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Abstract

Objectives The main aim of this work was to analyse the potential tumour growth inhibition effects 
of (−)-epicatechin (EC). Triple-negative breast cancer (TNBC) is an invasive form of cancer charac-
terized by the absence of progesterone receptor, estrogen receptor and human epidermal growth 
factor receptor 2. Doxorubicin (DOX) is widely used for its anti-tumour activity. EC belongs to the 
flavanol subfamily and is a candidate molecule for the adjuvant treatment of cancer due to its 
antiproliferative activities.
Methods Evaluation of EC effects and pathways involved in a model of TNBC.
Key findings EC inhibited tumour growth as efficiently as DOX (inhibition rates of 74% and 79% for 
EC and DOX, respectively). The evaluation of adenosine monophosphate-activated protein kinase 
(AMPK) and Akt phosphorylation and mTOR expression indicates that EC modulates these path-
ways, resulting in the inhibition of cell proliferation. Additionally, we found an increase in the sur-
vival of EC-treated animals compared with control-treated animals. This effect was similar to the 
effects induced by DOX (survival rates of 44% and 30% for EC and DOX, respectively).
Conclusion EC has antiproliferative properties and increases survival in a model of TNBC. These ef-
fects may occur through the modulation of deregulated AMPK and Akt/mTOR signalling pathways.
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Introduction

Breast cancer is the most common malignant disease in women 
and is among the leading causes of cancer-related death in women 
worldwide. According to GLOBOCAN (2018), breast cancer 
ranked first among all types of cancer in women (11.6%) world-
wide (https://gco.iarc.fr/today/data/factsheets/cancers/20-Breast-
fact-sheet.pdf), accounting for 2 088 848 new cases and 626 679 
deaths in 2018.

The Pan American Health Organization and the World Health 
Organization (PAHO/WHO) estimate that by 2030, its incidence in 
America will increase by 46%.[1] Among the different breast cancer 
subtypes, triple-negative breast cancer (TNBC), which is more preva-
lent among young women, accounts for 10–20% of newly diag-
nosed breast cancer cases; it is the most aggressive form of breast 
cancer[2] and has a poorer prognosis compared with that of other 
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breast cancer subtypes. TNBC is negative for estrogen receptor (ER), 
progesterone receptor (PR) and human epidermal growth factor re-
ceptor 2 (HER2) expression. Usually, there is no specific therapy 
available for patients with this cancer subtype, and they have a poor 
prognosis.[3]

In the absence of therapeutic targets, chemotherapy plays a vital 
role in treatment, and many efforts have been made looking for com-
binations of chemotherapy and new drugs. Doxorubicin (DOX), an 
anthracycline with anticancer activity, is one of the most effective 
chemotherapeutic agents against different types of solid tumours, 
including breast cancer.[4, 5] DOX triggers cell death by apoptosis 
and necrosis. Its effects are achieved by its interaction with DNA 
by intercalation and inhibition of topoisomerase II, preventing the 
DNA double helix from being reformed and stopping the process 
of replication and transcription. It also increases free radical pro-
duction, hence contributing to its cytotoxicity. Some of the adverse 
effects are myelosuppression, nausea/vomiting, mucositis, diarrhoea 
and cardiotoxicity that progresses to congestive heart failure, which 
could cause death in patients years after receiving antineoplastic 
treatment.[6, 7]

The search for new molecules that contribute to breast cancer 
treatment and reduce side effects is continuous and mandatory. 
Polyphenols in general and flavonoids, in particular, have attracted 
attention as anticancer molecule options.[8, 9]

Previously, our group showed that (−)-epicatechin (EC), a fla-
vonoid that belongs to the flavonoid subfamily, possesses diverse 
pharmacological attributes, including antioxidant and anti-inflam-
matory effects; also EC supports mitochondrial structure and 
function in different tissues and cell types, such as skeletal muscle, 
endothelial cells and cardiomyocytes.[10–15]

EC anti-tumoural effects have been studied in many cancer cell 
lines.[16–18] Recently, we showed through an isobolographic ana-
lysis that EC inhibits the proliferation of A459 lung cancer cells in 
a concentration-dependent manner and acts synergistically when 
combined with cisplatin.[19] This effect was also observed in combin-
ation with bleomycin in ovarian cancer cells[20] and etoposide as an 
antileukemic agent.[21] Nevertheless, the exact mechanism by which 
EC exerts its anti-tumour effects without affecting healthy cells is 
still under study.

On the other hand, it has been reported that AMPK inhibits cell 
proliferation and tumour growth by modulating the mTOR pathway 
and decreasing cyclin D1. Consequently, the present work evaluates 
the effects of EC, as an anticancer molecule modulating AMPK and 
Akt/mTOR pathways; this study utilized the triple-negative cell line 
4T1 to generate a model of breast tumours, and DOX was used as a 
positive antineoplastic control.[22]

The main aim of this work was to analyse the potential tumour 
growth inhibition effects of (−)-EC and possible additive effects 
with DOX.

We hypothesized that EC would provide a new alternative for 
the treatment of breast cancer, improving survival and maybe the 
quality of life

Materials and Methods

4T1 cell line culture
4T1 mammary carcinoma is a transplantable tumour cell line 
that is highly tumourigenic and invasive, and unlike most tumour 
models, those generated with 4T1 cells can spontaneously metas-
tasize; this cell type was isolated initially by Fred Miller and col-
leagues.[23, 24] The 4T1 breast cancer model used here is a basal type, 

triple-negative ductal carcinoma negative for ER/PR and HER-2.[22] 
Cells were obtained from ATCC (CRL-2539) and cultured at 37°C 
in a chamber under an atmosphere of 5% CO2.

Model of mammary tumour
Female BALB/c mice of 20–25 g were used. Mice were maintained 
with access to food and water ad libitum. To induce breast tumour 
development, 5 × 103 4T1 cells were subcutaneously inoculated in 
10 mice per group in the abdominal mammary gland as previously 
described by Pulaski and Ostrand-Rosenberg.[25] Animal care and 
experimental procedures were approved by the Institutional Animal 
Care and Use Committee and carried out under the N.I.H. Guide 
for the Care and Use of Laboratory Animals (National Research 
Council, 2011, https://grants.nih.gov/grants/olaw/guide-for-the-
care-and-use-of-laboratory-animals.pdf) and official Mexican re-
gulations (Diario Oficial de la Federacion (NOM-062-ZOO-199, 
1999).[26]

Tumour growth was assessed morphometrically using Vernier cal-
lipers, and tumour volumes were calculated according to the formula 
V = (length) (width) (height). Seven days post-inoculation, tumours 
were palpable, and mice were randomly assigned to 6 groups: (1) 
the control group (n = 10) was treated with vehicle (sterilized saline 
solution); (2) the DOX group (n = 10) was treated with DOX ad-
ministered by intraperitoneal injection (2 mg/day every other day, 
cumulative dose of 12 mg/kg; (6 doses in total); (3–5) the EC groups 
(n = 10 each) were treated with 1, 2 or 3 mg/kg/day of (−)-EC by 
oral gavage for 15 days; and (6) the DOX plus EC group (n = 10) 
was treated with DOX (2 mg/day every other day, cumulative dose 
of 12 mg/kg) and EC 3 mg/kg/day for 15 days.

Animal body weight and tumour size (length and width) were 
measured and recorded every other day. Mice were euthanized 
21 days after the injection of tumour cells. Breast tumours were ex-
cised, measured (length, width and height), divided into two parts 
and homogenized for western blot analysis (n  =  10) or formalin-
fixed, embedded in paraffin and cut into 3.5 µm sections (n = 10) 
for H&E staining and immunohistochemical techniques using 
antibodies against cyclin D1 and Ki67; staining was examined by 
optical microscopy (Nikon Eclipse E600). Immunostaining was per-
formed following the next methodology: Deparaffinized slides were 
quenched for endogenous peroxidase with 3% H2O2 in methanol. 
Antigen was retrieved by heating (20  min) in a microwave oven. 
Blocking of unspecific bindings was performed with 1% bovine 
serum albumin in phosphate-buffered saline (30 min). The sections 
were exposed to a 1:50 dilution of anti-cyclin D1 antibody or a 
1:150 dilution of anti-Ki67 antibody. Blocking solution was used 
as a negative control. A peroxidase-labelled secondary antibody was 
used. Slides were developed with diaminobenzidine reagent. At least 
5 photographs were taken randomly per tumour and analysed using 
ImageJ software.

Survival analysis
Based on tumour volume analysis, a survival test[25] was imple-
mented. In a separate group, 7 days after 4T1 cell inoculation, mice 
were randomly assigned to treatment groups: (1) vehicle (n = 10), 
(2) DOX [2 mg/day every other day, cumulative dose of 12 mg/kg] 
(n = 10), (3) EC [3 mg/kg/day until death (n = 10)] or (4) combin-
ation of DOX [2 mg/day every other day, cumulative dose of 12 mg/
kg] plus EC [3 mg/kg/day until death (n = 10)]; then, mortality was 
monitored until all mice died.

https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
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Western blot analysis
Based on the results obtained in the volume and survival analyses, 
where an apparent anti-tumoral EC-induced effect was present, but 
no additive (acting throughout the same pathway) effects when com-
bined with DOX, in the remaining experiments, we compared only 
the EC effects vs control.

Based on the reports by Ramirez-Sanchez et al.,[11, 15] we used the 
following methodology: Mouse breast tumours from different groups 
were excised and immediately frozen (−80°C until analysis). Tumour 
tissues were homogenized on ice for 15  s using a polytron and 
lysis buffer (10% glycerol, 1% NP-40, 20 mM Na-pyrophosphate, 
150  mM NaCl, 50  mM HEPES, 20  mM β-glycerol phosphate, 
10 mM NaF, 2 mM PMSF, 1 mM EDTA, 1 mM EGTA, 2 mM so-
dium orthovanadate; pH 7.5 with protease and phosphatase inhibi-
tors). Homogenates were sonicated for 20 min at 4°C and further 
centrifuged (13 000 g) for 20 min at 4°C. The total protein content 
in the supernatant was determined via the Bradford method. A total 
of 30 µg of protein per sample was loaded onto a 4–15% polyacryl-
amide gel and electrotransferred to a polyvinyl membrane at 18 V 
for 45  min using a semidry transfer system. Membranes were in-
cubated for 1 h in blocking solution (5% non-fat dry milk in Tris-
buffered saline [TBS] plus 0.1% Tween 20 [TBS-T]), followed by 
overnight incubation at 4°C with primary antibodies against AMPK 
and Akt and their phosphorylated forms and mTOR1. All antibodies 
were acquired from Santa Cruz Biotechnology, Santa Cruz, CA, USA. 
Membranes were washed (3× for 5 min) in TBS-T and incubated for 
1 h at 4°C in the presence of horseradish peroxidase-conjugated sec-
ondary antibodies diluted 1:1000 in TBS-T. Membranes were again 
washed in TBS-T, and the immunoblots were developed using an 
enhanced chemiluminescence detection kit (ImmunoCruz Western 
Blotting Luminol Reagent). The densitometric intensity of each band 
was measured using ImageStudio, dividing the value by the corre-
sponding β-tubulin densitometric intensity and these values were 
divided (phosphorylated/total forms) when activation was analysed 
(EC vs control).

Materials
Doxorubicin (doxorubicin hydrochloride, 98–102%) was obtained 
from Sigma-Aldrich, Merck, Co. (Cat. No. D1515).

(−)-EC (>98%) was obtained from Sigma-Aldrich, Merck, Co. 
(Cat. No. E4018). EC was recrystallized using ethanol.

Statistical analysis
Differences were assessed using ANOVA and Tukey’s post hoc test. 
Student’s t-test was used as needed. Survival curves (Kaplan–Meier) 
were evaluated by a log-rank test (Mantel–Cox). Data are expressed 
as the mean ± SEM, and P ≤ 0.05 was considered significant. Fisher’s 
exact test was used with categorical data.

Results

(−)-Epicatechin as an inhibitor of tumour growth
The body weight change in the different groups is shown in Figure 
1A. The comparative changes in tumour area (length × width) are 
shown in Figure 1B.

Our results showed that treatment with DOX limited tumour 
growth up to 79% compared with that in animals that did not re-
ceive treatment. Interestingly, compared with the control treatment, 
EC showed a tumour growth inhibition effect, with 27, 70 and 74% 
decreases in tumour volume with the administered doses of 1, 2 and 
3 mg/kg/day, respectively.

EC doses of 2 and 3 mg/kg/day were as effective as DOX since 
there were no significant differences among these groups (Figure 2). 
Since EC at 3 mg/kg/day induced the maximal effect, in the next set 
of experiments, only this dose was assayed.

Efficacy of the combination of doxorubicin and 
(−)-epicatechin
EC was administered simultaneously with DOX (EC 3 mg/kg/day 
+ DOX 12 mg/kg cumulative dose), and the results showed a de-
crease in tumour size when compared with that in the control group 
(P = 0.0001); however, the tumour growth in the combination group 
was not significantly different from that in the groups that were 
treated with DOX (2 mg/day every other day, cumulative dose of 

Figure 1  (A) Treatment-induced body weight changes, initial (black bars) and 
21 days after the injection of 4T1 cells (final). Data are expressed as mean ± 
SEM. n = 10. (B) Analysis of changes in tumour area (length × width in mm2). 
Data are expressed as mean ± SEM. n = 10, *P < 0.05.



1678� Journal of Pharmacy and Pharmacology, 2021, Vol. 73, No. 12

12 mg/kg) or EC (3 mg/kg/day) alone (Figure 2), suggesting no addi-
tive effects of DOX and EC

Effect of (−)-epicatechin on mouse survival
Once we observed the anti-tumour effects of EC, we explored its 
effects on the survival of the animals and therefore its impact on 
prognosis. For this, we performed a log-rank test (Mantel–Cox) and 
found that in the group treated with DOX (2 mg/day every other 
day, cumulative dose of 12 mg/kg) there was a significant 30% in-
crease in survival (P = 0.0007) with respect to that in the control 
group, as expected. Interestingly, similar to DOX, EC alone was able 
to significantly increase survival by 44% compared with that in the 
control group (P = 0.005). The effect of the DOX + EC combination 
was not significantly different from that with either compound alone 
(Figure 3). The area under the curve of the effects (control = 5.6; 
DOX = 4.3; EC = 11.7 and DOX + EC = 7.4) showed that EC signifi-
cantly increased survival, indicating its role as an anticancer agent.

Histology and immunohistochemical analysis of 
cyclin D1 and Ki67 expression
In the histological analysis, a lower cell density and a greater de-
gree of karyorrhexis and karyolysis were observed in the tumours 
extracted from mice treated with EC; in addition, there was a sig-
nificant reduction in the proportion of cyclin D1-positive cells in the 
EC-treated group compared with the control group (28.86% and 
64.55%, respectively, P < 0.01) (Figure 4). The percentage of Ki67-
positive cells in the control group was relatively low (1.576%), but 
EC treatment still induced a significant decrease (Figure 5).

Western blot analysis
To identify the pathways through which EC exerts its effect on tu-
mour cells, the activation of proteins of the AMPK and Akt/mTOR 

signalling pathways were analysed by western blotting. We found 
no differences in the AMPK total protein when compare control vs. 
EC-treated groups (data not shown). The results showed that the 
pAMPK/AMPK ratio (indicating activation level) was significantly 
higher in the EC-treated group than in the control group (P = 0.001) 
(Figure 6).

On the other hand, when analysing the activation (phosphoryl-
ation) of the Akt protein, it was found that in the EC-treated group, 
the pAkt/Akt ratio decreased significantly compared with that in the 
control group (P = 0.05) (Figure 7).

We found no differences in the AktK total protein when compare 
control vs EC-treated groups (data not shown).

The expression of mTOR decreased in the EC-treated group as 
compared with the control group (P = 0.001) (Figure 8).

Discussion

In this work, we studied the effect of (−)-EC on the development 
of TNBC induced by 4T1 cells in BALB/c mice. Our results show 
that EC inhibits tumour growth. Using a dose of 3  mg/kg/day, it 
was possible to reduce the tumour volume by up to 74% compared 
with that in the group that did not receive treatment. This effect was 
similar to that generated by one of the most used anticancer agents 
in treating solid tumours, DOX. These results are relevant when con-
sidering the multiple adverse effects that conventional DOX chemo-
therapy induces, including cardiotoxicity which is a limiting factor 
in its use. This adverse effect has been associated with the accumu-
lation of the drug in the mitochondria, disrupting mitochondrial 
functions such as bioenergetics, enzymatic inhibition and membrane 
peroxidation.[27–29] In particular, TNBC is a therapeutic challenge due 
to its difficult diagnosis and treatment. Although it has a high re-
sponse rate to anthracycline treatment, it is also associated with low 

Figure 3  (−)-Epicatechin (EC) (3 mg/kg/day/15 days) induced effects on mice 
survival. It shows the comparison of the vehicle against 12 mg/kg DOX, EC 
and the combination of both EC/DOX, the survival time was similar between 
the last three groups and different from control. EC induced an increase in 
survival vs the control group (P ≤ 0.005). Each line represents the mean ± 
SEM. n = 10. Log-rank test, Kaplan–Meier graph was used for the analysis.

Figure 2  (−)-Epicatechin-induced effects on breast cancer volume. The 
volume (mm3) obtained 21 days after administration by orthotopic route of 
5 × 103 4T1 cells is observed in BALB/c mouse. Doxorubicin (DOX) was used 
as positive control (12 mg/kg), this presented a smaller tumour volume com-
pared with the control. Increasing doses of EC 1, 2 and 3 mg/kg were admin-
istered daily during 15 days. Doses of 2 and 3 mg/kg showed a decrease in 
tumour volume compared with the control and with the dose of 1 mg/kg. 
Each bar represents the means ± SEM. n = 10. The data were analysed of vari-
ance analysis (ANOVA) followed by the Tukey’s multiple comparisons test. 
P values <0.05 were statistically significant.
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survival.[30] Therefore, the search for new therapeutic alternatives to 
reduce tumour growth and simultaneously reduce the adverse effects 
of currently available chemotherapy is necessary.

Polyphenols are molecules that have been shown to have bene-
ficial effects; in particular, (−)-EC supports mitochondrial func-
tion in different models of healthy cells, tissues and pathological 
states.[11, 13, 31]

In the present work, the effects of EC in a solid murine tumour 
were explored, and the anticancer capacity of EC was confirmed to 
be as efficient as that of DOX. These results have great potential for 
application since EC is considered a GRAS (generally recognized as 
safe) substance by the FDA, and there are no adverse effects reported 
in the literature.[32]

In the search for the molecular mechanisms through which EC 
acts, we analysed the signalling pathways AMPK and Akt/mTOR as 
possibly responsible for the regulation of cell proliferation.

Our results showed that in the presence of EC, the activation 
(phosphorylation) of AMPK was increased compared with that 
in vehicle control mice, while Akt (phosphorylation) was dimin-
ished. These findings coincide with what was proposed by Chaube 
et al.[33]: homeostasis and adaptation to metabolic stress in cancer 
cells are mainly due to the integral response exerted by the ac-
tivation of the energy sensor AMPK. Moreover, the constitutive 
phosphorylation of Akt in cancer cells activates different targets 
for tumour development as a pathway to chemoresistance in cancer 

cells.[34] PI3K/Akt/mTOR pathway inhibition has been associated 
with high survival rates in different types of cancer.[35, 36]

Additionally, existing evidence suggests that the AMPK-p38-
PGC1α axis increases mitochondrial biogenesis and, therefore the 
oxidative metabolism of substrates other than glucose. Additionally, 
an increase in phosphorylated AMPK is related to a good prog-
nosis in cancer patients.[33] It was also reported that AMPK activa-
tion downregulates the mTOR pathway in breast cancer following 
its activation by metformin.[35] Our results agree with this proposal 
since EC downregulated the expression of mTOR, reducing cell pro-
liferation. The reported results all together are consistent with the 
so-called Warburg effect, which explains that cancer cells depend 
mainly on the energy obtained by glycolysis, probably as a conse-
quence of mitochondrial dysfunction.[37] Consequently, in this study, 
EC might have exerted its function by improving mitochondrial 
function and changing the energy dependence of cells. Previously, 
Elbaz et al. reported that EC stimulated mitochondrial respiration 
and oxygen consumption in PANC-1 cells.[38]

In this work, we wondered whether the combination of DOX 
with EC would have additive effects on tumour volume; we found 
that the simultaneous administration of DOX (3 mg/day every other 
day, cumulative dose of 12 mg/kg) with EC did not induce a more 
significant effect than that when both compounds were administered 
individually.

It is possible that the doses used were high or reached their max-
imum effect, limiting the possibility of increased effects with the 
combination. DOX is a widely studied drug that regulates energy, 
oxidative and genotoxic stress, which involves inhibiting AMPK par-
tially via the intercommunication between the Akt and MAPK path-
ways as a consequence of DNA damage.[39]

Figure 4  Representative images of (−)-EC (3 mg/kg/day/15 days) induced ef-
fects on the number of cells expressing nuclei positive to Cyclin D1. A signifi-
cant reduction in the number of cyclin D1-positive (graph) cells as compared 
with the control group (28.9% and 64.6%, respectively, was found, P = 0.01). 
The data were analysed by t-test. Each bar represents the means ± SEM with 
n = 10. Bar in images = 50 µm.

Figure 5  Representative images of (−)-EC (3 mg/kg/day/15 days) induced ef-
fects on the number of cells expressing nuclei positive to Ki67. A significant 
reduction in the number of Ki67-positive (graph) cells as compared with the 
control group (P = 0.025). Bar = 50 µm. The data were analysed by t-test. Each 
bar represents the means ± SEM with n = 10.
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The convergence in signalling pathways between EC and DOX 
could explain the lack of additive effects between them when 
evaluating tumour volume. However, it is possible that the stepwise 
or intercalated administration of both compounds would lead to the 
different impacts. In this regard, even when there was no enhance-
ment of the effect of DOX by EC, the combination could be inter-
esting because it can reduce the cardiotoxic effect of DOX.

On the other hand, we evaluated cyclin D1 and Ki67 as pro-
liferation markers and found a significant reduction in the number 
of cyclin D1-positive cells in tumours of animals treated with EC 
compared with those treated with the control (64% and 29% cell 
positives, respectively). Additionally, the number of Ki67-positive 
cells was lower in the EC-treated group than in the control group. 
These results indicate that the proliferation of tumour cells is re-
duced when the mice are treated with EC, and therefore, the tumour 
size is smaller.

To evaluate the impact of EC treatment on the survival of an-
imals, we explored the effects of DOX (2 mg/day every other day, 
cumulative dose of 12 mg/kg) and EC. Interestingly, the survival rate 
was significantly higher in animals treated with EC than in animals 
treated with vehicle (P = 0.005), and it was even slightly higher than 
that in the group treated with DOX, even when there were no signifi-
cant differences (P = 0.900).

In summary, our results showed that (−)-EC has the anti-tumour 
capacity and that these effects might be related to the regulation of 
cell proliferation, the promotion of cell cycle arrest and the inhib-
ition of cyclin D1 and Ki67 expression.

We showed that phosphorylation of Akt is inhibited, and AMPK 
activation is increased with EC treatment. These results suggest that 
EC can be used as an alternative in the treatment of cancer. The de-
crease in tumour size and the increase in survival induced by (−)-EC 
opens several possibilities, including the use of EC after/before DOX 
therapy and/or the decrease in DOX dose to reduce adverse effects 
and toxicity.

The results reported here warrant the implementation of more 
work, including a clinical trial to demonstrate the relevance of (−)-
EC as a coadjuvant in chemotherapy.

Conclusions

(−)-EC increases the survival of animals with triple-negative breast 
tumours by inhibiting tumour growth; this effect is as potent as that 
of DOX, an antineoplastic widely used in the treatment of solid 

Figure 7  Representative western blot of (−)-EC (3 mg/kg/day/15 days) induced 
effects on activation (phosphorylation) of AKT. The phosphorylated Akt/β-
tubulin quotient on Akt/β-tubulin is presented, showing a decrease in activa-
tion in relation to control P = 0.003. The densitometric intensity of each band 
was measured using ImageStudio, dividing the value by the corresponding 
β-tubulin densitometric intensity and these values were divided (phosphor-
ylated/total forms). The results were expressed as the optical density of the 
reading of the pAkt/β-tubulin/Akt/β-tubulin ratios. The data were analysed by 
t-test. Each bar represents the means ± SEM. P values ≤ 0.05 were considered 
statistically significant (n = 10).

Figure 6  Representative western blot of (−)-EC (3  mg/kg/day/15  days) in-
duced effects on activation (phosphorylation) of AMPK. Data are presented 
as means ± SEM. The densitometric intensity of each band was measured 
using ImageStudio, dividing the value by the corresponding β-tubulin densi-
tometric intensity and these values were divided (phosphorylated/total 
forms). The results were expressed as the optical density of the reading of the 
pAMPK/β-tubulin/AMPK/β-tubulin ratios. The data were analysed by t-test. 
Each bar represents the means ± SEM (n = 10).
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tumours. (−)-EC may exert its effects inhibiting the tumour growth 
through the regulation of AMPK and the Akt/mTOR pathway.
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