296.
Goyal, M.M.; Rani, K.K. Hydrocarbons and phytosterols from the petroleum ether extract of Sida acuta Burm.
Indian Drugs 1988, 25, 184-185.

Ahmad, M.; Husain, S.; Ahmad, M.; Osman, S. Cyclopropenoid fatty acids in seed oils of Sida acuta and
Sida rhombifolia (Malvaceae). J. Am. 1976, 53, 698-699.

Rao, R.; Dixit, V.; Varma, K. Studies on fixed oil of seeds of Sida acuta burm. J. Am. Oil Chem. 1973, 50,
168-169. [CrossRef]

Cao, J.; Qi, Y. Studies on the chemical constituents of the herb huanghuaren (Sida acuta Burm. f.). China J.
Chin. Mater. Med. 1993, 18, 681-682.

Dinan, L.; Bourne, P; Whiting, P. Phytoecdysteroid profiles in seeds of Sida spp.(Malvaceae). Phytochem. Anal.
2001, 12, 110-119. [CrossRef] [PubMed]

Preethidan, D.; Arun, G.; Surendran, M.; Prasanth, S. Lipoxygenase inhibitory activity of some Sida species
due to di (2-ethylhexyl) phthalate. Curr. Sci. 2013, 105, 232-237.

Chen, C.; Chao, L.; Liao, Y. Tocopherols and Triterpenoids from Sida acuta. ]. Chin. Chem. Soc. 2007, 54, 41-45.
[CrossRef]

Biftu, A.; Adane, L.; Tariku, Y. Evaluation of antibacterial activities of compounds isolated from fruits of
Sida rhombifolia Linn. ]. Sci. Res. 2014, 22, 681-689.

Bhatt, D.; Baxi, A.; Parikh, A. Chemical investigations of the leaves of Sida rhombifolia Linn. ]. Indian Chem. Soc.
1983, 60, 98.

Prakash, A.; Varma, R.; Ghosal, S. Alkaloid constituents of Sida acuta, S. humilis, S. rhombifolia and S. spinosa.
Planta Med. 1981, 43, 384-388. [CrossRef] [PubMed]

Chaves, O.; Gomes, R.; Tomaz, A.; Fernandes, M. Secondary metabolites from Sida rhombifolia L. (Malvaceae)
and the vasorelaxant activity of cryptolepinone. Molecules 2013, 18, 2769-2777. [CrossRef] [PubMed]
Chaves, O; Teles, Y.; Monteiro, M. Alkaloids and Phenolic Compounds from Sida rhombifolia L. (Malvaceae)
and Vasorelaxant Activity of Two Indoquinoline Alkaloids. Molecules 2017, 22, 94. [CrossRef] [PubMed]
Jadhav, A.; Pawar, R.; Avula, B. Ecdysteroid glycosides from Sida rhombifolia L. Chem. Biodivers. 2007,
4,2225-2230. [CrossRef] [PubMed]

Goyal, M.M.; Rani, K.K. Effect of Natural products isolated from three species of Sida on some Gram positive
and Gram negative bacteria. J. Indian Chem. Soc. 1988, 65, 74-76.

Woldeyes, S.; Adane, L.; Tariku, Y. Evaluation of antibacterial activities of compounds isolated from
Sida rhombifolia Linn.(Malvaceae). Nat. Prod. Chem. Res. 2013, 1, 1-8. [CrossRef]

Rassem, H.; Nour, A.; Yunus, R. GC-MS analysis of bioactive constituents of Hibiscus flower. Aust. ]. Basic
Appl. Sci. 2017, 11, 91-97.

Kashmiri, M.A.; Yasmin, S.; Ahmad, M.; Mohy-ud-Din, A. Characterization, Compositional Studies,
Antioxidant and Antibacterial Activities of Seeds of Abutilon indicum and Abutilon muticum Grown Wild in
Pakistan. Acta Chim. Slov. 2009, 56, 345-352.


http://dx.doi.org/10.1078/0944711041495245
http://www.ncbi.nlm.nih.gov/pubmed/15185848
http://dx.doi.org/10.1002/ptr.3219
http://www.ncbi.nlm.nih.gov/pubmed/20623717
http://dx.doi.org/10.1007/BF02976704
http://dx.doi.org/10.1007/BF02640471
http://dx.doi.org/10.1002/pca.566
http://www.ncbi.nlm.nih.gov/pubmed/11705239
http://dx.doi.org/10.1002/jccs.200700008
http://dx.doi.org/10.1055/s-2007-971529
http://www.ncbi.nlm.nih.gov/pubmed/17402065
http://dx.doi.org/10.3390/molecules18032769
http://www.ncbi.nlm.nih.gov/pubmed/23455668
http://dx.doi.org/10.3390/molecules22010094
http://www.ncbi.nlm.nih.gov/pubmed/28067836
http://dx.doi.org/10.1002/cbdv.200790180
http://www.ncbi.nlm.nih.gov/pubmed/17886841
http://dx.doi.org/10.4172/2329-6836.1000101

Medicines 2017, 4, 75 28 of 33

120.

121.

122.

123.

124.
125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Tsao, R. Chemistry and biochemistry of dietary polyphenols. Nutrients 2010, 2, 1231-1246. [CrossRef]
[PubMed]

Khafaga, E.; Koch, H. Stage of maturity and quality of roselle (Hibiscus sabdariffa var. sabdariffa). IV. Improved
drying and harvesting systems. Angew. Bot. 1980, 54, 311-318.

Chiu, C.T.; Chen, ].H.; Chou, EP,; Lin, H.H. Hibiscus sabdariffa leaf extract inhibits human prostate cancer
cell invasion via down-regulation of Akt/NF-kB/MMP-9 pathway. Nutrients 2015, 7, 5065-5087. [CrossRef]
[PubMed]

Okwu, D. Evaluation of chemical composition of indeginous species and flavouring agents. Glob. . Pure
Appl. Sci. 2001, 7, 455-460. [CrossRef]

Jain, P; Joshi, H. Coumarin: Chemical and pharmacological profile. J. Appl. Pharm. Sci. 2012, 2, 236-240.
Munné-Bosch, S.; Alegre, L. The function of tocopherols and tocotrienols in plants. CRC Crit. Rev. Plant Sci.
2002, 21, 31-57. [CrossRef]

Seetharam, Y.N.; Chalageri, G.; Setty, S.R. Bheemachar Hypoglycemic activity of Abutilon indicum leaf extracts
in rats. Fitoterapia 2002, 73, 156-159. [CrossRef]

Tirumalasetty, J.; Shankar; Nutalapati, C.; Prakash, M.P,; Harini, K. Evaluation of Anti-anxiety Property of
Alcoholic Extract of Abutilon indicum Leaves in Albino Mice. Int. J. Pharm. Phytopharm. Res. 2011, 2, 397-399.
Malgi, R.A.; Hullatti, K.K.; Kuppast, 1.].; Singh, S.K. Antiulcer activity of Abutilon indicum (L.), sweet, leaf
extract using different experimental models. Int. |. Chem. Sci. 2009, 7, 1011-1018.

Porchezhian, E.; Ansari, S.H. Hepatoprotective activity of Abutilon indicum on experimental liver damage in
rats. Phytomedicine 2005, 12, 62—-64. [CrossRef] [PubMed]

Poonkothai, M. Antibacterial activity of leaf extract of Abutilon indicum. Anc. Sci. Life 2006, 26, 39—-41.
[PubMed]

Edupuganti, S.; Gajulal, R.G.; Kagitha, C.S.; Kazmi, N. Antimicrobial activity of Abutilon indicum. World J.
Pharm. Pharm. Sci. 2015, 4, 946-949.

Golwala, D.K.; Patel, L.D.; Vaidya, S.K.; Bothara, S.B.; Mani, M.; Patel, P. Anticonvulsant activity of
Abutilon indicum leaf. Int. ]. Pharm. Pharm. Sci. 2010, 2, 66-71.

Chandrashekhar, V.M.; Nagappa, A.N.; Channesh, T.S.; Habbu, P.V.; Rao, K.P. Anti-Diarrhoeal Activity of
Abutilon indicum Linn Leaf Extract. ]. Nat. Remedies 2004, 4, 12-16.

Yasmin, S.; Kashmiri, M.A.; Asghar, M.N.; Ahmad, M.; Mohy-ud-Din, A. Antioxidant potential and radical
scavenging effects of various extracts from Abutilon indicum and Abutilon muticum. Pharm. Biol. 2010, 48,
282-289. [CrossRef] [PubMed]

Tripathi, P.; Chauhan, N.S.; Patel, ].R. Anti-inflammatory activity of Abutilon indicum extract. Nat. Prod. Res.
2012, 26, 1659-1661. [CrossRef] [PubMed]

Mata, R.; Nakkala, J.R.; Sadras, S.R. Polyphenol stabilized colloidal gold nanoparticles from Abutilon indicum
leaf extract induce apoptosis in HT-29 colon cancer cells. Colloids Surf. B Biointerfaces 2016, 143, 499-510.
[CrossRef] [PubMed]

Arivoli, S.; Tennyson, S. Larvicidal and adult emergence inhibition activity of Abutilon indicum (Linn.)
(Malvaceae) leaf extracts against vector mosquitoes (Diptera: Culicidae). ]. Biopestic. 2011, 4, 27-35.
Kovendan, K.; Murugan, K.; Panneerselvam, C.; Mahesh Kumar, P; Amerasan, D.; Subramaniam, J.;
Vincent, S.; Barnard, D.R. Laboratory and field evaluation of medicinal plant extracts against filarial vector,
Culex quinquefasciatus Say (Diptera: Culicidae). Parasitol. Res. 2012, 110, 2105-2115. [CrossRef] [PubMed]
Shrikanth, V.M.; Janardhan, B.; More, S.S.; Muddapur, U.M.; Mirajkar, K.K. In vitro anti snake venom
potential of Abutilon indicum Linn leaf extracts against Echis carinatus (Indian saw scaled viper).
J. Pharmacogn. Phytochem. 2014, 3, 111-117.

Jacob Jesurun, R.S.; Lavakumar, S. Nephroprotective effect of ethanolic extract of Abutilon indicum root in
gentamicin induced acute renal failure. Int. J. Basic Clin. Pharmacol. 2016, 5, 841-845.

Amaranth, K.R.; Inamdar, M.N. Cardioprotective activity of ethanolic root extract of Abutilon indicum in
isoproterenol induced myocardial infarction in male wistar rats. Indian J. Pharmacol. 2008, 40, 108-109.
Mehta, A.A.; Paranjape, A.N. Investigation into the Mechanism of Action of Abutilon indicum in the
Treatment of Bronchial Asthma. Glob. |. Pharmacol. 2008, 2, 23-30.

Johri, RK,; Pahwa, G.S.; Sharma, S.C.; Zutshi, U. Determination of estrogenic/antiestrogenic potential of
antifertility substances using rat uterine peroxidase assay. Contraception 1991, 44, 549-557. [CrossRef]


http://dx.doi.org/10.3390/nu2121231
http://www.ncbi.nlm.nih.gov/pubmed/22254006
http://dx.doi.org/10.3390/nu7075065
http://www.ncbi.nlm.nih.gov/pubmed/26115086
http://dx.doi.org/10.4314/gjpas.v7i3.16293
http://dx.doi.org/10.1080/0735-260291044179
http://dx.doi.org/10.1016/S0367-326X(02)00015-1
http://dx.doi.org/10.1016/j.phymed.2003.09.009
http://www.ncbi.nlm.nih.gov/pubmed/15693709
http://www.ncbi.nlm.nih.gov/pubmed/22557222
http://dx.doi.org/10.3109/13880200903110769
http://www.ncbi.nlm.nih.gov/pubmed/20645814
http://dx.doi.org/10.1080/14786419.2011.616508
http://www.ncbi.nlm.nih.gov/pubmed/21999427
http://dx.doi.org/10.1016/j.colsurfb.2016.03.069
http://www.ncbi.nlm.nih.gov/pubmed/27038915
http://dx.doi.org/10.1007/s00436-011-2736-2
http://www.ncbi.nlm.nih.gov/pubmed/22146997
http://dx.doi.org/10.1016/0010-7824(91)90157-B

Medicines 2017, 4, 75 29 of 33

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

Vallabh, D.; Jadhav, VM.; Kadam, V.J. In-vitro anti-arthritic activity of Abutilon indicum (Linn.) Sweet.
J. Pharm. Res. 2009, 2, 644-645.

Krisanapun, C.; Peungvicha, P.; Temsiririrkkul, R.; Wongkrajang, Y. Aqueous extract of Abutilon indicum
sweet inhibits glucose absorption and stimulates insulin secretion in rodents. Nutr. Res. 2009, 29, 579-587.
[CrossRef] [PubMed]

Giri, RK.; Kanungo, S.K.; Jagannath Patro, V.; Dash, S.; Sahoo, D.C. Lipid lowering activity of Abutilon indicum
(L.) leaf extracts in rats. J. Pharm. Res. 2009, 2, 1725-1727.

Mata, R.; Nakkala, J.R.; Sadras, S.R. Biogenic silver nanoparticles from Abutilon indicum: Their antioxidant,
antibacterial and cytotoxic effects in vitro. Colloids Surf. B Biointerfaces 2015, 128, 276-286. [CrossRef]
[PubMed]

Krisanapun, C.; Lee, S.--H.; Peungvicha, P; Temsiririrkkul, R.; Baek, S.J. Antidiabetic Activities of
Abutilon indicum (L.) Sweet Are Mediated by Enhancement of Adipocyte Differentiation and Activation of
the GLUT1 Promoter. Evid.-Based Complement. Altern. Med. 2011, 2011, 1-9. [CrossRef] [PubMed]

Patel, A K. Evaluation of Abutilon indicum linn. leaves on sexual behavior and fertility of male rats.
Ph.D. Dissertation, Rajiv Gandhi University of Health Sciences, Bengaluru, India, 2010.

Srividya, A.R.; Yadav, A.K.; Dhanabal, S.P. Phytopreventive Antihyperlipidemic Activity of Abutilon indicum
Leaves; Inventi Journals Pvt. Ltd.: Bhopal, India, 2011.

Venkatakrishnan, R.; Saraswathi, R.; Arun, K.P; Brindha, P. Studies on Analgesic and Antiinflammatory
Efficacy of Abutilon indicum: A Traditional Drug. Asian J. Chem. 2014, 26, 3715. [CrossRef]

Thakor, P.; Mehta, J.B.; Patel, R.R.; Patel, D.D.; Subramanian, R.B.; Thakkar, V.R.; Pradhan, S.; Das, K.;
Nandi, D.; de Almeida, R.N. Extraction and purification of phytol from Abutilon indicum: Cytotoxic and
apoptotic activity. RSC Adv. 2016, 6, 48336—48345. [CrossRef]

Lin, H.H.; Chan, K.C.; Sheu, ].Y,; Hsuan, SW.; Wang, C.J.; Chen, ]. H. Hibiscus sabdariffa leaf induces apoptosis
of human prostate cancer cells in vitro and in vivo. Food Chem. 2012, 132, 880-891. [CrossRef]

Liu, L.C; Wang, CJ.; Lee, C.C.; Su, S.C.; Chen, HL.; Hsu, ].D.; Lee, H.J. Aqueous extract of Hibiscus sabdariffa
L. decelerates acetaminophen-induced acute liver damage by reducing cell death and oxidative stress in
mouse experimental models. J. Sci. Food Agric. 2010, 90, 329-337. [CrossRef] [PubMed]

Sachdewa, A.; Nigam, R.; Khemani, L. Hypoglycemic effect of Hibiscus rosa sinensis L. leaf extract in glucose
and streptozotocin induced hyperglycemic rats. Indian J. Exp. Biol. 2001, 39, 284-286. [PubMed]

Ochani, P.; D’Mello, P. Antioxidant and antihyperlipidemic activity of Hibiscus sabdariffa Linn. leaves and
calyces extracts in rats. Indian J. Exp. Biol. 2009, 47, 276-282. [PubMed]

Essa, M.; Subramanian, P. Hibiscus sabdariffa affects ammonium chloride-induced hyperammonemic rats.
Evid. Based Complement. Altern. Med. 2007, 4, 321-325. [CrossRef] [PubMed]

Chen, J.; Wang, C.; Wang, C.; Sheu, J.; Lin, C.; Lin, H. Hibiscus sabdariffa leaf polyphenolic extract inhibits
LDL oxidation and foam cell formation involving up-regulation of LXRot/ ABCA1 pathway. Food Chem. 2013,
141, 397-406. [CrossRef] [PubMed]

Parker, E.J.; Amaechi, L.O.; Chinelo, C.N.; Florence, O.N.; Prisca, C.O.; Joshua, O.0O.; Chimere, Y.U.; Chuma, S.E.;
Chibuike, S.U. Hepatocurative effect of aqueous extract of Hibiscus sabdariffa on some antioxidants and
haematological indices of acetaminophen-challenged Wistar albino rats. Afr. ]. Pharm. Pharmacol. 2017,
11, 250-259. [CrossRef]

Kuriyan, R.; Kumar, D.R.; Rajendran, R.; Kurpad, A.V. An evaluation of the hypolipidemic effect of
an extract of Hibiscus sabdariffa leaves in hyperlipidemic Indians: A double blind, placebo controlled trial.
BMC Complement. Altern. Med. 2010, 10, 27. [CrossRef] [PubMed]

Sunday, O.; Munir, A.; Akeeb, O. Antiviral effect of Hibiscus sabdariffa and Celosia argentea on measles virus.
Afr. ]. Microbiol. Res. 2010, 4, 293-296.

Lin, HH.; Chen, J.H.; Kuo, WH.; Wang, C.J. Chemopreventive properties of Hibiscus sabdariffa L. on
human gastric carcinoma cells through apoptosis induction and JNK/p38 MAPK signaling activation.
Chem. Biol. Interact. 2007, 165, 59-75. [CrossRef] [PubMed]

Tseng, T.H.; Kao, E.S.; Chu, C.Y.; Chou, EP; Lin Wu, H.W.; Wang, C.]J. Protective effects of dried flower
extracts of Hibiscus sabdariffa L. against oxidative stress in rat primary hepatocytes. Food Chem. Toxicol. 1997,
35, 1159-1164. [CrossRef]


http://dx.doi.org/10.1016/j.nutres.2009.07.006
http://www.ncbi.nlm.nih.gov/pubmed/19761892
http://dx.doi.org/10.1016/j.colsurfb.2015.01.052
http://www.ncbi.nlm.nih.gov/pubmed/25701118
http://dx.doi.org/10.1093/ecam/neq004
http://www.ncbi.nlm.nih.gov/pubmed/21603234
http://dx.doi.org/10.14233/ajchem.2014.17059
http://dx.doi.org/10.1039/C5RA24464A
http://dx.doi.org/10.1016/j.foodchem.2011.11.057
http://dx.doi.org/10.1002/jsfa.3821
http://www.ncbi.nlm.nih.gov/pubmed/20355050
http://www.ncbi.nlm.nih.gov/pubmed/11495291
http://www.ncbi.nlm.nih.gov/pubmed/19382724
http://dx.doi.org/10.1093/ecam/nel087
http://www.ncbi.nlm.nih.gov/pubmed/17965762
http://dx.doi.org/10.1016/j.foodchem.2013.03.026
http://www.ncbi.nlm.nih.gov/pubmed/23768373
http://dx.doi.org/10.5897/AJPP2017.4730
http://dx.doi.org/10.1186/1472-6882-10-27
http://www.ncbi.nlm.nih.gov/pubmed/20553629
http://dx.doi.org/10.1016/j.cbi.2006.10.011
http://www.ncbi.nlm.nih.gov/pubmed/17145051
http://dx.doi.org/10.1016/S0278-6915(97)85468-3

Medicines 2017, 4, 75 30 of 33

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Chang, Y.C.; Huang, K.X.; Huang, A.C.; Ho, Y.C.; Wang, C.J. Hibiscus anthocyanins-rich extract inhibited
LDL oxidation and oxLDL-mediated macrophages apoptosis. Food Chem. Toxicol. 2006, 44, 1015-1023.
[CrossRef] [PubMed]

Kao, E.S.; Tseng, T.H.; Lee, H.].; Chan, K.C.; Wang, C.]. Anthocyanin extracted from Hibiscus attenuate
oxidized LDL-mediated foam cell formation involving regulation of CD36 gene. Chem. Biol. Interact. 2009,
179, 212-218. [CrossRef] [PubMed]

Tolulope, M. Cytotoxicity and antibacterial activity of methanolic extract of Hibiscus sabdariffa. ]. Med.
Plants Res. 2007, 1, 9-13.

Fakaye, T. Toxicity and immunomodulatory activity of fractions of Hibiscus sabdariffa Linn (Family Malvaceae)
in Animal Models. Afr. ]. Tradit. Complement. Altern. Med. 2008, 5, 394-398. [CrossRef]

Nazratun Nafizah, A.H.; Budin, S.B.; Zaryantey, A.H., Mariati, A.R.; Santhana, RL.; Osman, M.;
Muhd Hanis, M.I;; Jamaludin, M. Aqueous calyxes extract of Roselle or Hibiscus sabdariffa Linn
supplementation improves liver morphology in streptozotocin induced diabetic rats. Arab |. Gastroenterol.
2017, 18, 13-20. [CrossRef] [PubMed]

Gheller, A.; Kerkhoff, J.; Junior, G.V. Antimutagenic Effect of Hibiscus sabdariffa L. Aqueous Extract on Rats
Treated with Monosodium Glutamate. Sci. World J. 2017, 2017, 1-8. [CrossRef] [PubMed]

Ibrahim, K.G.; Chivandi, E.; Mojiminiyi, EB.O.; Erlwanger, K.H. The response of male and female rats to
a high-fructose diet during adolescence following early administration of Hibiscus sabdariffa aqueous calyx
extracts. J. Dev. Orig. Health Dis. 2017, 19, 1-10. [CrossRef] [PubMed]

Ali, B.H.; Cahlikov4, L.; Opletal, L.; Karaca, T.; Manoj, P; Ramkumar, A.; Al Suleimani, YM.; Al Za’abi, M.;
Nemmar, A.; Chocholousova-Havlikova, L.; et al. Effect of aqueous extract and anthocyanins of calyces of
Hibiscus sabdariffa (Malvaceae) in rats with adenine-induced chronic kidney disease. J. Pharm. Pharmacol.
2017, 69, 1219-1229. [CrossRef] [PubMed]

Herrera-Arellano, A.; Flores-Romero, S.; Chavez-Soto, M.A.; Tortoriello, J. Effectiveness and tolerability of
a standardized extract from Hibiscus sabdariffa in patients with mild to moderate hypertension: A controlled
and randomized clinical trial. Phytomedicine 2004, 11, 375-382. [CrossRef] [PubMed]

Oboh, G.; Rocha, J. Antioxidant and neuroprotective properties of sour tea (Hibiscus sabdariffa, calyx) and
green tea (Camellia sinensis) on some Pro-oxidant-induced lipid peroxidation in brain in vitro. Food Biophys.
2008, 3, 382. [CrossRef]

Ali, M,; Salih, W.; Mohamed, A. Investigation of the antispasmodic potential of Hibiscus sabdariffa calyces.
J. Ethnopharmacol. 1991, 31, 249-257. [CrossRef]

Ali, M.; Ashraf, A.; Biswas, N. Antinociceptive, anti-inflammatory and antidiarrheal activities of ethanolic
calyx extract of Hibiscus sabdariffa Linn. (Malvaceae) in mice. Zhong Xi Yi Jie He Xue 2011, 9, 626-631.
[CrossRef]

Wahabi, H.A.; Alansary, L.A.; Al-Sabban, A.H.; Glasziuo, P. The effectiveness of Hibiscus sabdariffa in the
treatment of hypertension: A systematic review. Phytomedicine 2010, 17, 83-86. [CrossRef] [PubMed]
Reanmongkol, W.; Itharat, A. Antipyretic activity of the extracts of Hibiscus sabdariffa calyces L. in
experimental animals. Songklanakarin J. Sci. Technol. 2007, 29, 29-38.

Algasoumi, S.; Al-Dosari, M.; Al-Sohaibani, M.; Al-Howiriny, T.; Al-Yahya, M.; Rafatullah, S. Gastric Ulcer
Protective Activity of Hibiscus sabdariffa: An Experimental, Biochemical and Histological Study. Clin. Exp.
Med. ]. 2010, 4, 115-127. [CrossRef]

Fakeye, T.O.; Pal, A.; Khanuja, S.P.S. Anxiolytic and sedative effects of extracts of Hibiscus sabdariffa Linn
(family Malvaceae). Afr. |. Med. Med. Sci. 2008, 37, 49-54. [PubMed]

Ezzat, S.M.; Salama, M.M.; Seif el-Din, S.H.; Saleh, S.; El-Lakkany, N.M.; Hammam, O.A.; Salem, M.B.;
Botros, S.S. Metabolic profile and hepatoprotective activity of the anthocyanin-rich extract of
Hibiscus sabdariffa calyces. Pharm. Biol. 2016, 54, 3172-3181. [CrossRef] [PubMed]

Ajay, M.; Chai, H.J.; Mustafa, A.M.; Gilani, A.H.; Mustafa, M.R. Mechanisms of the anti-hypertensive effect
of Hibiscus sabdariffa L. calyces. ]. Ethnopharmacol. 2007, 109, 388-393. [CrossRef] [PubMed]

Odigie, I.P.; Ettarh, R.R.; Adigun, S.A. The effect of aqueous extract of petals of Hibiscus sabdariffa (Hs) on
the established stages of 2-kidney, 1-clip renovascular hypertension. J. Ethnopharmacol. 2003, 86, 181-185.
[CrossRef]

Nwaiwu, N.; Mshelia, F. Antimicrobial activities of crude extracts of Moringa oleifera, Hibiscus sabdariffa and
Hibiscus esculentus seeds against some enterobacteria. J. Appl. Phytotechnol. Environ. Sanit. 2012, 1, 11-16.


http://dx.doi.org/10.1016/j.fct.2005.12.006
http://www.ncbi.nlm.nih.gov/pubmed/16473450
http://dx.doi.org/10.1016/j.cbi.2009.01.009
http://www.ncbi.nlm.nih.gov/pubmed/19330881
http://dx.doi.org/10.4314/ajtcam.v5i4.31296
http://dx.doi.org/10.1016/j.ajg.2017.02.001
http://www.ncbi.nlm.nih.gov/pubmed/28336227
http://dx.doi.org/10.1155/2017/9392532
http://www.ncbi.nlm.nih.gov/pubmed/28197528
http://dx.doi.org/10.1017/S204017441700040X
http://www.ncbi.nlm.nih.gov/pubmed/28625218
http://dx.doi.org/10.1111/jphp.12748
http://www.ncbi.nlm.nih.gov/pubmed/28542915
http://dx.doi.org/10.1016/j.phymed.2004.04.001
http://www.ncbi.nlm.nih.gov/pubmed/15330492
http://dx.doi.org/10.1007/s11483-008-9092-5
http://dx.doi.org/10.1016/0378-8741(91)90009-3
http://dx.doi.org/10.3736/jcim20110608
http://dx.doi.org/10.1016/j.phymed.2009.09.002
http://www.ncbi.nlm.nih.gov/pubmed/19801187
http://dx.doi.org/10.1556/CEMED.4.2010.1.12
http://www.ncbi.nlm.nih.gov/pubmed/18756855
http://dx.doi.org/10.1080/13880209.2016.1214739
http://www.ncbi.nlm.nih.gov/pubmed/27564372
http://dx.doi.org/10.1016/j.jep.2006.08.005
http://www.ncbi.nlm.nih.gov/pubmed/16973321
http://dx.doi.org/10.1016/S0378-8741(03)00078-3

Medicines 2017, 4, 75 31 of 33

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

Malacrida, A.; Maggioni, D.; Cassetti, A.; Nicolini, G.; Cavaletti, G.; Miloso, M. Antitumoral Effect of
Hibiscus sabdariffa on Human Squamous Cell Carcinoma and Multiple Myeloma Cells. Nutr. Cancer 2016,
68,1161-1170. [CrossRef] [PubMed]

Osiyemi, O.; Adesokanz, H.; Cadmusz, S. Antitubercular activities of five medicnal plants against two strains
of Mycobacterium tuberculosis. Pharmacol. OnLine 2017, 1, 201-205.

Iroha, I.; Amadi, E.; Nwuzo, A. Evaluation of the Antibacterial Activity of Extracts of Sida acuta Against
Clinical Isolates of Staphylococcus aureus Isolated from Human Immunodeficiency Virus. Res. J. Pharmacol.
2009, 3, 22-25.

Akilandeswari, S.; Senthamarai, R.; Prema, S. Antimicrobial activity of leaf extracts of Sida acuta Burm. Int. J.
Pharm. Sci. Res. 2010, 1, 248-250.

Shrama, R.; Sharma, D.; Kumar, S. Antipyretic efficacy of Various Extracts of Sida acuta leaves. Res. |. Pharm.
Biol. Chem. 2012, 3, 515-518.

Benjumea, D.; Gémez-Betancur, I.; Vasquez, ]J. Neuropharmacological effects of the ethanolic extract of
Sida acuta. Rev. Bras. Farmacogn. 2016, 26, 209-215. [CrossRef]

Ramesh, L.; Londonkar, S.; Patil, S. Phytochemical and contraceptive property of Sida acuta burm fiin. in
albino rats. Int. |. PharmTech Res. 2009, 1, 1260-1266.

Mgbemena, C.; Okwuosa, C.; Mene, A. Hepatoprotective activity of n-hexane and ethyl acetate fractions of
Sida acuta on thioacetamide induced liver injury in rats. Int. J. Herbs Pharmacol. Res. 2015, 4, 65-74.

Anani, K.; Hudson, J.; Souza, C. De Investigation of medicinal plants of Togo for antiviral and antimicrobial
activities. Pharm. Biol. 2000, 38, 40—45. [CrossRef]

Ekor, M.; Odewabi, A.; Bakre, A.; Oritogun, K. Comparative evaluation of the protective effect of the
ethanolic and methanolic leaf extracts of Sida acuta against hyperglycaemia and alterations of biochemical
and haematological indices in alloxan diabetic rats. J. Pharmacol. Toxicol. 2010, 5, 1-12. [CrossRef]
Sreedevi, C.; Latha, P.; Ancy, P; Suja, S. Hepatoprotective studies on Sida acuta Burm. f. . Ethnopharmacol.
2009, 124, 171-175. [CrossRef] [PubMed]

Vimala, T.; Gopalakrishnan, S. Inhibitory effect of the root of Sida acuta Burm. f. on calcium oxalate crystal
growth. Res. Educ. Indian Med. 2012, 18, 21-26.

Arciniegas, A.; Pérez-Castorena, A.; Nieto-Camacho, A. Anti-hyperglycemic, antioxidant, and anti-inflammatory
activities of extracts and metabolites from Sida acuta and Sida rhombifolia. Quimica 2017, 40, 176-181.
[CrossRef]

Karou, D.; Dicko, M.; Sanon, S.; Simpore, J. Antimalarial activity of Sida acuta Burm. f. (Malvaceae) and
Pterocarpus erinaceus Poir.(Fabaceae). |. Ethnopharmacol. 2003, 89, 291-294. [CrossRef] [PubMed]

Ibrahim, T.A.; Adetuyi, FO.; Ajala, L. Phytochemical screening and antibacterial activity of Sida acuta and
Euphorbia hirta. J. Appl. Phytotechnol. Environ. Sanit. 2012, 1, 113-119.

Konaté, K.; Bassolé, I.; Hilou, A.; Aworet-Samseny, R.R.R.; Souza, A.; Barro, A.; Dicko, M.H.; Datté, ].Y.;
M’Batchi, B. Toxicity assessment and analgesic activity investigation of aqueous acetone extracts of Sida acuta
Burn f. and Sida cordifolia L. (Malvaceae), medicinal plantsof Burkina Faso. BMC Complement. Altern. Med.
2012, 12, 120. [CrossRef] [PubMed]

Malairajan, P.; Gopalakrishnan, G.; Narasimhan, S.; Veni, K. Antiulcer Activity of Sida acuta Burm.
Nat. Prod. Sci. 2006, 12, 150-152.

Otero, R.; Nufiez, V.; Barona, J.; Fonnegra, R.; Jiménez, S.L.; Osorio, R.G.; Saldarriaga, M.; Diaz, A. Snakebites
and ethnobotany in the northwest region of Colombia: Part III: Neutralization of the haemorrhagic effect of
Bothrops atrox venom. J. Ethnopharmacol. 2000, 73, 233-241. [CrossRef]

Konaté, K.; Souza, A.; Coulibaly, A.; Meda, N. In vitro antioxidant, lipoxygenase and xanthine oxidase
inhibitory activities of fractions from Cienfuegosia digitata Cav., Sida alba L. and Sida acuta Burn f.(Malvaceae).
Pak. J. Biol. Sci. 2010, 13, 1092-1098. [CrossRef] [PubMed]

Pieme, C.; Penlap, V.; Ngogang, J.; Costache, M. In vitro cytotoxicity and antioxidant activities of five
medicinal plants of Malvaceae family from Cameroon. Environ. Toxicol. Pharmacol. 2010, 29, 223-228.
[CrossRef] [PubMed]

Kannan, R.; Vincent, S. Cynodon dactylon and Sida acuta extracts impact on the function of the cardiovascular
system in zebrafish embryos. J. Biomed. Res. 2012, 26, 90-97. [CrossRef]

Akilandeswari, S.; Senthamarai, R.; Valarmathi, R.; Prema, S. Wound Healing activity of Sida acuta in Rats.
Int. J. Pharm. Technol. 2010, 2, 585-587.


http://dx.doi.org/10.1080/01635581.2016.1208830
http://www.ncbi.nlm.nih.gov/pubmed/27618152
http://dx.doi.org/10.1016/j.bjp.2015.09.011
http://dx.doi.org/10.1076/1388-0209(200001)38:1;1-B;FT040
http://dx.doi.org/10.3923/jpt.2010.1.12
http://dx.doi.org/10.1016/j.jep.2009.04.055
http://www.ncbi.nlm.nih.gov/pubmed/19422907
http://dx.doi.org/10.21577/0100-4042.20160182
http://dx.doi.org/10.1016/j.jep.2003.09.010
http://www.ncbi.nlm.nih.gov/pubmed/14611894
http://dx.doi.org/10.1186/1472-6882-12-120
http://www.ncbi.nlm.nih.gov/pubmed/22883637
http://dx.doi.org/10.1016/S0378-8741(00)00321-4
http://dx.doi.org/10.3923/pjbs.2010.1092.1098
http://www.ncbi.nlm.nih.gov/pubmed/21313883
http://dx.doi.org/10.1016/j.etap.2010.01.003
http://www.ncbi.nlm.nih.gov/pubmed/21787606
http://dx.doi.org/10.1016/S1674-8301(12)60017-7

Medicines 2017, 4, 75 32 of 33

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

Karou, D.; Dicko, M.; Simpore, J.; Traore, A. Antioxidant and antibacterial activities of polyphenols from
ethnomedicinal plants of Burkina Faso. Afr. ]. Biotechnol. 2005, 4, 823-828.

Jindal, A.; Kumar, P.A.D.M.A. Antibacterial activity of Sida acuta Burm. f. against human pathogens. Asian J.
Pharm. Clin. Res. 2012, 5, 33-35.

Alka, J.; Padma, K.; Chitra, ]. Antifungal activity of flavonoids of Sida acuta Burm f. against Candida albicans.
Int. J. Drug Dev. 2012, 4, 92-96.

Thounaojam, M.; Jadeja, R.; Dandekar, D.S.; Devkar, R.V.; Ramachandran, A.V. Sida rhomboidea. Roxb extract
alleviates pathophysiological changes in experimental in vivo and in vitro models of high fat diet/fatty acid
induced non-alcoholic. Exp. Toxicol. Pathol. 2012, 64, 217-224. [CrossRef] [PubMed]

Thounaojam, M.; Jadeja, R.; Ramani, U. Sida rhomboidea. Roxb leaf extract down-regulates expression of
PPARy2 and leptin genes in high fat diet fed C57BL/6] mice and retards in vitro 3T3L1 pre-adipocyte
differentiation. Int. J. Mol. Sci. 2011, 2, 4661-4677. [CrossRef] [PubMed]

Caceres, A.; Girén, L.; Alvsarado, S. Screening of antimicrobial activity of plants popularly used in Guatemala
for the treatment of dermatomucosal diseases. J. Ethnopharmacol. 1987, 20, 223-237. [CrossRef]
Thounaojam, M.; Jadeja, R.; Karn, S.; Shah, J.; Patel, D.K,; Salunke, S.P.; Padate, G.S.; Devkar, R.V,;
Ramachandran, A.V. Cardioprotective effect of Sida rhomboidea. Roxb extract against isoproterenol induced
myocardial necrosis in rats. Exp. Toxicol. Pathol. 2011, 63, 351-356. [CrossRef] [PubMed]

Thounaojam, M.; Jadeja, R.; Devkar, R.; Ramachandran, A.V. Sida rhomboidea. Roxb leaf extract ameliorates
gentamicin induced nephrotoxicity and renal dysfunction in rats. J. Ethnopharmacol. 2010, 132, 365-367.
[CrossRef] [PubMed]

Venkatesh, S.; Reddy, Y.; Suresh, B, Reddy, B. Antinociceptive and anti-inflammatory activity of
Sida rhomboidea leaves. ]. Ethnopharmacol. 1999, 67, 229-232. [CrossRef]

Islam, M.E.; Haque, M.E. Cytotoxicity and antibacterial activity of Sida rhombifolia (Malvaceae) grown in
Bangladesh. Phytotherapy 2003, 17, 973-975. [CrossRef] [PubMed]

Papitha, N.; Jayshree, N.; Sreenivasan, S.; Kumar, V. Anti-tubercular activity on leaves and roots of
Sida rhombifolia L. Int. ]. Pharm. Sci. Rev. Res. 2013, 20, 135-137.

Thounaojam, M.; Jadeja, R.; Devkar, R. Antioxidant and free radical scavenging activity of Sida rhomboidea.
Roxb methanolic extract determined using different in vitro models. Bol. Latinoam. Caribe Plant. Med. Aromit.
2010, 9, 191-198.

Akele, B. In vivo antimalarial activity of aerial part extracts of Gardenia lutea and Sida rhombifolia. Int. . Res.
Pharmacol. Pharmacother. 2012, 2, 234-241.

Narendhirakannan, R.; Limmy, T. Anti-inflammatory and anti-oxidant properties of Sida rhombifolia stems
and roots in adjuvant induced arthritic rats. Immunopharmacol. Immunotoxicol. 2012, 34, 326-336. [CrossRef]
[PubMed]

Logeswari, P; Dineshkumar, V. In-vivo anti-inflammatory effect of aqueous and ethanolic extract of
Sida rhombifolia 1. Root. Int. ]. Pharm. Sci. Res. 2013, 4, 316-321.

Dhalwal, K.; Deshpande, Y.S.; Purohit, A.P. Evaluation of in vitro antioxidant activity of Sida rhombifolia (L.)
ssp. retusa (L.). . Med. Food. 2007, 10, 683-688. [CrossRef] [PubMed]

Sarangi, R.; Mishra, U.; Panda, S.; Behera, S. Evaluation of antidiarrhoeal activity of Sida rhombifolia Linn.
Root. Int. Res. ]. Pharm. 2011, 2, 157-160.

Kumar, R;; Mishra, S. Anti-inflammatory and hepatoprotective activities of Sida rhombifolia Linn. Indian ]. Pharmacol.
1997, 29, 110-116.

Sarangi, R.; Mishra, U.; Choudhury, P. Comparative In Vitro antimicrobial activity studies of Sida rhombifolia
Linn fruit extracts. Int. J. PharmTech Res. 2010, 2, 1241-1245.

Gupta, S.; Nirmal, S.; Patil, R. Anti-arthritic activity of various extracts of Sida rhombifolia aerial parts.
Nat. Prod. Res. 2009, 23, 689-695. [CrossRef] [PubMed]

Mishra, S.; Chaturvedi, S. Antibacterial and antifungal activity of alkaloid of Sida rhombifolia Linn. Indian Drugs
1978, 16, 61-63.

Rahman, M.; Paul, L.; Solaiman, M.; Rahman, A. Analgesic and cytotoxic activities of Sida rhombifolia Linn.
Pharmacol. Online 2011, 2, 707-710.

Ghosh, G.; Subudhi, B.; Mishra, S. Antihyperglycemic Activity of Root Bark of Polyalthia longifolia
Var. pendula and Aerial Parts of Sida rhombifolia Linn. and Its Relationship with Antioxidant Property.
Asian . Chem. 2011, 23, 141-144.


http://dx.doi.org/10.1016/j.etp.2010.08.009
http://www.ncbi.nlm.nih.gov/pubmed/20832268
http://dx.doi.org/10.3390/ijms12074661
http://www.ncbi.nlm.nih.gov/pubmed/21845103
http://dx.doi.org/10.1016/0378-8741(87)90050-X
http://dx.doi.org/10.1016/j.etp.2010.02.010
http://www.ncbi.nlm.nih.gov/pubmed/20303721
http://dx.doi.org/10.1016/j.jep.2010.08.037
http://www.ncbi.nlm.nih.gov/pubmed/20728516
http://dx.doi.org/10.1016/S0378-8741(99)00016-1
http://dx.doi.org/10.1002/ptr.1294
http://www.ncbi.nlm.nih.gov/pubmed/13680839
http://dx.doi.org/10.3109/08923973.2011.605142
http://www.ncbi.nlm.nih.gov/pubmed/21970621
http://dx.doi.org/10.1089/jmf.2006.129
http://www.ncbi.nlm.nih.gov/pubmed/18158841
http://dx.doi.org/10.1080/14786410802242778
http://www.ncbi.nlm.nih.gov/pubmed/19418351

Medicines 2017, 4, 75 33 of 33

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

Muanza, D.; Kim, B.; Euler, K.; Williams, L. Antibacterial and antifungal activities of nine medicinal plants
from Zaire. Int. J. Pharmacogn. 1994, 32, 337-345. [CrossRef]

Sundaraganapathy, R.; Niraimathi, V.; Thangadurai, A. Phytochemical studies and pharmacological
screening of Sida rhombifolia Linn. Hygeia J. Dent. Med. 2013, 5, 19-22.

Assam, A.].; Dzoyem, ].P,; Pieme, C.A.; Penlap, V.B. In vitro antibacterial activity and acute toxicity studies
of aqueous-methanol extract of Sida rhombifolia Linn. (Malvaceae). BMC Complement. Altern. Med. 2010,
10, 40. [CrossRef] [PubMed]

Mah, S.; Teh, S.; Ee, G. Anti-inflammatory, anti-cholinergic and cytotoxic effects of Sida rhombifolia. Pharm. Biol.
2017, 55, 920-928. [CrossRef] [PubMed]

Chao, C.; Yin, M. Antibacterial effects of roselle calyx extracts and protocatechuic acid in ground beef and
apple juice. Foodborne Pathog. Dis. 2009, 6, 201-206. [CrossRef] [PubMed]

Mohd-Esa, N.; Hern, F; Ismail, A.; Yee, C. Antioxidant activity in different parts of roselle
(Hibiscus sabdariffa L.) extracts and potential exploitation of the seeds. Food Chem. 2010, 122, 1055-1060.
[CrossRef]

Usoh, L; Akpan, E.; Etim, E.; Farombi, E.O. Antioxidant actions of dried flower extracts of Hibiscus sabdariffa L.
on sodium arsenite-induced oxidative stress in rats. Pak. |. Nutr. 2005, 4, 135-141.

Kaladhar, D.; Saranya, K.; Vadlapudi, V. Yarla Evaluation of Anti-inflammatory and Anti-proliferative
Activity of Abutilon indicum L. Plant Ethanolic Leaf Extract on Lung Cancer Cell Line A549 for System
Network Studies. J. Cancer Sci. Ther. 2014, 6, 195-201.

Dashputre, N.; Naikwade, N. Inmunomodulatory activity of Abutilon indicum linn on albino mice. Int. |.
Pharm. Sci. Res. 2010, 1, 178-184.

Mahanthesh, M.; Jalalpure, S. Pharmacognostical evaluation and anticonvulsant activity of stem of
Abutilon indicum Linn sweet. Int. ]. Pharm. Pharm. Sci. 2016, 8, 58-70.

Eluwa, M.; Ofem, P.; Asuquo, O.; Akpantah, A. Histological Study of the Effect of Ethanolic leaf extract of
Sida acuta on the cerebral cortex of Adult Wistar Rats. IOSR . Dent. Med. Sci. 2013, 8, 60-63. [CrossRef]
Pingale, S.S.; Virkar, P.S. Evaluation of acute toxicity for Abutilon indicum. Der Pharm. Lett. 2011, 3, 37-42.
Fakeye, T.O.; Pal, A.; Bawankule, D.U.; Yadav, N.P.; Khanuja, S.P.S. Toxic effects of oral administration of
extracts of dried calyx of Hibiscus sabdariffa Linn. (Malvaceae). Phytother. Res. 2009, 23, 412—416. [CrossRef]
[PubMed]

Sireeratawong, S.; Itharat, A.; Khonsung, P.; Lertprasertsuke, N.; Jaijoy, K. Toxicity Studies of the Water
Extract from the Calyces of Hibiscus Sabdariffa L. in rats. Afr. J. Tradit. Complement. Altern. Med. 2013, 10,
122-127. [CrossRef] [PubMed]

Obeten, K.E.; Uruakpa, K.C.; Isaac, V. The evaluation of the effect of Sidaacuta leaf extract on the microanatomy
and some biochemical parameters on the liver of Wistar rats. J. Appl. Phys. 2013, 4, 60-66.

® © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3109/13880209409083012
http://dx.doi.org/10.1186/1472-6882-10-40
http://www.ncbi.nlm.nih.gov/pubmed/20663208
http://dx.doi.org/10.1080/13880209.2017.1285322
http://www.ncbi.nlm.nih.gov/pubmed/28152649
http://dx.doi.org/10.1089/fpd.2008.0187
http://www.ncbi.nlm.nih.gov/pubmed/19099360
http://dx.doi.org/10.1016/j.foodchem.2010.03.074
http://dx.doi.org/10.9790/0853-0856063
http://dx.doi.org/10.1002/ptr.2644
http://www.ncbi.nlm.nih.gov/pubmed/19003943
http://dx.doi.org/10.4314/ajtcam.v10i4.20
http://www.ncbi.nlm.nih.gov/pubmed/24146512
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Ethnomedicinal Uses 
	Abutilon Indicum 
	Hibiscus Sabdariffa 
	Sida Acuta 
	Sida Rhombifolia 

	Major Phytoconstituents 
	Aliphatics 
	Alkaloids 
	Phenolics 
	Flavonoids 
	Steroids 
	Peptides 
	Ecdysteroids 
	Terpenes 
	Coumarins 
	Tocopherols 

	Ethnopharmacological Activities 
	Analgesic and Anti-Inflammatory 
	Antidiabetic and Antiobesity 
	Antimicrobial 
	Antioxidant 
	Cardioprotective and Anti-Hyperlipidemic 
	Hepatoprotective 
	Nephroprotective 
	Anxiolytic 
	Cytotoxicity 
	Anticancer and Anti-Proliferative 
	Anti-Diarrheal 
	Immuno-Stimulatory Activity 
	Anticonvulsant and Neuroprotective 
	Antiulcer 
	Antivenom 
	Anti-Arthritic 
	Antipyretic 
	Anti-Atherosclerotic 
	Antispasmodic/Anticholinergic 
	Antigout 
	Antiplasmodial 
	Anti-Asthmatic 
	Abortifacient 
	Anti-Estrogenic Activity 
	Anti-Hyperammonemic 
	Anti-Mutagenic 
	Antitubercular 
	Antiviral 
	Anti-Hypertensive and Vasorelaxant 

	Toxicity Studies 
	Conclusions and Future Prospects 

