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Abstract
Background: Extract of Euphorbia �scheriana S. and Ziziphus jujuba M. (ESZM) is a formula preparation,
was composed of Euphorbia �scheriana S. (E. �scheriana) and Ziziphus jujuba M. (Z. jujuba). The aim of
the current research was to examine for the �rst time the pharmacological effects and the underlying
molecule mechanism of ESZM extract on the growth inhibition and apoptosis in human ER(-) or ER(+)
breast cancer in vivo, and enrich and innovate the theory of traditional Chinese medicine of combating
poison with poison.

Methods: Growth inhibition, cell cycle arrest and apoptosis in tumor tissues were determined by tumor
inhibition rates, cycle analysis kit, Annexin V-FITC/PI staining, Hoechst 33342/PI staining, TUNEL test and
TEM observation. Related genes and proteins expression levels were identi�ed by qRT-PCR assay,
Western Blotting method, immunohistochemistry and immuno�uorescence means. Drug toxicity was
analysised by serum biochemistry detection and H&E staining.

Results: We found that ESZM extract can inhibite growth, block cell cycle at G2/M phase and induce
apoptosis of subcutaneously transplanted tumor, especially ER(-) breast cancer transplanted tumor.
Furthermore, we demonstrated that the polyjuice can down-regulate or up-regulate the expression of Bcl-2
family and PI3k/Akt pathway -related signaling molecules proteins and genes in vivo. ESZM extract or E.
�scheriana extract increased the levels of ALT, AST, Cr and BUN, and increased liver and kidney toxicity in
tumor-bearing mice by serum biochemistry detection and H&E staining.

Conclusion: The pharmacological detection suggested that ESZM extract had signi�cant anti-breast
cancer effect, especially ER(-) breast cancer xenograft, and this process may be implement through the
mitochondrion dependent pathway and the PI3k/Akt signaling pathway. Drug toxicity detection proved
that ESZM extract because of compatibility with Z. jujuba was lower toxicity than E. �scheriana extract,
was no signi�cant difference in hepatorenal toxicity between ER(-) or ER(+) tumor-bearing mice.

Highlights
1. ESZM extract had signi�cant anti-ER(-) breast cancer effect invivo.

2. ESZM extract can regulate PI3k/Akt pathway to inducing apoptosis in vivo.

3. ESZM extract have hepatorenal toxicity in tumor-bearing mice.

4. Compatibility with jujuba can reduce the toxicity of E. �scheriana.

Background
Global Cancer Statistics 2020: Breast adenocarcinoma has exceeded lung carcinoma as the most usually
diagnosed carcinoma, with an predicted 2.3 million new cases (11.7%), followed by lung carcinoma
(11.4%) [1]. With the technology progress of breast carcinoma treatment, the survival rate of breast
carcinoma patients has been enhanced. However the mortality rate still ranks second among female
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cancers, just behind the lung carcinoma [2–3]. So, it is the main task of the research that �nding how to
have a alternative treatment is a burning issue.

Chinese herb has become a rich source for �nding new drugs, and more and more Chinese herb are found
to be able to induce apoptosis [4]. Chinese herb may be one of the choices of anticancer drugs [5].
Traditional Chinese medicine (TCM) thought that the tumorigenesis is attributed to accumulation of
pathogenic toxins in the body. On the treatment of malignant tumors, TCM uses a method of combating
poison with poison in syndrome differentiation to treatment tumors. The literature reports that E.
�scheriana is a traditional toxicity Chinese herbal of Family Euphorbiaceae plant, has many
pharmacological activities for anti-tumor, insect repellent, in�ammatory treatment and antiedematous [6].
It is reported that eating Z. jujuba steamed with E. �scheriana can cure tumors in the folk. It has been
recorded in an ancient Chinese medical classic such as “Prescriptions of the Golden Chamber” and “The
Treatiseon Febrile Diseases“ that the toxicity of euphorbia family medicinal plants was reduced by
compatibility with Z. jujuba. According to the theory of TCM, combination of various herbs at optimum
ratios effectually improve the therapeutic action and decrease adverse reaction [7–8]. Referring to the
prescription principle of Zhang Zhongjing's herbal formulae “Shizao Tang”, when we use euphorbia herbs,
we can use Z. jujuba to alleviate the adverse effects of drastically purgating water and gastrointestinal
discomfort. So, ESZM extract was used as an experimental drug in our study.

In addition, endocrine therapy is the most important adjuvant treatment for hormone receptor-positive
breast cancer patients and can signi�cantly improve disease-free survival and reduce recurrence rates [9]
with minimal side effects [10]. Then, the literature reports that 44% of all breast cancer patients with ER(-)
breast cancer, which occurs mostly in young women, and has clinically more aggressive and worse
prognosis [11–12]. Some ER(+) breast cancer patients can also turn negative due to drug resistance and
other factors during the course of endocrine therapy [13]. Therefore, we think that ER(-) breast cancer is
more "toxic", is an adaptive disease of "combat poison with poison" to E. �scheriana.

Promoting apoptosis of cancer cell has been the dominating goal of antineoplastic drug development in
the areas of oncology for decades [14]. Researches have con�rms that both cytotoxic medicines and
targeted therapy medicines play a anti-tumor effects by inducing apoptosis of cancer cell. Lots of
intracellular signaling pathways are involved in regulation of apoptosis. The PI3k/Akt pathway that is one
of the vital intracellular signal transduction pathways is essential in regulation of cell growth, survival,
differentiation, apoptosis and autophagy [15–16]. The literature reports that activation of PI3k/Akt
signaling pathway in breast cancer is up to 70% [17].

Material And Methods

Reagents, experimental animals, cell and cell culture
Fetal bovine serum (FBS, cat. no. SV30087.02) and L15culture medium (cat. no. SH30525.01) were
obtained from Hyclone (USA). Minimum essential medium (MEM, cat. no. 41500-034) were purchased
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from Gibco company (USA). Cycle TESTTM PLUS DNA Resgent Kit and Annexin V-FITC/PI apoptosis kit
(cat. no. 556547) were provided by BD Biosciences (USA). TUNEL kit (cat. no. c10618) and Antiquenching
glue (cat. no. S36963) were obtained from Thermo Fisher Scienti�c (USA). RNAiso Plus (cat. no. 9108),
SYBR Premix Ex Taq (cat. no. RR420A) and Prime Script RT reagent Kit (cat. no. RR037A) were purchased
from TaKaRa Bio (Japan). Hoechst 33342/PI (cat. no. G023, Jiancheng Bioengineering Institute, China).
The BCA kit (cat. no. CW0014) were obtained from ComWin Biotechnology (China). H&E kit (cat. no.
C0105S) was provided by Beyotime Biotechnology (China).

BALB/c naked mice were acquired by Beijing Vital River Laboratory Animal Technology Co., Ltd.,
SCXK(Jing)2016-0011 and were kept in the experimental animal center of Qiqihaer Medical University
(SYXK(hei)2016-001).

Human MCF-7 cells and MDA-MB-453 cells were purchase by the cell resource center of Shanghai
institute of life sciences, Chinese academy of sciences. MCF-7 cells were fostered in MEM culture
medium with 10% FBS, and maintained in an incubator for 37℃ and a moist environment of 5% CO2.
MDA-MB-453 cells were fostered in L15 culture medium with 10% FBS, and maintained in a moist
incubator for 37℃. After about 1 to 2 days MCF-7 cells or MDA-MB-453 cells were digested and passed
on when they �lled the bottom of the cell culture dish. The cells at logarithmic growth stage were used for
the test.

Experimental drug
The ingredients of ESZM extract formula include E. �scheriana 100 g, Z. jujuba 100 g, and distilled water
1000 mL. E. �scheriana was identi�ed by professor Lina Guo of the natural pharmaceutical chemistry
center of Qiqihar medical university, and was picked from Taikang county, Daqing city, Heilongjiang
province, China. Z. jujuba were purchased from the wholesale market of medicinal materials in Qiqihar
city. The formula were boiled for 120 min under sustaining stirring status. The procedures were repeated
two times following that the polyjuices were collected centrifugation (Eppendorf, 5804R, Germany) at
8000×g. The supernatants were enriched and kept by low pressure for 70℃ to evaporation until 200 mL
by rotary evaporator (Buchi, R-220, Switzerland). The same dosage of E. �scheriana extract and Z. jujuba
extract were prepared by the above method.

HPLC analysis
HPLC analysis was executed via Waters 2489 system (Waters Technologies), which facility with a waters
2545 quaternary pump and a waters 2545 autosampler. ESZM extract samples were separated by
Diamonil-C18 column (250×4.6 mm, 5 µm) at 35 ℃. The mobile phase system was comprised of (A)
water with 0.1% formic acid and (B) methanol. 0–20 min, 98%A, 2%B; 20–32 min, 95%A, 5%B; 32–38 min,
90%A, 10%B; 38–39 min, 60%A, 40%B; 39–40 min, 100%B. The mobile phase �ow rate was 1.0 mL per
minute and the UV spectrum was 210 nm. 20 microlitre of volume was injected. Data acquisition was
executed by Waters software system.

Establishment of xenograft nude mice
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Five week-old BALB/c female naked mice were given 0.2 mL MCF-7 cells suspension (4×107 cell/mL) or
0.2 mL (containing 0.1 mL matrix adhesive) MDA-MB-453 cells suspension (6×107 cell/mL) to establish
the nude mouse xenograft models of ER(-) or ER(+) breast cancer. The neoplastic mice were
stochastically divided into treatment group that were given with intra-gastric administration of ESZM
extract or E. �scheriana extract, and model group that were given with intra-gastric administration of
saline or Z. jujuba extract once a day for 4 weeks or 8 weeks.

Inhibition of tumor growth
Tumor diameter was monitored weekly. The tumor volumes were computed by a formula, V = (L × S2) /2
(mm3) (L: tumor long diameter, S: tumor short diameter). After 4 weeks of medication (model group, 2.5,
5.0, 10.0 g/kg groups of ESZM extract), nude mice were sacri�ced using tumor inhibition rate detection.
Tumor inhibition rate was computed by a formula: 1-mean tumor weight of drug treatment group / mean
tumor weight of model group.

Hoechst 33342/PI staining analysis
Tumor tissues was dehydrated, depara�nized and prepared into para�n sections. Hoechst 33342 dye
and PI dye were diluted with a buffer solution and severally dropped on the sections in 37℃ for 15 min,
then the sections were rinsed with a buffer solution once. After slides with antiquenching glue were uesd
to seal the sections. Last, the sections were observed and photographed with �uorescence microscope
(Zeiss, Observer A1, Germany).

TUNEL assay analysis
Para�n sections preparation were the same. TUNEL assay protocol as previously described [18]. The
sections dropped antiquenching glue was encapsulated with slides, observed and photographed with an
laser confocal microscopy (Zeiss, LSM710, Germany) to assess apoptosis index of TUNEL dyed tumour
tissues.

TEM analysis
TEM protocol: A small piece of tumor tissue from each group were collected in containing 2.5%
glutaraldehyde of EP tubes at 4°C for passthenight. Then, the ultrathin slices was prepared and �xed with
2% osmium tetroxide, soaked with Epon812, embedded, dyed with uranyl acetate and lead citrate,
observed and photographed with a TEM (Hitachi Limited, HT7700, Japan) .

Detection of cell cycle and apoptosis in tumor tissues
Cell cycle and Apoptosis of tumor tissue was detected through �ow cytometry (BD, FACSCalibur, USA)
combined with PI or Annexin V-FITC/PI staining. Tumor tissue were made into cell suspensions. The
suspensions were washed for 3 times with cooled PBS and collected in 12×75-mm capped polypropylene
tubes. According to the manufacturer’s instruction, add 250 µL of Solution A (trypsin buffer) to each tube
and gently mix by tapping the tube, to react for 10 min at room temperature, and 200 µL of Solution B
(trypsin inhibitor and RNase buffer) to react for 10 min at room temperature, and then add 200 µL of cold
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Solution C (PI stain solution) to react for 10 min in the dark on ice. The cell cycle distribution were
measured by using a �ow cytometer.

The cell suspensions washed with cooled PBS for 3 times were resuspended with 300 µl buffer solution.
Ten microlitre Annexin V-FITC and �ve microlitre PI were added to the suspensions. The samples was
gentle mixed and fostered for 10 min at lightless room temperature. The apoptosis rate was evaluated by
using a �ow cytometer.

Immunohistochemical analysis
Para�n sections preparation were the same. Immunohistochemical analysis on tumor tissue from mice
treated with or without ESZM extract. The antigen was retrieved by a sodium citrate buffer. This was
followed by endogenous peroxidase blocking and incubation in normal goat serum for 25 mins according
to UltraSensitiveTM SP(Mouse/Rabbit) manufacturer’s protocol (cat. no. KIT-9710, MaiXin Bio, China).
These sections were incubated with Bcl-2 (1:400, Cell Signaling, USA), Bax (1:400,Cell Signaling, USA),
caspase 3 (1:1000, Proteintech, USA), caspase 9 (1:400, Cell Signaling, USA) overnight at 4°C and then
with the peroxidase-conjugated secondary antibody. Color development was performed with DAB, and
slides were counterstained with hematoxylin. Neutral resin sealing was performed. The results of
immunohistochemical staining were observed under a microscope (OLYMPUS, IX51, Japan).

Immuno�uorescence analysis
The p-PI3k (1:250, Abcam, USA), p-Akt (1:50, Cell Signaling, USA) and p-FoxO3a (1:500, Abcam, USA)
proteins expression levels were monitored with immuno�uorescence method as previously described (Ma
et al., 2021).

Western blot analysis
The tumor tissues were fetched from liquid nitrogen, and ground in lysis buffer with a pre-cooling EP tube
until invisible precipitate. The suspension with buffer were enriched into 4 mL EP tubes for 30 min in ice
bath, and then centrifuged at 12000 rcf for 15 min at 4℃ to acquire protein. The BCA kit was used to
evaluate protein concentrations. The 20 µg of protein were loaded onto sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE), and then transferred onto a polyvinylidene �uoride
(PVDF) membrane. The membranes were blocked with BSA buffer solution at room temperature for 2 h,
and fostered with antibodies of p-Her2 (1:500, Abcam, USA), p-PI3k (1:250, Abcam, USA), p-Akt (1:2000,
Cell Signaling, USA), p-FoxO3a (1:500, Abcam, USA), p-FoxO1a (1:500, Abcam, USA) and GAPDH (1:1000,
Cell Signaling, USA) passthenight at 4℃, and washed three times with trisbuffered buffer solution, and
incubated with a horseradish peroxidase conjugated secondary antibody for 2.0 h. At last, the imaging
system (Bio-Rad, ChemiDoc MP, USA) was used to detect and analyse the intensity of protein bands.

Quantitative real-time polymerase chain reaction (qRT-PCR)
test
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The tumor tissues were fetched from liquid nitrogen, and ground into RNAiso Plus with a pre-cooling EP
tube until invisible precipitate to obtain total RNA. Ultraviolet spectrophotometry (Shimadzu,
Biospecnano, Japan) was used to detect purity and concentration of RNA at A260 nm/A280 nm. All RNA
were reverse-transcribed into cDNA by Prime Script RT reagent Kit, and the levels of Her2, Bcl-2, Bax,
caspse 3, caspase 9, FoxO3a, FoxO1a and Bim gene expression were evaluated via qRT-PCR Detection
System (ABI, Q5, USA) with Premix Ex Taq Kit. The sequences of primers for Bcl-2 (Forward: 5'-
GTTGTCGACGACGAGCG-3'; Reverse: 5'-CTGAG TACCTGAACCGGCA-3', 106 bp), Bax (Forward: 5'-
AGCTTCTTGGTGGACGCAT − 3'; Reverse: 5'-CAGAGGCGGGGTTTCATC-3', 101 bp), Bim (Forward: 5’-
GATAGTGGTTGAAGGCCTGG − 3’; Reverse: 5’-CCTCCCTACAGACAGAGCCA-3’, 102 bp), caspase 3
(Forward: 5’-TCGCTT CCATGTATGATCTTTG-3’; Reverse: 5’-CTGCCTCTTCCCCCATTCT-3’, 110 bp),
caspase 9 (Forward: 5’-CATGCTCAGGATGTAAGCCA-3’; Reverse: 5’-AGGTTCTCAGACCGGAAACA − 3’, 116
bp), FoxO3a (Forward: 5’-AGTTCCCTCATTCTGGACCC-3’; Reverse: 5’-CTTCAAGG ATAAGGGCGACA-3’, 102
bp), FoxO1a (Forward: 5’-GCACACGAATGAACTTGCTG-3’; Reverse: 5’-AAGAGCGTGCCCTACTTCAA-3’, 106
bp), Her2 (Forward: 5’-AGCATGTCCAG GTGGGTCT-3’; Reverse: 5’-CTCCTCCTCGCCCTCTTG-3’, 109 bp)
and β-actin (Forward: 5'-G TTGTCGACGACGAGCG-3'; Reverse: 5'-GCACAGAGCCTCGCCTT-3', 93 bp). The
cycling conditions for all genes were as follows: 95℃ for 30 s followed by 40 cycles of denaturation at
95℃for 5 s, annealing and extension at 65℃ for 34 s. The each candidate gene expression were
normalized to β-actin. The fold change in gene expression was calculated according to the 2−△△Ct

method.

Drug toxicity analysis
After 8 weeks of medication (model group, 2.5, 5.0, 10.0g/kg groups of ESZM extract, 5.0 g/kg groups of
E. �scheriana extract and Z. jujuba extract), the toxicity of the drug was examined in ER(-) or ER(+) breast
tumor-bearing mice. The body weight, serum biochemical indexes, liver and kidney pathological indexes
of the tumor-bearing mice were detected by an automatic biochemical analyzer or H&E staining analysis.
H&E (cat. no. C0105, Beyotime Biotechnology, China) staining process follows. Para�n sections of liver
or kidney tissues preparation were the same. Hematoxylin staining, 1% hydrochloric acid alcohol
differentiation, Eosin staining, gradient alcohol for dehydration, and seal slide. The sections pathological
changes were assessed under a phase-contrast microscopy (OLYMPUS, IX51, Japan).

Statistical analysis
All data were presented as means ± standard deviation. SPSS19.0 statistical software was applied to
evaluate statistical signi�cance. Distinction between two groups was analyzed via two-tailed Student's T-
Test, and distinction among three or more groups was analyzed with one-way ANOVA multiple
comparisons. The distinction was conducted statistically signi�cant when P < 0.05, P < 0.01 or P < 0.001 .

Results

The quality control of ESZM extract
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The quality control analysis of ESZM extract was performed by using a High Performance Liquid
Chromatography (HPLC), which is stability and consummate repeatability (Fig. 1). Stored at -20 ℃ until
use. To analyze stability of ESZM extract by HPLC, we diluted each batch of ESZM extract equally.
Therefore, the �ngerprint was obtained only suitable for quantitative observation and can’t represent
contents of each substance. Previous research con�rmed that ESZM extract components contain
Jokinolide B and 2,4-dihydroxy-6-methoxy-acetophenone through the UPLC-DAD method. Jokinolide B
has been shown to have de�nite anti-tumor activity [19–22]. It has extracted several monomeric
components from E. �scheriana, such as Jolkinolide A [23], 17-acetoxyjolkinolide B [24], 17-hydroxy-
jolkinolide B [25], 12-Deoxyphorbol-13- palmitate [18, 26–27], and Jokinolide B, and proved to have
signi�cant anti-tumor activity from different directions. Therefore, in our study, herbal medicinal
compound prescribe were selected as research object re�ects the scienti�c connotation of Chinese herbal
with multiple components, multiple effects and multiple targets.

Growth inhibition of transplanted tumor in nude mice
To demonstrate that ESZM extract has anti-tumor effect, especially ER(-) breast cancer in vivo, we
established ER(-) or ER(+) breast cancer xenografts in nude mice and detected inhibition rate of tumor.
The changes of tumor volume was recorded according to measured tumor diameter (Table. 1, Fig. 2). As
showed in Table 2, from administration of ESZM extract 2.5 g/kg to 10.0 g/kg, the tumor inhibition rates
were 18.5%, 35.7%, 41.3% in ER(-) breast cancer xenografts, and were 9.6%, 21.1%, 33.7% in ER(+) breast
cancer xenografts.
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Table 1
Changes of tumor volume. Tumor volume of nude mice that were treated with ESZM extract for 4 weeks

were measured ( mean ± SD, n = 10).
Groups Sum Tumor volume(mm3)

0 d 7 d 14 d 21 d 28 d

ER(-) breast cancer bearing mice

0
g/kg(model)

10 203.1 ± 
14.7

384.5 ± 
25.4

759.4 ± 36.5 990.9 ± 51.5 1299.9 ± 80.4

2.5 g/kg 10 214.5 ± 
12.4

370.3 ± 
24.1

713.4 ± 37.3 940.5 ± 61.4 1000.3 ± 76.6

5.0 g/kg 10 209.5 ± 
14.4

333.6 ± 
18.8

700.5 ± 44.5 839.1 ± 57.5* 935.9 ± 77.5*

10.0 g/kg 10 200.9 ± 
10.1

321.1 ± 
20.7

659.8 ± 36.9* 801.0 ± 52.8** 900.5 ± 78.4**

ER(+) breast cancer bearing mice

0
g/kg(model)

10 316.9 ± 
12.8

905.4 ± 
35.6

2089.7 ± 
296.2

4175.5 ± 
558.6

4980.1 ± 
724.4

2.5 g/kg 10 321.7 ± 
13.5

900.1 ± 
37.0

1872.0 ± 
237.7

3854.0 ± 
681.0

4535.0 ± 
891.4

5.0 g/kg 10 310.8 ± 
11.7

878.0 ± 
50.8

1638.6 ± 
259.5*

3407.4 ± 
587.2*

4071.9 ± 
927.2

10.0 g/kg 10 300.8 ± 
13.4

856.0 ± 
35.4

1480.0 ± 
286.4**

2940.0 ± 
393.5**

3446.5 ± 
868.8**

*P < 0.05 or **P < 0.01 vs. model group.
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Table 2
Tumor inhibition rate was measured in tumor-bearing

mice treated with ESZM extract or paclitaxel (mean ± SD,
n = 5).

Groups Tumor weight(g) Anti-tumor rate%

ER(-) breast cancer bearing mice

0 g/kg(model) 4.64 ± 0.67 --

2.5 g/kg 3.78 ± 0.39 18.5

5.0 g/kg 2.98 ± 0.30* 35.7

10.0 g/kg 2.72 ± 0.25** 41.3

ER(+) breast cancer bearing mice

0 g/kg(model) 8.97 ± 0.74 --

2.5 g/kg 8.11 ± 0.81 9.6

5.0 g/kg 7.08 ± 0.73* 21.1

10.0 g/kg 5.95 ± 0.85** 33.7

*P < 0.05 or **P < 0.01 vs. model group.

Cell morphological changes in xenograft tumor tissues
Through morphological observation to illustrate the pharmacological effect of ESZM extract on growth
inhibitor and induction apoptosis in tumor tissues. As shown in Fig. 3A-B, the tumor tissues dyed with
Hoechst 33342/PI were observed with �uorescence microscope. Model group had dense cells, weak the
blue and red �uorescence, while the tumor tissues treated with ESZM extract had decreased cell density
and gradually prominent red �uorescence.

TUNEL �uorescence dyeing was applied to demonstrate effect of ESZM extract on induction apoptosis in
tumor tissues of naked mice. In Fig. 3C-D, the nuclear morphology of tumor tissues were substantial
consistent, and �uorescence intensity was weak for model group. For ESZM extract treatment group,
TUNEL staining positive cells were dramatically increased, and cells morphology displayed shrinkage, cell
density decreased, a little number of fragments.

The ultrastructure of cells was observed by using a TEM. In model group, the cell structure in tumor tissue
was clear, the nuclear membrane was thin and complete, the nucleoli was obvious, chromatin was
uniform, organelles were abundant, mitochondrial structure was complete, free ribosomes were abundant,
these indicating the tumor cell were brisk growth, no apoptotic cells were seen. With the increase of ESZM
extract dose, the microvilli of cells decreased or disappeared, and a large amount of lipid accumulated in
the cytoplasm. Morphological characteristics of apoptotic were obvious, such as nuclear pyknosis,
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nuclear membrane depression or disappearance, heterochromatin agglutination, mitochondrial swelling
or disappearance and vacuolation, and endoplasmic reticulum dilation. (Fig. 3E-F).

Apoptosis rate of transplanted tumor
Flow cytometry was used to explore apoptosis and cell cycle distribution of tumor tissue treated with
ESZM extract. As showed in Fig. 4(A-C), tumor tissues treated ESZM extract from 2.5 g/kg and 10.0 g/kg
group were contained considerable number of apoptosis in ER(-) or ER(+) breast cancer bearing mice. As
shown in Fig. 4(D-E), compared with the model group(3.16% or 6.50%), the treatment group showed a
G2/M phase fraction of 9.17%, 19.97%, 25.78% or 12.84%, 25.64%, 28.45% in ER(-) or ER(+) breast cancer
bearing mice with increased in a dose-dependent manner of ESZM extract, respectively. In addition, as
those results, there were further apoptosis and G2/M phase arresting in tumor tissues of ER(-) breast
cancer bearing mice.

Expression of apoptosis-related proteins in tumor tissue
treated with ESZM extract
Immunohistochemical method was used to analyze the expression of apoptosis-related proteins in breast
cancer bearing mice transplanted tumor tissues treated with ESZM extract. As shown in Fig. 5, the levels
of Bcl−2 protein expression in ER(-) or ER(+) nude mice transplanted tumor tissue was down-regulated
compared with the model group. The levels of caspase 3, caspase 9 and Bax protein expressions in
transplanted tumor tissues of ER(-) or ER(+) nude mice were up-regulated compared with the model
group.

Expression of PI3k/Akt signal pathway-related proteins in
tumor tissue treated with ESZM extract
Immuno�uorescence was used to detect whether PI3k/Akt signaling pathway was involved in regulating
the growth and inducing the apoptosis of ER(-) or ER(+) breast cancer bearing mice. As shown in Fig. 6,
�uorescence intensity (FI) of p-PI3k, p-Akt and p-FoxO3a proteins in transplanted tumor tissue of ER(-) or
ER(+) breast cancer bearing mice treated with ESZM extract gradually decreased with the increase of
dose, that is, the protein expression decreased gradually, compared with the model group, the difference
was statistically signi�cant .

Western blot to further detect PI3k/Akt signaling pathway-related proteins expression result showed that
related proteins expression levels have a different degrees change in tumor tissue of nude mice treated
with ESZM extract (Fig. 7). Compared with the model group, Levels of p-Her2, p-PI3k, p-Akt, p-FoxO3a and
p-FoxO1a protein expression was down-regulated.

Expression of related genes in tumor tissue treated with
ESZM extract
The qRT-PCT method to verify mitochondrial pathway and PI3k/Akt pathway related genes expression in
tumor tissues treated with ESZM extract. Levels of caspase 3 (Fig. 8B), caspase 9 (Fig. 8C), Bax (Fig. 8E)
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and Bim (Fig. 8F) genes expression in each group of transplanted tumor tissues treated with ESZM
extract was up-regulated. Levels of Her2 (Fig. 8A), Bcl-2 (Fig. 8D), FoxO3a (Fig. 8G) and FoxO1a (Fig. 8H)
gene expression was down-regulated.

Toxic effect of E. �scheriana compatibility Z. jujuba on
tumor-bearing mice
 

To evaluate the toxicity of ESZM extract, E. �scheriana extract and Z. jujuba extract on the body weight,
serum biochemical indexes and histopathology of ER(-) or ER(+) breast cancer bearing mice, respectively.

As showed in Fig. 9(A-B), The body weight of ER(-) or ER(+) breast cancer bearing mice in the early stage
(4 weeks before) of intragastric administration increased steadily or remained unchanged, and the body
weight of mice in the late stage (4 weeks to 8 weeks) of intragastric administration decreased, especially
in the E. �scheriana extract group. With the prolongation of administration time, mice in each group died,
and the number of death in the E. �scheriana extract group was larger than 2.5, 5.0 g/kg of ESZM extract
group.

 

As showed in Table 3, Serum biochemical results showed that after 8 weeks of continuous
administration, ALT AST, Cr and BUN were changed to different degrees, and the E. �scheriana extract
group was equivalent to the ESMC (10.0 g/kg) group, while there was no difference between the Z. jujuba
extract group and the model group, between ER(-) and ER(+) breast cancer bearing mice.

 

As showed in Fig. 10(A-B), histopathology changes were surveyed by using a microscopy with H&E
staining. There was no signi�cant difference in histomathology of the liver and kidney between ER(-) and
ER(+) breast cancer bearing mice. The hepatic sinuses were numerous and clear, the liver lobule were
obvious boundary in liver tissues of the model groups or Z. jujuba group. The renal tubules were orderly,
and the glomeruli were clear in kidney tissues of the model groups or Z. jujuba group. In 2.5, 5.0 g/kg
groups of ESMC extract, the structure of the hepatic lobules were lost and the boundaries were blurred.
There were more granular degeneration, cytoplasm loose, hepatic sinuses narrow and necrotic foci in the
E. �scheriana extract and 10.0 g/kg groups of ESMC extract. The epithelial cells of renal tubules showed
edema of different degrees, and volume of glomerular cells increased in kidneys of breast cancer bearing
mice.
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Table 3
Serum biochemical of ER(-) or ER(+) breast cancer bearing mice.

Groups Animal
amount

Serum biochemical

ALT
IU/mL

AST
IU/mL

Cr
µmol/L

BUN
mmol/L

ER(-) breast cancer
bearing mice

ESZM 0 g/kg 8 31.7 ± 
4.5

90.3 ± 
7.9

32.5 ± 
6.3

6.1 ± 
0.59

ESZM 2.5
g/kg

7 37.6 ± 
9.3

101.2 ± 
11.4

48.3 ± 
5.9*

7.3 ± 
0.99

ESZM 5.0
g/kg

5 68.9 ± 
5.8**

124.2 ± 
5.7*

50.2 ± 
10.4*

9.5 ± 
0.73*

ESZM 10.0
g/kg

4 83.4 ± 
8.5**

158.1 ± 
11.9**

58.2 ± 
8.1***

10.2 ± 
0.78**

E. �scheriana
extract

5 75.4 ± 
10.1**

149.8 ± 
12.1**

53.1 ± 
7.2**

10.8 ± 
1.09**

Z. jujuba
extract

9 34.8 ± 
6.4

93.4 ± 
10.6

33.5 ± 
3.2

6.5 ± 
0.65

ER(+) breast cancer
bearing mice

ESZM 0 g/kg 9 29.3 ± 
7.1

95.9 ± 
8.6

39.1 ± 
6.7

6.3 ± 
0.95

ESZM 2.5
g/kg

6 41.2 ± 
6.1*

121.2 ± 
14.7

45.3 ± 
8.9

6.9 ± 
0.82*

ESZM 5.0
g/kg

4 67.4 ± 
8.0**

133.2 ± 
7.8**

46.8 ± 
12.2*

7.4 ± 
0.96*

ESZM 10.0
g/kg

3 81.1 ± 
8.4**

151.3 ± 
12.9**

56.3 ± 
7.2**

9.5 ± 
1.45**

E. �scheriana
extract

3 80.3 ± 
9.3**

153.1 ± 
11.3**

55.3 ± 
9.3**

8.8 ± 
0.99**

Z. jujuba
extract

7 27.1 ± 
8.8

101.7 ± 
12.0

37.5 ± 
9.1

6.1 ± 
0.78

*P < 0.05, **P < 0.01 or ***P < 0.001 vs. model group.

Discussion
We previously found that ESZM extract can inhibit proliferation and induce apoptosis in breast cancer in
vitro, especially in ER(-) breast cancer that has more aggressive and worse prognosis. The dialectical
treatment of TCM for tumor thought that ER(-) was a poison of breast cancer, and that ESZM extract
maybe have a better therapeutic effect on ER(-) breast cancer via the “combat poison with poison” theory.
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To con�rm the viewpoint, ER(-) tumor-bearing mice of breast cancer was established with MDA-MB-453
cell and treated with ESZM extract, and the same to established ER(+) tumor-bearing mice of breast
cancer as control. The results showed that ESZM extract could inhibit growth of both ER(-) and ER (+)
breast cancer xenograft nude mice, and has better therapeutic effect on ER(-) breast cancer bearing mice.
However, inhibitory effect can be achieved by inducing apoptosis. Studies have shown that there are two
pathways deemed to play important roles in regulating cells apoptotic in mammalian, which are the
extrinsic and intrinsic pathways regulated with death receptors and mitochondria, severally [28–29]. The
intrinsic pathway is mediated by Bcl-2 family proteins, including pro-apoptotic proteins (such as Bax, Bim
and Bad) and anti-apoptotic proteins (such as Bcl-2 and Bcl-XL) [18]. It is generally adopted that Bcl-2
protein-mediated apoptosis blockade attribute to malignant transformation in many types of human
neoplasms [30–31]. We therefore detected whether mitochondrial dependent apoptotic pathway were
included in nude mice treated with ESZM extract. The results revealed that ESZM extract could down-
regulate the gene and protein expression of Bcl-2, up-regulate the genes and proteins expression of Bax
and Bim. Hence, we believe that ESZM extract might induce mitochondrial-mediated apoptosis via
regulating Bcl-2 family members.

Besides, Her2 is one of the most studied biomarkers related to drug response in breast cancer. The
expression level of Her2 in normal cells is extremely low, and Her2 gene ampli�cation or overexpression is
present in 25–30% of breast cancer [32]. Overexpression of Her2 may directly lead to malignant
transformation and metastasis of cells. Inhibition of Her2 activity can inhibit growth and induce
apoptosis of tumor cells [33]. Our results also con�rmed that ESZM extract can reduce the expression of
Her2 factor in breast cancer bearing mice, especially in ER(-) breast cancer.

Therewith, we further explored the mechanism of inducing apoptosis. Literature report that changes the
PI3k/Akt pathway have been found in multiple neoplasms. And it may promote cell survival and
proliferation [34–35]. FoxO3a and FoxO1a are important members of the Fox family, and are crucial
factors downstream of the PI3k/Akt pathway [36]. In our study, those data also proved that ESZM extract
might decrease expression of p-PI3k, p-Akt and p-FoxO3a proteins.

The 8 weeks of continuous administration of medication found that there were no differences in body
weight and number of deaths between ER(-) and ER(+) breast cancer bearing mice. The degree of liver
and kidney tissue damage in the 5.0 g/kg of E. �scheriana extract group was signi�cantly higher than 5.0
g/kg groups of ESMC extract, was similar in 10.0 g/kg groups of ESZM extract group. These phenomena
suggest that the compatibility of Z. jujuba can weaken the toxicity of E. �scheriana. It also enriches the
scienti�c connotation of the anti-tumor principle of "combating poison with poison" in TCM, and provides
a research ideas for anti-breast tumor method of "combating poison with poison".

Conclusion
Taken together, the results of our current study provide strong experimental evidence that ESZM extract
can regulate the mitochondrial-dependent apoptotic pathway to achieve anti-breast cancer effects,
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especially ER(-) breast cancer, and the PI3k/Akt pathway engaged in this regulation of apoptosis. ESZM
extract was no signi�cant difference in hepatorenal toxicity between ER(-) or ER(+) tumor-bearing mice.
Compatibility of Z. jujuba has a certain detoxi�cation effect on E. �scheriana. This study suggests that
ESZM extract can be a potential novel therapeutic preparation for treatment of breast carcinoma.

Abbreviations
ESZM, Euphorbia �scheriana S. and Ziziphus jujuba M.; ER, estrogen receptor; TUNEL, Terminal-
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PCR, quantitative real time -polymerase chain reaction; H&E, Hematoxylin and eosin; ALT, alanine
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Figures

Figure 1

The chemical pro�le of ESZM extract with �ve different times were estimated with HPLC

Figure 2

Tumor size in each groups. A: ER(-) breast cancer bearing mice; B: ER(+) breast cancer bearing mice.
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Figure 3

Effect of ESZM extract on morphological changes of tumor tissues. (A-B): Hoechst 33342/PI stain to
observe morphological changes of tumor tissues. (C-D): Apoptosis of tumor tissue was observed by
using a laser confocal microscope with TUNEL staining. (E-F): Ultrastructural changes in tumor tissue
was explored with a TEM, a was model group, b-d was ESZM extract treatment groups. A, C, E: Tumor
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histomorphology of ER(-) breast cancer bearing mice. B, D, F: Tumor histomorphology of ER(+) breast
cancer bearing mice.

Figure 4

Effect of ESZM extract on apoptosis of tumor tissues. (A, B, D, E): Flow cytometry to detect apoptosis and
cell cycle distribution of tumor tissue. A, D: Tumor histomorphology of ER(-) breast cancer bearing mice.
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B, E: Tumor histomorphology of ER(+) breast cancer bearing mice. (C, F): The histogram show mean
values are expressed in each group. *P<0.05, **P<0.01 or ***P<0.01 vs. model group.

Figure 5

Immunohistochemical staining for Bcl-2, Bax, caspase 3 and caspase 9 protein in tumor specimens from
ER(-) or ER(+) breast cancer bearing mice. A: Bcl-2 protein expression. B: Bax protein expression. C:
caspae 3 protein expression. D : caspase 9 protein expression.
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Figure 6

Immuno�uorescence method was used to detect the expression levels of related protein. (A, C, E): p-PI3k,
p-Akt and p-FoxO3a protein expression levels of ER(-) breast cancer bearing mice tumor tissue. (B, D, F):
PI3k, p-Akt and p-FoxO3a protein expression levels of ER(+) breast cancer bearing mice tumor tissue. (G)
The histograms show differences between groups, *P<0.05, **P<0.01 or ***P<0.001 vs. model group.
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Figure 7

Effect of ESZM extract on related proteins expression of tumor tissue. (A): The visualization of related
protein expression in transplanted tumor tissues of nude mice treated with ESZM extract were emerged
by using a western blot analyse, and GAPDH was used as a housekeeping protein. (B): The histogram
show mean values are expressed in each group. *P<0.05 or **P<0.01 vs. model group.
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Figure 8

Effect of ESZM extract on related genes expression of ER(-) or ER(+) breast cancer bearing mice tumor
tissue. (A-H): Expression of Her-2, caspase 3, caspase 9, Bcl-2, Bax, Bim, FoxO3a and FoxO1a gene in
tumor tissues of nude mice treated with ESZM extract were tested by qRT-PCR assay. β-actin was used as
a housekeeping gene. The histogram show mean values are expressed in each group. *P<0.05, **P<0.01
or ***P<0.01 vs. model group.
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Figure 9

The body weight of bearing mice. A: ER(-) breast cancer bearing mice, B: ER(+) breast cancer bearing
mice.
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Figure 10

Liver and kidney histomorphology changes of breast cancer bearing mice. A: Liver histomorphology, B:
kidney histomorphology.


