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ABSTRACT: Background: Cancer is still a dreadful disease, the treatment 

ranges with difficulties like strong side effects, shortage of donor and organs. In 

relation, plants and its chemical properties will provide an efficient source in the 

innocuous treatment for cancers. Objectives: To identify and isolate bioactive 

compounds from Gloriosa superba tubers and Albizia amara leaves with anti-

cancer property that has traditionally been suggested as an anti-proliferative 

agent in ethnomedicine. Design: G. superba tubers and A. amara leaves are 

extracted and screened qualitatively. Extracts were then tested for antioxidant by 

DPPH assay. Highly potential extract with antioxidant are preceded to GCMS. 

The compounds determined from GCMS were selected according to its non-

reported bioactive information on PubChem, and preceded against Hep-G2 and 

A431 cancer cell by MTT assay. Result: Ethanolic extract showed high 

antioxidant activity in both the plant extracts, GC-MS analysis was performed 

with ethanolic extracts revealing ample of phytoconstituent. Six non-reported 

bioactive compounds were isolated and identified using GC-MS. MTT assay 

was performed using isolated compounds such as 3-Hydroxy-4-

methoxymandelic acid, 1-Butanone,1-(2, 4, 5 trihydroxy phenyl), 2H-1-

Benzopyran, 3, 5, 6, 8 tetrahydro, β-Amyrin trimethylsilyl ether, Undecane, 2, 8-

dimethyl and Octadecanoic, 2-oxo methyl ester on Hep-G2 and A431 cell lines. 

The optimized use of these compounds reveals apoptotic growth inhibition of 

50.58% in A431 cell line and 53.42% in Hep-G2 cell line. Conclusion: The anti-

cancer property of G. superba tubers and A. amara leaves as mentioned in 

various ethnopharmacological records, concurrently emphasize the possible 

bioactive compounds to treat the hepatic and squamous skin carcinoma 

INTRODUCTION: Cancer is detected by medical 

imaging or biopsy and it is often treated with help 

of radiation, surgery and chemotherapy 
1
. Many 

complementary treatments have been introduced 

and its use has improved dramatically around the 

World 
2
.   
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People find that certain complementary methods 

are very useful to help control toxicity and improve 

the quality of their lives 
3
.
 

Hepatocellular 

carcinoma is a common type of primary liver 

cancer, commonly caused by cirrhosis and skin 

cancer is a destructive malignant cancer growth on 

skin 
4, 5

. Chemo drug therapy were used to prevent 

the growth and metastasis of hepatic and skin 

cancers 
6
, but the recovery rate stays low as these 

synthetic drugs cause side effects and metabolic 

suppression 
7
. Many medicinal plants have used to 

treat the cancers and tumors in early days in Indian 

and Chinese tradition 
8
.
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Based on ethnomedicine surveys, Gloriosa superba 

and Albizia amara is used to treat liver and skin 

cancer 
9, 10

. Cancer growth is inhibited by the event 

of caspase-mediated cell death and it is also known 

as apoptosis 
11

. Apoptosis is a highly regulated 

traumatic cell death process caused by sudden 

cellular injury 
12

.
 
The alternative products from 

plants provide us apoptotic induced cancer 

suppression with natural nontoxic metabolic 

activity 
13

.  

Gloriosa superba and Albizia amara are flowering 

plant and are rich in alkaloids and other essential 

compounds 
14, 15

. These plants been used in the 

traditional therapy for various ailments 
16, 17

 such as 

piles, ulcer, snake bite, acne, pimple, cancer, 

leprosy and also used as antibacterial, antifungal, 

astringent, antidiarrheal, anti-inflammatory, emetic 

and anti-cancer agent 
18, 19

. G. superba tubers and 

A. amara leaves possess bio-active compounds 

involves extrinsic apoptotic pathway in cell 

signalling by ligand binding on the death receptors 
20

. Compounds obtained from G. superba tubers 

and A. amara leaves were focused in this study, as 

antiproliferative agents to prevent cancer cell 

growth and metastasis by activating caspases 

mediated apoptosis in squamous skin carcinoma 

and hepatic carcinoma cell lines 
21

. 

 
FIG. 1: RESEARCH DESIGN INVOLVED IN THE OPTIMIZED USE OF ANTIPROLIFERATIVE AGENTS FROM 

GLORIOSA SUPERBA AND ALBIZIA AMARA ACTING AS HEPATIC AND SQUAMOUS CELL SKIN 

CARCINOMA SUPPRESSOR 

MATERIALS AND METHODS: Albizia amara 

leaves and Gloriosa superba tubers were collected 

from Ariyalur district, India. The collected samples 

were shade dried and pulverized individually. 

Soxhlet apparatus was setup manually and the 

thimble was filled with 150 gm of powdered 

samples. Solvents like ethanol (ET), aqueous (AQ) 

and benzene (BE) were used in extraction process. 

The solvent extracts were collected and stored in a 

standard mehod 
22

. 1 gram of each extract was 

dissolved in 100 ml of respective solvents and used 

further. The preliminary screening of 

phytochemicals was carried out using procedures, 

commonly employed with precipitation and 

coloration reactions to identify the occurrence of 

major secondary metabolites.  

Antioxidant activity was determine for G. superba 

tubers (G) and A. amara leaves (A) extracts by 

DPPH assay 
23

, different concentration of 50 µl, 

100 µl, 150 µl, 200 µl and 250 µl samples were 

used respectively.  
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The sample concentrations were incubated with 3 

ml of 0.1 mM DDPH for 30 minutes in dark. After 

incubation, the test concentrations were observed at 

517 nm in triplicate values. The extracts with 

highest range of antioxidant activity on comparing 

with other solvent extracts were subjected to Gas 

chromatography Mass Spectrometry, GC-MS was 

carried out with Perkin Elmer Turbo Mass 

Spectrophotometer equipment’s. Perkin Elmer Elite 

- 5 capillary columns was used, measures about 30 

m × 0.25 mm with the thickness of 0.25 mm film. 

The carrier gas Helium was used, with the flow rate 

of 0.5 ml/min. The sample injection volume was 

1ml. At first, the ethanolic extract of two different 

plants were loaded and programmed as 110 °C for 

4 min, increases to 280 °C. The total run time was 

90 min for each sample. The outcome were 

analyzed and could able to identify a six non-

reported compounds from the G. superba tubers 

sample and A. amara leaves sample in a specific 

range of retention timing (RT). PUB-CHEM library 

was used to identify the bioactivity of the 

components.  

Measurement of peak areas and data processing 

were carried out by Turbo-Mass OCPTVS-Demo 

SPL software. The selected compounds from the 

GC-MS analysis were separated particularly by 

flash chromatography and mixed together. The 

mixed samples were run again to confirm the 

presence of identified six non-reported compounds. 

The apoptotic effect of collected sample from G. 

superba tubers and A. amara leaves on Hep-G2 and 

A431 cell lines were determined by the MTT 

cytotoxicity assay 
25

. Hep-G2 cell lines [HEPG2] 

(ATCC® HB-8065™) and A431 cell lines 

(ATCC® CRL-1555™) were purchased from 

ATCC, USA and the sub culturing method was 

followed according to ATCC procedures. Cell lines 

were incubated and after 48 hrs incubation, the cell 

reaches the confluence. Cells (1 × 105 / well) were 

plated in 1 ml of medium / well in 24 well plates 

along with samples of various concentrations 
26

. 

Then, the cells were incubated at 37 °C in the 

presence of various 5, 10, 25, 50 and 100 µg 

concentrations of bioactive isolates in 0.1% DMSO 

for 48 hrs. 200 μl (5 mg/ml) of 0.5% 3-(4, 5-

dimethyl-2- thiazolyl)- 2, 5- diphenyl- tetrazolium 

bromide (MTT), phosphate-buffered saline solution 

was added to each well and incubated for 4 hrs. 

The viable cells were determined by the absorbance 

at 570 nm. Observances were recorded and the 

concentration required for 50% inhibition of 

viability (GI50) was determined graphically. DMSO 

was used as blank and the wells without sample 

containing cells were used as control.  

The effect of the samples on the proliferation of 

Hep-G2 was expressed as the % cell viability, 

using the standard formula. The results were 

expressed as Mean ± standard deviation (SD) and 

statistically compared with control group or within 

the groups using triplicate values. For every assay, 

data were evaluated for separate three independent 

experiments. Dose-response curves were fitted 

using a nonlinear-regression sigmoidal dose-

response curve model provided in the Graphpad 

Prism software (Graphpad software, Inc., San 

Diego, USA). IC50 and GI50 values were derived 

from fitted curves for each single experiment. 

Finally IC - values were calculated as average of 

three independent experiments with the standard 

deviation of the mean values. Data from the 

different assays were statistically compared using 

one way ANOVA analysis with Tukey's test (n = 5) 

as post-ANOVA analysis (p < 0.05). 

RESULT: G. superba tubers and A. amara leaves 
were studied for the bioactives with antiproliferative 
potentiality. According to ethnomedicine survey, 

the leaves of A. amara and tubers of G. superba 

were focused in anticancer study. A. amara leaves 

and G. Superba tuber were extracted and 

qualitative occurrence of various phytochemical 

was performed by standard preliminary 

phytochemical screening procedure 
27

. Occurrence 

of various phytochemicals is mentioned in below 

Table 1. 

Further, each extract were analyzed for antioxidant 

test by DPPH antiscavenging assay. The inhibition 

percentage of A. amara leaves and G. superba 

tubers exhibits triplicate value of absorbance using 

UV-spectrophotometry at 517 nm for 50, 100, 150, 

200 and 250 µl concentration from both plant 

solvent extract as mentioned in Table 2. Values of 

DPPH assay was determined from standard 

sustained calculation using control value 1.341 ± 

0.003 for A. amara leaves and 1.128 ± 0.001 for G. 

superba tubers. Among the three extract, AET 

(87.44 ± 0.172) and GET (92.19 ± 0.236) has the 

highest inhibition rate for 250 µl/ml. 
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TABLE 1: PRELIMINARY PHYTOCHEMICAL SCREENING OF G. SUPERBA TUBERS AND A. AMARA LEAVES 

S. no. Phytochemicals Test Name AAQ AET ABE GAQ GET GBE 

1 Alkaloids Mayer’s Test - ++ ++ ++ ++ ++ 

2 Flavonoids Shinoda Test - - + + ++ - 

  3 Glycosides Keller-Killani Test ++ - ++ ++ - - 

4 Saponins Forth Test ++ + - ++ - ++ 

5 Steroids LB test - ++ ++ - - ++ 

6 Phenols Lead Acetate Test ++ ++ ++ - ++ ++ 

7 Tannins Ferric Chloride Test ++ ++ + ++ + ++ 

8 Terpenoids Salkowski’s Test ++ ++ ++ - ++ ++ 

9 Carbohydrates Molisch’s test - - ++ + ++ ++ 

10 Proteins Ninhydrin Test ++ - ++ ++ - ++ 

Phytochemical screening for aqueous, ethanol and benzene solvent extract of G. superba tubers and A. amara leaves. ++ 

indicates presence, + indicates faint, - indicates absence 

TABLE 2: ANTI - SCAVENGING ASSAY FOR A. AMARA LEAVES EXTRACT AND G. SUPERBA TUBERS 

EXTRACT 

Concentration 

(µl/ml) 

A. amara leaves extracts ( Mean ± SD) G. superba tubers extracts ( Mean ± SD) 

AAQ AET ABE GAQ GET GBE 

50µL 27.293±0.268 65.542±0.366 45.563±1.125 27.629±0.823 62.234±0.089 37.294±0.456 

100 µL 48.941±0.598 84.514±0.282 57.917±0.973 44.002±0.144 89.953±0.285 46.068±0.545 

150 µL 57.023±0.715 85.732±0.155 67.636±2.170 62.472±0.672 91.431±0.103 54.137±0.446 

200 µL 66.293±0.596 86.742±0.052 74.969±1.528 65.575±0.183 91.786±0.050 55.939±0.154 

250 µL 71.812±0.785 87.447±0.172 83.545±1.875 78.604±0.455 92.198±0.236 58.779±0.668 

IC50 (µg/ml) 97.134   35.666 49.850 149.836 42.161 59.710 

Anti-scavenging activity of aqueous, ethanol and benzene extracts of A. amara leaves and G. superba tubers were determined 

from triplicate absorbance value. Control OD value of 1.341 ± 0.003 was obtained for A. amara leaves and 1.128 ± 0.001 for G. 

superba tubers extracts 

To understand the IC50 of antioxidant, one way 

ANOVA non-linear line regression curve was made 

using 3D-PRISM software as showed in Graph 1 

and 2. The AET showed IC50 value of 35.666 ± 

1.473µg/ml with hill coefficient of 12.690%, 

followed by ABE 49.850 ± 0.450 µg/ml with the 

hill coefficient of 47.260% and for AAQ 97.134 ± 

1.271 µg/ml   with the hill coefficient of 20.710%. 

IC50 of GET as 42.161 ± 0.350 µg/ml with the hill 

coefficient of 48.850% followed by GBE of 59.710 

± 0.742 µg/ml with the hill coefficient of 44.850% 

and for GAQ 149.836 ± 0.954 µg/ml with the hill 

coefficient of 50.320%. 

 
GRAPH 1: IC50 VALUES FOR AQUEOUS 97.134 ± 1.271 µg/ml (*), ETHANOL 35.666 ± 1.473 µg/ml (×) AND 

BENZENE 49.850 ± 0.450 µg/ml (+) EXTRACT OF A. AMARA LEAVES 
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GRAPH 2: IC50 VALUES FOR AQUEOUS 149.836 ± 0.954 µg/ml (*), ETHANOL 42.161 ± 0.350 µg/ml (×) AND 

BENZENE 59.710 ± 0.742 µg/ml (+) EXTRACT OF G. SUPERBA TUBERS 

From the higher indication of antioxidant activity 

in the AET and GET, GC-MS analysis was done to 

identify the specific bio-active agents which 

perform antioxidants. The ethanol extract of both 

the plants were carried out for GC-MS and ample 

of compounds were obtained in TIC 

chromatogram. In a specific RT, the compounds 

were separated and collected. The bioactivity of the 

compounds was determined from the molecular 

database of PubChem.  

The non-reported compounds were chosen to 

perform anticancer assay as mentioned in Table 3. 

Six compounds such as 3-Hydroxy-4-methoxy-

mandelic acid (C1), 1-Butanone,1-(2,4,5 trihydroxy 

phenyl) (C2), 2H-1-Benzopyran, 3,5,6,8 tetrahydro 

(C3), β-Amyrin trimethylsilyl ether (C4), 

Undecane, 2, 8-dimethyl (C5) and Octadecanoic, 2-

oxo methyl ester (C6) from ethanolic extract of 

both plant samples was isolated and obtained from 

collecting tube.  

TABLE 3: GC-MS OF SIX NON - REPORTED BIOACTIVE COMPOUNDS 

S. no. Plant RT Name of the compound Molecular formula MW 

1 Gloriosa superba and 

Albizia amara 

11.038 3-Hydroxy-4-methoxymandelic acid C9H10O5 198.17 

2 23.080 1-Butanone,1-(2,4,5 trihydroxy phenyl) C10H22O 196.19 

3 23.443 2H-1-Benzopyran, 3,5,6,8 tetrahydro C13H20O 192.29 

4 31.017 β-Amyrin trimethylsilyl ether C33H58OSi 498.89 

5 25.39 Undecane,2,8-dimethyl C13H28 184 

6 26.77 Octadecanoic acid, 2-oxo methyl ester C19H36O3 312 

Gas Chromatography identification of six bioactive compounds obtained from analyzing the ethanolic extracts of G. superba 

tubers and A. amara leaves 

MTT assay on Hepatic Carcinoma (Hep-G2) and 

Squamous Skin Carcinoma (A431) cell line was 

performed using C1, C2, C3, C4, C5 and C6 

compounds as shown in Fig. 2. The cytotoxicity 

effect was observed as 5.568%, 9.049%, 29.775%, 

40.448% and 50.58% in A431 cell line and 

12.474%, 22.362%, 32.739%, 45.073% and 

53.424% in Hep-G2 cell line for the respective 

concentration of 5, 10, 25, 50 and 100 µg/ml 

sample Table 4. 

TABLE 4: CELL VIABILITY PERCENTAGE MTT ASSAY FOR A431 AND HEP-G2 

Concentrations 

(μg/ml) 

A431 Hep-G2 

% of viability (Mean ± SD) Death rate % % of viability (Mean ± SD) Death rate % 

5 94.432±0.307 5.568 87.526±0.105 12.474 

10 90.951±0.418 9.049 77.638±0.061 22.362 

25 70.225±0.292 29.775 67.261±0.368 32.739 

50 59.552±0.177 40.448 54.927±0.300 45.073 

100 49.420±0.532 50.580 46.576±0.495 53.424 

GI50 - 14.821 - 36.578 

Cell viability and cell death percentage of six bioactive compounds against A431 cell line and Hep-G2 cell line; Mean values 

were obtained from triplicate absorbance reading, control value 0.862 OD observances was determined for A431 cell line and 

0.954 OD observance for Hep-G2 
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MTT assay against A431 cell line 

   

  
MTT assay against Hep-G2 cell line 

   

   
FIG. 2: THE MTT ASSAY FOR SIX BIOACTIVE COMPOUNDS OBTAINED FROM G. SUPERBA TUBERS AND A. 

AMARA LEAVES AGAINST A431 AND Hep-G2 CELL LINE. CONTROL DETERMINES THE CANCER CELL 

PROLIFERATION. Hep-G2 AND A431 CELL LINE SHOWS APOPTOTIC BEHAVIOR IN DIFFERENT 

CONCENTRATION FROM 5, 10, 25, 50 AND 100 µg. AFTER THE INCUBATION OF 48 HOURS. THE HIGHEST 

CELL DEATH PERCENTAGE WAS OBSERVED IN 100 µg CONCENTRATION IN BOTH THE CELL LINES 

GI50 value for anti-cancer activity of six non-

reported bioactive compounds was understood by 

using the 3D-PRISM software to draw one way 

ANOVA non-linear line regression curve n = 5, (p 

< 0.05). GI50 of 14.821 µg/ml in A431 cell line and 

36.578 µg/ml in Hep-G2 cell line was determined 

as shown in Graph 3 and 4. 
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GRAPH 3: GI50 VALUES 14.821 µg/ml FOR THE SIX BIOACTIVE COMPOUNDS AGAINST THE A431 CELL LINE 

  
GRAPH 4: GI50 VALUES 36.578 µg/ml FOR THE SIX BIOACTIVE COMPOUNDS AGAINST THE HEP-G2 CELL 

LINE

DISCUSSION: The preliminary phytochemical 

screening of G. superba tubers and A. amara leaves 

revealed bioactive rich compounds like alkaloids, 

flavonoids, phenols, saponins and glycosides. 

Therapeutic effects of the bioactives include 

prevention of cardiovascular diseases and anti-

inflammatory, antimicrobial, and anticancer 

activity. The screened bio actives also known as 

primary antioxidants compounds, which has the 

ability to protect against the damage caused by 

oxidative stress induced by free radical 
28

.
 
DPPH 

scavenging activity was performed as it is a widely 

used to measure the antioxidant property of the 

extracts.  

In radical scavenging activity, the maximum 

inhibition occurs in the ethanolic extract of both the 

plants as the ethanol absorbs the large amount of 

phytochemicals during extraction process. Thus we 

understand G. superba tubers and A. amara leaves 

have a good potential of antioxidant property 
29, 30

.
 

The DPPH scavenging activity is visualized as the 

purple solution turns yellow, the antioxidant 

compounds from the plants extract reacts with 

unstable scavenging DPPH by donating extra 

electron to stabilize the medium. The stabilization 
causes the yellow colour indication shown in Fig. 3. 

The GET and AET has reliable multiple bioactive 

compounds which is crucial to analyze for cancer 

preventing agent. Antioxidant is a precursor to 

prevent cancers and heart disease, compounds with 

good antioxidant can be used for GC-MS analysis. 

The result of GC-MS analysis reveals the presence 

of many bioactive components, these ample of 

compounds were studied precisely in various 

researches and the biological activities of those 

compounds were recorded in library.  

Recorded actives of compounds provides their 

potentiality to prevent proliferation of cancer cell 

line by apoptosis, but some compounds were not 

yet tested and holds no record. Compounds with no 

report were chosen for anti-proliferative analysis of 

A431 skin cancer SCC cell line and Hep-G2 

hepatic carcinoma cell line by MTT assay. On 
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analyzing the GC-MS result, we could able to 

collect the six bioactive compounds in particular 

retention time obtained from TIC chromatogram 

Fig. 4.  

  

  

  
FIG. 3: OBSERVATION OF SCAVENGING ACTIVITY OF EXTRACTS IN DIFFERENT CONCENTRATIONS 50 

µL, 100 µL, 150 µL, 200 µL AND 250 µL. EXTRACTS WERE REPRESENTED AS GET(A), GAT (B), GBE (C), AET 

(D), AAQ (E) AND ABE (F) 

 
A 

 
B 

FIG. 4: (A) TIC CHROMATOGRAM OF ETHANOLIC EXTRACT OF G. SUPERBA TUBERS AND A. AMARA 

LEAVES. (B) QUALITATIVE ANALYSIS OF CHROMATOGRAM OF SIX BIOACTIVE COMPOUNDS 
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MTT assay involves 24 well plate in which cancer 

cell line were cultivated and supplied with the six 

bioactive compounds shows cytotoxic activity 

against both cell lines. Bioactive compounds can be 

a novel product for apoptotic mechanism by 

stimulating cancer cell signalling pathways, this 

study doesn’t provides any signalling results, but 

yet it proves an isolated compound can provides us 

an anti-proliferative agent for cancer treatment 
31

. 

Isolated compounds from G. superba tubers and A. 

amara leaves are identified and described as 

compound C1, C2, C3, C4, C5, C6 in Fig. 4.  

  
                                1-Butanone,1-(2,4,5 trihydroxy phenyl)      1-Butanone, 1-(2,4,5 trihydroxy phenyl) 

  
                                      2H-1-Benzopyran, 3,5,6,8 tetrahydro             β- Amyrin trimethylsilyl ether 

   
                                              Undecane, 2, 8 dimethyl                    Octadecanoic acid, 2-oxo methyl ester 

FIG. 4: ISOLATED COMPOUNDS WERE DENOTED AS C1, C2, C3, C4, C5 AND C6 

A431 and Hep-G2 cell lines lead apoptotic death 

visualized under microscopic view. Cell death was 

reported as the cells fails to retain it growth in 

media. Further studies can be assisted in cancer cell 

signaling pathways which provide dynamics of 

drug mechanism in apoptosis of hepatic carcinoma 

and squamous skin carcinoma cells. 

CONCLUSION: According to ethno-

pharmacological records, the ethanolic extract of G. 

superba tubers and A. amara leaves showed 

antioxidant property which can prevent the cancer 

by stabilizing the cells. Six isolated non-reported 

compounds such as 3-Hydroxy-4-methoxymandelic 

acid, 2H-1-Benzopyran, 3, 5, 6, 8 tetrahydro, β-

Amyrin trimethylsilyl ether, 3- Hydroxy- 4-

methoxymandelic acid Undecane, 2, 8- dimethyl, 

Octadecanoic acid and 2-oxo methyl ester obtained 

from G. superba tubers and A. amara leaves 

possess anticancer property on Hep-G2 and A431 

cell lines. Thus G. superba and A. amara can 

provide an alternative drug to treat the cancer as it 

has the potentiality to suppress the cancer cell 

growth. 
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