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ABSTRACT
Objective: Evaluation of the cytotoxic effect of different extracts of Orthosiphon pallidus 
Royle on MCF-7 cell lines, comparatively. Materials and Methods: The breast cell line 
MCF-7 was cultured in DMEM medium containing fetal bovine serum & antibiotics. The 
cells were exposed to different doses of all the ethanolic, aqueous and hydroalcoholic 
extracts and incubated for 24, 48 and 72 hrs respectively and further studied for MTT 
colorimetric test, SRB test, glutathione assay and cellular uptake assay. Results: The 
results showed hydroalcoholic extract had a dose and time-dependent anticancer effect 
on MCF-7 cancer cells after 72 hours (P<0.05). The study revealed that Orthosiphon 
pallidus Royle could inhibit the growth of cancerous cells. Conclusion: The ethanolic, 
aqueous and hydroalcoholic extracts of Orthosiphon pallidus Royle exhibited anticancer 
activity in a wide range in dose -dependent manner. The study concluded that Orthosiphon 
pallidus Royle shows cellular uptake and anti-proliferative activities. 
Key words: Breast Cancer, Cytotoxic Effect, MCF-7 Cell Line, Fetal Bovine Serum, 
Glutathione’s.
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INTRODUCTION 
Orthosiphon pallidus Royle (Laminaceae) is a 
medicinal herbaceous shrub widely distributed  
in South East Asia, and it is used for the 
treatment of  different diseases like fever, 
hepatitis, edema, jaundice, and rheumatism.1 

It is a perennial herb with a woody rootstock 
not aromatic. Stems are diffusely branched  
ascending vertical 10-35 cm, slender, quad-
rangular, velvety or almost hairless. Leaves are  
ovate, 1-3.5×1.2, pale green, slightly fleshy, 
nearly entire to saw-toothed, gland-dotted, 
stalked, velvety, and almost hairless. Flower 
stalks are 2 mm in flower and up to 6 mm 
in fruit, velvety in the lower part, upper 
lobe ovate-circular.2 The current literature 
revealed nothing about the chemical inves-
tigation of  Orthosiphon pallidus Royle except  
those reported by Regina.3 Indigenous studies  
on the plant stated the plant is highly rich 
in antioxidants and exhibits a huge plethora 
of  pharmacological activities like anticancer,  
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anti hepatotoxicity, antidiabetic, antiviral, 
nephroprotective, etc.4,5 
Breast cancer is a disease, which hampers 
the mental and physical aspects of  a human 
body specifically of  women. The disease is 
a slow progressive in nature and useually 
manifested in later stages.6,7 In India, the 
incidence of  breast cancer has become 
crucial. In a survey done by World Health 
Organization, women at the age group of   
30-50 years are at a higher risk of  developing  
breast cancer, worldwide.8,9 There are several  
reasons for developing breast cancer in  
women. However, the darker side of  the  
crisis is that there is no prominent drug  
available today to treat the disease. The 
synthetic drugs available have major side 
effects, and the ultimate remedy remains the 
surgical removal of  the breast, which also 
does not assure 100% survival and quality 
of  life.10-12 Herbal drugs or drugs derived  
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from natural resources could serve as an alternative to 
the disease. Herbal extracts being antioxidant in nature 
they have the capacity to fight against the disease in a 
synergistic manner to reduce the adverse effects, the 
concurrence of  pain, relapsing nature of  disease as well  
as with the related complications.13-15 Hence, the present  
study was designed to identify a good candidate of  
herbal source for breast cancer. The objective of  the 
present work was to perform a comparative evaluation 
of  in vitro cellular uptake and antiproliferative potential 
of  different extracts of  Orthosiphon pallidus Royle. 

MATERIALS AND METHODS
Collection and identification of plant material
The plants of  Orthosiphon pallidus Royle were collected 
from local areas of  Pratapgarh district, Uttar Pradesh, 
India. The plant was authenticated and identified by B. 
K. Shukla, Scientist-D, Botanical Survey of  India, Cen-
tral Regional Centre, Allahabad, Uttar Pradesh [Voucher 
Specimen No. BSI/CRC/ 2013/1286].

Preparation of Orthosiphon pallidus Royle 
extracts (OPRE)
The fresh whole plant was air dried and extracted with 
ethanol for ethanolic extract, water for aqueous extract 
and water and alcohol in a ratio of  50:50 for hydroal-
coholic extract, using a Soxhlet extractor for 8 hrs at  
55–60 0C. The supernatant was filtered through Whatman  
filter paper No.1 and concentrated under reduced pres-
sure using vaccum at 44 ± 10C in a rotavapor (IKA ®  
RB 10 ROTA EVAPORATOR, INDIA ) followed by 
lyophilization (Thermo fisher, Germany &  Thermo Heto 
LL 3000). The lyophilized plant powder was stored at 220C. 

MTT assay chemicals
MTT [{3-(4, 5–dimethyl thiazol–2–yl)–5–diphenyl-
tetrazolium bromide}], FBS (fetal bovine serum) PBS 
(phosphate buffered saline) trypsin, EDTA and DMEM 
(Dulbecco’s modified Eagle’s medium), MEM (Minimal 
Essential Eagle’s Medium) were obtained from Sigma  
Chemicals (St. Louis, Mo, USA). Glucose and antibiotics  
were obtained from Hi-Media Laboratories Ltd., Mumbai.  
DMSO (dimethyl sulfoxide) and propanol were purchased  
from E. Merck Ltd., Mumbai, INDIA. All other chemicals  
and solvent used were of  the standard analytical grade.

Sulforhodamine B assay chemicals
Sulforhodamine B (SRB), FBS (fetal bovine serum), PBS 
(phosphate buffered saline) DMEM (Dulbecco’s modi-
fied Eagle’s medium) and trypsin were obtained from 
Sigma Chemicals (St. Louis, Mo, USA). EDTA, glucose, 
trichloroacetic acid (TCA), acetic acid, Tris and antibiotics  

were purchased from Sisco Research Laboratories  
(Kolkata, INDIA ). Dimethyl sulfoxide (DMSO) and 
propanol from E. Merck Ltd., Mumbai, INDIA, were 
used for the study. All other chemicals and solvent used 
were of  the standard analytical grade.

Cell line and culture medium
Human breast cancer cells (MCF-7) cell line was used  
for cytotoxicity study. Stock cells of  MCF-7 were  
cultured in DMEM. Medium was supplemented with 
10% inactivated FBS, penicillin (100 IU/mL), strepto-
mycin (100 mg/mL) and amphotericin B (5 mg/mL) 
in an humidified atmosphere of  5% CO2 at 37°C until 
confluent.16,17 The cells were dissociated with Trypsin 
Phosphate Versene Glucose (TPVG) solution (0.2% 
trypsin, 0.02% EDTA, 0.05% glucose in PBS). The 
stock cultures were grown in 25 cm2 culture flasks and 
all experiments were carried out in 96 microtitre plates 
(I Mark™ Micro plate Absorbance Reader, BioRad, 
United States). 

Preparation of test solutions
Test extracts and standard drug were separately dissolved  
in distilled DMSO for the cytotoxicity study. The volume  
was made up with DMEM supplemented with 2%  
inactivated FBS to obtain a stock solution of  1 mg/mL 
concentration and sterilized by filtration. Serial two-fold 
dilutions were prepared from this for carrying out cyto-
toxicity studies.

In vitro anticancer activity of Orthosiphon pallidus 
Royle
MTT assay
Human breast cancer cells (MCF-7) were cultured in 
RPMI-1641 media containing 10% FBS, 100 μg/mL 
penicillin, and 100μg/mL streptomycin in a humidified 
atmosphere with 5% CO2 at 370C. Cells were plated in 
100 μL of  media per well (8000 cells /well) in 96 well 
plates. After 48 hours when the cells reached 70-80% 
confluency, media was removed from the plate and 
washed with PBS once. Serum free media (100 µL) was 
added to each well and kept for 12 hours at 370C in 
an incubator (BB150 CO2 Incubator, Thermo Fischer, 
India) with 5% CO2. Different dilutions of  the extracts 
including standard drug were added in various con-
centration (10, 20, 50,100 μg/mL, dissolved in 0.1 % 
DMSO) and incubated for 24 hours at 370C. MTT solu-
tion (10 µL) of  was added to each well (stock 1 mg/mL  
in PBS) after 24 hours. The plate was then wrapped in 
foil and incubated at 370C for 4 hours.  DMSO (200 µL)  
was then added and kept on a shaker (Remi 80-180 RPM 
1000 Ml Capacity Mini Rotary Shakers RS-12R, India)  
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for 30-45 minute.18 Readings were taken at 570 nm in 
ELISA plate reader (iMark™ Microplate Absorbance 
Reader, BioRad, United States).

SRB assay

The SRB assay was carried out with slight modifica-
tions.19,20 Human breast cancer cells (MCF-7) were cultured  
in RPMI-1641 media containing 10% FBS, 100 μg/mL 
penicillin, and 100 μg/ mL streptomycin in a humidified 
atmosphere with 5% CO2 at 370C. Cells were plated in 
100 μL of  media per well (8000 cells/well) in 96 well 
micro titre plates. After 48 hours when the cells reached 
70-80% confluence, media was removed from each 
well. The serum free media was added to each well after 
washing with PBS once and kept at 370C for 12 hours.  
Thereafter, different dilutions of  the extracts and stan-
dard drug were added in varying concentration (10, 20, 
50,100 μg/mL in 0.1 % DMSO) to the medium. Incu-
bation was carried out for 24 hours at 370C. Each well 
was then added with 50 μL of  chilled TCA (50 %) and 
incubated for 1 hour at 40C. The Solution was discarded  
from each well, washed with double distilled water  
3- 4 times and completely air-dried at room temperature  
overnight. SRB 100 μL (0.4%) was added to each well 
and incubated at room temperature for 30 minutes. 
Each well was then washed with 1% glacial acetic acid 
3-4 times and completely air-dried at room temperature.  
Tris base solution 200 μL was added to each well  
(10 mM, pH-10.5). Readings were taken at 510 nm after 
20 minutes. The standard drug taken was rapamycin at 
a concentration of  10 µM. Control group received no  
treatment and were supplied with culture media containing 
0.1% DMSO.  
The following formula was used to calculate % viability:

% viability = (live cell count/total cell count) × 100

Cellular uptake study

The cellular uptake of  Aq, Eth, Halc, and rapamycin 
(standard drug) was studied on the MCF-7 cell lines by 
fluorescence method.21,22 Briefly, all the three extracts 
including standard drug were added to MCF-7 cell lines 
previously incubated with Hoechst dye (50 µg/mL) for 
half  an hour separately and then were washed thrice 
with PBS. The cell line cultures were treated with Aq, 
Eth, Halc extracts, including rapamycin as a standard drug 
at different dilutions for different time intervals. Cells  
were then analyzed under a fluorescence microscope  
fitted with an RT spot digital camera (Nikon Eclipse 
E600 microscope, India). In control group, cells were 
incubated with the dye for 30 minutes, washed thrice 
with PBS and again suspended in medium and further 
incubated with PBS for half  an hour.

Glucose concentration in the sample can be calculated 
using the following formula:

Glucose =  Absorbance of  sample/Absorbance of   
standard × Concentration of  standard 

Intracellular glutathione assay 

Intracellular glutathione assay was carried out to estimate  
the reduction in intracellular glutathione level in MCF-7 
cells upon exposure with Aq, Eth, and Halc extracts, 
including rapamycin as a standard drug at different 
dilutions. A commercial kit (Thiol Tracker™ Vio-
let, Thermo Fischer, India) was used for intracellular  
glutathione assay.22,23 In order to quantify the intracel-
lular glutathione levels in the cell lines and their respec-
tive controls fluorescence microplate reader (iMark™  
Microplate Absorbance Reader, BioRad, United States) was  
employed. The study was carried out in 96 well micro-
plates where cells were grown at a density of  1 x 105 
cells/well in DMEM with 10% FBS. The cells were left 
for attachment for 24 hours and then washed twice with 
fresh PBS  (100 µL/ well) and then exposed to Aq, Eth, 
Halc extracts, exposure, in the concentration range of  
20-200 mg/mL supplemented with 10% FBS. After 
the exposure, again the cells were washed with fresh 
PBS (100 µL/well) and exposed to the commercial dye  
(Thiol Tracker™ Violet) prepared in PBS at a con-
centration of  20 µM. The incubation conditions were  
maintained at 37°C with 5% CO2 for half  an hour. The 
cells were washed thrice to remove the dye with 100µl/ 
well of  PBS and the cells were analyzed under the reader 
to measure the absorbance at 412 nm respectively in 
Bio-rad micro plate reader.

Concentration of  GSH in sample = Std. OD× Sample 
OD × 1000× Vol. of  Supernatant/ Conc. Of  Std. × 
307.32 × Vol. of  Blood

Where 307.32 = Molecular weight of  GSH

Statistical analysis 
One-Way ANOVA test (non-parametric analysis of  
variance) and post test Tukey Test was applied to compare 
all pairs of  the column. Graph Pad Prism software was 
used for further statistical analysis.

RESULTS
MTT assay
The antiproliferative activity of  all the three extracts 
viz. Eth, Aq and Halc extracts have been investigated 
on MCF-7 cell line at the concentration (10, 20, 50,100 
µg/mL in 0.1 DMSO) for 24, 48 and 72 hrs (Figure 1). 
The hydroalcoholic extract exhibited cell viability of   
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line using fluorescence microscope was also carried out  
to investigate cellular uptake affinity. The results of   
in-vitro cellular uptake of  Aq, Eth, and Halc extracts were 
remarkably significant (p<0.05). The cellular uptake 
response of  Halc was observed relatively higher than 
the other extracts. The response pattern was relatively 
similar in cells with the Aq, Eth extracts while a slightly 
different cellular uptake pattern was observed for the 
standard drug (Figure 3). Here, the cellular uptake of  
Halc started at an initial exposure of  5 minutes and  
lasted for 45 minutes. Moreover, the overall pattern  
cellular uptake of  Aq, Eth, and Halc extracts on MCF-7 
cell lines remained in an exponential order i.e. Halc > 
Eth > Aq extracts as compared to the standard drug.

Intracellular glutathione assay
The concentration of  intracellular GSH reduced signifi-
cantly (p<0.05) when Halc was administered to the cells, 
in comparison to the Aq and Eth extracts (Figure 4). 
The rate of  intracellular GSH depletion was found to 
be significant for Halc extract at all test concentrations 
of  25-150 µg/L in MCF-7 cell lines in 24 hours as com-
pared to standard drug.

DISCUSSION
Breast cancer is a disorder significantly vulnerable in 
women across the world. In recent decades various 
drug therapies have been developed in order reduce the 
chance of  occurrence of  disease to lower the mortality 
rate due to breast cancer and to minimize the pre and 
post complications associated with the diseases.24

53.75±1.98 % while ethanolic extract showed cell  
viability of  71.75±1.26 and highest of  84.26 ± 2.23 % 
was observed in the aqueous extract at a concentration 
of100 µg/mL.
The results of  MTT assay shown the ability of  cells to 
recover was highly significant in the aqueous extract  
(p≤0.05) while less in other two extracts as well as  
standard drug rapamycin, which shown cell viability of  
23.97 ± 1.76% suggesting high cytotoxic nature of  the 
drug. The Aqueous extract exhibited tendency to recover 
the cells which are vulnerable to ROS damage also.

SRB assay
Sulforhodamine B (SRB) assay is a qualitative as well as  
a quantative method for confirmation of  cellular toxicity  
in terms of  protein disposition in the cell. The results 
of  the SRB analysis had shown that the extracts exhib-
ited significant variations in SRB values at a range from 
58% to 84% in the same cell line. In terms of  cytotox-
icity, hydroalcoholic extracts showed an SRB value of  
58.11 ± 1.35% suggesting significant higher toxicity as 
compared to ethanolic extract, an aqueous extract which 
shown SRB value of  75.39 ± 0.87% and 83.24 ± 2.47% 
respectively. In terms of  cytotoxicity, standard drug 
rapamycin had shown an SRB value of  28.27 ± 2.61%, 
resembling its MTT results (Figure 2). The results of  the 
SRB study shown that all three extracts had cytotoxicity 
in an exponential order of  Halc> Eth>Aq.

In vitro cellular uptake study
The cellular uptake affinity of  Aq, Eth, and Halc extracts, 
including rapamycin as a standard drug on MCF-7 cell 

Figure 1: Measurement of cell viability using MTT assay  
and different extracts of Orthosiphon pallidus. Each value 
represents mean±SEM; n=3. Where, #p<0.05 as compared  
to control; *p<0.05 as compared to standard; **p<0.01 as 

compared to standard; ***p<0.001 as compared to standard.

Figure 2: Measurement of cell viability in MCF cells using 
SRB assay for different extracts of Orthosiphon pallidus. 
Each value represents mean±SEM; n=3. Where, #p<0.05 

as compared to control; *p<0.05 as compared to standard; 
**p<0.01 as compared to standard; ***p<0.001 as compared to 

standard.
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Graidist et.al in 2015 carried out a study in which 
the cytotoxicity of  a crude extract of  Piper cubeba was 
evaluated against normal fibroblast (L929), normal 
breast (MCF-12A) and breast cancer cell lines (MCF-7, 
MDA-MB-468 and MDA-MB-231). The most effective 
fraction was selected for DNA fragmentation assay to 
detect apoptotic activity. The results had shown that the  
methanolic crude extract had a higher cytotoxic activity  
against MDA-MB-468 and MCF-7 than a dichloro-
methane crude extract.25 Similarly, In a study conducted 
by Maliyakkal et.al in 2013, the cytotoxic and apoptotic 
effects of  extracts of  Withania somnifera (WS) and Tinospora  
cordifolia (TC) was examined on human breast cancer 
cells (MCF7 and MDA MB 231). A key finding was 
observed in the study that the extracts failed to show 
cytotoxicity or apoptosis in HaCaT cells at the concen-
tration that was cytotoxic to breast cancer cells, indicat-
ing less cytotoxic effects of  WS and TC against human 
‘non-cancerous’ cells. 26

Traditionally, there are various drugs, which claim to cure 
several ill-treated diseases including cancer too. Herbal 
drugs could be coined as an alternative to existing drug 
regimen for breast cancer because they are considered 
to have a huge plethora of  active ingredients that could 
combat disease at multiple sites. The study was designed 
in such a way that the hidden potential of  Orthosiphon 
pallidus Royle could be exploited. The plants have not 
been explored much for pharmacological activities till 
date. 
In the study, different extracts (hydroalcoholic, ethanolic  
and aqueous) were prepared using soxhlet apparatus in 
varying ratio depending upon their polarity. The study  
is about MTT assay, SRB assay, Cellular uptake and  

glutathione assay using MCF-7 cell line to characterize 
and quantify the anticancer potential of  all the extracts 
separately. 
SRB assay and MTT assay were chosen because of  their 
wider reliability to evaluate anticancer activity on cancer  
cell lines, irrespective of  the nature of  the test com-
pound quality. SRB and MTT assay gives a qualitative 
as well as quantitative approach to evaluate the results.  
The results of  both the assay parameters shown that 
hydroalcoholic extract was superior in anticancer activity  
when compared to ethanolic and aqueous extracts using 
MCF-7 cell lines. The study results were significantly 
closer to the study performed by Ashoken 1 in which 
they observed the anticancer activity of  aerial part of   
the same plant using ethanolic extract. Their study  
postulated that the ethanolic extract of  the plant shown 
51% of  cytotoxicity, while in our study ethanolic extract 
of  the plant exhibited cytotoxicity of  29-32%. The 
hydroalcoholic extract of  the plant was found more 
cytotoxic exerting 47-50% cytotoxicity than ethanolic as 
well as aqueous extract exhibiting cytotoxicity of  16%.  
The cellular uptake response of  Halc was observed  
relatively higher than the other extracts and similar  
(p<0.05) to a standard drug in a dose-dependent manner.  
The cellular uptake for Eth and Aq were revealed to 
show less significant changes as compared to the stan-
dard drug at all tested doses.  The concentration of  
intracellular GSH reduced significantly (p<0.05) when 
Halc was administered to the cells, in comparison to the 
Aq and Eth extracts. Through literature survey it was 
found that minimal activity has been performed only on 
the ethanolic extract of  the plant. So the study could be 
serve as a benchmark in ethnopharmacological studies 

Figure 4: Measurement of % GSH Depletion in MCF-7 cells 
using different extracts of Orthosiphon pallidus. Each value 
represents mean±SEM; n=3. Where, ns- p>0.05 as compared 
to standard; *p<0.05 as compared to standard; **p<0.01 as 

compared to standard; ***p<0.001 as compared to standard.

Figure 3: Measurement of in vitro cellular uptake study in 
MCF-7 cells by different extracts of Orthosiphon pallidus. 
Each value represents mean±SEM; n=3. Where, *p<0.05 as 

compared to standard; ***p<0.001 as compared to standard.
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of  Orthosiphon pallidus Royle as well as the basement of  
scientific findings for future studies to be performed. 

CONCLUSION
The ethanolic, aqueous and hydroalcoholic extracts of  
Orthosiphon pallidus Royle exhibited anticancer activity in  
a wide range in dose- dependent manner. The study  
conducted by Ashokan et al., showed that ethanolic 
extract of  Orthosiphon pallidus Royle exhibited remarkable  
in-vitro cytotoxicity studies in tryphan blue and MTT 
assay at a concentration of  25 µg/mL with a increase of  
41%  of  cytotoxicity.  While in our observation, it was 
found that hydroalcoholic extract was found effective 
against 100 µg/ml for both the test (MTT and SRB), 
while extracts showed significant glutathione inhibition 
activity at a wide range (SRB value of  58% to 85%). The 
cellular uptake of  aqueous extract, ethanolic extract, 
hydroalcoholic extract, including rapamycin as standard 
drug, on all the MCF-7 cell lines was observed in these 
exponential pattern. The concentration of  intracellular  
GSH reduced significantly (p<0.05) when the hydroal-
coholic extract was administered to the cells, in com-
parison to the aqueous or ethanolic extracts. The study 
postulated that hydroalcoholic extract could be taken as 
a lead for further isolation and characterization of  the 
compound with better therapeutic value. 
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ABBREVIATION USED
OPRE: Orthosiphon pallidus Royle extract; MTT : [{3-(4,  
5–dimethyl thiazol–2–yl)–5–diphenyltetrazolium bro-
mide}]; FBS : Fetal bovine serum; PBS: Phosphate 
buffered saline; EDTA: Ethylenediaminetetraacetic 
acid; DMEM :Dulbecco’s modified Eagle’s medium; 
MEM: Minimal Essential Eagle’s Medium; DMSO:  
Dimethyl sulfoxide; SRB: Sulforhodamine B; TCA:  
Trichloroacetic acid; MCF-7: Michigan Cancer Founda-
tion-7; TPVG: Trypsin Phosphate Versene Glucose; Aq:  

Aqueous extract; Eth: Ethanolic extract; Halc: Hydroal-
coholic extract; Rap: Rapamycin; GSH: Glutathione
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SUMMARY
• This study revealed the anticancer potential of Orthosiphon pallidus Royle 

in a wide range in dose-dependent manner.
• Hydroalcoholic extract showed more significant activity against MCF-7 cell 

lines in both MTT and SRB assay.
• In Intracellular glutathione assay, the concentration was reduced 

significantly (p<0.05) in Halc when compared with Aq and Eth extracts of 
Orthosiphon pallidus Royle.

• The hydroalcoholic extract of Orthosiphon pallidus Royle can be proposed 
to have anticancer activity in further in-vivo experimental model and can be 
used in near future with great success for clinical studies. 
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