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Abstract
Objectives Owing to inefficiency of chemotherapy towards cancer treatment, formulation and application of herbal drug 
compounds will open new avenues with this regard. In this study, the anticancer effects of itexin, cinobufacini, and Physalis 
alkekengi (P. alkekengi) were assessed.
Methods Herein, synergistic effects of vitexin, cinobufacini, and P. alkekengi hydroalcoholic extract were assessed against 
estrogen-receptor (EGFR2)-positive breast cancer mouse model. Sixty ER + breast cancer BALB/c mice (six groups each 
including ten members) were included. The anticancer effects of P. alkekengi hydroalcoholic extract, vitexin, and cinobu-
facini were administered against EGFR2 cancerous cells for 14 days. The tumor size, cytotoxic effects, and expression of 
Beclin-1, LC3-II, and ATG5 autophagy-related genes were investigated using RT-qPCR technique. The data was analyzed 
using chi-square, ANOVA, and multinomial logistic regression tests.
Key Findings The 50% lethal dose (LD50) of P. alkekengi and vitexin against the breast cancer cells included 12 mg/kg, 
respectively, while cinobufacini LD50 was 24 mg/kg but had no toxicity against CRL7242 breast normal cells. Further-
more, 24 mg/kg of the P. alkekengi, vitexin, and cinobufacini significantly increased the ATG5, Beclin-1, and LC3-II gene 
expression.
Conclusion Considering anticancer effects of P. alkekengi, vitexin, and cinobufacini against breast cancer through induction 
of the autophagy pathway, the compound formulations can be applied as anticancer therapies.
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Introduction

Breast cancer (BC) is the second leading cause of deaths 
related to cancers among over 170 countries as per world 
health organization (WHO) reports [1]. The disease has sev-
eral subtypes such as estrogen- and progesterone-receptor 
breast cancer. Most cases include estrogen-receptors expres-
sion type with higher morbidity and death rates [2–5].

Although some anti-BC treatment methods such as radi-
ology, mastectomy, endocrine therapies, chemical drugs, 
and specific antibodies have been used considering each 

type, no verified method exists without side effects [6–13]. 
Some pivotal mechanisms which inhibit cancer cells mul-
tiplication include autophagy and apoptosis. The induction 
of autophagy within the BC cells has been performed using 
chemotherapy [14–17]. However, side effects or induction 
of resistance have been conferred using phosphoinositide 
3-kinase (PI3K) class III inhibitors [18] and vacuolar-type 
H + –ATPase (V-ATPase) inhibitors [18–20].

The application of herbal medicines (HMs) as anticancer-
ous agents has been conducted leaving various efficacies. 
The identification and dose determination of their bioactive 
fractions for anticancer aims are a critical stage with this 
regard [21–24]. Some bioactive compounds with antican-
cer effects have been introduced such as that the Physalis 
alkekengi (P. alkekengi) has been consumed for its anti-
oxidant activity and various therapeutic effects. In addi-
tion, at laboratory experiments, P. alkekengi has improved 
the immune system, enzyme activities, and sexual and 
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reproductive hormones [25–27]. Our subjective was assess-
ment of the Physalis alkekengi hydroalcoholic extract effi-
cacy against the estrogen-receptor-positive BC in mice 
model.

Materials and Methods

Cell Culture

Herein, EGFR2 BC cell line of mouse was purchased 
from Pasteur Institute. This cell line was cultured into 
the DMEM/F-12 with HEPES buffer (15 mM), penicillin 
(100 μg/ml), l-glutamine, streptomycin (100 μg/ml), 10% 
FBS (Gibco BRL, Life Technologies), and medroxyproges-
terone acetate (10 nM) (Sigma Chemicals, Ontario, Can-
ada). The cells were incubated in a humidified atmosphere 
at 37 °C containing 5% CO2 [28, 29].

Laboratory Animals

Forty healthy inbred female BALB/c mice (weighting 6–8 g) 
were obtained and kept for 24 h before experiment, sup-
plemented with food and water ad libitum. Mice housing 
conditions and experiments were implemented as per the 
relevant international guidelines of the Weatherall report.

Tumorigenicity

EGFR2 cells were treated with 0.025% trypsin (rinsed 
with PBS and enzymatically neutralized using 10% FBS) 
and finally centrifuged in 1200 rpm for 3–5 min and re-
suspended in tenfold excess culture medium. Then, a number 
of 1 ×  106 cells suspended in 0.1 mL serum-free medium was 
inoculated into the animal’s right inguinal flank [29].

Preparation of Extract and Compounds

Aerial parts of P. alkekengi were prepared from the central 
country’s mountains. After drying, 100 g of the sample was 
dried and powdered and subjected for extraction by 70% 
methanol (500 mL) and H2O with 1:1 ratio in a percolator 

apparatus for 72 h. After the completion of extraction, the 
extract (dried = 40 g, 73%) was separated from solvent using 
filtration, and the solvent was evaporated in a rotary evapora-
tor at 40 °C. Moreover, the vitexin and cinobufacini fractions 
were purchased from Sigma-Aldrich (St. Louis, MO, USA).

Experimental Animals

Sixty ER + BC BALB/c mice models six (10 members in 
each) groups were selected for study which last during 
21 days. The animal housing was performed following ethi-
cal aspects using complete nutrients and water under ambi-
ent conditions and enough light monitored daily in regular. 
Group A included untreated group (negative control) receiv-
ing normal saline; group B received 10 mg/kg P. alkekengi 
hydroalcoholic extract in 1 mL water; groups C and D 
received vitexin and cinobufacini extracts, respectively; 
group E received a combination of P. alkekengi and cinobu-
facini; and group F received a combination of P. alkekengi 
and vitexin with equal amounts.

The size of each tumor  (cm3) was measured using a digi-
tal vernier caliper (Mitutoyo, Japan) for each week and was 
documented using below formula:

Cell Cytotoxicity Assessment

The cytotoxic effects of P. alkekengi, vitexin, and cinobufa-
cini compounds were assessed against CRL7242 breast nor-
mal cell line for 24 h. Various concentrations of each ranging 
6–24 mg/mL were inoculated into cell culture flask, and the 
cellular shapes were observed under light microscopy.

Gene Expression Analyses

The Beclin-1, LC3-II, and ATG5 gene expression levels 
were measured using the quantitative real-time polymerase 
chain reaction (RT-qPCR) technique and primers exhibited 
in Table 1. The total RNA was isolated from each cancer-
ous tissue using a TRIzol® method. The UV absorbance of 

V = 1∕6�LWD,where L = length,W = width, and D = depth

Table 1  Primers used in this 
study

Primers Sequence: 5′–3′ Annealing (°C) Reference

ATG 5-F F: 5′-TTT GCA TCA CCT CTG CTT TC-3′
R: 5′-TAG GCC AAA GGT TTC AGC TT-3′

58 [36]

GAPDH F: 5-GAA GGT GAA GGT CGG AGT CA-3
R: 5-TTG AGG TCA ATG AAG GGG TC-3

60

LC3-II F: GAG AAG CAG CTT CCT GTT CTGG 
R: GTG TCC GTT CAC CAA CAG GAAG 

60

Beclin-1 F: GGC TGA GAG ACT GGA TCA GG
R: CTG CGT CTG GGC ATA ACG 

60
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260/280 nm (A260/280 ratio) was observed for RNA quality. 
Furthermore, using PrimeScript™ RT reagent kit (Fermen-
tas, Germany), cDNA was synthesized from the extracted 
RNA samples. The RT-qPCR was implemented in tripli-
cate using the SYBR® Premix Ex Taq™ II (Takara, South 
Korea) for 30 cycles using the following conditions: 94 °C 
for 30 s, followed by 30 cycles at 94 °C (5 s), annealing tem-
perature (Table 1) (30 s), 72 °C (30 s), and final extension 
(5 min). The relative expression of each gene was evaluated 
using the  2−ΔΔCT method which used the threshold cycle 
(CT). Notably, the glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) was used as the housekeeping or internal 
control gene.

Statistical Analysis

Statistics of our study was implemented employing the SPSS 
(New York, USA) version 20. For comparisons of mean 
expression levels and anticancer effects of compounds, the 
chi-square and ANOVA tests were applied. For each test, the 
p value < 0.05 was given a significant finding.

Results

Mice Weight

Following the treatment of mice with compounds for 
14  days, their weight was undergone with no signifi-
cant changes. Regarding P. alkekengi extract (group B), 
mice weight before and after treatment by 1.5–24 mg/kg 
concentrations included 6.7 ± 3.4 and 6.8 ± 1.2 g, respec-
tively (p = 0.719, paired t-test analysis). In addition, groups 
vitexin (C) and cinobufacini (D) (1.5–24 mg/kg concentra-
tions) mean weight before exposure included 6.8 ± 2.5 and 
7.1 ± 1.1, respectively, and after the treatment were 6.9 ± 0.4 
(p = 0.811) and 7.2 ± 3.3 (p = 0.699), respectively.

The Tumor Size Measurement

Physalis alkekengi, vitexin, and cinobufacini exerted anti-
cancerous effects against mice tumors size in vivo (Table 2). 
In all groups, with treatment by > 6 mg/kg of herbal com-
pound, a significant reduction of tumor size was observed.

Cell Cytotoxicity

The cell cytotoxicity concentrations of (50%) of P. alkekengi, 
vitexin, and cinobufacini included > 24 mg/mL. Indeed, no 
cell cytotoxicity was observed when cell line was exposed 
to these compounds.

Gene Expression

The exposure of breast cancer cells to various concentrations 
of P. alkekengi, cinobufacini, and vitexin resulted in altera-
tion of ATG5, Beclin, and LC3-II autophagy-associated genes. 
The mean threshold cycle value and expression levels of these 
genes exposed to 24 mg/mL of each herbal compound have 
been depicted in Table 3. Accordingly, P. alkekengi hydroal-
coholic extract and vitexin at concentrations 12 and 24 mg/kg 
increased the expression of ATG , Beclin-1, and LC3-II genes 
significantly compared to negative control. Additionally, the 
cinobufacini compound increased the expression of ATG  and 
Beclin-1 genes at 24 mg/mL. However, lower concentrations 
of each agent exerted no expression change in these genes.

Discussion

In this study, following the treatment of mice with P. 
alkekengi, vitexin, and cinobufacini for 14 days, their weight 
was undergone no significant changes. This result high-
lights that these herbal drug compounds had no dangerous 
effect on mice growth. In addition, P. alkekengi, vitexin, 

Table 2  The effects of various 
concentrations of herbal 
compounds against the tumor 
size

Groups/dose (mg/kg) 1.5 3 6 12 24 p Value

P. alkekengi 0.6 mm 0.6 mm 0.4 mm 0.3 mm 0.3 mm 0.001
Vitexin 0.5 mm 0.5 mm 0.3 mm 0.2 mm 0.2 mm <0.001
Cinobufacini 0.6 mm 0.6 mm 0.4 mm 0.2 mm 0.2 mm <0.001

Table 3  The expression levels 
(CT/fold change) of autophagy-
associated genes exposed to 
24 mg/mL of herbal drug 
compounds

Compound ATG  (CT/fold) Beclin-1 (CT/fold) LC3-II (CT/fold) GAPDH (CT)

P. alkekengi 21/7.4 22/6.7 23/5.6 25
Vitexin 23/6.2 22/7.1 22/6.8 24.8
Cinobufacini 24/4.7 25/2.3 29/0.8 25.1
Control 31/1 32/1 31/1 26
p Value  <0.001  <0.001  <0.001 0.983
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and cinobufacini exerted anticancerous effects against mice 
tumors size in vivo. In all groups, treatment by > 6 mg/kg 
of herbal compound caused a significant reduction in the 
tumor size. There is no similar study assessing the efficacy 
of these drugs. A previous study exhibited that P. alkekengi 
had anticancer effects [30]. Other studies have exhibited the 
anticancer effects of vitexin through inducing the apopto-
sis in vitro [31, 32]. Another member of the Physalis fam-
ily, P. pubescens L. has exerted anticancer effects [33, 34]. 
Noticeably, compounds with antioxidant traits play a role 
in cancer prevention and treatment [35]. Because of non-
toxicity of herbal drug compounds at doses of anticancer 
effects, they are efficient for preparation of formulations as 
alternative agents. We observed that the cell cytotoxicity 
concentrations of (50%) of P. alkekengi, vitexin, and cin-
obufacini included > 24 mg/mL. Indeed, no cell cytotoxic-
ity was observed when normal lung cell line was exposed 
to these compounds. Furthermore, induction of anticancer 
drug resistance by herbal drugs is scarce; however, we did 
not assess the induction of resistance. It is notable that use 
of combination therapies has inhibited the development of 
resistance.

Studies have demonstrated that LC3 and Beclin gene 
expression decreased during lung cancer [36]. Therefore, 
agents which increase the expression of these genes can 
induce the autophagy in cancer cells are promising in this 
regard. In our study, the exposure of breast cancer cells to 
various concentrations of P. alkekengi, cinobufacini, and 
vitexin resulted in alteration of ATG5, Beclin, and LC3-II 
autophagy-associated genes in a dose-dependent manner. 
Physalis alkekengi hydroalcoholic extract and vitexin at 
concentrations 12 and 24 mg/kg increased the expression 
of ATG , Beclin-1, and LC3-II genes significantly compared 
to negative control. Additionally, the cinobufacini com-
pound increased the expression of ATG  and Beclin-1 genes 
at 24 mg/mL. However, lower concentrations of each agent 
exerted no expression change against the genes. In several 
studies, the vitexin inhibited multidrug resistance by HCT-
116DR cells and caused increase in the expression of both 
apoptosis- (BID and Bax) and autophagy-associated (ATG5, 
Beclin-1, and LC3-II) genes in vitro and in vivo [31, 32, 37].

Conclusion

In this study, P. alkekengi, vitexin, and cinobufacini herbal 
drug compounds had no harmful effects against mice and 
no cytotoxic effects against breast normal cells. Physalis 
alkekengi hydroalcoholic extract and vitexin high concentra-
tions exerted anticancer effects through a significant increase 
in the expression of ATG , Beclin-1, and LC3-II genes com-
pared to control. Additionally, the cinobufacini compound 
increased the expression of ATG  and Beclin-1 genes at the 

highest concentration. However, lower concentrations of 
each agent conferred no expression change in the autophagy-
related genes.
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