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Abstract Resumen Resumo

The objective of this study was to identify the 
emetic metabolites in different parts of the P. 
ipecacuanha, a plant with emetic properties. 
Partial phytochemical analysis was performed 
to determine the presence of emetine and 
cephaeline in leaves, stems and roots.  Both 
alkaloids were detected in the three plant 
parts analyzed. Highest alkaloid content 
was found in roots (8.55 mg/g), followed by 
stems (4.05 mg/g), and the lowest was found 
in leaves (2.4 mg/g). The cephaeline content 
(8.35 mg/g) was higher than that of emetine 
(6.65 mg/g) in all the three organs analyzed. 
Toxicity analysis of the crude extract showed 
a LD50 of 500 mg/kg. 

El objetivo de este estudio fue identificar los 
metabolitos eméticos en diferentes partes de 
P. ipecacuanha, una planta con propiedades 
eméticas. Se realizó un análisis fitoquímico 
parcial, donde se determinó la presencia de 
emetina y cefalina en hojas, tallos y raíces. 
Ambos alcaloides se detectaron en las tres 
partes de la planta analizadas. El mayor 
contenido de alcaloides se encontró en las 
raíces (8.55 mg/g), seguido de los tallos 
(4.05 mg /g), y el más bajo se encontró en 
las hojas (2.4 mg/g). El contenido de cefalina 
(8,35 mg/g) fue mayor que el de emetina 
(6,65 mg/g) en los tres órganos analizados. 
El análisis de toxicidad del extracto crudo 
mostró una DL50 de 500 mg/kg.

O objetivo deste estudo foi identificar os 
metabólitos eméticos em diferentes partes do 
P. ipecacuanha, uma planta com propriedades 
eméticas. Foi realizada análise fitoquímica 
parcial para determinar a presença de emetina 
e cefelina nas folhas, caules e raízes. Ambos 
os alcalóides foram detectados nas três 
partes da planta analisadas. O maior teor de 
alcalóides foi encontrado nas raízes (8,55 
mg/g), seguido dos caules (4,05 mg/g), e o 
menor foi encontrado nas folhas (2,4 mg/g). 
O conteúdo de cefhaelina (8,35 mg/g) foi 
superior ao de emetina (6,65 mg/g) nos três 
órgãos analisados. A análise de toxicidade do 
extrato bruto mostrou um LD50 de 500 mg/kg.
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Plants synthesize secondary metabolites that can be isolated and used 
for medicinal, industrial, cosmetic, nutritional, and other purposes [1]. 
Psychotria ipecacuanha (or Carapichea ipecacuanha) is native to Central 
and South America.  It is known as “raicilla” in Costa Rica and Nicaragua, 
and as “ipecacuana” in the international market.  It is an herbaceous plant 
with a thin, twisted semi-woody stem that is 20 to 30 cm in length [2] 
(Figure 1). In Costa Rica, Psychotria ipecacuanha is of great economic 
importance.  It was the first medicinal plant from the tropical forest to be 
exploited rationally in Costa Rica [2].  It is grown in the Huetar Norte 
region, which borders Nicaragua. This species is critically endangered due 
to both over-exploitation since it is used in traditional medicine, and  the 
negative effect caused by climate change on its survival [3]. It is produced 
in commercial plantations in the Huetar Norte region of Costa Rica for 
export to countries in Asia [2]. Roots are known to have various medicinal 
properties (emetic, expectorant, and amoebicidal) [5] due to the presence of 
bioactive compounds, particularly isoquinolic alkaloids (bis-isoquinolines). 
These molecules have a monoterpenoid-tetrahydroisoquinoline skeleton 
and are formed by the condensation of dopamine and secologanin [6] with 
conversion to cephaeline and emetine [5].

then ground in a laboratory mortar and sifted with #18 mesh.   

Figure 1. Ipecacuana plants collected in northern Costa Rica.  Roots are exported 
to China.

Cephaeline is twice as potent as emetine. Structural differences between 
the two compounds are due to the additional methoxyl group in emetine 
(emetine has two isoquinoline nuclei and four methoxyl groups, while 
cephaeline has three methoxyl groups and one free OH). Both alkaloids 
exert a direct irritant action on the gastric mucosa and generally cause 
vomiting within 30 min of administration of ipecacuana to the patient 
[2]. They also inhibit the synthesis and activity of proteins, ribosomal, 
and mitochondrial DNA and RNA, as shown in mammalian, yeast, and 
plant cells [4]. Recently, emetine was reported to have significant antiviral 
activity against the dengue virus [3]. Typically, only the roots are used as 
raw material for the international pharmaceutical industry and the entire 
plant is destroyed at harvest [2, 4]. Based on this commercial practice, the 
objective of this study was to evaluate the phytochemical profiles of emetic 
alkaloids in whole plants of Psychotria ipecacuanha grown in Costa Rica 
in order to prevent the destruction of plantations. 

Materials and methods

Plants were collected in a commercial plantation in Moravia de Cutris in 
San Carlos in northern Costa Rica (10°25′00″N 84°34′00″W). Entire plants 
approximately one year old were collected randomly. Plants were washed, 
and leaves, stems and roots were separated.  Plant material was dried in a 
convection oven (Digisystem, model DSI-300D, Taiwan) at 50 ºC for 48 h,  

Plant material

Different extraction procedures were evaluated using leaves, stems, and 
roots. Dried ground plant material  (1.0 g) of each plant organ was used.  
The following solvents were evaluated for extraction:  Ethanol 70% (v/v) 
(J. T. Baker, Spain), methanol (J. T. Baker, Spain), acetone (Merck, United 
States), ethyl ether (Sigma Aldrich, United States) and hexane (Merck, 
United States).  A volume of 15 mL of each solvent was used. Extraction 
techniques included vortex agitation, maceration without agitation, 
maceration with agitation, and ultrasonic bath. Extracts were filtered and 
concentrated by rota-evaporation (Buchi, Switzerland) to eliminate solvents 
prior to the evaluation of metabolites in samples of each organ type.

Extraction and preparation

Dragendorff  test 
For the qualitative identification of alkaloids, extracts were subjected 

to a rapid chemical test using the Dragendorff reagent as described by 
Dominguez (1973) [7]. Samples of dried plant material (0.1 g) were placed 
in test tubes prepared in triplicate. Five drops of 5% (v/v) HCl were added 
to each sample so that the entire sample was in contact with the acid 
solution.  Samples were maintained at 50 °C in a water bath for 5 min, and 
then filtered. The filtrate (acid) was recovered in another test tube and one 
drop of Dragendorff reagent was added [Bi(NO3)3 in HNO3-KI in distilled 
water]. The formation of a precipitate or turbidity indicated the presence of 
alkaloids.  

Thin layer chromatography (TLC)
Extracts were separated on silica gel plates (60 F254, Merck). The 

mobile phase consisted of chloroform : methanol : 10% ammonium 
hydroxide 100:10:1 [8]. Chromatographs were observed under ultraviolet 
light (254 nm and 366 nm), and then stained with Dragendorff reagent.  

High-Performance Liquid Cromatography (HPLC)
Alkaloids were quantified by HPLC using the method described by 

Han et al. (2013) [9]. 3.0 mL of aqueous 70% (v/v) methanol and 0,5ml 
of 0.1 M NaOH were added to 100 mg of powdered plant material.  
Samples were incubated in an ultrasonic bath at 25 °C for 10 min, then 
centrifuged at 1840 rpm for 10 min, and the supernatant was collected. 
The process was repeated two more times.  The three extracts obtained 
were combined in a volumetric flask and the volume was brought to 10 
mL with the extraction solution. Two emetic standards were used for 
identification and quantification: Emetine hydrochloride (purity > 99.5%, 
lot No.061M1826V) and cephaeline hydrochloride (purity > 97.8%) from 
Sigma Aldrich. The reference substances were dissolved in methanol, 
and then diluted quantitatively with the mobile phase to obtain 10 μg/mL 
emetine hydrochloride and 10 μg/mL cephaeline hydrochloride. A high-
performance liquid chromatograph (Shimadzu, Japan, USA) equipped with 
a diode array detector (DAD) and a 150 m,  4.6 mm, and 5 mm particle 
size Gemini-NX C18 column was used (Phenomenex, USA).  Mobile phase 
consisted of methanol:acetonitrile:0.1% phosphoric acid 9:3:88  for an 
isocratic elution at a flow rate of 1.0 mL/min.  During all the runs both the 
oven temperature (40 ± 1 °C) and the wavelength detection (245 nm) were 
kept constant. The injection volume was 10 µL. Emetine and cephaeline 
present in the samples were identified by comparing retention times with 
known standards. The concentration of each alkaloid was estimated using 
calibration curves from 0.005 to 0.03 mg/mL.  

Identification of emetic metabolites
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Statistical Analysis

The results obtained were analyzed using the Kruskal-Wallis test, where 
the medians were compared, with a level of significance of α ≤ 0.05 in the 
Minitab 17 software.

The median lethal dose (LD50) was determined for each test substance in 
Hsd: Sprague-Dawley® SD® rats, in compliance with OECD Test Guideline 
423: Acute Oral Toxicity–Acute Toxic Class Method. There were no 
deviations from the protocol that would affect test quality or results. All 
procedures used in the study were in compliance with Costa Rican Animal 
Welfare Law Nº 7451 (https://www.mep.go.cr/sites/default/files/page/
adjuntos/ley-no-7451-bienestar-animal.pdf).

Toxicity Analysis

Results and discussion

The extraction method with the highest yield was the ultrasonic bath using 
70% ethanol as solvent.  This method is commonly used and is inexpensive. 
The vibrations penetrate the plant cells and achieve efficient cell disruption.  
Moreover, all the methods using agitation had higher yields compared 
with the extraction by maceration without agitation. Agitation shifts the 
equilibrium towards solvent saturation and increases the surface contact 
between solute and solvent, thereby increasing extraction efficiency [10]. 

The formation of an orange precipitate upon addition of the Dragendorff 
reagent revealed the presence of alkaloids in root, stem and leaf samples. 
The presence of emetine and cephaeline in all parts of the P. ipecacuanha 
plant was confirmed by TLC. The compounds were identified making a 
comparison with the standards. This technique also allowed the separation 
of compounds of interest from other compounds present in the samples. The 
concentration of each compound was estimated based on the intensity of the 
spots (Figure 2).  

Visualization of TLC plates under visible and ultraviolet light revealed 
the presence of emetic alkaloids in roots, stems and leaves (Figure 2, A 
and B). The concentration of cephaline was higher than that of emetine in 
all of the sampled plant parts, as evidenced by the more intense staining 
of the cephaline spots. TLC allowed the qualitative characterization and 
establishment of a chromatographic profile of the extracts. This technique 
is used in numerous studies because of its low cost and simplicity [11]. 
HPLC chromatogram of the standards (Figure 3) was used to identify the 
cephaeline and emetine retention peaks: 9.0 and 12.0 min respectively. 
The compounds quantification present in the extracts was more precise 
(the standard deviations ± 0.09) with HPLC than with TLC (± 0.25). These 
results coincide with those reported by other researchers, using these same 
techniques for identification, separation and quantification of relevant 
compounds [12, 13].  

Psychotria spp are known to have high concentrations of indolic 
alkaloids. This project focused on emetine and cephaeline, the two main 
alkaloids present in this genus [14].

Regarding the alkaloid concentration in different plant organs, the 
concentration of both alkaloids, emetine and cephaeline, was higher in

Figure 2. Detection of emetine and cephaeline in the extract of P. ipecacuanha plant 
by Thin Layer Chromatography. A) Visible light, B) UV light. From left to right: 
stems, leaves, roots, cephaelin standard, and emetine standard.

Figure 3. HPLC chromatogram of emetine and cephaeline standards (black uniform line) and chormatogram of the extract (pointed line).



Rev. Colomb. Quim., vol. 49, no. 2, pp. 18-22, 2020

Emetine and cephaeline content in plants of Psychotria ipecacuanha in Costa Rica

21

roots and stems and lower in leaves (Tables 1 and 2). Although secondary 
metabolites accumulate in different organs, accumulation is generally 
higher in roots and is influenced by climatic conditions at harvest [15, 16]. 

Table 1. Emetine concentration in different organs of Psychotria ipecacuanha 
(ipecacuana).

Although the roots are used for medicinal and commercial purposes, 
emetic alkaloids are also present in leaves and stems of the Ipecacuana 
plant. In leaves, the content is higher in younger tissues [18]. These 
isoquinoline alkaloids are believed to be synthesized in Ipecacuana leaves 
and accumulate in stems and roots as plant age increases. The content 
also varies throughout the year [18, 19]. The presence of these emetic 
alkaloids in leaves, although in a lower concentration than in roots, could be 
advantageous for growers because the Ipecacuana plant produces abundant 
foliage and small, thin roots (Figure 1). Emetic alkaloids could be extracted 
from large quantities of leaves without the need to eliminate entire plants in 
order to harvest the roots.  

Given that alkaloids are secondary metabolites whose toxicity depends 
on the type and concentration, plant extracts were tested for acute toxicity. 
In this study, analysis of the crude ipecacuana extract showed that, due to its 
toxicity (LD50: 500 mg/kg), the daily dose of emetine should not exceed 1.0 
g/kg of patient body weight. Reported symptoms in animals exposed to this 
metabolite include heart, liver, kidney, intestinal tract and skeletal muscle 
damage, profound keratitis with lymphocyte infiltration in the cornea of 
dogs and rabbits, and cutaneous irritation in rabbits [20].

Conclusions

Partial Phytochemical analysis of Psychotria ipecacuanha plants grown 
in northern Costa Rica showed the presence of the alkaloids emetine and 
cephaeline in leaves, stems, and roots. Although the concentration was 
greater in roots (4.65 mg/g of cephaeline and 3.9 of emetine), the lush foliage 
is also an important source of emetic alkaloids (3.7 mg/g of cephaeline and 
2.75 of emetine). Therefore, extraction from leaves and stems would be 
advantageous to avoid the waste of the entire plants in the process.

*Values are means of 3 replicates. 
**Numbers with the same letter are not statistically different.

Table 2. Cephaeline concentration in different organs of Psychotria ipecacuanha 
(ipecacuana)

*Values are means of 3 replicates. 
**Numbers with the same letter are not statistically different.

Ocampo reported a 1.7 to 2.3% total alkaloid content in two to three 
year old Ipecacuana plants grown in northern Costa Rica [2]. In this study, 
emetine represented 60 to 70% of the total alkaloid content and it was the 
only alkaloid analyzed. In contrast, both emetine and cephaeline were 
identified in the material collected in the same region in our study; the 
cephaeline concentration was higher than that of emetine (Figure 4). Other 
studies carried out in Costa Rica [17] confirm the high genetic variability 
related to alkaloid content. Differences in alkaloid content related to 
morphological variations and plant age have also been reported. Genetic 
variability within the region of origin of Ipecacuana represents an important 
element for domestication of the species within agroecological systems 
[17]. The need for high quality raw materials to supply the pharmaceutical 
industry has created incentives for Ipecacuana production in the region [2].

Figure 4. Emetic alkaloid content in plant of Psychotria ipecacuanha (ipecacuana).
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