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Abstract: Background: Rosin (Colophony) is a natural resin derived from species of the pine family Pinaceae. 
It has wide industrial applications including printing inks, photocopying paper, adhesives and varnishes, soap 
and soda. Rosin and its derivatives are employed as ingredients in various pharmaceutical products such as 
ointments and plasters. Rosin-based products contain allergens that may exert some occupational health prob-
lems such as asthma and contact dermatitis. 

Objective: Our knowledge of the pharmaceutical and medicinal properties of rosin is limited. The current study 
aims at investigating the cytotoxic potential of Rosin-Derived Crude Methanolic Extract (RD-CME) and eluci-
dation of its mode-of-action against breast cancer cells (MCF-7 and MDA-MB231). 

Methods: Crude methanol extract was prepared from rosin. Its phenolic contents were analyzed by Reversed-
Phase High-Performance Liquid Chromatography (RP-HPLC). Antioxidant activity was evaluated by DPPH 
radical-scavenging assay. Antiproliferation activity against MCF-7 and MDA-MB231 cancerous cells was in-
vestigated by MTT assay; its potency compared with doxorubicin as positive control and specificity were as-
sessed compared to two non-cancerous cell lines (BJ-1 and MCF-12F). Selected apoptosis protein markers were 
assayed by western blotting. Cell cycle analysis was performed by Annexin V-FITC/PI FACS assay. 

Results: RD-CME exhibited significant and selective cytotoxicity against the two tested breast cancer cells 
(MCF-7 and MDA-MB231) compared to normal cells as revealed by MTT assay. ELISA and western blotting 
indicated that the observed antiproliferative activity of RD-CME is mediated via the engagement of an intrinsic 
apoptosis signaling pathway, as judged by enhanced expression of key pro-apoptotic protein markers (p53, Bax 
and Casp 3) relative to vehicle solvent-treated MCF-7 control cells. 

Conclusion: To our knowledge, this is the first report to investigate the medicinal anticancer and antioxidant 
potential of crude methanolic extract derived from colophony rosin. We provided evidence that RD-CME exhib-
its strong antioxidant and anticancer effects. The observed cytotoxic activity against MCF-7 is proposed to take 
place via G2/M cell cycle arrest and apoptosis. Colophony resin has a great potential to join the arsenal of plant-
derived natural anticancer drugs. Further thorough investigation of the potential cytotoxicity of RD-CME 
against various cancerous cell lines is required to assess the spectrum and potency of its novel activity. 

Keywords: Breast cancer, colophony rosin, cell cycle arrest, antiproliferation, apoptosis, methanol extract. 

1. INTRODUCTION 

 Globally, cancer is a leading cause of death exhibiting astonish-
ing incidence rates with reported 18.1 million newly diagnosed 
cases, 9.6 million mortalities and 43.8 million people having 5-year 
survival. Lung, breast and colorectal cancers are amongst the top 
three most prevalent cancer types worldwide. Egyptian women 
suffer most from Breast Cancer (BC) with an incidence rate of 
32.0%, which is significantly higher than the current global inci-
dence rate of BC of 24.2% [1, 2]. By 2050, a 3-fold increase in 
Egyptian cancer incidences relative to 2013 is projected [2]. Natural  
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Products (NPs) constitute a central research subject at the interface 
of biology and chemistry. By definition, a natural product is a small 
molecule that is synthesized by a biological source. Worldwide, 
NPs have a proven record as a precious source for novel medicines, 
drug discovery and development, and currently as many as 25% of 
these are plant-derived (e.g., roots, barks and leaves) [3, 4]. In this 
context, the plant kingdom has been a key source of New Chemical 
Entities (NCEs) for bioactive pharmaceutical ingredients and lead 
compounds. Currently, isolation and purification of the active frac-
tions or active principals among potentially active natural products 
are receiving unprecedented immense scientific and industrial inter-
est [5, 6]. Several chemotherapeutic drugs of plant origin, e.g. vin-
blastine, taxol, camptothecin and podophyllotoxin have been em-
ployed as anticancer chemotherapeutic agents [3, 6]. However, only 
5-15% of the estimated 250,000 species of higher plants have been 

 
 
 
 
 
 

A R T I C L E  H I S T O R Y 

 

Received: May 10, 2019 
Revised: February 09, 2020 
Accepted: February 12, 2020 
 

DOI: 
10.2174/1871520620666200423074826 

 

 1875-5992/20 $65.00+.00 © 2020 Bentham Science Publishers 

http://crossmark.crossref.org/dialog/?doi=10.2174/1871520620666200423074826&domain=pdf


For p
erso

nal priva
te use only. 

 

Not b
e distr

ibuted or u
ploaded to

 anyone or a
nyw

here.

Anticancer Effects of Rosin Gum Anti-Cancer Agents in Medicinal Chemistry, 2020, Vol. 20, No. 8    1029 

systematically screened for NCEs identifying only 1000 plants with 
anticancer activities [5]. One major advantage of plant-derived 
anticancer compounds compared to synthetic ones is their wide 
safety margins between therapeutic and toxic doses; thereby over-
coming common side effects (i.e., neutropenia, oral ulceration, 
diarrhea, hair loss, and nerve and kidney damage) commonly asso-
ciated with synthetic cytotoxic drugs [7]. Substantial research ef-
forts are still required for the identification of NCE-producing 
plants as potent anticancer drugs and as natural alternative thera-
peutic agents for the efficient targeting of tumors. 

 Resins are solid or highly viscous mixtures of organic com-
pounds that are secreted in response to plant injury. Chemically, 
they contain a mixture of essential oils, terpenes and carboxylic 
acids [8]. Resins are natural polymers consisting of different com-
pounds that apparently have no significant role in plant physiology. 
However, most of these compounds are formed after a methodical 
injury in the form of incisions. The toxic resinous mixture can pro-
tect plants against a wide range of herbivores, insects, and patho-
gens; while the volatile compounds may attract benefactors that 
attack the plant [9]. Rosin (aka colophony or Greek pitch; Pix 
græca) is a natural resin derived from species of the pine family 
Pinaceae [10]. While the unmodified rosin is used in electronic 
solder fluxes, the chemically-modified rosin is employed in paper 
sizing, adhesives, paints, varnishes, printing inks, and plasticizers. 
Pharmaceutically, rosin gum has also been used as a naturally-
derived biodegradable excipient in drug delivery systems mainly as 
microencapsulating materials, film-forming and binding agents in 
the formulation of tablets, as well as in the formulation of cosmetics 
and chewing gum bases [11]. Medically, rosin containing abietic 
acid, de-hydroabietic acid and their oxidation products may pose 
some health concerns as they can induce specific allergens thereby 
leading to the development of contact dermatitis and allergy, and 
occupational asthma [12, 13]. However, the specific allergens in-
volved particularly in occupational asthma have not been compre-
hensively assessed or identified [14]. Moreover, reports on the 
pharmaceutical properties of rosin gum are limited. 

 In this study, we investigated the antiproliferative activity of 
Rosin-Derived Crude Methanolic Extract (RD-CME) against two 
selected human breast cancer cells (i.e., MCF-7 and MDA-MB231). 
The obtained results provide evidence that RD-CME possesses 
selective and potent cytotoxic activity against breast cancer cells 
compared to normal noncancerous ones (i.e., BJ-1 and MCF-12F). 
Mechanistically, the observed RD-CME-mediated cytotoxic effect 
is proposed to take place through engaging apoptosis as judged by 
FACS, western blotting and ELISA analyses. 

2. MATERIALS AND METHODS 

2.1. Chemical and Supplies 

 MTT (3-[4,5-dimethylthiazol-2yl]-2.5-diphenylterazolium bro-
mide) was purchased from Sigma Aldrich (St Louis, MO, USA). 
RPM1 1640, FBS, l-glutamine and penicillin/streptomycin were 
obtained from Hyclone Laboratories (Logan, UT, USA). All protein 
chemistry reagents and buffers were obtained from Bio-Rad Labo-
ratories GmbH (Munich, Germany). 

2.2. Plant material 

 Fresh cloves were purchased from the local market of Subang, 
West Java Province, Indonesia. The botanical identification  
was made in the Laboratory of Plant Taxonomy, Faculty of Mathe-
matics and Natural Sciences, Universitas Padjadjaran, Bandung,  
Indonesia. 

2.3. Preparation of Colophony Extracts 

 The Colophony resin was milled to a fine powder by using a 
blender. Then, 200g of Colophony powder was soaked in 1000m of 

absolute methanol to prepare the extract. The extract was allowed to 
stand for 24h, after which it was filtered by the use of Whatman no. 
1 filter paper. The filtrate was then allowed to evaporate with the 
aid of a Buchi™ Rotavapor™ R-100 Rotary Vacuum Evaporator 
System (Fisher Scientific, Loughborough, UK) [15]. 

2.4. DPPH Radical Scavenging Assay 

 Total free radical scavenging capacity of the extract was esti-
mated as previously reported [16] with slight modification using the 
stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical, which has an 
absorption maximum at 517nm. 5μl (0.5, 2.5, 5 and 7.5μg/ml of 
extract) were added to 999.5, 997.5, 995 and 992.5 of µl of 0.1mM 
methanolic DPPH respectively. The mixture was shaken vigorously 
and kept at room temperature for 30min in the dark. The absor-
bance of the reaction mixture was measured at 517nm spectropho-
tometrically by the use of Shimadzu UV-1280 UV-VIS spectropho-
tometer (Nakagyo-ku, Kyoto, Japan). Absorbance of the blank was 
also measured to subtract noise/background readings as contributed 
by the buffers and reagents. All determinations were performed in 
triplicates. The concentration of RD-CME antioxidants causing 
50% DPPH scavenging (SC50) was calculated using the following 
equation [17]. %SC50= (Acontrol–Asample)/Acontrol)×100; where, Acontrol 
is the absorbance of the DPPH radical without extract; Asample is the 
absorbance of the RD-CME extract at t= 30min. A calibration curve 
was plotted with % DPPH scavenged versus concentration of the 
standard antioxidant Butylated Hydroxytoluene (BHT). 

2.5. HPLC Analysis 

 HPLC analysis was carried out using an Agilent 1260 series 
(Santa Clara, CA USA). The separation was carried out using C18 
column (4.6mm x 250mm; i.d., 5μm). The mobile phase consisted 
of water (A) and acetonitrile (B) at a flow rate of 1ml/min. The 
mobile phase was programmed consecutively in a linear gradient as 
follows: 0min (80% A); 0-5min (80% A); 5-8min (40% A); 8-
12min (50% A); 12-14min (80% A) and 14-16min (80% A). The 
multi-wavelength detector was monitored at 280nm. The injection 
volume was 10μl for each of the sample solutions. The column 
temperature was maintained at 35°C. 

2.6. Cell Lines, Culture Conditions and Cell Viability Meas-

urement 

 Two human breast cancer cell lines (MCF-7 and MDA-MB231) 
and two noncancerous (BJ-1 and MCF-12F) cell lines (ATCC, Ma-
nassas, VA, USA) were grown in RPMI 1640 containing 10% fetal 
bovine serum and left for 48h in CO2 incubator at 37°C. After  
completing the incubation with the RD-CME with sub-confluent 
cultures (70-80%), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra- 
zoliumbromide (MTT) assay was performed to determine cell vi-
ability according to the procedure described by Aboul-Soud et al. 
(2019) [18]. 

2.7. ELISA Analysis of p53, Bax, Caspase-3 and Bcl-2 Protein 

Levels 

 Analysis of cellular levels of key apoptosis marker proteins was 
conducted 48-hour post-treatment with the IC50 of RD-CME ex-
tract. Then, cells were collected and lysed using Cell Extraction 
Buffer (Platinum ELISA; eBioscience©). This lysate was diluted in 
Standard Diluent Buffer over the range of the assay and analyzed 
for human active Bax, Bcl-2 [19], p53 [20] and caspase-3 contents 
[21]. Cells were plated at a density of 1.2-1.8×103 cells/well in a 
volume of 100µl complete growth medium + 100µl of the RD-
CME per well in Thermo Scientific 96-Well Microtiter™ Mi-
croplates for 24-hour before the enzymatic assay. Proteins isolated 
from cells (1×104) that were treated with RD-CME for 24 h at IC50 
were placed into the ELISA plates and measured using enzyme-
linked immunosorbent assay (Platinum ELISA; eBioscience©) ac-
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cording to the instructions of the manufacturer on a microplate 
reader (ELX 800; Bio-Tek Instruments, Winooski, VT, USA). 

2.8. Protein Extraction and Western Blot Analysis 

 Collected cells were frozen and then homogenised in extraction 
buffer containing 150mM NaCl, 50mM Tris-HCl pH 7.5, 10mM 
MgCl2, 1mM PMSF, 0.1% NP-40 and 1x complete protease inhibi-
tor (Roche) using a stick "pellet pestle blue" (Sigma). Extracts were 
always kept on ice and clarified by centrifugation at 13000 rpm 
during 10min at 4°C. Supernatants were carefully collected into a 
new tube and centrifuged again for 10min at 13000 rpm to remove 
all plant debris. This second supernatant was transferred to a new 
tube and the protein content was quantified by the Bradford protein 
assay method (Bio-Rad). Protein samples extracted were heated at 
99°C for denaturation for 5 minutes in 2x loading buffer (63mM 
Tris-HCl pH 6.8, 2% SDS (w/v), 20% Glycerol, 125mM bromo-
phenol blue, 3mM 1,4 dithiothreitol and 10% β-mercaptoethanol) 
and separated in 7-12% SDS-PAGE gels depending on the target 
protein size. Gels were transferred to a PVDF membrane using a 
semidry transfer blot system. They were then saturated with 5% 
non-fat milk diluted in PBS buffer 0.1% Tween-20 (PBS-T) and 
used for immunodetection with the Anti-p53 monoclonal antibody 
(PAb 240; ab26; Abcam UK), Anti-Bcl-2 monoclonal antibody 
(E17; ab32124; Abcam UK), Anti-Bax monoclonal antibody (E63, 
ab32503; Abcam UK), Anti-Caspase-3 polyclonal antibody (ab13847; 
Abcam UK) and Anti-beta Actin monoclonal antibody (SP124; 
ab115777; Abcam UK). The secondary antibodies used were: Anti-
Mouse IgG (Amersham Biosciences, Buckinghamshire UK) and 
Anti-Rabbit (GE Healthcare, Milwaukee, WI, United States). 

2.9. Apoptosis and Cell Cycle Analysis by Flow Cytometry 

 For analyzing the cell cycle distribution and apoptosis, 0.2×106 
MCF-7 cells were seeded in 6-well plates and incubated for 48 h in 
a phenol red-free DMEM medium supplemented with 10% char-
coal-stripped FBS. The adherent cells were exposed to IC50 and 
kept for 48h in a 5% CO2 incubator. Subsequently, the cells were 
fixed and stained with the Propidium Iodide (PI) staining solution 
for 10min in the dark and then analyzed using Fluorescence-
Activated Cell Sorting (FACS) using BD FACSVerse™ (BD Bio-

sciences, San Jose, CA, USA). The data were analyzed using the 
Cell Quest and Flow Jo softwares. 

2.10. Statistical Analysis 

 Statistical analysis was conducted by Statistical Package for 
Social Sciences (SPSS; IL, USA) for Windows version 17.0. All 
data were represented as mean ± Standard Deviation (SD) with 3 
individual experiments each in duplicate. Data were subjected to 
paired Student’s t-test in order to identify significant differences 
between RC-CME and vehicle control (MeOH-treated) cells at an 
equivalent dilution rate. Treatments were considered statistically 
significant at p < 0.05. 

3. RESULTS 

3.1. Antioxidant Activity of Colophony Resin Methanolic  
Extract 

 The antioxidant activity of the RD-CME was tested by the 
DPPH assay. The crude extract displayed high antioxidant scaveng-
ing activity at a very low concentration of the extract (Fig. 1). The 
concentration of RD-CME antioxidants causing 50% DPPH scav-
enging (SC50) obtained from different concentrations applied in this 
assay was 1.34µg of the RD-CME extract. The activity of radical 
scavenging of RD-CME was also compared to standard antioxidant 
positive control BHT. This indicates that colophony resin methano-
lic extract contains natural phytochemicals that potentiate the abil-
ity of the living cells to combat and prevent damage inflicted by 
oxidative stress. 

3.2. HPLC Analysis 

 Among 16 different standard phenolic compounds used in this 
analysis, RD-CME was found to contain only 8 compounds (Table 1). 
In agreement with the antioxidant activity results depicted in Fig. 
(1), RD-CME was found to contain a very high level of quercetin at 
a concentration of 1,156±11.33µg.g-1 extract, followed by cinnamic 
acid (81.74±6.51µg.g-1), followed by ferulic acid (64.84±7.33µg.g-1), 
which explains the potentially high radical scavenging activity of 
the extract (Fig. 1). 

 

Fig. (1). Antioxidants activity (%) of different concentrations of RD-CME against DPPH. Antioxidants concentration causing 50% DPPH scavenging (SC50) 
was calculated from an equation as stated in the Materials and Methods section. Error bars represent SD on the mean calculated from three independent repli-
cates.
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3.3. Cytotoxicity of Colophony Resin against Breast Cancer 
Cells 

 To examine the cytotoxic potential of colophony resin against 
MCF-7 and MDA-MB231 breast cancer cells, the viability of RD-
CME-treated cells was assessed colorimetrically by use of MTT 
assay. The color intensity of purple formazan crystals formed at the 
bottom of the wells was taken as an indication of viability after 
measuring its absorbance at 549nm. Interestingly, at 48-hour post-
treatment, RD-CME exhibited significant cytotoxicity of 96.02± 
2.31(p<0.01) and 45± 3.7 (p<0.05), against the breast cancer cell 
lines MCF-7 and MDA-MB231, respectively (Table 2). The ob-
served cytotoxicity was specific to breast cancer cells as RD-CME 
had no significant effect (5.2± 0.32) on the normal cell line BJ-1. 
However, higher cytotoxicity (31.02± 2.42) was observed with the 
second normal cell line MCF-12F, which could be explained by 
some technical problems (Table 2). Moreover, RD-CME exhibited 
an IC50 value of 8.07± 0.31µg.ml-1, which is almost 2.7-fold more 

potent in terms of cytotoxicity than the IC50 value obtained with the 
positive control drug doxorubicin (21.6±1.2µg.ml-1) (Table 3). 

3.4. Induction of G2M Cell Cycle Arrest by RD-CME in MCF-7 

Cells 

 To explain the observed RD-CME-medicated antiproliferation 
effect against MCF-7 cells, we examined the cell cycle via FACS 
analysis based on an Annexin V-FITC PI assay. The cell cycle pro-
gression was analyzed in MCF-7 cells treated with 8.07μg.ml-1 
(IC50) of RD-CME for 48h (Fig. 2A, B). It is noticed that the pro-
portion of cells in G0/G1 phase significantly decreased from 71% to 
45% altered by the RD-CME treatment compared with the control. 
Strikingly, 48-hour incubation with RD-CME at IC50 concentration 
resulted in significant accumulation/arrest of MCF-7 cells in G2M 
phase, relative to the methanol solvent control-treated cells 
(P<0.05) (Fig. 2). 

3.5. p53, Bax and Caspase-3 Protein Levels in RD-CME-

Treated MCF-7 Cells 

 The fact that RD-CME induces cell cycle accumulation/arrest in 
G2M phase points to a plausible role for RD-CME in the control of 
cell apoptosis [22]. Thus, we hypothesized that RD-CME may im-
pact the expression of some apoptosis-related protein markers, a 
process that is controlled by several signal transduction pathways 
including p53, Bax, caspase-3 and Bcl-2 proteins. To shed light on 
the mechanisms of action of RD-CME, we checked whether RD-
CME stimulates the expression of the abovementioned apoptotic 
markers in the human breast cancer cell line MCF-7 by ELISA. 
Notably, p53, Bax and Caspase-3 expression levels in MCF-7 cells 
exposed to IC50 of RD-CME exhibited a significant increase 
(p<0.01) (Fig. 3A-D). On the other hand, the protein levels of the 
anti-apoptotic protein marker Bcl-2 were significantly reduced in 
response to RD-CME treatment. Overall, we observed a significant 
increase in pro-apoptotic protein markers (i.e., p53, Bax and 
Caspase-3) along with a significant reduction in the expression 
level of the anti-apoptotic marker Bcl-2, resulting in the progression 
to programmed cell death. 

3.6. Immunoblotting Analysis 

 To determine whether p53, Bcl-2, Bax and Caspase-3 protein 
levels are in agreement with our previous ELISA result (Fig. 3), we 
examined these proteins pattern in MCF-7 and MCF-12F cells be-
fore and after RD-CME treatment in comparison to doxorubicin as 
a positive control by western blotting technique (Fig. 4A and 4B). 

Table 1. HPLC profile of phenolic compounds (mg.g
-1

) identified in 

RD-CME. 

Phenolic Compound Concentration (µg.g
-1

) 

Gallic acid ND* 

Chlorogenic acid 56.41±2.41 

Catechin ND* 

Caffeine ND* 

Caffeic acid ND* 

Syringic acid 57.72±5.62 

Rutin ND* 

Ellagic acid ND* 

Coumaric acid ND* 

Vanillin ND* 

Ferulic acid 64.84±7.33 

Naringenin 37.44±9.72 

Propyl Gallate 69.78±3.71 

4,7-DihydroxyisoFlavone 22.95±4.24 

Querectin 1,156.10±11.33 

Cinnamic acid 81.74±6.51 

ND* = Non-Detected. 

Table 2. In vitro cytotoxic activity % (mean± SD) of RD-CME against breast cancer cell lines (MCF-7 and MDA-MB231) 48-hour post-treatment 

as compared with normal cell lines (MCF-12F and BJ-1). 

Cell Line BJ-1 MCF-12F MCF-7 MDA-MB231 

RD-CME cytotoxic activity % 5.2± 0.32  31.02± 2.42  96.02± 2.31**  45± 3.7* 

Doxorubicin 35±5.61 47.6 ± 3.42 92.23± 3.41 67.5C 5.43 

Data represent means ±SD of two independent experiments. One Asterisk (*) = p < 0.05, whereas (**) = p < 0.01 as obtained by Student’s t-test. 

Table 3. In vitro cytotoxic activity (IC50 µg.ml
-1

) of RD-CME and doxorubicin as a positive control against breast cancer cell lines (MCF-7 and 

MDA-MB231) 48-hour post-treatment. 

IC50 µg.ml
-1 

RD-CME Doxorubicin 
Cell Line 

8.07± 0.31* 21.6±1.2 MCF-7 

117± 5.9**  37.6±1.5 MDA-MB231 

Data represent means ±SD of two independent experiments. One Asterisk (*) = p < 0.05, whereas(**) = p < 0.01 as obtained by Student’s t-test. 
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Results of immunoblot analysis, using anti-p53, anti-Bcl-2, anti-
Bax and anti-Caspase-3 antibodies, indicated an accumulation of 
p53, Bax and Caspase-3 markers in protein extracts from MCF-7 
relative to normal MCF-12F cells (Fig. 4A). As a result, we found 
that Bcl-2 protein expression levels remain unchanged up to 48h 
after RD-CME treatment in MCF-7 (Fig. 4B), indicating that Bcl-2 
stability is not severely compromised under RD-CME treatment but 
the level of Bcl-2 was decreased only in response to doxorubicin 
treatment. The western blotting results obtained indicated that 
changes in apoptosis markers protein levels of MCF-7 took place in 
response to RD-CME treatments relative to control MCF-12F cells 

that correlate with the findings of ELISA results (Fig. 3). Thus, it 
can be concluded that apoptosis protein markers accumulation is 
subjected to posttranscriptional control. Taken together, these re-
sults indicate that RD-CME impacts key regulators of cell apoptosis 
in MCF-7 breast cancer cells, leading to the enhancement of its 
commitment towards apoptosis. 

4. DISCUSSION 

 We have shown for the first time, to our knowledge, novel me-
dicinal properties associated with methanolic crude extract of rosin 
gum, thereafter noted as Rosin-Derived Crude Methanol Extract 

 
Fig. (2). Induction of G2M phase arrest and apoptosis in RD-CME-treated MCF-7 breast cancer cells. (A) Diploid % of MCF-7 treated with IC50 of RD-CME 
induced G0/G1 phase arrest of MCF-7 cells. (B) solvent (MeOH) treated control cells (MCF-7/MeOH) (up) and MCF-7/RD-CME cells (down) treated with 
IC50 of RD-CME for 2 days, and then cell-cycle distribution was analyzed by FACS. It is well known that in this analysis, the cells in the G0/G1 phase have 
unreplicated diploid (2n) DNA content, whereas the G2/M phase has replicated ploidy (4n) DNA. Additionally, hypodiploidy (<2n DNA content) at the sub-
G1 phase and replication in the S phase are observable. Cells were treated with the indicated concentration of RD-CME or methanol (as a vehicle control), for 
48 h. Cells were then labeled with Annexin V and PI and analyzed by flow cytometry as described in the Materials and Methods section. Numbers in the re-
spective quadrants indicate the percentage of cells present in this area.
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Fig. (3). Apoptosis protein markers levels by RD-CME treatment in breast cancer cells in vitro. Protein contents measurements show an increase in the levels 
of Caspase-3 (A), Bax (B) and p53 (C) and the concentrations were represented in pg.ml-1 in cell lysis. Due to the significant decrease in the levels of Bcl-2 
(D), the concentration was represented in ng.ml-1. Asterisk (*) denotes a significant difference at p< 0.01.

 

Fig. (4). Analysis of apoptosis protein markers accumulation. (A and B) protein pattern of p53, Bax, Bcl-2 and Caspase-3 upon treatment with Colophony gum 
methanol extract (RD-CME) or doxorubicin as a positive control of human breast cancer cell line MCF-7 compared to human breast normal cell line MCF-12F. 
For immunoblots, 40 µg protein extracts were used, treated prior to harvest with 8.07 µM RD-CME) for 48 hours in the presence (+) or absence (-) of 21.6 µM 
Doxorubicin. Specific antibodies were used to detect p53, Bax, Bcl-2 and Caspase-3. Anti-β actin was used as a loading control.
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(RD-CME). RD-CME exhibited a potent antioxidant activity (Fig. 1) 
ascribed to the high content of polyphenols and phytochemicals, such 
as quercetin, cinnamic acid and ferulic acid, quantified by Reversed-
Phase High-Performance Liquid Chromatography (RP-HPLC), 
employing C18 as a column (Table 1). Moreover, RD-CME exhib-
ited potent and specific cytotoxic/ antiproliferative effects against 
two selected cultured human breast cancer cells, namely MCF-7 
and MDA-MB231. Our data suggest that RD-CME inhibits the 
proliferation of MCF-7 cells in a dose-dependent manner. Results 
of flow cytometry, employing an Annexin V-FITC/PI assay, re-
vealed that the plausible mode-of-action underlining the observed 
RD-CME cytotoxicity is taking place through G2M cell cycle arrest 
(Fig. 2) leading to the induction of apoptosis marker proteins in cancer 
cells (Figs. 3 and 4). The engagement of the intrinsic apoptotic signal 
transduction pathway has been confirmed by ELISA and western 
blotting assays (Figs. 3 and 4). To date, no studies have been re-
ported on either the medicinal or pharmaceutical effects of rosin 
gum extracts in relation to cancer or other pathological conditions, 
thus highlighting the originality and novelty of the current work. 

 Study on cell viability using MTT assay (Tables 2 and 3) shows 
that MCF-7 and MDA-MB231 cells treated with RD-CME exhib-
ited reduced cell survival percentages relative to normal cell con-
trols (i.e., BJ-1 and MCF-12F). This action of RD-CME is hypothe-

sized to proceed via the engagement of apoptosis. However, the 
observed anti-proliferative effect of RD-CME on MDA-MB-231 
cells was significantly lower relative to that observed with MCF-7, 
thereby suggesting that RD-CME mediated anticancer effect is 
probably cell-type dependent. As we have not tested the cytotoxic-
ity of RD-CME against other cancerous cell lines, we cannot con-
firm this hypothesis. Therefore, further work is needed to test the 
spectrum of efficacy of RD-CME against a battery of cancerous cell 
lines. RP-HPLC data revealed that there are three major phenolic 
compounds that were largely detected in the methanolic extract of 
rosin gum (Table 1). It has been reported that quercetin, cinnamic 
acid and ferulic acid and their analogues exhibit diverse pharmacol-
ogical activities [23]. 

 The possible signaling pathways by means of which RD-CME 
induced apoptosis in MCF-7 cells were delineated by assessing the 
changes in the protein expression levels of three key apoptosis-
regulating proteins (p53, caspase-3, and Bax) (Figs. 3 and 4) [24]. 
Results showed that RD-CME thereby led to the activation of p53 
when compared to control. It is evident that p53 activation tends to 
stimulate cancer cells to undergo apoptosis [25]. The tumor sup-
pressor protein p53 is mutated in over 50% of all cancers and its 
loss-of-function is considered to be a key factor in the progression 
of cancers. Cell viability of MCF-cells was reduced upon the treat-
ment of RD-CME (Fig. 2). The result suggests that the activation of 
p53 is essential for the cytotoxic activity associated with RD-CME 
treatment. Doxorubicin-treated cells served as a positive control, 
and were found to exhibit a significant increase in p53 protein lev-
els in cancer cells [26]. The incubation of cells with RD-CME for 
48 hrs resulted in the up-regulation of caspase-3 (Fig. 2A). This 
normally proceeds via a marked increase in the expression of pro-
caspase-3, followed by a subsequent poly (ADP-ribose) polym-
erase-mediated proteolytic cleavage and activation of the apoptotic 
pathway. To this end, the molecular events taking place upstream of 
caspase activation and the role of the intrinsic apoptotic pathway in 
(RD-CME) induced apoptosis have been investigated. This was 
achieved by examining the level of Bax as a pro-apoptotic protein 
that crucially regulates the intrinsic pathway of apoptosis. All tested 
pro-apoptotic protein markers have been shown to be upregulated 
as evidenced by immunoblotting and ELISA assays (Figs. 3 and 4). 
Moreover, 48 hrs post-treatment, it was apparent that RD-CME-
treated MCF-7 cells exhibited a considerable decrease in the levels 
of anti-apoptotic protein Bcl-2 with a notable increase in the pro-
apoptotic protein level of p53 (Fig. 2C). This provides a solid indi-
cation that the intrinsic apoptotic pathway may play a role in RD-
CME induced apoptosis in MCF-7 cells [27, 28] (Figs. 3, 4 and 5). 

CONCLUSION 

 The cell cycle progression and regulation is one of the most 
comprehensively studied biological processes. Cell cycle progres-
sion is disrupted/arrested in response to stresses [29, 30]. In our 
study, RD-CME treatment was clearly found to disturb the cell 
cycle progression at different checkpoints. Cells accumulate rapidly 
in the S phase and G2/M induces an obvious increase in sub-G1, 
while, the proportion of cells in G1 phase is reduced. These obser-
vations reveal that the cell cycle is arrested in G2/M and in minor S 
phase due to the stress conditions [29-32]. The major mode of cell 
death induced by RD-CME is apoptosis, as the accumulation of 
hypodiploid cells in the sub-G1 phase is considered to be a marker 
for apoptotic cell death. In agreement with our previously obtained 
data, by studying the mechanism of action, it was observed that 
RD-CME stimulates MCF-7 cell apoptosis through DNA damage. 
As a result, a significant increase of the cell population in the sub-
G1 phase was observed (Fig. 3) and it also causes specific increases 
in the cell cycle at S phase arrest in MCF-7 cells. Results indicate 
the genotoxic effect of RD-CME, which could lead to DNA damage 
[33]. G2 arrest takes place as a result of the stimulation of G2 
checkpoint machinery, thereby permitting the repair of damaged 

 

Fig. (5). Proposed mode-of-action of rosin-derived crude methanol extract 
on MCF-7 cells. In this model, biologically active phytochemicals present in 
RD-CME result in the induction of the intrinsic apoptosis pathway via the 
increased protein expression of the key pro-apoptotic markers, p53 and Bax. 
Subsequently, a cell cycle arrest at the G2M checkpoint will lead to the 
accumulation of sub-G1 cells. This in turn will signal the activation of apop-
tosis executioners via proteolytic activation of caspase-3 and cell will die.
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DNA. This allows the cells to proceed to the next cell cycle stage. 
But, in the event of extensive DNA damage, cell cycle arrest will 
alternatively be inevitable [18]. 
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