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ABSTRACT

The Cratoxylum genus belongs to the Guttiferae/Hypericaceae family and includes 6 accepted species, this genus is
distributed in Southeast Asia. Plants belonging to this genus are being used in the traditional medicine system in
Asia countries such as China, Indonesia, Malaysia, Thailand, and Vietnam. This article reviewed the scientific work
about the Cratoxylum genus regarding their traditional uses, phytochemical compounds, and pharmacological
activities. The information was systematically combined from the scientific literature database including Scopus,
PubMed, Google Scholar, and online Science Direct. The literature survey exposed various traditional uses of
Cratoxylum species, such as in remedy the stomach ache, fever, cough, itch, ulcers, diarrhea, abdominal complaints,
internal bleeding, and food poisoning. Phytochemical compounds from Cratoxylum species have been presented
including flavonoid xanthone, benzophenone, terpenoid, quinone, sterol and other phenolic compounds. The extract
of Cratoxylum species has a wide range of pharmacological activities such as cytotoxic, antiplasmodial,
antibacterial, antioxidant, antiulcer, inhibitor a-glucosidase and anti-inflammatory. Cratoxylum spp. are widely used
in traditional medicines and have many pharmacological activities. However, some species of Cratoxylum genus
need further research regarding its mechanism-based pharmacological activities and chemical constituents.
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INTRODUCTION

Cratoxylum genus is found mainly in Southeast Asia', belongs to the Guttiferae family, but sometimes
categorized under the Hypericaceace family.> It is a small genus that consists of six species.”* The Plant
List (http/www.theplantlist.org/, retrieved on March 17, 2019) currently found 46 plant names in the
Cratoxylum genus, among which 6 are accepted name, 4 subspecies and 36 synonyms.

The name of Cratoxylum is derived from Greek Kratos means strong and Xylon means woods referring to
the timber.” Cratoxylum species has strong and durable wood and the stem barks normally exuded orange,
yellow or reddish resinous sap which turns black when dried.® Cratoxylum wood is applied for
construction of houses and farm huts, flooring, interior works, veneers, plywood, and light to
construction.” Cratoxylum species are being used in traditional medicine in some countries in Asia, such
as Indonesia, China, Vietnam, Malaysia, and Thailand. Although being used in traditional medicine, only
several species of Cratoxylum genus are evaluated for active compound and pharmacological activities.
This review systematically investigated the usage of Cratoxylum species in traditional medicine and
analyzed on chemical constituents and pharmacology activities information.

Traditional Uses
Several of Cratoxylum species have been applied in traditional medicine as a tonic and diuretic effect, for
treatment fevers, diarrhea, itch, ulcer, coughs, stomach ache, food poisoning and internal bleeding.g"10 The
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fresh young leaves of Cratoxylum formosum ssp. formosum is commonly consumed as a vegetable and
ingredient in soup.'' The young leaves of Cratoxylum formosum and Cratoxylum cochinchinense are used
as a tea.'> The young stem of Cratoxylum glaucum is used to decrease blood pressure and as ingredient in
culinary. Meanwhile Cratoxylum maingayi is applied as antimalarial.”? Cratoxylum sumatranum is found
in west Sumatera of Indonesia, which used to treat toothache, dysentery and cold. The usage of
Cratoxylum species in traditional medicine it can be seen in Table-1.

Table-1: Traditional Uses of Cratoxylum genus

Cratoxylum Species Plant Part Traditional uses Ref.
Cratoxylum arborescens (Vahl) | Leaves Leaves to treat gastric ulcer 14
Blume
Cratoxylum cochinchinense Bark, roots, and | Decoction of plants to remedy diarrhea,

(Lour.) Blume leaves itches, ulcer abdominal complaints, fever, 12, 15, 16
coughs
Roots and stem Decoction of roots and stem as a diuretic 17
Cratoxylum formosum (Jack) Leaves Leaves for wound healing 18
Dyer Flower Consuming the flower to cure coughs 18
Leaves Fresh leaves for treatment of food 19, 20, 21
poisoning, internal bleeding, diarrhea, and
liver cirrhosis

Phytochemical Compounds

Many secondary metabolites have been isolated from some species of the Cratoxylum genus, such as
xanthone, anthraquinone, triterpenoid, steroid, flavonoid, phenolic acid, vismione, benzophenone, and
tocotrienol.

Xanthone was discovered all Cratoxylum genus,' mangostin from the stem bark of C. arborescens;
bark,'>* stem bark,'® ste:111/twig,17'26'28 roots,”? fruits,*® resin,’! root bark ** of C. cochinchinense; root
of C. formosum;® stem bark of C. glaucum.***

Vismiaquinone was found from the stem bark of C. arborescens; stem,”® and fruits of C.
cochinchinense:;” bark,® and leaves of C. formosum;36 stem bark of C. glaucum.zz‘33 Some Cratoxylum
genus were reported to contain flavonoid; astilbin and isoastilbin isolated from leaves and twigs of C.
arborescens;37 tectochrystin from stem,” and mangiferin from stem bark of C.cochinchinense;38 astilbin
from root of C. formosum,” and leaves were isolated naringenin and 2,3-trans-dihydro-kaempferol which
have Nitric Oxide (NO) inhibitory activity.*

Reutrakul et al. reported 3,4-dihydroxy-benzoic acid have been found from twigs and leaves of C.
arborescens.”” Fresh leaves extract of C. Sformosum have antioxidant activity with ECsy 8.96 pg/ml, and
have been isolated chlorogenic acid as main component with ECsy 6.26 pg/ml, dicaffeoylquinic acid and
ferulic acid derivatives.*” Ethanol twig extract contained total phenolic content 5.36 mg GAE/g dry
weight of extract with cytotoxic activity to hepatocellular carcinoma (HCC) cell lines (HepG2) with ICs,
62.45 pug/ml, melphalan as standard with ICsy 41.6 pg/ml.*'

14,22-24

22,34

Pharmacological Activities
Pharmacological activities in vitro and in vivo models have been performed in few Cratoxylum species.
Some of the researches are shown in the explanation below:

Cytotoxic Activity

Some crude extract and many compounds from Cratoxylum plants have been evaluated for in vitro
cytotoxicity. Twigs and green fruits extract of Cratoxylum formosum ssp. pruniflorum induced
apoptosis.*' ™ Compounds from Cratoxylum species showed inhibitory activity (ICs, 0.32 pg/ml) against
at least one tumor cell line (Table-2).

Antidiabetic Activity
Gamma-mangostin from ethanol root bark extract Cratoxylum cochinchinense has been reported to give
the most active inhibitory a-glucosidase and PTP 1B Protein tyrosine phosphatase (PTPs) with ICsy 4.8
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UM and 2.4 uM, respectively. Both enzymes are the promising target enzyme to cure obesity and diabetes
mellitus. ™
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Fig-1: Structure of Chemical Compounds Isolated From the Genus Cratoxylum

Antimalaria Activity

Cratoxylum cochinchinense was evaluated for antimalaria activity, Cochinchinone C from root hexane
extract most potent antimalaria activity against Plasmodium falciparum with 1Cs, 2.6 ug/ml,* and
vismione B from hexane fruits extract showed the most potent antimalaria activity with ICs, 0.66 pg/ml."
Formoxanthone C from stem bark ethanol Cratoxylum maingayi demonstrated the most active against

Plasmodium falciparum with ICs, 1.19 pg/ml."

Antimicrobial Activity

Yahayu et al. investigated the antimicrobial activity of a-mangostin from the chloroform extract of
Cratoxylum arborescens stem bark. Alfa-mangostin showed a broad-spectrum antimicrobial activity and
had significant activity against B. subtilis, B.cereus, S.typhimurium, S.aureus.”

Isocudraniaxanthone B from dichloromethane fruit extract of Cratoxylum cochinchinense showed the
most active as an antimicrobial against S.aureus and MRSA SK1.*  Alfa-mangostin and
macluraxanthone from dichloromethane resin extract exhibited strong activity against C. albicans.
Cochinchinone A and Cochinchinone L had strong activity against P. aeruginosa. The mechanism behind
the potent antimicrobial action, Cochinchinone may interact with damage the cell wall of P.aeruginosa as
shown by forming pores on the cell wall of P.aeruginosa.'

Thirty-one compounds xanthone and anthraquinone group have been found from roots and bark
Cratoxylum formosum ssp. pruniflorum. Some compounds gave antibacterial activity against B. subtilis,
S. aureus, S. faecalis, S.typhi, S. sanei, P. aeruginosa.8’47

Kuvatanasuchat et al. evaluated the methanol extract of Cratoxylum formosum ssp. pruniflorum stem
bark, for antibacterial activity using the agar diffusion method. The extract showed antibacterial activity
against Prevotella intermedia, Aggregatibactor actinomycetemcomitans, Porphyromonas gingivalis,

Fusobacterium nucleatum.
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Anti-HIV-1 Activity

Ten compounds have been gotten from twigs and leaves of Cratoxylum arborescens displayed anti-HIV-1
activities. One compound (3f-hydroxyl-20(29)-en-30-oic acid) had highest activity to inhibit HIV-1
reverse transcriptase with an ICs, value of 8.7 pg/ml.”’

Antiulcer Activity

Alfa-mangostin from hexane stem bark extract of Cratoxylum arborescens showed antiulcer activity in rat
model ulcers. The previous study indicated potent anti-H. pylori, antioxidant activity, activate Hsp70
protein, may correlate with the gastroprotective activity of a-mangostin."*

Antioxidant Activity

Extract of stem bark of Cratoxylum arborescens showed 2,2-diphenyl-1-picrylhydrazyl (DPPH)
scavenging activities and ethyl acetate extract showed more potent as antioxidant,”* and FRAP
method."*

Dulcisxanthone B from dichloromethane stem extract,'” and cochinxanthone D from hexane stem extract
of Cratoxylum cochinchinense showed the highest lipid peroxidation inhibition and DPPH scavenging
activities.” Mahabusarakam et al. reported that dichloromethane root extract of Cratoxylum
cochinchinense exhibited DPPH radical scavenging activities,” and root contained mangiferin with
antioxidant activities.*®

Extract of leaves, stem and stem bark of Cratoxylum formosum ssp. pruniflorum,
Cratoxylum glaucum showed antioxidant activities.”

405153 and stem bark of

Table-2: Cytotoxic Activity of Crude Extract and Isolated Compound from Cratoxylum Species

Tumor cell line

Cratoxylum species Part Extract Extract/Compound (ICs0 pg/ml) Ref.
used
Cratoxylum Stem CHCl, 1,3-dihydroxy-6,7- NCI-H187 (3.69) 54
arborescens (Vahl) | bark dimethoxy-2,8-
Blume diprenylxanthone
2-geranylemodin NCI-H187 (3.08)
Standard (Ellipticine) NCI-H187 (0.35)
Stem Gradient: Hexane MCF7 (>30) 23
bark Hexane, CHCl, MCF7 (>30)
CHCl;, MeOH | MeOH MCF7 (>30)
a-mangostin MCF7 (12.48)
B-mangostin MCF7 (28.42)
Standard (Doxorubicin) | MCF7 (0.2)
Stem Hexane B-Mangostin HepG2 (43.5), A549 24
bark (18.1),

MCF-7 (11.2), MDA-MB-
231 (14.5), PC3 (46.0)

Cratoxylum Roots Hexane Celebixanthone NCI-H187 (5.2) 29
cochinchinense Cochinchinone A NCL-H187 (0.65)
(Lour.) Blume -mangostin NCI-H187 (2.4)
B -mangostin NCI-H187 (1.7)
Cochinchinone C NCI-H187 (2.3)
Standard (Ellipticine) NCI-H187 (0.35)
Roots CH,Cl,, MeOH | Cochinchinone E MCF-7; HeLa; HT-29; KB | 46
(>25)

Isocudraniaxanthone B MCF-7 (3.54), Hela
(3.3), HT-29 (3.42), KB
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Tumor cell line

Cratoxylum species Part Extract Extract/Compound (ICs0 pg/ml) Ref.
used

(>3)

Trihydroxyxanthone MCF-7; HeLa; HT-29; KB
(>25)

Cudratricusxanthone E MCF-7 (3.45), Hela
(1.1), HT-29 (3.34), KB
>5

Fruits Cochinchinone G MCF-7; HeLa; HT-29; KB

(>25)
7-geranyloxy-1,3- MCF-7 (0.32), HeLa
dihydroxyxanthone (0.4), HT-29 (0.4), KB

(0.45)

Twigs 6,12-dihydroxy-8- MCEF-7; HeLa; HT-29; KB
methoxy-7-(3- (>25)
methyl-2-butenyl)-2,2
Cochinchinone A MCF-7; HeLa; HT-29; KB

(>3)

Standard 0.2
(Celebixanthone)
Standard 0.2-2
(Camptothecin)

Fruits Hexane- 7-geranyloxy-1,3- NCI-H187 (10.89) 13

EtOAC dihydroxyxanthone

Cochinchinone G NCI-H187 (12.26)
Fuscaxanthone E NCI-H187 (20.61)
Vismione B NCI-H187 (6.62)
Vismione F NCI-H187 (6.62)
Standard (Ellipticine) NCI-H187 (0.45)

Stem MeOH Chinchinoxanthone HT-29 (5.8 uM) 26
Cochinensoxanthone HT-29 (>10 uM)
a-mangostin HT-29 (4.1 uM)
y-mangostin HT-29 (4.0 uyM)
1,3,7-trihydroxy-2.,4- HT-29 (>10 uM)
diisoprenylxanthone
Cochinchinone A HT-29 (>10 uM)
3-0-acetyl-a-mangostin | HT-29 (8.8 uM)
3,6-di-O-acetyl-o- HT-29 (1.0 uM)
mangostin
3,6,7-tri-O-acetyl-a- HT-29 (6.0 uM)
mangostin
4-Methyl-3,6-di-O- HT-29 (>10 uM)
methyl-a-mangostin
3,6-di-O-methyl-a- HT-29 (>10 uM)
mangostin
6-0-benzoyl-a- HT-29 (1.9 uM)
mangostin
18-O-formyl-3- HT-29 (4.4 uM)
isomangostin hydrate
3-isomangostin hydrate | HT-29 (4.4 uM)

Standard (Paclitaxel) HT-29 (0.10 nm)
Stem CH,Cl, B-mangostin A431 (10.33), SKBR-3 28

(12.24)

Cochinchinone C

A431 (2.01), SKBR-3
(1.54)
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Tumor cell line

Cratoxylum species Part Extract Extract/Compound (ICs0 pg/ml) Ref.
used
Isocudraniaxanthone B A431 (10.56), SKBR-3
Celebixanthone A431 (3.26), SKBR-3
Cochinchinoxanthone A431 (1.78), SKBR-3
1,3,7-trihydroxy-2-(3- A431 (4.41), SKBR-3
methyl-2- butenyl)-4-
(3,7-dimethyl-2,6-
octadienyl) xanthone
Standard (Etoposide) A431 (22.14), SKBR-3
Standard (Doxorubicin) | SKBR-3 (1.32)
Fruits- MeOH Vismiaquinone A BT-474 (>10), ChaGo-K1 35
Leaves (>10), HepG2 (>10),
KATO-3 (9.52), SW-620
7-geranyloxy-1,3- BT-474 (>10), ChaGo-K1
dihydroxyxanthone (6.57), HepG2 (6,92),
KATO-3 (9.37), SW-620
Cochinchinone G BT-474 5.25), ChaGo-K1
(5.44), HepG2 (5.74),
KATO-3 (5.32), SW-620
Fuscaxanthone E BT-474 (7.09), ChaGo-K1
(>10), HepG2 (>10),
KATO-3 (>10), SW-620
y-tocotrienol BT-474 (>10), ChaGo-K1
(>10), HepG2 (>10),
KATO-3 (>10), SW-620
4-tocotrienol BT-474 (>10), ChaGo-K1
(>10), HepG2 (>10),
KATO-3 (>10), SW-620
a-tocopherol BT-474 (>10), ChaGo-K1
(>10), HepG2 (>10),
KATO-3 (>10), SW-620
Standard (Doxorubicin) | BT-474 (0.63), ChaGo-K1
(0.68), HepG2 (0.09),
KATO-3 (0.92), SW-620
Cratoxylum formosum | Roots CH,Cl, B-mangostin MCEF-7 (3.6), HeLa (4.9), 8
SSp. pruniforum HT-29 (4.8), KB (4.6)
(Kurz) Gog a-mangostin MCEF-7 (3.7), HeLa (3.2),

HT-29 (4.5), KB (3.2)

Xanthone V1

MCF-7 (>25.0), HeLa

HT-29 (6.0), KB (2.7)

Gerontoxanthone I

MCF-7 (0.6), HeLa (0.7),
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Tumor cell line
Cratoxylum species Part Extract Extract/Compound (ICs0 pg/ml) Ref.
used
HT-29 (0.7), KB (0.6)
3,4-dihydrojacareubin MCEF-7 (>0.5.), HeLa
(3.4),
HT-29 (>5.0), KB (>5.0)
Standard 0.2-2.0
(Camptothecin)
Roots Hexane Formoxanthone C MCEF-7 (4.9), HeLa (3.7), 47
KB (5.3), HT-29 (3.3)
Xanthone V1 MCEF-7 (>25.0), HeLa
4.7),
KB (6.0), HT-29 (2.7)
Gerontoxanthone I MCEF-7 (12.9), HeLa (5.0),
KB (>25.0), HT-29 (4.7)
Standard 0.2-2.0
(Camptothecin)
Twig EtOH 50% EtOH U977 (82.7) 42
Standard (Melphalan) U977 (15.0)
Twig EtOH 50% Extract HepG2 (55.9) 41
Standard (Melphalan) HepG2 (37.7)
Stem- Gradient: Hexane HeLa (>400), SiHa 55
leaves Hexane,EtOAc, (>400),
MeOH, Water C-33A (>400)
EtOAc HeLa (143.18), SiHa
(106.45)
C-33A (>400)
MeOH HeLa (208.32), SiHa
(338.06)
C-33A (107.74)
Water HeLa (>400), SiHa
(>400),
C-33A (130.95)
Standard (Gallic acid) HeLa (131.57), SiHa
(42.69),
C-33A (250.27)
Standard (Quercetin) HeLa (49.25), SiHa
(87.62)
C-33A 46.25)
Stem- Gradient: Hexane ORL-48 (>400), ORL-136 53
leaves Hexane,EtOAc, (>400)
MeOH EtOAc ORL-48 (290.27), ORL-
136 (167.43)
MeOH ORL-48 (209.20), ORL-
136 (44.82)
Cratoxylum maingayi | Stem Gradient: Gerontoxanthone I NCI-H187 (6.63) 29
Dyer bark Hexane,EtOAc
CONCLUSION

Based on the literature review was reported pharmacological activities, traditional uses, and chemical
compounds of the Cratoxylum genus. A literature survey denoted that most of the species are used as a
traditional medicine in Asia countries such as Indonesia, Vietnam, China Thailand, and Malaysia.
Regarding evidence-based pharmacological activities, most of the carried out studies were limited to the
in-vitro screening of biological activities and few animal model-based studies. Moreover, many
researches were performed by guidance activity isolation of active compounds.
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