
Introduction  
Diazinon (O, O-diethyl-O-[2-isopropyl-6-methyl-
pyrimidin-yl] phosphorothioate) is an organophosphate 
insecticide commonly used to control insects in the 
agriculture and as a pesticide in domestic animals 
worldwide.1,2 Organophosphorus pesticides induce 
adverse effects on many organs such as the liver, pancreas, 
kidney, and brain.3-5 The central nervous system (CNS) 
is mostly the main part of the human body which is 
susceptible to the toxic effects of organophosphate 
compounds. Several studies have investigated the effect of 

diazinon on different organs of the human body.6,7

These agents or their active metabolites inhibit 
acetylcholinesterase. This causes the accumulation 
of acetylcholine at cholinergic synapses leading to 
hyperstimulation of cholinergic receptors, particularly in 
the CNS. It is believed that the main target of the toxic 
effects of these components is the CNS.2,8 Several reports 
indicate that the accumulation of choline on neurons 
causes neuronal cell death in some brain regions such as 
the hippocampus and thalamus.9,10 Exposure to diazinon 
induces apoptosis in neural cells.11 Upon the exposure 
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Background: Diazinon is an organophosphate pesticide that is broadly applied to control insects 
which causes oxidative damages in hippocampus tissue. We aimed to examine whether resistance 
training and berberine supplementation can protect the hippocampus against berberine-induced 
neural toxicity.
Methods: Fifty-six male Wistar rats were assigned randomly into eight groups of seven including: 
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+ berberine chloride [15 mg/kg]). In the experimental groups, diazinon was intraperitoneally 
administered at a dose of 1.5 mg/kg. In the training groups, rats were trained every three days for six 
weeks and 8-12 dynamic movements (repetitions) during each climb (six climbs for two sets). The 
expression of hippocampus PI3K and CDK genes and TrkB and ERK protein levels were evaluated in 
the brain of diazinon-treated rats.
Results: The protein expression of ERK and TrkB were increased following the treatment of diazinon-
intoxicated rats with berberine and resistance training (P = 0.001). The administration of berberine 
at a dose of 15 mg/kg in combination with resistance training significantly (P = 0.001) decreased 
the cell death rate in the hippocampus. Diazinon treatment caused extensive apoptosis in the 
hippocampus region of the rats’ brain (P = 0.001). The gene expression of PI3K and CDK was 
significantly increased and the cell death rate significantly decreased (P = 0.001) in the hippocampus 
following the treatment of rats with berberine and resistance training.
Conclusion: Six weeks of resistance training in combination with berberine treatment significantly 
reduced apoptosis in the hippocampus region of diazinon-intoxicated rats. It seems the 
neuroprotection effects of berberine and resistance training are mediated by the stimulation of the 
expression of enzymes responsible for the antioxidant defense within neuronal cells.
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of neuronal cells to diazinon, they produce excessive 
amounts of free radicals that are highly reactive and 
unstable, causing oxidative damage to both tissues and 
cells.12 Additionally, the over-production of oxygen free 
radicals following the induction of oxidative stress, results 
in the increase in lipid peroxidation and DNA damage 
which could push the cells toward apoptosis.13 The toxic 
impact of diazinon on the CNS and signal transmission 
system could be mediated through the alteration of the 
expression of a group of neural growth factor genes 
including brain-derived neurotrophic factor (BDNF) 
which is a member of the neurotrophin superfamily 
responsible for the promotion of growth, development, 
and the survival of neuronal populations. Slotkin et al 
showed that exposure to organophosphates (chlorpyrifos 
and diazinon) reduces the expression of neurotrophic 
factors in neonatal rat brain region.14 Substantial evidence 
suggests an association between organophosphate 
insecticide exposure and neurobehavioral alterations.15 
Using herbal supplement or performing regular physical 
activity with increasing antioxidant capacity and 
neurotropic factor reinforces neural cell in face of the 
toxic agent. Sonei and colleagues16 considered protective 
effects of Berberis vulgaris on diazinon-induced brain 
damage in young male mice. These researchers stated 
that administration of 200 mg/kg B. vulgaris extract with 
diazinon significantly decreased oxidative stress indices 
in all experiments. Their results indicated that B. vulgaris 
extract has protective effects against lipid peroxidation 
of the cerebellum and cerebrum, and in regenerating 
acetylcholinesterase activity in the brain induced by 
diazinon. 

Berberine is an isoquinoline-derived alkaloid and 
belongs to a Chinese medicinal herb with multiple 
pharmacological properties. Berberine exerts potent 
neuroprotective effects against many brain disorders, such 
as ischemia, Alzheimer’s disease, and brain tumors. As it is 
a small molecule, it can cross the blood-brain barrier and 
exert its beneficial effects on the CNS.17-19 Consistently, 
previous studies reported the anti-inflammatory, 
antioxidant, anti-apoptotic and neuroprotective 
potentials of berberine.20 It is stated that berberine could 
reduce apoptosis by upregulation of p-Akt and Bcl-2, and 
downregulation of Bax and cleaved caspase-3.21

A growing body of evidence indicates that physical 
exercise is capable of attenuating neurological and 
psychiatric disorders through increasing neurotrophic 
factors and decreasing oxidative stress.22,23 Previous 
studies showed that exercise training enhanced brain 
antioxidant response.24 BDNF is a neurotropic factor 
within the central and peripheral nervous system, 
controlling neuronal development and differentiation.25 
TrkB is expressed in the CNS and also peripheral nervous 
system and acts as a receptor for BDNF. TrkB is highly 
expressed in the CNS. Once BDNF binds to its cognate 

receptor, TrkB activates multiple signaling pathways, 
including phosphatidylinositol 3-kinase (PI3K), MAPK/
ERK, phospholipase C, and protein kinase C cascades, and 
plays essential roles in cell proliferation, differentiation, 
and the survival of different cell types.26

Daily wheel-running exercise increases the 
expression of BDNF at protein and gene levels in the 
hippocampus.27,28 Moreover, during exercise, proteins 
and their metabolic derivatives secreted from peripheral 
muscles, such as cathepsin B and FNDC5/irisin, cross the 
blood brain barrier to mediate BDNF expression in the 
hippocampus and subsequent neurogenesis and memory 
improvement.29 Studies on animal models show greater 
improvement in acquisition and retention-based learning 
in hippocampus-dependent tasks following long-term 
exercise rather than shorter regimes of exercise.30,31 
However, the study about resistance training with natural 
supplement on hippocampus signalling is limited. For 
that reason, in this study, the effect of berberine and 
resistance training is evaluated on the protection of the 
hippocampal tissue of rats against diazinon intoxication. 
Since intoxication of rats with diazinon has major impacts 
on neural cell death, it would be of great importance 
to determine the level of apoptosis induction and to 
seek novel therapeutic strategies. Therefore, we aimed 
to examine the combinatory effects of berberine and 
physical exercise on the amelioration of diazinon-induced 
neurotoxicity and measure the expression of ERK and 
TrkB proteins. 

Materials and Methods
Reagents
The reagents used in the present study included diazinon 
(Sigma-Aldrich; St. Louis, MO, USA), cDNA synthesis kit 
(Fermentase, Germany), SYBR Green Premix 2X (Takara, 
Shiga, Japan), Qiazol (Qiazol lysis reagent, USA), RIPA 
buffer (Sigma, USA), protease inhibitor cocktail (Sigma, 
USA), polyacrylamide gel electrophoresis (Bio-Rad, 
USA), PVDF membrane (Sigma, USA), non-fat milk 
(Sigma, USA), Tween (Merck, Germany), Polyclonal 
rabbit anti-beta actin antibody (Abcam, UK), and DAB 
(3, 3’-diaminobenzidine) (DAKO, Germany).

Animal Model and Drug Treatment
In this study, 56 male Wistar rats (40–50 weeks of age), 
with a body weight of 250–300 g, were selected at the 
laboratory animal research center of the Islamic Azad 
University, Central Tehran branch. Rats were housed 
in cages (n=4 per cage) measuring 30×15×15 cm under 
controlled conditions (ambient temperature of 22±2ºC, 
humidity 50±5, and a 12:12 light/dark cycle) with 
adequate standard laboratory food and tap water ad 
libitum. The study was approved by the Animal Care and 
Use Committee at the Islamic Azad University, Central 
Tehran branch. Animals were divided into eight groups 
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of seven rats: Healthy-Control (Ctrl), Sham (normal 
saline), T1(diazinon + berberine chloride [2 mg/kg] + 
resistance training), T2 (diazinon + berberine chloride 
[15 mg/kg] + resistance training), T3 (diazinon), T4 
(diazinon +resistance training), T5 (diazinon + berberine 
chloride [2 mg/kg]), and T6 (diazinon + berberine 
chloride [15 mg/kg]). Berberine chloride was purchased 
from Sigma (Sigma-Aldrich; St. Louis, MO, USA), and 
applied orally at two single doses of 2 and 15 mg/kg body 
weight for 6 weeks. Diazinon was purchased from Sigma 
(Sigma-Aldrich; St. Louis, MO, USA) and administered 
intraperitoneally at a dose of 1.5 mg/kg body weight.
Resistance Training

The training groups were trained to climb a ladder 
(100 cm long, 2 cm separating each rung, 80˚ incline) 
with weights secured to the tail of rats. Each training 
session consisted of six climbs for two sets, and rats 
were submitted to make 8 to 12 dynamic movements per 
climb. The rest time between intervals was 60 seconds. 
The exercise program was performed 3 sessions per 
week which totally lasted for 4 weeks. Body weight was 
measured at the beginning of each weekly training. The 
weights secured to the tail of rats were daily adjusted to 
changes in each animal’s body weight. The experiment 
began with tail weights equal to 10% of the rats’ body 
weight, and gradually increased to 50% of the body weight 
at the end of the training period.

Real-time PCR
Total RNA was extracted from hippocampus applying 
Qiazol (Qiazol lysis reagent, USA) in a sterilized RNase-
free tube. RNA purification and concentration were 
determined by a NanoDrop ND-100 spectrophotometer 
(Thermo Scientific, Waltham, MA, USA). cDNA was 
synthesized after RNA extraction by using the DNase 
I first strand synthesis system for qRT-PCR detection 
(Fermentase, Germany) in 20 μL volume following 
the manufacturer’s datasheet. Reaction mixture for 
quantitative RT-PCR amplification was prepared in a final 
working solution containing: 2 μL of the cDNA synthesis 
reaction, 12.5 μL AccuPrime SuperMix I (Fermentase, 
Germany), 0.2 μL of each 100 μmol/L forward and reverse 
primer and 10.1 μL DNA-RNase free water. Primer3 
software was applied for primer design and then blasted 
in NCBI website. The used primers in the present research 

for quantitative RT-PCR are represented in Table 1.
 For gene expression assessment during quantitative 

RT-PCR, 500 ng of synthesized cDNA were used in a 
total volume of 25 μL containing 12.5 μL SYBR Green 
Premix 2X (Takara, Shiga, Japan) and 10 pM of forward 
and reverse primers. Thermocycling conditions were 
as follows: 95°C for 10 seconds followed by 40 cycles 
of denaturation at 94°C for 5 seconds, annealing and 
extension at 60°C for 34 seconds. We used the ΔΔCT 
method for the determination of relative expression 
for PI3K and CDK genes. The Ct of the samples was 
compared with the Ct of the internal control (GAPDH). 
Real-time PCR was performed by the ABI (Applied 
Biosystems, USA) detection system. All reactions were 
done in duplicate. The specificity of PCR reaction was 
double-confirmed by electrophoresis and melting curve 
analysis (Figure 1).

Western Blot Analysis
To detect ERK and TrkB proteins, the western blot analysis 
was performed in homogenates of rat hippocampus. The 
hippocampus was homogenized in RIPA buffer (Sigma, 
USA) with a protease inhibitor cocktail (Sigma, USA) 
and centrifuged at 15000 rpm at 4°C for 10 minutes. 
Then the protein content of the isolated supernatant 
was determined by the Lowry method, and then 
polyacrylamide gel electrophoresis (Bio-Rad, USA) was 
performed to protein separating. After electrophoresis, 
proteins were transferred onto polyvinylidene fluoride 
(PVDF) membrane. The PVDF membrane was blocked 
in TBS containing 0.1% Tween-20 and 5% non-fat milk 
(Sigma, USA) at 4°C overnight. After incubating with 
the primary antibody, the membrane was washed with 
PBS-Tween (TBST) and then incubated with secondary 
antibodies at room temperature for one hour. 

Polyclonal rabbit anti-beta actin antibody was used 
as a loading control for western blot analysis. After 
washing, the membranes were visualized using DAB (3, 
3’-diaminobenzidine) substrate until optimum color 
developed. The protein bands were then captured and 
analyzed using ImageJ software. All protein bands were 
normalized against β-actin.

Statistical Analysis
All data are presented as mean and standard deviation 

Table 1. Sequences of Primers, Melting Temperature, and the Length of PCR Products

Official Name Primer Sequences Accession Number Product Length (bp)

GAPDH
F: 5′- AAGTTCAACGGCACAGTCAAGG -3′
R: 5′- CATACTCAGCACCAGCATCACC -3′ NM_017008 121

PI3K 
F:5′- TTAAACGCGAAGGCAACGA -3′
R: 5′- CAGTCTCCTCCTGCTGTCGAT -3′ XM_008760659.2 101

CDK
F:5′- TTGAAAGGGAGGAAGAAGGAG  -3′
R:5′- ATGGACAGGAACACGAAGATGA  -3′ XM_006256353.3 145
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(SD). Two-way analysis of variance (ANOVA) followed by 
Bonferroni post hoc test were used to compare significant 
differences between the groups. The data were analyzed 
by SPSS software, version 19 (SPSS Inc., Chicago, IL). The 
level of significance was set at P<0.05.

Results
Effects of Berberine and Resistance Training on transcript 
Levels of (PI3K and CDK)
PI3K gene expression in the diazinon control group was 
significantly lower than the healthy control (P = 0.001) 
and sham (P = 0.001) groups. There was no significant 
difference in the expression of this gene between the 
healthy control group and the Sham control group 
(P = 0.979) (Figure 1, section A). Resistance training 
could significantly increase PI3K gene expression in 
the diazinon-poisoned group (F = 38.48, P = 0.001, ƞ 
= 0.478). Berberine chloride intake also significantly 
increased PI3K gene expression in diazinon-poisoned 
rats (F = 25.15, P = 0.001, ƞ = 0.545). This increase was 
dose-dependent and the dose of 15 mg/kg of body weight 

could significantly increase the expression of this gene 
compared to the control group (P = 0.001).

Although the highest expression of PI3K gene was 
observed in the resistance training and 15 mg/kg 
berberine chloride group, the interaction of these two 
interventions on the expression of this gene was not 
statistically significant (F = 0.852, P = 0.434, ƞ = 0.039) 
(Figure 1, section B). CDK gene expression also decreased 
significantly due to diazinon poisoning (P = 0.001). The 
sham group had no significant effect on the expression of 
this gene (P = 0.335) (Figure 2, section C).
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Figure 1. The Effect of Berberine on the Expression of PI3K And CDK Genes in Brain Tissue of 
Diazinon-Intoxicated Rats After Six Weeks of Treatment. The transcription level of each sample was 
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Figure 1. The Effect of Berberine on the Expression of PI3K And 
CDK Genes in Brain Tissue of Diazinon-Intoxicated Rats After Six 
Weeks of Treatment. The transcription level of each sample was 
normalized against GAPDH transcription level. The reactions 
were performed in six separate experiments. The errors reported 
represent mean ± SD. * denote significant differences to diazinon 
group.† denote significant differences to RT group.‡ denote 
significant differences to BC group RT-BC (2 mg/kg): diazinon 
+ berberine chloride (2 mg/kg) + resistance training, RT-BC(15 
mg/kg): diazinon + berberine chloride (15 mg/kg) + resistance 
training, TR: diazinon +resistance training, BC (2 mg/kg): 
diazinon + berberine chloride (2 mg/kg), BC (15 mg/kg) diazinon 
+ berberine chloride (15 mg/kg), Control and Sham: normal 
saline. n= 8 in each group.
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Figure 2. The Effect of Different Treatment Procedures Consisting 
of Diazinon, Berberine, and Resistance Training on the expression 
of ERK and TrkB Protein. Rats were intoxicated with 1.5 mg/
kg diazinon and then treated with (2 or 15 mg/kg) berberine 
followed by six weeks of resistance training. Hippocampus 
tissues were subjected to SDS-PAGE followed by western blot 
analysis, as described in the materials and methods section of 
the manuscript, using a ) of ERK and TrkB antibodies. β-Actin 
was utilized as an internal control. Representative blots of three 
independent experiments with identical observations. Semi-
quantitative analysis of b) ERK and c) TrkB proteins expression 
between diazinon-intoxicated rats and normal rats. d) Semi-
quantitative analysis of ERK and TrkB protein expression in 
brain tissue of diazinon-intoxicated rats after 6 weeks treatment. 
The errors reported represent mean±SD. * denote significant 
differences to diazinon group.† denote significant differences 
to RT group.‡ denote significant differences to BC group RT-BC 
(2 mg/kg): diazinon + berberine chloride (2 mg/kg) + resistance 
training, RT-BC (15 mg/kg): diazinon + berberine chloride (15 mg/
kg) + resistance training, TR: diazinon +resistance training, BC(2 
mg/kg): diazinon + berberine chloride (2 mg/kg), BC (15 mg/kg) 
diazinon + berberine chloride (15 mg/kg), Control and Sham: 
normal saline. n= 8 in each group.
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Resistance training could significantly increase CDK 
gene expression in the poisoned group (F = 110.84, 
P = 0.001, ƞ = 0.725). Berberine chloride could increase 
the expression of this gene (F = 93.95, P = 0.001, ƞ = 0.817). 
However, the incremental effect of berberine at a dose of 
15 mg/kg of body weight was significant (P = 0.001). The 
interaction of resistance training and berberine chloride 
on CDK gene expression was statistically significant (F 
= 97.96, P = 0.001, ƞ = 0.823), so that resistance training 
and 15 mg of berberine chloride enhanced its effect on 
increasing the CDK gene expression.

Western Blot Analysis of ERK and TrkB Proteins
TrKB protein expression in the diazinon control group 
was significantly lower than the healthy control (P = 0.001) 
and sham (P = 0.001) groups. No significant difference 
was observed between the healthy and sham control 
groups (P = 0.855) (Figure 2, section A).

Resistance training significantly increased TrKB protein 
expression (F = 4.67, P = 0.036, ƞ = 0.10). Berberine intake 
also had a significant increase in TrKB protein expression 
(F = 100.32, P = 0.001, ƞ = 0.827). The increase of this 
protein in the 15 mg/kg body weight group was more 
than 2.5 mg (P = 0.001). The interaction of training and 
berberine also had a significant effect on TrKB (F = 17.80, 
P = 0.001, ƞ = 0.459).

Resistance training and berberine, especially at a 
dose of 15 mg/kg body weight, enhanced the effect on 
TrKB protein expression (Figure 2, section B). Diazinon 
poisoning significantly reduced ERK protein expression 
(P = 0.001). There was no significant difference in the 
expression of this protein between the healthy and sham 
control groups (P = 1.000) (Figure 2, section C). Resistance 
training significantly increased ERK protein expression 
(F = 10.50, P = 0.002, ƞ = 0.200). Berberine intake also 
had a significant increase in ERK protein expression (F = 
321.02, P = 0.001, ƞ = 0.939). The rate of increase of this 
protein in the 15 mg /kg of body weight group was more 
than 2.5 mg (P = 0.001).

The interaction of training and berberine consumption 
also significantly increased the effect of ERK protein (F 
= 115.22, P = 0.001, ƞ = 0.846). Resistance training and 
berberine intake, especially at 15 mg dose, enhanced its 
incremental effect on ERK protein expression (Figure 2, 
section D). 

Discussion
This study demonstrated that diazinon damages to several 
organs through the induction of severe histopathological 
lesions in the liver, kidney, and brain.2-33 Our results 
also show that consumption of diazinon gavage in rats 
significantly decreases PI3K, CKD1, ERK and TRKB 
in the brain tissue. In line with this study, Maroni and 
colleagues reported that diazinon could cause irreversible 
damages to the nervous system via inhibitory effects on 

the acetylcholinesterase activity.34 Also, Boussabbeh et al 
showed that diazinon caused cell death and DNA damage 
in HCT116 cells via generation of free radicals.5 It seems 
that free radicals which are induced by the exposure of 
neuronal cells to diazinon are able to initiate the process 
of programmed cell death.5,35,36 In other tissues, Wang and 
colleagues showed that cytotoxicity and DNA damage 
were caused by diazinon exposure through inhibiting the 
PI3K-AKT pathway in porcine ovarian granulosa cells.37 
Therefore, it seems that in the brain tissue, diazinon 
with increasing oxidative stress affected PI3K, CKD1, 
ERK and TRKB and reduction in these factors increases 
susceptibility of the brain to degenerative disease. Using 
herbal supplements can reduce the destructive effects of 
the ROS. Moreover, berberine has neuroprotective effects 
by up-regulating pAkt, pGSK and pCREB, and down-
regulating NF-κB expression.38

In this study, we focused on applying berberine and 
resistance training as novel combinatory treatment 
regimens for rats intoxicated with diazinon. Our 
results highlighted that PI3K, CKD1, ERK and TRKB 
were highest in the diazinon-treated group while the 
administration of berberine (15 and 2 mg/kg) mitigated 
the rate of neurological damage in the brain of rats. 
Oxidative stress and mitochondrial dysfunction are 
associated with neurodegenerative diseases. In line with 
results of our study, growing evidence indicates that 
berberine has a beneficial effect on the treatment of 
neurodegenerative diseases due to its antioxidant and 
antiapoptotic properties.39-41 It is stated that, berberine 
also up-regulates Bcl-2, downregulates Bax and caspase-3 
in MPTP-induced PD mouse model.42 In our study, 
we used diazinon that could induce and increase ROS 
and cause neurotoxicity. However, in line with other 
studies, it seems that berberine with reducing oxidative 
damage affects upregulating PI3K, CKD1, ERK and 
TRKB. In other words, resistance training can improve 
neuroprotection with reducing ROS. Also, resistance 
training can separately upregulate synthesis factor in cells 
such as AKT and PI3K.43,44  

In addition, we evaluated the expression of TrkB and 
ERK proteins following the administration of berberine 
and resistance training in intoxicated rats to investigate 
neurogenesis in the hippocampus region of rats’ brain. 
Our data showed that TrkB and ERK levels significantly 
increased after the treatment with berberine, and such 
an increase in the levels of these two proteins was further 
highlighted when diazinon-intoxicated rats were treated 
with the combination of both berberine and physical 
exercise, suggesting that both have potentials to induce 
neurogenesis in the brain of animals. A number of studies 
showed that in in vitro models of the brain ischemia, 
berberine decreases cell death through the Akt/GSK3β/
ERK1/2 survival/apoptotic signaling pathway, and it 
could halt the activity of the JNK pathway and caspase-3.45 
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Consistent with our study, Yang and colleagues showed 
that berberine could exert neuroprotective effects thereby 
reducing the rate of apoptosis via the BDNF–TrkB–
PI3K/Akt signaling pathway on rats which undergo 
cerebral ischemia.20 In this context, some studies 
reported that berberine could upregulate the expression 
of BDNF in the hippocampus area of the brain.46 It has 
been indicated that BDNF/TrkB dysregulation leads to 
cell proliferation changes, as well as degenerative and 
behavioral alterations in the brain.47 So, we suggest that 
berberine, in combination with resistance training, is 
capable of inducing neurogenesis by upregulation of both 
ERK and TrkB. A considerable body of evidence shows 
the beneficial impact of exercise on different areas of the 
brain such as the hippocampus which resulted in progress 
in the understanding of the exercise on a number of 
regions including cognitive function and neurobiology 
of learning and memory.48 Another study showed that 
BDNF was significantly increased in response to physical 
exercise, and parallel with the intensity of exercise, the 
expression rate of BDNF would be elevated.49 

In summary, berberine treatment and resistance 
training alleviate neurological impairments in the 
hippocampal region of the brain of diazinon-intoxicated 
rats, and such protection is thought to be mediated 
by the reduction in neuronal apoptosis. Therefore, 
our study provides tantalizing evidence for the future 
clinical use of berberine in combination with exercise 
for patients who were unwantedly exposed to diazinon. 
Various reports have revealed that the reduced number 
of apoptotic cells may be due to the potent antioxidant 
activity and neuroprotective potentials of berberine and 
resistance training. Hence, the combination of resistance 
exercise and berberine could be recommended for those 
individuals affected by diazinon toxicity.

Conclusion
Based on the results mentioned above, it could be implied 
that diazinon caused cell death via apoptosis in the rats’ 
brain. Additionally, berberine at a concentration of 15 mg/
kg could significantly reduce diazinon-induced cell death. 
Although resistance training could alone reduce the rate 
of cell death, the combination of resistance training and 
berberine had significant impacts on the protection 
of neuronal cells, which ultimately resulted in the 
upregulation of ERK, TrkB proteins and CDK1 and PI3K 
genes levels. It is suggested that further studies should be 
done by applying other sorts of exercise and berberine 
on neurogenic pathways and investigate oxidative stress 
levels induced by an increase in toxins in the brain tissue.
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