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Abstract
Gastric cancer was classified as the third most deadly cancer among all other cancer types. The HSP90 and HER2 genes 
play essential roles in the stability and function of high-expression proteins that cause malignancy. The aim of this research 
was to investigate the influence of the alcoholic Alkanna bracteosa extract on the expression of HSP90α and HER2 genes in 
AGS cell line. Therefore, the methanolic extraction was isolated from aerial parts of the plant and AGS and HuGu cell lines 
were analyzed using 102.4–0.05 mg  ml−1 dose concentrations in serial dilution; to measure the cell toxicity by MTT assay. 
Furthermore, real-time PCR analysis measured the expression level of HSP90α and HER2 genes using the IC50 dose con-
centrations. Quantification of apoptosis was analyzed by Annexin/PI kit in flow cytometry and DNA fragmentation tests. The 
results of MTT assay represented the IC50 dose concentration of 0.8 and 3.2 mg  ml−1 for AGS and HuGu respectively. The 
rate of HER2 gene expression was significantly decreased in AGS cells treated with 0.8 mg  ml−1 dose concentration compared 
to control. The exposure of AGS treated cells with 0.8 mg  ml−1 dose concentration after 24 h represented 24.3% apoptosis 
and 13.3% necrosis. The agarose gel represented the DNA fragmentation pattern of apoptosis. This study demonstrated the 
significant differences between the cell viability rate, gene expression level, and apoptosis of the Alkanna bracteosa extract 
on AGS cells. These results demonstrated the first report of which the Alkanna braceteosa would be an effective candidate 
for possible treatment of Gastric cancer.
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Introduction

Cancer is a set of different abnormalities, which can be 
defined as the accumulation of genetic and epigenetic fac-
tors in cellular pathways which regulating cell prolifera-
tion, differentiation, and death mechanisms. The cancer cell 
deficiencies categorized into two types which including 

loss-of-function alterations affecting tumor genes and gain-
of-function alterations affecting oncogenes (Teh & Fearon 
2020). The cancer treatment modalities which are reported, 
including surgery, radiation therapy, and systemic treatment, 
as well as chemotherapy, targeted therapy, hormonal therapy, 
and immunotherapy (Abuei et al. 2019; Miller et al. 2019; 
Pirouzfar et al. 2020). Although radio- and chemotherapy 
are the most common and non-invasive cancer treatment 
methods, it can cause serious damage to the normal cells 
(Mortezaee et al. 2019). The fifth most recognized cancer 
and the third leading cause of cancer death were dedicated 
to gastric cancer (Bray et al. 2018). Surgery combined with 
chemotherapy and radiotherapy was introduced as a practical 
method for gastric cancer treatment (Sitarz et al. 2018) and 
many studies are still underway to develop these methods.

Proto-oncogene mutations may turn these genes into 
oncogenes, which may lead to extreme cell division and, 
ultimately, turn the normal cells into cancerous cells 
(Chowdhury 2019). The ErbB receptor family consists of 
4 members, (i) ErbB1 (EGFR, HER1), (ii) ErbB2 (HER2, 

Abdolreza Daneshvar Amoli and Parvaneh Farzaneh have 
contributed equally to this work.

 * Abdolreza Daneshvar Amoli 
 Daneshvar@ibrc.ir; daneshvaramoli@gmail.com

 * Parvaneh Farzaneh 
 farzaneh@ibrc.ir

1 Human and Animal Cell Bank, Iranian Biological Resource 
Center (IBRC), ACECR, Tehran, Iran

2 Department of Molecular and Cellular Biology, Faculty 
of Basic Sciences and Advanced Technologies in Biology, 
University of Science and Culture, ACECR, Tehran, Iran

http://crossmark.crossref.org/dialog/?doi=10.1007/s13596-022-00657-z&domain=pdf


 M. Gholami et al.

1 3

Neu), (iii) ErbB3 (HER3), and (iv) ErbB4 (HER4). These 
receptors play a major role upon activation of downstream 
pathways which leads to a variety of cellular responses 
ranging from proliferation, differentiation, and adhesion 
(Sliwkowski 2001). The ERBB2 gene encodes the HER2 
receptor, which is classified as a proto-oncogene. HER2 
receptor recognized as a transmembrane glycoprotein con-
taining three main domains which including an extracellu-
lar domain, a transmembrane domain, and an intracellular 
domain (Akiyama et al. 1986; Coussens et al. 1985). The 
oncogenic defect can be made by a point mutation in the 
transmembrane domain of the HER2 receptor (Shih et al. 
1981). The ErbB signaling network is complex, and despite 
being widely studied is not fully understood. ErbB2 is one of 
the key members of the ErbB family. Furthermore, the sign-
aling pathway of ErbB2 comprised of the MAPK and PI3K 
systems which ultimately leads to transcriptional activation 
of marked genes (Sidhanth et al. 2018). A high expression 
level of ErbB2 is reported in 7–34% of patients involved 
with gastric cancer (Gravalos & Jimeno 2008).

The highly protected stress protein family is known as 
heat shock proteins (HSPs), which cause by cellular and 
environmental stress in high temperature conditions, hypoxic 
damage, and oxidative stress damages (Hoter et al. 2018). 
HSP90α and HSP90β are two isoforms of human HSP90 
(Csermely et al. 2018). HSP90 is responsible for several cel-
lular and physiological functions including cell growth and 
viability, cell differentiation, cellular stress response, and 
apoptosis. In fact, this receptor interferes in the functional 
process of highly expressed proteins that cause malignancy 
during oncogenesis; and maintains a wide range of mutated 
or overexpressed proteins in the tumorigenesis signaling 
pathways (Faridi & Ghahghaei 2018). As molecular chap-
erones, HSP90 isoforms have wide range of client proteins 
that are involved in numerous cellular pathways. The inter-
action list of HSP90 includes kinases such as Akt2, CDKs, 
PKC, many MAP kinases as well as transcription factors 
like steroid receptors, BCL-6, CAR, p53, and Oct4 (Hoter 
et al. 2018).

Apoptosis is a programmed cell death process that is 
engaged by several signaling pathways such as cellular 
stress, DNA damage, and the immune system (Carneiro & 
El-Deiry 2020). In other words, it is a distinct form of cell 
death in comparison to necrosis; because it is controlled, 
energy-dependent, and without inflammation (Kerr et al. 
1994). It should also be mentioned that the interaction 
between apoptosis and other signaling pathways can also be 
effective in cell mortality (Carneiro & El-Deiry 2020). Dif-
ferent classes of regulatory molecules can arrange apoptosis. 
Some of the biochemical changes include transferring the 
phosphatidylserine to the outer membrane surface and acti-
vation of cysteine aspartyl proteases, called caspases, lead 
to cell death. However, action mechanisms of apoptosis are 

typically associated with chromatin density, DNA fragmen-
tation located inside the nucleus, cell compactness, emersion 
of apoptotic bodies, and reduction of the adhesion tendency 
to the extracellular matrix (Nikoletopoulou et al. 2013). In 
order to prevent cancer and other related diseases, the ratio 
between cell survival and death should be balanced, which 
apoptosis can be considered as an effective way in this pro-
cess (Hassan et al. 2014). Alkanna is classified as a plant, 
which is a sort of the Boraginaceae family and includes 
about 50 various species. It can grow widely in a variety of 
areas which including Europe, Mediterranean local places, 
and western Asia. A variety of enantiomeric hydroxyl naph-
thoquinone red pigments which including alkanin, shikonin, 
and their derivatives are found among Alkanna species 
(Assimopoulou et al. 2006). Alkanna bracteosa, a subfamily 
of Alkanna, is a popular and natively adapted species in Iran 
(Salimikia et al. 2015). Naphthoquinones derivatives includ-
ing alkanin and shikonin represent effective interferences 
in many biological and biochemical processes such as anti-
inflammatory, anti-tumor, anti-microbial, and anti-coagulant 
mechanisms (Papageorgiou 1980; Papageorgiou et al. 1999).

The main purpose of this study was to estimate the sig-
nificant impact of the methanolic Alkanna bracteosa extract 
on the expression level of HSP90α and HER2 genes in AGS 
and HuGu cell lines and to measure its apoptotic effects to 
predict its toxic level on the cancer cells. Given that gastric 
cancer is a disease with complex and exhausting treatment 
process, proposing a way to treat and cure of this disease 
would be a valuable achievement to introduce to medical 
science.

Materials and methods

Plant preparation and extraction

Aerial part of dried, powdered Alkanna bracteosa plant 
was obtained from the plant bank of the Iranian biologi-
cal resource center (IBRC), Tehran, Iran. After that, dried 
powdered Alkanna bracteosa plant (10 g) were soaked with 
80% methanol (Merck, Germany) at 40˚C for 24 h. To con-
tinue, the alcoholic extracts were concentrated using a rotary 
evaporator (40˚C) and the dried extracts were preserved in 
2–8˚C for subsequent experiments.

Cell culture preparation

Human Gastric Adenocarcinoma cell, known as AGS, and 
Human Gum fibroblast cell, known as HuGu, were obtained 
from the human and animal cell bank of the IBRC, Tehran, 
Iran. AGS and HuGu cell lines were cultured in DMEM: F12 
(1:1 Vol/Vol, Gibco, USA), medium supplemented with 10% 
heat inactivated fetal bovine serum (FBS) (Gibco, USA) and 
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2 mM L-Glutamine (Sigma, USA). The HuGu cell line was 
further treated with 1% non-essential amino acid supplement 
(MEM) and then were kept in a humidified incubator at 37˚C 
containing 5%  CO2.

Investigation of cell viability by MTT assay

The cell survival rate was measured by MTT assay ([3-
(4, 5-dimethylthiazol-2-yl)-2,4-diphenyl tetrazolium bro-
mide]) (Sigma, USA) after the exposure of the cells to the 
Alkanna bracteosa methanolic extract. In this regards, the 
cell lines were seeded in 96-well culture plates at about  103 
cell density/well for AGS and HuGu cell lines. The cells 
were then incubated according to the previous cell culture 
condition. After 24 h, the cell culture medium was replaced 
with fresh medium containing different concentrations of 
the Alkanna bracteosa extract to be tested. The applied dose 
concentrations for AGS and HuGu cell lines were included 
102.4, 51.2, 25.6, 12.8, 6.4, 3.2, 1.6, 0.8, 0.4, 0.2, 0.1 and 
0.05 mg  ml−1. The treated cells were then kept in incubator 
for further 24 and 48 h. After that, the culture medium was 
replaced with fresh medium containing MTT powder with 
a final concentration of 0.5 mg  ml−1. Finally, the cells were 
incubated for an extra 4 h and the medium containing MTT 
solution was removed as well as the created formazan crys-
tals were dissolved in 100 µl dimethyl sulphoxide (DMSO) 
(Sigma, USA). The absorbance was recorded with a micro-
plate reader spectrophotometer (Biotek ELX800, USA) with 
570 nm absorbance filter and 630 nm reference filter. Nega-
tive and positive control was considered as the untreated 
cells and treated with 10% DMSO respectively. The cyto-
toxic effects of the compounds were determined according 
to the average absorbance rate of each treated group divided 
on the average absorbance of negative control group and 
reported as the percent of cell viability. The SPSS ver 22 
program graphed the viability percent versus dose concen-
tration curves, and the IC50 values were assessed (Mousavi 
et al. 2018).

Real‑time quantitative PCR of HER2 and HSP90a 
gene expression

The  106 density of the AGS and HuGu cells were then cul-
tured and treated using by Alkanna bracteosa plant extract. 
After 24  h, RNX-Plus kit (Sinaclon, Iran) was used to 
extract the total RNA from the cultured cells. For quantita-
tive real time polymerase chain reaction (qRT-PCR), 2 µg 
of total RNA was used for the reverse transcription reaction 
and cDNA synthesis by using a BIOFACT 2X RT Premix 
kit (Biofact, South Korea). qRT-PCR analysis was per-
formed with SYBR-Green Real-Time Master Mix (Biofact, 
South Korea) and using by the Step one plus ABI system 
(Applied bio systems, USA). The primers sequences used 

for qRT-PCR were listed in Table 1 and designed to include 
at least one intron on the corresponding genomic DNA. 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
was used as a reference gene. The amplification process was 
performed under the following conditions which including 
1.5 min at 95˚C for one cycle, 20 s at 95˚C for 40 cycles, 
and 40 s at 60˚C for one cycle. The final extension cycle was 
done in 30 s at 72˚C. All PCR products were performed in 
triplicate and the standard curves for all the products were 
plotted and reported (Tavakolian et al. 2019).

Hoechst DNA staining

AGS and HuGu cells were cultured in 35  mm2 cell cul-
ture plates covered with a pre-cleaned 18 × 18 mm cover-
slip glass. In the next day, the cell attached and the culture 
medium was replaced with fresh medium containing of 
Alkanna bracteosa extract for AGS cells and HuGu cells. 
After 24 h, the cells were then fixed using ethanol 70% fol-
lowed by pure ethanol for 15 min and stained with 2 ml of 
20 mM Hoechst 33,342 solution for 30 min. There were 
then washed three times, dried and observed under the 
fluorescence microscope (Olympus, Japan) at 400 × optical 
amplification.

Flow cytometry assay

AGS cells were grown in 35  mm2 cell culture plates until 
reaching to the 80% confluency. On the next day, the cell 
culture medium was removed and the cells were treated with 
fresh culture medium containing Alkanna bracteosa extract 
for AGS cell line. AGS cells that not treated with Alkanna 
bracteosa extract were considered as control group. After 
24 h, the supernatant of all the treated and non-treated cell 
groups were discarded, and the cells were washed with PBS 
(1X). Subsequently, the cells were detached with 1 Zml 
0.25% trypsin- 0.02 EDTA (Sigma, USA), at 37˚C. Then, 
DMEM: Hams F12 medium supplemented with 10% FBS 
was added to terminate the trypsinization process, and then 
gently pipetted to avoid the formation of cell clumps. To 
continue, the detached cells were transferred into the 15 ml 

Table 1  Primer sequences used in qRT-PCR for HER2 and HSP90 
genes

Primer name (5′ → 3′) Sequence

HER2 forward 5′-ATC CTC ATC AAG CGA CGG CA-3′
HER2 reverse 5′-CAT CGC TCC GCT AGG TGT CA-3′
HSP90AA1 forward 5′-AAA CTG CGC TCC TGT CTT CT-3′
HSP90AA1 reverse 5′-TGC GTG ATG TGT CGT CAT CT-3′
GAPDH forward 5′-CTC ATT TCC TGG TAT GAC AACGA-3′
GAPDH reverse 5′-CTT CCT CTT GTG CTC TTG CT-3′
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plastic tube and centrifuged at 1000×g for 5 min. Afterward, 
the supernatant was removed and the cells were resuspended 
in 500 µl of Annexin V binding buffer. Subsequently, 5 µl 
of Annexin V-FITC (IQ Products, Netherlands) was added 
to the cells and incubated for 15 min at 4 °C in the dark 
place. The cells were then centrifuged at 1000×g for 5 min 
and the cell pellet were counted-stained with 3 µl propidium 
iodide (PI) (IQ Products, Netherlands). Finally, the cells 
were analyzed using BD FACS-Calibur flow cytometry 
(Becton Dickinson, USA) with emission filters of 530 and 
575–610 nm. The extracted data were then analyzed with 
Cell Quest software (Becton Dickinson, USA) (Hasanzadeh 
et al. 2017).

DNA fragmentation

The AGS cells were cultured and treated with Alkanna brac-
teosa extract for 24 h. The cell was then collected in 15 ml 
plastic tube and centrifuged at 1000×g for 5 min. The DNA 
was extracted using the SinaPure TMDNA kit (Sinaclon, 
Iran). The nucleosome-sized (200-bp) DNA fragments was 
separated by gel electrophoresis, on a conventional 2% aga-
rose gel (Orangi et al. 2016).

Statistical analysis

All the received data were reported as an average ± SD and 
processed in SPSS ver 22. T-test one-way anova was used to 
determine the significances between difference experimental 
groups.

Results

Alkanna bracteosa alcoholic extract preparation

After exposure of the areal parts of the plant to the metha-
nolic solution, around 1 gr of alcoholic extract was separated 
and dried to use for subsequent parts of the researches.

Cytotoxic activity of Alkanna bracteosa alcoholic 
extract

The results of the MTT assay showed a strong inhibitory 
effect and dose concentration-dependency of the Alkanna 
bracteosa extract on the proliferation rate of AGS in com-
parison to the HuGu cell line. The inhibitory concentrations 
 (IC50) obtained from the AGS cancer cell line and the HuGu 
normal cell line were 0.8 and 3.2 mg  ml−1 during 24 h, 1.6, 
and 6.4 mg  ml−1 during 48 h respectively. Figure 1 dem-
onstrated the comprehensive comparison of cytotoxicity 
patterns of Alkanna bracteosa extract on the AGS cancer 
cell line and HuGu normal cell line during 24 and 48 h. 

This result showed the AGS cells are more fragile than 
HuGu cells when exposed to the above-mentioned extract 
of Alkanna bracteosa. Statistical analysis showed significant 
differences between AGS and HuGu groups treated with the 
same concentration of Alkanna bracteosa extract.

Quantitative real time PCR study of HER2 
and HSP90α genes

The results of qPCR for HER2 and HSP90α genes were 
shown in Fig. 2. As shown in the Fig. 2a, HER2 gene was 
significantly down-regulated in AGS cell line treated with 
0.8 mg  ml−1 dose concentration (P value = 0.0383) compared 
to control group. By the way, HER2 gene in Fig. 2b showed 
the up-regulated in 3.2 mg  ml−1 dose concentration of HuGu 
cell line (P value = 0.0021).

Results from qPCR for HSP90α gene demonstrated a sig-
nificant increase in the expression level in AGS cells treated 
with 0.8 mg ml −1 dose concentration (Fig. 2c) compared to 
the control group (P value = 0.0011). Moreover, HSP90α 
was significantly down-regulated in HuGu cell treatment 
group treated with Alkanna bracteosa extract at the final 
concentration of 3.2 mg  ml−1 (Fig. 2d) compared to the con-
trol group (P value = 0.0069).

Hoechst DNA staining

Induction of apoptosis for AGS and HuGu cell lines was 
also investigated by microscopic analysis of Hoechst DNA 
stained cells. Figure 3 showed the untreated control and the 
Alkanna bracteosa extract treated cells. The 0.8 mg  ml−1 
dose concentration of Alkanna bracteosa extract for AGS 
cell line and 3.2 mg  ml−1 dose concentration of Alkanna 
bracteosa extract for HuGu cell line during 24 h demon-
strated significant fragmentation within the chromatin struc-
ture located in the nucleus of treated cells but it was not 
found any change in untreated AGS and HuGu cells.

Quantitative investigation of apoptosis by flow 
cytometry

Flow cytometry was applied to distinguish the apoptotic and 
necrotic rate of AGS cells. Obtained results from control and 
treated AGS cells demonstrated that 15.4% of AGS cells 
treated with Alkanna bracteosa extract at concentration of 
0.8 mg  ml−1 include 15.4% late apoptosis, about 7.8% early 
apoptosis, and 13.3% necrosis (Fig. 4a) necrosis compared 
to control group (Fig. 4b). Furthermore, 1.6 mg  ml−1 dose 
concentration (Fig. 4c) induced 16.8% late apoptosis, 31.8% 
early apoptosis, and 9.19% necrosis compared to untreated 
AGS cells (Fig. 4d).
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Apoptosis identification by DNA fragmentation

Formation of the DNA fragmentation in gel electrophore-
sis by induction of apoptosis in AGS cell line treated with 
Alkanna bracteosa extract at 0.8 and 1.6 mg  ml−1 con-
centrations was shown in Fig. 5. The apoptosis could be 
visualized as a fragmentation pattern of 180–200 bp due to 
DNA cleavage by the activation of a nuclear endonuclease 
using the 2% standard agarose gel electrophoresis (Loan-
nou and Chen 1996; Matalová & Španová 2002).

Discussion

Normal cells can turn into a cancer cells by alteration of the 
genes that regulate cell growth and differentiation (Croce 
2008). By the way, medicinal plants which containing vari-
ous phytochemicals, such as flavonoids and polyphenol 
compound, can inhibit tumor cell proliferation and induce 
apoptosis pathways. Today, most of the plants and their main 
compounds affect transcription and cell cycle according to 
different mechanisms (Aiello et al. 2019). For this reason, 

Fig. 1  Comparision between the survival rate of HuGu and AGS cells 
after 24  h (a) and 48  h (b). AGS cells represented more death rate 
than HuGu cells when exposed to different concentrations of Alkanna 
bracteosa extract. Statistical analysis revealed a significant differ-

ence between AGS and HuGu treated groups at the same concentra-
tion of Alkanna bracteosa extract and marked by star signs as follows 
*< 0.05, **< 0.01, ***< 0.001, ****< 0.0001
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the utilization of herbal products with the ability to target the 
various molecular processes can be an attractive way with 
the potential of the cancer treatment.

In a study that was reported by Naghibi et al. (2014), the 
methanolic extract of the native Iranian Alkanna bracteosa 
could induce cytotoxic effects on MCF-7 cell line. Further-
more, the methanolic extract of Alkanna bracteosa root dem-
onstrated an IC50 dose of 54 µg  ml−1 on the MCF-7 cell 
line (Naghibi et al. 2014). In addition, in a study released by 
Sevimli-Gur et al.(2010), the cytotoxic effects of naphtho-
quinones isolated from methanolic extract of Alkanna cap-
padocica was investigated on twelve human tumorigenic cell 
lines which including PC-3, HT-29, MDA-MB-231, AU565, 
Hep G2, MCF7, HeLa, SK-BR-3, DU 145, Saos-2, Hep 3B, 
LNCaP and two non-tumorigenic cell lines which includ-
ing NIH3T3 and Vero. The results of that study reported 
that naphthoquinones components of Alkanna cappadocica 
could induce cytotoxic effects on the above-mentioned can-
cer cell lines (Sevimli-Gur et al. 2010).

As it was shown in the present study, the IC50 obtained 
from the AGS cancer cell line and the HuGu normal cell 
line were 0.8 and 3.2 mg  ml−1 during 24 h and 1.6 and 
6.4 mg  ml−1 during 48 h respectively. The results revealed 
that the Alkanna bracteosa extract induced more cytotoxic 

effects on the AGS cancer cell line than the HuGu nor-
mal cell line at the same concentrations, however, the 
exact mechanism underlying this phenomenon is unclear. 
Furthermore, we observed higher cytotoxic effect of this 
extract in 24 compared to 48 h. This might be due to the 
fact that through the time, the extract is consumed and 
metabolized by the cells, and the dead cells are substituted 
by healthier cells.

According to several studies mutations and overexpres-
sion of HER2 genes are found in a variety of tumors. It 
seems that decreased HER2 gene expression level can 
inhibit tumor growth (Oh & Bang 2019). Furthermore, 
it was shown that cytotoxic chemotherapy can reduce the 
expression rate or suppress the HER2 gene (Shu et al. 
2018). In a study which was reported by Schroeder et al. 
(2019), it was shown that HER2 gene expression was 
inhibited by naphthoquinones (Schroeder et al. 2019). In 
this study, we found that the HER2 gene was significantly 
down-regulated in AGS cell line treatment group when 
exposed to the 0.8 mg  ml−1 dose concentration after 24 h 
of incubation. By the way, elevated HSP90 levels are asso-
ciated with increased angiogenesis, survival progression, 
increased metastasis potential, and increased drug resist-
ance (Boroumand et al. 2018). In several cancers, HSP90α 
was overexpressed and can be secreted outside of tumor 
cells (Lu et al. 2015). The expression of HSPs is associ-
ated with increased resistance to apoptosis and indicates 
the mechanism of their regrowth (Klimczak et al. 2019). In 
the present study, a significantly up-regulated expression 
level of HSP90α in 0.8 mg  ml−1 AGS cell line treatment 
group compared to the control group was shown. We also 
observed that this gene was significantly down-regulated 
in 3.2 mg  ml−1 HuGu cell line treatment group compared 
to control groups.

Apoptosis is a complex process responsible for removing 
the damaged cells from living organisms, and it is in direct 
correlation with morphological and biochemical changes of 
the cells. DNA fragmentation occurs during the later stages 
of the apoptotic process (Majtnerová & Roušar 2018). The 
endoplasmic reticulum (ER) is an essential organelle for 
protein synthesis, protein folding, and protein modifications 
disturbed by physiological and pharmacological stresses 
and leads to the misfolded proteins (So 2018). However, it 
is believed that ER distribution associated with oxidative 
stress and mitochondrial dysfunction, resulting in apoptotic 
mechanism (Gara et al. 2015). By the way, proteasomes are 
a group of protein complexes found in all eukaryotes. Their 
main function is to destroy damaged or unfolded proteins by 
proteolysis. Shikonin, a component of Alkanna bracteosa 
extract, plays a direct role in tumor proteasome which can 
be due to excessive accumulation of incorrectly folded and 
unfolded proteins in the cells (Gara et al. 2015). Some stud-
ies represented that inflammation dispose the development 

Fig. 2  A representation of HER2 and HSP90α expression levels 
in AGS (a, c) and HuGu cells (b, d) in treated groups (red bars) or 
untreated control groups (blue bars). HER2 and HSP90α genes 
were significantly down-regulated (*< 0.0383) (a) and up-regulated 
(**< 0.0011) (c) in AGS cells, respectively, while they were up-regu-
lated (**< 0.0021) (b) and down-regulated (**< 0.0069) (d) in HuGu 
cells, respectively
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of cancer and promotes tumorigenesis process (Greten & 
Grivennikov 2019).

By the way, several studies reported the anti-inflamma-
tory effects of the Alkanna bracteosa extract due to their 
naphthoquinone structures (Mahmoudi et al. 2012). Naph-
thoquinones such as alkanin and shikonin and their diversi-
ties have many biological properties such as wound healing, 
anti-inflammatory, anti-tumor, antimicrobial and antico-
agulant effects. Furthermore, some shikonin esters have an 
inhibitory effect on the topoisomerase I enzyme (20, 21). 
The most probable mechanisms of action of naphthoqui-
nones are including suppression of telomerase activity, DNA 
damage and ROS production, topoisomerases inhibition, 
and regulation of p53 receptor as tumor inhibitory factor 
(Pereyra et al. 2019).

In total, it was found that naphthoquinones such as alka-
nin and its derivatives can arrest the G1 cell division cycle 

and induce apoptosis which can be the main reason for its 
anti-cancer effect on the cells (Huu Tung et al. 2013). Alka-
nin and shikonin are also considered optical isomers, which 
arrest the free radical of  O2

−. Shikonin have an essential 
role in wound healing and anti-inflammatory properties, 
antitumor and antibacterial activity (Sekine et al. 1998; 
Wang et al. 2019a, b), and inhibit cancer cell growth by 
interfering in the G0/G1 phase of the cell cycle. They acti-
vate the caspase pathway (caspase 3 and caspase 7) which 
finally leads to apoptosis process (Lan et al. 2014). In a 
study published by Yang et al. (2009) the role of shikonin 
in prostate cancer cell death are in direct correlation with 
ROS production and increased  Ca2 + levels in the cells 
(Yang et al. 2009). In a similar study, a type of naphtho-
quinone could reduce the survival rate of gastric cancer 
cells through ROS-mediated MAPK and STAT3 signaling 
pathways (Wang et al. 2019a, b).

Fig. 3  Hoechst DNA staining. AGS treated cells (a), AGS untreated cells (b), HuGu treated cells (c) and HuGu untreated cells (d) when 
expoused to 0.8 mg  ml−1 and 3.2 mg  ml−1 dose concentration of herbal extract for 24 h
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In Conclusion, due to the naphthoquinone derivatives 
of Alkanna bracteosa extract, this extract has been able to 
significantly reduce the expression of HER2 gene, which is 
involved in gastric cancer. In addition, Alkanna bracteosa 

extract can also induce stronger apoptosis effects in treated 
cancer cells compared to untreated control cells. According 
to the above-mentioned properties, this plant can be pro-
posed as a valuable candidate for future cancer treatment.

Fig. 4  Flow cytometry results of Alkanna bracteosa treatment in AGS cells during 24 h. AGS 0.8 mg  ml−1 treated (a), AGS untreated (b) as con-
trol, AGS 1.6 mg  ml−1 treated (c), and AGS untreated (d) as control
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