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ABSTRACT
Background: Breast cancer is the most common gynecological malignancy 
and one of the leading causes of death in women worldwide. Since antiquity 
to date, the saga of usage of plants as medicines has been the mainstay 
among the people. In Ayurvedic and Unani systems of medicine, Rheum 
emodi (RE) commonly known as Revand chini or Rhubarb is an important 
medicinal plant. It is a perennial herb belonging to family Polygonaceae 
and has antimicrobial, anticarcinogenic, and anti‑inflammatory properties. 
The rhizomes of RE have anthraquinone derivatives such as emodin, 
aloe‑emodin, rhein, emodin glycoside, and chrysophanol glycosides. 
Objective: In this study, we have investigated the anti‑cancerous potentials 
of RE ethanolic extract on human breast adenocarcinoma cells MCF‑7 
and its antimicrobial effect against selected pathogenic bacterial strains. 
Materials and Methods: The apoptotic and anti‑proliferative potentials 
of RE on human breast adenocarcinoma cells MCF‑7 were observed 
through cell viability  (3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide  [MTT]), reactive oxygen species  (ROS) generation, nuclear 
fragmentation, and mitochondrial membrane potential  (MMP) analysis. 
Antimicrobial activity of RE was screened through well‑diffusion assay. 
Results: The results show that RE significantly inhibits the proliferation 
and induces apoptosis in MCF‑7  cells of breast adenocarcinoma in a 
dose‑dependent manner. The MTT cellular viability assay and morphological 
study reveal that RE significantly induces morphological alterations in 
MCF‑7 cells in a dose‑dependent manner and thus inhibits cell proliferation. 
The cytotoxic effect of RE through the induction of apoptosis is evident 
by the disruption of MMP, nuclear fragmentation, and ROS accumulation. 
In addition, we have found that RE is potent enough to decrease 
the microbial activity of selective bacterial strains. Conclusion: The 
findings demonstrated that RE promotes significant apoptosis in breast 
adenocarcinoma MCF‑7 cells. Therefore, RE may be a potent candidate that 
aids for adjuvant cancer treatment though further studies are needed to 
elucidate the comprehensive mechanistic pathways.
Key words: Breast cancer, cell viability, mitochondrial membrane 
potential, nuclear fragmentation, reactive oxygen species, Rheum emodi

SUMMARY
•  In this study we investigated the anti‑cancerous potentials of Indian 

medicinal herb Rheum emodi on human breast adenocarcinoma cells MCF‑7 
and anti‑microbial activity on several pathogens. The results indicated that 
Rheum emodi ethanolic extract significantly inhibits cell proliferation in a 
dose dependent manner. Further RE induces apoptosis as evident by the 
disruption of MMP, nuclear fragmentation and ROS accumulation in MCF‑

7 cells. The anti‑microbial activity exhibits that RE decreases the microbial 
growth of selective bacterial strains. Further in vivo and clinical studies are 
needed to validate its anti‑cancer efficacy. 

Abbreviations used: RE: Rheum emodi; MTT: 
(3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide; ROS: 
Reactive Oxygen Species; MMP: Mitochondrial Membrane Potential; 
DAPI: 4’,6‑diamidino‑2‑phenylindole dihydrochloride; DCFH‑DA: 
2’,7’‑dichlorodihydrofluorescein diacetate. 
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INTRODUCTION
Breast cancer is the most frequently diagnosed malignancy and one of the 
leading causes of death in women worldwide.[1] Being a heterogeneous 
disease, breast cancer’s subtypes can be distinguished on the basis of tumor 
grade and the presence of various hormone receptors, namely estrogen 
receptor, human epidermal growth factor receptor‑2, and progesterone 
receptor. From centuries, plants have served humankind as food and 
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medicine. The therapeutic uses of plants and their metabolites have 
recently attracted scientists to work on them to find possible remedies for 
several diseases among which cancers rank on top.[2] Rheum emodi (RE) 
belongs to the family Polygonaceae and is commonly known as Indian 
Rhubarb.[3] Its growth is restricted to temperate and subtropical regions 
of the Himalayas.[4] Because of its extensive medicinal uses, Rhubarb 
is often known as “the wondrous drug.”[5] Approximately 60 perennial 
species of genus Rheum are distributed globally, and about 10 species 
occur in India.[6,7] In the rhizomes of RE the anthraquinone derivatives 
are abundantly present, namely emodin, aloe emodin, chrysophanol, 
chrysophanol glycosides rhein, emodin glycoside, and physcion.[3,8] A 
growing number of studies have shown that RE possesses anticancerous, 
anti‑oxidative, antidiabetic, antifungal along with hepatoprotective, 
and nephroprotective properties. This study aimed to investigate the 
anti‑proliferative and apoptotic effects of RE ethanolic extract on 
MCF‑7  cells of human breast adenocarcinoma and its antimicrobial 
efficacy on selected bacterial strains. In this study, we investigated 
the anticancerous efficacy of RE through cell viability, excessive ROS 
generation, disruption of mitochondrial membrane potential  (MMP), 
and nuclear condensation assays. Further, antimicrobial potentials of RE 
was screened through well diffusion assay.

MATERIALS AND METHODS
Collection and preparation of Rheum emodi extract
The RE dried rhizome was collected from the Hamdard Unani medicinal 
shop, Sardar Unani Dawakhana. The specimen was authenticated 
as a dried rhizome of RE and given a reference number RC/05/16 by 
Hakim M. Qadeer. The dried rhizome was again shade‑dried and then 
pulverized by the mechanical grinder. The 95% ethanolic extract was 
made using the Soxhlet apparatus.

Culturing of cell line MCF-7
Human breast adenocarcinoma (MCF‑7) cell line was obtained from the 
cell repository, National Centre for Cell Sciences, Pune, India. The cells 
were maintained in RPMI medium supplemented with 10% (v/v) fetal 
bovine serum (Himedia), 2.0 mM L‑glutamine, 1.5 g/l NaHCO3, 0.1 mM 
nonessential amino acids, 1.0 mM sodium pyruvate, and 1% antibiotic 
solution. The cells were maintained at 37°C, 5% CO2 in a humidified air.

Morphological analysis of Rheum emodi treated 
MCF-7 cells
The effect of RE was analyzed for morphological changes in the cultured 
MCF‑7 cells. About 10,000 cells were seeded per well in 96 wells culture 
plate and treated with different concentrations of RE, i.e., 10  µg/ml, 
25 µg/ml, 50 µg/ml, 100 µg/ml, and 200 µg/ml.[9] After incubation of 
24 h, the cells were observed for the cellular morphological alterations by 
inverted phase contrast microscope (Nikon ECLIPSE Ti‑S, Japan).

Cell viability assay in MCF-7 cells 
through 3-(4,5-dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide dye
The antiproliferative effects of RE on human breast adenocarcinoma 
MCF‑7  cells were analyzed using enzymatic reduction assay of 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
(MTT).[10] The decrease of cell viability in MCF‑7  cells was observed 
on treating it with different concentrations of RE ranging from 10 
to 200 µg/ml. After 24  h and exposure, from 5  mg/ml stock solution 
of MTT dye, 10 µl was added in each well incubated for about 4 h at 
37°C. The developed formazan blue crystals were solubilized by adding 
100 µl dimethyl sulfoxide (DMSO) in each well and were then kept for 

10  min at 37°C. The optical density was observed at 540  nm through 
microplate reader (BIORAD‑680), and relative percentage cell viability 
was evaluated.

Reactive oxygen species generation assay
The 2′,7′‑dichlorodihydrofluorescein diacetate fluorescent probe is 
commonly employed to evaluate the ROS generation. To study ROS 
generation in MCF‑7 cells, cells were exposed to different concentrations 
of RE.[11] The MCF‑7 cells  (1 × 104 per well) were seeded as described 
above for the MTT assay and were then exposed to selective doses 
of RE, namely 50  µg/ml, 100  µg/ml, and 200  µg/ml for 12  h. After 
the treatment, the cells were incubated with 10 mM concentration of 
DCFH‑DA dye for 30  min at 37°C. After incubation, the reaction 
mixture was replaced by 200 µl phosphate‑buffered saline  (PBS), and 
then, the plate was kept in the dark on plate shaker for 10 min at room 
temperature. The fluorescence ROS images were captured with the help 
of inverted fluorescent microscope  (Nikon ECLIPSE Ti‑S, Japan) and 
the ROS intensity was observed and quantified with the help of freely 
accessible IMAGE J software (imagej.nih.gov/ij/).

4’,6-Diamidino-2-phenylindole dihydrochloride 
staining for nuclear condensation
By using fluorescent nuclear dye 4’,6‑diamidino‑2‑phenylindole 
dihydrochloride (DAPI), the apoptotic effect of RE was analyzed.[12] The 
MCF‑7 cells were seeded and were given treatment as it was given before 
for ROS assay, i.e., 50 µg/ml, 100 µg/ml, and 200 µg/ml for 24 h. Cells 
were then washed with PBS and were fixed in 4% paraformaldehyde for 
10  min. Then with permeabilizing buffer  (3% paraformaldehyde and 
0.5% Triton X‑100), the cells were permeabilized and then stained with 
20 mM concentration of DAPI dye for 20 min. The nuclear fragmentation 
was observed by using a fluorescent microscope (Nikon ECLIPSE Ti‑S, 
Japan) and the images were captured and a number of apoptotic cells 
were quantified.

Assessment of mitochondrial membrane potential
Disruption of MMP is a potent marker for apoptosis, and we used 
Rhodamine 123 dye to detect a decrease in MMP of MCF‑7 cells treated 
with RE.[13] To study the loss of MMP, the cells were seeded as before 
for ROS assay and then given selective doses of RE, namely 50 µg/ml, 
100 µg/ml, and 200 µg/ml. After 24 h of exposure cells were stained by 
5 mM concentration of Rhodamine 123 dye for 30 min. The wells were 
gently washed with PBS and images were then taken with the help of 
fluorescent microscope (Nikon ECLIPSE Ti‑S, Japan).

Antimicrobial assay
Micro‑organisms used in the study
The antimicrobial activity of RE was carried out by well diffusion method 
against few selected bacterial strains that are as follows:
a. From the National Chemical Laboratory (Pune), we obtained the 

strains of Escherichia coli (NCIM 2065), Staphylococcus aureus (NCIM 
5021), and Bacillus pumilus (NCIM 9369)

b. From King George’s Medical University, Lucknow, we obtained the 
strains of Listeria monocytogenes (NCIM 5279) and Enteropathogenic 
E. coli (EPEC) strain (E 2347).

Well diffusion technique
To test the antibacterial activity of RE, well diffusion technique was 
performed.[14] In the sterile Petri plates, 20 ml of sterile Mueller–Hinton 
Agar was poured and allowed to rest until it gets solidified. Sterile 
cotton was used to swab the broth culture of the above‑mentioned test 
organisms/strains over the solidified agar Petri plates. With the help 
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of sterile cork borer, three wells were made, first for positive control, 
second for negative control, and third for the sample loading on the 
Petri plates. Afterward, 20 µl RE was then added into the sample well 
and Streptomycin was used as positive control and DMSO was used 
as a negative control for each bacterial strains. The plates were then 
incubated at 37°C for 24 h. The measurement of the zone of inhibition 
was quantified for the antibacterial activity of RE.

Statistical analysis
The antimicrobial activity results were expressed as a mean ± standard 
deviation and tests were performed in triplicates. For significant 
difference and comparison of variance and means  (where P  ≤  0.05 
differences were considered as statistically significant), the One‑way 
analysis of variance (ANOVA) was done, followed by Tukey’s test using 
SPSS Software Version 16.0 (IBM corp., New York, USA), USA. For 
anticancerous activity, the experiments were performed thrice, and data 
were expressed as the mean ± standard error of the mean. The analysis 
was performed using ANOVA, followed by the Dunnett’s test using 
Graph Pad Prism software (Version 5.01, California, USA) and the value 
of P ≤ 0.05 were considered as statistically significant.

RESULTS
Effect of Rheum emodi in MCF-7 cells
By using MTT assay and cell morphology assessment, we have found 
the experimental doses of RE on human breast carcinoma cells MCF‑7. 
Photomicrographs clearly reveal the morphological changes that occur 
in the cells, i.e., the shape of the cells were drastically changed from 
normal to rounded off, distorted and at higher concentrations of RE. 
Morphological studies suggest that as the dose of RE increases there 
occurs a change in cellular morphology, thereby inducing cell death 
in MCF‑7  cells  [Figure  1a]. The 50–200  µg/ml doses of RE induce 
significant cell death in MCF‑7 cells. The cell viability data showed that at 

the doses 50 µg/ml, 100 µg/ml, and 200 µg/ml of RE the percentage cell 
viability was 74.24%, 58.14%, and 38.18%, respectively, i.e., the cell death 
was statistically significant at higher concentration of RE as compared 
to the lower doses of RE  [Figure 1b]. We have selected three effective 
doses (50 µg/ml, 100 µg/ml and 200 µg/ml) for further studies as the last 
three doses are more effective.

Rheum emodi induces excessive reactive oxygen 
species in MCF-7 cells
The fluorescent photomicrograph shows RE increases intracellular ROS 
production in human breast carcinoma cells MCF‑7 in a dose‑dependent 
manner. The ROS intensity in RE treated MCF‑7 cells gets elevated as 
compared to control depending on dose  [Figure  2a]. At 50  µg/ml 
concentration, the significant increase in ROS production in RE treated 
MCF‑7  cells was approximately 8.73% as compared to control. The 
elevated ROS production was found at 100  µg/ml and 200  µg/ml 
concentrations of RE which were recorded approximately 16.38% and 
48.72%, respectively [Figure 2b]. Thus, the RE induces ROS production 
within MCF‑7  cells, thereby inducing cell death through apoptotic 
pathways.

Rheum emodi induces apoptosis in MCF-7 cells via 
nuclear condensation
By using fluorescent DAPI dye, the nuclear apoptosis, i.e., condensation 
and fragmentation of nuclei were observed in MCF‑7  cells. The 
photomicrograph shows that at higher concentration of RE maximum 
chromatin condensation takes place [Figure 3a]. At the optimum doses, 
namely 50 µg/ml, 100 µg/ml, and 200 µg/ml of RE, the apoptotic cells 
were observed 16.00%, 27.30%, and 44.20%, respectively  [Figure  3b]. 
Thus, the RE induces nuclear condensation within MCF‑7  cells in a 
dose‑dependent manner.

Rheum emodi disrupts mitochondrial membrane 
potential in MCF-7 cells
The change in MMP was measured by a decrease in fluorescent intensity 
of red fluorescence caused by Rhodamine 123 dye. The photomicrograph 
shows a decrease in red fluorescence in the cells treated with 50 µg/ml, 
100  µg/ml, and 200  µg/ml of RE  [Figure  4a]. The quantitative data 
reveals that the red‑florescence in RE treated cells was found to be 
87.48%, 56.15%, and 33.40% at 50 µg/ml, 100 µg/ml, and 200 µg/ml of 
RE treatment, respectively [Figure 4b]. The loss of MMP in RE treated 
MCF‑7 cells indicates more cell deaths.

Antimicrobial assay
An antimicrobial study of RE was performed by well diffusion method, 
and the results are summarized in Table 1. RE has a varying degree of 
sensitivity against selected test micro‑organisms. The study suggested 
that RE was the most sensitive against L. monocytogenes (28 ± 1.52 mm) 
and E. coli (26 ± 0.57 mm), followed by EPEC (24 ± 1.15 mm) and B. 
pumilus (24 ± 0.57 mm), whereas, the strains of S. aureus (22 ± 0.57 mm) 
was found to be less sensitive to RE [Figure 5].

DISCUSSIONS
One of the leading causes of death among women is breast cancer.[1] 
Phytochemicals have significantly demonstrated cytotoxicity to various 
cancer cells by inhibiting proliferation or inducing apoptosis without 
harming the normal cells, thus making phytochemicals ideal anticancer 
therapeutic agents.[15] Flavonoids and polyphenolic compounds halt 
many microbial infections.[16] Many studies have shown that the 
roots of RE have antibacterial and antifungal activities.[17,18] We have 

Figure  1:  (a) Photomicrographs shows cells morphology 
treated with Rheum emodi extract after 24  h upon incubation 
with MCF-7  cells.  (b) Shows percentage cell viability by 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. Cells 
were treated with 10–200 µg/ml of Rheum emodi extract for the period of 
24 h. P < 0.05 is considered as statistically significant

b

a
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investigated the antimicrobial efficacy of RE and found out that it is a 
potent candidate that hampers the growth of some selected bacterial 
strains. RE is a herb of enormous pharmacological significance and has 
been used in the treatment of numerous ailments, namely muscular 
pain, constipation, diarrhea, indigestion, skin problems, and menstrual 
disorder.[19]

A study has shown that both aqueous, and methanolic extracts of RE 
have promising anti‑cancerous activity against Hep3B, PC‑3, and 
MDA‑MB‑435S cell lines in a dose‑dependent manner as they induce 
cellular apoptosis and halt the proliferation.[20] Here, we have worked on
MCF‑7 cells to see the therapeutic efficacy of RE on it. The cell viability 
assay reveals that RE significantly halts the abnormal growth of 

MCF‑7 cells in a dose‑dependent manner. The morphological analysis 
showed drastic changes in the shape of the cells, and they get detached 
from the substratum.
Excessive ROS produced in cancerous cells increases basal oxidative 
stress. The induction of ROS accumulation in cancer cells plays a key role 
in the pharmacological activity of several anticancerous compounds, 
thereby causing mutation, aging and death of tumor cells.[21‑23] Excessive 
ROS disrupts the cytoskeleton and plasma membrane and thus 
leads to damage in chromosomes.[24] In both extrinsic and intrinsic 
pathways of cell survival and cell death, ROS plays an important role.[25] 
Phytochemicals used as anticancer compounds cause accumulation of 
ROS in cancerous cells ultimately leading to its death.[26] The qualitative 

Figure 3: (a) Photomicrographs shows nuclear condensation treated with Rheum emodi extract after 24 h incubation in MCF-7 cells. The red arrows show 
condensed and fragmented cells. (b) Shows the values expressed as the percentage of apoptotic cells relative to the control when treated with Rheum emodi. 
P < 0.05 is considered as statistically significant

ba

Figure 2: (a) Photomicrographs shows intracellular reactive oxygen species accumulation in MCF-7 cells treated with Rheum emodi extract (50–200 µg/ml) 
at 12h incubation. (b) Effect of Rheum emodi extract (50–200 µg/ml) on intracellular reactive oxygen species production in MCF-7 cells. Values expressed as 
the percentage of fluorescence intensity relative to the control. P < 0.05 is considered as statistically significant

ba

Table 1: Anti-microbial activity of Rheum emodi ethanolic extract by well diffusion method

Bacteria strain name Diameter of zone of 
inhibition for RE (mm)

Diameter of zone of inhibition for 
positive control i.e., streptomycin (mm)

Diameter of zone of inhibition for 
negative control, i.e., DMSO (mm)

Bacillus pumilus 24±0.57 28±1.52 No zone of inhibition
EPEC 24±1.15 20±1.15 No zone of inhibition
E. coli 26±0.57 30±1.15 No zone of inhibition
Listeria monocytogenes 28±1.52 31±0.57 No zone of inhibition
Staphylococcus aureus 22±0.57 26±1.15 No zone of inhibition

Values are given as mean±SD of zone of inhibition from 3 independent experiments. RE: Rheum emodi; SD: Standard deviation; DMSO: Dimethyl sulfoxide; 
E. coli: Escherichia coli; EPEC: Enteropathogenic E. coli
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and quantitative results of ROS generation reveal that RE induces 
ROS‑mediated cell death in MCF‑7 cells in a dose‑dependent manner. 
Therefore, increased intracellular ROS accumulation at higher doses of 
RE contribute to cellular apoptosis of MCF‑7 cells.
One of the hallmarks of apoptosis is the fragmented and condensed nucleus 
in the cells.[27] Our findings suggest that RE is potent enough to induce 
apoptosis in MCF‑7 cells in a dose‑dependent manner as Figure 3a shows 
fragmented and condensed nuclei at higher doses of RE. The MCF‑7 cells 
acquire spherical shape, lose membrane integrity and get detached from 
the surface at higher concentrations. These morphological alterations thus 
revealed that RE significantly induces apoptosis in MCF‑7 cells.
Disruption of MMP is an early event in apoptosis.[28,29] Mitochondria 
play an important role in both the cell’s survival and death by sending 
the death signals to different pathways. In apoptosis, the mitochondria 
lose their membrane potential and release cytochrome‑c into the 
cytosol which then forms apoptosome and completes the intrinsic 
pathway of cell death.[30,31] The higher doses of RE show a decrease 
in the percentage red fluorescence which suggests that there is 
depolarization in the membrane potential and the mitochondria loses 
its membrane integrity. Thus, RE significantly disrupts MMP and 
induces apoptosis in a dose‑dependent manner. Thus, our findings 
suggest that RE has the potential to halt proliferation and induce 
apoptosis in MCF‑7 cells.

CONCLUSION
Our findings suggest that RE has potent antiproliferative and 
apoptotic activity on human breast adenocarcinoma MCF‑7  cells in 
a dose‑dependent manner. The MTT cell viability assay reveals that 
RE inhibits cell proliferation and alters the cellular morphology of 

MCF‑7 cells. The active phytoconstituents of RE also possess apoptotic 
properties, namely anti‑proliferative effect, cytotoxicity, and cellular 
atrophy, thus making them to be a prospective candidate as future 
chemopreventive agents. Our findings also suggest that RE inhibits the 
growth of various bacteria and possesses a potent antimicrobial effect. 
Further studies are needed to validate its efficacy as being a promising 
candidate which can minimize harmful side effects of chemotherapeutics 
and will provide a better quality life.

Acknowledgments
Author Juhi Rais is thankful to the Department of Science and 
Technology, India for DST INSPIRE Fellowship (DST/INSPIRE Fellow 
IF140008) and Asif Jafri acknowledges to Council of Scientific and 
Industrial Research (CSIR), India for SRF Fellowship (File No. 09/107 
(0393)/2018‑EMR‑I). The authors are also thankful to the Council of 
Science and Technology, UP, India (CST/SERPD/D‑299) and Central 
Instrumentation Facility, Department of Zoology, University of Lucknow, 
Lucknow for the smooth conduct of experiments.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES
1. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA Cancer J Clin 2014;64:9‑29.

2. Stalikas CD. Phenolic acids and flavonoids: Occurrence and analytical methods. Methods 

Mol Biol 2010;610:65‑90.

3. Aslam  M, Dayal  R, Javed  K, Fahamiya  N, Mujeeb  M, Husain  A. Pharmacognostical and 

phytochemical evaluation of Rheum emodi wall. Curr Pharm Res 2012;2:471‑9.

4. Nautiyal BP, Prakash V, Maithani UC, Chauhan RS, Purohit H, Nautiyal MC. Germinability, 

productivity and economic viability of Rheum emodi wall. ex meissn. cultivated at lower 

altitude. Curr Sci 2003;84:143‑8.

5. Foust MC. Rhubarb: The wondrous drug. N Engl J Med 1993;328:215.

6. Rokaya  MB, Maršík P, Münzbergová Z. Active constituents in Rheum acuminatum and 

Rheum australe (Polygonaceae) roots: A variation between cultivated and naturally growing 

plants. Biochem Syst Ecol 2012;41:83‑90.

7. Ye M, Han J, Chen H, Zheng J, Guo D. Analysis of phenolic compounds in rhubarbs using 

Figure 5: Anti-microbial activity of Rheum emodi by Agar well diffusion 
method using Listeria monocytogenes, Escherichia coli, Enteropathogenic 
Escherichia coli, Bacillus pumilus and Staphylococcus  aureus as test 
microorganism

Figure  4:  (a) Photomicrographs shows disruption of mitochondrial 
membrane potential treated with Rheum emodi extract after 24  h 
incubation in MCF-7  cells.  (b) Values expressed as the percentage 
fluorescence relative to the control on treating MCF-7 cells with Rheum 
emodi. P < 0.05 is considered as statistically significant

b

a



JUHI RAIS, et al.: Anti‑Proliferative and Antimicrobial Effect of Rheum emodi

S242 Pharmacognosy Magazine, Volume 15, Issue 64, July-September 2019 (Supplement 2)

liquid chromatography coupled with electrospray ionization mass spectrometry. J Am Soc 

Mass Spectrom 2007;18:82‑91.

8. Prakasham RS, Hymavathi M, Subba Rao C, Arepalli SK, Venkateswara Rao J, Kennady PK, 

et al. Evaluation of antineoplastic activity of extracellular asparaginase produced by isolated 

Bacillus circulans. Appl Biochem Biotechnol 2010;160:72‑80.

9. Arshad M, Siddiqui S, Ali D. In vitro anti‑proliferative and apoptotic effects of ethanolic extract 

of Cissus quadrangularis. Caryologia 2016;69:128‑32.

10. Ahamad MS, Siddiqui S, Jafri A, Ahmad S, Afzal M, Arshad M. Induction of apoptosis and 

antiproliferative activity of naringenin in human epidermoid carcinoma cell through ROS 

generation and cell cycle arrest. PLoS One 2014;9:e110003.

11. Alarifi  S, Ali  D, Al Omar  SY, Ahamed  M, Siddiqui  MA, Al‑Khedhairy  AA. Oxidative stress 

contributes to cobalt oxide nanoparticles‑induced cytotoxicity and DNA damage in human 

hepatocarcinoma cells. Int J Nanomedicine 2013;8:189‑99.

12. Jaradat NA, Al‑Masri M, Zaid AN, Hussein F, Al‑Rimawi F, Mokh AA, et al. Phytochemical, 

antimicrobial and antioxidant preliminary screening of a traditional Palestinian medicinal 

plant, Ononis pubescens L. Eur J Integr Med 2017;14:46‑51.

13. Fan J, Wang P, Wang X, Tang W, Liu C, Wang Y, et al. Induction of mitochondrial dependent 

apoptosis in human leukemia K562  cells by meconopsis integrifolia: A  species from 

traditional Tibetan medicine. Molecules 2015;20:11981‑93.

14. Lewandowska U, Szewczyk K, Owczarek K, Hrabec Z, Podsędek A, Koziołkiewicz M, et al. 

Flavanols from evening primrose (Oenothera paradoxa) defatted seeds inhibit prostate cells 

invasiveness and cause changes in Bcl‑2/Bax mRNA ratio. J Agric Food Chem 2013;61:2987‑98.

15. Rais J, Jafri A, Siddiqui S, Tripathi M, Arshad M. Phytochemicals in the treatment of ovarian 

cancer. Front Biosci (Elite Ed) 2017;9:67‑75.

16. Cowan MM. Plant products as antimicrobial agents. Clin Microbiol Rev 1999;12:564‑82.

17. Agarwal JS, Rastogi RP, Srivastava OP. In vitro toxicity of constituents of Rumex maritimus 

Linn. to ringworm fungi. Curr Sci 1976;45:619‑20.

18. Harvey  HE, Waring  JM. Antifungal and other compounds isolated from the roots of 

New Zealand flax plants (the genus phormium). J Nat Prod 1987;50:767‑8.

19. Rehman H, Begum W, Anjum F, Tabasum H. Rheum emodi  (Rhubarb): A fascinating herb. 

J Pharmacogn Phytochem 2014;1:3.

20. Rajkumar V, Guha G, Kumar RA. Apoptosis induction in MDA‑MB‑435S, hep3B and PC‑3 cell 

lines by Rheum emodi rhizome extracts. Asian Pac J Cancer Prev 2011;12:1197‑200.

21. Ott M, Gogvadze V, Orrenius S, Zhivotovsky B. Mitochondria, oxidative stress and cell death. 

Apoptosis 2007;12:913‑22.

22. Fruehauf JP, Meyskens FL Jr. Reactive oxygen species: A breath of life or death? Clin Cancer 

Res 2007;13:789‑94.

23. Guo  C, Sun  L, Chen  X, Zhang  D. Oxidative stress, mitochondrial damage and 

neurodegenerative diseases. Neural Regen Res 2013;8:2003‑14.

24. Davalli P, Mitic T, Caporali A, Lauriola A, D’Arca D. ROS, cell senescence, and novel molecular 

mechanisms in aging and age‑related diseases. Oxid Med Cell Longev 2016;2016:3565127.

25. Lee EB, Cheon MG, Cui J, Lee YJ, Seo EK, Jang HH. The quinone‑based derivative, HMNQ 

induces apoptotic and autophagic cell death by modulating reactive oxygen species in cancer 

cells. Oncotarget 2017;8:99637‑48.

26. Trachootham D, Alexandre J, Huang P. Targeting cancer cells by ROS‑mediated mechanisms: 

A radical therapeutic approach? Nat Rev Drug Discov 2009;8:579‑91.

27. Saraste A, Pulkki K. Morphologic and biochemical hallmarks of apoptosis. Cardiovasc Res 

2000;45:528‑37.

28. Polla BS, Kantengwa S, François D, Salvioli S, Franceschi C, Marsac C, et al. Mitochondria are 

selective targets for the protective effects of heat shock against oxidative injury. Proc Natl 

Acad Sci U S A 1996;93:6458‑63.

29. Duan  J, Yin  Y, Wei  G, Cui  J, Zhang  E, Guan  Y, et  al. Chikusetsu saponin IVa confers 

cardioprotection via SIRT1/ERK1/2 and Homer1a pathway. Sci Rep 2015;5:18123.

30. Jeong SY, Seol DW. The role of mitochondria in apoptosis. BMB Rep 2008;41:11‑22.

31. Wang C, Youle RJ. The role of mitochondria in apoptosis. Annu Rev Genet 2009;43:95‑118.


