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1. Subject and source

The genus Croton belongs to the family Euphorbiaceae and consists of approximately 1300 species of trees, shrubs and
herbs distributed in tropical and subtropical regions of the world (Salatino et al., 2007). Croton macrostachyus Hochst. ex
Delile is a tall tree found in tropical regions of Africa. The plant is used in traditional medicine for the treatment of cough,
tapeworm, skin rash, inflammation, epilepsy, diabete, syphilis, malaria and venereal diseases (Schmelzer and Gurib-Fakim,
2008; Kamanyi et al., 2009; Bum et al., 2012).

The twigs of C. macrostachyus were collected at Mount Bamboutos (West Region of Cameroon) in October 2008, and
identified by Mr. Nana Victor a botanist at the Cameroon National Herbarium, Yaoundé. A voucher specimen (No 5696/SRF/
CAM) is deposited.
2. Previous work

Previous phytochemical studies on the genus Croton resulted in the isolation of secondary metabolites such as alkaloids,
terpenoids, flavonoids and other phenolic compouds. Amongst them, diterpenoids are the most widespread in this genus
(Salatino et al., 2007). There is little literature concerning the phytochemical study of C. macrostachyus. Fatty acids, b-sitos-
terol, stigmasterol, lupeol, betulin and one cyclohexane diepoxide named crotepoxide were isolated from its stem barks and
twigs (Addae-Mensah et al., 1992), while some clerodane diterpenes namely trachyloban-19-oic acid, trachyloban-18-oic acid,
neoclerodan-5,10-en-19,6b;20,12-diolide, 3a,19-dihydroxytrachyloban and 3a,18,19-trihydroxytrachyloban and the
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Fig. 1. Compounds (1–14) isolated from twigs of Croton macrostachyus.
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triterpene 3b-acetoxytaraxer-14-en-28-oic acid were identified in its roots (Kapingu et al., 2000). In addition to lupeol,
betulin and crotepoxide, further diterpenes namely crotomacrine, floridolide A, hardwickic acid and 12-oxo-hardwickic acid
were obtained from the fruits and stem barks of C. macrostachyus (Tane et al., 2004; Tene et al., 2009).

3. Present study

To complete our phytochemical study on C. macrostachyus (Tane et al., 2004; Tene et al., 2009), we describe herein the
isolation of seven triterpenes (1–7), four phenolic compounds (8–11) and three sterols (12–14) from its twigs (Fig. 1).

The fine powder (2.0 Kg) of the twigs of C. macrostachyus was extracted with MeOH (3 � 4 L, 72 h) at room temperature.
Evaporation under reduced pressure afforded a crude extract (70.4 g). A portion (68 g) of the crude extract was subjected to a
column chromatography over silica gel (CHCl3–MeOH 10:0 / 10:5) to give 35 fractions. The collected fractions were com-
bined on the basis of their TLC profiles into 4 major fractions (FrA–FrD). FrB was rechromatographed on a silica gel column
eluted with a gradient solvent system of Et2O–Me2CO (100:0/ 100:4) to yield five subfractions (FrB-1 to FrB-5). FrB-2, FrB-5
and FrB-4 crystallized from MeOH to give compounds 1 (200 mg), 12 (3 mg) and 13 (15 mg) respectively and three residues.
The residue obtained from FrB-2 was applied to a silica gel column using an isocratic system of Et2O–Me2CO (100:0.5) to
afford compound 2 (40 mg). Similarly, the residue obtained from FrB-5 was purified on a silica gel column (Et2O–Me2CO
100:0.5) to give compound 11 (13 mg). The residue from FrB-4 was separated by a Sephadex LH-20 column eluted with
CHCl3–MeOH (3:7) to yield compound 6 (10 mg). FrC was subjected to a silica gel column (Et2O–Me2CO 100:0 / 100:10) to
produce four subfractions (FrC-1 to FrC-4). FrC-2 was purified on a silica gel column using an isocratic system of Et2O–Me2CO
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(100:1) to afford compounds 3 (5 mg) and 4 (13 mg). FrC-3 and FrC-4 were also purified over silica gel column (Et2O–Me2CO
100:2) to give compounds 6 (8 mg) and 8 (4 mg), respectively. Fraction D was fractionated by a silica gel column (CHCl3–
MeOH 100:0 / 100:2) to afford five subfractions (FrD-1 to FrD-5). FrD-1 was applied to a silica gel column (Et2O–Me2CO
100:1) to give compound 14 (15 mg). FD-4 was further separated on a silica gel column using an isocratic system of Et2O–
Me2CO–CHCl3 (100:4:1) to yield compounds 5 (8 mg) and 7 (20 mg). Compounds 9 (7 mg) and 10 (11mg) were obtained from
the purification of FrD-5 on a Sephadex LH-20 column (CHCl3–MeOH 1:9).

Fourteen compounds were isolated and identified as lupeol (1), lupenone (2), betulinic acid (3), 28-O-acetylbetulin (4),
betulin (5), lupeol acetate (6), zeorin (7) (Mahato and Kundu, 1994; Prachayasittikul et al., 2010), benzoic acid (8) (Mizyuk
et al., 2008), methyl gallate (9) (Ekaprasada et al., 2009), methyl 2,4-dihydroxy-3,6-dimethylbenzoate (10) (Chen et al.,
2010), lichexanthone (11) (Carvalho et al., 2009), stigmasterol (12), b-sitosterol (13), and b-sitosterol palmitate (14)
(Dupon et al., 1997). This is the first report of the presence of compounds 2–4, 6–11, and 14 in C. macrostachyus.

The structures of compounds 1–11 and 14were determined on the basis of their spectral data (MS, 1H NMR, 13C NMR and
2D NMR including HSQC, HMBC and H–HCOSY) and by comparison of the data with those reported in the literature. Com-
pounds 12 and 13 were identified by Co-TLC with authentic samples.

4. Chemotaxonomic significance

The role of triterpenoids in the chemotaxonomy of species of Croton has been neglected. Knowledge about their occur-
rence in the genus is increasing, especially lupane and hopane triterpenoids. In the present study, the identification of
compounds 1, 5, 12, and 13 was in agreement with the previous report from the twigs of C. macrostachyus (Addae-Mensah
et al., 1992), while 2–4, 6,7, and 14 were isolated from this species for the first time. It should be noted that, lupeol (1),
lupenone (2), betulinic acid (3), and betulin (5) were previously found in other species of Croton, such as Croton megalocarpus
Huch. (Addae-Mensah et al., 1989), Croton betulaster Müll. Arg. (Barbosa et al., 2003), Croton hieronymi Griseb. (Catalán et al.,
2003), and Croton gratissimus Burch.var. gratissimus (syn Croton zambesicusMuell. Arg.) (Mohamed et al., 2009). To the best of
our knowledge, 28-O-acetylbetulin (4) and lupeol acetate (6) have never been reported from the genus Croton. Zeorin (7) is a
hopane-type triterpene also found in this genus for the first time. However, compounds belonging to this same class of
metabolite have been reported from C. betulaster (Barbosa et al., 2003) and C. hieronymi (Catalán et al., 2003). Amongst the
isolated sterols, b-sitosterol palmitate (14) is reported from this genus for the first time, while stigmasterol (12) and b-
sitosterol (13) are common and occur in high amount in species of Croton (Salatino et al., 2007).

Some hydroxybenzoic acids and methyl benzoate derivatives have been reported from species of the genus Croton such as
Croton panamensis (Klotzsch) Müll.Arg. (Kostova et al., 1999), Croton draco Cham. & Scldh. (Murillo et al., 2001), C. hieronymi
(Catalán et al., 2003), and Croton xalapensis Kunth. (Arevalo et al., 2009). However, compounds 8–10 were identified in C.
macrostachyus for the first time. Furthermore, this is the first report of benzoic acid (8) from this genus. Methyl gallate (9) and
methyl 2,4-dihydroxy-3,6-dimethylbenzoate (10) were previously obtained from C. xalapensis (Arevalo et al., 2009) and
Croton hutchinsonianus Hos. (Li et al., 1990), respectively. The occurrence of xanthones in Euphorbiaceae family is very rare,
although lichexanthone (11) has been previously isolated from Croton cuneatus Klotzsch (Suárez et al., 2004).

Diterpenes are often reported to occur in Euphorbiaceae plants and have previously been reported from the roots, stem
barks and fruits of C. macrostachyus (Kapingu et al., 2000; Tane et al., 2004; Tene et al., 2009). Associating our findings with
those reported by Addae-Mensah et al. (1992), the apparent absence of diterpenoids in its twigs could be due to the lack of
enzymes responsible for their biosynthesis in these plants’ organs. Thus the ability to produce or accumulate such compounds
in this part of the plant might be lost in the evolutionary process and substituted by other classes of metabolites (Salatino
et al., 2007). Since the knowledge about the co-occurrence of lupane- and hopane-type triterpenes as well as methyl ben-
zoate derivatives in different species of Croton is increasing and species vary in the trirpenes, the isolation of compounds 2–4
and 6–10 in the present investigation might be a useful contribution to the chemotaxonomic of the genus Croton.

Acknowledgment

The authors gratefully acknowledge the financial support to MFT by the TWAS-CAS (The Academy of Sciences for the
Developing World and The Chinese Academy of Sciences), to NHT by the National Natural Science Foundation of China
(U1032602, 91013002, 30725048), the National New Drug Innovation Great Project of China (2011ZX09307-002-02), the
National Basic Research Program of China (2009CB522300 and 2013CB127505) and the Natural Science Foundation of Yunnan
Province (2012GA003).

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://dx.doi.org/10.1016/j.bse.2013.08.001.

References

Addae-Mensah, I., Muriuki, G., Karanja, G., Wandera, C., Waibel, R., Achenbach, H., 1992. Fitoterapia 63, 81.
Addae-Mensah, I., Waibel, R., Achenbach, H., Muriuki, G., Pearce, C.S., Sanders, J.K.M., 1989. Phytochemistry 28, 2759.
Arevalo, C., Lotti, C., Piccinelli, A.L., Russo, M., Ruiz, I., Rastrelli, L., 2009. Nat. Prod. Commun. 4, 1697.

http://dx.doi.org/10.1016/j.bse.2013.08.001
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref1
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref2
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref3


M.F. Tala et al. / Biochemical Systematics and Ecology 51 (2013) 138–141 141
Barbosa, P.R., Fascio, M., Martins, D., Guedes, M.L.S., Roque, N.F., 2003. Biochem. Syst. Ecolo. 31, 307.
Bum, E.N., Ngah, E., Mune, R.M.N., Ze Minkoulou, D.M., Talla, E., Moto, F.C.O., Ngoupaye, G.T., Taiwe, G.S., Rakotonirina, A., Rakotonirina, S.V., 2012. Epilepsy

Behav. 24, 319.
Catalán, C.A.N., Heluani, C.S., Kotowicz, C., Gedris, T.E., Herz, W., 2003. Phytochemistry 64, 625.
Carvalho, A.E., Alcantara, G.B., Oliveira, S.M., Michelitti, A.C., Honda, N.K., Maia, G., 2009. Elect. Act 54, 2290.
Chen, X., Li, G., Wu, X., Huang, Q., Zhang, G., 2010. Chin. J. Appl. Environ. Biol. 16, 197.
Dupon, M.P., Llabres, G., Delaude, C., Tehissambou, L., Gasmans, J.P., 1997. Planta Med. 63, 282.
Ekaprasada, M.T., Nurdin, H., Ibrahim, S., Dachriyanus, D., 2009. Indo. J. Chem. 9, 457.
Kamanyi, A., Mbiantcha, M., Nguelefack, T.B., Atefack, G., Watcho, P., Ndontsa, B.L., Tane, P., 2009. J. Compl. Integrat. Med. 6, 1553.
Kapingu, M.C., Guillaume, D., Mbwambo, Z.H., Moshi, M.J., Uliso, F.C., Mahunnah, R.L.A., 2000. Phytochemistry 54, 767.
Kostova, I., Iossifova, T., Rostan, J., Vogler, B., Kraus, W., Navas, H., 1999. Pharm. Pharmacol. Lett. 9, 34.
Li, C., Wu, S., Tao, G., Sun, H., 1990. Yanjiu 12, 457.
Mahato, S.B., Kundu, A.P., 1994. Phytochemistry 37, 1517.
Mohamed, I.E., El Nur, B.E., Choudary, M.I., Khan, S.N., 2009. Rec. Nat. Prod. 3, 198.
Mizyuk, V., Shibanov, V., Kobrin, L., Marshalok, G., Elagin, G., 2008. Chem. Chem. Tech. 2, 249.
Murillo, R.M., Jakupovic, J., Rivera, J., Castro, V.H., 2001. Rev. Biol. Trop. 49, 259.
Prachayasittikul, S., Saraban, P., Cherdtrakulkiat, R., Ruchirawat, S., Prachayasittikul, V., 2010. Excli. J. 9, 1.
Salatino, A., Salatino, M.L.F., Giuseppina, N.J., 2007. Braz. Chem. Soc. 18, 11.
Schmelzer, G.H., Gurib-Fakim, A., 2008. Plant Resources of Tropical Africa: Medicinal Plants I. Buckhuys Publishers, Wagenngen, Netherlands.
Suárez, A.I., Blanco, Z., Delle, M.F., Compagnone, R.S., Arvelo, F., 2004. Nat. Prod. Res. 18, 421.
Tane, P., Tatsimo, S., Connolly, J.D., 2004. Tetrahedron Lett. 45, 6997.
Tene, M., Ndontsa, B.L., Tane, P., Tamokou, J.D., Kuate, J.R., 2009. J. Biol. Chem. Sci. 3, 538.

http://refhub.elsevier.com/S0305-1978(13)00155-5/sref4
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref5
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref5
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref6
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref7
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref8
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref9
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref10
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref11
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref12
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref13
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref14
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref15
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref16
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref17
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref18
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref19
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref20
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref21
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref22
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref23
http://refhub.elsevier.com/S0305-1978(13)00155-5/sref24

	Triterpenoids and phenolic compounds from Croton macrostachyus
	1 Subject and source
	2 Previous work
	3 Present study
	4 Chemotaxonomic significance
	Acknowledgment
	Appendix A Supplementary data
	References


