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Objectives: Oxidative stress plays a key role in chronic and acute brain disorders and 
neuronal damage associated with Alzheimer disease (AD) and other neurodegeneration 
symptoms. The neuroprotective effects of berberine and Berberis vulgaris (barberry) root 
extract against apoptosis induced by hydrogen peroxide (H2O2) in the human SH-SY5Y cell 
line were studied. 
Methods: The methanolic extraction of barberry root was performed using a maceration 
procedure. Oxidative stress was induced in SH-SY5Y cells by H2O2, and an MTT assay was 
applied to evaluate the neuroprotective effects of berberine and barberry root extract. The 
cells were pretreated with the half maximal inhibitory concentration (IC50) of each com-
pound (including berberine, barberry root extract, and H2O2), and the anti-apoptotic effects 
of all components were investigated using RT-PCR.
Results: The SH-SY5Y cell viability increased in both groups exposed to 75 and 150 ppm 
barberry extract compared with that in the H2O2-treated group. The data showed that 
exposing SH-SY5Y cells to 30 ppm berberine significantly increased the cell viability com-
pared with the H2O2-treated group; treatment with 150 and 300 ppm berberine and H2O2 
significantly decreased the SH-SY5Y cell viability and was associated with berberine cyto-
toxicity. The mRNA levels of Bax decreased significantly under treatment with berberine at 
30 ppm compared with the control group. A significant increase in Bcl-2 expression was 
observed only after treatment with the IC50 of berberine. The expression level of Bcl-2 in 
cells exposed to both berberine and barberry extracts was also significantly higher than 
that in cells exposed to H2O2. 
Conclusion: The outcomes of this study suggest that treatment of SH-SY5Y cells with bar-
berry extract and berberine could suppress apoptosis by regulating the actions of Bcl-2 
family members.

Keywords: apoptosis, oxidative stress, sh-sy5y cells, berberine, barberry, alzheimer dis-
ease

*Corresponding Author
Shahin Bonakdar
National Cell Bank of Iran, Pasteur 
Institute of Iran, No. 69, Pasteur Ave, 
Tehran 1316943551, Iran
Tel: +98-21-66953311-20
E-mail: sh_bonakdar@pasteur.ac.ir

Shahram Shoeibi
Food and Drug Laboratory Research 
Center (FDLRC), Iran Food and Drug 
Administration (IFDA), Ministry of Health 
and Medical Education, No. 408, Imam 
Khomeini Ave, Tehran 1113615911, 
Iran
Tel: +98-21-66400081
E-mail: sh.shoeibi@fda.gov.ir

INTRODUCTION

Alzheimer disease (AD) is known as a destructive neuro-
degenerative disorder with an invariable course that decreases 
quality of life in the elderly, especially those older than 65 years 

[1]. Elderly dementia caused by AD is also the most common 
symptom in people who silently develop memory problems, 
cannot meet their most basic needs, and suffer from physical/
mental malfunction or cognitive impairment [1].

Neuronal structure degeneration or trauma may lead to oxi-
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dative stress, which is seen in diseases such as AD, Parkinson 
disease (PD), Huntington disease, amyotrophic lateral sclerosis, 
and cerebral ischemic stroke.

Highly reactive molecules, anions, and free radicals (such 
as superoxide anions, hydrogen peroxide [H2O2], and hydroxyl 
radicals, which are known as reactive oxygen species [ROS]) 
cause oxidative stress and cellular and/or DNA damage; all of 
these depend on the exposure time and potency, which may 
lead to cell death or survival with related mechanisms [2]. 

H2O2 is not highly reactive by itself, but in the vicinity of 
enzymes, multivalent metals, and other catalyzing agents, reac-
tions with sulfur compounds such as thiols can occur, causing a 
change to sulfonic acid and its anion form, i.e., sulfonate (SO–).

Exposure to H2O2 results in reduced viability and mitochon-
drial membrane depolarization in SH-SY5Y cells, which may 
lead to apoptotic and necrotic cell death as detected by staining 
the cell with annexin V–fluorescein isothiocyanate (FITC) and 
propidium iodide (PI); the amount of apoptosis can be detected 
by flow cytometry [3, 4]. 

The cell cycle is an extremely regulated procedure with mul-
tiple checks to ensure a homeostatic balance between cell mul-
tiplication and death in the presence of adequate environmental 
signals [5]. These results indicate that therapeutic strategies 
aiming to prevent cell apoptosis could be a rational choice to 
control diseases. However, the removal of ROS and free radicals 
is perhaps one of the most efficient defense mechanisms of the 
body to retain the oxidative-antioxidant ratio and balance [6].

Berberine, a plant alkaloid used in traditional and Ayurvedic 
medicine, has been identified in several genera, such as Berber-
is, Coptis, and Hydrastis, in different parts of plants, including 
roots, rhizomes, leaves, and stem bark. Many species of the Ber-
beris genus, such as B. vulgaris, B. aquifolium, and B. aristata, 
have a high content of berberine.

In traditional medicine, berberine has broad-spectrum anti-
microbial effects against protozoans, bacteria, fungi, helminths, 
chlamydia, and viruses [7-9]. Berberine alkaloids have some 
benefits and pharmacological effects on improving cancers and 
other diseases. Recently, various studies have shown the poten-
tial neuroprotective properties of berberine, such as improved 
survival, progression, and function of brain neurons and pro-
tection of these cells [10]. Berberine has also been shown to 
fight neurodegeneration in related diseases (including AD, PD, 
and Huntington disease) by increasing toxically misfolded and 
aggregated protein clearance in brain neuronal cells via autoph-
agy induction [11].

Growing evidence shows that berberine can reduce oxida-
tive stress in the brain and central nervous system (CNS) [12]. 
Several lines of evidence have evidentially demonstrated that 
berberine can control and treat age-related dementia by regu-
lating neurotransmitter function, suppressing oxidative stress, 
decreasing neuronal inflammation, affecting metabolism, and 
acting on other multi-target pathways. Hence, berberine may 
act as a neuroprotective agent in AD pathogenesis and may 
improve oxidative stress via its antioxidative potential, suggest-
ing that it is a possible means for AD treatment [13, 14]. Several 
types of research have also investigated the benefits of berber-
ine’s significant antioxidant effects in neurodegeneration [11]. 

Studies have indicated that the alkaloid content of B. vulgaris 
(barberry) root extract is greater than that of other parts of the 
plant. Some alkaloids, such as berlambine and bervulcine, were 
found only in the roots of the plant. Regarding traditional med-
icine and documents about barberry root extract and its effects, 
this study was designed to evaluate the neuroprotective effects 
of barberry root extract and berberine (the main alkaloid of the 
plant) on human neuroblastoma SH-SY5Y cells. 

MATERIALS AND METHODS

1. Chemicals

DMEM/F12, L-glutamine, fetal bovine serum (FBS), and 
penicillin-streptomycin solution for cell culture experiments 
were purchased from Gibco BRL (Life Technologies, Paisley, 
Scotland). Berberine as chloride was purchased from Sigma-
Aldrich (MO, USA). Solvents such as DMSO and methanol 
were purchased from Merck (Darmstadt, Germany).

2. Apparatus 

An RNX plus kit MR7713C (CinnaGen Co., Tehran, Iran) 
was used to extract mRNA. A First Strand cDNA Synthesis Kit 
(Thermo Fisher Scientific, Inc., MA, USA) was chosen to syn-
thesize complementary DNA (cDNA). A multi-well plate read-
er (Elx 800 Microplate Reader, Bio-TEK, Winooski, Vermont, 
USA) was used for the viability assay. PCR was performed 
using ABI real-time PCR equipment (AB Applied Biosystems, 
CA, USA) and GreenStar Master Mix (Amplicon, Denmark). 
A Biosystems 7500 real-time PCR System (Applied Biosystems, 
CA, USA) was used for the reaction analysis and related experi-
ments.
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3. Preparation of root extract

Barberry roots were collected at the full flowering stage dur-
ing spring 2019. The plant roots were dried in air at room tem-
perature, avoiding exposure to direct sunlight; after drying, the 
roots were ground. The powdered root was weighed at exactly 
50 g and passed through a 350 mesh sieve to obtain a uniform 
particle size, and 150 mL of methanol was used to extract it us-
ing the maceration method at room temperature for 24 h. The 
extraction was filtered, and a rotary evaporator under vacuum 
conditions was used to concentrate the filtered solution.

4. Cell culture, treatment, and viability assay

The SH-SY5Y cell line was purchased from the Department 
of Cell Bank, Pasteur Institute of Iran (Tehran, Iran), cultured 
in DMEM/F12 (1/1) medium with L-glutamine, supplemented 
with 10% FBS and 1% penicillin-streptomycin, and maintained 
at 37℃ with 5% CO2 and humid conditions. The MTT assay 
was applied to assess cell viability.

Cells at a density of 2 × 104 per mL were seeded in 96-well 
plates for 24 h, and treatment was performed with both com-
mercial berberine and root extract at different concentrations of 
15, 30, 75, 150, and 300 ppm in duplicate. Cell viability at differ-
ent time intervals was assayed by adding 100 µL of MTT (5 mg/
mL) to each well for 4 h before harvesting. After stopping the 
reaction with DMSO, the absorbance of wells was determined 
by a multi-well plate reader at 520 and 630 nm wavelengths.

The protective effect of the evaluated compounds against an 
oxidative impact was evaluated by pretreatment of the cells with 
the mentioned concentrations of the barberry root extract and 
commercial berberine for 24 h, followed by replacement with 
fresh medium containing 0.25 ppm H2O2 and incubation for 
another 3 h [13]. As abovementioned, the MTT assay was used 
to determine cell viability, and the results are expressed as the 
percentage ratio of surviving cells to control cells.

5. Real-time quantitative PCR

Cells at a density of 1.2 × 105 per well were seeded onto 
6-well plates with the incubation conditions of 37℃, 5% CO2, 
and humid air for 24 h and then exposed to the half maximal 
inhibitory concentration (IC50) of both barberry extract and 
berberine for 24 h. Finally, cells were trypsinized and centri-
fuged at 3,000 rpm, 4℃ for 5 min. An RNX plus kit was applied 
to extract total mRNA from the pellet. All types of high-quality 
RNA were obtained for further determination by a method 
based on the extraction of RNA by guanidine salt and precipita-
tion along with protein in the phenolic phase.

Optical density measurements of RNA at an OD ratio of 
A260/A280 with a value of 1.8 or above were determined for 
quantity and purity by a spectrophotometer, and the integrity 
was confirmed by running on a 1% agarose gel. A First Strand 
cDNA Synthesis Kit was used to synthesize cDNA from the 
total RNA and was stored at –20℃. Real-time PCR was per-
formed in a total volume of 20 µL using a reaction mixture con-
taining 20 ng of cDNA template, 10 µL of 2X GreenStar master 
mix, 200 nM of primers (forward and reverse), and PCR-grade 
water.

Bax and Bcl-2 genes as primers and β-actin as a reference 
gene were used as sequences for quantitative RT-PCR (Table 1).

The reaction was performed in a real-time PCR System with 
the following cycling conditions: enzyme activation at 95℃ for 
3 min, initial denaturation at 95℃ within 40 cycles of 3 s, and 
32 s of annealing/extension at 58℃. To ensure amplification 
specificity and to verify the specificity of each primer after PCR, 
a melting curve analysis was performed.

The comparative threshold cycle (Ct) method was used to 
determine the Ct number.

6. Cell preparation to examine the ROS level

After separating the cells from the flask and washing, the 
cell volume was extended to 400 µL with phosphate-buffered 
saline (PBS). The colors of dichloro-dihydro-fluorescein diace-

Table 1. The sequences of the primers and reference genes for the qRT-PCR

Gene Sense Antisense

Bax 5′-CCCGAGAGGTCTTTTTCCGAG-3′ 5′-CCAGCCCATGATGGTTCTGAT-3′

Bcl-2 5′-CATGTGTGTGGAGAGCGTCAA-3′ 5′-GCCGGTTCAGGTACTCAGTCA-3′

β-Actin 5′-TGCAGAGGATGATTGCTGAC-3′ 5′-GAGGACTCCAGCCACAAAGA-3′
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tate (DCFH-DA) and propidium iodide (PI) overlap; thus, four 
tubes of the sample, including a colorless tube, a tube contain-
ing DCFH-DA dye, a tube containing PI dye, and a tube con-
taining both PI and DCFH-DA dye, were prepared to correct 
for and adjust this overlap. The first and third tubes were stored 
at 4℃, and the second and fourth tubes were incubated for 
45 min at 37℃. Then, 1 mL of PBS solution was added to the 
tubes, and they were centrifuged at 1,500 rpm for 5 min. Final-
ly, another 500 µL of PBS was added to the cell sediment. While 
reading the samples, 3 µL of PI dye was added to the third and 
fourth tubes.

7. Statistical analysis

Data from three individual tests performed in duplicate were 
analyzed and are presented as the mean ± SD. The relative ex-
pression of oqxA and B efflux pump genes was determined us-
ing the 2–ΔΔCт method. The 2–ΔΔCт value of different groups was 
calculated and statistically analyzed using SPSS version 16 (SPSS 
Inc., Chicago, Ill., USA) and REST 2009. One-way ANOVA was 
performed to evaluate statistical significance. p values less than 
0.05 were considered statistically significant.

RESULTS

1. Effect of barberry extract on SH-SY5Y cell viability

The cells were treated with barberry root extract at different 
concentrations of 15, 30, 75, 150, and 300 ppm. The MTT assay 
was applied to assess cell viability. According to Fig. 1, SH-SY5Y 
cell viability was increased in all groups exposed to extract 
compared with the H2O2 group. This protective effect was sig-
nificant at 75 and 150 ppm (p < 0.01 and p < 0.05, respectively), 
but, at 75 ppm, there was a proliferative effect compared with 
the control group; thus, 150 ppm was considered to be the IC50. 

2. Effect of berberine on SH-SY5Y cell viability

The cells were treated with berberine at different concen-
trations of 15, 30, 75, 150, and 300 ppm. The MTT assay was 
applied to assess cell viability. Our findings indicated that expo-
sure to 15, 30, and 75 ppm berberine increased cell viability in 
the MTT assay. This protective effect was significant at 30 ppm 
(p < 0.05) compared with the H2O2 group; thus, it was selected 
as the IC50. However, exposure to 150 and 300 ppm significantly 
decreased cell viability compared with the H2O2 group, which 
could be considered a toxic effect (Fig. 2).

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2. Effect of berberine on SH-SY5Y cells viability. The cells 
were treated with different concentrations of plant extracts (15, 30, 
75, 150, and 300 ppm) and H2O2 (0.25 ppm). The treatment group 
at 30 ppm showed a protective effect against H2O2. Data are ex-
pressed as mean ± SD (n = 6). Values are statistically significant at 
*p < 0.05, **p < 0.01, and ***p < 0.001 compared to the control 
group. (a) shows a significant increase in cell viability compared to 
the H2O2 group. 

Figure 1. Effect of barberry extract on SH-SY5Y cells viability. The 
cells were treated with different concentrations of plant extracts (15, 
30, 75, 150, and 300 ppm) and H2O2 (0.25 ppm). The treatment 
group at 150 ppm showed a protective effect against H2O2. Data 
are expressed as mean ± SD (n = 6). Values are statistically signifi-
cant at *p < 0.05, **p < 0.01, and ***p < 0.001 compared to the 
control group. (a) and (b) show a significant increase in cell viability 
compared to the H2O2 group.



220 https://doi.org/10.3831/KPI.2022.25.3.216

Elham Shahriari Rad, et al.

3. Effect of berberine and barberry root extract on Bcl-2 and 
Bax expression

Bcl-2 and Bax expression levels were measured by real-time 
PCR in cells exposed to the IC50 of berberine, barberry root ex-
tract, and H2O2 to determine whether these components could 
increase the viability compared with H2O2 exposure. 

As presented in Fig. 3, there was a significantly higher ex-
pression of Bax in the presence of H2O2 at 0.25 ppm than in 
the control group (p < 0.001). The exposure to the IC50 con-
centration of berberine and plant extract decreased the mRNA 
levels of Bax compared with those in the H2O2-treated group 
(p < 0.001). However, only treatment with the IC50 of H2O2 
significantly decreased the mRNA levels of Bcl-2 (p < 0.01); we 
observed a significant increase in the expression of Bcl-2 using 
treatment with IC50 of berberine and barberry extract (p < 0.01). 
The expression level of Bcl-2 in cells exposed to both berberine 
and barberry root extract was also significantly higher than that 
in cells exposed to H2O2 (p < 0.001). 

4. Effect of berberine and barberry root extract on the ROS 
level

The ROS level in the groups of plant extracts and commer-
cial berberine in comparison with H2O2 as a positive control is 
shown in Fig. 4. Our results demonstrated that both treatment 
groups, including the extract and commercial berberine treat-
ment groups, were significantly different from positive and 
negative controls, and the ROS level decreased (p < 0.001 for 
both). 

DISCUSSION

Neurodegenerative diseases, such as AD, are progressive dis-
eases, causing serious complications in personal and financial 
aspects and affecting familiar relationships. Globally, millions of 
people have dementia, the most common form of which is AD. 
The total global societal cost of controlling and treating demen-
tia is estimated to be $1 trillion per year [15, 16]. 

The most important factors are increasing age and the in-
creasing incidence of disease, which is highly related to older 
age [17]. 

Some approved medications, such as donepezil, rivastig-
mine, galantamine, and memantine, have recently been intro-

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Expression levels of Bax and Bcl-2 in SH-SY5Y cells treated 
with IC50 concentration of berberine (30 ppm), barberry extract (150 
ppm), and H2O2 (0.25 ppm). Data represent relative gene expres-
sion (target/β-actin) as mean ± SD of 5 experiments (n = 6). Values 
are statistically significant at *p < 0.05, **p < 0.01, and ***p < 
0.001 compared to the control group. (a) and (b) show a significant 
decrease in Bax and an increase in Bcl2 gene expression levels in 
cells exposed to barberry extract and berberine compared to the 
H2O2 group. 

 

 

 

 

 

 

 

 

Figure 4. Evaluation of ROS levels at IC50 concentration of barberry 
extract (150 ppm) and berberine (30 ppm) compared to the H2O2 
(0.25 ppm) and control groups. Data represent ROS production as 
mean ± SD (n = 6). Values are statistically significant at *p < 0.05, 
**p < 0.01, and ***p < 0.001 compared to the control group. (a) 
shows a significant decrease in ROS levels in cells exposed to bar-
berry extract and berberine compared to the H2O2 group. 
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duced and investigated to promote AD [18-20]. Although these 
agents may be beneficial in maintaining memory and improv-
ing behavioral disorders, they have side effects. Accordingly, 
the present study was developed to assess the neuroprotective 
effects of barberry root extract (B. vulgaris) and berberine as 
natural compounds and phytochemical agents on human neu-
roblastoma SH-SY5Y cells due to their few side effects on the 
human body.

Researchers all over the world have agreed that oxidative 
stress plays a prominent role in neurodegeneration via a mul-
tifunctional metabolic pathway. A large body of evidence sug-
gests that berberine may mitigate the negative effects of oxida-
tive stress in the brain and CNS [21]. Our results from the MTT 
assay indicate that different concentrations of barberry root 
extract can improve cell viability when H2O2 is present. These 
results also show that low doses of berberine [15, 30, and 75 
ppm] can increase cell viability compared with H2O2 treatment. 
However, barberry root extract was more effective in improv-
ing the viability of SH-SY5Y cells than berberine, suggesting a 
promising use of barberry extract in the treatment of neurologi-
cal degenerative diseases such as AD.

According to the most recent published study, B. vulgaris 
and its derivatives (such as berberine) can treat senile dementia 
and protect neurons through regulating neurotransmitters, anti-
apoptotic and antioxidative agents, and other multi-target path-
ways [22]. Berberine has been shown to have great potential 
against a variety of potential neurodegenerative diseases (such 
as AD and PD) and stroke [23] due to its beneficial antioxidant 
and anti-apoptotic properties, as evidenced by a previous study 
[24]. 

Plaques containing developed amyloid-β (Aβ) and hyper-
phosphorylated tau-consisting neurofibrillary tangles (NFTs) 
can be used to identify neurodegenerative disorders [25]. 

Luo et al. [26] found that berberine reduced malondialde-
hyde and ROS against Aβ-induced cell death generation in rat 
cortical neurons. Berberine also limited the neuroinflammation 
process, which consequently may delay oxidative stress in the 
brains of patients with AD. It is thought that the accumulation 
of Aβ, plaques, and NFTs in neuronal cells can cause inflamma-
tion and oxidative stress, resulting in a vicious cycle that can be 
broken by berberine.

However, the mechanism of action of berberine in control-
ling and suppressing the pathogenesis of neurodegenerative 
disease or in having a protective effect is not clearly defined. 
Further research in this area is necessary to fully elucidate the 

protective effects of berberine or, if needed, other related com-
pounds such as barberry root extract in the pathogenesis of 
oxidative damage.

The roles of berberine and barberry root extract were inves-
tigated by determining the mRNA expression levels of Bax and 
Bcl-2 as apoptotic parameters in SH-SY5Y cell lines pretreated 
with berberine and barberry root extract and H2O2 by real-time 
PCR.

The RT-PCR results revealed that treatment with the IC50 
of H2O2 increased the mRNA expression level of Bax and de-
creased that of the Bcl-2, indicating cell apoptosis. Our findings 
also showed that the IC50 of both barberry root extract and 
berberine significantly decreased the expression level of Bax 
and increased that of Bcl-2, indicating the protective and anti-
apoptotic effects of these components on SH-SY5Y cells when 
H2O2 was present; however, when the studied components were 
compared, barberry extract at a concentration of 75 ppm was 
more effective than berberine, but at lower concentrations, no 
significant difference was observed.

The protective effects of berberine against oxidative stress, 
Aβ-induced toxicity, and H2O2-induced apoptosis suppression 
in SH-SY5Y cells may be due to a mechanism that inactivates 
p38 MAPK and reduces ROS.

Beta- and gamma-secretase enzymes are activated by phos-
phorylation of p38 MAPK. Berberine prevents the phosphory-
lation and activation of p38 MAPK, thereby preventing the 
activation of beta- and gamma-secretase enzymes. Therefore, 
the enzyme activity decreases [27].

Furthermore, berberine could decrease the ratio of Bax/Bcl-
2 and reduce the release of cytochrome C, ultimately activating 
caspase 3. Therefore, a decrease in PARP cleavage and reduc-
tion in apoptosis induced by Aβ and H2O2 is accompanied by 
a reduction in caspase-3 activity. However, more studies are 
needed to clarify the exact mechanism [28].

CONCLUSION 

In the neurodegenerative process, the oxidative stress in-
duced by the H2O2 molecule should be considered one of the 
main targets for the treatment of related diseases. Based on our 
results, both berberine and barberry root extract may suppress 
the apoptotic pathway through various molecular mechanisms, 
but the effect of the plant extract was more significant than that 
of commercial berberine. This study revealed the effectiveness 
of the protection of B. vulgaris extract and its useful compounds 
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(such as berberine) or other alkaloids against H2O2-induced 
apoptosis in SH-SY5Y cells. B. vulgaris extract acts as a poten-
tial supplement or at least adjuvant therapy to prevent and con-
trol diseases such as AD or perhaps as a pretreatment to reduce 
disease progression. Studies on effective factors that target H2O2 
and/or enzymes involved in apoptotic pathways may provide a 
way to treat neural cell damage.
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