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Abstract:

Background: Curcuma plants (Zingiberaceae) have been widely used by Asians as a treatment for various
diseases. Phytochemical studies show that Curcuma has bioactivity as antioxidant, antibacterial, antifungal,
anticancer, antiviral, and anti-inflammatory. This research aims to compare the total phenolic content and
antioxidant, toxicity, and anticancer against MCF-7 breast cancer cell lines activities of five Curcuma plants
grown in Bogor, Indonesia.

Materials and Methods: Plants used in this research are the rhizomes of temu kunci (C. rotunda), temu putih
(C. zedoaria), temu mangga (C. mangga), temu giring (C. heyneana), and temu hitam (C. aeruginosa). All
plants were macerated using acetone, ethanol, and methanol. Total phenolic content from all plant extracts was
determined using Folin-Ciocalteu analysis. Moreover, antioxidant activity was measured following DPPH assay,
toxicity was determined using the BSLT method with Artemia salina shrimp larvae, while anticancer activity
was analyzed by MTT assay against MCF-7 breast cancer cell lines.

Results: Acetone extract of temu kunci (TKEA) had the highest total phenolic content (72.52 mg GAE/100 g).
TKEA was the most active extract as an antioxidant (ICs, = 205.41 ppm). TKEA has the highest toxicity against
A. salina larvae (LCsy = 16 ppm). Ethanol extract of temu giring (TGEE) was the most active extract to inhibit
MCEF-7 cells proliferation (ICso = 0.65 ppm).

Conclusion:The antioxidant, toxicity activities, and anticancer activities of TGEE reveal that compounds
contained in TGEE are a potential candidate for further development of breast cancer treatment, while
antioxidant activities and mechanisms of compounds contained in TGEE need to be learned using various
antioxidant assays.
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I. INTRODUCTION

Zingiberaceae family is one of the most widespread plant groups in the world. Around 51 genera and
1200 species of plants have been identified. Most Zingiberaceae plants can be found in tropical forests®. Asians
have used Curcuma, a family of Zingiberaceae plants as a food spice and traditional medicine to cure fever,
cough with phlegm, rheumatism, asthma, to purify blood, liver, indigestion, nausea, diarrhea, and skin diseases.
In particular, Indonesians use Curcuma plants for the treatment of diabetes, high blood pressure, and cancer.
Various studies to test the biological activity of Curcuma have been carried out through the total phenol content,
antioxidant activity, toxicity, antibacterial, antifungal, anticancer, antiviral, and anti-inflammation tests®.

Phenolic is one of the secondary metabolites produced by plants. Phenolic compounds have antioxidant
activities. An antioxidant compound can reduce the reactivity of free radical compounds and stop the chain
reaction that can destroy macromolecules in the body®. Antioxidant compounds reduce the potential of cell
mutation and the formation of cancer cells by reducing the reactivity of radical compounds®. Various studies
have shown that methanol, ethanol, and chloroform extracts of Curcuma mangga (temu mangga), C.
aeruginosa (temu hitam), C. zedoaria (temu putih), C. rotunda (temu kunci), and C. heyneana (temu giring)
planted in several places have antioxidant activities® ®. Methanol, dichloromethane, acetone, ethanol, n-hexane,
chloroform, and ethyl acetate extracts of those five Curcuma plants have anticancer activity against cancer cells
such as MCF-7, HL-60, HepG2, DU-145, NCI-H460, MDA, MB 231, HBL-100, PC3, HT-29, and Ca Ski® .
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The pharmacological effect of Curcuma plants is strongly influenced by the content of secondary
metabolites in the plants. Different growth areas, growth conditions, soil types, cultivation environments, and
harvest times of plants can affect the metabolites composition and amount in the plant. The extraction process
and solvent can also affect the pharmacological effects of plants. Plants” pharmacological effects can be tested
using a toxicity assay. The plants have a pharmacological effect if it's toxic. Toxicity assay can be carried out
using Brine Shrimp Lethality Test (BSLT) method™2. In line with the information about compounds composition
and bioactivity of Curcuma plants, this study aims to compare the total phenolic content and antioxidant,
toxicity, and anticancer against MCF-7 breast cancer cell lines activities of five Curcuma plants.

Il. MATERIAL AND METHODS
Materials
The rhizomes of C. mangga, C. heyneana, C. zedoaria, C. rotunda, and C. aeruginosa were obtained
from Trop BRC garden LPPM-IPB, West Java, Indonesia in January 2019. Chemicals used for extraction were
from technical (CV Firman) grades, i.e. acetone, ethanol, and methanol. Chemicals used for analysis were
Tween 80, dimethyl sulphoxide (DMSO), Folin-Ciocalteu reagent, NaOH, gallic acid, DPPH reagent, ascorbic
acid, RPMI media, MCF-7 cell, shrimp Artemia salina larvae, and seawater.

Sample extraction

Fresh plant’s rhizomes were cleaned by water, sliced into small pieces, dried, then grounded by a
powdering mill into a fine powder. The dried plants’ powders were macerated using ethanol, acetone, and
methanol three times at room temperature. The ratio of sample and solvent is 1:5. The plant extracts then
evaporated by a rotary evaporator to produce the viscous and solvent-free extract.

Total phenolic content

The total phenolic content of the plant was quantified using Folin-Ciocalteu method. The sample
dissolved into the ethanol at concentration 500 ppm, then diluted to 250, 125, 62.5, 31.25, and 15.625 ppm. The
sample solution was taken 1 mL into the tube, then added by 5 mL reagent Folin-Ciocalteu 7.5%. The solution
was mixed and standstill for 8 minutes, then added by 4 mL NaOH 1%. The solution was standstill for 1 hour.
The absorbance of the solution was quantified at 739 nm. Gallic acid (5-100 ppm) was used to create a
calibration curve and determine samples’ total phenolic content. Total phenolic content in the extracts showed in
milligram equivalent to gallic acid/100 gram sample (mg EAG/100 g sample)*.

Antioxidant activity

Antioxidant activity was measured using the DPPH method. The extract dissolved into ethanol at
concentration 500 ppm, then diluted to 250, 125, 62.5, 31.25, and 15.625 ppm. The sample solution was taken
500 pL from each extract concentration, then added by 500 uL DPPH solute (125 pM in ethanol). The mixture
was homogenized and incubated into the darkroom at room temperature for 30 minutes. The absorbance of the
mixture was measured at 517 nm using spectrophotometer UV-Vis DU 7500. Ascorbic acid was used as the
positive control. The antioxidant power against DPPH calculated using the equation:

Inhibition (%) = “=2 x 100

A is blank absorbance (mixture of methanol and DPPH) and B is the sample absorbance (mixture of extract and
DPPH). ICs, value calculated based on the curve correlation between sample concentration and inhibition
percentage™.

Brine shrimp lethality test

The extract dissolved at a concentration of 500 ppm. The extract was taken 0.025 g was mixed with 0.1
mL Tween 80 solution, then added by seawater until it reached 25 mL. Extract solution diluted into 200 ppm by
took 10 mL of solution at concentration 500 ppm then add the seawater until 50 mL. As many as 10 shrimp A.
salina larvae were added into the vial using quantified seawater. Gradual dilution was done to the extract
concentration 200 ppm into the vial contained shrimp larvae until the concentration 10, 25, 50, 75, and 100 ppm
of the solution was obtained. Observation and quantification of the dead shrimp larvae were done after 24 hours
of incubation. Percentage of shrimp larvae’s death calculated and converted into probit score, then LCsy Score
calculated from the regression curve of correlation between concentration logarithm and probit score™®.

Dead larvae (sample —blank )

Dead Larvae (%) = x 100%

total of the tested larvae
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Anticancer activity

Anticancer activity was tested using MTT assay to MCF-7 breast cancer cells. The cells were grew
using concentration 5000 cells in 100 pL. growth media. The growth media used in this assay was RPMI 1640.
The extract was added after the cell reach confluent 50% or after 24 hours. The MTT reagent 5 mg/mL was
taken 10 pL into the wells, then incubated in 4 hours at 37°C. The formazan crystal formed in the incubation
process dissolved into ethanol and the absorbance was measured at 595 nm*’.

I, RESULT
Figure 1 shows extraction yield percentage of Curcuma plants using various organic solvents. The
extraction yield percentage range of temu mangga (TM), temu kunci (TK), temu hitam (TH), temu putih (TP),
and temu giring (TG) using ethanol (E), methanol (M), and acetone (A) are various. TKEE has the largest
extraction yield percentage, while THEA has the smallest extraction yield percentage.
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Figure 1:Extraction yield percentage of Curcuma plants with various organic solvents.

Figure 2shows total phenolic content (TPC) of Curcuma plants. The TPC score is amount of gallic acid (EAG)
per 100 gram samples. TPEA had the lowest TPC and TKEA had the highest TPC with 11.22 and 72.52 mg
EAG/100 g samples, respectively.
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Figure 2 : Total phenolic content of Curcumaplants

Figure 3 shows the 1Cs, of all Curcuma plant Extracts on antioxidant assay. The ICsy of all plant extracts is
higher than 200 ppm.
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Figure 3 : I1Csy of Curcuma extracts on antioxidant assay

Figure 4 shows the result of toxicity assay of Curcuma extracts using BLST method towards A. salina larvae.

50
T 40
2 30
§2o
2o | 1]
0
FFEFFEFFEEFEFFE

Figure 4: Toxicity of Curcuma extracts based on BSLT assay

Figure 5 shows the ICs, of Curcuma plant extracts toward MCF-7 cells’ proliferation. Epirubicin was the
positive control in this assay and its 1Csp was 0.52 ppm.
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Figure 5 : 1Cs, of Curcuma’s extracts toward MCF-7 cancer cells’ proliferation

Figure 6 shows the physical appearance of MCF-7 cells before (a) and after the addition (b) of plant extracts.
Extract plant used in the in vivo analysis was TKEA 62.5 ppm. The alive cell has a dark color, while the dead
cell was colorless.
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Figure 6:Physical apperance of MCF-7 cells control (a) and after addition of TKEA 62.5 ppm (b)

V. DISCUSSION

Extraction of all plant samples using organic solvents such as methanol (M), ethanol (E), and acetone
(A). The dielectric constant of methanol, ethanol and acetone at 25°C are 32.5, 23.55, and 19.10, respectively®®.
The dielectric constant of organic solvent is directly proportional to its increasing in polarity’®, so solvent order
from the most polar to the slight polar solvent are methanol, ethanol, and acetone. The increasing polarity of the
solvent will increase the extract’s yield percentage produced by the extraction process because the non-polar
until polar compounds will dissolve into the solvent®.

The ethanolic extracts from almost all plants have the highest yield percentage, followed by methanol
and acetone, respectively (Figure 1). The yield results are different from the previous study?’, whereas ideally,
methanol extract has the highest yield percentage, followed by ethanol and acetone, respectively. This difference
showed that ethanol is better than acetone and methanol to extract the compounds in the plants. TK had the
highest yield percentage from overall samples, while TH had the lowest yield percentage with an average yield
of 20.42% and 5.88%, respectively. Order from the highest to lowest yield percentage is TK, TP, TG, TM, and
TH. Based on the extraction yield percentage, there are many polar compounds in TK and non-polar compounds
in TP. TK and TM had the average TPC thrice and twice bigger than TP. TPC concentrations in the plants from
the largest were TK, TM, TG, TH, and TP (Figure 2).

Antioxidant activity was assessed using the DPPH method because of its advantages, such as simple,
easy, fast, sensitive, reproducible, and need a small amount of sample. The working principle of this method is
the donor of the hydrogen atom from antioxidant compound to radical DPPH and the color-changing of DPPH
from violet to bright yellow. The change of color intensity will decrease the absorbance of DPPH at its maximal
wavelength?’. The antioxidant power of a compound or extract is divided into four categories based on its ICs,
i.e. very strong (<50 ppm), strong (50-100 ppm), moderate (100-150 ppm), and low (150-200 ppm)*.

TK had the best antioxidant activities among all plants and its average 1Cs, is 222 ppm (Figure 3). The
order of plants from the strongest antioxidant activity to the lowest is TK, TM, TG, TH, and TP. The measured
result of Curcuma’s antioxidant activity is different from the previous studies. The ICsy of THEE based on the
measured result and previous studies were 461.51, 681.39, and 406,52 + 0,02 ppm, respectively®?, The ICs, of
THEM based on the measured result and previous study were 533.82 and 199.71, respectively®. The ICs, of
TKEE based on measure result and previous study were 223.22 and 389,051 + 0,426 ppm, respectively®*. The
ICsq of TGEM based on the measured result and previous studies were 479.84, 155.68, and >500 ppm,
respectively®®. The ICs, of TGEE based on the measured result and previous study were 413.53 and 60.08 +
1.17 ppm, respectively®®. The I1Cs, of TMEM based on the measured result and previous study were 411.21 and
90.42 ppm, respectively®. The I1Cs, of TMEE based on the measured result and previous study were 376.01 and
277.79 ppm, respectively?®. The difference of all I1Cs, results were indicated the difference of compounds
contained in the extracts and antioxidant work mechanisms toward DPPH.

BSLT assay is a preliminary assay used to detect the toxicity of extract or compound. BSLT assay was
chosen because it is easy to use, fast, low cost, and accurate?’. Toxicity measuring based on A. salina’s death
percentage. The larvaes’ death percentage is proportional to the sample’s toxicity towards cancer cells®.
Toxicity of the sample showed as LCg, the concentration needed to kill 50% of the animal tested’s population.
There are three toxicity categories based on its concentration, i.e. very toxic (LCg< 30 pg/mL), toxic (LCg =
30-1000 pg/mL), and nontoxic (LCsp> 1000 pg/mL)%.

All extracts were toxic towards A. salina shrimp larvae (Figure 4). TGEA, THEM, TKEA, TKEE,
TKEM, TMEA, and TPEA were very toxic. TKEA had the highest toxicity, while TPEA had the lowest
toxicity. The result also showed that all extracts of TK are toxic toward A. salina larvae. The comparison of
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LCs, based on the measured result and the previous report showed in Table 1. There is only a little information
about toxicity based on the BSLT assay of those five Curcuma plants. There is no information about the BSLT
assay and LCs, data of TM, TK, and TG plant extracts. The difference LCsq results of THEM and TPEE based
on measured results and kinds of the literature indicated that there are some different compounds in the plants.

Table no 1: LCsqscore by BSLT assay for Curcuma plants based on literature and measured result

Plant Data Source (Sggggt, compound) Plant’s Part LCso (ppm)
Temu Hitam Previous study™ Methanol Rhizome 107.5
(C. aeruginosa) Previous study® Ethanol Rhizome 37,7
Measurement Methanol Rhizome 23,4
result Ethanol Rhizome 33
Acetone Rhizome 30,1
Temu mangga Previous study®™® Methanol Leaves 6,5
(C. mangga) Measurement Methanol Rhizome 30,3
result Ethanol Rhizome 41,1
Acetone Rhizome 24,3
Temu putih Previous study™ Ethanol Rhizome 22,9
(C. zedoaria) Measurement Methanol Rhizome 39,4
result Ethanol Rhizome 46,8
Acetone Rhizome 24,3
Temu kunci Previous study® Pinocembrin Rhizome 23,3
(B. rotunda) Pinostrobin Rhizome 60,5
Measurement Methanol Rhizome 17,7
result Ethanol Rhizome 20,6
Acetone Rhizome 16,0
Temu Giring Measurement Methanol Rhizome 45,1
(C. heyneana) result Ethanol Rhizome 33,2
Acetone Rhizome 20,6

MTT assay works principle is measuring the inhibition power of extract toward MCF-7 cells
proliferation. The inhibitory power of extract towards MCF-7 cells’ proliferation was quantified using an
inhibition 50% (ICs) score. The extract works as an inhibitor towards MCF-7 cells’ proliferation if its ICsy < 30
pg/mL. The inhibitory power of sample classified into very active (ICsy < 5 pg/mL), active (ICsp = 5-10
pg/mL), and moderate (ICso = 11-30 pg/mL)*.

TKEE, TPEA, TGEA, TMEE, TKEM, and TKEA were nonactive as an inhibitor of MCF-7 cells’
proliferation (Figure 5). Based on the grouping and comparison using the positive control, TGEE, TPEE,
THEA, TMEA, TMEM, THEE, THEM, TGEM, and TPEM were very active to inhibit the proliferation of
MCEF-7 cells. Acetone, ethanolic, and methanolic extracts of TK were inactive as an inhibitor. Previous studies
showed that Panduratin A and Boesenbergin A isolated from TK were very active (ICs, = 3.75 ppm) and
moderate (ICs, = 25.43 + 0.36 ppm), respectively®**2. The presence of Panduratin A and Boesenbergin A
showed that TK still could inhibit MCF-7 cells’ proliferation, but there may be an interaction of the compounds
in the extract that reduce the inhibitory ability of TK.

TKEA had the highest inhibitory ability (ICs, = 1.16 ppm) among all extracts. TKEA at 62.5 ppm had
the highest inhibitory percentage (95.87%) based on MTT assay (Figure 6). MCF-7 cells are round, oval, or
irregular in two-dimension appearance and round in three-dimension®. The cell was shrunk after the addition of
TKEA. The shrunk cell happened because of reduction of cytoplasm volume, shrinkage of the nucleus, and
merge of membrane and cell’s organelles®. The death of MCF-7 cells also marked by the reduction of violet
color after the addition of MTT reagent into the cells. The alive cells will cut off the tetrazolium ring at the MTT
reagent and produce the violet formazan crystal®.

Inhibitory power of Curcuma plants from measurement results and previous studies compared and
showed in Table 2. The measured ICs, scores were smaller than the previous studies. The 1Csy of TGEM both
measured results and a previous study showed that TGEM was inactive to inhibit MCF-7 cells’ proliferation®.
The difference in inhibition ability of extracts is caused by the different metabolites produced by plants and their
cultivation processes. Zerumin B, (E)-labda-8(17),12-diene-15,16-dial, and Panduratin A were very active to
inhibit MCF- 7 cells’ proliferation and their ICsy were 0.59 + 1.8 ppm, 4.3 + 1.30 ppm, dan 3.75 ppm,
respectively”>!.

Pearson correlation test was used to know the correlation between two variables. Correlation between
TPC and antioxidant, antioxidant and toxicity, antioxidant and inhibition of cells’ proliferation, and toxicity and
inhibition of cells’ proliferation could be studied using the Pearson correlation test. The correlation produced by
this test was positive and negative. Positive and negative correlations were trusted if the p-value < 0.05. A
positive correlation of analysis between TPC and antioxidant showed that phenolic compounds in the extract
have antioxidant activity and increasing of antioxidant activity was in line with the TPC. Pearson correlation test
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showed that there was a significant negative in TG and TP with r = -1.0000. Correlation between TPC and
antioxidant activity of TH, TM, and TK had p-value > 0.05. A negative correlation in all extracts of TG and TP
indicated that other secondary metabolites had antioxidant activity. Phenolic and terpenoid compounds such as
curcumin, demethoxycurcumin, bis-demethoxycurcumin, and 5-isopropylidene-3,8-dimethyl-1(5H)-azulenone
had antioxidant activities*“%

Pearson correlation test showed a significant positive correlation between antioxidant activity and
toxicity in TG (r = 1.0000). The amount of antioxidant compounds in TG is in line with the toxicity of the plant.
Non-phenolic compounds indicated had toxicity toward A. salina shrimp larvae. Pearson correlation test of TM
extracts showed no correlation between TPC and antioxidant activity but showed a positive correlation between
antioxidant activity and inhibition of MCF-7 cells’ proliferation. Based on the Pearson correlation test, TM had
non-phenolic compounds. There was a possibility that the non-phenolic compounds of TM were antioxidant
agents and can inhibit MCF-7 cells’ proliferation. There was no correlation between toxicity and inhibition of
MCF-7 cells’ proliferation. This comparison marked that there was a possibility of different inhibition
mechanisms or cells destroying by TM.

BSLT and MTT assays are common tests to know the sample’s potency as an anticancer. BSLT is the
first assay to evaluate the hidden potency of extract as an antiproliferation agent, then continue using MTT assay
to discover inhibition power of sample towards cancer cell*®. So, the result of the BSLT assay is commonly in
line with the MTT assay result. Tests of the samples showed that TPEA, TGEA, TMEE, TKEE, TKEM, and
TKEA were toxic but could not inhibit MCF-7 cells’ proliferation. Moreover, the TPC of all extracts was too
various. A general comparison could not be used to show that phenolic compounds were the cause of the
anticancer effect in the extracts. Through the information carried out by the tests, it can be assumed that there
was a toxic compound with a poor inhibition mechanism to MCF-7 cells using MTT assay. A previous study
reported that flavonoid and terpenoid in plant extract were toxic and had activity as antioxidant and anticancer™.

TPEE, TPEM, THEA, THEE, TGEM, THEM, TGEE, and TMEM were inactive as an antioxidant but
toxic and can inhibit MCF-7 cells’ proliferation. This result was contradictive with the information which told
that an antioxidant compound also had an anticancer activity®. The antioxidant assay was tested using the
DPPH method. DPPH method was effective to quantify an antioxidant activity from hydroxyl-contained
compounds substituted at para or orto position by -OH or -O-alkyl*. Hydroxyl-contained compounds are
generally known as phenolic and flavonoid compounds. Based on the comparison of the information, it can be
informed that there was a group compound with an unquantified antioxidant activity using DPPH method but
was toxic and can inhibit MCF-7 cells’ proliferation. Antioxidant assays can be tested using several methods
such as CUPRAC, ABTS, and FRAP to know the antioxidant mechanism of the samples.

Table 2: Comparison of ICs, from MTT assay to MCF-7 cell proliferation using methanolic extract of Curcuma

Plant 1Cso (ppm) Character Data Source
Temu Hitam 2,26 Very Strong Measurement Result
(C. aeruginosa) >100 Nonactive Previous study®
Temu mangga 1,98 Very Strong Measurement Result
(C. mangga) 279+03 Moderate Previous study®
Temu putih 3,09 Very Strong Measurement Result
(C. zedoaria) >100 Nonactive Previous study™
21,0+£1,6 Moderate Previous study*’
Temu kunci 17,7 Moderate Measurement Result
(B. rotunda) 51 Nonactive Previous study*®
Temu Giring 45,1 Nonactive Measurement Result
(C. heyneana) 61,63+ 1,76 Nonactive Previous study’®

V. CONCLUSION

Plants’ extracts contained various concentrations of phenolic compounds. Acetone extract of temu
kunci (TKEA) had total phenolic content 72.52 mg EAG/100 g and it was the highest total phenolic content
among all extracts. TKEA was the most active and toxic extract with 1Csy and LCsg score 205.41 ppm and LCsg
16 ppm, respectively. Ethanolic extract of temu giring (TGEE) was the most active extract to inhibit MCF-7
cells’ proliferation with 1Csy score of 0.65 ppm. The tests that have been carried out showed that TGEE and
TKEA were the potential extracts to be used as anticancer and antioxidants. Further research and development
need to be done regarding the anticancer and antioxidant bioactivities of those extracts.
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