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ABSTRACT

Background: Carapichea ipecacuanha (Brot.) L. Andersson is the botanical source of
Ipecac drug and contains major alkaloids emetine, cephaline that are pharmaceutically
used against bronchitis associated with cough in children, severe diarrhea (amoebic
dysentery) and also cancer. Ipecac serves as an expectorant to thin mucous and easy
coughing. Low doses are used to enhance appetite and it is administered orally to cause
vomiting after suspected poisoning. Materials and Methods: The review highlights
the taxonomy, nomenclature, distribution, medicinal uses and major pharmacological
activities including side effects of Ipecac drug reported in recent years consulting various
published papers dealing with Ipecac. Results and Conclusion: The species is rarely
distributed due to disturbances in their habitats in natural growing condition. Further
studies are required to scientifically evaluate the traditional uses of this plant through
extraction and identification of their active ingredients and the mechanisms and mode of
action that would serve as a source of collective information on this plant.
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INTRODUCTION

Human beings are biological species existing
in symbiotic relationships with a significant
number of other biological species of
plants and animals. We are dependent on
biological diversity of plants and animals
we consume and also raw materials and

primary health care. The “Green Wave”
triggered by rising bionomical consciousness
has given rise to increased involvement
in herbal formulations all over the world.
Consumption of medicinal plants has gone
twice up in the western countries. The
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medicines that we use.! Medicinal plants quantity of plant-derived medicaments or

are considered as high yielding resources health foods has increased slowly to meet

of ingredients that can be used in drug
development either pharmacopoeial, non-
pharmacopoeial or synthetic and thereby
play a critical role in the development of
human cultures and civilizations globally.”
The World Health Organization (WHO)
defined Traditional Medicine as the sum
total of all knowledge and practices, used
in diagnosis, prevention and elimination of
physical, mental, or social imbalance relying
exclusively on practical experiences and
observations translated from generation
to generation.’” As per WHO, around 80
percent of people globally rely on herbal
medicines for significant aspect of their
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global demands.* Around 21,000 plant
species have the potential for being used as
medicinal plants as per reports of WHO.
Among ancient civilizations, India has been
known to be rich repository of medicinal
plants. Forests in India is the principal
repository of numerous medicinal and
aromatic plants, which are largely collected
as raw materials for manufacture of drugs
and other products.® Approximately 8,000
herbal remedies have been databased in
AYUSH systems. Ayurveda, Unani, Siddha
and Folk medicines are the major systems
out of which Ayurveda and Unani ate
most developed and widely practiced in
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India.” Medicinal plants may gift three crucial benefits:
health benefits to the people who consuming plants as
medicines; monetary benefits to people who harvest,
process and distribute them for commerce; and society-
wide benefits, creating job opportunities, tax revenues
and a healthier labour force.® Where medicinal plants
are harvested from the wild rather instead of cultivation,
they are exposed to both general and specific threats.
General threats includes climate change and habitat loss
to development and agriculture. A specific threat is over-
collection to cope up with the demand for medicines.’

In Tropical regions, the practice of using plants against
treatment of diseases is widespread and their importance
and uses has been well documented ever since the old
world met the native Americans.!” In Southern America,
two of the important species, popularly known as
cinchona (Cinchona spp.)'" and ipecacuanba (Carapichea
ipecacnanha (Brot.) L.Andersson)'? have been reported
for treatment of various diseases and ailments."” The
species C. ipecacunanba is recognized one of the world’s
most important medicinal plants and Brazilian ipecac
is considered the most valuable as it shows the highest

emetine content.'

Nomenclature

Back in 1648 although Piso had referred the taxa C.
ipecacuanha in Historia Naturalis Brasiliae, the notes were
not fulfilling to be named legitimately. On the basis of
material supplied by Joseph Celestine Mutis, a physician
to the then Viceroy of New Granada, Linnaeus (1781)
eventually described this material as Psychotria emetica L. £.
in Supplementum Plantarum Systematis Vegetabilium.'
Félix Avellar Brotero of the University of Coimbra
(Portugal) later in 1802 described this plant as Callicocca
ipecacnanha.'® Persoon (1805), remembered best for his
work on fungi, named this plant as Cephaclis ipecacuanha.”’
The origin of the term jpecacuanha comes from the
Brazilian Indians.'”® The etymology comes from the
Indian words spe (bark), caa (plant), cua (fragnant), nha
(grooved), i.e.“bark of fragnant and striated plant”."” Six
synonyms have been designated for P. ipecacunanba,
presently the common referred synonym is Cephaelis
ipecacnanha."* However, the most recent revised named
as Carapichea ipecacnanha (Brot.) L. Andersson, which is
actually accepted for the species.'

Cephaelis  ipecacnanba was based on a collection by
Bernardino Antonio Gomes in Brazil*” The incorrectly
given protologue, Bernard. Bnt. Gomes, led to the
incorrect abbreviation B.B. Gomes and it was cited s.7.
in LISU Herbaria (University of Lisbon) as holotype
of Callicocca ipecacnanha?' However, a precise study in
LISU went futile and an excellent illustration of Gomes’
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material, present in the protologue, was therefore
selected as lectotype.'?

Distribution

C. specacnanha is native to forests of South and Cental
America.”? It has a disjunctive distribution in rainforests
of Central (Nicaragua, Costa Rica and Panama) and
South America (Colombia and Brazil). The original
inhabitants of the Brazilian territory already used
ipecacuanha as medicine and were aware of its emetic
properties.” This indigenous knowledge was passed
on to the European colonizers, who used the ipeca for
decades as an emetic for patients who ingested poison
and also for children who had ingested toxic substance.”
Carapichea is commonly known as Rio or Brazilian
ipecac, indigenous to Brazil, particulatly especially the
moist and shady forests of Matto Grosso and Minas
Geraes.” It is also cultivated to some extent in Malaysia,
Burma and the Darjeeling Hills of West Bengal, India.”
Ipecac in India was cultivated by the British in 1866
and 1872 from material sent from Brazil but proved
to be unsuccessful. Over the years, limited production
has been established at Malaya, Burma and Darjeeling
district to Nilgiri and Sikkim in recent years. Ipecac has
been produced along with companion crop Cinchona.
The first written account about ipecacuanha can be
traced back to 1601 by a Portuguese Jesuit who studied
Brazilian history and recorded a drug named sgpecaya or
pigay.” Ipecacuanha is a slow-growing plant and hence
it has less economic appeal as a crop plant. It is rarely
cultivated in South America but it has been cultivated in
India to New Zealand.”

Taxonomy

Carapichea ipecacnanba (Brot.) L. Andersson is a species
of plant belonging to the family Rubiaceae, one of
the largest families of plants. This angiospermic
family harbors around 13,000 species belonging to
650 genera 30.* Ipecac plant cultivation is not easy
outside its natural rainforest habitat, in southeast Asia
several attempts have been made but was not of much
success.” In natural growth conditions, the plant species
are distributed in circular as well as elliptically shaped
clusters with very well delimited borders and occupy
humid, shady areas under the forest canopy.™

Morphologically, the plant bears opposite leaves above,
but usually naked below with pubescent toward the
apex. Leaves are petiolate, entire, oblong, dark green
with rough texture. Roots are branched and covered
with a thick, transverse ringed bark, that becomes a
diagnostic character for the drug. Colour shows reddish
brown, with characteristic round ridges that are linked to
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subterranean stem by a ground distinct filament. At the
base of leaf stalks, a pair of whitish stipules is seen. The
inflorescence is capitate, enclosed by a large one-leafed
involucres. Flowers are small, white, funnel-shaped,
enclosed within four large ovate bracts, corolla white
with reflexed limb segment, stamens 5, slightly exserted
(Figure 4). The stamens and pistils are dimorphic with
some flowers bearing long stamens and short pistils and
in contrast, other flowers short stamens and long pistils.
Fruit are berry, dark violet, crowned by the limb of the
calyx, 2-celled, 2-seeded.” Vernacular names FEng
Ipecac; Brazil: Rio ipecac.” Other such popular names
in Brazil include #peca, poaia, poalha™ and pepaconha™
and also termed raicilla in Central Ametica countries.”
Kannada: Ipikaakyunaoushadhi; Tawil: Ipika, ipikakku,
ipikakkucceti; Urdn: Gurmarbuti.”

Medicinal uses of Ipecac drug

The importance of C. ipecacnanha in Historia Naturalis
Brasiliae, probably, the oldest formal documentation
of C. ipecacnanha use was highlighted.”® Roots of C.
ipecacnanha were brought by Piso from Brazil to Europe
in early 1649. However, the material was sceptically used
by the Europeans until the early decades of the 1700s.
Johann Schweitzer was the pioneer to use the material
against dysentery suffered by Dauphin Louis, the eldest
son of Louis XIV and Crown Prince of France.”” The
roots were used especially against coughs, bronchitis,
whooping cough and amoebic dysentery. The roots
were usually harvested from 3 years old plants and dried.
The plant is also used in homeopathy in the treatment
of nausea.*” During World War I, approximately 4-7%
of the total number of patients admitted in military
hospitals in North Africa suffered acute dysentery
caused by Entamoeba bhistolytica, resulting in large
number of casualties.”’ By the year 1925, about 10%
of the European and American population acquired
E.histolytica cysts.” Until 1960s, surgeons used root
extracts of Carapichea to treat patients suffering from
amoebic dysentery. An extensive study evaluating the
utility of large doses of ipecacuanha by Joseph Ewart
of the Bengal Medical Service has been published in
the Indian Annals of Medical Science.* Edward Scott
Docker of the Indian Army Medical Service, while his
stay in Mauritius, first tried large doses of ipecacuanha
for treatment of dysentery in 1858 and succeeded in
reducing patient mortality from 18 to 25 %."” However,
large doses of Ipecac through mouth were complicated
by severe nausea and vomiting. Over the years, an
alternative therapy was discovered by Leonard Rogers in
India, that the principal alkaloid in ipecac killed amoebae
in mucus of stools from patients with dysentery at
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dilution as high as 1/100000. In 1912, he successfully
treated three patients in Calcutta,who had been unable
to tolerate oral ipecac, by injection of emetine.* In due
course of time, surgeons in India used large doses of
C. ipecacnanba root extracts. Dysentery was a prevalent
disease and continues to be so within tropical country
especially India.* The World Health Organization
(WHO) in compiling a global inventory of medicinal
plants. It is an remarkable effort and if adopted by the
Primary Health Care (PHC) as strategy, it could provide
treatment of people worldwide, especially in the
developing countries with comprehensive health care.
Ipecac, or Syrup of Ipecac (SOI) is a drug used to induce
vomiting and in higher doses it is a rapidly acting emetic.
Excessive use of SOI as a purgative in eating disorders
is increasing, even though its medicinal importance has
lessened over the years.* This drug was previously used
as an expectorant in mild doses. Study was conducted to
describe how ‘poaieiros” in Brazil maintained the cultural
memory of P. jpecacuanha.”’ The root is the most utilized
part and its mode of preparation is tincture or in mixture
with tobacco, wine or sugarcane. The loss of knowledge
associated with ipecac is caused by rural exodus, habitat
due to deforestation and agricultural practices.

In the 19" century, ipecacuanha was registered as
an emetic and an expectorant in the pharmacies
of Benedictine monasteries of Rio de Janeiro and
Olinda, Brazil.* For therapeutic uses and in treatment
for dysentary, ipecac remained in India and Europe.”
The principal constituents in ipecac roots are emetine,
a non-phenolic alkaloid and cephaeline, a phenolic
alkaloid and the total content of the two alkaloids
accounts for more than 84%." Decoction of leaf is
used as an expectorant and powdered form are used
against dysentery. The alkaloids emetine and cephaline
have proven pharmacologically active as emetics, anti-
amoebics and anti-diarrheal.” Several uses of ipecac
have been found in recent studies, including treatment
against dysentery, bronchitis, worms, blood disorders,
leukemia, teething children, cancer, induction of

Tt is also

vomiting, expectorant and as an anti-amoebic.
applied externally on the site of bites by the venomous
insects and scorpions.” Paradoxically, ipecac is itself a
poison as it promptly induces vomiting, However, there

is less concern for its intrinsically poisonous nature.*

Recommended Dosage

Ipecac syrup, consisting of total alkaloids 123 to 157 mg
per 100 mL, has been administered to induce vomiting,
Dosage range normally for the syrup is 10 to 30 mL,
yielding a dose of alkaloids of 12 to 48 mg. The syrup
and fluid extract of ipecac have distinct properties, the
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extract is 14 times stronger than the syrup. Ipecac, is
not recommended for routine use by the American
Academy of Clinical Toxicology (AACT), the European
Association of Poison Centres, Clinical Toxicologists
(EAPCCT) and the American Academy of Pediatrics
(AAP).” However, for cumulative toxicity, for amoebic
dysentery, administration of emetine in small doses
for a short time span is given with intervals of some
weeks then followed by further treatment.” Ipecac is
itself a poison as it readily induces vomiting,* In human
the most exhibited complication related to ipecac
administration are diarrhea, lethargy, depression and
prolonged vomiting. Therefore use of the emetic is not
routinely recommended.”

Production And Technology of Ipecac

Ipecac cultivation is suitable in well-drained soil, rich
in humus, with enough moisture, humidity and shade
and it is difficult to cultivate outside natural habitat.
During late spring season, propagation via green wood
is usually done, in sandy soil compost at temperature
around 21-24°C. Ipecac can also be propagated via root
cutting during seasons of harvesting. When the plants
bear flowers, the roots are dug and then dried for use
by the pharmaceutical industry. Cultivated plant are
eventually replanted after partial removal of roots. The
principal source of drug at present is Costa Rica.The
global production of Ipecac is approximately 100 tonnes
per year,which comes mostly from Nicaragua,Brazil and
India.* Cenargen initiated a program for the recollection
and conservation of the genetic variability. During
1988 to 1991, five expeditions for collections were
undertaken, in the States of Rondonia, MatoGrosso,
Pernambuco, Bahia, Espirito Santo, Rio de Janeiro,
Minas Gerais and 86 accessions were collected as well
as maintained in field germplasm banks at Embrapa-
Ocidental Amazon, Belém, Para and at Florestas Rio
doce, Linhates and Espirito Santo.” In due course of
time other germplasm collections was established at
the University of North Fluminense.”” C. ipecacnanha
species could be successfully regenerated by means of
callus culture with 2,4-D and NAA along with kinetin
promoting callus induction growth.”®

The Brazilian medicinal species were challenged from
intense extractivism (root harvesting and gradual
loss of its habitat). A discussion to evaluate the three
localization strategies of Mata Atalantica population
and also to survey cultural and ethnobotanical aspects
of the species was conducted. The species localization
strategies were based on popular information-PL;
referred-HR  and
localization-RL.>’ Conservation and production of

Localization herbarium random
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ipecac plants from long term shoot cultures have been
established and due to high pharmacological value
of emetine and high risk of extinction together with
great market demand, a need for alternative cultivation
methods is necessary.”” Data on the development of
an /n vitro root culture protocol for P. jpecacuanba. Leaf,
nodal, intermodal rood segments were introduced in
culture media containing different concentrations of

Indol Butyric Acid (IBA).*!

Chemical Constituents

In the year 1817, Pelletier and his group separated the
“emetic principle” of ipecacuanha and named it as
emetine.”” The active principle of ipecac was formed
of many different bases.”” Firstly, the non-crystalline
base which forms crystalline salts was emetine, the
second one formed crystalline salts and was called
cephacline and another alkaloid was also identified as
psycotrine. The constituents of the drug was mainly
emetine (1-2 %), cephaeline, psychotrine, tannic acid
called ipecacuanhic or cephaelic acid with starch, resin,
etc.”” With the ratio of emetine to cephaeline content
(.e., 2-3:1), samples were indeed Cephaelis ipecacnanba
and the standard current pharmaceutical substance was
confirmed to be Cephaelis acuminata (with ratio emetine
: cephaeline, 1:1). The active principles exist only in the
bark of the root and probably in the thin, outer layer
of cork cell.** Alcohol extraction of the plants Cephaclis
acuminata and Cephaelis ipecacuanha yield ipecac or Syrup
of Ipecac (SOI). The extract is mainly a mixture with
glycerin, sugar (syrup) and methyl paraben. The active
ingredients are plant alkaloids, cephaeline and methyl-
cephaeline (emetine).*

Gradually, emetine, C,_H, N O, cephaeline,
C,,H, NO,, which were formerly supposed to be same
were differentiated.” The botanical soutce of Ipecac is
cited in Pharmacopoeias as the dried roots of Carapichea
ipecacnanha and Cephaelis acuminata.”® The roots of ipecac
contain a number of medically active constituents
including isoquinoline, alkaloids, tannins and glycosides.
From the dried roots (crude drug “ipecac”), of C.
pecacnanha isolation of 6-O-methylipecoside, ipecosidic
acid, neo-ipecoside, 7-O-methylneoipecoside,
3,4-dehydro neoipecoside and demethylalangi-side was
done.”” Figure 1 represents the compounds isolated
from roots of ipecac.®

and

Ipecacuanha obtained from C.ipecacuanba is a chemical
compound with white crystalline bitter alkaloid,
emetine named after its peculiar emetic principle. The
chemical structure and stereochemistry of emetine were
first studied and illustrated by chemical degradation
experiments.” Emetine was chemically characterized™
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Figure 1: Chemical compounds isolated from roots of Ipecac; A: 6-O-Methylipecoside R1 = Me, R? = H.
B: Ipecosidic acid, C: Demetylalangiside R'=R2=H, D: Neoipecoside R=H, 7-O-Methylneoipecoside R =
Me. E: 3,4-dehydroneoipecoside.

and molecular structure of emetine was also provided
as (C, H,N,O)™ which remains valid today.”” The
highest level of emetine is in the roots than in stems and
leaves and none in the seeds of C. pecacuanha.”” Emetine
hydrochlorate have been obtained in crystalline form
that became popular as a medicine.” Figure 2 shows the
chemical structure of emetine and cephaeline.” Later,
isolation and characterization of the other alkaloid
cephaeline from C.zpecacuanha roots was also performed.®

Biosynthesis of Emetine and Cephaeline

The biosynthesis of emetine and cephaeline comes
from two main biosynthetic pathways, the biosynthesis
of dopamine from L-tyrosine and that of secologanin
from geranyldiphosphate.””® Site of dopamine is
cytosol, accumulated in the vacuole. The first step of
the pathway is the condensation of dopamine and
secologanin, two epimers, (S)-deacetylisoipecoside
and the (R)-deacetylipecoside are formed as a result
of condensation. The condensation reactions of
dopamine and secologanin and of dopamine and
protoemetine are supposed to occur in the vacuole.
Then (S)-epimer is further converted to ipecac alkaloids

such as cephacline and emetine, the (R)-epimer gives
rise to alkaloid alglucosides such as ipecoside and
alangiside. Biosynthesis Emetine branches off from
N-deacetylisoipecoside through its 6-O-methylation
by IpeOMT1, with assistance by IpeOMT2, further by
deglucosylation by IpeGlul. The 7-hydroxy group of
the isoquinoline skeleton of the aglycon is methylated
by IpeOMT3 before the formation of proemetine,
followed by sequential O-methylations by [peOMT?2 and
IpeOMT1 to form cephaeline and emetine, respectively.
In addition to this central pathway of ipecac alkaloid
biosynthesis, formation of all methyl derivatives of
ipecac alkaloids could be explained by the enzymatic
activities of IpeOMT1-IpeOMT?3, exhibiting in Figure
3 that they are necessary for all O-methylation reactions
of ipecac alkaloid biosynthesis.” Biosynthesis of
emetine and cephaeline’”” and the ecology of variations
in alkaloid production in C. jpecacuanha populations in
widespread geographical regions have been since carried

out.”

Uses of Emetine and Cephaeline
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Figure 2: Chemical structure of Emetine (R=OCH,) and Cepha-
line (R=0OH).

Emetine is mainly used as an emetics to induce vomiting
until the stomach turns empty, making it suitable for
treating drug overdoses. Low doses acts as expectorant
and excess dose leads to severe vomiting and diarrhoea.
The gastric and bronchial systems are stimulated by
emetine, curing fevers and cyst formation during amoebic
dysentery.*” Emetine causes an increased secretion in the
trachea in minute dose and therefore is recommended
to clear throat. However, Cephacline shows stronger
emetic activity and higher toxicity. Emetine can kill
protozoa, even at a concentration of 0.5-1.0 mg/ml,
therefore, it is used as a specific medicine targeted for
treating amoebic dysentery.”

Emetine also exhibits cytotoxic activity, inhibiting
protein synthesis, which makes it suitable for applications
in drug-induced apoptosis.”* Emetine, has been found
to have anti-helminthic and antiamoebic properties.** In
recent times,synthetic analogues of emetine with less
adverse effects are used in the treatment of amoebiasis.®’

Biological Activities of Emetine and Cephaline

Investigations to determine the specific roles of emetine
and cephaeline indicated that emetine was infact a ‘good’
expectorant, in comparison to cephaeline; however
cephaeline was more efficient as an emetic."”

Anti cancer effect of emetine: An effective strategy
implimented by scientists is the ‘drug repositioning’.
Emetine (EMT) have been shown to possess anti-
tumor activity.®! The anti-cancer effect of EMT was
first stated forward on malignant human tumors.”* In
course of time, the review showed that EMT exhibits
its anti-tumor effect.”’ This was mainly by apoptosis
regulation of pro-apoptotic factors. Mechanisms such
as protein biosynthesis inhibition, DNA interaction,
also causes the anti tumor effect. The EMT structure
was derivatized at the N-2' position then selectively
delivered as a prodrug. An enzyme, fibroblast activation
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Figure 3: Biosynthetic pathway of Ipecac alkaloids highlight-
ing major catalyzed reactions.

Figure 4: Carapichea ipecacuanha (whole plant).
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protein (FAP) which is overexpressed in certain cells
within the metastatic tumor to cancer cells activates the
prodrug.* In case of Prostate PC3 cells, cervical C33A
cells, breast cancer MCF7 cells as well as MCF7/Adr
cells, the alternative splicing of caspase 9 pre mRNA
regulatory effects was carried out in response to EMT
hydrochloride. It lead to the conclusion that the various
splicing patterns of the caspase 9 gene were regulated
by EMT and other compounds that acts by resisting or
sensitizing the tumors to different cell death inducers.*
In Ovarian cancer, administration of cisplatin along
with EMT was effective in inducing apoptosis. EMT
affects the activation of caspases -3, -7 and -8 and
downregulation of bel-xL leading to apoptosis.* EMT
checks migration and invasion of human Non-Small-
Cell Lung Cancer (NSCLC) cells in cases of lung
cancet.”’

The results of investigations indicated, that Hedgehog
(Hh) pathway is usually modulated by EMT and
coristatin by binding to vital proteins in regulation
of Cancer Stem Cells.*® Among the first compounds
isolated, Emetine sensitizes the pancreatic tumor cells
to Tumor Necrosis Factor-Related Apoptosis-Inducing
Ligand (TRAIL)-induced apoptosis.”” Low nano molar
concentrations of EMT completely inhibits expression
of HIFla and HIF2« that plays major role in hypoxia
signaling and tumor growth progression.*’

Protein, DNA, RNA synthesis inhibition:
The inhibition of ribosomal protein synthesis in
mammalian, yeast and plant cells by emetine with
respect to concentration- and time-dependence was
reported.” Emetine also causes inhibiton of protein
synthesis irreversibly in Hela cells by lowering the
number of free ribosomes and thereby increasing the
polytibosomes.” In Chinese Hamster Ovary (CHO)
cells, the protein synthesis inhibition is reversible.””
The mechanism by which protein synthesis inhibition
possibly occur are due to the inhibition of the aminoacyl
RNA transfer reaction by emetine at 40S ribosomal
subunit site.” In Exoctine cells and seminal vesicles
of pancreas the emetine prevents induced autophagy
by stabilizing polyribosomes and blocking of protein
synthesis.”* Emetine has also been reported to inhibit
DNA synthesis in sea urchin® and mice.” Emetine
specifically targets and blocks the eatly S phase of DNA
replication.”

The potential of this naturally occuring drug to inhibit
protein synthesis was used in maintenance of the activity
of alcohol dehydrogenase to reduce the pathological
alcohol addiction.”

Antiparasitic property of emetine: Emetine has
been widely utilised in the treatment of amoebiasis and
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amebic dysentery. The drug inhibits the growth of the
causative agent Entamoeba bistolytica. Emetine inhibits
protein synthesis eventually kills the trophozoites of
E. histolytica by irreversible and noncovalent binding to
the peptide-chain elongation site of the 60S subunit of
ribosomes.” The effect of the drug has been verified
as an effective anthelmintic effective against Protostron
Ylusrufescens in infected sheep and goat.” It has been
tried as trypanocidal agent against Trypanosoma cruzi
in quest for drug against Chaga’s disease.'”’ Emetine
was effective at iz vitro anti leishmanial activity against
Leishmania donavani!” Emetine by means of DNA
intercalation and inhibition of protein biosynthesis
could induce apoptosis in Trypanosoma brucei.'"* Emetine
and cephaline has potential for production of potent
drugs against Leishmaniasis.'”

Emetine an anti-protozoal agent, potently inhibits both
ZIKV and EBOV entry i vitro and potent activity
vivo. Cephaeline, a desmethyl analog of emetine, also
displays a similar efficacy against ZIKV as well as
EBOV infections.'

Antiviral property of emetine: Emetine has some
an able
antipoxviral agent that blocked vaccinia virus replication
at non-cytotoxic.'” This alkaloid compound was
eventually reported to display antiviral activity against
four serotypes of Dengue Virus (DENV) and a dosage-
dependent reduction of viral infection was observed at a
noncytotoxic dose.'" Emetine inhibits HIV-1 replication
by interfering with Reverse Transcriptase Activity.'”’

notable antiviral activities. Emetine was

Infection with Human Cytomegalovirus (HCMV) is a
threat for pregnant women and immunocompromised
hosts but identification of emetine as HCMYV inhibitor
have been shown.'” HCMV inhibition by emetine
depended on ribosomal processing S14(RPS14) binding
to MDM2, leading to disruption of MDM2-IE2
interactions.

Inhibition of the Nonsense mediated mRINA decay
(NMD) Pathway: The mode of action used by cells
to check the synthesis of truncated or defective protein
is primarily via Nonsense-mediated decay (NMD).'”
Emetine acts as an inhibitor to NMD.'"” Emetine has
been subsequently employed in GINI to inhibit NMD
in prostate cancer cell lines (DU145, PC3 and LnCaP)."""
Contraceptive property of Emetine: The potential
of emetine as a protein synthesis inhibitor introduced
the idea of determining its efficacy as a contraceptive
agent when administered locally.!"" An investigation
was done in rabbit uterus and the results exhibited the
anti implantation effect of emetine dihydrochloride,
increased with the rise in concentration.!'! Another
study examined the suitability of emetine ditartrate as
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an emergency contraceptive.'”” The uterus and early
embryos around implantation, mainly the trophoblast
and endometrial cells at the attachment site, are the
primary target of the action of emetine ditartrate.
Emetine ditartrate could be used to terminate human
pregnancy in the initial stages.'"

Toxic effects of emetine: Although emetine is an
alkaloid of immense medicinal value. Its current
medicinal use has been discouraged because of
toxicity. Chronic usage has been reported to induce
myopathy.'” Along with cardiotoxicity, cardiomyopathy
as well is an adverse chronic use of emetine.'™
experiment performed on protein pharmacology to
ligand chemistry, various other targets were discovered

In an

for emetine and these lead to some of the side effects
of the pharmacological use.'”

Mechanism and Mode of Action

The major alkaloids of ipecac (emetine and cephaeline)
are apparently pharmacologically active and have both
local and central activity. Locally causing an irritant
effect on gastric mucosa, whereas the central activity
leads to the stimulation of the chemoreceptor trigger
zone. While occurrence of vomiting, contents from
both the stomach and small intestine are expelled.'®
Patients who are hypoxic, dyspneic, not able to swallow,
hypovolemic or comatose the effect of emetics are
contradicted. Emetics should not be given after
ingestion of petrolatum or similar chemical compounds
as the chance of subsequent aspiration out competes
the potential toxicity. Overdose of ipecac usually
leads to cardiotoxicity. In the presence of strychnine
intoxication, or with other CNS stimulants, use of
emetics might precipitate seizures.''® Adsorption of
ipecac syrup by activated charcoal may occur, therefore
these drugs should not be administered simultaneously.
In such cases, ipecac syrup should be given first and
then administration of activated charcoal only once
if vomiting has occurred. The effectiveness of ipecac
may be decreased by consumption of dairy products
and carbonated beverages. Biologically active emetine,
C-1" have the R configuration and the 2° position
have a secondary amine.” The epimer, 2 (isoemetine)
with the S configuration at C-1" is inactive. The
activity was absent in case of 3 (O methylpsychotrine)
with unsaturation at the 1" - 2" positions and 4
(N-methylemetine) indicating that the position must be
a secondary amine. The unsaturation at the 2-3 positions
to give 5 (dehydroemetine) and the asymmetry is lost at
carbons 2 and 3 but this change does not affect protein
synthesis inhibition. The tertiary nitrogen is converted
into a quaternary ammonium moiety by oxidation to 6
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(1,2,3,4,5,11b trisdehydroemetine) which results in loss
of activity. In course of time, results obtained confirmed
the R configuration at the C-1' position and methoxy
group at C-7' is a necessary structural requirement for
the biological activities of emetine. C-7".""

CONCLUSION

The aim of this review was to showcase the valuable
applications of plant species Carapichea ipecacnanba, its
unique emetic properties and various compounds.
Due to its potential toxicity and effect of overdose,
ipecac syrup is not recommended. However, chemical
compounds such as emetine, cephaline extracted from
the plant has multiple function in treating various
ailments. Thus, it is important to get familiar with the
plant species from a medicinal perspective. The policy
makers and health administrators should encourage
research works based on medicinal plants that are
given utmost priorities.'”® Plant-derived pharmaceuticals
are fast growing and becoming the major commercial
development in biotechnological industry. They also
provide the futuristic opportunity to provide low-cost
pharmaceuticals to the developing nations.'” The recent
researches conducted on herbal plants or medicine, have
been a significant achievements in the pharmacological
evaluation of various plants used for long in traditional
systems of medicine. Therefore, plants can be a major
source of medicines due to availability of its active
compounds that can be added and prescribed through
standardized dosages as crude or processed drugs for
the betterment of humankind.
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