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ABSTRACT 

Coespeletia thyrsiformis is a resinous plant characteristic of the Andean highlands of Venezuela. The present work describes the 

extraction, from the leaves of this plant, of several biologically active diterpene compounds. An extract obtained by shaking the leaves 

with a 3:1 mixture of n-hexane-diethyl ether was treated with a 0.5 N NaOH solution to separate the acidic fraction. An aliquot of this 

acid fraction was methylated with diazomethane to submit the mixture to GC-MS analysis, which permitted to identify the following 

kaurene derivatives: ent-kaur-9(11),16-dien-19-oic acid (6.9 %), ent-kaur-16-en-19-oic acid (17.0 %), 15α-hydroxy-ent-kaur-16-en-19-

oic acid (29.3 %), 15 α-isovaleroxy-ent-kaur-16-en-19-oic acid (7.6 %), and 15 α-O-isobutyroxy-ent-kaur-16-en-19-oic acid (6.1 %), as 

major components. On the other hand nonacosane (26.2 %) and 16--hydroxy-ent-kaurane (14.1 %) were found as major components in 

the neutral fraction. 
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1. INTRODUCTION 
 Asteraceae (Compositae) have been the object of numerous 

studies because of their biological diversity. This family has more 

than 25.000 species distributed in about 1.500 genera. In 

Venezuela 210 genera and 760 species have been described [1. 

The Coespeletia are resinous plants, popularly known as frailejon 

[3 that belong to the Espeletiinae subtribe, which was created by 

Cuatrecasas [2. They have a rosette growth form and their leaves 

are covered by a heavy indumentum that protects them from 

freezing. 

 Seven species of Coespeletia have been described, six of 

them endemic to the venezuelan paramos: C. albarregensis 

Cuatrec., C. elongata (A. C. Sm.) Cuatrec., C. moritziana (Sch. 

Bip. ex Wedd.) Cuatrec., C. spicata (Sch. Bip. ex Wedd.) 

Cuatrec., C. thyrsiformis (A. C. Sm.) Cuatrec. (Included C. 

thyrsiformis f. marcana (Cuatrec.) Cuatrec.), C. timotensis 

(Cuatrec.) Cuatrec. Recently two new species have been reported: 

C. laxiflora native to Colombia (S. Díaz & Rodr. Cabeza) [4 and 

C. palustris (M. Diazgranados & G. Morillo, sp. nov.)[5, a new 

species for Venezuela. 

 Coespeletia thyrsiformis [2,6, known as “frailejon amarillo 

del batallon”, grows at about 3.000 m.s.n.m. [4. A previous study 

performed by Usubillaga et al. [7 identified by GC-MS as methyl 

esters the following acids: (-)-kaur-16-en-19-oic acid (46.5 %), (-

)-kaur-9(11)16-dien-19-oic acid (16.4 %), 15α-hydroxy-kaur-16-

en-19-oic acid (14.1 %), 15-O-isovaleroxy-kaur-16-en-19-oic acid 

(11.3 %), and 15-O-senecioxy-kaur-16-en-19-oic acid (10.8 %).  

 Aparicio et al [8 studied the composition of the essential 

oil obtained from the leaves of C. thyrsiformis, reported that -

pinene (20.4 %) and germacrene D (14.5 %) were the most 

abundant components, but also reported the presence in the oil of 

the diterpene (-)-Kaur-16-en-19-al (0.4 %). Ent-kaurene type 

compounds are present in all Espelletiinae species thus far studied. 

Kaurenic acid (ent- kaur-16-en-19-oic acid) is known for its 

diverse biological properties, which have been reported by several 

researchers [9-17]. Several other kaurene diterpenes have also 

been found to have a wide range of biological properties [18-32]. 

The object of the present study is to perform a detailed analysis of 

the neutral and acidic compounds present in an hexane/diethyl 

ether extract of the leaves of C. thyrsiformis. 

2. EXPERIMENTAL SECTION 

2.1. Material vegetal. Fresh leaves of C. thyrsiformis were 

collected at paramo “El Batallon”, at 3200 m.s.n.m, in Táchira 

State. A voucher specimen (RA03) was deposited at MERF, the 

herbarium of Facultad de Farmacia y Bioanálisis, Universidad de 

Los Andes. Professor Gilberto Morillo (Facultad de Ciencias 

Forestales y Ambientales, Universidad de Los Andes, identified 

the botanical material. 

2.2. Extraction of the leaves of Coespeletia thyrsiformis with 

hexane-diethyl ether. Leaves of C. thyrsiformis were dried at 40 

ºC for 5 days. The dried material was ground yielding 118 g of 

solids which were submitted to extraction during 4 days, at 

ambient temperature, with a mixture of n-hexane: diethyl-ether 

(3:1). The extract was taken to dryness in a rotavapor yielding 5.2 

g of solid residue. 

2.3. Isolation of the acidic and neutral fractions. The crude 

extract was dissolved in hexane/diethyl-ether (3:1) and it was 

shaken with a 5 % NaOH solution. The aqueous phase was taken 

to pH 3 by careful addition of conc. HCl and shaken with 
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hexane/diethyl-ether (3:1) to yield 2.3 g of acid fraction. The 

original hexane-ether solution, left over after alkaline treatment, 

was mixed with active charcoal and boiled for 10 minutes. After 

open column chromatography, treatment a neutral fraction of 3.5 g 

was obtained. 

2.4. GC-MS analysis. A small amount (10 mg) of acid fraction 

was methylated with diazomethane [33,34] and then submitted to 

CG-MS analysis. A Hewlett-Packard 6890 gas chromatograph 

fitted with an HP 5973 mass detector was used. A 30 m long (0.25 

mm d.i and 0.25 μm film) HP-5MS capillary column was used. 

The ionization energy was 70 eV, the analysis mass range was 

40:500 amu at 3.9 scans/s. Each sample (acid or neutral) was 

dissolved in diethyl ether (3 mg/mL) and 1 μL was injected using 

a Hewlett-Packard ALS injector, applying a 30:1 split ratio. 

Helium at 0.9 mL/min was used as carrier gas. The following 

temperature program was used: initial temperature 100 °C, which 

was increased at 10 °C/min to 200 °C. A second temperature 

increase of 8 ºC/min was applied to a final temperature of 300 ºC 

to obtain a total analysis time of 30 min. 

 The compounds present in both fractions were identified by 

their retention times, direct comparison of their mass spectra with 

the spectra of authentic samples available in the laboratory and by 

computer comparison with the spectra of Wiley and Nist libraries. 

 

3. RESULTS SECTION 

Figure 1 presents the total ion chromatogram of the acid fraction. 

In this fraction it was possible to identify ten ent-kaurene 

derivatives as well as hexadecanoic acid and octadecanoic acid. 

All these compounds made up 82.9 % of the acidic fraction. Table 

1 shows the retention times, relative abundances and masses of the 

methyl esters of these compounds. Their structures are shown on 

Figure 2. 

 The most abundant identified compounds were: ent-kaur-

9(11),16-diene-19-oic acid methyl ester (6.9 %, 1); ent-kaur-16-

en-19-oic acid methyl ester (17.0 %, 2); ent-kaur-15α-hydroxy-16-

en-19-oic acid methyl ester (29.3 %, 5); ent-kaur-15-O-

isovalerioxy-16-en-19-oic acid methyl ester (7.6 %, 10) and ent-

kaur-15-O-isobutiloxy-16-en-19-oic acid methyl ester (6.1 %, 9). 

It was not possible to identify 17.1 % of the mixture of methyl 

esters. 

 
Figure 1. TIC chromatogram of the methylated acid fraction of C. 

thyrsiformis. 

Table 1. Methylated ent-kaurane diterpenic acids and esterified fatty acids identified in the acid fraction from the resin of C. thyrsiformis. 

Nº Components m/z 
RT 

min 

Area 

% 

1 hexadecanoic acid methyl ester 270 12.52 2.4 

2 hexadecanoic acid  ethyl ester 284 13.23 1.2 

3 Octadecanoic acid methyl ester 298 14.84 0.9 

4 ent-kaur- 9(11),16-dien-19-oic acid methyl ester (1) 314 15.79 6.9 

5 ent-kaur-16-en-19-oic acid methyl ester (2) 316 16.78 17.0 

6 ent-kauran-16-hydroxy-19-oic  acid methyl ester (3) 334 18.73 3.2 

7 ent-kauran-19-oic acid-methyl ester (4) 318 18.78 1.8 

8 ent-kaur-15α-hydroxy-16-en-19-oic acid methyl ester (5) 332 19.15 29.3 

9 ent-kaur -15-en- 17-oxo-19-oic acid  methyl ester (6) 330 19.32 1.2 

10 ent-kaur-15-en-17-hydroxy -19-oic acid methyl ester (7) 332 19.47 3.8 

11 ent-kaur-15 -O-acetoxy- 16-en-19-oic acid methyl ester (8) 374 20.66 1.5 

12 ent-kaur-15-O-isobutiloxy-16en-19-oic acid methyl ester (9) 402 20.95 6.1 

13 ent-kaur-15-isovalerioxy-16-en-19-oic acid methyl ester (10) 416 21.87 7.6 

   Total 82.9 

 These results agree with those reported by Usubillaga et al., 

2003 [7, even though at different concentrations, since they 

reported the ent-kaur-16-en-19-oic acid (1) as the major 

component (45.5 %), as well as ent-kaur-9(11),16-dien-19-oic acid 

(2 )(16.4 %) and ent-kaur-15α-hidroxy-16-en-19-oic acid (5) (14.1 

%) present with 16.4 % and 14.1 % respectively. In our 

investigation the same three acids were found but ent-kaur-15α-

hydroxy-16-en-19-oic acid (29.3 %, 5), was the most abundant. 

Since Usubillaga et al., collected C. thyrsiformis at the same 

paramo the differences are probably do to age of the plants or 

weather conditions at the moment of collection.  

 Kaurene diterpenes have interesting biological properties. It 

has been reported that ent-kaur-15α-hydroxy-16-en-19-oic acid 

(5), has an effect against B16F1 melanoma in mice [35. On the 

other hand this compound is very useful because it is used as 

starting compound to obtain 15-oxo-kaurénic acid, a substance 

that causes apoptosis on the epithelial cells of prostatic cancer 

[30.  
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 The analysis of the neutral fraction led to the identification 

of 88.4 % of its compounds. The main constituents of these 

fraction were: 16--kauranol (16) 14.1 %; ent-kaur-16-en-19-

hydroxy-16-ene (17) 3.5 %; ent-kaur-19-nor-16-ene (12) 1.5 %; 

ent-kaur-16-ene (13) 1.2 %; ent-kaur-18-nor-16-ene (11) 1.1 %. 

Other, non-kaurenic components were also present in the neutral 

fraction: nonacosane (26.2 %) and heptacosane (11.4 %) (Table 

2). Structure of ent-kauranes isolated from the neutral fraction, are 

also shown on Figure 2.  

 

 
Figure 2: Ent-kaurane diterpenes identified in the resin of C. thyrsiformis. 

 Hydrocarbons found in the neutral fraction agree with 

previous studies which indicate that higher plants produce 

abundant long chain n-alkanes (C27 a C35). Generally odd carbon 

number n-alkanes are found, C27, C29 and C31 are usually the 

most abundant ones [36, which is related to important 

physiological processes [37. C29 and C31 n-alkanes also play an 

important function because they contribute to the impermeability 

of the surface of the leaves of the plants, which has some 

connection to paleoecology and quimiotaxonomy [38-40. 

Table 2. Neutral fraction components of Coespeletia thyrsiformis. 

N° Components m/z 
RT 

Min 

Area 

% 

1 Spathulenol 220 9.12 2.0 

2 ent-kaur-18-nor-16-ene (11) 258 13.5 1.1 

3 ent-kaur-19-nor-16-ene (12) 258 13.89 1.5 

4 ent-kaur-16-ene (13) 272 14.34 1.2 

5 Ruilopeziol (14) 274 15.39 4.7 

6 epi-ruilopeziol (15) 274 15.82 9.5 

7 16--kauranol (16) 290 16.41 14.1 

8 ent-kaur-19-hydroxy-16-ene (17) 288 17.61 3.5 

9 Pentacosane (C25H52)                                                                                       352 18.58 1.9 

10 Heptacosane (C27H56) 380 20.43 11.4 

11 Octacosane (C28H58)                          394 21.31 1.2 

12 Nonacosane (C29H60) 408 22.18 26.2 

13 Triacontane (C30H62) 422 23.01 1.6 

14 Hentriacontane (C31H64) 436 23.97 8.5 

   Total 88.4 

4. CONCLUSIONS 

Analysis of the methylated acidic fraction of the resin from the 

leaves of C. thyrsiformis (A. C. Sm.) Cuatrec, led to the 

identification of 10 ent-kaurenic acids which account for 78.4 % 

of the fraction. The most abundant compounds identified were: 

ent-kaur-15α-hydroxy-16-en-19-oic methyl ester (29.3 %, 5); ent-

kaur-16-en-19-oic acid methyl ester (17.0 %, 2); ent-kaur-

9(11),16-dien-19-oic acid methyl ester (6.9 %, 1); ent-kaur-15-

O-isovalerioxy-16-en-19-oic acid methyl ester (7.6 %, 10) and 

ent--O-isobutiloxy-16-ene-ent-19-oic acid methyl ester (6.1 %, 

9). 

In the neutral fraction seven ent-kaurane derivatives were 

identified, 16--kauranol (16, 14.1 %), and epi-ruilopeziol (15, 9.5 

%) were the most abundant ones. A mixture of C25 to C32 

hydrocarbons were also found, which represent 50.8 % of the total 

fraction, where C27 (11.4 %) and C29 (26.2 %) hydrocarbons were 

the most abundant. 

5. REFERENCES 

[1 Badillo V., Los géneros de las Compositae (Asteraceae) de Venezuela: 

Clave artificial para su determinación, Ernstia 6, 51-168, 1997. 

[2 Cuatrecasas J., A new subtribe in the Heliantheae (Compositae) 

Espeletiinae, Phytologia 35, 43-61, 1976. 

[3  arc a-Barriga H., Flora medicinal de Colombia:                , 

 nstituto de  iencias  aturales,  ni ersidad  acional, Bogotá,  olombia, 

1974. 

[4 Diazgranados M., A nomenclator for the frailejones (Espeletiinae 

Cuatrec., Asteraceae), PhytoKeys, 16, 1-52, 2012. 

[5 Diazgranados M., Morillo G.A., new species of Coespeletia 

(Asteraceae, Millerieae) from Venezuela, PhytoKeys, 28, 9–18, 2013. 

[6 Schultz, B., Compositae In: Chloris Andina. H. A. Weddell 1, 

Bertrand, Paris. Francia, 1855. 

[7 Usubillaga A., Romero M., Aparicio R., Kaurenic acid in Espeletiinae, 

Acta Horticulturae, 597, 129-130, 2003. 

[8 Aparicio R., Romero M., Khouri N., Rojas L.B., Usubillaga A., 

Volatile constituents from the leaves of three Coespeletia species from the 

Venezuelan Andes, Journal of Essential Oil Research 14, 37-39, 2002. 

[9 Sosa-Sequera M., Sosa-Canache B., Usubillaga A., Escalona A., 

Suarez O., Reyna R., Pascuzzo, C., Antitumorogenic effect of kaurenic 

acid on melanoma B16F1,VI World Conference on Clinical 

Pharmacology and Therapeutics, Buenos Aires, Argentina, 1996. 

[10 Cavalcanti B.C., Costa-Lotufo L.V., Moraes M.O, Burbano R.R., 

Silveira E.R., Cunha K.M.A., Rao V.S.N., Moura D.J, Rosa R.M., 

Henriques J.A.P, PessoaC., Genotoxicity evaluation of kaurenoic acid, a 

bioactive diterpenoid present in Copaiba oil, Food and Chemical 

Toxicology 44, 388–392, 2005. 

[11 Kim K.H., Sadikot R.T., Joo M., Therapeutic effect of ent-kaur-16-

en-19-oic acid on neutrophilic lung inflammation and sepsis is mediated 

by Nrf2, Biochemical and Biophysical Research Communications, 474, 

534-540, 2016. 

[12 Zhang M., Zhao C., Dai W., He J., Jiao S., Li, B., Anti-inflammatory 

ent-kaurenoic acids and their glycosides from Gochnatia decora, 

Phytochemistry, 137, 174-181, 2017. 

[13 Padmaja V., Thankamany V., Hara N., Fujimoto Y., Hisham A., 

Biological activities of Annona glabra, Journal of Ethnopharmacology, 

48, 21-24, 1995. 

[14 Cotoras M., Folch C., Mendoza L., Characterization of the antifungal 

activity on Botrytis cinerea of the natural diterpenoids kaurenoic acid and 

3β-Hydroxy-kaurenoic acid, Journal of Agricultural and Food Chemistry, 

52, 2821-2826, 2004. 



Ent-Kaurene diterpenes and n-alkanes isolated from the leaves of Coespeletia thyrsiformis (A.C.SM.) Cuatrec. 

Page | 2229  

[15 Fatope M.O., Audu O.T., Takeda Y., Zeng L., Shi G., Shimada H., 

McLaughlin J.L., Bioactive ent-kaurene diterpenoids from Annona 

senegalensis, Journal of Natural Products, 59, 301–303, 1996. 

[16 Mongelli E., Pomilio A. B., Sánchez J.B., Guerra F.M., Massanet, 

G.M., ent-Kaur-16-en-19-oic acid, a KB cells cytotoxic diterpenoid from 

Elaeoselinum foetidum, Phytotherapy Research, 16, 387–388, 2002. 

[17 Block L., Santos A., De Souza M., Scheidt C., Yunes R., Santos M., 

Monache F., Filho,, V. Chemical and pharmacological examination of 

antinociceptive constituents of Wedelia paludosa, Journal of 

Ethnopharmacology. 61,85–89, 1998. 

[18 Castrillo A., De las Heras B., Hortelano S., Rodríguez B., Villar A., 

Bosca L., Inhibition of the nuclear factor B (NF-B) pathway by 

tetracyclic kaurene diterpenes in macrophages, Journal of Biological 

Chemistry, 276, 15854-15860, 2001. 

[19 Lee J.W., Lee M.S., Kim T.H., Lee H.J., Hong S.S., Noh Y.H., 

Hwang, B.Y., Ro J.S., Hong, J.T., Inhibitory effect of inflexinol on nitric 

oxide generation and iNOS expression via inhibition of NF-κB activation, 

Mediators of Inflammation, 2007, 93148, 2007.  

[20 Kuo P.C., Shen Y.C., Yang M.L., Wang S.H., Thang T.D., Dung 

N.X., Chiang P.C., Lee K.H., Lee E.J., Wu T.S., Crotonkinins A and B 

and related diterpenoids from Croton tonkinensis as anti-inflammatory 

and antitumor agents, Journal of Natural Products, 70, 1906–1909, 2007. 

[21 Hu A.P., Du J.M., Li J.Y., Liu J.W., Oridonin promotes 

CD4+/CD25+ Treg differentiation, modulates Th1/Th2 balance and 

induces HO-1 in rat splenic lymphocytes, Inflammation Research, 57, 

163–170, 2008. 

[22 Duan H., Takaishi Y., Momota H., Ohmoto Y., Taki T., Jia Y., Li D., 

Immunosuppressive diterpenoids from Tripterygium wilfordii, Journal of 

Natural Products, 62, 1522-1525, 1999. 

[23 Zhang Y., Liu J., Jia W., Zhao A., Li T., Distinct immunosuppressive 

effect by Isodon serra extracts, International Immunopharmacology, 5, 

1957–1965, 2005. 

[24 Weng Z.Y., Huang S.X., Li M.L., Zeng YQ., Han Q., Rios J.L., Sun 

H.D., Isolation of two bioactive ent-Kauranoids from the leaves of Isodon 

xerophilus, Journal of Agricultural and Food Chemistry, 55, 6039−6043, 

2007. 

[25 Sun H.D., Lin Z.W., Niu F.D., Lin L.Z., Chai H., Pezzuto J.M., 

Cordell G.A., Cytotoxic diterpenoids from Isodon megathyrsus, Journal 

of Natural Products, 57, 1424-1429, 1994.  

[26 Jiang B., Lu Z. Q., Hou A.J., Zhao Q.S., Sun H.D.  Ent-Kaurane 

diterpenoids from Isodon lungshengensis, Journal of Natural Products, 

62, 941-945, 1999. 

[27 Gui M.Y., Aoyagi,Y., Jin Y.R., Li X.W., Hasuda T., Takeya K., 

Excisanin H, a novel cytotoxic 14, 20-epoxy-ent-Kaurene diterpenoid, 

and three new ent-Kaurene diterpenoids from Rabdosia excisa, Journal of 

Natural Products, 67, 373-376, 2004. 

[28 Han Q.B., Li R.T., Li M.L., Mou Y.K., Tian Q.E., Li S.W., Sun 

H.D., Ent-kauranoids from Isodon rubescens var. Taihangensis, Journal 

of Asian Natural Products Research, 7, 31–36, 2005. 

[29 Ge X., Ye G., Li P., Tang W.J., Gao J.L., Zhao W.M., (2008) 

Cytotoxic diterpenoids and sesquiterpenoids from Pteris multifidi, 

Journal of Natural Products, 71, 227–231, 2008. 

[30 Ruiz Y., Rodrígues J., Arvelo F., Usubillaga A., Monsalve M., Diez 

N., Galindo-Castro I., Cytotoxic and apoptosis-inducing effect of ent-15-

oxo-kaur-16-en-19-oic acid, a derivative of grandiflorolic acid from 

Espeletia schultzii, Phytochemistry, 69, 432–438, 2008. 

[31 Chang F.R., Yang P.Y., Lin J.Y., Lee K.H., Wu Y.C., Bioactive 

kaurane diterpenoids from Annona glabra, Journal of Natural Products, 

61, 437-439, 1998. 

[32 Somova L.I., Shode F.O., Moodley K., Govender Y., Cardiovascular 

and diuretic activity of kaurene derivatives of Xylopia aethiopica and 

Alepidea amatymbica, Journal of Ethnopharmacology, 77, 165–174, 

2001. 

[33 Haitman W., Roll L., Organic syntheses, Collective Vol 2. John 

Wiley & Sons, New York, Usa, 1957. 

[34 Arndt F., Organic syntheses, Collective vol 2. John Wiley. & Sons, 

New York, Usa, 1957. 

[35 Escalona A., Sosa S., Suarez O., Reyna R., Usubillaga A., Pascuzzo 

C., Pacheco B., Efecto del ácido 15-α-kaurenico sobre el melanoma 

B16F1 en ratones C57B216, Boletin ACF, 5,112, 1996. 

[36 Zhiguo R., Guodong J., Zhaoyu Z., Yi W., Ziawu J., Comparison of 

carbon isotope composition of total organic carbon and long-chain n-

alkanes from surface soils in eastern China and their significance, Chinese 

Science Bulletin, 53, 3921-3927, 2008. 

[37 Bruneton J., Farmacognosia, Fitoquímica, Plantas medicinales, 2nd. 

Edition. Acribia S. A., Zaragoza, España, 2001. 

[38 Kolattukudy P.E., Plant waxes. Lipids, 5, 259-275, 1970. 

[39 Boom A., Marchant R., Hooghiemstra H., Sinninghe J., CO2- and 

temperature-controlled altitudinal shifts of C4- and C3-dominated 

grasslands allow reconstruction of palaeoatmos-pheric pCO2, 

Palaeogeography, Palaeoclimatology, Palaeoecology, 177, 151-168, 

2002. 

[40 Bush R.T., McInerney F.A. Leaf wax n-alkane distributions in and 

across modern plants: Implications for paleoecology and 

chemotaxonomy, Geochimica et Cosmochimica Acta, 117, 161–179, 

2013. 

6. ACKNOWLEDGEMENTS 

The authors thank C.D.C.H.T.A. Council of the Universidad de Los Andes for financial support through Project FA-575-15-08-B. 

© 2017 by the authors. This article is an open access article distributed under the terms and conditions of the Creative 

Commons Attribution license (http://creativecommons.org/licenses/by/4.0/). 


