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Objective: To discuss the potential of curcuminoids from various Curcuma plants in Indonesia as the
antidiabetic agent for diabetes mellitus treatment.

Background: Natural bioactive compounds are very attractive for medical applications, owing to their
abundant availability, as well as safe and non-toxic properties for human body. One of the promising
bioactive compounds is curcuminoids. Curcuminoids may consist of three main components, which are
curcumin, demethoxycurcumin, and bisdemethoxycurcumin, and generally can be found in Curcuma
species. Various types of Curcuma species can be found in various locations in Indonesia, i.e., Curcuma longa,
Curcuma heyneana, Curcuma zanthorrhiza, and Curcuma mangga. The Curcuma plants have been reported to
show antidiabetic activity, which can be a great potential source for diabetes therapy.

Methods: The narrative review is written based on the published literature retrieved from search
engines in internet databases, limiting the discussion on the diabetes mellitus and antidiabetic potentials of
curcuminoids extracted from the Curcuma species in Indonesia.

Conclusions: As compared to the commercial drugs such as metformin, acarbose, and glibenclamide for
diabetes mellitus type 2, the antidiabetic property of curcuma extracts was found to be at a similar level and in
several cases were found to give better activity. The different antidiabetic activity of curcuma extract was strongly
affected by the Curcuma species, extracting solvents, and the location where the Curcuma species grow as it would
be related to the composition of curcuminoids. Even though the high antidiabetic capacity and activity can be

observed, the stability and bioavailability of the curcuma extracts still need to be improved.
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Introduction glucose levels or hyperglycemia. Two main conditions

that may cause DM are insufficient insulin production and
Diabetes mellitus (DM) is considered a disease having the inability of the body to properly use insulin or termed
the characteristic of inadequate control of blood glucose insulin resistance (1). The DM can be classified as type 1

levels in the body, which is usually associated with high and type 2 depending on the DM cause. Type 1 DM that
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is often called insulin-dependent DM is caused by the
inability of the body to produce insulin, which is normally
secreted from the P cell of pancreas. Meanwhile, type
2 DM is defined as a noninsulin-dependent DM caused by
the relative decrement of insulin activity as the result of
insulin resistance where the body cells in the muscles, fat,
and liver can not respond well to the produced insulin. This
symptom can be triggered by an unhealthy dietary intake (2).
DM is also often related to major health complications such
as pathogenesis diabetic complication, diabetic neuropathy,
diabetic nephropathy, diabetic retinopathy, macrovascular
complications, and miscellaneous complications (3). Due to
the several major complications, DM has been reported as
one of the fatal diseases and the third disease leading cause
of death (4). Specifically in Indonesia, DM has been one of
the major health problems since the early 1980s. Indonesia
has more than 10 million people who suffer from this
disease with a prevalence rate of 6.2%, and also high major
death caused by the DM (5). Besides, Indonesia has been
reported as one of the top ten global countries with a high
number of DM patients in 2013. Even in the future, the
same condition has been predicted to keep continue, unless
the proper treatment and management of DM cases has
been applied (6).

While different types of DM would require different
medication treatments, several other factors such as age,
gender, and congenital disease are also considered in
DM medication (7). Medication for type 1 DM can be
done by adding insulin from an external source, known as
injectable insulin, which was discovered in early 1920 (8).
However, in several cases, the use of insulin can cause
several major side effects, such as hypoglycemia, increased
body weight, lipodystrophy, antibody-mediated insulin
resistance, postural hypotension, edema, and several allergic
reactions. Besides, insulin is relatively expensive due to
its low bioavailability and complex production (9,10).
Consequently, all of these factors lead to the limited use of
insulin as it can not be used for all diabetic patients. On the
other side, DM type 2 uses different treatments which are
motsly focusing on drug medication. The drug used in this
treatment should have at least one of these functions, i.e.,
antihyperglycemic effect, the insulin sensitizer, or inhibition
of enzyme corresponding to glucose production. Several
commercial drugs have been developed such as metformin,
acarbose, voglibose, meglitinide, and rosiglitazone (11).
Unfortunately, the use of these drugs often cause some
adverse effects. In some cases, the use of metformin can
cause gastrointestinal symptoms, nausea, vomiting, and also
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lactic acidosis symptoms (1). Meanwhile, the use of drug-
based a-glucosidase inhibitors can cause few side effects
such as diarrhea, flatulence, elevated transaminases, and
abdominal pain (11). Considering it possible to give the
adverse effects, the use of these commercially available
drugs is also limited for certain patients only.

In recent decades, many researchers work to develop herbal
medicine as an alternative for the treatment of DM with
negligible adverse effects. The use of both traditional Chinese
medicine (TCM) and traditional Indian medicine (TIM)
has been reported to be effective as antidiabetic agents (12).
Many herbal medicines also have other biological active
properties such as antioxidant, anti-inflammatory, regulating
blood lipid, and regulating gut microbiome which may
provide a synergistic effect in DM therapy (13). While
over more than 400 plant extracts have been shown to
have antidiabetic activity, these bioactive compounds
can be generally classified into anthocyanine, tannins,
polyphenol, alkaloid, flavonoid, and curcuminoids (14).
Among them, curcuminoids have been widely used for DM
treatment because of its potential antidiabetic activity and
also high availability. Curcuminoids have been also reported
to have several other bioactivities such as antioxidant,
anti-inflammatory, and immunomodulatory. Generally,
curcuminoids are present in the turmeric plants, which
belong to the Curcuma species, and its mechanism of
antidiabetic activity depending on the functional groups of
the curcuminoids (14,15).

Indonesia has wide biodiversity of plant species that
can be used as the sources of bioactive compounds (16).
Curcuma species is considered one of the natural plants
which are often used as herbal medicine in Indonesia.
Four types of the Curcuma species in Indonesia including
Curcuma longa (turmeric or rimpang kunyit), Curcuma
beyneana (temu giring), Curcuma zanthorrbiza (Java turmeric
or temulawak), and Cwurcuma mangga (temu mangga) are
the common species widely used in herbal medicine since
they contain curcuminoids as one of the active compounds
(17-20). The composition and the activity of the
curcuminoids have been reported to depend on the
location where the plant is harvested (21). Considering
the potential activity of curcuminoids as the antidiabetic
agent, this review aims to explore the application of various
Curcuma species containing curcuminoids in Indonesia for
antidiabetic treatment.

The overview of this topic was mostly retrieved from
search engines in internet databases such as Scholar
Google (December 2020-May 2021). The comparison of
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Figure 1 General molecular structures of curcuminoids and the main three compounds in the curcuminoids.

antidiabetic potentials was discussed based on four Curcuma
species in Indonesia. We present the following article in
accordance with the Narrative Review checklist (available at

https://dx.doi.org/10.21037/lcm-21-9).

Structure and composition of curcuminoids

Curcuminoids are the family of bioactive compounds in
Curcumin species and are widely recognized as natural
phenolic compounds. Having the phenol groups in its
molecular structure, curcuminoids possess antioxidant
activity (22,23). In general, the structure of curcuminoids
have three important parts, which are two phenol
aromatic groups, o, B-unsaturated B-diketone moiety
(keto-enol group), and seven carbon aliphatic group as a
linker of two aromatic rings (24), as depicted in Figure 1.
Curcuminoids is usually found as a mixture of three main
compounds, namely curcumin, demethoxycurcumin, and
bisdemethoxycurcumin. The curcumin has both methoxy
groups as the R1 and R2 substituents. Meanwhile, the
demethoxycurcumin has hydrogen and methoxy groups as
the substituents, and the bisdemethoxycurcumin only has
hydrogen as its substituents.

The composition of the three main compounds in
the curcuminoids is varied, depending on the type of
the Curcuma species. Among these three compounds,
the curcumin has been recognized as the most active
component for the diabetes treatment (25). Table 1 shows
the examples of reported curcuminoids composition in
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several Curcuma species. While the demethoxycurcumin
is the main compound found in the Curcuma mangga (19)
and Curcuma heyneana (20), the curcumin is found as the
major compound of curcuminoids in Curcuma longa (26,27)
and Curcuma zanthorrbiza (28,29). The works also showed
that the composition of the same Curcuma species could be
slightly different from each other. All these studies showed
that two or more compounds exist in the curcuminoids
extracted from the Curcuma species.

Antioxidant and antidiabetic properties of
curcuminoids

The antioxidant capacities and activities of curcumin,
demethoxycurcumin, and bisdemethoxycurcumin from the
curcumin removed turmeric oleoresin (CRT'O) were studied
by phosphomolybdenum and linoleic acid peroxidation
methods, respectively (30). The results showed that
curcumin gave the highest antioxidant capacities, followed
by demethoxycurcumin and bisdemethoxycurcumin,
which were 3,099, 2,833, and 2,677 pmol/g, respectively.
The values were equivalent to 50 ppm of ascorbic acid.
Meanwhile, the antioxidant activities were also obtained in
the same order of curcumin (81.98%), demethoxycurcumin
(81.77%), and bisdemethoxycurcumin (73%). Another
report revealed the antioxidant activity of the curcuminoids
by using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging method (31). Their IC;, values were obtained as
35.1, 53.4, and >200 pM for curcumin, demethoxycurcumin,
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Table 1 Relative composition of curcuminoids in the different Curcuma species

Relative composition (%)

Species Ref.
Curcumin Demethoxycurcumin Bisdemethoxycurcumin
Curcuma mangga 1.52 56.89 41.60 (19
Curcuma heyneana 13.93 71.52 14.55 (20)
Curcuma longa 75.00 20.00 5.00 (26)
Curcuma longa 67.31 23.81 13.88 27)
Curcuma zanthorrhiza 70.03 25.91 4.06 (28)
Curcuma zanthorrhiza 73.10 26.90 ND (29)

ND, not detected.

and bisdemethoxycurcumin, respectively. This result again
confirmed that curcumin has better antioxidant activity than
other curcuminoids. It was proposed that the difference
in their antioxidant activities might be affected by the
differences in the aromatic substituents.

The antioxidant activity of a compound is determined
by the ability of the compound in transferring a hydrogen
atom to free-radical species (24,30). The compound
would scavenge itself to convert the free-radical species
into unharmful species. In the case of curcuminoids, the
presence of the phenolic group takes a pivotal part in the
scavenging process of reactive oxygen species (ROS) (24,31).
However, the existence of the phenolic group may not
be the only reason why curcumin achieves higher activity
than the others. Curcumin has the methoxy group in both
phenol aromatic rings that can give a positive impact on the
hydrogen atom transfer process. When the methoxy group
is located near the phenol hydroxyl group, they would
form an intramolecular hydrogen bonding promoting the
release of the hydrogen atom from the methoxy group
easier (31). Hence, this also confirms why the antioxidant
activity of demethoxycurcumin was closer to curcumin than
bisdemethoxycurcumin.

The interactions between curcuminoids and biomolecules
have been also studied. Curcuminoids can interact with
various biomolecules through either covalent and non-
covalent interactions (24). The covalent interactions
generally occur when the keto-enol group of curcuminoids
interacts with protein thiols or metals. Meanwhile,
the interactions such as hydrophobic interaction, n-n
interaction, and hydrogen bonding that are known as the
non-covalent interaction, can occur on the three functional
groups of the curcuminoids. Besides, the computational
study showed that curcumin would bind with the protein
molecules of enzymes through hydrophobic interaction.
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The functional group of curcuminoids that responsible for
the hydrophobic interaction is the carbon linker group.
Even though the carbon linker group does not have an
important role in the antioxidant activity of curcuminoids,
this group would play a central role in the antidiabetic
activity.

Correlating to the antidiabetic properties, curcuminoids
would act as the a-amylase and a-glucosidase inhibitors for
controlling the glucose level in the blood (25,32,33). The
a-amylase enzyme corresponds to the digestion of starch
and conversion of glycogen to glucose in the metabolite
system, while the a-glucosidase enzyme is responsible to
digest carbohydrates to glucose. Therefore, the inhibition
of these enzymes would reduce the glucose level in the
blood system. As it was revealed that antioxidants would
enhance the metabolism of the glucose body system
(34,35), curcuminoids having both antioxidant activity
and antidiabetic functions would be very useful for DM
treatment.

As the clinical study showed that the reactive oxygen
species (ROS) is increased under diabetic conditions, the
DM has been highly related to the oxidative stress, which
is generated from oxidative properties of the ROS toward
the cellular system in the body (34,35). The elevated ROS
and the reduced body antioxidant have been reported as the
initial causes of hyperglycemia and insulin resistance since
such conditions would lead to reduced insulin secretion
and insulin action. The conditions can also trigger more
generated oxidative stress, and thus causing the condition
of DM patients to be worse due to DM complications.
Therefore, the presence of antioxidant agents such as
curcuminoids would help to prevent further oxidative stress
that leads to deleterious effects in DM patients.

The curcuminoids is supposed to act as an antidiabetic
agent by working in the pancreatic B cell via triggering
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the release of insulin and decrease its apoptosis (36).
Therefore, insulin production will be greatly increased,
resulting in a better-controlled blood glucose level in
diabetic patients. Meanwhile, curcuminoids can also
inhibit the gluconeogenesis process at the liver cells, and
thus, the production of glucose can be suppressed. In
addition, curcuminoids also decreases the produced glucose
through glycolysis and glycogenesis processes. Glycolysis
is a metabolic pathway that converts glucose into small
molecules such as pyruvate, CH:COCOO", and hydrogen
ion (H"), while the glycogenesis process is the process of
producing and storing glycogen which requires glucose
molecules. The role of curcuminoid is supposed to increase
the glycolysis and glycogenesis processes that can reduce
the blood glucose level.

Various Curcuma species in Indonesia and their
potential antidiabetic activity

It has been reported that the Curcuma genus has over
a hundred species in the world. Based on the data from
the Observatory of Economic Complexity (OEC, 2019),
Indonesia ranked number four in the world as the top
Curcuma (turmeric) exporter. Therefore, in this review,
particular attention is made to the four species of the
Curcuma genus in Indonesia that have been applied
extensively for herbal medicines i.e., Curcuma longa
(syn. Curcuma domestica), Curcuma heyneana, Curcuma
zanthorrbiza, and Curcuma mangga (17). Moreover,
these Curcuma species have been reported to contain
curcuminoids as one of the bioactive components (37).
The antidiabetic activity of these extracts has been also
investigated for herbal medicines application by either
in-vivo or in-vitro methods.

Curcuma longa (syn. Curcuma domestica)

The antidiabetic activity of Curcuma longa Linn. (syn.
Curcuma domestica Val.) plant species from Indonesia were
examined (36). The rhizome of Curcuma domestica Val. was
extracted by the maceration method using ethanol. The
antidiabetic activity of the ethanolic extract was tested by the
in-vivo method using alloxan and glucose-induced diabetic
zebrafish. The alloxan was used to cause the pancreatic B
cell damage, while glucose was employed to trigger insulin
resistance and reach the hyperglycemic condition faster. In
this test, the ethanolic extracts at different concentrations
of 15.625, 31.25, 62.50, and 125 pg/mL were confirmed
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to give the glucose-reducing activity. The highest glucose
reducing activity was found in the extract concentration of
62.5 and 125 pg/mL, which gave a similar value of 61.43
and 63.14 pg/dL, respectively. Hence, it could be suggested
that the optimum dose of this extract was 62.5 pg/mL. It
was suggested that the antidiabetic activity would come
from the curcumin content in the ethanolic extract of
Curcuma domestica Val. rhizome, even though the extract
compositions were not identified.

Another research work was reported using the same
Curcuma domestica Val. Rhizome (38). The antidiabetic
activity was investigated by using the in-vivo method in
streptozotocin-induced diabetic rats. The study used the
herbal medicine drink from Java called famu Gendong Kunyit
Asam in Indonesia. This herbal medicine was produced from
the combination of Curcuma domestica Val. rhizome and
Tamarindus indica L. Combination of these plants resulted in
the combined extract contain curcuminoids from Curcuma
domestica Val. rhizome and other compounds as saponin,
phenolic, and ascorbic acid from Tamarindus indica L. Other
active compounds were also identified such as alkaloid,
flavonoid, and triterpenoid/steroid. The antidiabetic activity
was evaluated from the two-parameter of blood glucose
level and the detriment of the islets of Langerhans pancreas.
The crude extract of these plant components in the water
at two different doses of 1.9 mL/200 g and 3.8 mL/200 g
body weight (BW) gave a reduced glucose level of more
than 100%. In addition, these two doses show significant
activity to prevent the detriment of the islets of Langerhans
pancreas caused by the addition of streptozotocin up to
66%. These results were superior when compared to the
use of glibenclamide drug which only gave less than 50%
reducing blood glucose level and 17% prevention of the
islets of Langerhans pancreas detriment. This herbal
medicine was potential to be applied for the treatment of
DM with the optimum dose of 1.9 mL./200 g BW. Besides
the synergistic effect of each component in this herbal
medicine, the curcuminoids was supposed to give activity in
reducing blood glucose level by its antioxidant properties.
In the case of the pancreatic B cell, curcuminoids would
repair the detriment cell. This means that the curcuminoids
also can provide a triggering effect in the production of
insulin from the pancreatic B cell, resulted in the decrease of
the blood glucose levels.

A recent research work revealed that the methanolic
plant extract of the Curcuma domestica Val. rhizome obtained
from Bogor, West Java contained curcumin (16.92%),
bisdemethoxycurcumin (5.27%), curcumol (15.51%),
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and other components considered as terpenoids (39).
Although the curcuminoids were not suggested as the
main component of this extract, the methanolic plant
extract showed potential results both in the antioxidant
and antidiabetic activities. The plant extract exhibited a
comparable antioxidant activity examined through DPPH
method (ICs, =8.33 pg/mL) against the curcumin standard
(ICse =7.85 pg/mL) (40), and superior activity against
bisdemethoxycurcumin (IC;y =64.94 pg/mL). On the other
side, the antidiabetic activity of this plant extract was tested
by the in-vitro method using standard enzymes. It was found
that the antidiabetic activity of the plant extract came from
the inhibition activity of enzymes such as, a-glucosidase
(ICso =17.18 pg/mL), B-glucosidase (IC;, =2.72 pg/mL),
and o-amylase (ICsy =13.25 pg/mL) with inhibition value of
64.63%, 70.84%, and 75.69%, respectively. These inhibitory
activity values were slightly weaker than both curcumin and
bisdemethoxycurcumin standard, but they were still higher
as compared to the standard of acarbose drug inhibitory
activity toward glucosidase (ICs, =18.12 pg/mL) and amylase
(ICsy =296.3 pg/mL). This study gave clear information that
the extract of Curcuma domestica Val. exhibited antidiabetic
activity towards the main inhibition of p-glucosidase, and
a-amylase enzymes, and also showed minor inhibitory
activity towards a-glucosidase enzyme.

Curcuma heyneana

Another species from the Curcuma genus is Curcuma
heyneana, which also belongs to the medical plants. The
antidiabetic activity of this plant rhizome extract was
examined through the in-vivo method using streptozotocin-
induced diabetic rats (41). The Curcuma heyneana rhizome
was obtained from Batu City, East Java, and extracted in
ethanol solvent. It was demonstrated that three different
doses of this plant extract at 36, 72, and 108 mg/kg BW
gave the different antidiabetic activities. The parameter
used for measuring the antidiabetic activity is the amount
of superoxide dismutase (SOD) enzyme, which plays a role
to inhibit the potentially harmful superoxide species in the
cell from damaging the tissue. The SOD enzyme would
decrease if the hyperglycemia condition is reached since
it induces the formation of the superoxide radical. This
means that the SOD acts as the antioxidant in the rat’s
body. The rats were injected with streptozotocin to damage
the pancreatic B cell, which induced diabetic conditions
in the rats. The SOD activity was then measured and
compared to those obtained on the rats having the plant
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extract treatment. The results showed that the optimum
dose of Curcuma bheyneana extract of 72 mg/kg BW provided
an increased SOD activity to 54.167 U/mL, close to the
control of normal rats (59.332 U/mL). It was also found
that the ethanolic extract of this plant at three different
doses could inhibit the damage of pancreatic B cells as well
as repair the damaged cell effectively. From the inhibition
mechanism of the Curcuma heyneana ethanolic extract, it
was suggested that the presence of both hydroxyl groups
in both curcumin or flavonoid compounds would act as the
hydrogen donating atom to the free radicals. Besides, the
resonance from the aromatic ring (conjugated double bond)
can make the radicals becoming less reactive. This condition
then leads to the prevention of the damaged pancreatic 8
cell which is highly related to the DM.

Another work investigating the potential of Curcuma
heyneana species as the antidiabetic agent was reported, in which
the plant rhizome was obtained from North Sumatra (42).
The research was conducted by the /n-vivo method using
maltose-loading diabetic mice. It was found that the
maltose-induced diabetic mice reached blood glucose levels
of about 228.33 mg/dL after 120 minutes of induction. The
treatment of mice using this plant extract at three different
concentrations of 50, 100, and 200 mg/kg BW resulted in
a significant decrement in blood glucose levels of 102.33,
109.33, and 100.6 mg/dL, respectively. This result showed
that the optimum dose was 100 mg/kg BW for the Curcuma
heyneana extract. The result was comparable to the activity
of the acarbose standard for reducing the blood glucose
level under the same condition, which gave the decrement
of about 103.16 mg/dL. However, the measurement of
blood glucose levels in this study still needs to be optimized.
Considering the curcumin active compound in this plant
extract, the antidiabetic activity can result from several
mechanisms. The mechanisms were observed from the
activity of curcuminoids in inhibiting the a-glucosidase
enzyme and in stimulating insulin secretion and sensitivity.
In addition, it was also suggested that curcuminoids could
activate signaling receptors and regulate the required
enzyme for glycogenesis. Glycogenesis is a process of
glycogen synthesis that requires glucose molecules in the
process, and thus, the increase in glycogenesis is related to
the reduced blood glucose level.

Curcuma zanthorrbiza

Curcuma zanthorrhiza is another species from the Curcuma
genus known as Java turmeric or temulawak and has
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been used as a traditional herbal medicine for medicinal
purposes. The Curcuma zanthorrbiza was reported to
contain several active compounds, such as curcuminoids,
xanthorrhizol, champhor, zerumbone, geranyl acetate
curcumene, and zingiberene (43). It was also found that
Curcuma zanthorrbiza extract contains 16.64% xanthorrizhol
as its bioactive compound. The potential antidiabetic
activity of the Curcuma zanthorrbiza obtained from Jakarta
was examined by the in-vivo method using high fat diet-
induced obese mice. The plant rhizome was extracted
in ethanol solvent. Both the crude Curcuma zanthorrhiza
extract and purified xanthorrhizol from the plant extracts
were investigated to study their antidiabetic activities. The
purified xanthorrhizol at 10 and 25 mg/kg/day exhibited a
decrease in the fasting blood glucose level up to 21.8 and
33%, respectively. Meanwhile, the Curcuma zanthorrbiza
extract at 50 or 100 mg/kg BW/day gave the value of 28.5%
and 31.2%, respectively. From the results, both the Curcuma
zanthorrbiza extract and purified xanthorrhizol from the
extract showed their higher activity as the antidiabetic
agent when compared to the standard of metformin at a
dose of 100 mg/kg BW/day. This finding suggested that
the antidiabetic activity of Curcuma zanthorrhiza extract
came not only from the xhantorrhizol but also from other
bioactive compounds such as curcuminoids. The mechanism
of its antidiabetic activity was found through attenuating
the high fat diet-induced hyperglycemic, insulin resistance,
and chronic low-grade systemic inflammatory condition in
obese mice.

Another work using the combination of Curcuma
zanthorrbiza rhizome and Morinda citrifolia Linn. (Mengkudu
fruits) that were obtained from Batu City, East Java was
performed by using water as the extracting solvent (44).
Through the phytochemical analysis, it was revealed that the
Curcuma zanthorrbiza rhizome contained phenolics, alkaloids,
flavonoids, and tannins. The curcumin content as one of
the phenolic compounds was found to be 553.64 pg/mL
in a 345 mL of crude extract obtained from 1,080 g of
Curcuma zanthorrbiza rhizome. Meanwhile, the mengkudu
fruits were reported to have scopoletin as the active main
compound, which is considered to have antidiabetic activity.
The antidiabetic activity of this extract was tested by the
in-vivo method on the streptozotocin-induced diabetic
rats. The combination of Mengkudu (3.6 mL/kg BW) and
Curcuma zanthorrhiza (10 mL/kg BW) extracts was found to
decrease the blood glucose level more effectively in the first
11 days as compared to the standard of glibenclamide drug
(4.5 mg/kg BW). Unfortunately, at 18 days or more, the
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combination extract showed a slight decrease in capability
to decrease the blood glucose, confirming its lower stable
properties as compared to the glibenclamide that showed
superior ability in decreasing blood glucose.

Curcuma zanthorrhiza obtained from Pontianak, West
Kalimantan was analyzed and shown to contain some active
compounds, such as phenolic compounds, triterpenoid,
flavonoid, tannins, and glycoside (45). The curcumin
compound was identified as the phenolic compound in the
phytochemical test. The antidiabetic activity of Curcuma
zanthorrbiza extracted in ethanol was investigated by the
in-vivo method using alloxan (155 mg/kg BW)-induced
diabetic rats, which increased the blood glucose level
by more than 200 mg/dL. The plant extract was able to
significantly decrease the blood glucose level after 7 and
14 days with a decrease of about 133.92 and 142.22 mg/dL,
respectively. In addition, the optimum dose of this plant
extract to decrease the blood glucose level was 17.5 mg/kg
BW, in which the activity was similar to the metformin
(63 mg/kg BW). The result suggested that the antidiabetic
activity was originated from several active compounds
contained in this extract. For example, curcumin played
a role in preventing gluconeogenesis in the liver, while
flavonoid would act through the dilatation of ROS, and the
triterpenoid would play a role in the reduction of insulin
resistance by increasing glucose absorption in muscle and fat.

Curcuma zanthorrbhiza rhizome obtained from Bandung,
West Java was extracted in ethanol and the antidiabetic
activity was investigated by the #z-vivo method using alloxan
(50 mg/kg BW)- induced diabetic rats (46). The antidiabetic
activity was evaluated by measuring the plasma glucose
levels in the rats. The result showed that the plasma glucose
levels were about 516.83, 460.50, and 470 mg/dL after
0, 60, and 120 minutes of alloxan induction, respectively.
This plant extract (50 mg/kg) could reduce the plasma
glucose level optimally to 236 mg/dL after 120 minutes.
The reduced value was superior as compared to the two
commercial drugs of metformin and glibenclamide at doses
of 195 and 0.65 mg/kg, respectively, where the metformin
and glibenclamide could only give the reduced plasma
gluocose level to 270.33 and 322.67 mg/dL, respectively. It
was also revealed that the extract of Curcuma zanthorrhiza
could protect the damaged pancreatic B cell from the
induced alloxan and more insulin was produced to give the
antidiabetic activity.

The antidiabetic property of another Curcuma
zanthorrbiza rhizome obtained from Cimeas, Sukabumi,
West Java was also studied (47). Due to the low solubility of
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curcuminoids in water, the extract of Curcuma zanthorrhiza
rhizome containing curcuminoids was impregnated on
the solid lipid nanoparticles (Cur-SLN). The antidiabetic
activity was then evaluated through the in-vivo method
using streptozotocin (50 mg/kg BW)-induced diabetic rats.
The different doses of Cur-SLN were used orally in the
rats’ specimens at 5, 10, and 20 mg/kg BW every single day
up to 15 days. The Cur-SLN at different doses was found
to reduce the blood glucose level significantly in the first
7 days. The Cur-SLN dose at 10 mg/kg BW was found
to give a superior activity in reducing blood glucose level
up to around 84.34 mg/dL after 15 days. Even though the
value of reduced blood glucose from this extract was still
lower than the standard of glibenclamide drug (93 mg/dL)
on the same day, the activity was nearly at a comparable
level. On the other side, when the curcumin extract
in water was induced into a diabetic rat with a dose of
100 mg/kg BW, the blood glucose level showed an increase over
15 days. This result demonstrated that the curcumin extract
in water gave no activity in reducing blood glucose level,
and the increased blood glucose level might be caused
by streptozotocin. It was suggested that the inactivity of
curcumin extract in water was caused by its low solubility in
water. The low solubility would result in a slight absorption
of the curcumin compound into the body, in other words,
would decrease the bioavailability in the body. On the other
hand, when the extract was in the form of Cur-SLN, the
bioavailability was increased as it would be stabilized in
the metabolism system. This combination could result in a
significant effect in reducing blood glucose levels.

Curcuma zanthorrbiza rhizome obtained from Bukit
Tinggi, West Sumatra was tested by the /n-vivo method on
the alloxan (65 mg/kg)-induced to the diabetic rats (48).
The induction of the ethanolic extract of this plant to the
diabetic rat with a dose of 400 mg/kg of BW was found
to give a significant activity in reducing the blood glucose
level gradually for 7, 14, and 21 days. The optimum
reduced blood glucose level by this plant extract was up to
102.8 mg/dL after 21 days of induction. Although the
activity of this extract was still lower as compared to the
activity of glibenclamide (167.6 mg/dL) at 21 days, it
showed a comparable level at 14 days (115.2 mg/dL). This
result suggested that the glibenclamide drug was considered
to be faster in reducing the blood glucose levels. However,
the risk of adverse effects such as hypoglycemia condition
would possibly higher as compared to the use of Curcuma
zanthorrhiza extract in the long term use.

© Longhua Chinese Medicine. All rights reserved.
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Curcuma mangga

Curcuma mangga is also one of the Curcuma species which
has been used for herbal medicines called 7amu in Indonesia.
The potential of Curcuma mangga rhizome obtained from
Bantul, Yogyakarta as the antioxidant and antidiabetic
agents was examined (49). The antioxidant activity of
ethanolic crude extract of this Curcuma mangga as well as
its fraction in water, hexane, ethyl acetate, and butanol was
tested by using nitrogen monoxide (NO) and hydrogen
peroxide (H,0O,) scavenging methods. Meanwhile, the
antidiabetic activity was tested by the /n-vitro method using
the a-glucosidase enzyme. The result showed that all the
extracts exhibited the scavenging activity as examined by the
NO method, with the best activity was observed in the water
fraction (IC;, =170.33 pg/L). While the antioxidant activity
of this extract was still lower as compared to the standard
of butylated hydroxytoluene (BHT) (ICs, =69.75 pg/L),
it was nearly similar to acarbose (ICs, =166.00 pg/L). The
best H,O, scavenging activity was obtained in ethyl acetate
fraction (IC;, =162.78 pg/L), which was superior to the BHT
(ICsy =179.86 pg/L) and acarbose (ICy, =4,421.59 pg/L)
by using the same method. It was suggested that the
antioxidant activity of this plant extract was originated
from the curcuminoids. For the a-glucosidase inhibition
activity, the ethanolic crude extract of Curcuma mangga
(ICsy =469.69 pg/L) showed a better activity if compared to
the standard of acarbose (ICs, =862.93 pg/L). This result
confirmed that the Curcuma mangga extract has potential
antidiabetic property due to the presence of curcuminoids,
which mechanism was proposed to involve inhibition of the
a-amylase enzyme.

The antidiabetic activity mechanism of the ethanolic
extract of Curcuma mangga was further studied by the
in-vitro method using a rat cell-like model (3T3-L1 cell
lines) in adipocyte tissue (50). The plant extract at the
doses of 200 and 50 pg/mL showed a significant increase
in glucose uptake up to 24.49 and 14.71 pM in lipid-laden
3T3-L1 cells. The lipid-laden cells act to store the lipid/fat
in the metabolism system. The dose of 200 pg/mL showed a
superior glucose uptake as compared to the metformin that
gave the glucose uptake of 21.93 pg/mL. A higher glucose
uptake implied that the change of glucose in the blood to
lipid/fat would be faster, preventing the hyperglycemic
condition. The increased GLUT4 gene expression is also a
method to evaluate the antidiabetic activity. The GLUT4
corresponds to the insulin-regulated glucose transporter
that functioned in glucose uptake. From the GLUTH4
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gene expression, the plant extract at the doses of 200 and
50 pg/mL showed an increase of mRNA expression of
GLUT4 by 8.41 and 11.8 fold, respectively, compared
to the normal control. The dose of 50 pg/mL showed a
superior activity as compared to the standard of metformin.
As the PPAR-gamma activates some genes that increase
glucose and lipid uptake, the PPAR-gamma gene expression
effect is also a way to measure antidiabetic activity. The
PPAR-gamma gene expression using both doses of
200 and 50 pg/mL also showed a significant increase up to
16.27 fold, while metformin gave 23.6 fold. The increased
glucose uptake in lipid-laden 3T3-L1 cells, GLUT4 gene
expression, and PPAR-gamma gen provided a glucose
homeostasis state, which balanced insulin and glucagon and
resulted in a controlled blood glucose level. Through this
known mechanism, it was evidenced that the ethanolic extract
of Curcuma mangga has the potential for antidiabetic activity.

Other research work was also reported utilizing the
ethanolic extract of Curcuma mangga obtained from
Yogyakarta, Indonesia (51). The extract exhibited an
antidiabetic activity by inhibiting a-amylase enzyme through
an in-vitro study. The o-amylase enzyme corresponded
to the digestion of starch and glycogen to glucose in the
metabolite system. Therefore, the inhibition of this enzyme
can control glucose uptake and prevent hyperglycemic
conditions in the blood. Besides, the ethanolic extract of
Curcuma mangga also showed antioxidant activity due to its
phenolic compound component, including curcuminoids.
The antioxidant activity was measured by the DPPH
scavenging method, and it was confirmed that this plant
extract showed a superior activity with the IC;, value of
230.94 pg/mL as compared to the standard of acarbose (ICs,
=1,102.35 pg/mL). Meanwhile, the a-amylase inhibition by
this plant extract gave lower activity with the IC;, value of
363.67 pg/mL when compared to the standard of acarbose
(IC50 =61.69 pg/mL). The high antioxidant activity of
this plant extract would give a complementary effect on
the antidiabetic activity, for instance in the prevention of
damaging the pancreatic B cell from scavenging the ROS
and other free radicals (52). Since the pancreatic B cell
corresponded to the production of insulin, the prevention
of its damage could result in a controlled glucose level in
the blood, especially for those in DM cases.

Perspectives on the application of Curcuma

species as the antidiabetic agent

The information about the Curcuma species involving the

© Longhua Chinese Medicine. All rights reserved.

Page 9 of 15

identified compounds, proposed mechanism, optimum dose,
and the decreased blood glucose level (36,38,39,41-51) are
summarized and compared to the metformin standard (53)
in Table 2. As shown in Table 2, different Curcuma species,
locations, and solvents used to extract the bioactive
compounds gave different identified compounds. In general,
besides the curcuminoids, terpenoid, flavonoid, tannins, and
xanthorrizhol were identified on four types of the Curcuma
species in Indonesia. While the detailed compositions of the
bioactive compounds are not available, curcuminoids is one
of the main constituents found in the Curcuma species (54).
Therefore, the rationalization on the origin of antidiabetic
activity shall be considered from the curcuminoids.

"The capability of the curcuminoids in decreasing the blood
glucose level has been proposed and also summarized in Table 2.
In general, curcuminoids can decrease the blood glucose level
from two different pathways as the bioactive effect is related
to insulin production and glucose metabolism. Furthermore,
the antioxidant effect of curcuminoids can prevent the
harmful effect caused by ROS, which causes the generation of
oxidative stress. As shown in Zable 2, specifically, curcuminoids
can reduce the blood glucose level via several mechanisms,
which are inhibiting gluconeogenesis (36,45), decreasing
the pancreatic B cell apoptosis (38,41), triggering the release
of insulin in the pancreatic f cell (38,42,46), inhibiting the
a-amylase and a-glucosidase (39,42,49,51), attenuating
high fat diet-induced hyperglycemic and chronic low-grade
systemic inflammatory condition (43), protection from insulin
resistance (43-46,50), reducing the lipid peroxidase activity (44),
reducing ROS (45), and increasing the metabolism of
glucose body system (50). Unfortunately, to date, there is
still no clear pathway on how curcuminoids can work as the
antidiabetic agent related to the specific structure of the
compounds, namely curcumin, demethoxycurcumin, and
bisdemethoxycurcumin.

Since different mechanisms are proposed, the activity
of the curcuminoids as antidiabetic agents could be
determined from different parameters such as the reduction
of the blood glucose level and increase of SOD activity.
Table 2 lists the optimum doses of Curcuma species
extracts that gave the optimum antidiabetic activity. For
the sake of comparison, the following discussion on the
optimum dose was only correlated to the decrease in the
blood glucose level (in-vivo method). It was obvious that
the optimum dose of each Curcuma species to give the
optimum decreased blood glucose level was different from
each other. Different Curcuma species gave different
optimum doses due to the different bioactive compounds
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Table 2 Curcuma species from various regions in Indonesia with the potential antidiabetic activity

Decrease in blood

Species (Location Identified Compound ) Optimum Dose
Source) (Solvent) Mechanism (Method) glucose level
(Treatment time)
Curcuma longa Curcuminoids (Ethanol) Decrease blood glucose level in alloxan- 62.5 pg/mL 61.43 mg/dL
(Indonesia) (36) induced diabetic zebrafish by triggering (in-vitro) (4 days)
the insulin release and decreasing
gluconeogenesis
Curcuma longa Curcuminoids, alkaloid, Decrease blood glucose in streptozotocin- 9.5 ml/kg BW - 287 mg/dL
(Java) (38) flavonoid, triterpenoid/steroid induced diabetic rats by synergic with (in-vivo) (28 days)
(Water) antioxidant activity in repairing pancreatic 8
cell and triggering insulin production
Curcuma longa (Bogor, Curcumin, Inhibit a-glucosidase (minor), p-glucosidase 17.18,2.72,and NA
West Java) (39) bisdemethoxycurcumin, and o-amilase (major) 13.25 pg/mL
curcumol, and terpenoid (in-vitro)
(Methanol)
Curcuma heyneana Curcumin, flavonoid (Ethanol) Increase the SOD activity in streptozotocin 72 mg/1 kg NA
(East Java) (41) induced-diabetes mellitus in rats by inhibiting BW/day
damaged pancreatic f cell (in-vivo)
Curcuma heyneana Curcuminoids, flavonoid, and Reduce blood glucose level of maltose loaded 100 mg/kg 109.33 mg/dL
(North Sumatera) (42)  tannins (Ethanol) mice by inhibiting a-glucosidase enzyme, and BW/day (120 mins)
stimulating insulin secretion and sensitivity (in-vivo)
Curcuma zanthorrhiza ~ Curcuminoids and Antihyperglycemic and anti-inflammatory 100 mg/kg 151.00 mg/dL
(Jakarta) (43) xanthorrizhol (Ethanol) activity in high-fat diabetic obese mice BW/day (112 days)
by attenuating high fat diet-induced (in-vivo)
hyperglycemic, insulin resistance, and chronic
low-grade systemic inflammatory condition
Curcuma zanthorrhiza ~ Curcumin and xanthorrhizol ~ Hypoglycemic and pancreas protection in 10 mL/kg 215 mg/dL
(East Java) (44) (Water) streptozotocin-induced diabetic rats (synergic BW/day (11 days)
with Morinda citrifolia Linn.) by reducing the (in-vivo)
lipid peroxidase activity, and protection from
insulin resistance
Curcuma zanthorrhiza ~ Curcumin (phenolic), Reduce glucose level in alloxan-induced 17.5 mg/kg 142.22 mg/dL
(Pontianak, West flavonoid, tannins, and diabetic rats by the prevention of BW/day (14 days)
Kalimantan) (45) triterpenoid (Ethanol) gluconeogenesis in the liver, reduction of ROS (in-vivo)
and insulin resistance
Curcuma zanthorrhiza ~ Curcumin (phenolic), Reduce plasma glucose level in alloxan-induced 50 mg/kg 252.5 mg/dL
(Bandung, West flavonoid, tannins, and diabetic rats by protecting pancreatic f cell BW/day (120 mins)
Java) (46) triterpenoid (Ethanol) damage, and stimulate insulin production (in-vivo)
Curcuma zanthorrhiza ~ Curcumin, Reduce glucose level in streptozotocin- 10 mg/kg 84.34 mg/dL
(Cimeas Sukabumi, demethoxycurcumin, and induced diabetic rats (mechanism not BW(/day (in- (15 days)
West Java) (47) bisdemethoxycurcumin (Water) explained in detail) Vivo)
Curcuma zanthorrhiza ~ Xanthorrhizol and Reducing blood glucose level in alloxan- 400 mg/kg 102.8 mg/dL
(West Sumatera) (48) curcuminoids (Ethanol) induced diabetic rats (mechanism not BW/day (21 days)
explained in detail) (in-vivo)
Curcuma mangga Curcuminoids (Ethanol) Reducing blood glucose level by inhibiting 469.69 pg/mL NA
(Bantul, DIY) (49) a-glucosidase enzymes (in-vitro)

Table 2 (continued)
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Table 2 (continued)
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Species (Location Identified Compound

Mechanism

Decrease in blood

Optimum Dose
glucose level

Ivent Meth
Source) (Solvent) (Method) (Treatment time)
Curcuma mangga Curcuminoids and tannins Control blood glucose level by increasing 200 and NA
(Bantul, DIY) (50) (Ethanol) glucose ingestion as well as reducing insulin 50 pg/mL
resistance by improving GLUT4 mRNA and (in-vitro)

PPAR-gamma gene expression

Curcuma mangga
(Yogyakarta) (51)

Curcuminoids, terpenoid,
saponins, tannins, flavonoid
alkaloid (Ethanol)

Metformin
standard (53)

Metformin (Water)

Reducing blood glucose level by inhibiting the 363.67 pg/mL  NA
a-amylase enzyme

(in-vitro)

Reduce blood glucose level through inhibition 250 mg/kg 56.66 mg/dL
of hepatic gluconeogenesis BW/day (28 days)
(in-vivo)

BW, body weight; NA, no available information.

as well as the different solvents used to extract the
compounds. However, it was also shown that even though
the same solvent was used, the same Curcuma species but
from different locations did not give the similar optimum
dose. As an example, using ethanol as the solvent, the
Curcuma zanthorrbiza taken from Jakarta showed the
optimum dose of 100 mg/kg BW/day, giving the decrease
of blood glucose level up to 151 mg/dL (43). In contrast,
a lower optimum dose of 17.5 mg/kg BW/day resulted
in a similar level of blood glucose level (142.22 mg/dL)
when using the Curcuma zanthorrbiza taken from West
Kalimantan (38). Curcuma zanthorriza from the same
area of West Java but different cities of Bandung (39) and
Sukabumi (40) were also shown to give different optimum
doses (50 and 10 mg/kg BW/day) and different decreases
in blood glucose level (252.5 and 84.34 mg/kg BW/day),
which could be due to the different used solvents (ethanol
and water) and also an indication that the location where
the Curcuma species was planted could lead to the different
antidiabetic activities.

As different conditions were employed in the experiments
to determine the antidiabetic activities, a universal index
shall be used to compare the antidiabetic activities. An
antidiabetic index can be proposed here as the ratio between
the decrease of blood glucose level (in mg/dL) and the
optimum dose (in mg/kg BW/day) used to achieve such a
decrease. The better the antidiabetic activities, the higher
the antidiabetic index values. For example, when using
metformin with an optimum dose of 250 mg/kg BW/day,
the decrease of blood glucose level up to 56.66 mg/dL
can be expected (53) and this gives an antidiabetic index

© Longhua Chinese Medicine. All rights reserved.

of 0.23. Similar calculations were carried out for all the
Curcuma species shown in Table 2 and the antidiabetic index
values were varied in the range of 0.26-8.13. The wide
range showed the variation of the antidiabetic activities of
these Curcuma species. However, it was obvious that the
Curcuma species gave a similar and even higher ability
to decrease the blood glucose level than the metformin.
This result indicated that the curcuminoids from Curcuma
species extract can potentially be used for DM treatment.
The non-toxicity properties of curcuminoids as
antioxidant and antidiabetic agents have been studied (55-58).
It was revealed that the curcuminoids from natural sources
showed minimum adverse effects, and thus, safe to be
used for medicinal application. For instance, the curcumin
capsule having 98% purity gave no clinical toxicity effect at
the dosage of 50 mg (55). Furthermore, no adverse effect
was observed when the curcumin was used for the treatment
of arthritis at an even higher dosage of 1,200 mg curcumin/
day for 2-6 weeks (56). In addition, it was reported that the
usage of curcumin up to 8,000 mg/day showed no indication
of treatment-related toxicity (57). In contrast, a commercial
drug such as metformin at a lower dosage of 1,000 mg/day
caused adverse effects of developed purpuric skin lesions (58).
Besides the capability to reduce the blood glucose level,
the non-toxicity and safe use of curcuminoids as well as
the possibility to obtain the curcuminoids from Curcuma
species would be the important facts to be considered to
use the curcuminoid for the DM medication. However,
even though all the Curcuma species showed potential
antidiabetic activity, the standards in doing the extraction
and activity test have not been available yet. Moreover, the
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stability of the extract also raised questions and should be
developed further. For instance, curcumin has been reported
to have chemical instability, poor photostability, short half-
life, and rapid metabolism (59). Curcumin is photosensitive
and pH-sensitive as it can be easily degraded to ferulic acid,
feruloyl methane, ferulic aldehyde, vanillic acid, and vanillin
due to photodegradation and alkaline degradation.

Owing to the chemical structure of curcuminoids
having hydrophobic parts, the curcuminoids show low
solubility in water, which means also has low bioavailability.
These limitations raised challenges in the formulation of
curcuminoids for drug application. Several methods have been
reported to overcome this problem, such as modification with
phospholipid complexes, hydrophilic carrier, polymer-based
nanoparticle, and lipid-based nanoparticles (59), as well as via
an impregnation on the solid lipid nanoparticles (47). Some
studies have been also explored to find suitable solvents to
create water-soluble curcuminoids (60,61).

Conclusion

Curcuminoids is considered a mixture of bioactive compounds
that mainly exist as curcumin, demethoxycurcumin, and
bisdemethoxycurcumin compounds. Curcuminoids has
been confirmed not only to have antioxidant activity but
also antidiabetic activity. As the sources of curcuminoids,
Curcuma genus has various species spread around the
world, including Indonesia. Specifically in Indonesia,
Curcuma longa, Curcuma heyneana, Curcuma zanthorrbiza,
and Curcuma mangga are known as the main Curcuma
species that have extensively been used for the production
of herbal medicines. All these Curcuma species show
antidiabetic activity either evaluated by the in-vivo or in-
vitro methods. The ability of curcuminoids in the Curcuma
plant extract to trigger the release of insulin and prevent
the damage of pancreatic P cells was tested through the -
vivo methods. Meanwhile, the ability of curcuminoids in
the o -glucosidase, B-glucosidase, and a-amylase enzyme
inhibition to control the blood glucose level was tested
by the in-vitro method. Their antidiabetic activity values
have been reported to be comparable and in some cases
even higher than the value of commercial drug standards
such as metformin, acarbose, and glibenclamide. Hence,
curcuminoids could be proposed as a safe compound for
reducing blood glucose levels in long-term use. However,
the different location sources of Curcuma species in
Indonesia also affected the curcuminoids composition and
its antidiabetic activity. Moreover, the low stability and the

© Longhua Chinese Medicine. All rights reserved.
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low bioavailability of the curcuminoids in a crude extract of
Curcuma species still need to be overcome.
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