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Antidiabetic and anticancer activity of Chinese water 
chestnut (Eleocharis dulcis) extract with multistage 

extraction

Abstract

The aims of this research were to observe yield extract, phytochemical content, the 
antidiabetic and anticancer activity of Chinese water chestnut. This research method 
used an experimental laboratory, and data analysis was carried out descriptively. The 
stages carried of this research are sample extraction, extract yield, phytochemical 
analysis  (flavonoid and phenolic content), antidiabetic, and anticancer activity. The 
results showed that the yield of extract using ethanol on Chinese water chestnut was 
higher than that extracts using n‑hexane and ethyl acetate solvents. Phenolic and 
flavonoids compounds are polar so that the results of extracts with ethanol solvents 
show higher values than that extracts using n‑hexane and ethyl acetate solvents. The 
result of antidiabetic activity has the highest value at a concentration of 2000 ppm 
using ethanol value of 65.74%. The results of the anticancer activity were expressed 
by (IC50), the IC50 value of the n‑hexane extract was 1.231.74 ppm, ethyl acetate 941.04 
ppm, and ethanol 2.261.90 ppm.
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INTRODUCTION

Swamp waters have various types of plants, including 
Chinese water chestnut (Eleocharis dulcis). Chinese water 
chestnut is wild plants that can live in swamp waters. 
Chinese water chestnut has been used as a traditional 
medicine to treat hypertension, constipation, and chronic 
nephritis.[1] Whereas Chinese water chestnut has been 
carried out qualitatively by phytochemical tests and 

Chinese water chestnut extract can function as a natural 
antibacterial.[2] The economic potential of Chinese water 
chestnut plants in the health sector is not well known 
and studied. This potential is related to the utilization of 
components contained in it. With a variety of substances 
contained in Chinese water chestnut, it is hoped this plant 
can function to prevent various diseases such as diabetes 
mellitus (DM).

DM is a group of metabolic disorders characterized by 
hyperglycemia and metabolic disorders of carbohydrates, 
fats, and proteins. Type  1 diabetes occurs because the 
insulin‑producing cells of the pancreas  (beta cells) are 
damaged. Type  2 diabetes, the pancreas makes insulin, 
but it either does not produce enough, or the insulin does 
not work properly. Insulin resistance is manifested by 
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increased hepatic glucose production, decreased skeletal 
glucose muscle uptake, and increased lipolysis and free 
fatty acid production.[3]

Cancer is a disease caused by abnormal tissue growth 
due to the loss of cell control mechanisms and is a leading 
cause of death in developing countries.[4] There are many 
medicinal plants that are known to be beneficial and can 
be used as antidiabetic and anticancer. Chinese water 
chestnut has phenolic, tannin, and flavonoid bioactive 
compounds that are thought to play a role in inhibiting 
the enzyme α‑glucosidase, but scientifically it is not yet 
known the inhibitory power of Chinese water chestnut as 
an antidiabetic agent. Therefore, it is necessary to further 
study the antidiabetic activity test by stratified extraction 
using n‑hexane, ethyl acetate, and ethanol in Chinese 
water chestnut. The purpose of multilevel extraction is to 
attract bioactive compounds that have not been interested 
in the extraction process from the solvent stage using 
n‑hexane, ethyl acetate, and ethanol. N‑hexane solvents 
will attract nonpolar compounds, ethyl acetate solvents will 
attract semi‑polar compounds, and ethanol solvents will 
attract polar bioactive compounds.[5]

MATERIALS AND METHODS

Materials
The tools used in this study are vacuum rotary 
evaporator  (B‑one model RE 1000 VN, Germany), 
incubator (Memmert, Germany), oven (Salvis Lab, Swiss), 
and spectrophotometer  (Pharmacia Novaspec II, The 
Netherlands).

The main raw material  used in this study was 
Chinese water chestnut. The chemicals used for 
analysis  are  ethanol ,  n‑hexane  (Merck) ,  e thyl 
acetate  (Merck), Na2CO3  (Merck), p‑Nitrophenyl‑α‑D‑g
lucopyrranoside  (Merck), potassium acetate, aquades, 
Folin‑Ciocalteau (Merck), methanol (Merck), FeC13 (Merck), 
AlCl3  (Merck), α‑glucosidase  (Sigma‑Aldrich), and 
akarbose (Sigma‑Aldrich).

Water chestnut extraction
Chinese water chestnut plants that have been prepared and 
then carried out an extraction process. Active ingredient 
extraction is done by referring to the modified of Santoso 
et  al.[6] The extraction method used in this study is a 
multilevel extraction method.

The stages of extraction as stratified are as follows: 
Swamp plant powder was weighed as much as 250 g 
and put into an Erlenmeyer, then the solvent is added 
until the final volume reaches 1000 mL with a ratio 
of 1:4  (w/v), extracted by stratified maceration using 
n‑hexane solvent  (nonpolar), ethyl acetate  (semipolar), 
and ethanol  (polar), respectively, for 2  ×  24 h, filtering 

was carried out using Whatman paper. Extracts obtained 
from the three types of solvents were concentrated with 
a Rotary evaporator.

Phenolic content
Analysis of phenolic content carried out according to the 
method of Andarwulan and Shetty[7] is as follows: A total 
of 50 mg samples plus 2.5 mL of 95% ethanol in a test 
tube, then centrifuged 3500 rpm for 10 min. A volume of 1 
mL of the supernatant was put into a test tube containing 
1 ml of ethanol and 5 mL aquadest, then add 0.5 mL of 
Folin‑Ciocalteu reagent, let stand 5 min. 1 mL Na2CO3 5% 
was divortexed and left in a dark room for 60 min. The 
sample was again homogenized to measure its absorbance 
at a wavelength of 725 nm.

Flavonoids content
Analysis of flavonoids owas carried out according to the 
method of Chang et  al.,[8] which is as follows: 200 mg of 
sample extracts were dissolved in 1 ml of ethanol, then 
diluted with 3 replications. Total flavonoids from ethanol 
extract were calculated based on the colorimetric method. 
Every 0.2 ml of the sample solution was added 3.7 ml of 
95% ethanol, 0.1 ml of 10% AlCl3, 0.1 ml of 1 M potassium 
acetate and added to 5 ml of distilled water, then mixed 
with homogeneous and allowed to stand for 30 min. Then, 
the absorbance was measured at a wavelength of 437 nm. 
Quercetin is used as a calibration curve with a concentration 
of 100–400 μg/ml.

Antidiabetic activity (inhibiting α‑glucosidase)
The antidiabetic  activity test  of  Chinese water 
chestnut was carried out according to Sancheti,[9] 
as follows: Phosphate buffer  (pH  7) 0.1 M for 50 
μL 0.5 mM 4‑nitrophenyl α‑D‑glucopyranoside, 
homogeneous. Then, 10 ml of test samples were added 
with a concentration of 100 ppm, 500 ppm, 1000 ppm, 
1500 ppm, and 2000 ppm. Then, the reaction was added 
25 μL α‑glucosidase, the solution was homogenized and 
incubated at 37°C for 30  min. Then the reaction was 
added with 100 μL of sodium carbonate 0.2 M. Then, 
the reaction was calculated by using the uv‑vis 410 nm 
spectrophotometry.

Anticancer test with the MTT assay method
Anticancer test with the MTT assay method. MTT was 
applied to assess cell viability as described in a previous 
study.[10] Cells were grown at a concentration of 5000 cells 
in 100 μl of media. Stocks of extract concentrations are 125, 
250, 500, 1000, and 2000 ppm. The sample was added after 
the cells reached 50% confluent (24 h). The MTT test was 
carried out on the 3rd day, by adding 10 μl of MTT (5 mg/ml) 
per well, then incubated for 4 h at 37°C. Formazan crystals 
dissolved in 0.1 N HCl in isopropanol. Optical density 
readings were performed using a microplate reader at a 
wavelength of 565 nm.
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Statistical analysis
The IC50 value obtained in this research was obtained 
from the linear regression analysis in the Microsoft Excel 
Program.

RESULTS AND DISCUSSION

Phytochemical compounds
Phytochemical testing of Chinese water chestnut was 
carried out after the sample was macerated using multilevel 
maceration method. Phytochemical compounds tested 
were phenolic, and flavonoid content. Quantitative 
phytochemical from Chinese water chestnut extract can be 
seen in Table 1.

In this study, it can be seen from the results of multilevel 
maceration of the solvent used to see the content of bioactive 
components found in Chinese water chestnut plants that 
have the highest bioactive component, namely extraction 
using ethanol as a solvent. Based on these data, it is 
suspected that ethanol dissolves more bioactive compounds 
in Chinese water chestnut extract. The high quantitative 
value of extract with ethanol solvents explains that the 
characteristics of the phenolic and flavonoid bioactive 
compounds are more precisely extracted using ethanol 
solvents.

Phenolic and flavonoids compounds are polar so that the 
results of extracts with ethanol solvents show higher values 
than extracts using n‑hexane and ethyl acetate solvents 
because polar solvents can attract polar compounds. 
Flavonoids are polar compounds because they have 
hydroxyl groups, or sugar so that flavonoids are quite 
soluble in polar solvents such as ethanol.[11]

The extraction process that uses solvents with different 
polarity will extract different compounds. The solubility 
of the bioactive component in the material or sample will 
determine the composition of the extract obtained. Siedel[5] 
states that the selection of solvents and the appropriate 
extraction method will affect the yield of secondary 
metabolite compounds that can be extracted. The selection 
of extraction solvents generally uses the principle of like 
dissolves like, where nonpolar compounds will dissolve 
in nonpolar solvents while polar compounds will dissolve 
in polar solvents.

The difference in the amount and composition of secondary 
metabolite compounds depends on the type of extraction, 
extraction time, temperature, natural condition of the 
solvent, solvent concentration, and polarity.[12] The selection 
of the appropriate solvent in the extraction process and the 
conditions at the time of the extract preparation can also 
affect the compounds contained in the extract from Chinese 
water chestnut.

Antidiabetic activity  (inhibition of α‑glucosidase 
enzyme)
The results of inhibition of the α‑glucosidase enzyme in 
n‑hexane, ethyl acetate, and ethanol solvent can be seen 
in Table 2.

Inhibition of α‑glucosidase enzyme of the third stage of Chinese 
water chestnut extract using ethanol solvent has a higher 
inhibitory value than using ethyl acetate and n‑hexane solvents. 
Chinese water chestnut (Eleocharis dulcis) can be seen in Figure 
1. This can be seen from quantitative phytochemical testing, 
which has a higher value compared to using ethyl acetate and 
n‑hexane solvents.

The results of Anisah et  al.,[13] analysis of chemical 
components with gas chromatography‑mass spectrometry 
showed that the most active extracts of ethanol extract 
on Jabon leaves contained phenolic compounds  (quinic 
acid, catechol) and fatty acid derivatives  (hexadecanoic 
acid) which had potential antidiabetic activity. Quinic 
acid phenolic compounds have antidiabetic activity in 

Table 1: Quantitative phytochemical from 
Chinese water chestnut extract
Phytochemical 
compounds

Solvent
n‑Hexane Ethyl acetate Ethanol

Phenolic  (ppm) 30.00 74.00 86.00
Flavonoids  (mg GAE/g) 16.63 27.88 48.56

Table 2: The inhibition of α‑glucosidase enzyme 
of Chinese water chestnut extract
Sample 
concentration (ppm)

Inhibition  (%)
n‑hexane Ethyl acetate Ethanol

100 ‑ ‑ 8.14
500 ‑ 3.64 20.81
1000 ‑ 5.48 37.09
1500 ‑ 12.98 55.05
2000 ‑ 21.99 65.74
‑: Not identified

Figure 1: Chinese water chestnut (Eleocharis dulcis)
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experimental animals[14] and can inhibit the α‑glucosidase 
enzyme in  vitro.[15] Hexadecanoic acid can reduce blood 
sugar levels.[16]

In the study, Hernawan et  al.[17] tannins of gallotanin 
and ellagitanin types can increase the activity of glucose 
transport into adipose cells in vitro. Gallotanin can increase 
glucose uptake while inhibiting adipogenesis. Ellagitanin 
derivatives, on the other hand, have properties similar to 
the hormone insulin. According to Nawwar et al.,[18] soursop 
leaves containing quavetin type flavonoids can prevent an 
increase in blood glucose values so that it can stimulate 
β‑cells to produce more insulin. The results of Kumar[19] 
flavonoid type anthocyanin, isoflavones, and flavonols are 
able to inhibit the α‑glucosidase enzyme. OPLS analysis 
results indicate that flavonoid compounds of sinensitin 
type can also inhibit the α‑glucosidase enzyme. Sinensitin 
with the chemical structure, there are five most methoxy 
groups of cat whiskers. Besides OH and C = O groups are 
thought to have a tendency to increase the inhibition of 
α‑glucosidase by flavonoids.[20]

Anticancer activity
The anticancer analysis was carried out with the aim to 
determine the cytotoxic effects of n‑hexane, ethyl acetate, 
and ethanol extracts of Chinese water chestnut against HeLa 
cells  (cervical cancer) with IC50 parameters. The in vitro 
cytotoxicity test is a model commonly used as a basis for 
studying the effects of anticancer molecules of a medicinal 
plant.[21]

Cells were grown at a concentration of 5000 cells in 100 μl 
of media. Stocks of collagen peptide concentrations are 125, 
250, 500, 1000, and 2000 ppm. The sample was added after 
the cells reached 50% confluent (24 h). The MTT test was 
carried out on the 3rd day, by adding 10 μl of MTT (5 mg/ml) 
per well, then incubated for 4 h at 37°C. Formazan crystals 
dissolved in 0.1 N HCl in isopropanol. The IC50 value is a 
concentration value that results in the inhibition of cancer 
cell proliferation by 50% and shows the potential for the 
oxidation of a compound to cells.[22] IC50 value is determined 
from the equation formed from the linear regression curve 
between probit percent inhibition and log concentration. 
The linear equation obtained is used to find the IC50 value. 
The results of anticancer activity tests stated by (IC50) can 
be seen in Figure 2.

From Figure 2, it can be seen that the IC50 value of extract 
with n‑hexane was 1,231.74 ppm, ethyl acetate was 941.04 
ppm, and ethanol was 2,261.90 ppm. Other plants that have 
habitat in swamp waters and function as anticancer against 
HeLa cancer cells by using MTT Assay from Sala (Cynometra 
ramiflora Linn) which was tested on the bark and leaves 
using ethanol solvent obtained IC50 values on the bark were 
0, 90 and 6.29 ppm and IC50 values obtained were 1.92; 6.37 
and 0.41 ppm, respectively.[23]

CONCLUSION

Phenolic and flavonoid bioactive compounds from Chinese 
water chestnut are more precisely extracted using ethanol 
as a solvent. Chinese water chestnut extract has a very 
little inhibitory effect against the enzyme α‑glucosidase. 
The results of anticancer activity tests stated by (IC50), the 
IC50 value of extract with n‑hexane was 1,231.74 ppm, ethyl 
acetate was 941.04 ppm, and ethanol was 2,261.90 ppm.
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