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Xanthorrhizol (XTZ), 2-methyl-5-[(2R)-6-methylhept-5-en-2-yl]phenol is a bioactive compound predominantly
isolated from the rhizomes of Curcuma xanthorrhiza. Traditionally, C. xanthorrhiza, which is named temulawak
in Indonesia, has been widely used as a remedy for different ailments, such as infection, jaundice, stomachache,
bloody stools, fatigue, rheumatism, and lack of appetite. /n vitro and in vivo reports have demonstrated diverse
biological activities of XTZ, such as antimicrobial, antidiabetic, and anti-hyperlipidemic activities. XTZ has also
been reported for protective effects on different organs, such as hepato-, neuro-, nephro-, and skin protection. These
activities might be explained by its antioxidant activity and its ability to modulate the expression and activity of key
modulators of inflammation such as proinflammatory cytokines [interleukin (IL)-1p, IL-6, tumor necrosis factor-a,
matrix metalloproteinases, mediators (cyclooxygenase-2 and inducible nitric oxide synthase), transcription factors
(nuclear factor-kappax, and nuclear factor of activated T-cells c1)], as well as regulating different signaling pathways
involved in inflammation. In this review, we focus on the current information on the biological effects of XTZ and
provide insight into its mechanisms of action. This review would support the potential development of XTZ. Many
traditional claims of C. xanthorrhiza necessitate scientific validations, such as its use as an energy booster. Future
studies may be directed on this area to broaden future development for the compound.

INTRODUCTION

rheumatism, and lack of appetite [ 1]. Therefore, they have become

Curcuma xanthorrhiza Roxb (Family Zingiberaceae)
is a rhizomatous plant originates from Indonesia. Locally known
as “temulawak,” C. xanthorrhiza is cultivated in all major islands
in Indonesia and throughout Southeast Asia regions, including
Malaysia, the Philipines, Vietnam, and Sri Lanka. Traditionally,
rhizomes are widely recognized for the treatment of various health
conditions, such as liver and digestive problems, infection, fatigue,
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an important part of jamu formulation since ancient times [2].

Various bioactive compounds have been identified in the
rhizomes of C. xanthorrhiza,such as terpenoids, curcuminoids, and
phenolics [3]. Of these, xanthorrhizol (XTZ) is most abundantly
isolated, especially from the rhizome oil of C. xanthorrhiza [4].
XTZ (chemical name: 2-methyl-5-[(2R)-6-methylhept-5-en-2-yl]
phenol) is a phenolic bisabolane sesquiterpenoid and appears as a
colorless oil with an aromatic ring and a side chain with isoprene
and hydroxyl groups (Fig. 1). XTZ was also identified in the
rhizomes of other Curcuma species, such as C. aromatica [5], C.
longa [6], C. aeruginosa [7], and C. angustifolia [8].

Different in vitro and in vivo studies have shown
that XTZ possesses diverse pharmacological activities such as
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Figure 1. XTZ and its health benefits.

antioxidant, anti-inflammatory, antimicrobial, anticancer, and
protective activities on important organs (Fig. 1). This review
provides essential information focusing on the bioactivities of
XTZ that are particularly isolated from C. xanthorrhiza. Its
cellular and molecular mechanisms underlying these effects are
studied. However, the present study did not discuss the anticancer
activities of XTZ, which have already been discussed in our
previous paper [9]. Based on the findings of this literature study,
future opportunities for investigation on XTZ are discussed.

METHODS

The literature review aimed to provide an overview
of the different pharmacological activities of XTZ obtained
from C. xanthorrhiza. A search strategy was designed to obtain
relevant publications, primarily searched using PubMed and
ScienceDirect databases from inception through December 2021.
The keywords used were “bioactivities AND xanthorrhizol,”
“bioactivities AND Curcuma xanthorrhiza,” “antibacterial AND
xanthorrhizol,” “antibacterial AND Curcuma xanthorrhiza,”
“antidiabetic AND xanthorrhizol,” “antidiabetic AND Curcuma
xanthorrhiza,” antioxidant AND xanthorrhizol,” “antioxidant
AND  Curcuma  xanthorrhiza,”  “inflammatory ~ AND
xanthorrhizol,” “inflammatory AND Curcuma xanthorrhiza,”
“Toxicity AND xanthorrhizol,” “toxicity AND Curcuma
xanthorrhiza.” The search results were then screened by the
following criteria. Only original articles published in English
were included in the study. Cancer studies related to XTZ and
C. xanthorriza were excluded, as this topic has been covered in
the previous review by our group. According to this criteria, 63
publications were explored for extraction.

Antioxidant and anti-inflammatory activity of XTZ

It is well known that reactive oxygen species (ROS)
are the main cause of oxidative damage. Under normal
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Figure 2. Article screening applied for the literature search of the health benefits
of XTZ and C. xanthorrhiza (CX).

metabolic pathways, the body generates ROS through the
cellular oxidation process. A low level of ROS serves a key
role as redox signaling molecules to induce cell biological
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processes. However, high ROS generation, such as from external
exposure to environmental pollutants, can cause damaging
modifications of different biomolecules (lipid, protein, and
DNA). In addition, indirectly, ROS can activate inflammatory
pathways. Transcription factor nuclear factor-kappa (NFkB)
is known to be redox-sensitive and can be activated to induce
gene expression of inflammatory proteins [10]. Persistent
oxidative stress may amplify inflammation, leading to chronic
inflammatory conditions. This condition has been associated
with the progression of various degenerative diseases, such as
cancer, metabolic diseases, and neurodegenerative diseases. To
date, various studies have described the antioxidant and anti-
inflammatory activities of XTZ and C. xanthorrhiza and the
molecular mechanisms of these effects.

Antioxidant activity of XTZ

Different methods were used to evaluate the antioxidant
activity of C. xanthorrhiza and XTZ. In general, results showed
that XTZ has stronger antioxidant activity than the rhizomes
extracted with different solvents [11]. Further, the antioxidant
activity of the rhizomes depends on the solvents used for the
extraction, indicating that different compounds in the rhizomes
contribute to the activity [12]. Awin ef al. [13] found that the
total phenolic content, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
and NO radical scavenging activities of C. xanthorrhiza are
influenced by the preparation of the rhizomes and the extractants.
The freeze-dried rhizomes had the strongest inhibition and
highest concentration of phenolics compared with oven-dried
and air-dried rhizomes [13]. Ethanol was better in extracting
antioxidant compounds from C. xanthorrhiza compared to
aqueous ethanol (IC_; of 26.8 and 82.0 pg/ml, respectively, in
the DPPH assay) [13]. In another study, Jantan et al. [14] found
that methanol extract of C. xanthorrhiza inhibited peroxidation
of human LDL more strongly (IC, of 0.78 pg/ml), compared to
that of essential oil (IC,  of 2.2 pg/ml).

Other plant parts of C. xanthorrhiza also show good
antioxidant activity. In studies using the flower bract, methanol,
and ethyl acetate extracts showed good DPPH scavenging
activity (IC,; 6.60 and 12.68 pg/ml, respectively); however, weak
inhibitions were observed for hexane and the essential oil (both
of >200 pg/ml) [15]. XTZ separated from methanol extract also
showed good DPPH scavenging activity (IC,, > 16 pg/ml) [15].

Curcuma xanthorrhiza oil supplementation could
be beneficial in increasing the activity and production of
endogenous antioxidant enzymes in poultry. In heat challenge
poultry, a diet with C. xanthorrhiza supplementation was able
to increase the activities and the mRNA levels of superoxide
dismutase (SOD) and catalase (CAT) in the heart, liver, and
kidney and reduced the mRNA level of heat shock protein [11].

XTZ, as the biomarker of C. xanthorrhiza, has also been
studied for its antioxidant activity against lipid peroxidation.
XTZ was found to have comparable antioxidant activity to
probucol against the oxidation of human LDL, with IC, 0.4 and
0.30 pg/ml, respectively [14]. XTZ at 10 uM was also found to
entirely inhibit the H,O,-induced lipid peroxidation of the rat
brain homogenate [16].

XTZ showed a neuroprotective effect against
glutamate-induced oxidative stress in murine hippocampal

HT22 cell lines. At concentrations 1 and 10 pM, treatment
with XTZ suppressed ROS generation in HT22 cells dose-
dependently.

In a study using human neuroblastoma SK-N-SH
cells, XTZ exhibited radical scavenging activity against
4-hydroxynonenal (HNE), a lipid peroxidation product. The
increased level of HNE was associated with the aggregation
of amyloid B (AP) peptides in Alzheimer’s disease. XTZ
treatment in SK-N-SH cells decreased the modification and
inactivation of neprilysin [17], an important protease in the
degradation of Ap.

Generally, it was accepted that phenolic antioxidants,
including XTZ, exert their radical scavenging activity by single
electron transfer, followed by proton transfer of the hydroxylic
group to produce phenolic radical cation. The side chain in the
XTZ structure may participate in stabilizing phenolic radical
cation, thus contributing to the scavenging activity. However,
Lim et al. [16] confirmed that the hydroxyl group of XTZ is key
to the scavenging activity. It was found that acetylation of the
—OH group resulted in the loss of antioxidant activity of XTZ
[16]. Ichikawa et al. [18] reported that the position of the —OH
group was essential to the antioxidant activity. Curcuphenol,
an isomer of XTZ, showed stronger DPPH radical scavenging
activity than XTZ since the OH group of curcuphenol is closer
to the side chain [18].

Anti-inflammatory activity of XTZ

Inflammation is a protective body response against
microbial invasion and injury in its cells and tissues. Controlled
inflammation response is important in the clearance of
inflammatory stimuli, thus restoring normal physiological
functions. Failure to control inflammation leads to chronic
inflammation conditions, autoimmune response, and excessive
tissue damage [19].

XTZ and C. xanthorrhiza have demonstrated anti-
inflammatory activities by in vitro and in vivo models using
different cells, as shown in Table 1. They inhibit inflammation
by suppressing the production of cytokines, proinflammatory
enzyme mediators cyclooxygenase-2 (COX-2) and inducible
nitric oxide synthase (iNOS), and transcription factors. Studies
also reported their action in downregulating signaling pathways
involved in inflammation, as summarized in Figure 3.

Cytokines are signaling proteins secreted in the
host cells in response to inflammation. Suppression of
proinflammatory cytokines is key in regulating inflammation
[20]. XTZ and C. xanthorrhiza exert their anti-inflammatory
activity by suppressing the production of proinflammatory
cytokines interleukin (IL)-1p, IL-6, and tumor necrosis factor-a
(TNF-a)) in in vitro and in vivo models [21-23]. XTZ also
suppressed the mRNA expression of matrix metalloproteinase
(MMP)-2 and MMP-8, which are an important class of
cytokines [21].

Several studies also reported the ability of XTZ to
suppress the protein expression of COX-2 and iNOS in cell
systems [16,24]. Both enzymes are important inflammatory
mediators These activities were also reported using animal
models of TPA-induced skin inflammation mice [25] and in
dextran sulphate sodium (DSS)-induced colitis mice [22]. XTZ
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Table 1. Regulation of inflammatory mediators by XTZ and C. xanthorrhiza extract.
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Subject Dosage Reported activity/mechanisms References
In vitro (cells) studies
Inhibited COX-2 and iNOS protein expression
in LPS induced-cells. Inhibited the activity of
Mouse RAW 264.7 cells COX-2 (IC,, = 0.2 pg/ml) and iNOS (IC,, = 1 (24]
pg/ml).
Inhibited COX-2 and iNOS protein expression
. . in LPS induced-microglial cells. Suppressed
Microglial cells XTZ25and 10 uM the secretion of IL-6 and TNF-a. Reduced the [16]
production of NO
. XTZ 1,5, 10,20 pg/ml Suppression of IL-13, NFkB p65, MMP-2,
E}‘D‘r“;]‘;i‘ai‘_“lgx?lls MMP-8 by XTZ and CX dose-dependently. [21]
CX*1,5,10,20 ug/ml  yppibition of MAPK pathway.
XTZ 1 and 10 pg/ml Inhibition of the osteoclastic transcription
RAW 264.7 cells factor NFATcl, c-Fos, cathepsin K, and TRAP. [21]
CX 1 and 10 pg/ml Inhibition of MAPK pathway.
In vivo studies
XTZ, 10 or 25 mg/kg/ Inhibition of the production of TNF-a, IL-6,
High-fat diet induce- day, 8 weeks, per oral. IL-1B, and C-reactive protein (CRP) in adipose (23]
obese in C57BL/6 mice CX, 50 and 100 mg/kg/ tissue, liver, and muscle. The effect of XTZ was
day, 8 weeks, per oral. stronger than CX.
LP.S-mdu'ce.:d. CX, 30 and 100 mg/kg/  Suppressed the mRNA expression of NF«B,
periodontitis in Sprague- day, on day 12, per oral MMPs, and IL-1p in gingival tissue (26]
Dawley rats Y Y 5P ’ ging '
Mechanism of bone remodeling in periodontitis
rat model:
Inactivated MAPK/AP-1 pathways by
i suppressing protein expression of p-p38, p-JNK,
LPS-induced CX,30and 100 mgKe/  and p-ERK
periodontitis in Sprague- p : [26]
day, on day 12, per oral
Dawley rats Suppressed mRNA expression of
osteoclastic enzymes TRAP and cathepsin K.
Downregulated NFATc1. Upregulated ALP and
collagen type I alpha.
. . XTZ,0.1,0.3, 1, and 2 Suppression of ornithine decarboxylase, COX-2,
b N
i;‘:;ﬁ;?;:;? (;;Slr:l?ce umol in 0.2 ml vehicle,  and iNOS. Inhibition on NF«B activation dose- [25]
topical administration. dependently. Inhibition on MAPK.
DSS-induced colitis in XTZ, 10 and 100 mg/ Reduction of colitis symptoms. Modulation of (27]
BALB/c mice kg, 7 days, per oral gene encoding MPO.
Reduction of IL-1f, TNF-a, and interferon-y
DSS-induced colitis in Standardized CX, 4 and  gene expression in colon tissue. Reduction
40 mg/kg/day, 7 days, of p-NF«B, p-ikB, COX-2, and serum S100 [22]

BALB/c mice

per oral.

calcium-binding protein a8 protein expression in
colon tissue.

*CX: C. xanthorrhiza

"TPA: 12-O-tetradecanoyl phorbol-13-acetate

was also demonstrated to be a potent inhibitor of COX-2 and
iNOS, with IC, of 0.2 and 1 ug/ml, respectively [24].

XTZ can modulate the arachidonic signaling
pathway. In the activated RAW 264.7 system with accumulated
prostaglandin E2 (Pi2) and NO radicals, treatment with XTZ
was able to attenuate NO radicals [24].

The ability of XTZ and C. xanthorrhiza to
downregulate the NFkB pathway was also reported. XTZ
treatment in periodontitis-induced rats was able to reduce the

mRNA expression of NFkB [26]. In another study using DSS-
induced colitis mice, C. xanthorrhiza was reported to reduce
the protein expression of NFkB, a phosphorylated inhibitor of
nuclear factor kappa B-a (p-ikB), and COX-2, indicating the
downregulation of NFk pathway [22]. The potential of XTZ
and C. xanthorrhiza to treat colitis was also supported by their
activity to downregulate 34 genes encoding myeloperoxidase
(MPO), which is the enzyme participating in neutrophil
infiltration in colitis [27]
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Figure 3. Molecular pathways in inflammation modulated by XTZ.

XTZ and supercritical C. xanthorrhiza extract
regulated the mitogen-activated protein kinase (MAPK)
pathway in lipopolysaccharide (LPS)-treated HGF-1 cells,
as seen by decreased phosphorylation of extracellular signal-
regulated kinase (ERK), c-Jun N-terminal kinases (JNK), and
p38 due to treatment with XTZ and C. xanthorrhiza [26]. It has
been known that MAPK is involved in osteoclastogenesis, which
causes bone resorption [28]. XTZ and C. xanthorrhiza may
have benefits in the bone remodeling process in periodontitis. It
has been known that continuous inflammation in periodontitis
causes osteoclastogenesis, which leads to bone resorption. XTZ
and C. xanthorrhiza inhibited the protein expression of the
osteoclastic enzymes tartrate-resistant acid phosphatase (TRAP)
and cathepsin K, which are involved in osteoclastogenesis, and
downregulated the osteoclastic transcription factor nuclear
factor of activated T-cells ¢1 (NFATc1) [26].

XTZ as an antimicrobial agent

Traditionally, C. xanthorrhiza has been used to treat
gastrointestinal problems [29], which could be due to microbial
infection. Studies have been conducted to investigate the
antimicrobial activities of C. xanthorrhiza and XTZ against
Gram-positive bacteria [30,31], Gram-negative bacteria [31],
and fungi [32], as shown in Tables 2 and 3. Different methods
were employed to evaluate the activities, such as susceptibility
tests, adherence and biofilm formation test, viability test, and
docking study.

In general, XTZ exhibited broad-spectrum
antimicrobial activity compared to C. xanthorrhiza extracts.
In particular, XTZ showed potent inhibition activity against

Gram-positive bacteria; however, weak activities were
observed against Gram-negative bacteria (Table 1). The
different effects of XTZ on Gram-positive and Gram-
negative bacteria could be due to the cell wall composition.
The outer membrane peptidoglycan layers of the Gram-
positive bacteria are considered more hydrophobic than the
phospholipid structure of the Gram-negative bacteria [41,42];
therefore, they are likely more susceptible to plant-based
phenolic compounds, including XTZ. XTZ has also shown
antifungal activity (Tables 1 and 2), which may be ascribed
to the hydrophobic nature of the fungi cell wall [43], which is
likely more permeable to XTZ. By targeting cell walls, XTZ
may disrupt the integrity of the microbial cell wall leading to
membrane lysis [44].

Notably, different Streptococcus species implicated
in dental caries are particularly susceptible to XTZ. High
inhibition activity was observed against A. viscosus and P.
gingivalis, which are responsible for periodontitis. There
were reports on the antibiofilm adherence and formation of
periodontal microbes, including S. mutans and C. albicans
[45].

Synergistic  effects were observed for the
combination of XTZ with other compounds. A study by Kim
et al. [33] reported that a combination of XTZ and food-
grade materials, such as polymyxin B nonapeptide, resulted
in higher susceptibility against E. coli, S. enterica serovar
Typhimurium, and V. cholerae. These bacteria are associated
with food-borne bacterial infections.

A combination of XTZ and synthetic drugs can
potentiate the antifungal activity of the drugs. The synergistic
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Table 2. Antimicrobial activities of xantorrhizol (MIC and MBC).

Tested strains MIC (pg/ml) MBC (ng/ml) References

Gram-positive bacteria

Actinomyces viscosus 16 16 [30]
Bacillus cereus 8 16 [31]
Chlorhexidine* 1 2 [30]
Clostridium perfringens 16 32 [31]
Listeria monocytogenes 8 16 [31]
Porphyromonas gingivalis 32 32 [30]
Staphylococcus aureus 8 16 [31]
Streptococcus mutans 2 4 [30]
Streptococcus salivarius 4 8 [30]
Streptococcus sanguis 2 8 [30]
Streptococcus sobrinus 2 4 [30]
Gram-negative bacteria
Campylobacter jejuni >500 >500 [31]
Escherichia coli >128 - [33]
Escherichia coli 0157:H7 >500 >500 [31]
Salmonella typhi >128 - [33]
Salmonella typhimurium >128 - [33]
Salmonella typhimurium 16 16 [31]
Shigella sonnei >500 >500 [31]
Vibrio cholerae >128 - [33]
Vibrio parahaemolyticus 8 16 [31]
Yersinia enterocolitica >500 >500 [31]
Fungi
Candida albicans 4 - [34]
Candida glabrata 8> - [34]
Candida guilliermondii 4b - [34]
Candida krusei 4> - [34]
Candida parapsilosis 16° - [34]
Candida tropicalis 20 - [35]
Malassezia furfur 1.25 5 [36]
Malassezia pachydermatis 0.25 2.5 [36]
Amphotericin B 1 - [34]
Ketoconazole 1 - [34]

The minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of chlorhexidine (positive control) shown in the table
were the strongest values against the selected bacteria.

"MIC and MBC of ketoconazole and amphotericin B against the tested fungus
were 0.5 and 1 pg/ml, respectively.

effect was reported for combinations of XTZ and ketoconazole
or amphotericin B [34]. Combinations of XTZ (1/2 MIC) and
ketoconazole (1/2 MIC) or XTZ (1/2 MIC) and amphotericin B
(1/2 MIC) reduced the number of viable cells by more than 3
log units for all Candida species [34]. Recently, a combination
of XTZ and experimental fluoride varnish (EFV) was evidenced
to enhance XTZ inhibition activity against S. mutans [46]. XTZ
(1 or 10 uM) and EFV (1:1) gave a more effective inhibition
than EFV only.

The antibacterial activity of XTZ can be attributed to
its anti-inflammatory effect. It was reported that inflammatory
factors such as NF-kB p65 and IL-1p were overexpressed
in LPS-treated human gingival fibroblast-1 cells. However,
treatment with XTZ significantly downregulated the expression

of NF-kB p65 and IL-1p, suggesting XTZ’s ability to inhibit
MAPK/AP-1 signaling pathway [21]. Further, a docking
study showed the mechanism of inhibition of XTZ against E.
coli. XTZ targeted the Fabl enzyme, which is an enoyl-ACP
reductase. Fabl is responsible for the catalyzes the last step in
the biosynthesis of fatty acids. Binding of XTZ to Fabl:NAD*
inactivated the enzyme in a different manner from triclosan
[47].

Ample studies have reported the antimicrobial activity
of XTZ and C. xanthorrhiza, thus supporting its traditional
claim for the treatment of microbial infection-related diseases.
However, bioavailability studies are required to potentially
utilize XTZ as alternative antibiotics.

XTZ as a hepatoprotective agent

Traditionally, C. xanthorrhiza has been used to
cure liver complaints such as hepatitis and jaundice. The
hepatoprotective effect of C. xanthorrhiza has been studied
using different hepatotoxic rats or mice models induced by
CCl4 [48], ethanol [49], aspartame [50], and paracetamol [51].
Consumption of C. xanthorrhiza before liver injury improved
biochemical parameters of the liver, including the decreased
level of serum liver enzymes [alanine transaminase (ALT),
aspartate transaminase (AST), alkaline phosphatase (ALP),
serum glutamic oxaloacetic transaminase (SGOT), and serum
glutamic pyruvic transaminase (SGPT)], which contribute to
the hepatoprotective activity of C. xanthorrhiza. In addition,
administration of C. xanthorrhiza increased liver antioxidant
enzymes (SOD, CAT, gluthatione peroxidase (GPx), decreased
lipid peroxidation as seen by lowered MDA level, and improved
recovery of hepatic tissue.

The hepatoprotective activity of XTZ isolated
from C. xanthorrhiza was reported by Kim et al. [52]
using cisplatin-induced hepatotoxicity. Cisplatin is an
anticancer drug that, upon high-dose administration, caused
hepatotoxicity. Pretreatment with XTZ (200 mg/g BW, p.o.)
for four days before cisplatin induction (45 mg/kg BW, i.p.)
decreased serum SGOT, SGPT, and y-GT levels compared
to the control group. It was noted that curcumin at the same
concentration (200 mg/g BW) led to less effect than that of
XTZ, even at half the concentration (100 mg/g BW). The
hepatoprotective effect of XTZ is attributed to its ability
to regulate gene transcription involved in hepatotoxicity.
Some hepatotoxins are known to increase the activation of
NF-«B and activator protein-1 (AP-1), which involve in the
transcriptions of inflammatory genes in hepatotoxicity [53].
Cisplatin induction increased the DNA-binding activity in
NF-kB and AP-1; however, this effect was modulated by
XTZ. Pretreatment with XTZ suppressed the DNA-binding
activity in NF-kB, subsequently suppressing the mRNA
expression of NF-kB-related genes, COX-2 and iNOS [52].
This study identified that cisplatin induction increased the
expression of S100 calcium-binding protein A9 (S100A9)
mRNA and antigenic determinant for rec-A protein mRNA.
In addition, cisplatin decreased the level of expression of
caseinolytic protease X (ClpX) mRNA and ceruloplasmin
(CP) mRNA. However, pretreatment with XTZ reversed the
alteration in these gene expressions [52].
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Table 3. Antimicrobial activities of C. xanthorrhiza.

Tested strain Extracts MIC 1Z References
(ug/ml)  (mm)
Gram-positive bacteria
Bacillus cereus Ethanol 20.0 - [37]
Bacillus cereus Essential oil - 9.64 [38]
Staphylococcus Water, ethanol 100,
Py e 100,and - [37]
aureus dichloro-methane
10.0
Staphylococeus . ntial oil ) 11.53 38]
aureus
Streptococcus Water, ethanol 100,
P vater, ©100,and - [37]
mutants dichloro-methane
10.0
Gram-negative bacteria
Enterococcus Essential oil ; 10.17 [39]
faecalis
Escherichia coli Essential oil - 7.53 [38]
Fusobacterium . . tial oil ; 10.75 [39]
nucleatum
P . .
seud.omonas Essential oil - 7.13 [38]
aeruginosa
Fungi
Acetone extract,
Aspergillus hexane fraction, 200,
pers * 250,and - [40]
Sfumigatus chloroform )
. 25.0°
fraction,
Candida albicans Essential oil - 7.29 [38]
Acetone extract, 125,

hexane fraction, 125
Epidermophyton sp.  chloroform - - [40]

fraction, ethyl 12,5, and
; 50.0°

acetate fraction

Acetone extract,
Penicillium sp. chloroform 251'3 gl?d - [40]

fraction ’
Trichophyton Acetone extract 12.5° - [40]
rubrum

*The MIC of ketoconazole for the selected fungi was 6.25 pg/ml.

In addition to this mechanism, the preventive effect
of XTZ is associated with its modulation of MAPK signaling.
Cisplatin-induced the phosphorylation of JNK 1/2 and the ERK
1/2. However, pretreatment with XTZ highly suppressed the
phosphorylation of JNK 1/2 and ERK 1/2 dose-dependently.
In addition, XTZ pretreatment also partially regulated the
transcription subunits c-fos and p50, which play a role in the
activation of AP-1 [54].

The ability of XTZ to regulate gene expression was
supported by findings using a computational target fishing
study. XTZ targeted multiple pathways connected with 40
genes, four of which (RXRA, RBP4, HSD11B1, and AKR1C1)
were greatly upregulated. These genes were mainly involved
in the steroid metabolic process. By gene ontology (GO) and
KEGG pathway analysis, the method identified thirteen genes
linked with xenobiotics by cytochrome P450 which were highly
expressed [55].

In addition to hepatoprotective activity, C.
xanthorrhiza and XTZ were studied for their inhibition
activity on human liver glucuronidation [56]. Liver
glucuronidation is responsible for the excretion of xenobiotics
and endobiotics, including drugs, from the body. XTZ
showed weak glucuronidation inhibition activity compared
to curcumin (IC,, of 117.55 and 11.88 ug/ml, respectively).
However, the inhibition activity was stronger than the aqueous
extract of C. xanthorrhiza (IC,, of 271.10 pg/ml). These
findings reflect the possible interaction of herbal compounds
with drugs that undergo the same glucuronidation, thus may
disrupt their efficacy. Recently, curcumin (500 and 1,000
mg/day) was proven to be efficacious in improving various
hepatic parameters in nonfatty liver disease in clinical trials
[57,58]. The above results regarding XTZ have confirmed the
hepatoprotective activity of XTZ. However, more studies are
required to evaluate its application in clinical settings.

XTZ as an antidiabetic and antihyperlipidemic agent

Growing evidence has reported that glucose and
lipid metabolism disorders are closely related to the onset
and progression of diabetes, obesity, cardiovascular disease,
and cancer [59,60]. Therefore, alternative therapies to combat
glucose and lipid metabolism disorders would have significant
medical impacts. Multiple studies have demonstrated the
potential antidiabetic activity of C. xanthorrhiza and XTZ,
in which treatments with C. xanthorrhiza and XTZ improve
glucose and lipid metabolisms. Treatment with C. xanthorrhiza
extract (5%, 2 weeks, p.o) in streptozotocin-induced mice
decreased serum glucose and TG levels [61]. Similarly, using
obesity-induced hyperglycemia, C. xanthorrhiza extract (50
and 100 mg/kg, 8 weeks, co-administered with high-fat diet,
p.0), led to a significant decrease in post prandial serum glucose
by 28.5% and 31.2% [23].

Treatment with XTZ isolated from C. xanthorrhiza (10
or 25 mg/kg BW) had a similar effect on postprandial glucose
levels (21.8% and 33%) and the results were comparable with
those of metformin treatment (100 mg/kg BW) [23]. Further,
it was observed that serum FFA and TG levels, epididymal
fat pad, and adipocyte size were also decreased by treatment
with C. xanthorrhiza or XTZ [23]. It should be noted that
inflammatory cytokines TNF-a, IL-6, IL-18, and CRP were
found overexpressed in the liver, muscle, and adipose tissues
of the high fat-induced diabetic mouse. It has been reported that
enlarged adipocytes produce proinflammatory cytokines and
chemokines [62]. Importantly, treatment with C. xanthorrhiza
or XZ in obese mice decreased the expression of inflammatory
cytokines TNF-a, IL-6, IL-18, and CRP of the liver, muscle, and
adipose tissues compared to the control group. Fat accumulation
induced an inflammatory response in those organs, which in
turn interfered with insulin signaling and B-cells dysfunction
[63].

The antidiabetic activity of XTZ and C. xanthorrhiza
may also be accounted for their inhibition activity on
a-glucosidase. This enzyme catalyzes the hydrolysis of
dietary polysaccharides into glucose in the small intestine;
thus, inhibition of a-glucosidase reduces the absorption of
glucose into the blood circulation. Ethanol and aqueous
ethanol extracts of C. xanthorrhiza inhibited o-glucosidase
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dose-dependently, with IC50 of 28.4 and 36.6 pg/ml [13].
However, very weak inhibition activity was observed using
ethyl acetate fractions of the methanol extract (IC,; 339.05—
455.01 pg/ml) [64].

The lipid-lowering effect previously mentioned [23]
is likely associated with pancreatic lipase inhibition activity.
Batubara et al. [14] reported that ethyl acetate fraction of C.
xanthorrhiza inhibited pancreatic lipase in vitro with activity
comparable to that of catechin (at 500 pg/ml each gave 80.5%
and 81.4% inhibition). However, methanol and hexane fractions
and XTZ gave weak inhibition activity (5.90%, 9.10%, and
36.09%, respectively, at 500 pg/ml) [14].

The lipid-lowering effect of XTZ may also be
contributed by its effect in reducing cholesterol uptake in the
intestine. In a study using HT29 colon cells, XTZ treatment (15
pg/ml) in the cultured cells led to cholesterol uptake reduction
by 27%, which is not significantly different from the control
[65]. The same authors reported that XTZ treatment reduced the
growth of 3TL1 pre-adipocytes and adipocytes. It is known that
a reduced number of adipocytes may reduce fat accumulation.
It was observed that at 35 pg/ml, XTZ inhibited 50% of 3TL1
adipocytes.

The findings above exhibited that C. xanthorrhiza
and XTZ are potential sources of antihyperglycemia agents.
More studies are required to further understand its mechanism
of action. On the other hand, curcumin has been reported for
its antidiabetic activity in pre- and clinical settings [66]. The
hypoglycemic effect of a combination of XTZ and curcumin
is not yet reported. Studies regarding the potential synergistic
effect of XTZ and curcumin could be beneficial for future drug
development.

XTZ as a neuroprotective agent

Neurotoxicity has been implicated in different
neurodegenerative disorders, including Parkinson’s disease,
Alzheimer’s disease, and hyperactivity disorder. XTZ has
been studied for its protective effect against oxidative and
inflammatory toxicity. Its ability to modulate the expression
of inflammatory proteins influences neuroactivities. Lim et al.
[67] found that activation of microglial cells by LPS induction
increased NO and upregulated iNOS and COX-2. These effects
were reversed in the XTZ-treated cells. XTZ downregulated
the expression of iINOS and COX-2 dose-dependently and
decreased NO production, suggesting that nitrite suppression is
due to the downregulation of iNOS.

In addition, XTZ was found to decrease proinflam-
matory cytokines. Treatment with LPS in microglial cells in-
creased proinflammatory cytokines (IL-6, TNF-a) and nitrite.
However, treatment with XTZ suppressed the overexpression
of proinflammatory cytokines in a dose-dependent manner [67].
This suggests that the neuroprotective activity of XTZ is associ-
ated with its inhibition of neuroinflammation.

Lim and Han [17] investigated the protective effect
of XTZ against neurotoxicity in human neuroblastoma SK-N-
SH cells. Alzheimer’s disease is typified by extensive plaque
deposition of AP peptides. Increased deposit of Ap induces ROS
generation, including HNE. The oxidative stress by increased
HNE decreases the activity of neprilysin, the main protein that

cleaves AP. Therefore, drugs that suppress the modification of
neprilysin could be effective in treating AD. XTZ treatment
in SK-N-SH cells prevented modification of neprilysin due to
HNE induction. XTZ (10 uM) reduced HNE level by 59% on
neprilysin protein. Notably, the inactivation of neprilysin was
prevented with treatment with XTZ. This effect was observed
by the reduction of HNE positive signal in the AB42 induced
cells treated with XTZ (10 uM). Further, treatment with XTZ
(1 and 10 pM) was able to cleave AB42 by 46% and 63%,
respectively, indicating that XTZ is able to enhance neprilysin
activation.

The neuroprotective activity of XTZ has been studied
using murine HT22 hippocampal neuron cells. Pretreatment
with XTZ increased cell viability compared to control
(glutamate-induced neurotoxicity). In addition, treatment with
XTZ suppressed the amount of ROS in glutamate-induced HT22
cells. These findings suggest that the neuroprotective activity of
XTZ is due to its antioxidant effect. This effect is similar to that
observed for curcumin. In addition, XTZ reduced H,O, lipid
peroxidation dose-dependently in the rat brain homogenate
(completely inhibited lipid peroxidation at 10 uM).

The involvement of histamine in the central nervous
system has been well evidenced in the pathophysiology of
different neurological disorders, such as attention deficit and
hyperactivity disorders [68]. Thus, drugs that target histamine
N-methyltransferase are key for treating neurological-related
disorders. By using in silico approach, 26 secondary metabolites
of C. xanthorrhiza were screened, and 7 of them were predicted
to be developed as HNMT inhibitors [69].

Taken together, the results above demonstrated the
protective role of XTZ against neurotoxicity. Its protective
role is associated with the ability of XTZ to inhibit monoamine
oxidase (MAO) and acetylcholine esterase. Both enzymes are
implicated in neurodegenerative illnesses. MAO, a flavoprotein,
catalyzes the oxidative deamination of various neurotransmitters
(such as dopamine and serotonin) and exogenous amines,
thus being involved in the regulation of neurotransmitters
[70]. Acetylcholinesterase catalyzes the hydrolysin of the
acetylcholine neurotransmitter. In the case of curcumin, it was
reported to inhibit MAO activity competitively [71] and was
also able to decrease the expression of acetylcholinesterase in
rotenone-induced mice [72].

XTZ as a nephroprotective agent

XTZ can be a promising nephroprotective agent.
Notably, XTZ has exhibited a stronger nephroprotective effect
than curcumin [73]. XTZ attenuated cisplatin-induced DNA
binding activity of the transcription factors NF-kB. However,
XTZ did not show an effect on AP-1, suggesting that the
protective effect of XTZ is due to its inhibition of the DNA
binding activity of NF-kB.

In addition, XTZ was shown to ameliorate cisplatin-
induced nephrotoxicity. Cisplatin is a potent chemotherapy
drug in the treatment of cancer. However, its use is limited
by its toxicity against normal tissues and organs, including
the kidney. Many cisplatin-receiving cancer patients present
signs of nephrotoxicity 10 days after treatment [74]. Cisplatin
administration can increase blood urea nitrogen and creatinine.
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However, XTZ pretreatment before cisplatin administration
decreased the levels of blood urea nitrogen and creatinine. This
study has demonstrated that XTZ can be a promising approach
to ameliorating cisplatin-induced nephrotoxicity. However,
further studies are needed to investigate whether XTZ
pretreatment interferes with the cisplatin metabolic pathway,
thus may reduce cisplatin’s efficacy.

XTZ as a skin protective agent

Traditionally, C. xanthorrhiza has been used to treat
skin inflammation. Studies have reported the protective effect
of C. xanthorrhiza and XTZ against skin-related diseases,
in particular microbial infection, and its protective effect
against damage due to UV exposure. Previously, the dried
flower bract of C. xanthorrhiza has been studied in vitro for
its skincare potential. Different extracts (hexane, ethyl acetate,
and methanol) and essential oil showed weak inhibition activity
against Propionibacterium acnes [14] and weak anti-tyrosinase
activities [14].

Excessive and prolonged exposure to UV radiation
disrupts dermal antioxidant function. Quantitatively, SOD,
CAT, and GSH decrease, producing unregulated ROS [75].
Further, UV radiation upregulates the expression of MMP-1,
which is responsible for the degradation of collagen and dermal
connective tissue [76]. UV-protective agents are therefore
needed to minimize the photodamage in dermal structure and
skin aging. The skin protective activity of XTZ was studied
in human skin fibroblasts (HaCaT). Following irradiation of
cultured fibroblast with UV (20 mJ/cm?), the MMP-1 was
upregulated, whereas type 1 procollagen expression was
downregulated. However, treatment with XTZ suppressed the
expression of MMP-1 and increased the expression of type
1 procollagen in a dose-dependent manner. At 0.1 uM, XTZ
nearly abrogated the MMP-1 expression (reduction by 92%)
and increased pro-collagen expression by 86%. These effects
were more effective than those observed in the group treated
with EGCG (0.1 uM, reduced MMP-1 expression by 72% and
increased pro-collagen expression by 65%). It is worth noting
that methanol extract of C. xanthorrhiza downregulated MMP-
1 and upregulated type 1 procollagen in a dose-dependent
manner. These findings clearly demonstrated the anti-
photoaging activity of XTZ and C. xanthorrhiza. In another
study, curcumin was also shown to have a photoprotective
effect against UVB radiation by the upregulation of nuclear
factor erythroid factor-2, which regulates the expression of
antioxidant enzymes, including SOD and CAT [77]. In addition
to XTZ, 13-hydroxyxanthorrhizol (HXTZ), isolated from the
methanolic extract of C. xanthorrhiza, was also found to have
protective activity against UVB irradiation [78]. A study in
keratinocyte cells showed that treatment with HXTZ (5 puM)
attenuated the expression of MMP-1 (by 6.6 folds), indicating
that HXTZ inhibited the production of MMP-1. The photo-
protective effect of XTZ shows evidence of its potential as an
anti-aging agent. Further studies are necessary to understand
other mechanisms that contribute to skin antiaging activities,
such as the possibility of XTZ to prevent water loss in

the trans-epidermal through its modulation of aquaporin
expression [79].

Toxicity studies

To date, studies are still limited regarding the toxicity
of XTZ and C. xanthorrhiza. Yamazaki et al. [80] found that
in pentobarbital-induced mice, XTZ administration at 500 mg/
kg did not cause a significant effect on behavior. The study
did not report mortality for this dosage. Devaraj et al. [81]
reported the safety of C. xanthorrhiza ethanol extract in an
acute oral toxicity test in mice as per OECD guidelines no 423.
No mortality was reported after administering a single oral
dose of 300, 2,000, and 5,000 mg/kg to mice [81]. Toxicity
signs were not observed in the skin, fur, and eyes of the mice
within the 14 days of the study. Behavior changes were not
noticeable in the test mice. Listyawati ef al. [82] carried out
a chronic toxicity test of C. xanthorrhiza ethanol extract in
mice treated with 150 mg/kg daily for 90 days. No mortality
was reported, and the treatment did not cause changes in mice
behavior and external morphology. The treatment did not
cause significant changes in hematological and spermatogenic
parameters. The above in vivo studies show that XTZ and C.
xanthorrhiza are nontoxic to mice. However, the mutagenicity,
carcinogenicity, and genotoxicity of C. xanthorrhiza and its
active compounds, particularly XTZ, need to be studied to
allow further application.

Future research prospects

Curcuma xanthorrhiza has long found its use in the
traditional medicine of Indonesia. Itisnoted that C. xanthorrhiza
is an essential part of jamu (traditional formulation). The
present review may support C. xanthorrhiza traditional use for
treating liver, gastrointestinal, and skin complaints, as well as
infection, metabolic syndrome, and cardiovascular problems.
Traditionally, C. xanthorrhiza has been used to eliminate
fatigue and maintain body wellness [2,83,84]. Despite this
traditional claim, scientific reports regarding these claims are
insufficient. Therefore, C. xanthorrhiza and XTZ’s role in
energy production should be further investigated. Fatigue is
a complex condition related to various mechanisms, including
the endocrine system, central and peripheral nervous system,
metabolic activity, immune system, and oxidative stress [85].
Existing evidence suggests that C. xanthorrhiza and XTZ
may have good potential as antioxidant agents, warranted by
observation in the suppression and inhibition of ROS using
cell lines [67] and inhibition of lipid peroxidation in human
LDL [15].

During intense exercise, ROS production increases in
the mitochondria of the muscle cells. ROS damages the skeletal
muscles and liver mitochondrial membrane caused by lipid
peroxidation. In addition, potential antifatigue activity by XTZ
may also be accounted for by its anti-inflammatory activity,
including XTZ’s impact on suppressing proinflammatory
factors (IL-1pB) and inflammatory mediators (Fig. 2). Previously,
curcumin has been demonstrated to have an antifatigue effect
in animal models. Treatment with curcumin led to longer
swimming time [86—88], increased liver antioxidant profile
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(SOD) [86], and decreased biochemical parameters related to
fatigue, such as blood urea nitrogen, AST, ALT, and creatinine
kinase [88]. These effects could be attributed to curcumin
regulation in mitochondria biogenesis in the skeletal muscle,
as seen by activation of AMP-activated protein kinase pathway,
increased expression of sirtuin-1, peroxisome proliferator-
activated receptor-gamma coactivator- 1, ox-phos subunits, and
mtDNA copy number [87]. On the other hand, studies regarding
XTZ’s effect on mitochondria biogenesis and its possible role
as a bioenergetic stimulant are scarce. Therefore, future studies
may be directed at the investigation of the antifatigue activity of
C. xanthorrhiza and XTZ.

CONCLUSION

Xanthorrihizol, a bisabolene sesquiterpenoid, is
abundant in the rhizomes of C. xanthorrhiza. The current
review has demonstrated that XTZ is a promising compound
to develop antimicrobial, antidiabetic, and anti-hyperlipidemia,
in addition to hepato-, nephron-, neuro-, and skin-protective
agents. Although its potential is not fully investigated, several
pharmacological studies have shown that XTZ interacts with
multiple biological targets exhibited in different host cells in
both in vitro and in vivo, which involves inflammation and
oxidative stress in different pathologies. This compound is
worth further studying, considering various traditional uses
of C. xanthoorhiza, the main source of XTZ. Limited toxicity
studies of XTZ necessitate further investigations to allow its
applications in clinical settings. It is important to perform
clinical studies to understand the pharmacokinetics of XTZ, as
the application of XTZ in the body alters molecular, cellular,
tissue, or organ levels.
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