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2. CONSTITUENTS OF ALQE SPECIES

The leaves and roots of Aloe species elaborate many interesting secondary metabolites
belonging to different classes of compounds including alkaloids, anthraquinones, pre-
anthraquinones, anthrones, bianthraquinoids, chromones, coumarins and pyrones. The three
most important constituents of commercial aloe drug are the anthrones aloin A and B (33), and
the chromones aloesin (68) and aloeresin A (63). We discuss below briefly each of the major
classes of Aloe compounds followed by a Check List in Table 2 of almost all compounds
isolated to date from Aloe species.
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Figure 1. Two folding mechanisms of octaketides leading to 1,8-dihydroxy- and 1-hydroxy-8-methyl-
anthraquinones

2.1 Alkaloids

The piperidine alkaloid y-coniceine and other related hemlock alkaloids were reported to occur

in seven Aloe species with very restricted distribution [15]. By screening 224 Aloe species for
alkaloids Nash er al.[32] found 21% of the species positive and identified tyramine and its
derivatives in 18 species. In view of the potential toxicity of many alkaloids, the authors
pointed out the importance of screening for alkaloid prior to the use of Aloe plants as
medicines.

2.2 Anthraquinones and pre-anthraquinones

Several free anthraquinones occur in roots and leaves of Aloe species. Aloe-emodin (1) is 2
typical leaf constitent and is wide spread in the genus. Chrysophanol (5) occurs both in roots
[71] and leaves [8] while nataloe-emodin (13) has so far been reported only from leaves [3).The
anthraquinones in leaves may be present as O-glycosides as is the case in compounds 2 and 14.
The anthraquinones, physcion and emodin which are oxygenated at the 6 position are not found
in Alge. Aloesaponarin I (3), aloesaponarin II (4), desoxyerythrolacein (7), helminthosporin
(9), isoxanthorin (11) and laccaic acid D methyl ester (12) were isolated first from roots of 4.
saponaria [70] but have recently been shown to occur in roots of many other Aloe species [10].
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Thus two main types of anthraquinones are present in the roots of Aloe, these are 1,8-
dihydroxyanthraquinone (e.8. chrysophanol, aloe-emodin) and 1-hydr0xy-8-methyhmhm-
quinone (&.8- aloesaponarin I). Whereas anthraguinones of the former type are known to OCCuT
both in leaves and roots, those that belong to the latier type are confined only to roots. Hia
recent study of the roots of 172 species of Aloe, van Wyk ez al. [62] detected 1,8-dihydroxy-
anthraquinones in almost all and 1-hydroxy-8-methylanthraquinones in 129 Aloe species. As

shown in Figure lmesetwowpesofanmmquimnesappeartobedeﬁvedmmughtwopuaﬂel

biogenetic routes of the polyketide pathway, differing by the way the octaketide chain folds
[26].
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Interestingly, none of the anthrones shown in Table 2 have been detected in the rdbts of
Aloe species analyzed so far. Roots of Aloe spp. elaborate in the main anthraquinones and pre-
anthraquinones. It has recently been shown that inflorescence of Aloe also produce anthrones
[45].

2.4 Benzene/naphthalene derivatives

Several naphthalene and benzene based secondary metabolites have been reported from Aloe
species. One of the first such compounds to be reported is the naphthalene derivative of
isoeleutherol-5-0-glucoside (38) isolated by Yagi er al. [72] from the subterranean stems of
Aloe saponaria. It is interesting 1o note that such a glycoside is present in the subterranean part
of Aice. The aglycone isoeleutherol (57) was reported for the first time as a natural product
by our group [10] from roots of more than a dozen Aloe species belonging to the series
Saponariae. [soeleutherol was conspicuously absent from other series investigated, indicating
its chemotaxonomic significance in delineating members of the Saponariae series from other
series. The insecticidal compound pluridone (52) isolated from roots of the South African 4.
pluridens is the only example of a sulfur containing compound ever isolated from Aloe. The
recently reported 1,1-diphenylethane (50) from Cape aloe [55] and plicataloside (62) from A.
plicatilis [68] have added more variety to benzene- and naphthalene-derived compounds found
in Aloe species. Furthermore the discovery of the tetrahydronaphthalenes feroxidin (54),
feroxin A (55) and B (56) in Cape aloe by Speranza er al. [51, 52] is a further testimony of
the diversity of the constituents of this Aloe of commerce.
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ether (6), an anthraquinone that also occurs in roots of A. berhana and other Aloe species [10].
The isolation of the simple, biologically important, aromatic acid, 3,4-dihydroxybenzoic acid,
also known as protocatechuic acid, from 4. berhana leaves is noteworthy [8]. Although this
acid is known to occur in other plants such as in coffee pulp [8], this was the first report of its
occurrence in Aloe species. Other constituents of roots of A. berhana include: aloesaponol I,
laccaic acid D methyl ester, aloesaponol 111, aloesaponarin I, chrysophanol-8-methyl ether and
chrysophanol [10].

Likewise study of the leaves of A. megalacantha yielded, barbaloin, chrysophanol,
aloinoside and PB-sitosterol [8], while its roots [10] afforded aloechrysone, aloesaponarin I,
aloesaponol I, aloesaponarin II, aloesaponol 1I, aloesaponol I, asphodelin, chrysophanol,
chrysophanol-8-methyl ether, helminthosporin and laccaic acid D methyl ester.

Table 1. Distribution of typical aloe compounds in leaf exudates of 11 Aloe species of Ethiopia

A B c D E F G H

A. debrana D. Berhan, §-288 + o+ - o 2 a -
A, calidophila Negelle, 5213 - - - - ++ - = -
A. camperi Kombolcha, §-208 - +4+ - 4+ - ++ - -
A, elegans Blue Nile G., 5-168 - - - +4+ - = = s
A. gilberiii Awassa, §-226 : s - ++ - + - =
A. megalacantha Asbeteferi, 5-325 - ++ - ++ - +4 - -
A. pulcherrima D. Libanos, §-171 - - - - - - ++ ++
A. pubescens Negelle, §-316 w = + = = = - -
A. rivae Mega, §-321 - - + 4+ - ++ 3
A, secundiflora Moyale, 5-219 - - - + = + = g
A. sp. Zuquala, §-388 - 4 - ++ - ++ B

A Aloenin (82) B Aloinoside (34) C Aloesin (68)

D Barbaloin (33) E Homonataloin (39) F Microdontin (47)

G Nataloin (49) H 7-Hydroxyaloin (42)

As indicated in the previous paper by Demissew, the taxon A. lateritia is now believed to
encompass A. graminicola as well. A recent study [76] of the subterranean stem of this species,
i.e., 4. lateritia Engl. var. graminicola (formerly A. graminicola) resulted in the isolation and
characterization of prechrysophanol (25), which can be considered as the direct progenitor of
chrysophanol. This plant has also been shown [10] to be among the few species of Aloe that
elaborate in their roots the chemotaxonomicaly important 2-naphtoic acid derivative,
isoeleutherol (57), which has been indicated as a chemotaxonomic marker for a group of Aloe
lumped in the series Saponariae. The presence of isoeleutherol in the roots of A. kefaensis
Gilbert & Sebsebe and A. macrocarpa Tod. also confirms their placement in the above
mentioned series Saponariae.

A. pulcherrima is one of the most beautiful of the 4loe taxa found in Ethiopia. It is known
as “Sete-Eret” and is mainly used to accelerate wound healing. Chemical analysis of its leaves
revealed the conspicuous absence of barbaloin but showed instead nataloin and 7-hydroxy-

- Barbaloin as its major constituents [8] .

The root chemistry of A. calidophila, A. camperi, A. gilbertii, A. pulcherrima, A. rivae,
A. schelpei, A. sinana is similar to that of 4. megalacantha. However, A. secundiflora differs
because it does not contain aloechrysone, a compound also absent from all members of the
Saponariae series [10].
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Table 2. Check list of Aloe compounds (197 0-1996) (substances isolated from roots are marked
with asterisks all the others are from leaves).

Class/Cpd. Structure No. Source Reference
Alkaloids
y-Coniceine - A. gillilandii 15
Coniine - A. viguieri 15
N-Methyltyramine - Aloe spp. 32
0, N-Dimethyltyramine - Aloe spp. 32

Anthraquinones (1-15), pre—anl,hraquinones (16-25) and bianthraquinoids (26-30)

Aloe-emodin 1 Aloe spp. 6, 40
Aloe-emodin-11-0-rhamnoside 2 A. rabaiensis 4
Aloesaponarin 1 3 A. saponaria” 70
Aloesaponarin 1 4 A. saponaria’ 70
Chrysophanol 5 A. saponaria” 71
Chrysophanol-8-methyl ether 6 A, berhang’ 10
Desoxyerythrolaccin 7 A. saponaria’ 70
1,5-Dihydroxy-3-hydroxymethy]anﬂuaquinone 8 A. excelsa 31
Helminthosporin 9 A. saponaria’ ght
7-Hydroxyaloe-emodin 10 A. succotrina 45
Isoxanthorin i1 A. saponaria’ 71
Laceaic acid D methyl ester 12 A. saponaria’ 70
Nataloe-emodin 13 A. nyeriensis 3
Nataloe-emodin-2-O-glc 14 A. nyeriensis 3
Nataloe-emodin-8-methyl ether 15 A. specrosa 58
‘Aloechrysone 16 A. berhana’ 9
Aloesaponol I 17 A. saponaria’ 70
Aloesaponol 1T 18 A. saponaria’ 70
Aloesaponol T 19 A. saponaria’ 71, 46
Aloesaponol IV 20 A. saponaria” 71
Aloesaponol 1-6-0-gle 21 A. saponaria’ 72
Aloesaponol II-6-0-gle 22 A. saponaria’ 72
Aloesaponol 111-8-0-gle 23 A. saponaria’ 72
Aloesaponol [V-8-0-glc 24 A. saponaria 74
Prechrysophanol 25 A. graminicola’ 76
Asphodelin 26 A. saponaria’ 73
Bianthracene 11 27 A. saponaria’ 73
Bianthracene 11 28 A, saponaria’ 73
Bianthracene IV 29 A. saponaria’ 73
Elgonicardine 30 A. elgonica 6
Anthrones (33-49)

Aloe-emodinanthrone 31 Aloe spp. 45
Aloe-emodin-10-C-rhamnoside 32 A. rabaiensis 4
Aloin A & B 33 Aloe spp. 29, 35, 39
Aloinoside 34 Aloe spp. 57
Chrysophanolanthrone 35 Aloe spp. 45
6'-0-C'mnamoyl-_S-O-methyl-'.'-hydroxylaloin 36 A. barbadensis 36
6'-O-p-Counwoyl-’l-hycimxy!alom 37 A. barbadensis 36
Deacetyllittoaloin 38 A. littoralis 12, 66
Homonatalein 39 A. jacksonii 5
10-Hydroxyaloin 40 Aloe spp. 12, 37, 66
5-Hydroxyaloin A 41 Aloe spp. 13,38

7-Hydroxyaloin 42 A. barbadensis 33
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7-Hydroxyaloin-6'-O-monoacetaie 43 A. succotrina 34, 45
7-Hydroxyaloin-4' 6'-O-diacetate 44 A. succotrina 34,45
Littoraloin 45 A. lintoralis 12, 66
8-0-Methyl-7-hydroxylaloin 46 A. barbadensis 36
Microdontin 47 A. microdonta 16
Microstigmin A 48 A, microstigma 13
Nataloin 49 A. nyeriensis 3
Benzene (50-53) and naphthalene (54-62) derivatives
CA-12 (1,1-Diphenylethane derivative) 50 Cape aloe 55
Methyl-p-coumarate 51 A. ferox 17
Pluridone 52 A. pluridens 2
Protocatechuic acid 53 A. berhana 8
Feroxidin 54 A. ferox ~ 51
Feroxin A 55 Cape aloe 52
Feroxin B 56 Cape aloe 52
Isoeleutherol 57 Aloe spp.- 10
Isoeleutherol-5-0-gluc 58 A. saponaria 72
5-0H—3-Melhylnaphm[Z,S-c}Fumn—-‘-(QH}onc 59 A. ferox 25

g 5-0H—3-Methylnaphto{2.3-c]furan-4.9—dione 60 A. ferox 25
5.0H-3-Methylnaphto[2.3-c]furan-4(1 H}-one 61 A. ferox 25
Plicataloside 62 A. plicatilis 68
Chromones (63-79)
Aloeresin A (2'-O-p-Coumaroylaloesin) 63 Aloe spp. 18, 28
Aloeresin C 64 Cape aloe 47
Aloeresin D 65 Aloe spp- 4,48
Aloeresin E 66 A. peglerae 22
Aloeresin F 67 A. peglerae 22
Aloesin (Alceresin B) 68 Aloe spp. 5,21, 30
Aloesol 69 Aloe spp. 23
Aloesone 70 Aloe spp. 23
2—(Carboxyelhenyl)-5,7~dihydroxychr0monc 7 A. cremnophila 5
2'-0-Feruloylaloesin T2 A. arborescence 28
Furoaloesone 73 Cape aloe 54
7-Hydroxy-2,5-dimethylchromone 74 Cape aloe 54
Iso-aloeresin A 75 Cape aloe 50
7-0-Methylaloesin 76 A. rupestris 14
2'-p-0-Methylcoumaroylaloesin T A. excelsa 31
Rabaichromone 78 A. rabaiensis 4
2'-0-Tigioylaloesin 79 Alpe spp. 5
Coumarins (80-81) and phenyl pyrones (82-86)
Dihydroisocoumarin giucoside 80 A. hildebragdtii 65
Feralolide 81 Cape aloe 53

~ Aloenin 82 Aloe nyeriensis 3, 56

Aloenin acetal 83 " A. arborescens 69
Aloenin aglycone 84 A. nyeriensis 3
Aloenin B 85 Kenya aloe 49
Aloenin-2"-p-O-coumaroyl ester 86 A. nyeriensis 3
Triterpenes
Campesterol - A. barbadensis 67
Cholestercl - A. barbadensis 67
Lupeol - A. barbadensis 67
B-Sitosterol - . A. arborescens 75
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