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Rosmarinic acid suppresses inflammation, angiogenesis, 
and improves paclitaxel induced apoptosis in a breast cancer 
model via NF3 κB-p53-caspase-3 pathways modulation
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Abstract
Rosmarinic acid is a natural polyphenolic compound that is found in different plant species and used for different medicinal purposes. 
This study aimed to investigate the chemo-preventive effect of rosmarinic acid and evaluate its antitumor efficacy alone or in combination 
with Paclitaxel in breast cancer mice model. Ehrlich induced mice mammary solid tumor model was used in the study. Mice were treated 
with oral rosmarinic acid and intraperitoneal Paclitaxel. Inflammation, angiogenesis, and apoptosis were checked. Enzyme linked 
immunosorbent assay (ELISA), quantitative real time PCR, and immunohistochemical methods were performed. Rosmarinic acid used 
prior to tumor induction suppressed NF-κB, TNF-α, vascular endothelial growth factor (VEGF) serum levels, and VEGF receptors. It also 
triggered apoptosis by restoring the levels of P53, Bcl-2, Bax, and caspase-3. Furthermore, in Ehrlich solid tumor mice, rosmarinic acid, 
and/or Paclitaxel significantly suppressed tumor growth with an increase in apoptotic markers P53 and Caspase-3 levels, and suppressed 
the Bcl2/Bax ratio.

Rosmarinic acid exerted chemo-preventive and therapeutic potential alone or in combination with Paclitaxel. Moreover, rosmarinic 
acid targets numerous signaling pathways associated with breast cancer.
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Highlights:
•	 Rosmarinic	acid	is	natural	polyphenol,	it	has	many	medicinal	activities.
•	 Rosmarinic	acid	has	a	prophylactic	effect	against	cancer.
•	 Rosmarinic	acid	potentiates	Paclitaxel	therapeutic	effect.
•	 Rosmarinic	acid	activity	takes	place	through	induction	of	apoptosis,	suppression	of	inflammation	and	angiogenesis.
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Endothelial Growth Factor
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Introduction

Breast cancer is a global disease, and its treatment depends 
mainly on surgery, radiotherapy, chemotherapy, and hormo-
nal therapy used separately or in combination (Al-Harras et 
al., 2016). Unfortunately, breast cancer showed significant 
molecular heterogeneity, which limited the traditional treat-
ment of the disease, such as the development of resistance in 
cancer cells, low specificity, and negative side effects (Day et 
al., 2020).

The solid Ehrlich carcinoma (SEC) is used to model breast 
cancer. It is a mice model and has rapid proliferation, high ma-

lignancy, and similar features to inflammatory breast cancer in 
humans (Feitosa et al., 2020).

Paclitaxel (PTX) is a natural alkaloid Food and Drug Ad-
ministration (FDA) approved chemotherapeutic drug for the 
treatment of solid tumors like breast cancer. It is mainly ex-
tracted from the bark of the Taxus brevifolia tree. It exerts its 
effect by binding to tubulin, stabilizing tubulin dimmers, pre-
venting microtubule dissociation, and inhibiting mitosis in 
the M-phase causing cell death (Xu et al., 2020). Although its 
efficacy has been approved, it has many reported limitations, 
including myelotoxicity, neurotoxicity, and development of 
drug resistance (Kang et al., 2009).
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Natural herbal products are naturally occurring bioactive 
compounds that have different pharmacological activities and 
are used in the treatment of many diseases including cancer 
treatment. These products are promising cancer therapies, and 
have many advantages (Parveen et al., 2019).

Rosmarinic acid (RA) is a polyphenol extracted from many 
herbs. It belongs to the Lamiaceae, Poraginaceae, and Blechna- 
ceae families (Trócsányi et al., 2020). It was widely used for 
medicinal purposes including antiviral, bactericidal, antiox-
idant, anti-inflammatory, and anticancer. It exerts its action 
by different mechanisms (e.g. it prevents tumor formation 
development, reduces lipid peroxidation by products and pro 
apoptotic proteins expression, reduces tumor necrosis factor-α 
(TNF-α), cyclooxygenase-2 (COX-2) and IL-6 levels, modulates 
p65 expression and stimulates apoptosis by modifying multi-
ple genes expression, and is involved in apoptosis regulation) 
making it effective in cancer treatment (Elufioye and Habte-
mariam, 2019; Nadeem et al., 2019).

Consequently, the current study aimed to evaluate the 
chemo-preventive and anticancer effect of RA alone and/or in 
combination with PTX in Ehrlich solid carcinoma. In addition, 
we aimed to investigate the underlying mechanisms and path-
ways of RA in breast cancer.

 
Materials and methods

Reagents and chemicals
RA ≥ 96% (HPLC) (RA) (Sigma-Aldrich, catalog No: 536954-
5G) and PTX (Sigma-Aldrich, catalog No: T7402) were used. 
The Ehrlich’s ascites carcinoma-infected mice were purchased 
from the Medical Research Institute, Alexandria University 
(Alexandria, Egypt). All other chemicals used in the study were 
of analytical grades from commercial sources.

Animals
Female Swiss albino mice weighing 25–30 g were purchased 
from the Animal Care Unit of Alexandria University Medical 
Research Institute (Alexandria, Egypt).

The mice were adapted in polyethylene cages, maintained 
under particular laboratory conditions (25 °C ± 1 °C with con-
stant relative humidity and normal dark/light cycle) with ad 
libitum access to food and water. The study was performed fol-
lowing the internationally accepted recommendations for lab-
oratory animal use and care in accordance with the European 
Community	guidelines	(EEC	Directive	of	1986;	86/609/EEC),	
and the protocols were approved by The Animal Care and Eth-
ical Committee at the Faculty of Pharmacy, Damanhour Uni-
versity	(1018PB7).

Tumor induction
Ascitic fluid of Ehrlich ascites carcinoma-infected mice was 
withdrawn then mixed with normal saline to form a suspen-
sion of 2 × 106 cells and used as a source of Ehrlich carcinoma 
cells (Katary et al., 2019). The viability of cells were checked by 
a Trypan blue dye exclusion assay (Abd-Alhaseeb et al., 2013).

 At the start of the experiment (day 1), 0.1 ml of Ehrlich’s 
ascites carcinoma suspension was injected intra-dermally on 
the upper left ventral side of the mice inside the mammary 
fat	pad	of	mice.	After	one	week	(day	8)	of	inoculation	with	the	
tumor cells, tumor growth was validated using a caliper. The 
volume of solid tumors (mm3) was calculated by the following 
equation: Tumor Volume = length × width2 × 0.52. The solid 
tumors were visually apparent (50–100 mm3) 7 days after in-

oculation and treatment protocols were started (Abd-Alhaseeb 
et al., 2014).

Experimental design
We randomized 60 mice into 6 groups: 10 mice in each group. 
Group 1 (normal mice): healthy mice were intradermally in-
jected with normal saline (0.1 ml/mouse, i.d.) on the upper 
left ventral side on day 1. They were then given oral saline  
(1	ml/kg/day,	p.o.)	from	day	8	to	the	end	of	the	experiment.

Group 2 (RA + SEC): mice were given RA orally (50 mg/kg/
day, p.o.) daily for 2 weeks prior to tumor induction and this 
continued to the end of the experiment (6 weeks therapeutic 
period) (Rocha et al., 2015). The dose selected for RA was in a 
safe range as it has been reported to have very low toxicity in 
mice with an LD50 of 561 mg/kg (Kirchler et al., 2017).

Treatment for groups 3 to 6 started when tumor growth 
was	 confirmed	on	day	8	 after	 inoculation	of	 the	 tumor,	 and	
was continued for 21 days (3 weeks therapeutic period).  
Group 3 (SEC): mice were given oral saline (1 ml/day, p.o.), and 
served as the positive control group. Group 4 (SEC + RA): mice 
were treated with oral RA (100 mg/kg/day, p.o.) (Han et al., 
2018).	Group	5	(SEC	+	PTX):	mice	were	treated	with	intraperi-
toneal PTX injection (10 mg/kg/three times weekly, i.p.) (Gho-
neum et al., 2019). Group 6 (SEC + RA + PTX): mice were treated 
with a combination of RA (100 mg/kg/day, p.o.) daily and PTX  
(10 mg/kg/three times weekly, i.p.).

At the end of the experiment, the animals were euthanized 
by ether inhalation for approximately 2 min in a transparent 
acrylic	jar	(Anjum	et	al.,	2018)	and	blood	samples	were	collect-
ed from the orbital sinus. The mice were then sacrificed by cer-
vical dislocation and solid tumors were dissected and weighed.

Tumor assessment
Tumor growth was determined using a digital caliper after the 
first week to confirm growth. Tumor weight was determined at 
the end of the experiment using a digital balance scale.

Enzyme‐linked immunosorbent assay (ELISA)
Whole‐blood samples were collected, and the samples were 
centrifuged at 3000 rpm for 10 min at 4 °C to collect serum. 
The serum protein levels of vascular endothelial growth factor 
(VEGF) and tumor necrosis factor-alpha (TNF-α) were meas-
ured with the corresponding ELISA kits from MyBioSource, 
Inc., CA, USA (Catalog No.: MBS703609, MBS355371 respec-
tively) according to the manufacturer’s protocols.

Quantitative real-time PCR (qRT-PCR)
Tumor tissues were used for total RNA extraction using  
TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), according to the manufacturer’s protocol.

cDNA was synthesized from extracted RNA in the presence 
of SYBR Green and Master mix (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) using the manufacturer’s protocol.

P53, Bax, and Bcl-2 gene expressions were analyzed by 
quantitative PCR with primers present (Table 1). qRT-PCR  
amplification was performed under the following thermal cy-
cle conditions: initially at 95 °C for 10 min, then 95 °C for  
15 s repeated for 40 cycles for denaturation, then 56 °C for  
15 s for annealing with primer, then 72 °C for 30 s for exten-
sion; final extension step at 72 °C for 10 min. The experiments 
were performed three times. The relative expression levels 
of P53, Bax, and Bcl-2 compared to GAPDH in each sample 
were calculated according to the 2−ΔΔCq method (Livak and 
Schmittgen, 2001).
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Table 1. Primer sequence used for qRT-PCR

Primer sequence (5'–3') Gene (Amplicon size)

F: 5'GTATCGGACGCCTGGTTAC3'
R: 5'CTTGCCGTGGGTAGAGTCAT3'

GAPDH	(128	bp)

F: 5'CCCCTGTCATCTTTTGTCCCT3'
R: 5'AGCTGGCAGAATAGCTTATTGAG3'

P53 (137 bp)

F: 5'GTCTCCGGCGAATTGGAGAT3'
R: 5'ACCCGGAAGAAGACCTCTCG3'

Bax (100 bp)

F: 5'CATCGCCCTGTGGATGACTG3'
R: 5'GGCCATATAGTTCCACAAAGGC3'

Bcl-2 (95 bp)

NCBI reference sequence was used for the design of the primers of 
GAPDH, P53, Bax, and Bcl-2.

Histopathological investigation and 
immunohistochemical analysis
After scarification of the mice, tumor was collected, washed, 
and fixed in 10% neutral buffered formalin for 24 h at 4 °C. It 
was then processed for paraffin sectioning used for Hematox-
ylin and Eosin (H & E) staining for histopathological examina-
tion and immunostaining.

The immunostaining was performed with polyclonal anti-
body against Nuclear Factor kappa B/p65 (NFκ B/P65) (Bioss-
Woburn, Massachusetts, U.S.A. catalog No: bs-0465R), VEGF 
polyclonal	antibody	(BioGenex,	USA,	catalog	No:	AR483-5R),	
P53 polyclonal antibody (Bioss Woburn, Massachusetts, U.S.A. 
catalog No: bs-0033R), Bcl-2 polyclonal antibody (GeneTex, 
USA catalog No: GTX100064), caspase3 (cleaved) polyclonal 
antibody (biocare medical, CA, USA catalog No: PP 229 AA), 
and using dye 3, 3'-diaminobenzidine (DAB) [Sigma-Aldrich® 
(MO, USA)].

The tumor sections were microscopically investigated with 
a digital image capture system (Olympus BX41, camera model 
no Olympus DP20 at 40X, USA), examined for specific stain-
ing, and images were acquired. Quantitative evaluation of the 
tumor was conducted using ImageJ analysis (ImageJ/Fiji 1.46) 
downloaded from the NIH website (https://imagej.nih.gov/ij/
download.html).

Statistical analysis
Data were analyzed using GraphPad Prism 3.0 software 
(GraphPad Software, USA) using the one-way ANOVA analy-
sis of variance test followed by the Tukey post-hoc test. Results 
are presented as the mean ± standard deviation (SD), and a  
P-value <0.05 was considered significant. All experiments were 
performed at least three times.

 
Results

Tumor weight
There was suppression in tumor weight in both chemo-pre-
ventive and treated groups. Mice that received RA prior to 
tumor induction showed significant (p < 0.001) reduction in 
the tumor weight compared to SEC mice. Mice treated with  
RA + PTX showed the most significant (p < 0.001) decrease 
in tumor weight compared to SEC and their monotherapies 
(Fig. 1).

Serum levels of TNF-α and VEGF
SEC-bearing mice showed the highest levels of TNF-α and 
VEGF in serum. The prophylactic group showed a more signifi-
cant reduction in TNF-α and VEGF serum levels than SEC mice 

 
Fig. 1. Tumor weight in Ehrlich solid tumor bearing mice. Data 
are expressed as the mean ± SD (n = 6). Data were analyzed using 
one-way ANOVA followed by Tukey post-hoc test. RA: Rosmarinic 
acid; SEC: Solid Ehrlich Carcinoma; PTX: Paclitaxel. * Significant 
difference from SEC. $ Significant difference from SEC + PTX group. 
# Significant difference from SEC + RA group (*** or ### or $$$ 
represent p < 0.001).

(Fig. 2). Moreover, PTX and RA significantly decreased serum 
levels of TNF-α and VEGF. SEC-bearing mice treated with a 
combination of PTX and RA showed the most significant dec-
rease in TNF-α and VEGF levels in the serum in comparison to 
that of SEC and their monotherapies.

 

Fig. 2. The effect of treatment on serum levels of TNF-α and VEGF. 
Effect of RA, PTX and their combination on (a) TNF-α level,  
(b) VEGF level. Data are expressed as the mean ± SD (n = 6). Data 
were analyzed using one-way ANOVA followed by Tukey post-hoc 
test. RA: Rosmarinic acid; SEC: Solid Ehrlich Carcinoma; PTX: 
Paclitaxel. * Significant difference from SEC. $ Significant difference 
from SEC + PTX group. # Significant difference from SEC + RA group 
(*** or ### or $$$ represent p < 0.001).

 

(a)

(b)
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P53, Bax, and Bcl-2mRNA expressions
RA chemoprevention, treatment alone and with PTX signifi-
cantly increased the gene expression of P53 and Bax (Figs 3a 
and 3b). The P53 gene expression of RA + SEC, SEC + PTX,  
SEC + RA, SEC + RA + PTX were 1.35, 3.49, 2.16, and 4.09, 
respectively compared to that of SEC bearing mice and the Bax 
fold	gene	expressions	were	2.36,	1.92,	1.82,	and	2.58,	respec-
tively compared to that of SEC bearing mice.

 
 

 

Fig. 3. mRNA expression of P53, Bcl2 and Bax in Ehrlich solid tumor 
bearing mice using qRT-PCR with specific primers. Effect of RA, PTX 
and their combination on (a) P53 level, (b) Bax level, (c) Bcl-2 level. 
Quantification analysis of mRNA was normalized, with GAPDH used 
as the housekeeping gene. Data are expressed as the mean ± SD  
(n = 6). Data were analyzed using one-way ANOVA followed by Tukey 
post-hoc test. RA: Rosmarinic acid; SEC: Solid Ehrlich Carcinoma; 
PTX: Paclitaxel. * Significant difference from SEC. $ Significant 
difference from SEC + PTX group. # Significant difference from  
SEC + RA group (# or $ represent p < 0.05, ** or ## represent  
p < 0.01, *** represent p < 0.001).

Moreover, there was a significant decrease in gene expres-
sion of Bcl-2 in both prophylactic and treated groups com-
pared to SEC-bearing mice – as shown in (Fig. 3c). The per-
centage of down-regulations of Bcl-2 mRNA expressions of  
RA	+	SEC,	SEC	+	PTX,	SEC	+	RA,	SEC	+	RA	+	PTX	were	87.35%,	
86.73%,	56.38%,	and	92.38%	respectively,	compared	to	that	of	
SEC-bearing mice.

The RA and PTX combination treated group showed the 
most significant increase in P53 and Bax mRNA expressions, 
and the highest decrease in Bcl2 mRNA expression. Fold gene 
expression is represented in Fig. 3.

Histopathological examination and 
immunohistochemical examination
Histopathological examination revealed marked histopatho-
logical changes in tumor tissue – as shown in Fig. 4. Mice given 
RA prophylactic and mice treated with RA + PTX showed a nor-
mal structure without signs of degeneration or cellular infiltra-
tion. In contrast, the untreated mice SEC group showed active 
tumor cells with undifferentiated epithelial cells, significant 
infiltration, and large hyper chromatic pleomorphic nuclei.

In addition, Mice treated with RA alone and PTX alone 
exhibited considerable improvement compared with the SEC 
group. This is evidenced by a regression of tumor development 
with zones of apoptotic cells, and cellular infiltration.

Immunohistochemical investigation revealed a strong pos-
itive reaction for P53 and Caspase-3 in mice that received RA 
for prophylaxis or a combination of PTX and RA for treatment. 
Meanwhile P53 and Caspase-3 showed mild reactivity in PTX 
or RA single treatment when compared with SEC as revealed 
in Figs 5a and 5b.

The tumor section in SEC-bearing mice showed a strong 
positive reaction for NF-κB, VEGF receptor, and Bcl-2. There 
was only mild immunoreactivity in mice treated with prophy-
lactic RA and PTX or RA as single agent with the least reactiv-
ity to NF-κB, VEGF receptor, and Bcl-2 in RA + PTX treated 
mice as revealed in Figs 6a, 6b, and 6c.

 
Discussion

RA is a naturally occurring polyphenol, which was previously 
studied for different medicinal purposes (Anwar et al., 2020). 
In the present study, the chemo-preventive and therapeutic 
potential of RA was elucidated as a single agent and in combi-
nation with PTX in mice breast cancer model.

A low dose of oral RA (50 mg) two weeks prior to tumor 
induction could significantly suppress breast cancer growth in 
various ways: (a) stimulating apoptosis and restricting anti-ap-
optotic proteins expression, (b) restricting angiogenesis, and 
(c) regulating inflammatory responses. Its chemo-preventive 
effect may be through the inhibition of NF/κB-P53-Caspase-3 
pathway. In agreement with our findings, it was found that 
100 mg/kg RA inhibits skin cancer progression when used one 
week prior to cancer induction in mice by restoring levels of 
caspases, P53, and Bcl-2 (Moore et al., 2016).

RA is used for the treatment of different types of cancers as 
it acts through different pathways including blockage of tumor 
cell proliferation, apoptosis, metastasis, and inflammation 
(Nadeem et al., 2019). Zhanjun Ma reported that RA promotes 
apoptosis and suppresses the Bcl-2/Bax ratio, mainly through 
mitochondrial apoptotic pathways on osteosarcoma cells and 
enhances caspases cleavage (Ma et al., 2020). Also observed 
were decreased expression and protein levels of Bcl-2/Bax after 
RA treatment in breast cancer (Li et al., 2019a). Similarly, this 

(a)

(b)

(c)
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Fig. 4. Histopathological examination of solid tumor sections stained by hematoxylin and eosin (×40). RA: Rosmarinic acid; SEC: Solid Ehrlich 
Carcinoma; PTX: Paclitaxel; T: tumor cells; BV: blood vessel; I: infiltration; A: apoptotic parts; N: necrosis.

study suggests that RA inhibits tumor growth mainly through 
mitochondrial apoptotic pathways and caspase cleavage.

NF-κB is associated with many cancer pathways, including 
inflammation, angiogenesis, and apoptosis, suggesting its role 
in poor cancer prognosis and the development of drug resist-
ance (Li et al., 2019b). RA was found to suppress the systemic 
release of many pro‐inflammatory cytokines, mainly through 
the blockage of the NF-κB pathway (Fan et al., 2015). The lev-
els of NF-κB correlates with the expression of VEGF in breast 
cancer. Therefore, the hindrance of NF-κB activation results in 
a decrease in VEGF mRNA expressions (Shibata et al., 2002). 
RA given either before or after tumor induction has an an-
ti-angiogenesis effect by suppression of VEGF expression or 
protein levels (Değer and Çavuş, 2020).

In this experimental approach, PTX was found to have the 
ability to inhibit tumor growth in corroboration with previous 
studies. Similar findings were reported in acute lung injury in 
a mouse model; PTX inhibits NF-κB activation and inflamma-
tion (Wang et al., 2019). In addition, low dose PTX showed an-
ti-angiogenetic effect by suppressing angiogenesis markers at 
protein and mRNA levels in breast cancer (Bocci et al., 2013). 
PTX enhances apoptosis in breast cancer via the activation 
of P53 expressions, resulting in caspase activation – mainly 
through the mitochondrial pathway and suppression of the 
Bcl2/Bax	ratio	(Ren	et	al.,	2018).

A low dose of PTX in combination with other chemother-
apy agents enhanced the apoptotic effect in breast cancer 
compared to PTX monotherapy (Clark et al., 2019). These 
observations strongly imply that RA can be used as an adju-
vant therapy with PTX. Mice treated with a combination of 
RA and PTX showed the most significant reduction in tumor 
size. Co-treatment with RA and PTX had anti-inflammatory 
and antiangiogenic effects with a higher apoptotic rate than 
their monotherapies. This suggests that RA sensitizes breast 
cancer cells to PTX probably via the NF-κB-P53-Caspase-3 
pathway.

 
Conclusions

RA shows good potential in inhibiting various hallmarks of 
the Ehrlich solid tumor. It is a promising substance that may 
be used as food additive or food supplement as prophylaxis 
for breast cancer. RA exerts antitumor effects in Ehrlich solid 
tumor through anti-inflammatory, apoptotic, and anti-angio-
genic properties. This effect, when used in combination with 
PTX, was more efficient in comparison to PTX or RA mono-
therapies. Therefore, RA may provide new promise for agents 
that potentiate the antitumor activity of PTX.

Mahmoud et al. / J Appl Biomed
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Fig. 5. Immunostaining and % Area of P53 and Caspase-3 expression. (a) P53 and (b) Caspase-3 immunostaining images magnification at 40× 
and their % area in the experimental groups. Data are expressed as the mean ± SD (n = 3). Data were analyzed using one-way ANOVA followed 
by Tukey post-hoc test. RA: Rosmarinic acid; SEC: Solid Ehrlich Carcinoma; PTX: Paclitaxel. * Significant difference from the SEC. $ Significant 
difference from SEC + PTX group. # Significant difference from SEC + RA group (# represent p < 0.05, ## represent p < 0.01, *** or ### or $$$ 
represent p < 0.001).
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 Fig. 6. Immunostaining and % Area of NF-κB, VEGF receptor and Bcl-2 expression. (a) NF-κB, (b) VEGF receptor, and (c) Bcl-2 immunostaining 
images magnification at 40× and their % area in the experimental groups. Data are expressed as the mean ± SD (n = 3). Data were analyzed 
using one-way ANOVA followed by Tukey post-hoc test. RA: Rosmarinic acid; SEC: Solid Ehrlich Carcinoma; PTX: Paclitaxel. * Significant 
difference from the SEC. $ Significant difference from SEC+ PTX group. # Significant difference from SEC + RA group ($ represent p < 0.05,  
*** or ### or $$$ represent p < 0.001).
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