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Abstract This study aims to analyze the ethnobotanical,
chemical, and biological activities of triterpenoid com-
pounds isolated from the Dysoxylum genus of the Meliaceae
family between 1974 and 2021. The species are mainly dis-
tributed in Africa, Asia, and Australia, and used as a tradi-
tional medicine to treat various diseases. Triterpenoid was
first isolated in 1976 and as tetranortriterpenoid or limonoid,
it was named dysobinin. Several studies were conducted for
more than 40 years on the plants’ stems, bark, and leaves,
where approximately 279 triterpenoid compounds from
several groups such as dammarane, nortriterpenoid, olean-
ane, lupane, tirucallane, cyclolanostane, or cycloartane,
glabretal, and cycloapoeuphane-types were isolated with
some synthetic products. In addition, the hypothetical route
of triterpenes biosynthesis from this genus was identified,
and tirucallane-type were reported to be 37.6% of the total
compounds. The anti-malarial, anti-feedant, antimicrobial,
anti-inflammatory, antioxidant, vasodilative effect, anti-viral,
cortisone reductase, and cytotoxic activities of the extract
were also evaluated. The results showed the necessity of
using the triterpenoid compounds from the Dysoxylum genus
in traditional medicine and the discovery of new drugs.
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Introduction

Dysoxylum is a large genus of trees that belong to the Meli-
aceae family and widely distributed in Southeast Asia, India,
New Zealand, and Australia, comprising about 200 species.
The tree has enormous economic importance and its woods
are faintly fragrant and suitable for furniture works (Laksmi
et al. 2009). Furthermore, the indigenous people of Fiji,
Thailand, and Indonesia (Aalbersberg and Singh 1991) have
used many plants from this genus as traditional medicine.

Previous studies identified some natural products from
the phytochemical investigation of some of the species of
Dysoxylum. These include sesquiterpenoids (Mulholland
et al. 1999; Xie et al. 2008; Liu et al. 2012b; Dharmayani
et al. 2020), diterpenoids (Aladesanmi and Ilesnami 1987;
Fujioka et al. 1998; Gu et al. 2014; Zhao et al. 2018; Zhang
et al. 2019), triterpenoids (Albersberg and Singh 1991;
Govindachari et al. 1994), triterpenoid glycosides (Fujioka
et al. 1997a, b), tetranortriterpenoid or limonoids (Jogia and
Andersen 1987; Mulholland et al. 1999), steroids (Govin-
dachari et al. 1994; Yan et al. 2014b) and alkaloids (Alade-
sanmi and Ilesnami 1987). Furthermore, the isolation of var-
ious biologically active compounds such as central nervous
system depressants, anti-RSV, antifeeding, anti-inflamma-
tory limonoids, antirheumatic, and cardiac-active alkaloids
(Aladesanmi and Ilesnami 1987), antitumor triterpenoid gly-
cosides, and flavones (Kashiwada et al. 1992; Laksmi et al.
2009), cytotoxic, antifeedant, and molluscicidal diterpenoids
(Duh et al. 2000) were also reported.

The triterpenoids are metabolites of isopentenyl pyroph-
osphate oligomers, which represent the largest group of
phytochemicals in this species (Liby et al. 2007). Moreo-
ver, the first study on triterpenoids in Dysoxylum was con-
ducted in 1976 with the isolation of tetranortriterpenoids
or limonoids, known as dysobinin (61) from the fruit of D.
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binectariferum (Roxb.) Hook f. ex Bedd. (Singh et al. 1976).
After 40 years, 8 classes of triterpenoid with the tirucallane-
type as the main component and the chemical marker were
identified. They have extensive biological functions such as
cytotoxicity, anti-malarial, anti-feedant, antimicrobial, anti-
inflammatory, antioxidant, vasodilative effect, anti-viral, and
cortisone reductase activities. In addition, tirucallane-type
glucosides, cumingianoside A (267), and C (269) were iden-
tified as the strongest cytotoxic components with promising
characteristics that require further exploration. Since there
was no comprehensive study on the triterpenoids from this
genus, it is necessary to develop a comprehensive summary
that consists of the traditional application, chemical con-
tent, and biological aspects of these compounds. Therefore,
this study was the first summary that covers a total of 279
triterpenoids with a grouping of each class, the ethnobotani-
cal, and their biological activities. The plausible biogenetic
pathways of each triterpenoid’s class and the differences of
its skeleton, and its potential from Dysoxylum as promising
compounds for anticancer discovery were identified. This
is expected to be a foundation for further studies in the dis-
covery of new drugs.

This study searched for different literature relating to
triterpenoid in Dysoxylum, and a plant database, namely
www.theplantlist.org. It also involved related articles from
1976 to 2021 which were collected from Scifinder, PubMed,
Google Scholar, and Scopus. Meanwhile, the triterpenoids
were classified based on their phytochemical, ethnobotani-
cal, and biological properties.

Botany

Dysoxylum is a flowering tree and shrub plant from the
Mahogany (Meliaceae) family. It consists of approximately
8 species, which grow widely across Malesiana, the West-
ern Pacific Ocean, Australia, South and Southeastern Asia,
and the Pacific and Indian oceans (Heyne 1982; Mabberley
et al. 1995).

A previous study showed that these species are natu-
rally present in New Guinea, Eastern and Northern Aus-
tralia, New Caledonia, Fiji, Southeast Asia, Southern China,
the Indian subcontinent, the Philippines, the Caroline Islands
in the western Pacific Ocean, New Zealand, and Niue (Mab-
berley et al. 1995).

Dysoxylum trees are important components of the
native tropical forests of New Guinea, the lowland of New
Caledonia, the rain and tropical forests of Northern Aus-
tralia. In these regions, more than 40 different species
naturally grow from lowlands to mountains. Similarly, in
New Guinea, the D. enantiophyllum Harms species and an
undescribed taxon have records of growing to about 3000 m
(9800 ft) altitude (Mabberley et al. 1995). Meanwhile,
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approximately 14 species were recorded to grow naturally
from the lowlands to the mountains up to 1700 m (5600 ft)
altitude in the forests of China, India, Sri Lanka, Himalayas,
Bhutan, and Nepal (Mabberley et al. 1995; He et al. 2011;
Han et al. 2015; Zou et al 2017). The tree usually grows to
about 40 m in height, with greyish-yellow bark and creamy
yellow inner bark. It also has alternately or sub oppositely
arranged leaves that are pinnate in form with angular rachis.
The flowers which mature between February and April are
usually greenish-yellow in color and bisexual, while the
fruits are capsules-like and ripe between June and July.

Phytochemistry

Overview of the triterpenoids isolated from Dysoxylum
genus

The literature collected from 1976 to 2021 showed a total of
279 triterpenoids isolated from the leaves, fruits, stembark,
bark, and twigs of Dysoxylum. It originated from damma-
rane, nortriterpenoid, oleanane, lupane, tirucallane, cyclola-
nostane, or cycloartane, glabretal, cycloapoeuphane-types,
and other synthetic product. Based on Fig. 1, the tirucallane-
type is the largest natural products, with a total of 105 com-
pounds (37.6%), followed by the nortriterpenoids (24.7%),
dammarane (21.5%), oleanane (5.7%), cyclolanostane or
cycloartane (3.6%), synthetic products (2.5%), cycloapoe-
uphane (2.2%), lupane (1.4%), and glabretal (0.7%).

Tirucallane and euphane-type have the same structure
except for the C21 configuration, where tirucallane has
the a-configuration, and euphane with the p-configuration,
while dammarane has differences in the C18 and C30 posi-
tions, which bound at C14 and C8, respectively. Moreover,
apotirucallane and apoeuphane-type are derived from each
tirucallane and euphane group through a methyl shift (C30)
at C8. These groups form their derivatives of glabretal, and
cycloapoeuphane-type, through the formation of cyclo-
propane at C13 and C14. Cycloartane or cyclolanostane
is another name for 9,19-cyclolanostane (Sun et al. 2008),
which is derived from the dammarane group through the
formation of cyclopropane at C10 and C9. The lupane and
oleanane are pentacyclic triterpenoids that are different at E
ring, which is five and six-membered cyclic, respectively.
Meanwhile, the relationship between biosynthetic pathways
and the differences of each skeleton group of the triterpenoid
in Dysoxylum are shown in Fig. 2.

Dammarane-type
A study conducted by Aalbersberg and Singh (1991) showed

that there are 8 dammarane-type metabolites, namely methyl
richenoate (1), richenone (2), richenol (3), richenoic acid
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Fig. 1 The distribution of
triterpenoid-type isolated from
the Dysoxylum genus

(4), ocotillone (5), cabraleone (6), shoreic acid (7) and eich-
lerianic acid (8), isolated from the fruits of D. richii C.DC.
This was stated during the first chemical investigation of the
metabolite from Dysoxylum, where the chemical structures
were determined through interconversion, spectral analy-
sis, and comparison with related compounds (Aalbersberg
and Singh 1991). Moreover, further studies identified two
more dammarane-type metabolites, namely, richenone (2)
and cabraleone (6), which were obtained from the wood
of D. muellerii Benth (Muholland and Naidoo 2000). The
highest discoveries made from the metabolite in this genus
were achieved by (Yan et al. 2014a), with 17 dammarane-
type. These include (20S,245)-epoxydammarane-3a-25.28-
triol (9), (20S,24R)-epoxydammarane-3a-25,28-triol (10),
(20S,24R)-epoxy-25,28-dihydroxydammarane-3-one (11),
(205,245)-epoxy-25,28-dihydroxydammarane-3-one (12),
(205,245)-epoxy-25,29-dihydroxydammarane-3-one (13),
(208,24S)-epoxy-7p,25-dihydroxydammaran-3-one (14),
3a-hydroxy-25,26,27-trinordammar-22(23)-en-24,20a-olide
(15), 23a-hydroxy-3-0x0-25,26,27-trinordammar-24,20-a-
olide (16), analogs dammarane-type known as cabraleadiol
(17), 3-epiocotillol (18), carbraleahydroxylactone (19),
epilactone (20), eichlerialactone (21), methyl eichlerialac-
tone (22), ethyl eichlerialactone (23), methyl shoreate (24),
and ethyl shoreate (25) from the bark of D. binecteriferum.
Furthermore, 8 dammarane-type, namely, dysotriflorins
C-J (26)—(33) were derived from the bark of D. densiflo-
rum (Blume) Miq., and the structures were elucidated
through NMR spectroscopic data and X-ray crystallography
(Nugroho et al. 2014).

The modification of the carbon skeleton of dammarane-
type usually lead to the formation of analog compounds
such as a seco-dammarane, a nor-dammarane, and an
abeo-dammarane-types. The study conducted by Singh
and Aalderberg (1992) discovered two seco-dammarane-
type, (205,2495)-epoxy-4-hydroxy-3,4-seco-dammar-
25(26)-en-3-oic acid (34), and (20S,24.5)-opoxy-25,26,27-
trisnor-24-0xo0-3,4-seco-4(28)-dammaren-3-oic acid (35)

m Dammarane-type 21.5%

= Nortriterpenoid-type 24.7%

m Oleanane-type 5.7%
Lupane-type 1.4%
Tirucallane-type 37.6%

= Cyclolanostane or Cycloartane-type 3.6%
Glabretal-type 0.7%

= Cycloapoeuphane-type 2.2%

= Synthetic Products 2.5%

from the leaves of D. richii. Meanwhile, an (20S,24R)-
epoxy-4-hydroxy-3,4-seco-dammaran-3-oic methyl ester,
known as a dymalol (36) was further derived from the
leaves of D. malabaricum Bedd, Ex C.DC. (Govindachari
et al. 1994). A total of 6 seco-dammarane, which include
methyl (2085,245)-epoxy-25,29-dihydroxy-3,4-seco-dam-
mar-4(28)-en-3-oate (37), methyl (20S,25)-epoxy-24a-
hydroxy-3,4-seco-dammar-4(28)-en-3-oate (38), ethyl
(4R,20S8,24R)-epoxy-4,25,28-trihydroxy-3,4-secodam-
mar-3-oate (39), ethyl (4R,208S,24S)-epoxy-4,25,28-trihy-
droxy-3,4-seco-dammar-3-oate (40), ethyl (45,205,245)-
epoxy-4,25,29-trihydroxy-3,4-secodammar-3-oate (41),
and ethyl (4S5,20S,24R)-epoxy-4,25,29-trihydroxy-
3,4-seco-dammar-3-oate (42) were later isolated from the
stembark of D. binecteriferum (Yan et al. 2014a). In addi-
tion, 4 seco-dammarane, which include dysotriflorins A-B
and K-M (43)—(44) and (45)—(47), were isolated from the
bark of D. densiflorum (Nugroho et al. 2014).

The study conducted by Wang and Guan. (2012)
also obtained 4 nor-dammarane-type, namely,
12f-0-acetyl-15a,28-dihydroxy-17f-methoxy-3-
0x0-20,21,22-23,24,25,26,27-octadammaran (48),
12p-0-acetyl-15a,28-dihydroxy-17f-methoxy-3-
0x0-17-en-20,21,22-23,24,25,26,27-octadammaran
(49), 12p-O-acetyl-15a,28-dihydoxy-3-ox0-17-
en-20,21,22-23,24,25,26,27-octanordammanran (50), and
12,15a,17p,28-tetrahydroxy-3-o0x0-20,21,22,23,24,25,26,27-
octanordammaran (51) from the bark of D.
hainanense Merr. Furthermore, the other 4
nor-dammarane-type include 123-O-acetyl-15a-hydroxy-
3-0x0-17-en-20,21,22-23,24,25,26,27-octanordammaran
(52), 12B-28-0O-acetyl-15a-hydroxy-3-oxo-17-en-
20,2,22,23,24,25,26,27-octanordammaran (53),
12f-hydroxy-3,15-diox0-20,2,22,23,24,25,26,27-
octanordammaran (54) and 12p-O-acetyl-15a,28-dihydroxy-
3-0x0-17-en-20,21,22-23,24,25,26,27-octanordammaran
(55) were isolated from the bark of D. hainanense (Cao
et al. 2013).
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Mevalonate Pathway
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Fig. 2 Hypothetical route of triterpenoid biosynthetic pathways from the Dysoxylum genus

Meanwhile, only one abeo-dammarane, namely  (2021) reported the presence of aglinin C (57), aglinin C
23(24 — 25)-abeo-20R,24-dihydroxydammaran-3-one 3-acetate (58), cabraleahydroxylactone-3-acetate (59), and
(56) was isolated from the fruits of D. cauliflorum Hiern 24-epi-cabraleadiol (60) from the leaves and stems of D.
(Huang et al. 1999). The study conducted by Khanh et al.  tpongense Pierre. Meanwhile, the summary of the number
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and dammarane-types from the genus are shown in Table 1,
while Fig. 3 showed the structures of the dammarane-types
(1)—(60).

Nortriterpenoid-type

The nortriterpenoids are obtained through the degradation
of the side chain of tirucallane and euphane-type triterpe-
noids (Chen et al. 2017; Tan and Luo 2011). In Dysoxylum,
tetranortriterpenoid is the major nortriterpenoid-type, while
trisnortriterpenoid is the minor compound. According to
Tan and Luo (2011), tetranortriterpenoid is a well-known
limonoid because its structure was first discovered from the
Limonen genus.

Singh et al. (1976) also stated that dysobinin (61) was the
first tetranortriterpenoid compound derived from D. binec-
tariferum fruit and its structure was determined by spectro-
scopic and chemical reactions. The isolation of dysoxylin
(62) as the second compound limonoid from the fresh leaves
of D. richii was conducted (Jogia and Andersen 1987). In
addition, 2 limonoids, namely, 6a-acetoxyobacunal acetate
(63) and methyl ivorensate (64) were obtained from the bark
of D. spectabile (G.Forst.) Hook.f. (Mulholland et al. 1999).
A limonoid, known as nymania-3 (65) was isolated from the
bark of D. malabaricum (Govindachari et al. 1999). A total
of 4 limonoid acids, which include dysoxylumic acids A—D
(66)—(69) and three limonoids compounds, namely dysoxy-
Iumolides A—C (70)—(72) were also isolated from the bark
of D. hainanense (Luo et al. 2002). 4 tetranortriterpenoids,
dysoxylins A-D (73)—(76) were isolated from the leaves and
bark of D. gaudichaudianum (A. Juss.) Miq. (Chen et al.
2007) and a limonoid, gaudichaudysolin A (77) was also
isolated (Nagakura et al. 2010). The study conducted by (Hu
et al. (2011) showed the isolation of 2 limonoids, namely,
dysoxylumstatin C (78) and meliatoosenins B (79) from
the stem bark of D. lukii Merr. Meanwhile, 4 and 6-limo-
noids, dysohainanins A—D (80-83), and dysoxylumins A-F
(84-89) were isolated from the twigs and leaves of D. hain-
anense (Liu et al. 2012b) and D. mollissimum Blume (Xu
et al. 2013) respectively. 7 limonoids, which include dyso-
mollides A-G (90-96) were isolated from the twigs of D.
mollissimum var. glaberrimum (Han et al. 2015), while dys-
oxylumosins A-M (97-109), isocedrelone (110), cedrelone
(111), walsuronoid (112), 11p,12a-diacetoxycedrelone
(113), deacetylanthothecol (114), and neotrichileone (115)
were from the twigs of D. mollissimum (Zhou et al. 2015).

Hu et al. (2014a, b) also reported the isolation of 4 limo-
noids, namely, dysoxylumin B—C (116)-(117), 24-nor-
S5a,130,14a,17a-chola-7,20,22-trien-3-one (118), and
24-norchola-1,20,22-triene-3,7-dione (119) from the stem
bark of D. densiflorum. Dysoxylentin A (120), was the first
21-nortriterpenoid with a 2-(propan-2-ylidenyl)-furan-
3(2H)-one functional group to be isolated from the stem

bark of D. lenticellatum C.Y.Wu (Tang et al. 2012). Gener-
ally, only 3 seco-tetranortriterpenoids, dysoxylumins A-C
(121-123) were isolated from the ethanolic extract of the
bark of D. hainansense (Luo et al. 2002), while 3 degraded
types, which include dysodensiols A—C (124-126) were iso-
lated from the twig and leaves of D. densiflorum (Xie et al,
2008). Huang et al. (2011) also isolated a rare trinortiterpe-
noid, dysolenticin C (127) from the twigs and leaves of D.
lenticellatum.

There was only one trisnor and tetranortriterpenoid glu-
cosides, cumindysosides A-B (128-129) isolated from the
methanol extract of the leaves of D. cumingianum C.DC.
(Kashiwada et al. 1992). The structure of the nortriterpe-
noid-type (61-129) are shown in Figs. 4 and 5.

Oleanane-type

Generally, the two types of oleanane-type include dysoxy-
hainanins A-B (130-131), which were isolated from the
twigs and leaves of D. densiflorum (He et al. 2008). There
were 5 seco-oleanane-types, namely dysoxyhainic acids G
(132), I-J (133-134), koetjapic acid (135) from twigs and
leaves of D. hainanense (He et al. 2011), and dysoxyhaine
A (136) that were also isolated from the bark of D. hain-
anense (Zou et al. 2017). A total of 7 rings A-seco olean-
anes, namely dysoxyhainic acid B-E (137)—(140) (He et al.
2009), dysoxyhainic acid F (141) (He et al. 2011) from the
twigs and the leaves of D. hainanense, and dysoxylukiines
A-B (142-143) from the stem bark of D. lukii (Huang et al.
2017) were also discovered in this genus. Zainuddin et al.
(2020) reported the other oleanane-type, taraxerone (144)
and 18-epi-taraxerol (145) from the stem bark of D. arbo-
rescens (Blume) Miq. Figure 6 showed the structure of the
olenane-type.

Lupane-type

The lupane-type that were reported included 2 seco-lupane-
type, dysoxylukiine C (146) from the stem bark of D. lukii
(Huang et al. 2017), dysoxyhainic acid H (147) (He et al.
2011) from twigs and leaves, and two nor seco-lupane-type,
dysoxyhaine B (148) from the bark (Zou et al. 2017), dys-
oxyhainol (149) from the twigs, and the leaves of D. hain-
anens (He et al. 2009), respectively. The structure of the
lupane-type is shown in Fig. 6.

Tirucallane-type

The tirucallane-type are the most triterpenoid compounds
from Dysoxylum and approximately 106 were isolated since
1999. These include tirucallane, apotirucallane, cycloa-
potirucallane, seco-apotirucallane, and tirucallane-type
alkaloids.
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Table 1 Dammarane-type from Dysoxylum and the bioassays

Compounds Parts of plant Species Bioassays References
1-8 Fruits D. richii Not reported Aalbersberg and Singh. (1991)
9 Bark D. binecteriferum A-549 (IC5,> 50 uM), MCF-7 (30.4), HepG2 (20.2) Yan et al. (2014a)
Inhibitory in RAW 264.7 cells (IC5, 64.9 +5.5 pM)
10 A-549 (IC5,> 50 pM), MCF-7 (23.0), HepG2 (> 50)
Inhibitory in RAW 264.7 cells (inactive)
12 A-549 (ICs, 28.2 uM), MCF-7 (18.3), HepG2 (6.5)
Inhibitory in RAW 264.7 cells (inactive)
16 A-549 (ICs, 12.4 uM), MCF-7 (26.7), HepG2 (8.0)
Inhibitory in RAW 264.7 cells (inactive)
11-15 A-549, MCF-7 (23.0), HepG2: inactive
17-22
Inhibitory in RAW 264.7 cells (inactive)
23 A-549 (IC5,> 50 pM), MCF-7 (> 50), HepG2 (9.7)
Inhibitory in RAW 264.7 cells (inactive)
24 A-549 (ICs, 12.9 pM), MCF-7 (18.4), HepG2 (14.9)
Inhibitory in RAW 264.7 cells (inactive)
25 A-549 (ICs, 12.9 pM), MCF-7 (18.4), HepG2 (14.9)
Inhibitory in RAW 264.7 cells (inactive)
26 Bark D. densiflorum HL-60 (ICs, 52.6 pM), A549 (> 50), MCF-7 (> 50) Nugroho et al. (2014)
27 HL-60 (ICy, 5.8 pM), A549 (49.5), MCF-7 (> 50)
28 HL-60 (ICs, 9.3 pM), A549 (40.7), MCF-7 (33.7)
29 HL-60 (ICy, 15.0 pM), A549 (25.4), MCF-7 (27.4)
30 HL-60 (ICs, 20.7 pM), A549 (> 50), MCF-7 (> 50)
31 HL-60 (ICs, 14.0 pM), A549 (>50), MCF-7 (26.1)
32 HL-60 (ICs, 7.2 pM), A549 (17.0), MCF-7 (11.2)
33 HL-60 (ICs, 35.0 pM), A549 (> 50), MCF-7 (>50)
34-35 Leaves D. richii Not reported Singh et al. (1976)
36 Leaves D. malabaricum  Not reported Govindachari et al. (1994)
37 Bark D. binecteriferum A-549 (IC5,> 50 uM), MCF-7 (> 50), HepG2 (28.0) Yan et al. (2014a)
Inhibitory in RAW 264.7 cells (inactive)
38-42 A-549, MCF-7 (23.0), HepG2: inactive
Inhibitory in RAW 264.7 cells (inactive)
44-47 Bark D. densiflorum HL-60, A549, MCF-7: IC5,> 50 pM Nugroho et al. (2014)
48 Bark D. hainanense A-549 (ICs, 19.2 pM), SK-OV-3 (18.2), SK-MEL-2 (17.5), Wang and Guan (2012)
HCT (16.2)
49 A-549 (IC5 16.7 uM), SK-OV-3 (19.8), SK-MEL-2 (18.6),
HCT (17.2)
50 A-549 (ICs, 13.1 pM), SK-OV-3 (14.5), SK-MEL-2 (17.2),
HCT (18.2)
51 A-549 (ICs 35.6 pM), SK-OV-3 (41.2), SK-MEL-2 (37.5),
HCT (42.6)
52 Bark D. hainanense BGC-823 (IC5, 161.39 uM), U251 (22.29), HepG2 Cao et al. (2013)
(169.54), SGC-7901 (201.62)
53 BGC-823 (ICs, 146.39 pM), U251 (14.06), HepG2
(145.40), SGC-7901 (172.35)
54 BGC-823 (ICy, 183.75 pM), U251 (19.56), HepG2
(188.98), SGC-7901 (224.77)
55 BGC-823 (ICy, 158.84 uM), U251 (18.27), HepG2
(157.72), SGC-7901 (197.57)
56 Fruits D. cauliflorum Not reported Huang et al. (1999)
57 Leaves and stem D. tpongense LXR-HepG2 (ECs,> 100 pM), NF-kB-HepG2 (ICs, Khanh et al. (2021)

23.32+3.25 uM)
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Table 1 (continued)

Compounds Parts of plant Species Bioassays References
58 LXR-HepG2 (ECsy inactive pM), NF-kB-HepG2 (ICs,
12.45+2.37 pM)
59 LXR-HepG2 (ECsy;, 24.32 +£2.99 uM), NF-xB-HepG2 (ICy,
65.91+4.58 pM)
60 LXR-HepG2 (ECs inhibition pM), NF-kB-HepG2 (ICj,

13.95+ 1.57 pM)

According to Mohamad et al. (1999), eleven tirucal-
lane-type, named dymacrins A-K (150-160) were firstly
isolated from the bark of D. macranthum C.DC., while
another eight, dyvariabilins A-H (161-168) with nilo-
ticin (169), dihydroniloticin (170), and tirucallane-7,24-
diene-3p,23-diol (171) were from the stem bark of D.
variable Harms (Liu et al. 2001). Liu et al. (2012b) also
isolated dysohainanins E-F (172-173) from the twigs
and leaves of D. hainanense. The phytochemical inves-
tigation of the stem bark of D. lukii gave the isolation
of ten tirucallane-type, 3p-hydroxytirucalla-7,24-diene-
6,23-dione (174), 3p-hydroxytirucalla-7,24-dien-23-one
(175), 3B,26-dihydroxytirucalla-7,24-dien-6,23-dione
(176), (237)-3p,26-dihydroxytirucalla-7,23-diene (177),
methyl-6-oxomasticadienolate (178), 3p,160,21a,25-
tetrahydroxy-20,24-cyclotirucalla-7(8)-ene (179), dys-
oxylumstatin A-B (180-181), 16p,21«,25-trihydroxy-
20,24-cyclotirucalla-7(8)-en-3-one (182), and dubione
(183) (Hu et al. 2011). Meanwhile, another chemical
analysis of the stem bark of D. densiflorum yielded one
tirucallane-type, known as dysoxylumin A (184) (Hu et al.
2014a, b). The other 17 compounds which include dyso-
lenticins A-B (185-186), dysolenticins D-I (187-192),
24,25-epoxytirucall-7-ene-3,23-dione (193), 3-oxo-
24,25,26,27-tetranortirucall-7-ene-23(21)-lactone (194),
3-hydroxy-24,25,26,27-tetranortirucall-7-ene-23(21)-
lactone (195), 3p,22S-dihydroxytirucalla-7,24-dien-23-one
(196), tirucall-7,24-dien-3p-o0l (197), and cneorin-NP36
(198) as well as tirucallane-type alkaloids laxiracemosin
H (199) and dysolenticin J (200) were isolated from the
twigs and leaves of D. lenticellatum (Huang et al. 2011).

Luo et al. (2000) isolated 6 tirucallane-type,
38,22S-dihydroxy-tirucalla-7,24-dien-23-one (201),
22,23-epoxy-tirucalla-7-ene-3f,24,25-triol (202), 3p,25-
dihydroxy-tirucalla-7,23-diene (203), 23,26-dihydroxy-tiru-
calla-7,24-dien-3-one (204), 24,25-epoxy-3p,23-dihydroxy-
7-tirucallane (205), and tirucalla-7,24-diene-3f,23-diol
(171), from the bark of D. hainanense. In addition, com-
pound (205) was isolated from the leaf of D. mollissimum,
which was known as D. hainanense (Ragasa et al. 2013).
There were 2 tirucallane-type, namely, dysoxyhaines C and
D (206 and 207) that were also isolated from the bark of D.
hainanense (Zou et al. 2017).

Some compounds were discovered in this genus due
to the modification of its structure, including the apo-
tirucallane-type, where twelve types were isolated from
the species. Adesanya et al. (1991) isolated 5 compounds
from the leaves of D. roseum (Baill.) C.DC., namely dys-
orones A-E (208-212). Meanwhile, Hisham et al. (2001)
isolated one apotirucallane-type, 21R,23R-epoxy-21la-
ethoxy-24S§,25-dihydroxyapotirucall-7-en-3-one (213)
from the leaves of D. malabaricum. Kurimoto et al.
(2011) isolated 6 compounds, which include cumingianol
A-F (214-219) from the leaves of D. cumingianum. The
study conducted by Hu et al. (2014a, b) isolated 6 apo-
tirucallane-type, which include (+)-21R,23R-epoxy-21a-
methoxy-24S,25-dihydroxyapotirucall-7-en-3-one (220),
(+)-21R,23R-epoxy-21a-methoxy-25-hydroxyapotirucall-
7-en-3,24-dione (221), (+)-21R,23R-epoxy-21a,25-
dimethoxyapotirucall-7-en-3,24-dione (222),
(+)-21R,23R-epoxy-21a-methoxy-24a,25-oxidoapotirucall-
7-en-3-one (223), (+)-21R,23R-epoxy-2 1a-methoxy-24,25-
dihydroxyapotirucall-7-en-3-one (224), and (+)-21R,23R-
epoxy-21a,25-dimethoxy-24-hydroxyapotirucall-7-en-3-one
(225) from the stem bark of D. binectariferum.

Generally, 2 cyclo-apotirucallane-type, namely dyso-
mollins A-B (226-227), were isolated from the twigs of D.
mollissimum var. glaberrimum (Han et al. 2015), while 2
seco-apotirucallane skeletons, acutaxylines A-B (228-229),
which consisted of a cyclopentetenone side chain at C-17
and oxepan-2-ol were isolated from the leaves of D. acu-
tangulum Miq. (Ismail et al. 2009). Furthermore, the 3 nor-
tirucallane-type alkaloids derivative, laxiracemosin F-G
(230-231) and H (199) and five tirucallane-type alkaloids,
laxiracemosins A-E (232-236) with 3-0x0-24,25,26,27-
tetranortirucall-7-ene-23(21)-lactone (237), and 3-hydroxy-
24,25,26,27-tetranortirucall-7-ene-23(21)-lactone (238)
were isolated from the methanol extract of the bark of D.
laxiracemosum C.Y.Wu and H.Li (Zhang et al. 2010). 2
tirucallane protolimonoids, namely toonapubesins A-B
(239-240) were isolated from the twigs of D. mollissimum
var. glaberrimum (Han et al. 2015).

The chemical analysis of the leaves of D. cumingianum
gave 9 isolates of the triterpenoid glycosides, namely cum-
ingianosides G—-O (241-249), containing a 14,18-cycloa-
potirucallane-type skeleton (Fujioka et al. 1997a). The
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. Ry=0, Ry=H, Ry=H

9. Ry= 0-OH, Ry=H, Ry=OH, R,=p-H
12. R4=0, Ry=H, R3=OH, Ry=p-H

13. R4=0, R,=OH, Ry=H, Ry=p-H

14. R4=0, Ry=H, Ry=H, R4=B-OH

Ry Ry 17. Ry=a-OH, Ry=H, Ry=H, Ry=p-H

Ry
5. R,=0, Ry=H

R, 10.Ry=0-OH, Ry=0H
1. R4=0, Ry=H
18. Ry=0-OH, Ry=H

R;=a-OH, Ry=a-OH
. Ry=0-OH, R,=H

. R1=O, R2=H

. R1=a~COCHj, Ry= H

7. Ry=H, Ry=H
R, 24.Ri=Me, Ry=H
25. R,=Et, Ry=H

HO,C

CO4R,

R;0,C
. R4=0, Ry=H, R3=H
. R»]:(X-OH, R2=H, R3=H
. R4=0, Ry=Me, R3=H
. Ry=a-OH, Ry=Me, R3=H
30. R4=0, Ry=H, R3=p-D-xylopyranosyl
31. Ry=a-OH, Ry=H, R3=b-D-xylopyranosyl
32. R4= a-OH, Ry=Me, R3=p-D-xylopyranosyl
33. Ry=a-OH, Ry=H, R3=p-D-xylopyranosyl

"'“\\QOH

36. Ry=H, Rp=H, Rz=Me
39. Ry=H, R,=OH, Ry=Et
42. R4=OH, R,=H, R4=Et

s 0
'OR,

26
R40,C
43.R=0, Ry=H, Ry=H
40. Ry=H, R,=OH 45. R,=0, Ry=p-D-xylopyranosyl, R;=H
41. R1=OH, Rp=H 44. Ry=a-OH, Ry=H, Ry=H
OH 46. R1=a-OH, Ry,=p-D-xylopyranosyl, R3=H
= 47. R=0-OH, R,=p-D-xylopyranosyl, R;=Me

Rz

/15 48. R4=p-OAc, R,=p-OMe

5 OH 49. R=p-OAc, Ry=B-OH

° 51 R1=E-OH, R;B[_;OH 50. Ry=B-OAc, Ry=a-OH, Ry=OH
52, Ry=p-OAc, Ry=a-OH, Ry=H

53. Ry=p-OAc, Ry=a-OH, Rg=OAc

54. Ry=p-OH, Ry=0, Rg=H

55. Ry=p-OAc, Ry=a-OH, Ry=OH

57 R=H
58 R= COCH,

Fig. 3 The chemical structure of dammarane compounds 1-60
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3)2 ( )
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73. R=-COCH(CH3)=CHCHj
74. R-COPh

75. -COCH(CH3)CH,CH3

= o
78. R=0 83. R=-COCHCH4CH,CH; 84, Ry=-COCHCH;CH,CHj
79. R=a-OH, B-H R,=COCHOHCH(CH3), Rz=COCHOHCH(CHj), Ry=H

76. -COCH(CH3)=CH(CHj), "o
7/ O X
f0 ~ RO N\
SN Doz T (0]
OR;

85. Ry=-COCHCH3CH,CHj

81 90. R;=-COCHOACCH(CHj3), oY, R;=COCHOHCH(CHj),
- R4=-COCHCH3CH,CH3, R,=-COCHOHCH(CH
80. Ry=-COCHCH,CH,CHj, R,=-COCHOHCH(CHj),, Ry=Me z (CHa)a
R;=COCHOHCH(CHz), Rs=Me g3 R.-.COGHCH4CH,CHs @3
86. R{=-COCHCH3CH,CH3, ' =

R,=COCHOHCH(CH), Ro=Et :
Rp=-COCHOHCH(CH,); Rs=H g8 R =-COCHCH,CH,CH 3

87. R;=-COCHOACCH(CHa),, Ry=-COCHOAGCH(CH.J5. Ra=H ,
Rp=-COCHOHCH(CH,); Rs=H 89  R|=-COCHCH,CH,CHS;

R,=-COCHOHCH(CHa);, Ry=H

" "OR 91, R=H
Y 92. R=-COCHOHCH(CHs),

Fig. 4 The chemical structure of nortriterpenoid compounds 61-93
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!
116. R=0
118. R=o-H, B-H

121. Ry=-OCCHOHCH(CHj),,

104. Ry=a-OH, R,=a-2'S-MeBu
105. Ry=a-OH, R,=a-2'R-MeBu
111. Ry=b-H, Ry=H

113. R4=b-OAc, R,=0OAc
114. R4=b-OH, R,=H

98. Ry=0-OMe, R,=B-OH
101. Ry=a-OMe, R,=p-OAc
102. Ry=0-H, Ry=p-OAc

106. Ry=a-OAc, Ry=0-OH, Ry=H
107. Ry=0-OH, Ry=a-OAc, Ry=H
108. R4=0, Ry=0-OH, Ry=MeBu

115. Ry=0-H, Ry=a-OH, Ry=H
o
&
o)
o)

119

R,=-OCCHCH3;CH,CH3 |f| 124.7R=0L-H, B-OH
122. R;=-OCCHOHCH(CHj), 120 125, R=p-H, ¢.-OH ACO
R,=-OCCHOACCH(CHj3), 126. R=0 HO{ o 128. R=CH,

123. Ry=R,=-OCCHOHCH(CH3),

Fig. 5 The chemical structure of nortriterpenoid compounds 94-129

isolation of 2 triterpenoid glucosides, which include cum-
ingianosides P—Q (250-251), with an apotirucallane-type
skeleton (Fujioka et al. 1997b) was also conducted on the
same plant. A triterpene glucoside, which was cumingi-
anoside R (252), was isolated from the leaves of D. cum-
ingianum (Kurimoto et al. 2011). Furthermore, one tiru-
callane, namely masticadienolic acid (253) from the stem
bark of D. excelsum Blume (Zainuddin et al. 2020) and
one unprecedented 2-nor-1,3-cyclotirucallane skeleton,
dysoxyhainic acid A (254) from the twigs and the leaves
of D. hainanense (He et al. 2009) were also reported. The
summary of the number and tirucallane-types is shown in
Table 2, while Figs. 7 and 8 showed the structure of the
tirucallane-type.
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129. R=a-H, §-H

Cyclolanostane-type and cycloartane-type

The chemical investigation in the genus also showed the
isolation of 3 cyclolanostane-type, which include (5R,
85,95,10R,13R,14S,17R,20R,235,245)-21,24-epoxy-
23,25-dihyroxycyclolanostane-3-one (255), 21,25-epoxy-
23a,24B-dihydroxycyclolanostan-3-one (256), and
21,25-epoxycyclolanostan-3-one-23a,24p-acetonide (257),
from the leaves and twigs of D. gotadhora (Buch.-Ham.)
Mabb. (Jiang et al. 2015). Meanwhile, Fig. 9 showed the
structure of the cyclolanostane-type triterpenoid.
Generally, there were 8 cycloartane-type
metabolites obtained, where the first was
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133 R,

144.R=0
145. R=H, p-OH

134. R;=OH, CH; R,=H
136. R;=CH,, R,=Me

132. R;=Me, R,=B-CO,H, R3=p-H
135. R4=H, Ry=B-CO,H, R3=p-H

137. R= 0-OH
138. R= B-OH

Fig. 6 The chemical structure of oleanane and lupane compounds 130-149

24R-acetoxy-3p,25-dihydroxycycloartane (258), which
was isolated by Hisham et al. (2001) from the leaves of
D. malabaricum. Beddomeilactone (259) was also iso-
lated from the leaves of D. beddomei Hiern (Hisham
et al. 2004), while other cycloartane-type, 3f,24,25-
trihydroxycycloartane (260), and beddomeilacton
(259) were isolated from the leaves of D. malabari-
cum and D. beddomei (Nathan et al. 2009). A total of 3
norcycloartane-type 3,16-dioxo-24,25,26,27-tetranor-
Sa-cycloartan-23,21-olide (261), 3-oxo-16p-hydroxy-
24,25,26,27-tetranor-Sa-cycloartan-23,21-olide (262),
3-0x0-21-hydroxy-24,25,26,27-tetranor-5a-cycloartan-
23,16B-olide (263), and 21, 23R, 24S,25-tetrahydroxycy-
cloartan-3-one (264) were lately reported from the leaves
of D. binectariferum (Yan et al. 2021). Figure 9 showed
the structure of the cycloartane-type triterpenoid.

Glabretal-type

The glabretal-type are the most infrequent triterpenoid
group, meanwhile, Ragasa et al. (2013) stated that only
2 of the compounds, namely dysoxylumglabretol A-B
(265-266) were isolated from the leaves of D. mollissi-
mum as shown in Fig. 10.

Cycloapoeuphane-type

There were 6 cycloapoeuphane-type triterpenoids, namely
cumingianosides A—F (267-272), with a 14,18-cycloapoe-
uphane-type skeleton that was isolated from the methanol
extract of the leaves of D. cumingianum (Kashiwada et al.
1992) as shown in Fig. 10.
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Table 2 Tirucallane-type from Dysoxylum and the bioassays

Compounds Parts of plant Species Bioassays References
150 Bark D. macranthum Not reported Mohamad et al. (1999)
151 KB (ICs, 12.3 uM)
152 KB (ICs, 11.0 pM)
153-156 KB (inactive)
157 KB (ICs, 17.0 pM)
159 KB (ICs, 2.1 pM)
158, 160 KB (inactive)
161, 164 Stembark D. variabile KB (inactive) Liu et al. (2001)
162 KB (ICs,21.2 uM)
163 KB (ICs, 18.4 uM)
165 KB (ICs, 10.5 uM)
166
167 KB (ICs, 10.2 pM)
168
169 KB (ICs, 18.4 uM)
170-171 KB (inactive)
172 Twigs and leaves D. hainanense (HL-60, SMMC-7721, A-549, MCF-7, Liuetal. (2012a, b)
SW4480: IC5,>40 uM)
173 (HL-60, SMMC-7721, A-549, MCF-7,
SW4480: IC5,> 40 pM)
174 Stembark D. lukii A-549 (IC5, 24.89 pM), BGC-823 Hu et al. (2011)
(24.01), HCT15 (24.23), HeLa
(27.09), HepG2 (25.33), MCF-7
(25.99), SGC-7901 (27.31), SK-
MEL-2 (27.75)
Sa (MIC 22.03 mM); Se (17.62); Ec
(19.82); Kp (24.23); Pa (15.42); Sd
(17.62)
175 A-549 (ICs, 18.64 uM), BGC-823
(17.95), HCT15 (18.41), HeLa
(20.68), HepG2 (19.77), MCF-7
(20.23), SGC-7901 (20.68), SK-
MEL-2 (21.59)
Sa (MIC 22.03 mM); Se (17.62); Ec
(19.82); Kp (24.23); Pa (15.42); Sd
(17.62)
176 A-549 (ICs, 26.54 uM), BGC-823
(23.87), HCT15 (25.51), HeLa
(27.78), HepG2 (25.72), MCF-7
(22.22), SGC-7901 (26.13), SK-
MEL-2 (26.75)
Sa (MIC 18,52 mM); Se (16,46); Ec
(2,63); Ecc (18.52); Kp (16.46); Pa
(24.69); Sd (18.52)
177 A-549 (ICs, 21.49 pM), BGC-823

(19.52), HCT15 (19.96), HeLa
(21.05), HepG2 (19.30), MCF-7
(19.96), SGC-7901 (20.39), SK-

MEL-2 (19.52)

Sa (MIC 24.12 mM); Se (26.32); Ec
(17.54); Ecc (18.52); Kp (16.46); Pa

(24.69); Sd (18.52)
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Table 2 (continued)

Compounds Parts of plant

Species

Bioassays References

178

179

180

181

182

183

184 Stembark

185 Twigs and leaves

186

187-189

D. densiflorum

D. lenticellatum

A-549 (ICs, 25.41 uM), BGC-823
(24.38), HCT15 (27.27), HeLa
(28.10), HepG2 (24.59), MCF-7
(26.03), SGC-7901 (26.65), SK-
MEL-2 (28.10)

Sa (MIC 16.53 mM); Se (18.6); Ec
(20.66); Ecc (16.53); Kp (16.53); Sd
(18.60)

A-549 (ICs, 10.13 pM), BGC-823
(7.38), HCT15 (6.64), HeLa (8.65),
HepG2 (10.34), MCF-7 (8.44), SGC-
7901 (8.23), SK-MEL-2 (10.55)

Sa (MIC 0.17 mM); Se (0.25); Ec
(0.44); Ecc (0.32); Kp (0.42); Pa
(1.69); Sd (0.46)

A-549 (IC5, 26.17 pM), BGC-823
(27.87), HCT15 (28.09), HeLa
(27.45), HepG2 (28.94), MCF-7
(27.53), SGC-7901 (28.09), SK-
MEL-2 (28.30)

Sa (MIC 0.79 mM); Se (0.74); Ec
(1.45); Ecc (1.04); Kp (1.26); Pa
(2.55); Sd (1.04)

A-549 (ICs, 28.8 uM), BGC-823
(30.08), HCT15 (30.48 uM), HeLa
(29.48), HepG2 (30.88), MCF-7
(27.09), SGC-7901 (27.89), SK-
MEL-2 (31.72)

Sa (MIC 0.58 mM); Se (0.80); Ec
(1.41); Ecc (1.31); Kp (1.29); Pa
(2.21); Sd (1.0)

A-549 (ICs, 11.02 pM), BGC-823
(11.86), HCT15 (10.59), HeLa
(10.38), HepG2 (10.81), MCF-7
(9.53), SGC-7901 (8.90), SK-MEL-2
(12.08)

Sa (MIC 0.21 mM); Se (0.19); Ec
(1.21); Ecc (0.81); Kp (1.12); Pa
(2.31); Sd (1.65)

A-549 (IC5, 30.59 pM), BGC-823
(33.12), HCT15 (31.84), HeLa
(30.13), HepG2 (29.49), MCF-7
(29.70), SGC-7901 (31.62), SK-

MEL-2 (32.69)

Sa (MIC 1.03 mM), Se (1.18), Ec
(1.92), Ecc (2.16), Kp (0.68), Pa
(2.88), Sd (0.64)

MCF-7 (ICs, 77.6 pM), HeLa (> 100), Hu et al. (2014a, b)
HepG2 (> 100), BGC-823 (80.7),
NCI-H460 (> 100), SGC-7901 (69.2)

Vasodilative effects (inactive)

HL-60 (inactive), SMMC-7721 (inav-
tive)

HL-60 (inactive), SMMC-7721 (inac-
tive)

Huang et al. (2011)

Vasodilative effects (inactive)

HL-60 (inactive), SMMC-7721 (inac-
tive)
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Table 2 (continued)

Compounds Parts of plant Species Bioassays References
190 Not reported
191 Vasodilative effects (inactive)
HL-60 (inactive), SMMC-7721 (inac-
tive)
192 HL-60 (inactive), SMMC-7721 (inav-
tive)
193 Vasodilative effects (inactive)
HL-60 (inactive), SMMC-7721 (inac-
tive)
194 Vasodilative effects (43.5%)
HL-60 (inactive), SMMC-7721 (inac-
tive)
195 Vasodilative effects (37%)
HL-60 (inactive), SMMC-7721 (inac-
tive)
196-198 Vasodilative effects (inactive)
HL-60 (inactive), SMMC-7721 (inac-
tive)
199 Vasodilative effects (18.3%)
HL-60 (inactive), SMMC-7721 (inac-
tive)
200 Vasodilative effects (87.4%)
HL-60 (inactive), SMMC-7721 (inac-
tive)
201-205 Bark D. hainanense Not reported Luo et al. (2000),
Ragasa et al. (2013)
206-207 Bark D. hainanense Cox-1 (not reported), Cox-2 (not Zou et al. (2017)
reported)
208-211 Leaves D. roseum KB (inactive) Adesanya et al. (1991)
212 KB (EDs, 7.5 pM)
213 Leaves D. malabaricum Not reported Hisham et al. (2001)
214 Leaves D. cumingianum KB (ICs, 25.4 pM), KB-C2 (31.8), Kurimoto et al. (2011)
KB-C2 (+2.5 pM colchicine) (2.2),
MCEF-7 (36.3)
215 KB (ICs, 97.9 pM), KB-C2 (73.9),
KB-C2 (+2.5 pM colchicine) (2.4),
MCE-7 (58.9)
216, 218 Not reported
217 KB (ICs, 23.7 pM), KB-C2 (30.7),
KB-C2 (+2.5 pM colchicine) (1.5),
MCE-7 (13.3)
219 KB (ICs, 27.9 pM), KB-C2 (66.7),

KB-C2 (+2.5 pM colchicine)
(>100), MCF-7 (41.4)

220 Stembark D. binectariferum A-549 (ICy, 20,2 pM), HeLa (68.6), Hu et al. (2014a, b)
BGC-823 (64.9), HepG2 (7.5), SGC-
7901 (21.7), MCF-7 (78.7), HCT15
(22.1), SK-MEL-2 (23.7)
221 A-549 (ICy, 24.3 uM), HeLa (71.8),
BGC-823 (66.0), HepG2 (9.5), SGC-
7901 (24.7), MCF-7 (85.8), HCT15
(23.3), SK-MEL-2 (27.8)
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Table 2 (continued)

Compounds

Parts of plant

Species

Bioassays References

222

223

224

225

226-227
228-229
230

232

233

235

236

231,234, 237, 238
239-240

241-242
245-246

243, 244, 249
247

248

Twigs
Leaves
Bark

Twigs

Leaves

D. mollissimum var glaberrimum
D. acutangulum

D. laxiracemosum

D. mollissimum var. glaberrimum

D. cumingianum

A-549 (IC, 21.6 uM), HeLa (71.6),
BGC-823 (66.0), HepG2 (8.0), SGC-
7901 (24.8), MCF-7 (79.8), HCT15
(22.8), SK-MEL-2 (26.4)

A-549 (IC, 20.6 uM), HeLa (77.6),
BGC-823 (68.4), HepG2 (8.4), SGC-
7901 (25.8), MCF-7 (84.4), HCT15
(21.6), SK-MEL-2 (27.2)

A-549 (IC5, 22.0 uM), HeLa (70.6),
BGC-823 (63.2), HepG2 (7.6), SGC-
7901 (23.2), MCF-7 (81.1), HCTI15
(20.6), SK-MEL-2 (27.2)

A-549 (IC, 25.6 uM), HeLa (73.3),
BGC-823 (63.4), HepG2 (7.6), SGC-
7901 (24.0), MCF-7 (83.9), HCT15
(24.4), SK-MEL-2 (25.4)

HL-60 (inactive), P-388 (inactive) Han et al. (2015)
HL-60 (IC5,>50 uM) Ismail et al. (2009)

HL-60 (ICs, 15.7 pM), A549 (15.6), Zhang et al. (2010)
SMMC-7221 (>20), SW480 (>20),
MCF-7 (>20)

HL-60 (ICy, 3,1 pM), A549 (5.4),
SMMC-7221 (9.5), SW480 (7.2),
MCF-7 (16.8)

HL-60 (ICs, 12.8 pM), A549 (13.4),
SMMC-7221 (19.0), SW480 > 20),
MCEF-7 (>20)

HL-60 (ICs;, 6.8 pM), A549 (>20),
SMMC-7221 (>20), SW480 (> 20),
MCEF-7 (>20)

HL-60 (ICs, 1.5 uM), A549 (3.7),
SMMC-7221 (2.7), SW480 (3.7),
MCF-7 (3.7)

HL-60, A549, SMMC-7221, SW480,
MCF-7: IC5,> 20 pM

HL-60, P-388, A-549: inactive Han et al. (2015)

HL-60, K-562, HOP-92, COLO-205, Fujioka et al. (1997a)
SNB-75, U251, LOXIMVI, IGROVI,
786-0, PC-3, MCF-7, MDA-MB,
T-47D, SK-MEL-2: EC5,> 10 pM

Not reported

HL-60 (ECs, 2.25 pM), K-562 (5.52),
HOP-92 (3.18), COLO-205 (5.84),
SNB-75 (> 10), U251 (> 10), LOX-
IMVI (3.71), IGROVI (> 10), 786-0
(>10), PC-3 (9.81), MCF-7 (5.68),
MDA-MB (6.44), T-47D (4.78), SK-
MEL-2 (4.93)

HL-60 (ECs; 9.45 pM), K-562 (9.12),
HOP-92 (9.45), MCF-7 (6.61),
COLO-205 (5.84), SK-MEL-2
(5.64), (SNB-75, U251, LOXIMVI,
IGROVI, 786-0, PC-3, MDA-MB,
T-47D:>10)
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Table 2 (continued)

Compounds Parts of plant Species

Bioassays References

250 Leaves D. cumingianum

251

252 Leaves D. cumingianum

253 Stem bark
254 Twigs and leaves

D. excelsum

D. hainanense

HL-60 (ECs; 2.59 pM), K-562 (3.34),
HOP-92 (3.59), COLO-205 (1.99),
SNB-75 (3.70), U251 (4.37), LOX-
IMVI (2.32), IGROVI (2.78), 7860
(4.80), PC-3 (3.48), MCF-7 (3.33),
MDA-MB (2.50), T-47D (5.12), SK-
MEL-2 (2.51)

HL-60, K-562, HOP-92, COLO-205,
SNB-75, U251, LOXIMVI, IGROVI,
786-0, PC-3, MCF-7, MDA-MB,
T-47D, SK-MEL-2: EC5,> 10 pM

KB (ICs, 43.8 pM), KB-C2 (53.3),
KB-C2 (+2.5 pM colchicine) (54.2),
MCF-7 (27.2)

MCF-7 (ICs, 3.5 pM)

Sa, Se, M1, Bs, Ec, Sf, Pa, Ca, Ss, Mg,
Tr: inactive

Fujioka et al. (1997b)

Kurimoto et al. (2011)

Zainuddin et al. (2020)
He et al. (2009)

Sa (S. aureus); Se (S.epidermidis); Ec (E.coli); St (S. flexneri); Ecc (E.cloacae); Kp (K.pneumoniae); Pa (P.aeruginosa); Sd (S.dysenteriae); Ml
(M. luteus); Bs (B. subtilis); Ca (C. albicans); Ss (S. sake); Mg (M. gypseum); Tr (T. rubrum)

Synthetic products

The treatment of cumingianoside A (267) with p-toluene-
sulfonic acid in CH,Cl, at room temperature overnight
gave 3-O-acetyl-3a,7a,23R,24(S),25-pentahydroxy-20(S)-
dammar-13(17)-ene-7-0-B-p-(6'-O-acetyl)glucopyrano-
side (273), and 3-0O-acetyl-3a,7a,23(S),25-tetrahydroxy-
17(R),20(R)-epoxy-20(S)-dammarane-7-0-f-p-(6'-O-
acetyl)-glucopyranoside (274). Meanwhile, the treatment
of cumingianoside C (269) with p-toluene-sulfonic
acid in CH,Cl, yielded 3-O-acetyl-3a,7a,23(R),24(S)-
tetrahydroxy-25-methoxy-20(S)-dammar-13(17)-ene-
7-0-B-p-(6'-0O-acetyl)glucopyranoside (275), and
3-0O-acetyl-3a,7a,24(S)-tetrahydroxy-25-tetrahydroxy-
25-methoxy-17(R),23(R)-epoxy-20(S)-dammarane-7-
O-B-p-(6'-0O-acetyl)glucopyranoside (276). The treat-
ment of cumingianoside E (271) with p-toluene-sulfonic
acid in CH,Cl, overnight at 5 °C produced 3-O-acetyl-
3a,7a,24(S)-25-tetrahydroxy-20(S)-dammar-12,24-diene-
7-0-B-p-(6'-0O-acetyl)-glucopyranoside (277) as the
main product and 3-O-acetyl-3a,7x,230(R)-trihydroxy-
24,25,26,27-tetranor-18,23-cyloapotirucallane-7-0-
B-p-(6'-0O-acetyl)-glucopyranoside (278) as the minor.
The treatment of cumindysoside A (128) with p-tolu-
ene sulfonic acid in CH,Cl, also produced 3-O-acetyl-
3a,7a,23a(S)-trihydroxy-22-methylene-24,25,26,27-
tetranor-18,23-cyloapotirucallane-7-0-p--(6'-O-acetyl)
glucopyranoside (279) (Kashiwada et al. 1997). Mean-
while, the structure of the synthetic products is shown in
Fig. 10.
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Ethnobotany and medicinal uses

Dysoxylum genus is widely distributed mainly in India,
Southeast Asia, and Polynesia, and comprises approximately
200 species that are mostly used to treat various diseases tra-
ditionally (Aalbersberg and Singh 1991; Laksmi et al. 2009).
Meanwhile, D. richii is used by the indigenous Fijians as a
medicine to treat rigid limbs, facial distortion in children,
lumps under the skin, skin irritations, and sexually transmit-
ted diseases (Aalbersberg and Singh 1991), fish poisoning,
and convulsions. The bark of D. [ukii also has emetic, antipe-
riodic, anthelmintic, and emmenagogue properties (Laksmi
et al. 2009). A previous study also discovered that D. binec-
tariferum is used by the indigenous Asians as the traditional
medicine for treating leprosy and foul ulcers (Laksmi et al.
2009; Hu et al. 2014a, b). Most aches, pains, and lung hem-
orrhages are cured through a liquid drink made by adding
boiling water to the chopped leaves of D. gaudichaudianum
(Chen et al. 2007).

The indigenous people of Vanuatu make use of D. gaudi-
chaudianum for human reproduction purposes. The leaves
of this species are consumed as a tea by preparing sun-dried
12 leaves to induce abortion of a maximum 2 months preg-
nancy. Meanwhile, preliminary screening was carried out
to identify possible estrogenic activity in these species and
their effects on isolated rat uteri, where D. gaudichaudianum
showed the most interest due to its spasmolytic activity,
namely musculotropic type (Bourdy et al. 1996). It was also
reported that the ethnobotanical of the plants from this genus
facilitates birth which is practiced in the country. The bark
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Fig. 7 The chemical structure of tirucallane compounds 150-213
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Fig. 8 The chemical structure of tirucallane compounds 214-254
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Fig. 9 The chemical structure of cycloartane or cyclolanostane compounds 255-264

of D. aneytiense Gualliumin is used by placing a hand-sized
piece of bark over a fire, subsequently, the woman has to
spread her legs for the smoke to reach the vaginal area. The
leaves of D. gaudichaudianum are also used by squeezing a
large handful of the leaves and drinking the juice (Bourdy
and Walter, 1992).

Meanwhile, 2 species of D. gaudichaudianum are used
to treat digestive ailments, while the other species are used
for treating various ailments by their local inhabitants.
The leaves of D. gotadhora extracted with hot water have
also been used to treat diarrhea and dysentery by people in
Assam a state of northeast India (Barbhuiya et al. 2009). D.
hamiltonii Blume, the decoction of its bark is consumed 2-3
times daily orally in the treatment of stomachache by sikkim
Himalayas (Chanda et al. 2007). Moreover, D. malabari-
cum is known as a majestic tree by the Hindu community in
India and its decoction is useful in arthritis, anorexia, cardiac
debility, inflammation, leprosy, and rheumatism (Kumar
Vinod, 2005). The wood oil of D. malabaricum is also used
for treating ear and eye diseases (Jain and Dafilips 1991).
The various pharmacological activities in these species are
attributed to the different classes of secondary metabolites
contained in each of the tested extracts.

Pharmacological activity

The plants in the Dysoxylum genus are used as traditional
medicine for several years to treat diseases such as rigid
limbs, facial distortion in children, lumps under the skin,
skin irritations, and sexually transmitted diseases. This study

focused on the literature related to pharmacological tests
of isolated compounds identified as anti-malarial, antifeed-
ant, antibacterial, antimicrobial, anti-inflammatory, anti-
viral, and cytotoxic (Govindachari et al. 1999; Luo et al.
2002; Nathan et al. 2006; Chen et al. 2007; He et al. 2008;
Nagakura et al. 2010; He et al. 2011; Liu et al. 2012b; Tang
et al. 2012; Han et al. 2015; Jiang et al. 2015; Zhou et al.
2015; Zou et al. 2017).

Anti-malarial

Several studies were conducted to evaluate the antimalarial
properties of extracts and isolated compounds from Dys-
oxylum. Nathan et al. (2006) also examined the effect of the
methanol extract of the leaves of D. malabaricum on both
mature and immature Anopheles stephensi Liston (Diptera:
Culicidae) mosquitoes under laboratory conditions. The
methods started from mosquito culture, preparation of the
stock solution, larvicidal assay, adulticidal assay, oviposi-
tion assay, larval and pupal stages assay, as well as fecun-
dity and adult longevity. The results showed that the extract
had strong larvicidal, pupicidal, adulticidal, and antiovipo-
sitional activities. The dose-response relationships were
also established with the highest dose of 4% plant extract,
which caused 97% mortality of first instars (Nathan et al.
2006). Meanwhile, 2 triterpenoids (260) and (259) were
tested against mature and immature Anopheles stephensi
mosquitoes by several procedures, the culture of Cnaphalo-
crocis medinalis, preparation of isolates, determination of
ECs, and feeding deterrence index. The results showed that
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Fig. 10 The chemical structure of glabretal, cycloapoeuphane, and synthetic products compounds 265-279

both compounds exhibited strong larvicidal, pupicidal, and
adulticidal activities against the mosquitoes. Their reproduc-
tive potential was affected because the compounds acted as
oviposition deterrents. The highest tested concentration of
10 ppm by both compounds gave more than 90% mortality
and oviposition deterrence (Nathan et al. 2009).

Antifeedant

There were 8 compounds from 2 species of Dysoxylum
showing antifeedant activity since 1999. According to
Govindachari et al. (1999), a tetranotriterpenoid (65) iso-
lated from the bark of D. malabaricum showed antifeedant
activity (1-10 pg/cm?), while azadirachtin-A exhibited twice
more active against Pericallia ricini through dual methods,
leaf disc, and percent feeding index (PFI). Furthermore, 7
limonoids consisting of 4 acids (66—72) from the bark of
D. hainanenese Merr exhibited at an antifeeding rate of
22.4-78.7 and 100 for azadirachtin as the positive control
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against Pieris rapae L by feeding inhibition assay on the S5th
instar larvae (Luo et al. 2002).

Antimicrobial

The antimicrobial activities included antibacterial or anti-
fungal which was carried out through the disc diffusion
method by measuring the zone of inhibition for the com-
pounds with the most active minimum inhibitory concen-
tration (MIC) values. During the search of Dysoxylum’s
species with antimicrobial activity, only 2 species exhibited
these activities. Meanwhile, 2 rearranged oleanane-type
(130-131) were evaluated against Gram-positive bacteria,
Staphylococcus aureus (S. aureus) (ATCC 25923), Staphylo-
coccus epidermis (S. epidermis) (ATCC 12228), Micrococ-
cus luteus (M. luteus) (ATCC 9341), and Bacillus subtilis
(B. subtilis) (CMCC 63501) and Gram-negative bacteria,
Escherichia coli (E. coli) (ATCC 25922). The compound
(130) also showed significant antibacterial activities against
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4 Gram-positive bacteria, namely S. aureus (MIC 12.5 pg/
mL), S. epidermidis (MIC 6.25 pg/mL), M. luteus (MIC
12.5 pg/mL), and B. subtilis (MIC 6.25 pg/mL), while
(131) was inactive for all these tested microbes. Magno-
lol and pseudolaric acid B gave ICs, values at a range of
6.25 to>50 pM as the positive controls (He et al. 2008).
Tirucallane-type (184) and nortriterpenoids (116-119)
were also reported to possess strong antibacterial activi-
ties against S. aureus, S. epidermidis, E. coli, Escherichia
cloacae (E. cloacae), Pseudomonas aeruginosa (P. aerugi-
nosa), and Staphylococcus dysenteriae with MIC values of
1.99-2.97 pM/mL. According to Hu et al. (2014a, b), Com-
pound (117) with the side chain of the y-lactone ring was
effective against all tested bacteria with the MIC values of
1.04-1.77 mM, while netilmicin, the positive control showed
ICj, at a range of 0.003-0.061 mM. A total of 5 seco-olean-
ane-type (132-135), (141), and one seco-lupane-type (147)
were evaluated for antimicrobial activities against Gram-
positive, which include S. aureus, S. epidermis, M. luteus, B.
subtilis, and Gram-negative, namely E. coli, Staphylococcus
flexneri (S. flexneri), P. aeruginosa and fungi such as Can-
dida albicans, Staphylococcus sake, Microsporum gypseum,
and Trichophyton rubrum through microdilution assay. Fur-
thermore, compounds (129), (133), (135), and (147) showed
antibacterial activity out of the tested compounds and were
active against Gram-positive bacteria with MIC values of
1.56-12.5 pg/mL, but inactive against the Gram-negative
ones and fungi. They also showed significant activity, while
(141) and (134) with one more A°') double bond were inac-
tive. Therefore, 3,4-seco triterpenoid with the C-1 and C-3
appendage of a free carboxylic acid such as in (132-133),
(135), and (147), are responsible for the antibacterial activ-
ity. The presence of one more A°!" double bond in (134)
was also responsible for inactivity due to the conjugated
double bond which sabotages the favorable conformation
of the antibacterial compounds. The positive controls, mag-
nolol and pseudolaric acid B showed antimicrobial activ-
ity with ICs, values at a range of 6.25-25 pg/mL (He et al.
2011). In the previous study by He et al. (2009), one nor
seco-tirucallane (254), 4 seco-oleananes (137)—(140), and
one seco-lupane (147) were also tested with the same bacte-
ria and fungi (He et al. 2011). Compounds (137-138) were
modest against Gram-positive bacteria with MIC values
of 25-50 pg/mL, while magnolol, as the positive control
showed a range of 12.5-25 pg/mL, and others were inactive
toward all bacteria and fungi tested.

The antimicrobial activity of the dammarane-type (6),
(17), the tirucallane-type triterpenoids (174-183), and limo-
noids (78-79) were tested against S. aureus, S. epidermidis,
E. coli, E. cloacae, K. pneumonia, P. aeruginosa, and S.
dysenteriae through the disc diffusion method by measuring
the zone of inhibition and minimum inhibitory concentration
(MIC). The tirucallane-type with a cyclopentane side-chain,

compounds (179), and (182) gave the most significant
and comparable activities against all tested bacteria with
MIC values of 0.17-1.69 and 0.19-2.31 mM, respectively.
However, the tirucallane-type with a pyrone side-chain
(180-181) and (183) showed higher activities with MIC val-
ues of 0.58-2.92 mM than compounds (174-178) against all
tested bacteria. Compounds with a furan side chain (6) and
(15) also exhibited no antimicrobial activity, while the limo-
noids (78-79) showed moderate antimicrobial activity with
MIC values of 1.21-2.94 and 1.11-2.93 mM, respectively,
compared to netilmicin, the positive control showed ICs at
range 0.003-0.061 mM (Hu et al. 2011).

Anti-inflammatory

A total of 4 species of this genus produced 12 anti-inflam-
matory compounds. Dysobinin (61) is a tetranortriterpenoid
of the meliacin group with mild anti-inflammatory activity
(Singh et al. 1976). Meanwhile, the cyclolanostane-type,
compounds (255), and (256) showed moderate anti-inflam-
matory activity against the production of NO by LPS in
RAW 264.7 cells using the Griess assay, with ICs,, values of
25.5 and 41.5 pM, respectively. The positive control, indo-
methacin gave an inhibitory effect of NO production at an
IC;, value of 42.6 pM (Jiang et al. 2015). 4 triterpenoids,
which were made up of nor seco-olean type (134-135) and
tirucallane-type (206-207) were evaluated in vitro for anti-
inflammatory activities against Cox-1 and Cox-2. The results
showed that (134) exhibited significant anti-inflammatory
activity with percent inhibition at 100 pM for Cox-1 (45.2%)
and Cox-2 (96.4%), compared to the anti-inflammatory
activities of NS-398 as the positive control at 63.20% and
97.13%, respectively (192 et al. 2017). A total of 4 damma-
ranes (57—60) were tested against liver X receptor (LXR)
and nuclear factor-kappa B (NF-xB) factors in the HepG2
cell line. The results indicated that all compounds except
(59) showed the most potential as an anti-inflammatory by
inhibitory effect toward tumor necrosis factor-o (TNF-a)
induced NF-kB activation in HepG2 cell line, which acted
in a dose-dependent way with ICs, values of 12.45, 23.32,
and 13.95 uM, respectively. Meanwhile, GW3965 showed
ECjs, of LXR activity at 1.05 uM and impressic acid for
TNF-a induced NF-kB activation at ICy, value of 1.75 uM,
as the positive controls (Khanh et al. 2021).

Antioxidant activity

There are 4 triterpenoids in Dysoxylum known for anti-
oxidant activity. Meanwhile, the nor seco-olean type (136)
and nor seco-lupane type (148), as well as tirucallane-type
(206-207) were evaluated for antiradical activities by using
microplate assay for radical scavenging activity DPPH
and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
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(ABTS™) radical cation decolorization assay. The results
showed no antiradical activities against DPPH, however,
tirucallane-type (206-207) showed higher antiradical activi-
ties with the ICy, values at 59.2 and 54.6 uM, respectively,
than (136) and (148) against radicals of ABTS™. The trolox
that was used as the positive control also gave the antioxi-
dant activities against DPPH with ICs, 42.8 uM, while for
ABTS" at ICy, it was 80.1 uM (Zou et al. 2017).

Antiviral activity

Generally, only 4 tetranortriterpenoids (73-76) exhibited
antiviral activity against the respiratory syncytial virus
(RSV) with ECs, values of 1.0-4.0 pg/mL in cytopathic
effect (CPE) inhibition and plaque reduction at ECy val-
ues of 30-150 pg/mL. This was different from the ribavirin,
the control positive which gave the EC, values of 3.6 and
20 pg/mL, respectively (Chen et al. 2007).

Cortisone reductase activity

There were 13 limonoids (97-109) with 6 analogs
(110-115), which were evaluated for cortisone reductase
activity against human and/or mouse 11p-hydroxysteroid
dehydrogenase type 1 (113-HSD1). The activity was tested
through a scintillation proximity assay (SPA) with glycyr-
rhetinic acid used as the positive control. The compounds
(97-102), (104), and (107) showed significant inhibitory
activities, while compound (102) exhibited the highest
activity with an ICy, value of 9.6 +0.90 nM against humans
11p-HSD1. The positive control gave the inhibitory activi-
ties against 11$-HSD1’s human and mouse at ICs,, value
of 8.8 +1.56 and 9.4 +1.03 mM, respectively (Zhou et al.
2015).

Vasodilative effect

A total of one nortriterpenoid (127) and 13 tirucallane-
type (185), (187)—-(189), (191), (193)—(200) were tested
for vasodilative effects against intact aortic rings precon-
tracted with phenylephrine (PE) (107% M) and recorded
as the percentage of PE that induced the maximum con-
traction. The results showed that (185), (187-189), (191),
(193), (196-198) exhibited similar effects to the control,
while compounds (194-195) gave vasodilative effects with
diastolic degrees of 43.5 and 37% at 10 pg/mL, respectively.
Compounds (199-200) also showed vasodilative effects with
diastolic degrees of 18.3 and 87.4% at 10 pg/mL, respec-
tively. However, compound (200) was more active compared
to (199) because of the hydroxyl group at C-3, which is an
important structural element for vasodilative activity (Huang
et al. 2011).
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Cytotoxic activity

The cytotoxic analysis was the most tested biological activ-
ity on the extracts and compounds of Dysoxylum, which
was conducted on 20 species with more than 75 isolated
compounds. Meanwhile, the study on cytotoxic activity
of isolated compounds was first conducted by Adesanya
et al. (1991), where 5 apotirucallane-type (208)—(212) was
tested against the growth of KB human buccal carcinoma
cells. The results showed that (212) exhibited moderate
cytotoxic activity with an EDy, value of 7.5 pM. Mohamad
et al. (1999) also evaluated 11 tirucallane-type (150)—(160)
against KB cells using doxorubicin (IC5, 0.1 pM) as the pos-
itive control for comparison. It was shown that (151)—(152),
(157), and (159) have moderate cytotoxic activity against
KB cells with ICs, values of 12.3, 11.0, 17.0, and 2.1 pM,
respectively. Similarly, the cytotoxic activities of 11 tirucal-
lane-type (161)-(171) were tested against KB cells and the
results showed that (162)—(163), the mixture of (165)—(166),
and (167)—(168) showed weak cytotoxic property with ICs,
values of 10.2-21.2 pM (Liu et al. 2001). The 2 damma-
ranes (6), (17), 2 limonoids (78-79), and 10 tirucallanes
(174-183) were assayed against A549 (human lung cancer),
BGC-823 cells (human gastric carcinoma), HCT15 (human
colon cancer), HeLa cells (human cervical cancer), HepG2
cells (human hepatocellular carcinoma), MCF-7 cells
(human breast cancer), SK-MEL-2 (human skin cancer), and
SGC-7901 (human gastric adenocarcinoma) cell lines. Com-
pounds (179) and (182) displayed significant cytotoxic activ-
ity against all tested cell lines with ICs, values of 6.64—10.55
and 8.90-12.08 pM, respectively. However, doxorubicin
gave the ICs values of at range 0.01-0.06 pM through MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) assay (Hu et al. 2011).

A further investigation against the HL-60, SMMC-7721,
A-549, MCF-7, and SW480 cell lines through the MTT
method on 10 tirucallane-type alkaloids with a pyrrole sub-
stituent in the side chain (230-238) and (199) showed that
(236) was the most potent significant cytotoxic compound,
followed by (232) at ICs, 1.5 and 3.1 pM, respectively. Com-
pound (230) also demonstrated selective cytotoxic activi-
ties from the lowest to the highest ICs, values against the
SMMC-7721 and HL-60 cell lines with ICs, values of 15.6
and 15.7 pM, compound (233) against the HL-60, A-549
and, SMMC-7721 cell lines (IC5;, 12.8-19.0 uM), and com-
pound (235) against the HL-60 cell line (IC5, 6.8 pM). Fur-
thermore, compounds (199), (231), (234), (237), and (238)
were inactive against all the 5 cell lines with IC, values
at>20 pM, while cisplatin, the positive control gave the
ICy, values ranging from 2.4 to 18.7 pM (Zhang et al. 2010).

The apotirucallane-type compounds (220-225) were
evaluated for cytotoxic activities against 8 tumor cell lines
through the revised MTT method. The results showed
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that they exhibited selectively significant cytotoxic effects
against 5 tumor cell lines, which include A-549, HCT15,
HepG2, SGC-7001, and SK-MEL-2. However, the highest
effect was shown against the HepG2 cell line with ICs, val-
ues of 7.9-9.5 puM. Compounds (220-225) also exhibited
moderate cytotoxic activities against 3 cell lines, namely
BGC-823, HeLa, and MCF-7 at ICs, range of 63.2-68.4
pM, 68.6-77.6 pM, and 78.7-85.8 pM, respectively. The
positive control used for comparison in this method is dox-
orubicin with the ICs, values of 0.02—-0.17 uM (Hu et al.
2014a, b). A previous study also evaluated 2 triterpenoids
of seco-apotirucallane-type (228-229) for their cytotoxic
effects against human blood promyelocytic leukemia cells,
where (229) exhibited moderate cytotoxic activity with an
ICs, value of 35 pM (Ismail et al. 2009). Meanwhile, a total
of 6 apotirucallane-type (214-215), (217), (219), and a trit-
erpene glucoside (252) were evaluated for their cytotoxic-
ity against human cancer cell lines, including KB (human
epidermoid carcinoma of the nasopharynx), MCF7 (breast
carcinoma), a multidrug-resistant (MDR) cancer cell line
KB-C2 (colchicine resistant KB), and daunorubicin, as the
positive control through MTT assay. The results showed that
compound (217) exhibited moderate cytotoxicity against
MCEF-7 cells with an ICs,, value of 13.3 pM, while the oth-
ers showed weak cytotoxicity with ICs, values between 27.2
and 41.4 pM (daunorubicin ICs, value of 0.39 pM). The
cytotoxic activities for the evaluated compounds against
the sensitive (KB) and resistant (KB-C2) cell lines were
similar. This is because compounds (214), (215), and (217)
exhibited cytotoxic enhancement against KB-C2 cells in the
presence of 2.5 pM colchicine with IC, values of 2.2, 2.4,
and 1.5 pM, respectively, compared to the ICs, value of dau-
norubicin at 20.6 pM (Kurimoto et al. 2011). Furthermore,
compound (120) was assayed for its cytotoxicity against 5
human tumor cell lines, namely (human myeloid leukemia)
HL-60, (hepatocellular carcinoma) SMMC-7721, (lung
cancer) A-549, (breast cancer) MCF-7, and (colon cancer)
SW480 through MTT method using Cisplatin as the positive
control (ICs, 1.94 pM against HL-60). The results showed
that the compound exhibited selective activities with ICs at
34.61 pM against the HL-60 cell line. However, there was
no cytotoxicity observed at IC5,> 100 pM against the other
cell lines (Tang et al. 2012).

The cytotoxic activities of 8 triterpenoid glycosides
(267-272) and as a trisnor- and tetranortriterpenoid glu-
coside (126-127) were evaluated against human cell lines
in vitro. The results showed that (267) and (269) exhibited
potent selective cytotoxicity against MOLT-4 leukemia
cells with ED5, <0.00846 and <0.00598 pM, respectively
(Kashiwada et al. 1991; Kashiwada et al. 1995). The cyto-
toxic activities of 8 synthetic derivatives (267), (269), (271),
(128), and (273-279) were also evaluated against a panel
of 58 human tumor cell lines in vitro. The results showed

that the synthetic products, (274-279) of p-toluene sulfonic
acid treatment were less toxic compared to the original com-
pounds (267), (269), (271), and (126), respectively. Mean-
while, compounds (274), (276), and (278-279) exhibited
selective toxicity for the colon tumor subpanels with Gl
values ranging from 1.8 to 22.9 pM. The selectivity shown
by (274) and (276), which has a cyclic ether epoxy group,
was absent in (273) and (275), with a 13,17-double bond.
Therefore, the moieties, other than the cyclopropane ring in
cumingianosides and (128) are essential for the colon tumor
cell lines’ selectivity (Kashiwada et al. 1997).

In another investigation, the cytotoxic effects of 9 trit-
erpene glycosides (241-242) and (245-248) were tested
against 59 human cancer cell lines in vitro. The results
showed that only (247) exhibited significant cytotoxic effect
(<4 pM), specifically against leukemia (MOLT-4: 3.71 pM,
RPMI18226: 3.57 pM, HL60TB: 2.25 pM), and melanoma
(LOXIMVI: 3.71 pM, SK-MEL-28: 3.35 pM) cell lines
(Fujioka et al. 1997a, b).

The cytotoxic effect of a limonoid (77) was evaluated
in vitro against 5 human cancer cell lines, namely HL60
(human blood promyelocytic leukemia), RPMI8226 (multi-
ple myeloma), NCI-H226 (non-small cell lung carcinoma),
HCT116 (human colon cancer), and MCF7 (human breast
adenocarcinoma) cells through MTT assay. The results
showed that there was no inhibitory activity against the 5
tested cell lines at IC5,>50 pM (Nagakura et al. 2010).
Similarly, the anti-tumor activities of 4 limonoids (80-83)
and two tirucallane-type (172-173) were evaluated against
HL-60, SMMC-7721, A-549, MCF-7, and SW4480 cell
lines through the MTT method. The results showed that all
the compounds did not exhibit in vitro cytotoxicity against
the cell lines (IC5,>40 uM), while cisplatin and taxol,
which were used as the positive controls exhibited the cyto-
toxic activities at the ICs,, values between 2.51 and 15.0 uyM
and < 0.008 pM, respectively (Liu et al. 2012b). The cyto-
toxicity of 7 limonoids (90-96) and 2 cycloapotirucallane-
type (226-227) with (184) and 2 tirucallane protolimonoids
(239-240) were evaluated against HL-60 and P388 cell lines
using an MTT method, and A549 cell line by the sulforho-
damine B (SRB) protein staining method, with doxorubicin
as the positive control. The results showed that compounds
(184) and (240) exhibited inhibitory activities against A549
and P388 cells with ICs, values of 2.1 and 6.7 pM, respec-
tively, while other compounds were inactive against all the
cell lines with inhibition rates lower than 50% at 10 pM.
However, doxorubicin showed ICs, values of 0.058, 0.20,
and 1.2 pM against HL60, P388, and A549 cells, respec-
tively (Han et al. 2015).

The cytotoxic activities of 4 nor-dammarane-type
(48-51) were evaluated in vitro against 4 tumor cell lines
(A549, SK-OV-3, SK-MEL-2, and HCT-15) using the MTT
method. The results showed that compounds (48—-50) with
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an acetyl group at C-12 had lower ICs, values for all tumor
cells. Meanwhile, compound (51) showed higher ICs, val-
ues, which indicated the importance of the acetyl group at
C-12 for the cytotoxicity activities of the nor-dammarane-
type. The following is the order of cytotoxicity from the low-
est to the highest IC, values of compounds (48—51) against
the cell lines. Compound (48) showed the most potent
cytotoxic activity against the HCT-15 cell line, followed
by the SK-MEL-2, SK-OV-3, A549 with ICs, values of
16.2-19.2 pM. Compounds (49) and (50) also showed cyto-
toxicity against the A549, HCT-15, SK-MEL-2, SK-OV-3
(ICs, of 16.7-19.8 pM), and A549, SK-OV-3, SK-MEL-2,
HCT-15 cell lines (ICs, of 13.1-18.2 uM), respectively. The
positive control, ariamycin showed cytotoxic activity with
ICs, values ranging from 0.01-0.05 uM for all cell lines
tested (Wang and Guan, 2012). Furthermore, the cytotoxic
activities of 4 nor-dammarane-type, which include com-
pounds (52-55) were evaluated in vitro against 4 tumor
cell lines, namely BGC-823, U251, HepG2, and SGC-7901
through the revised MTT assay using adriamycin as a posi-
tive control with ICy, values between 0.02-0.09 pM. The
results showed that all compounds exhibited significant cyto-
toxic activities against glioma cells (U251) with low ICy,
values of 14.66-22.29 nM, but weak activities against other
tumor cells (IC5,> 100 nM) (Cao et al. 2013). The cytotoxic
effects of 13 dammarane-type, compounds (9-25) were also
evaluated against A549 (non-small cell lung cancer), MCF-7
(breast cancer), and HepG2 (hepatocellular carcinoma)
human cell lines using MTT assay. The results showed
that compounds (12), (16), and (24) exhibited moderate
activities against the HepG2 with ICs, values of 6.5+ 1.1,
8.0+0.6 pM, 6.3 +0.7, and cisplatin at 9.7 + 1.3 pM, respec-
tively. Meanwhile, compound (24) showed moderate effect
against the MCF-7 cell with an ICy, value of 5.6 +0.6 uM,
and cisplatin at 10.6 +2.0 pM (Yan et al. 2014a).

A total of 13 triterpenoids (26-33) and (43-47) were
tested against the HL-60, A549, and MCF-7 cancer cells
by MTT assay. Based on the results, compounds (27) and
(31) showed the most potent cytotoxicity for HL-60 at
ICs, 5.8 pM, A549, and MCF-7 at ICs, 17.0 and 11.2 pM,
respectively. Compounds with 3a-OH substituents are more
potent than their 3-oxo counterparts. Methylation of the
carboxylic acid group strengthens the cytotoxicity is usu-
ally lowered by oxidative-cleavage of the C-13/C-17 bond.
Compounds (28) and (32) showed moderate cytotoxicity
against the HL-60 cell line at IC5; 9.3, and 7.2 uM, respec-
tively. Several compounds also showed activities that are
more potent than cisplatin, as control (29) for A549 (ICs,
25.4 uM), compared to cisplatin (ICs, 28.8 pM), (29), and
(31) for MCF-7 (IC5, 27.4, and 26.1 pM), and cisplatin (ICs,
27.8 uM) (Nugroho et al. 2014). Hu et al. (2014a, b) also
reported the cytotoxicity of one tirucallane compound (184)
and 4 limonoids (116-119), which were determined using
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the revised MTT method. Based on the results, compounds
(116-119) showed moderate cytotoxicity against all tested
tumor cell lines, including MCF-7, HeLa, HepG2, SGC-
7901, NCI-H460, and BGC-823. Meanwhile, compound
(116) demonstrated the most potent for all cell lines with
1C5 values of 21.6-31.3 pM except for the NCI-H460,
which was shown by compound (117) with an ICs, value
of 31.4 pM. Doxorubicin, which was used as the positive
control gave the cytotoxicity against all cell lines tested at
the ICs, values between 0.02 and 0.18 pM. These results
supported the hypothesis which stated that an appropriate
side chain into a planar polycyclic chromophore strengthens
the biological action.

Moreover, the cytotoxic investigation of 2 seco-oleananes
(142-143) and one seco-lupane (146) was conducted only by
Huang et al. (2017) against osteosarcoma cell lines (SOSP-
9607, MG-63, Saos-2, and M663) through MTT assay.
The results showed that compound (146) exhibited modest
cytotoxic activity with ICs, values of 8.3-9.4 pM, while
others were larger than 20 pM and doxorubicin at range
0.01-0.04 pM for all cell lines tested. The 4 cycloartanes
(261-264) were tested against colon carsinoma, HCT-116,
and DLD-1 cell lines by an MTT assay, where the compound
(263) exhibited moderate cytotoxic activity against both
cells with ICs, values of 9.8 +0.3 uM and 12.0+0.4 pM,
respectively. However, compound (264) merely showed
moderate as anticancer against HCT-116 with ICs, value
of 12.1+0.4 uM, while cisplatin gave the ICs, values of
8.9+1.2 uM and 9.7+ 1.6 uM for each cell tested. In this
study, the mode of compound (261) action was also evalu-
ated on the cell apoptosis by annexin V-PE (phycoerythrin)
staining assay. The results showed that (261) induced apop-
totic in HCT-116 by an increase in the percentage of the
total apoptotic cells from 1.29% (cell control) to 32.07%
at 10 pM, and 55.9% at 20 pM (Yan et al. 2021). It also
reported the cytotoxic activity of the oleananes (144-145)
and the tirucallane (253) against the MCF-7 cell line using
the MTT method. Compound (253) showed the most potent
with the ICs, value of 3.5 uM, while the others were inactive
(Zainuddin et al. 2020). A total of 4 dammaranes (57—-60)
were tested the cytotoxic activity against the HepG2 cell
line through MTS assay and the results showed that all com-
pounds had no significant cytotoxicity up to 10 pM (Khanh
et al. 2021).

Conclusions

The chemical constituents and biological activities of the
Dysoxylum genus were intensively investigated for more
than 40 years. Currently, approximately 279 triterpe-
noid compounds were isolated from 40 species, consist-
ing of dammarane, nortriterpenoid, oleanane, tirucallane,
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cyclolanostane or cycloartane, gabretal, cycloapoeuphane-
type, and degraded limonoids. The dammarane-type consists
of seco-, nor-, abeo-, and various functional groups that are
substituted in its main skeleton. Meanwhile, nortriterpenoids
are trisnor- and tetranor, and, limonoid is the common name
of tetranortriterpenoid. The skeletal of limonoids were dis-
covered in Dysoxylum such as seco- or modified in rings
A or B, and degraded limonoids. The oleanane and lupane
are the pentacyclic triterpenoids that were also in the genus
consisted of nor-, seco- or a combination of both. Cycloar-
tane or cyclolanostane is another name for 9,19-cyclola-
nostane which was widely isolated from the leaves. It has
a seco-cycloartane in the A ring and a modified structure
in the side chain. The other types, namely glabretal and
cycloapoeuphane are triterpenoid-types that have the same
structure and are merely distinct in the configuration of the
methyl (C-21). The glabretal is the most infrequent type of
triterpenoid in dysoxylum, while apoeuphane consists of
apoeuphane-glycoside. The tirucallane-type was the major
compound (37.6%) isolated, which served as a chemical
marker and consists of nor- or seco-tirucallane, tirucallane-
alkaloid, and tirucallane-glycoside.

A literature study from 1976 showed some significant
biological activities of the species. Anti-malarial was rep-
resented by oleananes which showed strong activity, while
antifeedant by limonoids. It was reported that oleanane and
lupane-type exhibited the most potent biological activities
such as antimicrobial, while cyclolanostanes showed strong
activity as anti-inflammatory through LPS in RAW 264.7
cells. The anti-inflammatory was shown by seco-oleanane
against Cox-1 and Cox-2, while dammaranes had an inhibi-
tory effect toward tumor necrosis factor-o (TNF-at). Fur-
thermore, antioxidant was represented by seco-oleanane
and seco-lupane against ABTS*, followed by antiviral and
cortisone reductase activities through tetranortriterpenoids
against the respiratory syncytial virus (RSV) and human
11B-HSD1, respectively. Tirucallanes also had a vasodila-
tive effect and were the most potent anticancer. The com-
pounds of tirucallane-glycoside (267) and (269) showed the
most potent for cytotoxic activity against various human
cancer cells. The cytotoxic activity was recognized as the
most common activity, therefore, it was mostly carried out
on triterpenoid compounds from the Dysoxylum genus.
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