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Introduction:

sabdariffa (Zobo) Plant

Abstract

Hibiscus sabdariffa (HS) is a plant from the Malvaceae family that
is grown widely in most of Asia and tropical Africa. The various
parts of the plant are used traditionally as food in form of
beverages or salads and as medicine. In folklore, HS has been used
to treat many ailments including cardiac and nerve ailments,
induction of diuresis and lactation among others. Scientific
studies have also demonstrated the antihypertensive, antidiabetic,
antilobesity and antilhyperlipidaemic properties of HS. These
biological activities are thought to be as a result of the battery of
phytochemicals in HS that have strong antioxidant activity and
that inhibit a-amylase, a-glucosidase, angiotensin converting
enzyme, calcium channel blockage and direct vasorelaxant
effects. Some of the phytochemicals that are thought to be
responsible for these biological effects include anthocyanins,
flavonoids and organic acids.

There is however the need for more robust researches including
controlled clinical trials to validate these biological activities with
aview to bringing the benefits closer to the bedside.

Keywords: Hibiscus sabdariffa, Malvaceae, anthocyanins,
flavonoids

Malvaceae, genus Hibiscus and species sabdariffa (5). It

Hibiscus sabdariffa (HS) is an annual shrub which
belongs to the Malvaceae family (1). It is called Roselle
in English speaking countries while in North Africa, it is
called karkade or carcade (2). It can be grown as a mono
crop or mixed with other crops (3). It is thought to be
native to Asia or tropical Africa where it is grown as a
garden crop. In Sudan HS is a major export crop (4).

Figure 1: Hibiscus sabdariffa plant in Sokoto, North West Nigeria

Botanical description

HS belongs to the kingdom Plantae, division
Angiosperms, class Eudicots, order Malvales, family

can grow to 2.4 meters or more in height (6) and has a
deep penetrating tap root . It has smooth cylindrical,
typically dark green to red stems (1). The leaves are
alternate, 7.512.5cm long, green with reddish veins and
long petioles. The flowers are hermaphrodite and are
insect pollinated (7). It has a red calyx that consists of 5
large sepals with an epicalyx and bracteoles around the
base (3). The capsule turns brown and splits open when it
is matured and dry. Each capsule contains 2234 kidney [
shaped seeds which are 35 mm long, light(to/deep
brown in colour and covered with minute stout hairs (8).
The extracts of the calyx, stems and leaves are acidic (3).

Traditional and economic uses of HS

The different parts of the plant have many traditional uses
in different communities across the world.

Uses of HS calyces

Among the different parts of the plant, the calyces are the
most extensively used for both traditional and medicinal
purposes. Fresh and dried HS calyces are used in the
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preparation of hot or cold beverages (9), wine, jam,
confectionaries, ice cream, chocolates, flavouring
agents, puddings and cakes (3, 10). The calyces are boiled
and processed into a local soft drink known as “Zobo” in
Nigeria (11) or “agua de Jamaica” in Mexico. (6)

HS calyces are used to treat cardiac and nerve ailments
and to induce diuresis (12). An infusion of the calyces
extracts has also been used to lower body temperature
(13) and to treat drunkenness (2). Extracts of the calyces
are used in North Africa as a remedy for sore throats and
cough as well as genital problems (3). The calyces also
provide a good source of food colourant due to the
presence of anthocyanins, which are naturally colourful.
In Pakistan, the calyces serve as a source of pectin for
fruit[preservation industry while in India they are used as
vegetables (8).

Figure 2: Dried calyces of Hibiscus sabdariffa
Hibiscus sabdariffaleaves

The leaves of HS are consumed raw or cooked as a sour[’
flavoured vegetable or condiment (14). In Sudan and

Malaysia, they are eaten green or dried cooked with

onions and ground nuts (14). In India, the tender leaves

and stems are eaten as salad and for making chutney

during rainy season and dry them for during off'season

use (8).

Hibiscus sabdariffa seeds

The seeds of HS are eaten roasted or ground into meals
(15). As powder, they are used in meals such as oily soups
and sauces or as a substitute for coffee (16). Hibiscus
sabdariffa seeds are also used in the treatment of
indigestion and dysuria (2) and for inducing or enhancing
lactation (17). The Chinese use the seeds for oil
extraction. The yield of the extracted oil from red and
white HS seeds was found to be 21.1% (18). HS seeds are
rich in protein and after oil extraction, they are boiled and
eaten in soups and are also used as a substitute for coffee

in Africa (8). The seeds are fermented to produce a meat
substitute condiment (8).

Phytochemistry of HS calyces

HS phytochemistry has been extensively studied and
documented. Table 1 shows the phytochemical
composition of different parts of HS.

Table 1: Phytochemical composition of Hibiscus
sabdariffa

Part of the plant Chemical constituents

Carbohydrates, arabinans, mannose,

sucrose, thiamin, xylose, mucilage,

niacin, pectin, proteins, fat,

arabinogalactans,

rhamnogalacturans, riboflavin, B-

carotene, phytosterols, citric acid,

ascorbic acid, fruit acids, maleic acid,

malic acid, hibiscic acid, oxalic acid,

tartaric acid, (+)-allooxycitronic

acid-lactone, allohydroxycitric-acid,

glycolic acid, utalonic acid,

protocatechuic acid, cyanidin(3[]
glucoside, cyanidin[3Sambubioside,

cyanidinBlkxyloglucoside,

delphinidin, delphinidin[B3T]
glucoside,delphinidinB [
sambubioside, delphinidin(3[]
xyloglucoside, delphinin,

gossypetin, gossypetin[3[glucoside,

hibiscetin, hibiscin, hibiscitrin,

sabdaretin, sabdaritrin, fibre (crude),

resin, fibre (dietery), minerals and

ash.

Flower

Seed Starch, cholesterol, cellulose,
carbohydrates, campesterol, [-
sitosterol, ergosterol, propionic acid,
pentosans, pelargonic acid,
palmitoleic acid, palmitic acid, oleic
acid, myristic acid, methanol,
malvalic acid, linoleic acid, sterculic
acid, caprylic acid, formic acid,
stearic acid, cis(12,13(epoxy!(cis(9[]
octadecenoic acid, isopropyl alcohol,
isoamyl alcohol, ethanol, 3methyl[’
1 [butanol, fibre and minerals.

www.acemedicine.asmeda.org | [ISSN: 2714-4674 (Online) | ISSN: 2714-4666 (Print)

Volume 1 | No.1 | January- June 2020



;: Annals of Clinical and Experimental Medicine : 8

A Review Article

A Review of the Phytochemistry and Biological Activities of Hibiscus sabdariffa (Zobo) Plant

Leaf a-Terpinyl acetate, anisaldehyde, p-
carotene, f-sitosterol, B-D-
galactoside, p-sitosteryl benzoate,
niacin, fat, isoamyl alcohol, isol]
propyl alcohol, methanol, 3 methyl ]
1 butanol, benzyl alcohol, ethanol,
malic acid, fibre and ash.

a-Terpinyl acetate, pectin,
anisaldehyde, ascorbic acid, calcium
oxalate, caprylic acid, citric acid,
acetic acid, ethanol, formic acid,
pelargonic acid, propionic acid,
isopropyl alcohol, methanol, benzyl
alcohol, 3[methyl[1[] butanol,
benzaldehyde and minerals

Fruit

Root Tartaric acid and saponin.
Adapted from (7)
Nutritional value of HS calyces

The reported nutritional value of HS calyces differs
between studies (see table 2). These differences could
result from the variety of HS, soil type, harvesting and
processing practices employed (3).

Organic acid content of HS calyces

HS contain a high percentage of organic acids including
citric acid, hydroxycitric acid, hibiscus acid, malic and
tartaric acids as major organic acids and oxalic and
ascorbic acid as minor organic acids (7). The ascorbic
acid content in the calyces varies between fresh (6.7(]
1.4mg/100g) (2) and dried calyces (2601280mg/100g)

(14).

Table 2: Nutritional composition of HS calyces
Nutrients a9 (14)
Protein 1.145g/100g 1.9g/100g
Fat 2.61g/100g 0.1g/100g
Fibre 12.0g/100g 2.3g/100g
Ash 6.90g/100g *
Calcium 12.63mg/100g 1.72mg/100g
Phosphorus 273.2mg/100g *
Iron 8.98mg/100g 57mg/100g
Carotene 0.029mg/100g 300ng/100g
Thiamine 0.117mg/100g *
Riboflavin 0.277mg/100g *
Niacin 3.765mg/100g *
Ascorbic acid 6.7mg/100g 14mg/100g
Carbohydrates * 12.3g/100g

*= not reported

Hydroxycitric acid, hibiscus acid and its derivatives are
the principal organic acids found in the calyces and
leaves (20). The hydroxycitric acid in HS calyces is the
(+)Chydroxycitric acid also known as (+)[HCA (21). Its
Isomer ()'HCA is an inhibitor of citrate lyase (22) and
has been proposed as an antilobesity agent (22, 23). In
rats, hydroxycitric acid in HS calyx extract inhibits fat
production from carbohydrates (24). It has been
suggested that racemization of (+)HCA to ()[HCA by
the intestinal flora may be an explanation to warrant the
significant decrease in triacylglycerols in the experiment
carried out on rats supplemented with HS calyx extracts
(25).

Anthocyanin content of HS

The anthocyanins are a group of flavonoid derivatives
and natural pigments present in the dried flowers of HS
whose (anthocyanins) colour varies with pH (3). These
pigments have been researched extensively because of
their recognized antioxidant activity (20).

Yamamoto and Oshima (26) identified the first

anthocyanin from the calyces of HS “hibiscin” or

“hiviscin” to which they assigned the structure cyanidin[]
3[glucoside and then later renamed it to delphinidin[’
pentosidelglucoside (27). Other anthocyanins including

delphinidin(3[glucoside, cyanidin(3[glucoside (28, 29)

and cyanidin 3 [Sambubioside (gossipicyanin) (29) were

also identified. Subramanian and Nair (30) reported the

presence of cyanidin(3, 5[diglucoside and cyanidin3[]
(2Glglucosylrutinoside) in the flower pigments of HS.

Several studies identified delphinidin(3[sambubioside
and cyanidin(3 [sambubioside as the major anthocyanins
in HS calyx extracts (20, 31).

Flavonoid content of HS

HS contains simple and polymerised forms of
polyphenolic compounds (3). Hibiscitrin, sabdaritrin,
gossypitrin, gossytrin, quarcetin, luteolin, chlorogenic
acid, procatechuic acid, pelagonidic acid and eugenol
have been described in HS extracts (32). Alarcon!]
Alonso, Zamilpa (31) reported that the amount of
quercetin present in the aqueous extracts of HS calyces
was 3.2mg/g while rutin was 2.1mg/g. Quercetin and its
conjugated glycosides as well as rutin were also
identified in aqueous extracts of HS calyces together with
kaempferol (20).

Aqueous calyx extracts of HS showed the presence of
procatechuic acid (24.24%), catechin (2.67%),
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gallocatechin (2.44%), caffeic acid (19.85%) and
gallocatechin gallate (27.98%) (33).

Procatechuic acid (PCA), an important phenolic acid in
the calyces of HS (32) has been found to inhibit skin
tumour promotion in mouse (34). HS calyces and leaves
contain chlorogenic acid; a phenolic (35) which belongs
to a family of esters formed between certain trans(]
cinnamic and quinic acids (36). The amount of
chlorogenic acid in HS extract was reported to be
2.7mg/g (31).

Polysaccharide content of HS

Polysaccharides are present in large quantities in HS.
Miiller and Franz (37) reported a yield of 10% reddish
polysaccharides from ethanol (precipitated water extracts
of HS calyces. Arabinose, galactose, glucose, rhamnose
and smaller amounts of mannose and xylose were
identified in two different fractions (38). The petals of HS
yielded 65% (dry weight) of mucilage which yielded
galactose, and rhamnose on hydrolysis (39).

Pharmacology and biological activity of HS

HS has been used in folk medicine in the treatment of
many conditions and most of these folkloric claims have
been verified scientifically.

Anti-obesity and hypolipidemic effects

The persistent increase in the global incidence of obesity
is worrisome especially as it increases the risk of
developing metabolic dysfunction (40). HS has been
proved to hold prospects in the prevention and treatment
of obesity.

Alarcon(Aguilar, Zamilpa (6) induced obesity in mice
using monosodium glutamate (MSG) and then
administered HS aqueous extracts for 60 days (33.64mg
of'total anthocyanins per 120mg of extract) to healthy and
obese mice. They observed significantly reduced body
mass gain in obese mice and increased liquid intake in
obese and healthy mice. While investigating the effects of
HS ethanol extracts on fat/absorption éxcretion and body
weight in rats, CarvajalZarrabal, Hayward/Jones (25)
concluded that components of HS at intermediate and
greater concentrations could serve as antilobesity agents.
These antilobesity effects could be as a result of the
modification of the P13[K/Akt and ERK pathway which
plays avital role in adipogenesis (41).

Lin, Lin (42) investigated the effects of HS extract on
serum cholesterol in human subjects and found that

serum cholesterol was significantly reduced in subjects
that took 2 capsules (1g) of HS extract for a month
suggesting that HS extracts may be effective in
hypercholesterolemic patients. HS was also found to
inhibit serum lipids and to show antilatherosclerotic
activity (43). On histology, they found HS to reduce foam
cells formation and inhibit smooth muscle cell migration
and calcification in the blood vessels of rabbits. HSE
powder significantly reduced glucose and total
cholesterol levels, increased TAG/HDL (¢ ratio, a marker
of'insulin resistance (44).

A reduction was observed in the levels of LDL and the
ratio of LDLI¢ to HDLI¢ when HS extracts were
administered to high fructose fed and high cholesterol]
fed rats; suggesting that it may be used to inhibit LDL
oxidation and to prevent various types of
hyperlipidaemia in high fructosefed and high
cholesterol [ fed rats (45). Aqueous calyx extracts of HS
inhibit the accumulation of triglycerides better when the
fibre and polysaccharide components have been removed
(20). HSIderived polyphenols are known to ameliorate
various obesity(telated conditions. Recent studies
suggest a complex underlying mechanism of action
which involves the regulation of energy metabolism,
oxidative stress and inflammatory pathways,
transcription factors, hormones and peptides, digestive
enzymes, as well as epigenetic modifications (46).

Antihypertensive and cardioprotective effects

Hypertension contributes significantly to the global
burden of nonlcommunicable diseases and is responsible
for a lot of morbidities and mortalities (47). Annually,
hypertension accounts for about 13% of deaths globally
(48). HS has been shown to have antilhypertensive
effects in animal (11, 49) and human (32, 50). Its
antihypertensive effect is thought to be mediated via a
direct vaso [telaxant effect (51) diuretic (52), calcium ion
channels modulation (53) and the inhibition of
angiotensin converting enzyme by the anthocyanins (10).

HS has been found to exhibit cardiolprotective activity
by enhancing myocardial capillarization in
spontaneously hypertensive rats that were orally fed its
aqueous calyx extracts (49) and by reversing cardiac
hypertrophy in 2K1C (2Kidneys, 1 clip) hypertensive
rats (54). HS polyphenols were shown to exhibit negative
inotropic, negative chronotropic and positive ionotropic
responses, possibly by modulating calcium entry, release
and reuptake in the heart. This suggests that HS
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polyphenols are potential candidates for the treatment of
conditions like arrhythmia (55).

Anti-diabetic effects

Diabetes mellitus is an endocrine disorder associated
with hyperglycaemia, dyslipidaemia and results from
defects in insulin secretion and/or action (56). Globally,
diabetes mellitus is a highly prevalent disease
responsible for high morbidity and mortality (57). When
HS polyphenolic extract was administered to a type 2
diabetic rat model at a dose of 200mg.kg(1 it reduced
hyperglycaemia, hyperinsulinaemia, advanced glycation
end product and lipid peroxidation (57). HS was shown to
be a potent inhibitor of pancreatic a-amylase (58). The
inhibition of pancreatic o-amylase and intestinal o-
glucosidase slows down the digestion of carbohydrates to
more absorbable monosaccharides; a therapeutic strategy
currently in vogue for the control of post prandial
hyperglycaemia (58). The hypolipidemic and antioxidant
properties of HS ethanolic extract were confirmed in
alloxanlinduced diabetic rats (59) where they showed
therapeutic potentials in preventing the development of
atherosclerosis and other cardiovascular complications
associated with diabetes.

HS calyx extract palliates insulin resistance,
hyperglycaemia, dyslipidaemia and oxidative stress in
highfructose linduced metabolic syndrome rats (60).
The calyx extract was also demonstrated to inhibit 3 key
enzymatic targets (o-/pB-glucosidase and a-amylase) in
antidiabetic therapy (61).

Antioxidant effects

Antioxidants protect the tissues from peroxidative
damage (62). Several studies have reported the
antioxidant activity of HS (63, 64). This antioxidant
activity is expressed in different ways and by both
aqueous and ethanolic extract of the calyces, seeds and
leaves (63). The extract can exert their antioxidant action
by scavenging free radicals and reactive oxygen species
(65), inhibition of xanthine oxidase activity (34) and
prevention of cell damage via lipid peroxidation (65). HS
extracts also inhibit the formation of malondialdehyde
(65) and oxidation of low(density lipoprotein and
formation of thiobarbituric reactive substances (TBARS)
by Cu2+ (66). HS could reduce glutathione depletion and
also alter the activities of superoxide dismutase and
catalase in the liver and blood (67).

HS calyx extract attenuates highfructose dietmediated

decreases in the activities of superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GSH]
Px), glutathione reductase (GSHIlted) and glucose 60
phosphate dehydrogenase (G6PD) and also brings down
the increased levels of malondialdehyde, conjugated
dienes, lipid hydroperoxides, protein carbonyl and
percentage fragmented DNA induced by highfructose
diet (60).

Hepatoprotective effects

Lee, Kuo (68) found that preltreatment with a
polyphenolic extract of HS protected the liver from
acetaminophen/induced liver injury in BALB/c mice.
The extracts increased the level of glutathione, decreased
the level of peroxidation and increased catalase activity
inthe liver.

HS also reduced liver steatosis and fibrosis, decreased the
elevation of aspartate aminotransferase (AST) and
alanine aminotransferase (69). During Carbon
tetrachloride (CCl4) treatment, HS extracts restored the
decrease in glutathione content and inhibited lipid
peroxidation (69).

HS aqueous extract was found to reduce body mass gain
and protect the liver by reducing fat accumulation,
attenuating steatosis, down(regulating sterol regulatory
element binding protein (SREBP-1c) and peroxisome
proliferator- activated receptor gamma (PPAR-y),
blocking the increase of interleukin one (IL-1), tumour
necrosis factor alpha messenger ribonucleic acid (TNF-a
mRNA), lipoperoxidation and increasing  catalase
mRNA in obese C57BL/6NHsd mice (40).

HS calyx extract causes significant reduction in serum
levels of alanine aminotransferase, aspartate
aminotransferase and hepatic malondialdehyde (70).
Furthermore, it decreases the immunopositivity of
nuclear factor kappaB and CYP2E]1 in the liver, with an
increase in the effector apoptotic marker (caspasel3
positive cells) and restoration of the altered hepatic
architecture (70).

Nephroprotective effects

Most often, diabetic nephropathy progresses to end stage
renal disease, and this is thought to be mediated by
oxidative stress (71). Phenolic extracts of HS reduced the
kidney mass and improved the hyperglycaemialinduced
osmotic diuresis in the proximal tubules while
significantly lowering the serum triglyceride, total
cholesterol, LDL and increasing the activity of catalase,
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glutathione and reducing lipid peroxidation in
streptozotocin/induced diabetic rats (71). These findings
were in agreement with those of Wang, Lee (72). The
latter proposed that the observed HS extracts
nephroprotective effects might involve the up-regulation
of Akt/Bad/14-3-3y and nuclear factor-kappa B (NF-xB)-
mediated transcription. In a study on the effects of HS
calyces on creatinine and serum electrolytes, no
significant harmful changes were observed in blood urea
nitrogen (BUN), serum creatinine, sodium and potassium
levels (73).

HS palliates lipopolysaccharide-induced renal
inflammation via downregulation of cytokine network,
pro-inflammatory product production, and nuclear
factor-kB (NF-kB) pathway (74).

The adverse effects of adenine! linduced chronic kidney
disease (CKD) significantly decreased in rats, when
either HS aqueous calyx extract or its anthocyanins were
administered along with adenine indicating that they may
be safe dietary agents that could be used to attenuate the
progression of human CKD (75).

Anti-cancer effects

HS protocatechuic acid was found to inhibit the 12[O]
tetradecanoylphorboll13Tacetate (TPA)linduced
promotion in skin tumours of female CD[1 mice (34).
The topical application of protocatechuic acid twice
weekly prior to TPA treatment inhibited the incidence of
tumours in mice significantly while all the mice that were
not treated developed the tumour.

HS aqueous calyx extract caused a 91% reduction in
micronucleus frequency and protected against
cyclophosphamidelinduced damage to DNA (76).
Methanolic calyx extract of HS was demonstrated to
have potent inhibitory effect against Ehrlich ascites
carcinoma cells with a half maximal inhibitory

concentration of 28.16 pg/mL (77).

Anti-pyretic and analgesic effects

HS calyx aqueous and ethanolic extracts were
investigated for their nociceptive, antilinflammatory and
anti[pyretic effects using the writhing, hot plate and
formalin tests in mice; yeastlinduced fever and
carrageenaninduced paw oedema in rats respectively
(78). The ethanol and vacuum dried extracts of HS (2007
800mg.kg1) reduced the yeastlinduced fever but had no
effect on the other tests suggesting that HS calyx extracts

have antilpyretic effects through mechanisms different
from those of aspirin (78).

Antinociceptive activity of ethanolic calyx extract of HS
was evaluated by using the acetic acidlinduced writhing
test. The antilinflammatory effect of the extract was
tested by using the xylenelinduced ear oedema model
mice. There was a significant inhibition of writhing in the
mice when compared with the blank control. This
indicates that the calyx extract possesses significant
antinociceptive, antilinflammatory (79). In another
study, HS calyx extract showed significant analgesic

effectin arat model (80).

Sexual maturity and lactogenic effects

HS aqueous extract administered to pregnant Sprague
Dawley rats resulted in postmatal weight gain in the
pups, delayed onset of puberty in the female offspring
and increased body mass index through mechanisms that
may be linked to glucocorticoid and leptin signalling
(17). In a lactogenic study on the seeds of HS, an
elevation was found in the serum prolactin levels of
Albino Wistar rats in a dose dependent manner with the
maximum effect occurring at doses of 800mg.kgl1 and

1600mg.kg1 (81, 82).

HS ameliorated cadmiumlinduced reduction in testicular
weight in rats, and also reduction in activities of catalase
(CAT) and superoxide dismutase (SOD) and levels of
reduced glutathione (GSH) in the testes of the rats (83).

HS aqueous calyx extract was shown to cause
progressive increase in milk production reaching its peak
in the third week during lactation in experimental
animals (84).

Anti-bacterial/antimicrobial effects

Methanolic extracts of HS were studied for their
antimicrobial effects in vitro using a discldiffusion
method. The extracts exhibited activities comparable to
that of streptomycin against various clinically important
gram positive and grammegative bacteria such as
Staphylococcus aureus, Micrococcus luteus, Clostridium
sporogens, Escherichia coli, Klebsiella pneumonaie,
Bacillus cereus and Pseudomonas fluorescence (85).
Fullerton, Khatiwada (86) investigated the antimicrobial
effects of HS calyces against Escherichia coli O157:H7
found in food, veterinary and clinical samples. The calyx
extracts of HS exhibited antimicrobial action against
Escherichia coli at 2.5%, 5% and 10 % concentrations
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(87).
Effects on smooth muscles

An aqueous extract of the petals of HS was shown to have
a vasolrelaxant effect on rat aortic rings through
endothelium/dependent and independent mechanisms
(88). Fouda, Mohamad (89) reported an inhibition of rat
bladder and uterine contractility by an aqueous calyx
extract of HS through mechanisms unrelated to local or
remote autonomic receptors or calcium channels as
previously suggested in a study of the effects of HS on the
GIT (90, 91).

Haematinic effects

The dried fermented calyces of HS have a very low pH
(3.2) which increases the bioavailability of other
minerals such as iron and calcium (92). The high ascorbic
content of HS calyces could also be responsible for an
increase in the bioavailability of other minerals including
iron which are essential for erythropoiesis (92). There
may therefore be a role for HS in iron supplementation in
the prevention or treatment of anaemia. Adigun,
Ogundipe (93) studied the effects of HS extracts on some
haematological parameters in Wistar albino rats. After 14
days of HS oral administration, a significant elevation of
haematocrit and haemoglobin in the groups that received
low doses of the extract (200mg.kgl1 body wt. and
400mg.kg[1 body wt.) was observed while the groups
that received higher doses had significant reduction in

haematocrit but not haemoglobin concentration (94).

Other effects

HS aqueous extracts were shown to possess diuretic and
natriuretic properties via the compound quercetin which
causes the vascular endothelium to release nitric oxide
and cause renal vasodilation and increased kidney
filtration in rats (31). HS extracts were also suggested as
a valuable ethnomedicine in the management of chronic
inflammatory diseases because of its ability to modulate
the production of monocyte chemoattractant protein(1
(95). This immunomodulatory action might be both cell
and humoral mediated (96). There is also evidence for use
of aqueous dried calyx extracts as an antildiarrhoeal
agent as it was found to increase transit time and reduce
intestinal motility inrats (97).

In a study to examine the staining effect of methanolic
extract of HS calyx on thin peripheral blood films, it
impacted a poor pale pinkishorange coloration with

pseudo large pallor on red blood cell in thin peripheral
blood smear (98).

Conclusion

HS is a wonder plant with a lot of beneficial health effects
and almost no side effects. These beneficial effects are as
a result of the large number of phytochemicals that are
loaded in the plant. Therefore, more clinical trials are
needed to validate these beneficial effects with a view to
implementing them for the benefit of patients.
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