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1. INTRODUCTION 
Cancer is one of the leading causes of death in several 

countries.  According to 2019 estimations done by the World 
Health Organization, Cancer is the first or second leading cause 
of death below the age of 70 worldwide. There are 277 types of 
cancers, of which colon/colorectal cancer causes mortality of 
about 9.4 %1. Chemotherapy is the most common method used 
to treat all kinds of cancers. The drugs used in chemotherapy to 
treat colon cancer cause side effects such as fatigue, hair loss, 
vomiting, diarrhea, nerve damage, etc. Demand for drugs with 
potential anticancer activity and low side effects have been 
increasing daily.

Components of about 1,70,000 are toxic among the 
3,26,000 newly discovered substances2. Traditional medicine 
plants have a rich source of phyto-constituents with potential 
therapeutic value.

Hedychium coronarium (family Zingiberaceae) is a 
perennial rhizomatous herbaceous species widely cultivated 
in tropical and subtropical regions of India. Rhizomes 
cure infected nostrils, fever, tumors, and tonsillitis. 
Pharmacological studies on rhizomes and flower extracts of H. 
coronarium reported potent antioxidant, anti-inflammatory, 
analgesic, CNS depressant, antibacterial, and antifungal 
activities. Phytochemical constituents isolated from H. 
coronarium are diterpenes, flavonoids, phenolic components, 

saponins, triterpenoids, and steroids3. Diterpenes isolated 
from H. coronarium rhizomes were reported as potent 
chemotherapeutic drugs against Cancer. In this connection, 
we selected Hedychium coronarium rhizomes to screen the 
anticancer potential of petroleum ether and ethanol extracts on 
colon cancer cell lines. 

2. METHODOLOGY
2.1 Plant Material

H. coronarium rhizomes were collected from the 
Nallamala forest, Eastern Ghats of Andhra Pradesh. The 
specimens were authenticated by using local and regional 
floras4-5. The specimen was deposited (887) (Fig. 1) in the 
Department of Botany, Rayalaseema University, Kurnool, 
Andhra Pradesh, India.

2.2 Preparation of Extracts
The rhizomes collected were cleaned manually, rinsed 

with tap water, and dried under shade. One hundred grams of 
powdered plant material was loaded onto Soxhlet (Borosil) 
and successively extracted with petroleum ether (HCPE) and 
ethanol/alcohol (HCAE). The solvent was separated from 
extracts using the distilled unit (Borosil). The extracts were 
subjected to phytochemical, antioxidant, and anticancer assays 
using in vitro methods.

2.3 Phytochemical Analysis
2.3.1 Preliminary Phytochemical Screening
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The concentrated HCPE and HCAE extracts obtained from 
H. coronarium were subjected to qualitative phytochemical 
analysis using standard methods6-9. 

2.3.2 Estimation of Phenolic Content (PC)
The P.C. of HCPE and HCAE was quantified by standard 

FCA reagent method10. About 10 or 20 μL of extracts were 
combined with 100 μL of FCA reagent and allowed 5 - 8 min 
for incubation at room temperature. Then, 0.58 mL of distilled 
water and 300 μL of Na2CO3 (20%) solution were added to 
reach the final reaction volume of 2 mL. The reaction solution 
was incubated for 2 hours. The intensity of the color reaction 
has been measured in terms of optical density (O.D.), which 
was read at 765 nm. The gallic acid standard curve estimated 
the phenol content (P.C.) of water extracts. The quantity has 
been expressed in mg GAE/g dry weight.

2.3.3  Estimation of Flavonoid Content (FC)
The F.C. of HCPE and HCAE were determined by using the 

standardized method11. The reaction mixture consisting aliquots 
(50 and 100 μL) of the extracts and the 0.1 mL sodium nitrite (5 
%), 0.1 mL aluminium chloride (10%) was incubated for 5 min 
at 25 ºC. Then, the aliquots were neutralized by treating with 1 
M sodium hydroxide and allowed for the reaction for 15 min 
at 25 ºC. The resultant solutions’ optical density (O.D.) values 
were measured at λ 510 nm. The flavonoid content (F.C.) was 
estimated using Quercetin as a standard component and was 
represented in mg QE/g dry weight. Ascorbic acid (Vitamin C) 
was used as a standard and positive control.

2.4 ANTIOXIDANT STUDIES
2.4.1 Ammonium Molybdate Dependent Antioxidant 

Activity
Ten microliters of HCPE and HCAE were treated with 1mL 

of phosphor molybdenum reagent. Then, the reaction mixtures 
were incubated in the dry bath at 95 ºC for 1½ h. The O.D. 
values of each sample were measured at 695 λ against blank 
in the UV-Vis spectrophotometer12. The antioxidant capacity 
(TAC) of the test extracts were calculated from the standard 
curve; the results were represented in mg ASE/g dry weight.

2.4.2 DPPH Reducing Activity
Different concentrations of HCPE and HCAE extracts 

combined with one mL of ethanolic-DPPH solution (4 mg/L). 
The solutions were incubated for 30 min. in the dark chamber 
at ambient temperature. After 30 min., the absorbance of test 
samples were measured at 517 nm in UV-spectrophotometer13. 
The following formula was used to calculate the percentage 
inhibition of the DPPH scavenging capacity of selected medicinal 
plant extracts.

%  Scavenging of free radical = Control OD – Test OD X 
100/ Control OD

2.4.3 OH- Radical Scavenging Assay
The hydroxyl radical inhibitory activity of the HCPE 

and HCAE was determined by the standard method14. Briefly, 
different concentrations of the HCPE and HCAE extracts were 
mixed with 2-deoxy-ribose, H2O2, ascorbic acid, and EDTA, 
then the solutions were kept at 37 ºC for 1 hour. After that, 0.5% 
trichloro acetic acid, 25 mM NaOH, and TCA (10 %) were added 
and incubated the reaction for 20 min at 100 ºC. After attaining 
the ambient temperature, the O.D. values of each sample were 
taken at 532 nm against the control. The positive effect of the 
result has been compared to the standard natural antioxidant, 
i.e., Ascorbic acid. The percentage inhibition of hydroxyl radical 
scavenging capacity of selected medicinal plant extracts was 
calculated using the following formula.

% Inhibition of free radical = Control OD – Test OD X 
100/ Control OD

2.5  ANTIBACTERIAL STUDIES
2.5.1  Microorganisms Used

To test the antibacterial efficiency of the extracts the 
following microorganisms are used in the present study i.e. 
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia 
coli, and Bacillus cereus, to test the extracts. The microbes were 
procured from IMTECH, Chandigarh, India.

2.5.2 Antimicrobial Activity
The antibacterial efficacy of HCPE and HCAE was studied 

using the disc diffusion method15. Paper discs saturated with 
different concentrations of plant extracts were placed on the 
surface of agar media plates seeded with 0.1 mL of overnight 
microbial culture. The discs treated with concern solvents used 
for extraction served as negative controls. The antibacterial 
activity of tested plant extracts was assessed by measuring 
bacterial-free zones formed around the discs. The bacterial free 
zones diameters were calculated and tabulated. 

2.5.3 Determination of MIC
The MIC values of each extract against tested pathogens 

were assessed by using the broth dilution method16. Different 
concentrations of the extracts, starting from 62.5 mg to 625 mg/
ml were tested in this method. 100 µL of the microbial culture was 
added to each tube. Tubes were incubated at 37 ºC for 18 h in an 
incubator, and then O.D. values were measured with calorimetry 
at 620 nm. The extract showing no visible growth was considered 
as its MIC value. DMSO served as the negative control. 

Figure 1. Hedychium coronarium flowering twig.
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2.6 CELL CULTURE STUDIES
2.6.1 Cell Culture

Human colon cancer cell lines (HCT-116) purchased 
from NCCS, Pune, were cultured in DMEM- High Glucose 
medium (Himedia) containing fetal bovine serum (Himedia) 
in a CO2 incubator (Healforce, China). 

2.6.2  MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 
diphenyl tetrazolium bromide) Cell Viability 
Study

HCT-116 cell (200μL) culture was cultured in a micro 
titer plate at 2 X 104 cells/ml density without the test sample. 
After 24 hrs of culture, the cells were treated with HCPE and 
HCAE at five different concentrations ranging from 25 to 
400 µg/mL and standard drug as control.

The test plates were kept in incubator for incubation at 
37 °C for 24 hrs in a 5 % CO2. After that, the plates were 
removed from the incubator, separated spent media and added 
tetrazolium salt reagent (0.5 mg/mL). Further, the cells were 
incubated at 37°C for 3 hrs. After that, the tetrazolium salt 
reagent was discorded and cells were solubilized in 100 μL of 
DMSO. The plates were gently stirred in a shaker to enhance 
dissolution. After that, the O.D. values of each sample were 
measured using a micro titer plate reader (Biotech) at 570 
nm and 630 nm. Cell viability was calculated according to 
standard methods17-18.

 
2.6.3 Measurement of Caspase-3 Activity by ELISA

The cells were cultured (5.3 x 104 cells) in 2 mL of 
culture medium in six-well plates. The cells were treated 
with a predetermined IC50 value of the HCPE and HCAE 
for 24 hrs; the attached cells were rinsed with cold PBS, then 
suspended in the same buffer, and subjected to one freeza/
thaw cycle at ambient temperature. The supernatant was 
separated by using centrifugation and stored at -80 ºC. The 
supernatant was subjected to ELISA to quantify caspase -3 
activity (RayBio® Human Caspase-3 ELISA Kit). 

2.6.4 Determination of DNA fragmentation by TUNEL 
assay using Flow Cytometry analysis

To detect the effect of HCPE and HCAE on DNA 
fragmentation was assessed using a TUNEL assay. Cells 
(1-2 × 106 well) were cultured in six-well plates with or 
without H. coronarium extracts at 0, 25, 50, 75, or 100 
μg/mL for 24 h. After treatment, cells were subjected to 
determination of DNA fragmentation following previous 
reports19-20. The quantity of DNA breakup in selected cells 
treated with HCPE, HCAE, and cisplatin was quantified by a 
Flow cytometer (BD FACS Calibur).

3.  STATISTICAL ANALYSIS 
Triplicates were maintained for each experiment, and 

the results were mentioned as mean and standard deviation.

3.1 Results
3.1.1 Yield of the Extracts

H. coronarium rhizomes were collected from Gundla-
brahmeswaram forests of Eastern Ghats, Andhra Pradesh, 

and successfully extracted with petroleum ether and 
ethanol. Petroleum ether extract (HCPE) yielded a yellow 
colour oily extract with a characteristic odour (4.14 %), and 
ethanol (HCAE) produced a brownish-yellow colour extract  
(7 %), respectively.

3.1.2 Phytochemistry
3.1.2.1 Qualitative Phytochemical Studies

Preliminary phytochemical analysis of HCPE and 
HCAE extracts was carried out using standard methods and 
revealed that alkaloids, coumarins, flavonoids, and were 
present in the test two extracts. Volatile oils and fatty acids 
were noticed in HCPE (Table 1).

Table 1. Preliminary phytochemical analysis of Hedychium 
coronarium rhizome extracts 

Type of compound HCPE HCAE
Alkaloids + +
Coumarins + +
Fatty acids + -
Flavonoids + +
Steroids + -
Terpenoids - +
Phenols - +
Volatile oils + -

HCPE: Hedychium coronarium petroleum ether extract, HCAE: Hedychium 
coronarium ethanol extract, +: Present, -: Absent

3.1.2.2  Total Phenolic and Flavonoid Content
The phenolic components quantity of the H. coronarium 

rhizome extracts was evaluated using the standard curve of 
gallic acid, showing the range of 2.51 ±1.00 to 24.44±2.14 
mg GAE/g dwt., while TFC was quantified using the standard 
linear graph of Quercetin. The TFC of the H. coronarium 
rhizome extracts varied from 1.01±0.08 to 6.18±0.77 mg QE/ 
g dry weight. (Fig. 2).

Figure 2.  Total phenolic, flavonoids, and total antioxidant 
capacity of H. coronarium rhizome extracts.

3.1.3  Antioxidant Studies
3.1.3.1 Total Antioxidant Capacity Assay

Ammonium molybdate reducing capacity of the 
extracts obtained from H. coronarium rhizome was depicted  
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(Fig. 2). The results revealed that ethanol extract showed 
higher antioxidant levels (60.44 mg ASE/g dwt.) than that of 
petroleum ether extract (10.25 mg ASE/g dwt.).

3.1.3.2 DPPH Reducing Assay
Table 2 explains the DPPH radical quenching activity of 

H. coronarium rhizome extracts. All the test extracts reduced 
the DPPH purple colour in concentration dependent manner. 
Petroleum ether extract strongly reduced DPPH purple colour 
by expressing the lowest IC50 value (250 µg/mL) and 74 % as 
maximum inhibition at 490 µg/mL for HCAE extract. Gallic 
acid was used as a standard component.

3.1.3.3 Hydroxyl Radical Scavenging Assay
Table 3 demonstrates the hydroxyl radical scavenging 

potentiality of H. coronarium rhizome extracts. All extracts 
exhibited concentration-dependent activity. HCPE and HCAE 
extracts strongly inhibited hydroxyl radicals generated through 

the Fenton reaction. HCAE extract expressed the lowest IC50 
value (12.5 µg/mL) and maximum inhibition as 89 % at (35 
µg/mL) concentration.

3.1.4 Antibacterial Studies
H. coronarium rhizomes were collected from 

Gundlabrahmeswaram (GBM) forests of the Giddalur division, 
shade-dried, powdered and extracted with petroleum ether, and 
ethanol. The extracts were diluted and were tested against 4 
bacterial strains.

The antibacterial activity results of H. coronarium 
rhizome were tabulated (Table. 4) among the test extracts 
petroleum ether extract showed significant inhibition against 
P. aeruginosa (16.66±1.15 mm), moderate activity against 
S. aureus (12.66±0.57mm), E. coli (11.33 ±1.15 mm) and 
B. cereus (10.66 ±0.57 mm). Ethanol extract exhibited less 
activity than petroleum ether extract. 

Table 2. DPPH scavenging capacity of Hedychium coronarium rhizome extracts 

HCPE 
(µg/mL) % Inhibition HCAE

(µg/mL) % Inhibition Gallic acid
(µg/mL) % Inhibition

50 8.70±3.37 70 12.10±1.20 1 20.01±0.2
100 16.96±2.26 140 27.80±0.27 2 32.12±0.1
150 22.49±0.73 210 36.68±1.40 4 51.11±1.21
200 40.22±4.80 280 50.08±0.19 6 64.04±0.1
250 50.12±2.11 350 64.89±1.62 8 75.00±1.0
300 55.02±0.1 420 71.70±1.43 10 82.22±1.1
350 52.45±0.21 490 74.34±1.04 12 90.01±1.01

Table 3. Hydroxyl radical scavenging capacity of Hedychium coronarium rhizome extracts 

HCPE 
(µg/mL) % Inhibition HCAE

(µg/mL) % Inhibition Gallic acid
(µg/mL) % Inhibition

5 11.23±2.61 5 23.23±0.43 5 08.01±0.4
10 32.23±0.76 10 28.92±3.26 10 24.01±0.2
15 53.46±1.84 12.5 52.12±0.43 15 39.21±1.1
20 71.46±0.54 15 61.23±1.08 20 50.11±0.21
25 80.07±2.93 20 66.76±1.30 25 60.04±0.1
30 83.69±1.08 25 83.38±0.65 30 74.00±1.02
35 88.61±0.00 30 85.46±0.18 35 80.22±1.21

35 89.0±0.10

Table 4. Antibacterial activity of Hedychium coronarium rhizome extracts 

Organisms Zone of inhibition mm-1

Pet. Ether extract Ethanol extract Standards 
µg/mLmg/mL MIC µg/

mL mg/mL MIC µg/
mL

10 25 10 25
Bacillus cereus MTCC1429 8.66±0.57 10.66±0.57 312±0.15 7.66±0.57 10±1.0 312±0.15 18.66±1.16A

Staphylococcus aureus MTCC737 10.61±0.57 12.66±0.57 312±0.15 9±1.0 11±1.0 312±0.15 18.66±1.16 A

Escherichia coli MTCC1687 9.33±0.57 11.33±1.15 312±0.15 8±0.0 9.66±0.57 625±1.22 36.33±1.52 T

Pseudomonas aeruginosa 
MTCC1688 11.33±1.15 16.66±1.15 156±0.0 8.66±0.57 9.66±0.57 625±1.22 36.33±1.52 T

Pet. Ether: Petroleum ether, MIC: Minimum inhibition concentration; A: Ampicillin, T: Tetracycline
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3.1.5 Cell Culture Studies
3.1.5.1 Cytotoxic Study

Cytotoxic effects of HCPE and HCAE were assessed 
against HCT-116 cell lines using in vitro studies. The extracts 
were tested at various concentrations from 25 µg/mL to 400 µg/
mL. All the tested extracts exhibited concentration-dependent 
cytotoxic effects on HCT-116 cell lines, revealing that HCPE 
and HCAE extracts suppressed (~65 %) the proliferation of 
HCT-116 cell lines at 400 µg/mL (Figure 3). Based on the 
potential cytotoxic effect of extracts against HCT-116 cells, 
further studies, i.e., ELISA and TUNEL assays, are assessed 
with HCT-116 cells to know the mechanism of anticancer 
activity of the extracts.

3.1.5.2 Quantification of Caspase -3 by ELISA Method
Fifty percent (IC50) inhibition concentration of the 

extracts was calculated from MTT assay and was subjected 
to quantitative estimation of caspase-3 in HCT 116 cell lines. 
Among the test extracts, HCPE exhibited the highest caspase 
-3 activities (142.73 pg/mL) than the HCAE extract (Fig. 4).

3.1.5.3 Effect of H. Coronarium Extracts on DNA 
Fragmentation in HCT-116 Cell Lines

The effect of HCPE and HCAE on DNA stands breaking 
in colon cancer cell lines was measured by TUNEL assay using 
flow cytometry analysis. The results revealed the cells treated 
with HCPE showed more DNA damage (85.62 %) (Fig. 5).

(a)

(b)
Figure 3.  Cytotoxic effects of Hedychium coronarium rhizome 

extracts (A) Petroleum Ether extract (B): Alcohol 
extract in HCT-116 cell lines.

Figure 4.  Caspase-3 activity of Hedychium coronarium rhizome 
extracts in HCT-116 cell lines.

Figure 5.  DNA fragmentation activity of Hedychium coronarium 
rhizome extracts in HCT-116 cell lines.

4. DISCUSSION 
Hedychium coronarium is a rhizomatous herb of the family 

Zingiberaceae and is widely cultivated in India, Vietnam, and 
Southeast Asian countries. Globally, the genus Hedychium 
represents 65 species. Of these, 24 species are present in 
India, speculating its richness in the Indian subcontinent21. The 
chief chemical components of this species are diterpenes, i.e., 
coronarins A-D and iso-coronarin D, and volatile components.  
Phytochemical studies on this plant revealed the presence 
of phenolic constituents, flavonoids, tannins, saponins, etc. 
Pharmacological investigations on this plant indicated that it 
possesses potential anti-inflammatory22, anti-nociceptive23, 
anticancer24, analgesic and CNS depressant25, anti-urolithic26, 
and antibacterial properties27.

In the present study, we evaluated the phytochemical 
composition, antioxidant potential, and anti-cancer activity 
of H. coronarium rhizome extracts. Regarding quantitative 
estimation of phytochemical composition, Panigrahy et al.,28 
estimated the quantity of phenolic group components of 
organic solvent extracts. They reported that aqueous extract 
has a higher amount of phenolic content, possibly due to 
the variation in the climatic conditions prevalent in both 
atmospheric and edaphic conditions. The antioxidant capacity 
of H. coronarium rhizome extracts by phosphomolybdate 
method was assessed by Panigrahy28, et al., revealed that 
ethyl acetate extract showed higher antioxidant activity  
(117.56 ± 0.8) than other test five extracts. 
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In our study, HCAE extract demonstrated higher 
antioxidant capacity than petroleum ether extract. Panigrahy 
et al., 28 studied the antioxidant potential (IC50 values) of six 
extracts, i.e., hexane, dichloromethane, ethyl acetate, acetone, 
ethanol, and aqueous extract obtained from H. coronarium 
rhizome on eight free radical model systems. Petroleum ether 
extract demonstrated stronger DPPH scavenging activity (IC50 
value 200 µg/mL) than the previous reports of Panigrahy28, 
et al. (IC50 value 256.55 µg/mL). HCPE and HCAE (IC50 
values 15 µg and 12.5 µg/mL) exhibited potential OH radical 
scavenging activity than gallic acid (IC50 value 30 µg/ mL). 
Effect of H. coronarium rhizome extracts on hydroxyl radical 
scavenging activity studied by Panigrahy28, et al. indicated that 
the petroleum ether and ethanol extracts required more than 
880 µg/ mL to inhibit 50 % hydroxyl radical; this may be due 
to the variation in the climate condition and area from where 
the plant material was collected.

Petroleum ether and ethanol extracts of H. coronarium 
rhizome exhibited concentration-dependent antibacterial 
activity against the test pathogens. Among the test pathogens, P. 
aeruginosa was strongly inhibited by petroleum ether (16mm; 
MIC value: 156 µg/mL) extract than the reports shown in the 
previous studies conducted by Asit Ray & Sangamitra Nayak29. 
Rhizomatous plants of the family Zingiberaceae are important 
economically and pharmacologically. Several species of this 
family, such as Alpinia, Curcuma, Kaempferia, Zingiber, etc., 
have been reported various types of pharmacological properties, 
including cancer.  Scientific reports on the anticancer properties 
of gingers revealed that they showed potent tumor-reducing/ 
cytotoxic/antiproliferative activity against the different types 
of cancer cell lines through in vitro models30.  Regarding H. 
coronarium, cytotoxic/anticancer activity of extracts and 
isolated constituents was reported against breast and cervical 
cancer cell lines31-32. This is the first report/s on anticancer 
activity of H. coronarium against HCT-116 cell lines. 

Uncontrolled cell proliferation/growth is a characteristic 
feature of cancer. Induction of apoptosis and suppression of 
cancerous cell proliferation is assumed to be the best procedure 
for cancer therapy33-34. Caspase represents the cysteine proteases 
family, which is responsible for initiating programmed cell 
death by inducing DNA fragmentation, cell shrinkage, and 
membrane blebbing. Among the caspases, caspase -3 plays 
a vital role in inducing apoptosis, and it is believed to be a 
biomarker for programmed cell death in cancer cells34. In the 
present study, H. coronarium extracts strongly suppressed 
the growth of HCT116 cell lines in a dose-dependent way. 
Quantification of caspase -3 in cancerous cells is considered 
the best way to determine apoptosis. So, further, we quantified 
caspase-3 concentration in HCT-116 cell lines treated with H. 
coronarium petroleum ether and ethanol extracts using the 
ELISA method. The results showed that petroleum ether extract 
strongly suppressed the growth of selected cancerous cells by 
caspase-3 activity (142.73 pg/mL) than ethanol extracts. 

H. coronarium, extracts were subjected to the TUNEL 
assay using flow cytometry analysis to detect the intracellular 
changes (DNA fragmentation) in colon cancer cell lines. FACS 
analysis showed that the extracts at tested concentrations, i.e., 
HCPE (299.39 µg/mL), and HCAE (228.10 µg/mL), exhibited 

DNA fragmentation in HCT-116 cell lines. Among the test 
extracts, the cells treated with petroleum ether extract showed 
more DNA fragmentation (85.62 %) than control cells and 
other extracts. The extracts are less potent than the standard 
cisplatin (91.31 %).

5. CONCLUSION 
In the present investigation, H. coronarium, extracts 

exhibited a good amount of phytochemical composition. 
The extracts showed a good amount of phosphomolybdenum 
dependent antioxidant and strong DPPH and hydroxyl radical 
scavenging activities. Further, the extracts strongly suppressed 
the growth of the colon cancer cell lines. HCPE strongly 
enhanced caspase-3 activity and DNA breaking in HCT116 
cell lines. The present research observations suggest that H. 
coronarium, is a rich source of natural antioxidant/ antibacterial 
and anticancer components. Further molecular studies are to 
be needed to isolate and characterize active principles and to 
validate their therapeutic properties in in vivo models.
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