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Introduction
Pyrrolizidine alkaloids (PAs) are produced by numerous plant 

species in nature. Since much intoxication in animals and humans are 
attributed to the consumption of PAs, it is of interest to study their 
presence in plants. These alkaloids can be classified in two groups, viz., 
those with a saturated necine moiety, which are non-toxic, and those 
with an unsaturated necine base which are hepatotoxic to mammals [1]. 
It is known that the family Boraginaceae contains PAs, and floridanine 
and macrophylline, have been identified in species of Cordia [2]. 
However, PAs were not found in other Boraginaceae species such as 
C. gilletii [3].

Cordia lutea is a flowering plant belonging to the pantropical genus 
Cordia (Boraginaceae). Being an indigenous plant of northern Peru, 
its flowers have been widely used in traditional Peruvian medicine as 
a homeostatic drug, for the treatment of hepatic disorders and scurvy 
(Vitamin C deficiency) [4].

This paper reports on the chemical composition of the whole C. 
lutea plant (roots, stems, leaves, and flowers) in order to determine the 
presence or absence of PAs. To the best of our knowledge, to date no 
study has been carried out on the chemical profile of C. lutea.

Materials and Methods

Materials

C. lutea specimens were collected in the Tumbes river valley (La 
Capitana, Perú) and identified by Dr. Felicia Díaz Jarama (Universidad 
Nacional de la Amazonia Peruana) where a voucher specimen 
was deposited (36532, Herbarium Amazonense, AMAZ). Botanic 
synonyms of this plant are Cordia marchionica Drake and Cordia 
rotundifolia R&P, while many common names were found to be used 
for this plant, e.g., overo, alkka mallki, biyuyo, caujaro, gomo, gomo 
amarillo, murciélago or ubito [4].

Methods

Plant extraction: In a 5 L Soxhlet apparatus the whole plant (dried 
and powdered; 1.1 kg) was extracted with hexane (3 L, 3 h). The hexane 
extract was concentrated to dryness under vacuum to give a orange 
syrup (25 g). Soxhlet extraction of the defatted plant was then carried 
out with methanol (4 L, 7 h). The methanol extract gave negative in 
a Mayer’s reagent test. The methanol was removed under vacuum to 
give the crude methanolic extract (CME) as brownish syrup (310 g). 
A portion of the crude methanolic extract (78 g) was treated with a 
solution of H2SO4 in water (2 M, 0.5 L) and stirred overnight with an 
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excess of Zn dust for N-oxide reduction [5]. After filtration, the acidic 
solution was washed with chloroform (3 × 150 mL). The aqueous 
solution was basified with 30% aqueous NH3 (pH>9). The basic mixture 
was then extracted with chloroform (3 × 100 mL). The organic extract 
was washed with water, dried over anhydrous MgSO4, filtered and 
concentrated under vacuum to dryness to give yellowish syrup (>0.2 
g). The Mayer’s reagent test of this sample was negative.

Sample for UPLC analysis: Cordia lutea ground plant material 
(206 mg) was extracted with 2% formic acid (15 mL). An excess of 
zinc dust was added to the formic acid solution and shaken for 2 h. 
Heliotrine (100 μg/mL in methanol) was added as an internal standard 
to a concentration of 1 μg/mL. An aliquot of the extract was diluted with 
water and injected into the UPLC-MS system. A similar procedure was 
carried out without Zn reduction (starting from 198 mg of powdered 
plant).

Non-alkaloidal content: The crude methanolic extract (CME, 70 
g) was treated with ethyl acetate (500 mL, 4 h and 30°C). The organic
layer was decanted and the solvent was removed under vacuum to give 
brown syrup (4.1 g). The residue was then extracted with more ethyl 
acetate (2 × 300 mL) under reflux to give the second crude acetate 
extract (7.2 g). Crudes were separated by SiO2 (40-63 μm) flash column 
chromatography eluting with mixtures of CH2Cl2: MeOH in ascending 
methanol.

1H and 13C NMR spectra were recorded with a 400 MHz ARX 
400 Bruker spectrometer by using the residual solvent peak in CDCl3 
(δ 7.24 ppm, 400 MHz, for 1H and δ=77.0 ppm, 100 MHz, for 13C). 
TLC analyses were performed on Merck silica gel 60 F 254 plates, 
and column chromatography was performed on silica gel 60 (0.040-
0.063 mm). Mass spectrometry was carried out in a Waters Quattro 
microGC instrument using the GC injection mode in an Agilent 7890A 
chromatograph and electron ionization (EI) mode or in a Waters Synap 
G2 mass spectrometry system coupled to an UPLC Acquity H Class.
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 Results
Plant material was extracted with hexane in order to remove non-

polar compounds and then with methanol up to negative Mayer’s 
Test. The obtained Crude Methanolic Extract (CME) was separated by 
acid-base treatment in order to isolate the alkaloids (see Materials and 
Methods). The alkaloidal fraction weigh was <0.2 g, being negative to 
the Mayer’s Test. Analyses of this fraction by 1H NMR and GC-MS 
were carried out to establish the presence or absence of PAs according 
to the method described by Frölich. This gives a high level of resolution 
(2 ppm) by using the PA heliotrine as the standard [6]. Retention times 
(Rts), molecular ions and MS fragmentation patterns were used as 
the diagnostic criteria. The analysis did not indicate the presence of 
pyrrolizidine alkaloids.

To confirm this result, an alternative specific UPLC analysis for 
PAs detection was also carried out [7]. Cordia lutea ground plant 
material was extracted with diluted formic acid. The resulting solution 
was treated with an excess of zinc dust to reduce the possible PAs 
N-oxides. An aliquot of the extract was diluted with water and injected 
into the UPLC-MS system, by using Heliotrine as an internal standard 
(see Materials and Methods). Pyrrolizidine alkaloids were not detected. 
A similar procedure was carried out without Zn reduction and PAs 
were not detected by the UPLC-MS system. 

In order to study the chemical composition of this plant regarding 
flavonoids and related compounds, a portion of the crude methanolic 
extract was extracted with portions of ethyl acetate by following a 
reported procedure [8]. Acetate extracts crudes were separated by 
SiO2 flash column chromatography and rutin, quercitin, linolenic acid, 
hexadecanoic acid (palmitic acid) and hexadecanoic acid glyceryl ester 
were isolated (Table 1 and Figure 1). Compounds were identified by a 
comparison of their spectral features with the reported data.

In conclusion, no PAs were detected in extracts of the Peruvian 
specimen of Cordia lutea. About 350 species make up the Cordia 
genus and to date only two species, Cordia sinensis and Cordia myxa, 
have been reported to contain the PAs floridanine and macrophylline, 
respectively [2]. The presence of PAs in these species suggests that 
other species in this genus may be able to synthesize PAs and a 
systematic study of the genus is justified using the methods described 
in this paper. The absence of PAs in C. lutea sample studied suggests 
no toxicological risk due to PAs for this plant. Moreover, no traces of 
alkaloids were detected with Mayer’s Reagent, GC-MS or UPLC-MS 

techniques. Known flavonoids and fatty acid esters were identified as 
the main chemical components of C. lutea.
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Figure 1: Isolated compounds from Cordia lutea.

Entry Compound % of CME
1 Rutin 0.14
2 Quercitin 0.10
3 Linolenic acid 0.13
4 Palmitic acid 0.13
5 Hexadecanoic acid glyceryl ester 0.06

Table 1: Main chemical composition of Cordia lutea.
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