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ABSTRACT
Background: Sansevieria roxburghiana Schult. and Schult. 
f. (Asparagaceae) grows in India, Indonesia, Sri Lanka, and tropical Africa. 
Even though the plant has been traditionally used for the treatment 
of many ailments, the antioxidant and antiproliferative activities of S. 
roxburghiana methanol extract and its fractions have not yet been 
explored. Materials and Methods: Quantitative estimation of phenols 
and different antioxidant assays were performed using standard 
methods. Anti-proliferative effect of the extract and fractions were 
evaluated in HCT-116, HeLa, MCF-7, HepG2, and A-549 cancer cell lines 
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide  (MTT) 
and sulforhodamine B  (SRB) assay methods. High-performance 
liquid chromatography  (HPLC) and high-performance thin layer 
chromatography (HPTLC) fingerprint profiling were carried out for extract 
and different fractions. Results: Significant antioxidant and anti-proliferate 
activity were detected in ethyl acetate fraction. Ethyl acetate fraction 
showed prominent scavenging activity in 1,1-diphenyl-2-picrylhydrazyl, 
2,2′-azino-bis  (3-ethylbenzothiazoline-6-sulfonic acid) diammonium 
salt, and nitric oxide antioxidant assays with an concentration yielding 
50% inhibition  (IC50) 15.33 ± 1.45, 45.3 ± 1.93 and 48.43 ± 0.46  µg/ml, 
respectively. Cytotoxicity of ethyl acetate fraction was the highest among 
other fractions against HCT-116, HeLa, and MCF-7cancer cell lines with 
IC50 values 16.55 ± 1.28, 12.38 ± 1.36, and 8.03 ± 1.9 µg/ml, respectively, 
by MTT assay and 15.57  ±  0.70, 13.19  ±  0.49, and 10.34  ±  0.9  µg/ml, 
respectively, by SRB assay. The presence of gallic acid in the ethyl acetate 
fraction of S. roxburghiana rhizomes was confirmed by HPLC and HPTLC 
analysis. Conclusion: Results suggested that ethyl acetate fraction 
exhibited effective antioxidant and antiproliferative activities. The phenolic 
compounds identified in ethyl acetate fraction could be responsible for the 
activities.
Key words: Antioxidant, antiproliferative, high-performance liquid 
chromatography, high-performance thin layer chromatography, Sansevieria 
roxburghiana

SUMMARY
•  Sansevieria roxburghiana has been selected for in  vitro antioxidant and 

cytotoxicity screening
•  Ethyl acetate fraction of methanol extract of S. roxburghiana exhibited 

effective antioxidant and antiproliferative activities
•  The activity of ethyl acetate fraction may be due to the presence of phenolic 

compound which is identified by high-performance liquid chromatography 
and high-performance thin layer chromatography techniques.

Abbreviations used: %: Percent, ºC: Celsius, µg: Microgram, 
µl-Microlitre, ANOVA: Analysis of variance, DMSO: Dimethyl 
sulfoxide, g: Grams, IC50: Concentration yielding 50% inhibition, 
Kg: Kilogram, mg: Milligram, min: Minutes, ml: Milliliter, 
HPLC: High-performance liquid chromatography, HPTLC: High-performance 
thin layer chromatography, DPPH: 1,1-diphenyl-2-picrylhydrazyl, 
ABTS: 2,2′-azino-bis  (3-ethylbenzothiazoline-6-sulfonic acid) diammonium 
salt, MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, 
GAE: Gallic acid equivalents, SRME: Methanol extract of S. roxburghiana, 
ROS: Reactive oxygen species, SRPE: Petroleum ether fraction of 
S. roxburghiana, SREA: Ethyl acetate fraction of S.  roxburghiana, 
SRAQ: Aqueous fraction of S. roxburghiana, DMEM: Dulbecco’s Minimum 
Essential Medium, FBS: Fetal bovine serum, OD: Optical density, TPC: Total 
phenolic content, SRBU: Butanol fraction of  S. 
roxburghiana.
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INTRODUCTION
Many plants and plant-derived products are used in cancer therapy. 
Taxol is used to treat breast cancer, whereas the vinca alkaloids are used 
for leukemia. These compounds are effective as anticancer agents due to 
the presence of chemopreventive compounds.[1] Many herbs are curative; 
chemotherapy and cytotoxic drugs are inherently destructive.[2] In this 
era, some herbal medicines such as paclitaxel, etoposide, and vincristine 
are used for cancer treatment but are highly expensive due to less 
abundance of plants and much less amount of active constituent (example, 
500 mg vincristine from 5 kg vinca). With this background, Sansevieria 
roxburghiana was selected for anticancer activity screening as it is 
reported to have cytotoxicity in brine shrimp lethality assay[3] and 
anticancer activity against Ehrlich ascites carcinoma  (EAC) in mice.[4] 
Sansevieria species were traditionally used for cancer therapy specifically 
for abdominal tumors.[5]

S. roxburghiana Schult. and Schult. f., the bowstring hemp, is a botanical 
source for Murva – an Ayurvedic drug is a rhizomatous herb belongs 
to the family Asparagaceae. Leaves are 8–9 in a tuft, up to 90 cm long 
and 2.5  cm wide, broad toward the middle, rigid, and cross-striped, 
with a rigid spine-like tip. Flowers are greenish to white tinged with 
violet in fascicles of 3–6 on long racemes. Perianth tube up to 1  cm 
long, lobes narrow. Fruit is a globose berry.[6] S. roxburghiana is an 
ornamental plant, flowering during January to June and is distributed 
in India, tropical Africa, Indonesia, and sri Lanka. It has been reported 
that whole plant is traditionally used for ailments mainly heart diseases, 
fever, itching, cough, indigestion, and rheumatism.[4,7] Rhizomes are 
mucilaginous and used for cold, ear pain, and persistent coughs.[4,7] 
Previous investigation of the plant reported the presence of alkaloids, 
carbohydrates, flavonoids, phenols, glycosides, proteins, anthocyanin 
and betacyanin, steroids, and saponins.[8] Phytochemical investigation of 
the ethanolic extract of S. roxbughiana rhizomes led to the identification 
of nine compounds; palmitic acid, isorhamnetin-3-O-β-D-glucopyran
oside, gallic acid, 6,4-dihydroxy-3-propen chalcones, bis (2-ethylhexyl) 
phthalate, bupanidrine, caftaric acid, diisobutyl phthalate, and 
4-propenoxy-7-hydroxy anthocyanins.[9] The rhizomes of S. roxburghiana 
are reported to possess antidiabetic,[7] analgesic,[3] antimicrobial,[8] and 
antioxidant[3,4,10] activities. It also showed anticancer activity against EAC 
in mice[4] and cytotoxicity in brine shrimp lethality assay.[3]

There are no investigations, so far, on the anticancer activity of 
S. roxburghiana extract to the active molecule level. The present study 
is aimed to fill this gap and validate the active fraction/s responsible for 
antioxidant and anticancer activities by established methodology.

MATERIALS AND METHODS
Chemicals
Quercetin, gallic acid, curcumin, ascorbic acid, reagent for total phenolic 
content-folin–Ciocalteu reagent  (FCR), chemicals for antioxidant 
assays-2,2′-azino-bis  (3-ethylbenzothiazoline-6-sulfonic acid) 
diammonium salt (ABTS), 1,1-diphenyl-2-picrylhydrazyl (DPPH), and 
for cytotoxicity-3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide  (MTT) and sulforhodamine B were procured from 
Sigma-Aldrich Chemicals Co., USA and high-performance thin 
layer chromatography  (HPTLC) plates from E. Merck, Germany. 
High-performance liquid chromatography  (HPLC) grade acetonitrile 
and methanol were procured from finar, India. Other reagents and 
solvents used were of analytical grade.

Cell lines
HCT-116  (colon), HeLa  (cervical), MCF-7  (breast), HepG2  (hepatic), 
A549 (lung) cancer cell lines, and Vero normal cell lines were obtained 

from the National Centre for Cell Science, Pune, India and cultured in 
media-Dulbecco’s Minimum Essential Medium with 10% fetal bovine 
serum and 50 µg/mL gentamicin; maintained in CO2 incubator (5% CO2 
and 95% air) at 37°C.

Plant material
Fresh plant material collected from Udyavara, Karnataka during 
December 2013 was identified and authenticated by Dr. KN Sunil Kumar, 
Pharmacognosist, SDM Centre for Research in Ayurveda and Allied 
Sciences, Udyavara, Udupi, Karnataka, India. Sample herbarium was 
prepared (PP 612) and placed in the raw drug and herbarium museum of 
the Department of Pharmacognosy, Manipal College of Pharmaceutical 
Sciences, Manipal, Karnataka, India.

Extraction and fractionation
Fresh plant material was washed with tap water, cut into small pieces, 
and shade dried. Dried plant material was powdered and extracted with 
methanol (methanol extract S. roxburghiana [SRME] by Soxhlet extractor. The 
extract was concentrated and fractionated with petroleum ether (petroleum 
ether fraction of S. roxburghiana [SRPE]), ethyl acetate (ethyl acetate fraction 
of S.  roxburghiana  [SREA]), butanol (butanol fraction of  S. roxburghiana 
[SRBU], and water (aqueous fraction of S. roxburghiana [SRAQ]). Individual 
fractions were concentrated and used for the current study.

Phytochemical analysis
Preliminary phytochemical analysis for the identification of major classes 
of secondary metabolites was carried out as per standard procedures.[11,12]

Total phenolic content
Quantification of total phenol in extracts and fractions of S. roxburghiana 
was performed using FCR[13] by spectrophotometric detection method. 
FCR was prepared by diluting 5 mL of FCR reagent 10 times with water. 
One milliliter of test solution was added to 5 mL of prepared FCR and 
4 mL of sodium carbonate (0.7 M). The reaction mixture was allowed to 
incubate for 2 h and the absorbance was measured at 765 nm. Calibration 
curve for gallic acid was plotted and concentration of total phenols in 
extracts and fractions was determined.

2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic 
acid) diammonium salt radical scavenging activity
Reaction of solution of ABTS (7 mM) and potassium persulfate (2.45 mM) 
was performed to produce ABTS free radical. This reaction mixture was 
incubated at room temperature for 16 h in dark. To acquire the absorbance 
of 0.705  ±  0.02 at 730  nm, 1  ml of ABTS solution was diluted with 
methanol. Suitable concentrations of samples and standard  (Ascorbic 
acid) were prepared. The reagent solution without sample was taken as 
blank. The extracts and standards of 20 µl were mixed with 180 µl of 
prepared ABTS solution and the absorbance was read after 20  min at 
750 nm.[14]

%scavenging = ([Ac − At)/Ac) × 100; where Ac = Absorbance of control; 
At = Absorbance of sample.

1,1-diphenyl-2-picrylhydrazyl radical scavenging 
activity
Stable DPPH free radical was used to evaluate the scavenging activity of 
methanol extract and its fractions. Suitable concentrations of samples 
and standard (Ascorbic acid) were prepared. Samples were added to the 
prepared DPPH solution (1 ml of 0.1 mM) and allowed to rest in dark 
for 20 min, and the optical density (OD) was recorded at 517 nm.[15] The 
reagent solution without sample was taken as blank. The percentage 
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scavenging activity of samples was determined using the formula 
mentioned under ABTS assay.

Nitric oxide radical scavenging assay
Nitric oxide radical scavenging assay was carried according to Griess 
reagent method. Sodium nitroprusside (10 mM) reagent was prepared 
and mixed with phosphate-buffered saline  (PBS). A  volume of 0.5  ml 
of extracts in different concentrations were added subsequently and 
incubated at 25°C for 150 min. After incubation time, 0.5 ml of reaction 
mixture was mixed with 1  ml of sulfanilic acid  (0.33% sulfanilic acid 
in 20% glacial acetic acid). This aliquot was allowed to rest for 5  min 
and incubated for another 30 min with the addition of 1 ml of naphthyl 
ethylenediamine and the absorbance was read at 540 nm.[16] The reagent 
solution without sample was taken as blank. Curcumin was used as 
standard. the percentage scavenging activity of samples was determined 
using the formula mentioned under ABTS assay.

Total antioxidant assay
Assay was carried out according to phosphomolybdenum method. In 
brief, 300 µl of extract (1 mg/ml) were added to 900 µl of reagent solution. 
The reagent solution was prepared by adding sulfuric acid (0.6 M), sodium 
phosphate (28 mM), and ammonium molybdate (4 mM). After adding the 
reagent the aliquot was incubated at 95°C for 90 min and the absorbance 
was read at 695 nm.[17,18] The reagent solution without sample was taken 
as blank. Standard graph of ascorbic acid was plotted. The results of total 
antioxidant capacity were expressed as ascorbic acid equivalents.

3-(4,5-dimethylthiazol 
-2-yl)-2,5-diphenyltetrazolium bromide assay
Assay was performed to ensure the ability of extract and fractions of 
S. roxburghiana to inhibit proliferation of cancer cells. Ninety-six well 
plates were seeded with 100 µl of cell suspension of all the five cancer 
cell lines and normal cell line of density 1 × 104 cells/well. Appropriate 
concentrations  (10–400 µg/ml) of extract and fractions were made by 
serial dilution with media and added to 96 well plates. The plate was 
incubated for next 48  h. control group was treated with only media 
containing dimethyl sulfoxide  (DMSO)  (0.1%  v/v). The media was 
removed and the 96 well plates were washed with 200 µL of PBS. 
A volume of 100 µL of MTT (1 mg/ml in PBS) were added to each well 
of plate and allowed to rest for 4 h at 37°C. DMSO (100 µL) was added to 
dissolve the formazan crystals and the OD was measured at 540 nm.[19] 
Doxorubicin was used as standard.

Sulforhodamine B assay
The 96 well plates were seeded with 100 µl of cell suspension of 
all the five cell lines and normal cell line of density 1  ×  104  cells/well 
and incubated for 24  h. Appropriate concentrations  (10–400  µg/ml) 
of extract and fractions were made by serial dilution with media and 
added to 96 well plates and incubated for 48 h. The cells were fixed with 
ice-cold trichloroacetic acid (100 µl per well, 10%w/v) at 4°C for 1 h. The 
plate was washed, air dried, and stained by sulforhodamine B (SRB) dye 
solution (0.057%w/v in 1% aqueous acetic acid) and kept for 30 min. To 
remove unbound dye-stained well plate was washed with 1% acetic acid. 
The bound SRB dye was solubilized by the addition of Tris base (100 µL 
of 10 mM) to the 96 well plates. The OD was measured at 540 nm, and 
the percentage cell viability was calculated.[20]

High-performance liquid chromatography analysis
The ethyl acetate fraction of methanol extract of rhizomes of 
S. roxburghiana was subjected to reversed phase HPLC  (RP-HPLC) 

separation technique so as to identify the presence of gallic acid. 
Shimadzu HPLC instrument (LC-2010 CHT, Shimadzu Corporation, 
Kyoto, Japan) was used which was equipped with quaternary low 
pressure gradient pumps, dual wavelength ultraviolet detector, 
SPD-M20A prominence photodiode array detector, degasser unit, 
column oven, and high throughput autosampler. LC Solution 5.57 
software was used to monitor/control the chromatography system and 
process the obtained chromatograms. The separation of compound 
was achieved with a mobile phase consisting of orthophosphoric 
acid  (1%v/v) and methanol in the ratio of 60:40%v/v. The mobile 
phase was flowed at a rate of 0.8  mL/min through Phenomenex 
Luna C18 (250 mm × 4.6 mm, 5 µm) column. Sample stock solution 
of 1  mg/ml was prepared, and injection volume was 20 µL and the 
wavelength was set to 275  nm. detection wavelength was 280  nm, 
and identification of compounds was carried out by comparing with 
the retention time of compounds from active fraction and standard 
compounds.

High-performance thin layer chromatography 
analysis
HPTLC fingerprint profile was carried out to detect the compounds 
presence in extract and fractions. HPTLC was performed 
using CAMAG  (Muttenz, Germany) HPTLC instrument. Ten 
microliters of sample  (5  mg/ml) was applied in a precoated silica 
gel G F254 plates  (Merck) using CAMAG Linomat 5 applicator. 
Chloroform:methanol  (9:1) was used as mobile phase for a 
good separation of constituents. Toluene: ethyl acetate:formic 
acid:methanol (3:3:0.8:0.2) solvent system was used for the detection 
of gallic acid. CAMAG twin trough chamber which was previously 
saturated with mobile phase was used for the development of plate. 
Developed plate was dried and visualized and photographed at 
254  nm, 366  nm, and 620  nm in a visualizing chamber Reprostar 3 
and scanned at 254  nm and 366  nm using CAMAG scanner 3. The 
plate was derivatized with anisaldehyde-sulfuric acid, heated at 120°C 
for 5 min, and scanned at 620 nm. The Rf values were calculated.[21]

Statistical analysis
The results were represented as mean ± standard error of mean values for 
three reproducible data and then evaluated using GraphPad Prism 5.02 
Software. Analysis of variance was used for statistical comparison and 
level of significance was determined by post hoc Tukey’s test. Correlation 
analysis was performed using Pearson’s correlation method. The value of 
P < 0.05 was considered statistically significant.

RESULTS
The current study was intended to evaluate the antioxidant and 
anticancer activities of S. roxburghiana methanol extract and its active 
fraction/s. The ability these extracts to scavenge free radicals was assessed 
by different in  vitro antioxidant assays. Rhizomes of S. roxburghiana 
were previously reported for cytotoxicity in brine shrimp lethality 
assay[3] and anticancer activity against EAC model in mice.[4] Whereas, 
in  vitro anticancer evaluation of S. roxburghiana rhizomes  (methanol 
extract and its fractions) has not yet been reported in HCT-116 (Colon), 
HeLa (Cervical), MCF-7 (Breast), HepG2 (Hepatic), and A-549 (Lung) 
cancer cell lines till date. Therefore, the present study was performed 
with the attempt to identify the active fractions responsible for the 
anticancer activity in the above five cancer cell lines by established 
in vitro methodology. HPLC and HPTLC analysis were also performed 
to identify the compounds responsible for antioxidant and anticancer 
activities.
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ROS are found in the environment as pollutants and are produced inside 
the cells through different mechanisms mainly by mitochondrial 
respiration.
Anomalous over production of ROS due to inappropriate biological 
reaction resulting in oxidative stress is considered responsible 
for many disease conditions including diabetes,[32] Parkinson’s 
disease,[33] Alzheimer’s disease,[34] Rheumatoid arthritis,[35] and 
neurodegeneration in motor neuron diseases,[36] inflammation, 
and gastrointestinal tract disorders.[37] Moreover, also for the 
oxidation of low-density lipoprotein which directs to cardiovascular 
disease.[38] Oxidative stress leads to cellular dysfunction and death. 
Therefore, ROS homeostasis should be maintained for normal cell 
growth through the scavenger of the elevated free radicals formed 
or control their production.[39] The ability of S. roxburghiana extract 
and its fractions to scavenge free radicals were evaluated by in vitro 
antioxidant assays.

In vitro free radical scavenging activity
SREA was effectively scavenging DPPH free radical and ABTS free 
radicals with an IC50 15.33 ± 1.45 µg/ml (P < 0.005) and 45.3 ± 1.93 µg/
ml  (P  <  0.005), respectively  [Table  2]. In correlation analysis, total 
phenolic content  (TPC) showed moderate correlation with DPPH 
scavenging assay  (R = −0.7412) and ABTS scavenging assay  (R = 
−0.7046) [Table 3].

Nitric oxide scavenging activity
The highest nitric oxide scavenging activity was observed in SREA with 
an IC50 48.43 ± 0.46 µg/ml (P < 0.005) [Table 2]. A moderate correlation 
of TPC with nitric oxide radical scavenging activity (R = −0.7525) was 
observed in correlation analysis [Table 3].

Total antioxidant capacity
The highest antioxidant capacity was found in SREA extract with 
218.62  ±  5.04 AAE/mg followed by SRME  [Table  2]. Moderate 
correlation  (R  =  0.7702) between TPC and total antioxidant 
capacity [Table 3] was achieved in the correlation analysis.

Total phenolic content
Polyphenols, an important class of secondary metabolite of plants are 
naturally occurring antioxidants[22] having numerous biological activities 
such as antifungal, antiviral, antibacterial, antiulcer, anticancer, and 
anti-cholesterol.[23] Terminalia chebula,[24,25] Datura metel,[26] Cynodon 
dactylon,[26] Alocasia indica,[27] Crataegus oxyacantha,[28] etc., have 
antioxidant activity mainly due to the presences of polyphenols.
The amount of TPC of SREA was found to be more compared to other 
fractions (23.40 ± 0.38 mg gallic acid equivalents (GAE)/g of plant extract) 
and less in SRPE (2.82 ± 0.16 mg GAE/g of plant extract) [Table 1].

Antioxidant assays
Reactive oxygen species  (ROS) are highly reactive chemical molecules 
having a vital role in living organisms. In general, there is in equilibrium 
between the development and neutralization of ROS. The different ROS 
generated inside the cells include hypochlorous acid, hydrogen peroxide, 
and free radicals such as the hydroxyl radical and the superoxide 
anion.[29] Moderate level of these species promotes cell development 
and proliferation, but high level causes damages in proteins, lipids, and 
DNA. DNA damage produces mutations and leads to cancer,[30] whereas 
proteins damage causes enzyme inhibition and degradation of protein.[31] 

Table 1: Total phenolic content in Sansevieria roxburghiana rhizomes 
methanol extract and fractions

Extract/
fractions

Percentage 
yield

Total phenols (mg GAE/g of 
plant extract), mean±SEM

SRM 26 8.59±0.12
SRPE 5 2.82±0.16
SREA 2.5 23.40±0.38
SRBU 10 11.34±0.63
SRAQ 80 9.80±0.66

SRM: Methanol extract of S. roxburghiana; SRPE: Petroleum ether extract S. 
roxburghiana; SREA: Ethyl acetate fraction of S. roxburghiana; SRBU: Butanol 
of S. roxburghiana; SRAQ: Aqueous fraction of S. roxburghiana; S. roxburghiana: 
Sansevieria roxburghiana; GAE: Gallic acid equivalent; SEM: Standard error of 
mean, SRPE: Petroleum ether fraction of S. roxburghiana, SRBU: Butanol fraction 
of S. roxburghiana

Table 2: Free radical scavenging and antioxidant capacity of Sansevieria roxburghiana rhizomes methanol extract and fractions

Extract/
fractions

IC50 (µg/mL), mean±SEM (n=3)

DPPH 
scavenging

ABTS 
scavenging

Nitric oxide 
scavenging

Total antioxidant capacity (µg ascorbic 
acid equivalents/mg extract)

SRM 435.4±2.24a 158.3±1.45a 361.06±0.26a 149.27±2.96a

SRPE >1000 >1000 NA 71.2±1.66b

SREA 15.33±1.45b 45.3±1.93b 48.43±0.46b 218.62±5.04c

SRBU 507.77±1.9a 327.3±2.65c 147.8±0.48c 71.6±4.11d

SRAQ 248.17±1.4a 584.3±1.08d 130±0.25d 53.66±4.11a

Ascorbic acid 5.836±0.08c 2.05±0.28e - -
Curcumin - - 21.59±0.98e -

a-eThe significant difference (P<0.05). Values expressed as mean±SEM (n=3). NA: not active; SEM: Standard error of mean; DPPH: 1,1-diphenyl-2-picrylhydrazyl; 
ABTS: 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt; SRM: Methanol extract of S. roxburghiana; SRPE: Petroleum ether 
extract S. roxburghiana; SREA: Ethyl acetate fraction of S. roxburghiana; SRBU: Butanol of S. roxburghiana; SRAQ: Aqueous fraction of S. roxburghiana; 
S. roxburghiana: Sansevieria roxburghiana; IC50: Concentration yielding 50% inhibition, SRPE: Petroleum ether fraction of S. roxburghiana, SRBU: Butanol fraction of 
S. roxburghiana

Table 3: Correlation (R) between total phenolic content of Sansevieria roxburghiana rhizomes methanol extract and fractions versus Concentration yielding 
50% inhibition values of various antioxidant assays

Correlation coefficient (R)

DPPH scavenging ABTS scavenging Nitric oxide scavenging Total antioxidant capacity
Total phenolic content −0.7412 −0.7046 −0.7525 0.7702

DPPH: 1,1-diphenyl-2-picrylhydrazyl; ABTS: 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
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Cytotoxicity studies
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
and sulforhodamine B assays
Cytotoxicity of SRME and its fractions was determined in HCT-116, 
HeLa, MCF-7, HepG2, A-549, and Vero cell lines by MTT and 
SRB assays. SRME showed significant inhibitory effect on cell 
proliferation in HCT-116, HeLa, and MCF-7 cancer cell lines 
with an IC50  46.69  ±  0.65  µg/ml  (P  <  0.005), 34.50  ±  0.56  µg/ml 
(P  <  0.005), and 74.0  ±  0.45  µg/ml  (P  <  0.005), respectively, by 
MTT assay. Among all fractions of SRME, SREA showed potent 
cytotoxicity in three cancer cell lines with an IC50 16.55 ± 1.28 µg/ml 
(HCT-116)  (P  <  0.005), 12.38  ±  1.36 µg/ml  (HeLa)  (P  <  0.005), and 

8.03  ±  1.9  µg/ml  (MCF-7)  (P  <  0.005) by MTT assay  [Table  4] and 
15.57  ±  0.70  µg/ml  (HCT-116)  (P  <  0.005), 13.19  ±  0.49  µg/ml 
(HeLa)  (P  <  0.005), and 10.34  ±  0.9  µg/ml  (MCF-7)  (P  <  0.005), 
respectively, by SRB assay [Table 5].

High-performance thin layer chromatography 
analysis
HPTLC fingerprint profile of SRME and its fractions revealed the 
presence of many spots corresponding to various phytoconstituents 
when visualized in TLC visualizing chamber [Figure 1]. Scanning under 
different wavelengths showed the presence of many peaks of individual 
compounds. Ethyl acetate fraction demonstrated the presence of gallic 

Table 4: Concentration yielding 50% inhibition (IC50) values of Sansevieria roxburghiana rhizomes methanol extract and fractions and doxorubicin by 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay

Extract/fraction IC50 (µg/mL)

HCT-116 HeLa HepG2 MCF-7 A-549 Vero
SRM 46.69±0.65a 34.50±0.56a 181.0±0.35a 74.0±0.45a 323.7±2.5a 423.7±0.4a

SRPE 198.1±0.98b 232.01±1.17a 274.09±0.02b 228.41±1.7b 328.04±1.6a 442.05±0.54b

SREA 16.55±1.28c 12.38±1.36b 128.14±1.02c 8.03±1.9c 194.02±1.06b 387.02±1.8c

SRBU 112.4±1.27d 261.72±3.22a 375.34±0.64d 209.8±0.90d 298.24±2.86c 492.12±0.94d

SRAQ 616.2±1.45e 517.13±2.29a 463.3±0.15e 354.06±0.64e 437.09±1.9d 467.45±0.45e

Doxorubicin 1.6±0.18f 0.36±0.08c 1.34±0.12f 1.90±0.30f 2.6±0.20e 2.9±0.16f

a-fThe significant difference (P<0.05). Values expressed as mean±SEM (n=3). SEM: Standard error of mean; SRM: Methanol extract of S. roxburghiana; 
SRPE: Petroleum ether extract S. roxburghiana; SREA: Ethyl acetate fraction of S. roxburghiana; SRBU: Butanol of S. roxburghiana; SRAQ: Aqueous fraction 
of S. roxburghiana; S. roxburghiana: Sansevieria roxburghiana; IC50: Concentration yielding 50% inhibition

Figure  1: High-performance thin layer chromatography fingerprinting profile of Sansevieria roxburghiana rhizomes methanol extract and fractions. 
Track 1-methanol extract S. roxburghiana  (10 µl); Track 2-Petroleum ether fraction of S. roxburghiana  (10 µl); Track 3-Ethyl acetate fraction of Sansevieria 
roxburghiana (10 µl); Track 4-Butanol fraction of  S. roxburghiana (10 µl); Track 5-Aqueous fraction of S. roxburghiana (10 µl)



S698 Pharmacognosy Magazine, Volume 13, Issue 51, July-September 2017 (Supplement 3)

RAJALEKSHMI MAHESHWARI, et al.: Characterization, Antioxidant and Cytotoxic Activity of Sansevieria roxburghiana Schult and Schult f. Rhizomes

acid at 270 nm with Rf value of 0.54 in toluene:ethyl acetate:formic acid: 
methanol (3:3:0.8:0.2) mobile phase [Figure 2].

High-performance liquid chromatography analysis
HPLC fingerprinting of ethyl acetate fraction was performed to 
analyze the presence of gallic acid. Absorption maxima and retention 
time of standard gallic acid were matched with peak 1. The eluting 
time of standard gallic acid and peak 1 was 4.15  min  [Figure  3]. 
The amount of gallic acid in ethyl acetate fraction was found to be 
0.42% w/w.
The compound, identified from SREA by HPLC and HPTLC, is 3, 
4, 5  –  trihydroxybenzoic acid  (gallic acid); a low molecular weight 
polyphenolic compound found in large amounts in various plants 
and vegetables. Being a powerful antioxidant, it has ability to prevent 
oxidation at cellular and physiological level due to its electron donating 
ability and stable radical intermediate forming capacity.[40]

Gallic acid and its derivatives are reported to have many pharmacological 
and biological activities including strong antioxidant,[41,42] 
antibacterial,[43] anti-inflammatory,[44,45] antiviral[46] antimutagenic,[47] 
and anticancer properties.[48,49] Biological activities of gallic acid are 
mainly due to its pro-oxidant and antioxidant properties. Gallic acid 

acts specifically on the cancer cells as apoptosis inducer.[50-52] The 
pro-oxidant property of gallic acid depends on its concentration and 
the presence of metal ions.[53]

Gallic acid has been averting the formation of neoplastic cells in 
animal and in vitro models. Previous studies suggested that gallic acid 
inhibitory effect on malignant cells development is mediated through 
the regulation of genes responsible for apoptosis.[53] Gallic acid also 
stimulates the activation of Ataxia-telangiectasia mutated  (ATM) 
kinase and induce ATM-dependent apoptosis,[54] inhibit ribonucleotide 
reductase, and causing inhibition of DNA synthesis,[55] inhibits activation 
of Akt signaling pathway and cyclooxygenase,[56] induce apoptosis by 
the up-regulation of Bax and down-regulation of Bcl2 proteins[57] and 
anti-angiogenic effect.[58]

The study revealed that the SREA rhizomes have significant free 
radical scavenging capacity in all DPPH, ABTS, and nitric oxide 
scavenging assays. This indicates the extract contains active 
principle(s) with good antioxidant potential. SREA showed 
the highest total antioxidant capacity  (218.62  ±  5.04 AAE/mg 
equivalent to ascorbic acid). The methanol extract  (IC50 HCT 
116–46.69 ± 0.65 and HeLa–34.50 ± 0.56 µg/ml) and its ethyl acetate 
fraction  (IC50 HCT 116–16.55  ±  1.28; HeLa–12.38  ±  1.36  µg/ml and 
MCF 7–8.03 ± 1.9 µg/ml) is having significant antiproliferative activity. 
Gallic acid identified by HPTLC and HPLC fingerprint profiling may 
be responsible for the antioxidant and antiproliferative activity of the 
rhizomes of S. roxburghiana. Studies exploring the mechanism of action 
of bioactive molecule of rhizomes of S. roxburghiana are in progress.

CONCLUSION
The present study analyzed the free radical scavenging activity, 
cytotoxicity, HPLC, and HPTLC analysis of methanol extract and its 
fractions of rhizomes of S. roxburghiana. Gallic acid, a potent antioxidant 
molecule present in ethyl acetate fraction of methanol extract might be 
responsible for significant antioxidant and anticancer activity. Detection 
of other principles and its mechanism of action are under progress.
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Table 5: Concentration yielding 50% inhibition values of Sansevieria 
roxburghiana rhizomes methanol extract, ethyl acetate fraction, and 
doxorubicin by sulforhodamine B assay

Extract/fraction IC50 (µg/mL)

HCT-116 HeLa MCF-7
SRM 46.84±1.73a 35.57±0.70a 77.27±1.11a

SREA 15.57±0.70b 13.19±0.49b 10.34±0.9b

Doxorubicin 2.30±0.36c 0.51±0.48c 2.20±0.30c

a-cThe significant difference (P<0.05); Values expressed as mean±SEM (n=3); 
SEM: Standard error of mean; SRM: Methanol extract of S. roxburghiana; 
SREA: Ethyl acetate fraction of S. roxburghiana; S. roxburghiana: Sansevieria 
roxburghiana; IC50: Concentration yielding 50% inhibition

Figure  2: High-performance thin layer chromatography fingerprinting 
profile identifying the presence of gallic acid in Sansevieria roxburghiana 
ethyl acetate fraction. Track 1-ethyl acetate fraction of Sansevieria 
roxburghiana 5 µl; Track 2-gallic acid; Track 3-SREA 10 µl

Figure  3: High-performance liquid chromatography fingerprinting 
profile identifying the presence of gallic acid in Sansevieria roxburghiana 
ethyl acetate fraction
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