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ABSTRACT

Medicinal plants are sources of novel drug discovery targets. Costus speciosus is an important medicinal plant widely used for the treatment of various
ailments. The plant has multiple active ingredients and has been found to possess many pharmacological activities such as antioxidant, anticancer,
anti-inflammatory, antidiabetic, hypolipidemic, hepatoprotective, steroidogenic, adaptogenic, and antimicrobial effects. This review gives an account of
unique studies on C. speciosus phytochemical, toxicological, and pharmacological studies and traditional uses of C. speciosus based on searching the
databases of Google Scholar, PubMed, Science Direct, and Springer Link. The previous studies stated the pharmacological potentials of C. speciosus,
but it is still needed for more research efforts concerning molecular basis of its biological activities, especially in vivo models and safety assessment of

its different extracts.
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COSTUS SPECIOSUS TRADITIONAL USES AND
TAXONOMY

Plant active principles are a source of bioactive molecules that have
the potential for being incorporated into novel drugs.’! The herbal
products somewhat safe in contrast to the synthetics.”’ A medicinal
plant family named Zingiberaceae comprises about 52 genera and more
than 1300 species distributed throughout tropical Africa, Asia, and
Americas. It includes shell gingers (Alpinia), summer tulip (Curcuma
alismatifolia), ginger lily (Hedychium), torch ginger (Etlingera elatior),
ginger (Zingiber officinale), turmeric (Curcuma longa), and cardamom
(Amomum elettaria).”) Costus speciosus, the member of Zingiberaceae,
is an erect plant of about 2.7 m in height and is root-stock tuberous and
stem subwoody.!! Taxonomic classification and vernacular names of
C. speciosus are specified in Table 1.

C. speciosus is among the most effective Islamic traditional medicinal
plants.” It has been proven in the authentic Hadith present in Sunan
Abi Dawud, the Book of Medicine (Kitab Al-Tibb) in which Umm Qasis,
the daughter of Mihsan said: I brought my son to the Messenger of Allah
while I had compressed his uvula for its swelling. He said: Why do you
afflict your children by squeezing for a swelling in the uvula? Apply
this Indian aloeswood (costus), for it contains seven types of remedies,
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among them being a treatment for pleurisy. In prophetic medicine,
the use of C. speciosus was specifically recommended as a remedy for
pharyngitis and tonsillitis in children, pleurisy, and as a snake venom
antidote.[®

In Indian traditional medicine, the C. speciosus rhizomes and roots
are ascribed to have anthelmintic, anti-inflammatory, antidiabetic,
hepatoprotective, antihyperlipidemic, antispasmodic, and antimicrobial
activities.”*! Moreover, C. speciosus leaf is used as a bath for patients with
high fever. Rhizome juice is given traditionally with sugar to treat leprosy
and for headache relief.!”! Furthermore, its alkaloid extract is used as a
muscle relaxant with an antispasmodic effect.'!! C. speciosus is also used
as a plant food in Southeast Asia.l"?

PHYTOCHEMISTRY OF COSTUS SPECIOSUS

C. speciosus is commonly called “Crepe ginger” Its rhizomes are
bitter, astringent, anthelmintic, expectorant, tonic, and aphrodisiac
(Warrier et al. 1995). Phytochemical screening of C. speciosus
detected the presence of alkaloids, glycosides, steroids, phenolic,!'
flavonoids, polyphenols, tannins, and p-carotene. Diosgenin,
B-sitosterol,  furostanol  saponins-costusosides,  [(-D-glucoside,
prosapogenins, dioscin, gracillin, dihydrophytylplastoquinone, and
a-tocopherolquinone were isolated from C. speciosus and have a wide
variety of biological activities,"*'”) which will be discussed below.
Moreover, B-amyrin, camphene, costunolide, diosgenin, a-Humulene,
lupeol, and zerumbone for anticancer activity were recognized."®??! The
chemical structures of some active principals isolated from different
parts of C. speciosus are presented in Figure 1.

This is an open access journal, and articles are distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as long as
appropriate credit is given and the new creations are licensed under the identical terms.

For reprints contact: reprints @ medknow.com

Cite this article as: EI-Far AH, Shaheen HM, Alsenosy AW, EI-Sayed YS, Jaouni SK,
Mousa SA. Costus speciosus: Traditional uses, phytochemistry, and therapeutic
potentials. Phcog Rev 2018;12:120-7.

120

© 2018 Pharmacognosy Reviews | Published by Wolters Kluwer - Medknow



ALI HAFEZ EL-FAR, et al.: Therapeutic Potentials of Costus Speciosus

BIOLOGICAL ACTIVITY OF COSTUS SPECIOSUS

Different extracts of C. speciosus have numerous biological and
pharmacological potentials, as evidenced by the traditional practices of
C. speciosus in various complaints as discussed below and summarized
in Figures 2 and 3.

Antioxidant activity

Antioxidants are a group of substances that marked defeat the oxidation
processes through scavenging of free radicals and induction of cellular
antioxidant enzymes.”! Oxygen prefers to accept its electrons one at a
time, leading to the generation of reactive oxygen species (ROS).¥
ROS molecules play an important role in oxidative stress involved in

atherosclerosis, cancer, cirrhosis, and diabetes.?>*! Oxidative stress is

Table 1: Taxonomic classification and vernacular names of Costus speciosus

Item Name
Taxonomic classification
Kingdom Plantae
Subkingdom Tracheobionta
Super division Spermatophyta
Division Magnoliophyta
Class Liliopsida
Sub class Zingiberidae
Order Zingiberales
Family Costaceae
Genus Costus
Species Speciosus
Vernacular names
Assam Tara

Bengali Keu, Keumut

Kannada Changalvakostu, Chikke
Malayalam Channakoova

Marathi Penva, Pinnha, Kobee, Peva
Tamil Kostam

Sanskrit Kembuka, Kebuka, Kembu
Telegu Kashmeeramu, Cengalvakostu
Classical name Kebuka

English Crepe ginger

Guajarati Paskarmula, Valakdi

Hindi Keu, Keukand, Kemuka, Kemua
Latin name Costus speciosus

Source: Swati and Agarwal''?, Srivastava et al."”

counteracted by enzymatic antioxidant systems that include a variety of
enzymatic scavengers, such as superoxide dismutase (SOD, EC 1.15.1.1),
glutathione peroxidase (GPx, EC1.11.1.9), catalase (CAT,EC1.11.1.6),and
glutathione S-transferases (EC 2.5.1.18) in addition to the nonenzymatic
molecules that include ascorbic acid (Vitamin C), a-tocopherol
(Vitamin E), glutathione (GSH), and B-carotene.?®!

Phenolics and flavonoids, present in medicinal plants, could provide
protection for living organisms against ROS hazards due to their
redox properties including free-radical scavenging and strong
metal ions chelation.” In vitro trials have stated the antioxidant
activity of C. speciosus methanolic, ethanolic, and chloroform
extracts of leaves, stem peel, peeled stem, and roots. The antioxidant
activity was assessed with 1,1-diphenyl-2-picrylhydrazyl (DPPH)
and  2,2’-azino-bis-3-ethylbenzothiazoline-6-sulfonic ~ acid, and
thiobarbituric acid (TBA) methods. The methanolic extracts showed
more hydroxyl radical scavenging activity and free-radical quenching
ability.®" This study confirmed the traditional uses of the root and peel
of the stem of C. speciosus for different diseases and complaints. Further
study studies using different solvents such as n-hexane, petroleum
ether, and water should be considered. In another in vitro study, it was
found that C. speciosus rhizome methanolic extract had powerful free
radical and nitric oxide (NO) scavenging activities in comparison with
ascorbic acid and quercetin standards assayed with DPPH and NO
scavenging methods.*" The authors suggested that the antioxidant effect
of the methanolic extract might be owing to the presence of glycosides,
flavonoids, triterpenoids, tannins, and steroids. In the same context,
in vitro evaluation of the antioxidant potential of C. speciosus rhizomes
was done with different extracts of petroleum ether, cyclohexane,
benzene, ethyl acetate, chloroform, acetone, methanol, and water. Some
extracts exhibited potent DPPH radical scavenging, total antioxidant
capacity (TAC), NO scavenging, ion chelation, and hydroxyl radical
scavenging activities that return to the phenolic contents of C. speciosus.
Amongall extracts, a significant phenolic content and antioxidant activity
were found for benzene extract because it contains a maximum phenolic
content of 4.38%.2° Moreover, the antioxidant effect of C. speciosus is
due to the antioxidants molecules present in it such as ascorbic acid,
B-carotene, a-tocopherol, glutathione, phenolic, and flavonoids.*?

An in vivo rat experiment was done with the administration of either
costunolide (20 mg/kg/day) or eremanthin (20 mg/kg/day), the
components of C. speciosus, for 2 months orally using an intragastric
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Figure 1: Chemical structures of some Costus speciosus active ingredients
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Figure 2: Summary of the antioxidant, anticancer, and anti-inflammatory of Costus speciosus
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Figure 3: Summary of the normoglycemic and antihyperlipidemic potentials of Costus speciosus

tube. Results revealed a significant reduction in elevated TBA reactive
substances in streptozotocin (STZ)-diabetic rats and an increment in
GSH content and the activities of SOD, CAT, and GPx in brain, liver,
heart, kidney, and pancreas.*” What is still needed is to investigate the
effect of C. speciosus and its active constituents on the cellular antioxidant
enzymes genes and protein expression. In 2013, the antioxidant potential
of C. speciosus ground rhizomes was evaluated by its supplementation
in the diet of Egyptian buffalo heifers with concentrations of 2.5 and
5 kg/ton ration for 1 month. In comparison to the control group that
received the basal diet with no treatments, C. speciosus-supplemented
animals possessed a higher erythrocytes’ antioxidant potential as
indicated by the marked decline in malondialdehyde (MDA) and the
improvement of TAC.® A future framework of studies is indicated to
investigate the potential antioxidant properties of C. speciosus based on
the molecular and proteomic aids in in vivo models [Figure 2].

Anticancer activity

Many of the current chemotherapeutic agents that have cytotoxic
potency in vitro or in vivo inhibit specific molecular targets essential
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for tumor growth.®™™ Anticancer potentials of C. speciosus rhizome
extracted with hexane, ethyl acetate, and methanol were evaluated
against human colon adenocarcinoma cell lines (COLO 320 DM). the
authors stated that all tested extracts of C. speciosus rhizome showed
significant antioxidant and antiproliferative activities in a dose- and
time-dependent manners.”* This study evidenced the tied relationship
between the antioxidant contents of C. speciosus and its anticancer
effect. A study on the C. speciosus leaf methanolic extract was done in
doses of 1, 10, 50, 100, and 200 pg/ml of Eagle’s modified minimum
essential medium supplemented with 10% fetal bovine serum and 1%
penicillin-streptomycin. HepG2 cells treated with 100 pg/ml for 24 h
displayed a significant reduction in cell viability.®” The methanolic
extract perturbed cell cycle progression that was monitored by increased
casapase-3 activities in treated cells. Still needed is an investigation on
the effect of this extract on cellular antiapoptotic and pro-apoptotic
molecules by molecular approaches.

In the previous studies, the authors investigated the cytotoxicity of
C. speciosus extracts regardless of its mechanism of anticancer action.
Costunolide has mediated the cancer cell cycle arrest at the G2/M
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phase of human breast adenocarcinoma (MDA-MB-231) as determined
by flow cytometry and induced cell viability inhibition assayed with
(3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide).
Moreover, costunolide downregulated the overexpression of NF-«B
subunits - p65, 52, and 100 present in MDA-MB-231 doses of 20 and
40 pM of costunolide.”™ Moreover, costunolide-mediated anticancer
activities were related to the induction of apoptosis in MCF-7 with
an half maximal inhibitory concentration (IC,; value of 40 pM.
Costunolide-treated MCF-7 cells showed overexpression of cyclin D1,
D3, CDK-4, CDK-6, p18 INK4c, p21 CIP1/Waf-1, p27 KIP1, caspase-3,
and caspase-9 in comparison with their expressions in normal breast cell
line (MCF-10A).

Another active constituent, diosgenin, isolated from C. speciosus,
has an apoptotic effect on cancer cell proliferation. The treatment of
hepatocellular carcinoma HepG2 cells with diosgenin resulted in a
cytotoxic effect with the IC | value of 32.62 ug/ml, as compared with
paclitaxel-treated HepG2 cells with an IC_ value of 0.48 ug/ml. The
study was extended to determine the IC_ value of diosgenin against
breast adenocarcinoma MCF-7 cells and resulted in an IC,; value of
11.03 pg/ml. Diosgenin has increased the levels of death receptor-4 and
caspase-3 that induce apoptosis in MCF-7 cells.”*”!

The possible mechanisms of anticancer potentials of C. speciosus’ active
constituents might be mediated through upregulation of pro-apoptotic
and downregulation of antiapoptotic molecules that concomitantly
diminish cancer cell proliferation and progression.*”) A summary of the
antioxidant mechanisms of C. speciosus is presented in Figure 2.

Anti-inflammatory activity

Inflammation is a pathophysiological response of tissues injuries that
is closely associated with the pathogenesis of various inflammatory
diseases.*!! Regarding the adverse side effects of synthetic and chemical
drugs, several medicinal plants were used as an alternative source with
little side effects. Z. officinale, C. longa, and C. speciosus have been
shown to exhibit potent anti-inflammatory effects.”>**! Numerous
studies have been done to investigate the traditional uses of C. speciosus
for the treatment of inflammation, rheumatism, bronchitis, fever,
and headache. An in vitro study targeted the effect of costunolide
on the production of pro-inflammatory mediators and mechanisms
stimulated with lipopolysaccharides (LPS) in a murine BV-2 cell
culture. Costunolide attenuated the expression of tumor necrosis factor
alpha (TNF-a), interleukin (IL), IL-6, inducible NO synthase (NOS),
and cyclooxygenase (COX-2) in activated microglia through inhibition
of NF-kB and mitogen-activated protein kinase pathways.*!! In the
same manner, the n-hexane-chloroform soluble fraction of methanolic
C. speciosus rhizomes extract contained 22, 23-dihydrospinasterone,
dehydrodihydrocostus lactone, dehydrocostus lactone, stigmasterol,
arbusculin A, santamarine, and reynosin which induced prominent
decrease in the levels of IL-1 B, IL-6, TNF-a, prostaglandin E2,
lipoxgenase-5, and COX-2 in isolated peripheral blood mononuclear
cells.””) The above-mentioned anti-inflammatory activities revealed
by C. speciosus prove the usefulness of C. speciosus application against
inflammatory diseases. Similarly, diosgenin isolated from C. speciosus
with high-performance thin-layer chromatography possessed a
highly significant inhibitory effect on LPS-stimulated TNF-a in the
macrophage (RAW 264.7) culture supernatant in a dose of 50 pg/ml of
medium in a similar manner to methotrexate inhibitory effect on RAW
264.7 cells.]

In 2013, an in vivo study was done the methanolic extracts of C. speciosus
aerial parts (400 and 800 mg/kg, orally). The anti-inflammatory effect
of the extract was assessed using carrageenan-induced paw edema test
by injection of 0.1 ml of 1% carrageenan in 0.9% saline into subplantar
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region of the left hind paw. Furthermore, acetic acid-induced writhing
and Eddy’s hot plate models were used to determine the analgesic
effect. In addition, the antipyretic activity was evaluated by the
Brewer’s yeast-induced pyrexia in rats. The methanol extract doses
of 400 and 800 mg/kg had significant anti-inflammatory activity at
5-h postmedication by inhibition percentages of 19.36 and 40.05%,
respectively. Furthermore, writhings caused by acetic acid were reduced
by 14.24 and 31.90%, respectively, and it also increased the latency
period at both high and low doses that exhibited the mean reaction time
at 16.60 + 0.355 s and 14.12 + 0.355 s, respectively, when compared with
control in hot-plate test. Regarding the Brewer’s yeast-induced pyrexia,
400 and 800 mg/kg doses significantly reduced the rectal temperature of
the animals (37.03°C + 0.108°C and 36.63°C + 0.098°C, respectively).!*!
This finding was in accordance with the traditional uses of C. speciosus
in the treatment of fever. Thus, the anti-inflammatory activities exhibited
by the isolated compounds from C. speciosus serve as a promising and
expanding strategy for treatment of various inflammatory disorders
and related symptoms. The anti-inflammatory effects of C. speciosus are
summarized in Figure 2. Further, we recommend investigating the effect
of C. speciosus on other inflammatory pathways such as the toll-like
receptor, B-cell receptor, T-cell receptor, and receptor for advanced
glycation end products (RAGE) signaling.

A pilot cohort trial was done at King Abdulaziz University in
Saudi Arabia between May and December 2014, among 15 patients with
acute pharyngitis and tonsillitis. The aqueous solution of C. speciosus was
administered as nasal drops at a dose of 0.75 ml (15 drops containing
210 mg extract) for patients aged 2-6 years, and 1.5 ml (30 drops
containing 420 mg of the extract) for patients older than 6 years, every
8 h for 3 days. The treatment of patients with C. speciosus induced an
improvement in acute symptoms in 60% of the patients treated within
the first 24 h and remission rate of 93% by the day 5.14”!

Antidiabetic activity

Diabetes mellitus is a metabolic disease with about 4% incidence all over
the world.[**! Besides drugs commonly used for the treatment of diabetes
such as insulin, sulfonylureas, biguanides, or thiazolidinediones, several
species of medicinal plants have been described as normoglycemic
agents of higher effectiveness, minimal side effects, and relatively small
costs."5! The normoglycemic effect of C. speciosus is discussed below
and is presented in Figure 3.

Mosihuzzaman et al.®? studied the effect of juice prepared from
C. speciosus rhizome on serum glucose levels in noninsulin-dependent
diabetic rat model. Results showed that in nondiabetic rats, C. speciosus
had no significant effect on the fasting or postprandial state when fed
along with glucose. However, when fed 30 min before the glucose
administration, C. speciosus resulted in a hypoglycemic effect. To
understand this finding, we need to investigate the effect of C. speciosus
on intestinal absorption of glucose through determination of the glucose
transporter gene expression. Furthermore, knowledge of the serum
levels of insulin and glucagon are of vital importance to understand the
effect of C. speciosus on glucose levels in fasting and feed states.

Another study investigated the protective effects of C. speciosus rhizome
different extracts on hyperglycemia in STZ-induced male diabetic Wistar
rats (50 mg/kg, intraperitoneal [i.p.]), and glibenclamide (0.6 mg/kg
BW, orally) was used as a reference hypoglycemic drug. Hexane, ethyl
acetate, and methanol crude extracts were administered to diabetic and
nondiabetic rats orally at doses of 250, 400, and 400 mg/kg, respectively,
for 60 days. The plasma glucose concentration was significantly
decreased by all three extracts in comparison with control. Moreover,
hexane extract significantly decreased the glycosylated hemoglobin,
total cholesterol, and triacylglycerol (TAG).® The authors attributed
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this effect to the elevated serum insulin level associated with C. speciosus
administration.

In 2008, the antihyperglycemic, antihyperlipidemic, and antioxidant
potentials of an ethanol extract of C. speciosus root were studied on
alloxan-induced diabetes in male rats by a single i.p. injection of alloxan
monohydrate (120 mg/kg BW) dissolved in normal saline. Four groups
of six alloxan-diabetic rats were administered orally with C. speciosus
ethanolic extract at doses of 150, 300, and 450 mg/kg BW and a standard
drug, glibenclamide (0.6 mg/kg BW) orally for 4 weeks. Administration
of 300 and 450 mg/kg doses of C. speciosus ethanolic extract resulted in a
significantly lowered blood glucose concentration (26.76% and 34.68%,
respectively), increased glycogenesis, and decreased gluconeogenesis,
bringing the glucose to its normal levels. Moreover, these doses also
significantly reduced the total plasma lipids (12.87% and 178.24%,
respectively), cholesterol (21.92% and 30.77%, respectively) and
TAG (25.32% and 33.99%, respectively) levels, and improved hepatic
antioxidant enzymes’ activities.™ The antidiabetic effects of C. speciosus
may be related to its content of costunolide that stimulating the B cells
to secrete insulin by inhibition of the NOS expression and leading to
the regeneration of B cells.” The same authors prepared hexane, ethyl
acetate, methanol, and aqueous crude extracts of C. speciosus, and
administrated them separately through oral intubation to STZ-induced
diabetic rats at doses of 250, 400, 400, and 600 mg/kg BW, respectively,
for 2 months. They found a significant decrease in the elevated plasma
glucose in diabetic rats treated with those extracts when compared
with control. In addition, hexane crude extract restored the altered
tissue protein and pancreatic DNA and normalized both plasma insulin
and C-peptide levels."™ Furthermore, the expression levels of insulin,
insulin receptor A, glucokinase (GK), pyruvate kinase (PK), succinate
dehydrogenase (SDH), and glucose transporting protein were elevated
on oral administration of 400 and 600 mg C. speciosus/kg BW to
STZ-diabetic rats for 4 weeks when compared to glibenclamide-treated
group.®® C. speciosus could be increased the serum insulin level along
with significant increases in the hepatic GK (EC 2.7.1.2), aldolase
(EC 4.1.2.13), PK (EC 2.7.1.40), SDH (EC 1.3.5.1), and glycogen
synthase (EC 2.4.1.11) activities.

Another recent study was conducted to investigate protection for diabetes
patient from the complications of glycations. Methanolic extract of
C. speciosus leaves from Moratuwa, Sri Lanka, was used to investigating
its inhibitory effect on porcine pancreatic a-amylase and a-glucosidase
purified from Saccharomyces cerevisiae). The authors verified the in vitro
inhibitory effect of C. speciosus extract on a-amylase (EC 3.2.1.1) and
a-glucosidase (EC 3.2.1.20) activities. Inhibition of a-amylase and
a-glucosidase delayed the carbohydrate digestion and decreased glucose
absorption, lowering the postprandial elevation of blood glucose, and
decreasing glycation plasma protein.”” Further investigations about
the effect of C. speciosus and its active ingredients on the expressions
of intestinal monosaccharide transporter genes, and the gluconeogenic
enzymes, and their ability to regenerate  cells are needed to complete
our view of the normoglycemic effect of C. speciosus.

Hypolipidemic activity

The abnormally high concentrations of serum lipids in diabetes
patients as insulin inhibit hormone-sensitive lipase (EC 3.1.1.79).
Therefore, in insulin deficiency, fatty acids are liberated from adipose
tissue that concomitantly leads to hyperlipidemia.*® Further, insulin
has an inhibitory action on 3-hydroxy-methylglutaryl coenzyme A
reductase (EC 1.1.1.88), a key rate-limiting enzyme in charge of the
metabolism of cholesterol-rich low-density lipoprotein (LDL) particles.
This results in increasing the production of cholesterol-rich LDL
particles® as shown in Figure 3.
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The possible normoglycemic and hypolipidemic effects of costunolide
in STZ-diabetic male Wistar rats were evaluated after administration
of doses of 5, 10, and 20 mg costunolide/kg BW orally for 30 days. It
was found that 20 mg costunolide/kg BW significantly decreased
the total serum cholesterol, TAG, and LDL-cholesterol. At the same
time, plasma insulin, glycogen (liver and muscles), and high-density
lipoprotein (HDL)-cholesterol levels were significantly increased.
The authors hypothesized that costunolide might stimulate the B cells
to secrete insulin by inhibiting the expression of NOS.*" Similarly,
a research study was done to evaluate the hypolipidemic effect of
eremanthin at the same doses in STZ-diabetic rats for 60 days. They
found that oral administration of 20 mg eremanthin/kg BW significantly
decreased the total serum cholesterol, TAG, and LDL-cholesterol along
with the significant increment of plasma insulin, tissue glycogen, and
HDL-cholesterol.®”! For future research, we suggest investigating the
effect of C. speciosus on lipid digestion and absorption regarding the gene
expression of intestinal fatty acid transporters in addition to the effects of
C. speciosus on pancreatic lipases and adipose tissue hormone-sensitive
lipase.

Hepatoprotective activity

The serum enzymes, including aspartate aminotransferase
(AST, EC 2.6.1.1), alanine aminotransferase (ALT, EC 2.6.1.2), lactate
dehydrogenase (LDH, EC 1.1.1.27), alkaline phosphatase (ALP, EC
3.1.3.1), and acid phosphatase (ACP, EC 3.1.3.2), are used as hepatic
biomarkers. An increase in the activities of AST, ALT, LDH, ALP,
and ACP in plasma/serum might be due to their leakage from the
liver cells into the bloodstream."! In a hepatotoxicity study, carbon
tetrachloride (CCl,)-induced alterations in liver function profiles of
Swiss albino mice due to CCl , intoxication (ata dose of 0.1 ml/100 g BW,
twice a week, i.p.), which was ameliorated by the methanolic extract of
C. speciosus rhizomes (100 mg/kg body BW for 14 consecutive days).
The extract brings the serum levels of AST, ALT, ALP, bilirubin, and
total protein to their normal levels in comparison with silymarin-treated
animals, as a reference hepatoprotective drug./” The same observations
were recorded following oral administration of C. speciosus ethanolic
extract at a dose of 500 mg/kg BW in Wister albino rats when also
compared with silymarin, a standard drug of a hepatoprotective
power.[*! This part needs further studies about the hepatoprotective effect
of C. speciosus against drugs and chemicals that induce liver injuries,
that is, paracetamol, nonsteroidal anti-inflammatory, glucocorticoids,
isoniazid, aflatoxins, arsenic, vinyl chloride, and other ingredients.

Adaptogenic activity

A variety of stresses produces a significant alteration in various
neurotransmitters in the central nervous system (CNS) as well as
peripheral nervous system, which causes depletion of norepinephrine
and dopamine levels in the brain.* It appears that norepinephrine
is utilized in response to stress, which leads to increase in dopamine
concentrations.® Monoamine oxidase (MAO, EC 1.4.3.4) is mostly
involved with the upkeep of the normal levels of biogenic amines
in the brain. It is postulated that the executive function of MAO is to
prevent the release of 5-hydroxytryptamine (5-HT).® C. speciosus
extracts significantly reduced the stress-induced rise of 5-HT and
5-HIAA levels in brain tissues by preventing the alarm reaction, which
elicits a significant increase in 5-HT and 5-HIAA levels.!*! The authors
studied the C. speciosus on MAO but some consideration must be
given to catechol-O-methyltransferase (EC 2.1.1.6), the enzyme that
acts along with MAO in catecholamine catabolism. This study stated
the antidepressant effect of C. speciosus that may be used in the new
drug formulation against CNS disorders. As a recommendation for
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future research, the effect of C. speciosus against a headache needs an
investigation to study the traditional medication of C. speciosus against
a headache.

Antimicrobial activity

Undesirable side reactions may occur with oral administration of
antibiotic substances; thus, oral administration of penicillin may cause
heartburn, nausea, vomiting, and diarrhea. Therefore, numerous trials
were conducted on herbs and spices as antibiotic replacements.”!
Hexane and methanol extracts of C. speciosus leaf and rhizomes exhibited
a lysis zone against Shigella spp., Staphylococcus aureus, Escherichia
coli, Klebsiella pneumoniae, Pseudomonas spp., Bacillus subtilis, and
Salmonella spp. in comparison to silver sulfadiazine cream.! The
antifungal effect of costunolide showed significant minimal inhibitory
concentration values of 62.5 g/ml against Trichophyton mentagrophytes,
62.0 pg/ml against Trichophyton simii, 125 pg/ml against Epidermophyton
floccosum, 31.25 pg/ml against Trichophyton rubrum, 125 pg/ml against
Curvulari lunata, 62.5 ug/ml against T. rubrum, 250 pg/ml against
Scopulariopsis sp, 250 pg/ml against Aspergillus niger, and 250 ug/ml
against Magnaporthe grisea.'’) There is a necessity to investigate the
antiviral potential of C. speciosus, in particular against the more common
diseases such as avian influenza disease, infectious viral hepatitis, and
human immunodeficiency viruses.

TOXICOLOGICAL STUDIES

The collected stem, leaves, and flower were shade-dried and powdered in
a grinder to get a coarse powder. The powdered plant material (5000 g)
was extracted with 50% ethanol by using maceration apparatus.
The aqueous extract was evaporated to obtain a viscous dark green
extract. The ethanolic extract was analyzed as a standardized extract
following Indonesian herbal pharmacope. There were no contaminants
of arsenic (As), cadmium (Cd), mercury (Hg), and lead (Pb) and no
bacterial and fungus contaminants (E. coli, Pseudomonas aeruginosa,
Salmonella typhi, S. aureus, and Candida albicans). There is only one
research trial that has been done to evaluate the subacute toxicity test
of C. speciosus. C. speciosus at 275-1100 mg/kg/day was administered to
male mice for 90 days. Food and drink intakes were measured every day,
and toxic symptoms were observed every day. The animals were sacrificed
at the end of the study and the weights of vital organs were examined
and subjected to histological examination. The results showed that the
administration of C. speciosus ethanolic extract at 275-1100 mg/kg/day
for 90 days did not show any significant disturbance in all parameters,
except for reductions of cholesterol and blood glucose levels of test
animals.®! Finally, to determine the safety of C. speciosus, different
extracts of all plant parts were examined separately to determine the
LD, of C. speciosus extracts and their safety limits.

RECOMMENDATIONS

This review supports the various therapeutic potentials of C. speciosus

and its role in different diseases, which opens new clinical research areas.

Furthermore, it covers new ways to explore the compounds responsible

for these therapeutic effects and to study the mechanism of its action.

However, these data must be further studied on the molecular basis.

Therefore, we recommend the following research studies:

o C. speciosus safety assessments of different extracts of various plant
parts

o Therapeutic possibilities of different solvents of C. speciosus extract
such as methanol, ethanol, hexane, and chloroform, and its active
constituents either alone or in combination with drugs

e Mechanism of action of C. speciosus and its active components
through various cellular signaling pathways

Pharmacognosy Reviews, Volume 12, Issue 23, January-June 2018

Therapeutic effect of C. speciosus against pleurisy and respiratory
diseases, especially following intranasal administration

Effect of C. speciosus and its active ingredients on the monosaccharides,
fatty, and amino acid’s intestinal transporter genes

In vivo effect of C. speciosus on the antioxidant molecules using
molecular biology techniques

Effect of C. speciosus on the toll-like receptor, B-cell receptor, T-cell
receptor, and RAGE signaling pathways

Mechanisms, by which C. speciosus induce normalization of plasma
insulin and C-peptide levels. Furthermore, does C. speciosus
regenerate {3 cells or not?

Effect of C. speciosus on gluconeogenesis

Effect of the protective possibility of C. speciosus against
neurotoxicants and aging-related diseases

Effect of C. speciosus on viral diseases.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

w

o1

~

o)

Rates SM. Plants as source of drugs. Toxicon 2001;39:603-13.

Rajashree R, Gangolli D, Patil S, Ingawale K. Amla, ashwagandha and shatavari formulations
as herbal medicines and nutraceuticals. Res J Pharm Sci 2012;1:10-5.

3. Jiang K, Delin W, Larsen K. Zingiberaceae. Flora China 2000;24:322-77.

Dutta AC, Dutta TC. Botany. Kolkata: Oxford University Press, Salt Lake Electronics Complex;
1998.

. Emami SA, Sahebkar A, Javadi B. Paresthesia: A Review of its definition, etiology and

treatments in view of the traditional medicine. Curr Pharm Des 2016;22:321-7.

Khalifa SA, Al-Elyani RA. Histological and ultrastructural studies on the effect of Costus
plant and amphotericin B on male lung rats infected by Aspergillus niger — semantic
scholar. Life Sci J 2012;9:5321-38. Available from: https://www.semanticscholar.org/paper/
Histological-and-ultrastructural-studies-on-the-A-khalifa/e22e0a49a98a199e57eee2df6fc43b
4112c4ed6b#citingPapers. [Last accessed on 2017 Mar 28].

Warrier PK, Nambiar VR Ramankutty C. Indian Medical Plants: A Compendium of 500
Species. 3% ed. Madras, India: Orient Longman; 1995.

. Saraf A. Phytochemical and antimicrobial studies of medicinal plant costus Speciosus

(Koen.). Chem 2010;7:S405-13.
jchem/2010/605735/. [Last accessed on 2016 Nov 24].

Available  from:  http://www.hindawi.com/journals/

Khare CP Indian Medicinal Plants. New York: Springer New York; 2007. Available from: http://
www.link.springer.com/10.1007/978-0-387-70638-2. [Last accessed on 2016 Nov 24].

. Gupta RK. Medicinal and Aromatic Plants. New Delhi, India: CBS Publishers and Distributors;

2010.

Bhattacharya SK, Parikh AK, Debnath PK, Pandey VB, Neogy N. Pharmacological studies with
the alkaloids of Costus speciosus (kemuka). J Res Indian Med 1973;8:10-9.

. Swati S, Agarwal P Kebuka (Costus Speciosus): A critical review. World J Pharm Pharm Sci

2015;4:421-31.

Srivastava S, Singh P Mishra G, Jha KK, Khosa RL. Costus speciosus (Keukand): A review.
Der Pharm Sin 2011;2:118-28.

Singh B Khosa RL, Srivastava S, Mishra G, Jha KK, Srivastava S, et al. Pharmacognostical
study and establishment of quality parameters of aerial parts of Costus speciosus-a well
known tropical folklore medicine. Asian Pac J Trop Biomed 2014;4:486-91.

Pai Kotebagilu N, Reddy Palvai V, Urooj A. Protective effect of selected medicinal plants
against hydrogen peroxide induced oxidative damage on biological substrates. Int J Med
Chem 2014;2014:861084.

Lijuan W, Kupittayanant P Chudapongse N, Wray S, Kupittayanant S. The effects of wild
ginger (Costus speciosus (Koen) Smith) rhizome extract and diosgenin on rat uterine
contractions. Reprod Sci 2011;18:516-24.

125



ALI HAFEZ EL-FAR, et al.: Therapeutic Potentials of Costus Speciosus

~

20

2

22

N
w

24

25.
26

2

~

28

29.

30

3

32

33

34

35.

36

3

~

w
o)

39.

40.

Duraipandiyan V, Al-Harbi NA, Ignacimuthu S, Muthukumar C. Antimicrobial activity of
sesquiterpene lactones isolated from traditional medicinal plant, costus speciosus (Koen
ex.Retz.) sm. BMC Complement Altern Med 2012;12:13.

. Santos FA, Frota JT, Arruda BR, de Melo TS, da Silva AA, Brito GA, et al. Antihyperglycemic

and hypolipidemic effects of a, B-amyrin, a triterpenoid mixture from protium heptaphyllum
in mice. Lipids Health Dis 2012;11:98.

Rasul A, Bao R, Malhi M, Zhao B, Tsuji |, Li J, et al. Induction of apoptosis by costunolide
in bladder cancer cells is mediated through ROS generation and mitochondrial dysfunction.
Molecules 2013;18:1418-33.

Shin JW, Ohnishi K, Murakami A, Lee JS, Kundu JK, Na HK, et al. Zerumbone induces
heme oxygenase-1 expression in mouse skin and cultured murine epidermal cells through
activation of Nrf2. Cancer Prev Res (Phila) 2011;4:860-70.

Saleem M. Lupeol, a novel anti-inflammatory and anti-cancer dietary triterpene. Cancer Lett
2009;285:109-15.

Zhang S, Liu Q, Liu Y, Qiao H, Liu Y. Zerumbone, a Southeast Asian ginger sesquiterpene,
induced apoptosis of pancreatic carcinoma cells through p53 signaling pathway. Evid Based
Complement Alternat Med 2012;2012:936030.

3. Daisy P, Eliza J, Ignacimuthu S. Influence of Costus speciosus (Koen.) Sm. Rhizome extracts

on biochemical parameters in streptozotocin induced diabetic rats. Health Sci 2008;54:675-81.
Available from: http://www.joi.jlc.jst.go.jp/JSTJSTAGE/jhs/54.675?from=CrossRef. [Last
accessed on 2016 Nov 24].

Navrot N, Rouhier N, Gelhaye E, Jacquot JP Reactive oxygen species generation and
antioxidant systems in plant mitochondria. Physiol Plant 2007;129:185-95. Available
1399-3054.2006.00777.x

from: http://www.doi.wiley.com/10.1111/}. [Last accessed on

2016 Nov 24].
Halliwell B. Antioxidants and human disease: A general introduction. Nutr Rev 1997;55:544-9.

Nehete J, Bhatia M, Narkhede M. In vitro evaluation of antioxidant activity and phenolic

content of Costus speciosus (Koen) J.E. Sm. Iran J Pharm Res 2010;9:271-7.

Gottfredsen RH, Larsen UG, Enghild JJ, Petersen SV. Hydrogen peroxide induce
modifications of human extracellular superoxide dismutase that results in enzyme inhibition.
Redox Biol 2013;1:24-31.

Kharrazi H, Vaisi-Raygani A, Rahimi Z, Tavilani H, Aminian M, Pourmotabbed T, et al.
Association between enzymatic and non-enzymatic antioxidant defense mechanism with
apolipoprotein E genotypes in Alzheimer disease. Clin Biochem 2008;41:932-6.
Govindarajan R, Vijayakumar M, Pushpangadan P Antioxidant approach to disease
management and the role of 'rasayana’ herbs of ayurveda. J Ethnopharmacol 2005;99:165-78.
Vijayalakshmi MA, Sarada NC. Screening of Costus speciosus extracts for antioxidant
activity. Fitoterapia 2008;79:197-8.

Jha MK, Alam MB, Hossain MS, Islam A. In vitro antioxidant and cytotoxic potential of
Costus speciosus (Koen.) Smith rhizome. Int J Pharm Sci Res 2010;1:138-44.

Devi DV, Urooj A. Nutritive profile and antioxidant componants of Costus speciosus (Koen.)
Sm. and Costus igneus Nak. Indian J Natl Prod Resour 2010;1:116-8.

Eliza J, Daisy R Ignacimuthu S. Antioxidant activity of costunolide and eremanthin isolated
from Costus speciosus (Koen ex. Retz) sm. Chem Biol Interact 2010;188:467-72.

El-Far AH, Abou-Ghanema Il. Biochemical and hematological evaluation of Costus speciosus
as a dietary supplement to Egyptian buffaloes. Afr J Pharm Pharmacol 2013;7:2774-9.

Roy A, Manikkam R. Cytotoxic impact of costunolide isolated from Costus speciosus
on breast cancer via differential regulation of cell cycle-an in vitro and in silico approach.
Phytother Res 2015;29:1532-9.

Baskar AA, Al Numair KS, Alsaif MA, Ignacimuthu S. In vitro antioxidant and antiproliferative
potential of medicinal plants used in traditional Indian medicine to treat cancer. Redox Rep
2012;17:145-56.

Nair SV, Hettihewa M, Rupasinghe HP. Apoptotic and inhibitory effects on cell proliferation of
hepatocellular carcinoma HepG2 cells by methanol leaf extract of Costus speciosus. Biomed
Res Int 2014;2014:637098.

. Pitchai D, Roy A, Banu S. In vitro and in silico evaluation of NF-kB targeted costunolide action

on estrogen receptor-negative breast cancer cells — A comparison with normal breast cells.
Phytother Res 2014,28:1499-505.

Selim S, Al Jaouni S. Anticancer and apoptotic effects on cell proliferation of diosgenin
isolated from Costus speciosus (Koen.) sm. BMC Complement Altern Med 2015;15:301.
El-Far AH, Badria FA, Shaheen HM. Possible anticancer mechanisms of some Costus
speciosus active ingredients concerning drug discovery. Curr Drug Discov Technol
2016;13:123-43.

126

41.

42

43.

44.

46

4

~

48.

49.

50

5

52.

53

54

55.

56.

5

~

58

59.

60

6

62.

64

65

Vazquez A, Sanchez C, Delgado N, Alfonso A, Ortega Y, Sanchez H. Antiinflammatory and
analgesic activities of red seaweed Dichotomaria obtusata. Braz J Pharm Sci 2011;47:111-8.
Gomase PV, Shire PS, Nazim S, Choudhari AB. Development and evaluation of polyherbal
formulation for antiinflammatory activity. J Natl Prod Plant Resour 2011;1:85-90.

Srivastava S, Singh F Jha KK, Mishra G, Srivastava S, Khosa RL, et al. Antiinflammatory,
analgesic and antipyretic activities of aerial parts of Costus speciosus Koen. Indian J Pharm
Sci 2013;75:83-8.

Rayan NA, Baby N, Pitchai D, Indraswari F, Ling EA, Lu J, et al. Costunolide inhibits
proinflammatory cytokines and iNOS in activated murine BV2 microglia. Front Biosci (Elite
Ed) 2011;3:1079-91.

. Al-Attas AA, El-Shaer NS, Mohamed GA, lbrahim SR, Esmat A. Anti-inflammatory

sesquiterpenes from Costus speciosus Rhizomes. J Ethnopharmacol 2015;176:365-74.

Selim S, Al Jaouni S. Anti-inflammatory, antioxidant and antiangiogenic activities of diosgenin
isolated from traditional medicinal plant, Costus speciosus (Koen ex.Retz.) sm. Nat Prod Res
2016;30:1830-3.

Bakhsh ZA, Al-Khatib TA, Al-Muhayawi SM, ElAssouli SM, Elfiky IA, Mourad SA, et al.
Evaluating the therapeutic efficacy, tolerability, and safety of an aqueous extract of Costus
speciosus Rhizome in acute pharyngitis and acute tonsillitis. A pilot study. Saudi Med J
2015;36:997-1000.

Koyuturk M, Ozsoy-Sacan O, Bolkent S, Yanardag R. Effect of glurenorm on
immunohistochemical changes in pancreatic beta cells of rats in experimental diabetes.
Indian J Exp Biol 2005;43:268-71.

Colca JR. Insulin sensitizers may prevent metabolic inflammation. Biochem Pharmacol
2006;72:125-31.
Medagama AB, Bandara R. The use of complementary and alternative medicines (CAMs) in

the treatment of diabetes mellitus: Is continued use safe and effective? Nutr J 2014;13:102.
Medagama AB, Bandara R, Abeysekera RA, Imbulpitiya B, Pushpakumari T. Use of
complementary and alternative medicines (CAMs) among type 2 diabetes patients in Sri
Lanka: A cross sectional survey. BMC Complement Altern Med 2014;14:374.
Mosihuzzaman M, Nahar N, Ali L, Rokeya B, Khan AK, NurE-Alam M, et al. Hypoglycemic
effects of three plants from Eastern Himalayan belt. Diabetes Res 1994;26:127-38.

Bavarva JH, Narasimhacharya AV. Antihyperglycemic and hypolipidemic effects of costus

speciosus in alloxan induced diabetic rats. Phytother Res 2008;22:620-6.

Eliza J, Daisy R Ignacimuthu S, Duraipandiyan V. Normo-glycemic and hypolipidemic effect of
costunolide isolated from Costus speciosus (Koen ex. Retz.) Sm. in streptozotocin-induced
diabetic rats. Chem Biol Interact 2009;179:329-34.

Eliza J, Rajalakshmi M, Ignacimuthu SJ, Daisy P Normalizing effects of Costus speciosus
rhizome crude extracts and its fractions on diabetic complications in STZ-induced diabetic
rats. Med Chem Res 2011;20:1111-8. Available from: http://www.link.springer.com/10.1007/
500044-010-9448-5. [Last accessed on 2016 Nov 26].

Ali HA, Almaghrabi OA, Afifi ME. Molecular mechanisms of anti-hyperglycemic effects of
Costus speciosus extract in streptozotocin-induced diabetic rats. Saudi Med J 2014;35:1501-6.
Perera HK, Premadasa WK, Poongunran J. A-glucosidase and glycation inhibitory effects of
Costus speciosus leaves. BMC Complement Altern Med 2016;16:2.

Kraemer FB, Shen WJ. Hormone-sensitive lipase: Control of intracellular tri-(di-) acylglycerol
and cholesteryl ester hydrolysis. J Lipid Res 2002;43:1585-94.

Chogtu B, Magazine R, Bairy KL. Statin use and risk of diabetes mellitus. World J Diabetes
2015;6:352-7.

Eliza J, Daisy P Ignacimuthu S, Duraipandiyan V. Antidiabetic and antilipidemic effect of
eremanthin from Costus speciosus (Koen.) Sm. in STZ-induced diabetic rats. Chem Biol
Interact 2009;182:67-72.

Contreras-Zentella ML, Hernandez-Munoz R. Is liver enzyme release really associated with
cell necrosis induced by oxidant stress? Oxid Med Cell Longev 2016;2016:3529149.

Biman B, Kamaruz Z. Evaluation of hepatoprotective activity of rhizomes of Costus
speciosus (J. Kanji) Smith. Pharmacologyonline 2008;3:119-26.

. Verma N, Khosa RL. Evaluation of protective effects of ethanolic extract of Costus

speciosus (Koenig) Sm. Rhizomes on carbon tetrachloride induced hepatotoxicity in rats.
Natl Prod Radiance 2009;8:123-6.

Padma P Chansauria JE Khosa RL, Ray AK. Effect of Annooa muricata and Polyalthia
cerasoides on brain neurotransimitters and enzyme monoamine oxidase following cold
immobilization stress. J Natl Remedies 2001;1:144-6.

Verma N, Khosa RL. Effect of Costus speciosus and Wedelia chinensis on brain

neurotransmitters and enzyme monoamine oxidase following cold immobilization stress.

Pharmacognosy Reviews, Volume 12, Issue 23, January-June 2018



ALI HAFEZ EL-FAR, et al.: Therapeutic Potentials of Costus Speciosus

Pharm Sci Res 2009;1:22. 68. Malabadi RB. Antibacterial activity in the rhizome extracts of Costus speciosus (Koen.).
66. Joseph M, Kenneth GA. Stress-induced release of BHT in the hippocampus and its J Phytol Res 2005;18:83-5.

dependence on increased tryptophan availability: An in vivo electrochemical study. Brain Res 69. Sari IP Nurrochmad A. Sub-acute toxicity study of ethanolic extract of pacing (Costus

1983;270:251-7 speciosus) in male mice. Int J Pharm Pharm Sci 2016;8:97. Available from: http:/Avww.
67 Lai PK, Roy J. Antimicrobial and chemopreventive properties of herbs and spices. innovareacademics.in/journals/index.php/ijpps/article/view/14765.  [Last accessed on

Curr Med Chem 2004;11:1451-60. 2017 Mar 28].

Pharmacognosy Reviews, Volume 12, Issue 23, January-June 2018 127



