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Depression is a problem that cannot be ignored. About 3% of people worldwide suffer from depression,
but only 1/2 of the patients will seek medical help, and only 1/16 to 1/40 of the patients will be properly
treated. Many people suffer from depression but have not been diagnosed or treated correctly. This is
the biggest difficulty in treating depression, and it is also the main reason for the increasing burden of
depression on society. According to the World Health Organization (WHO), among the top 10 diseases
that increase social costs, depression is ranked third in 2004, but it is expected to become the first in
2030, indicating that the problems caused by depression need urgent attention from the society. A few
days ago, WHO predicted that the three major diseases will affect worldwide in 2020, among which
depression is ranked second, behind cardiovascular disease. Therefore, it is necessary to develop a set
of drug screening cell platform for depression, which can quickly screen the target drugs for subse-
quent animal experiments and human experiments. In this study, PC-12 cells and SH-SY5Y cells were
treated with 0.2 mmol/L corticosterone to simulate the depression-like pathological state of neurons
in the brain. Depression-related indicators included cell survival, the expression of nerve growth fac-
tors (NGF), and intracellular Ca* ion concentration. It can be seen from these results that the PC-12
cellsand SH-SYS5Y cells in the corticosterone-treated group were significantly lower in cell survival and
MRNA expression of NGF than the desipramine hydrochloride (DIM)-treated group and the control
group. The intracellular Ca* ion concentration was significant increase in the corticosterone-treated
group than DIM-treated group and the control group. According to these results, we have successfully
established a cell platform for anti-depressive drug screening. We also hope it will be applied to verify the
efficacy of the anti-depressive drug targets and explore the relevant mechanisms that caused depression.
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3. Introduction episodes during which the symptoms last for at least 2 weeks. This
disease also can last for several weeks, months, or years [1-4]. At
present, it still does not fully understand the causes of depression.
There are many possible causes and/or various factors combine
to trigger symptoms. Many factors are likely to include as genetic
features, neurotransmitter levels in brain, environmental factors,
psychological factors, social factors, and others as bipolar disorder
[5-7].

According to the report of World Health Organization (WHO),
depression is the main cause of disability worldwide. Adults, ad-
olescents, and children can be affected by this disease. Clinically,
this disease is a mood disorder that involves a persistent feeling
of sadness, and loss of interest. However, it is different from the
mood fluctuations that people regularly experience as a part of life.
Depression is an ongoing problem, not a passing one. It consists of
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Depression is treatable and its managing symptoms usually in-
volves three treatable components. First component: support treat-
ment can range from discussing practical solutions and possible
causes to educating family members. Second component: psycho-
therapy, also known as talking therapy, some options include one-
to-one counseling and cognitive behavioral therapy. Third compo-
nent: antidepressant drug treatments that can be applied to treat
the moderate-to-severe depression [8, 9].

Antidepressantdrugs were firstdeveloped inthe 1950s. However,
their use has become progressively more common in the last 20
years. Now, main five classes of antidepressant drugs are available
such as (1) selective serotonin reuptake inhibitors (SSRIS): they
mainly affect serotonin despite of the other neurotransmitters.
SSRIs are the most commonly prescribed antidepressantdrugs.
They are effective in treating depression and have fewer side effects
than the other antidepressant drugs. SSRIs can block the reuptake
or absorption of serotonin in the brain. Brain cells were easier to
receive and send messages that resulted in better and more sta-
ble moods [8, 9]; (2) monoamine oxidase inhibitors (MAOISs): It
inhibits the action of monoamine oxidase for decrease breaking
down neurotransmitters as serotonin. There will be more circulat-
ing serotonin. In theory, this leads to more stabilized moods and
lessanxiety. If SSRIshave notworked, MAOIswill be considered
to use in the depressant patients. MAOIs are generally saved for
cases where other antidepressants have not worked because MAO-
Is interact with several other medications and some foods [1, 2];
(3) tricyclic antidepressants (TCASs): According to the chemical
structure, there are three rings in the chemical structure of these
medications. TCAs are used to treat depression, fibromyalgia,
anxiety, and chronic pain control [3, 10]; (4) atypical antidepres-
sants as noradrenaline and specific serotoninergic antidepressants
(NASSASs): These are used to treat anxiety disorders, some person-
ality disorders, and depression [5-7]; (5) selective serotonin and
norepinephrine reuptake inhibitors (SNRIs): They are used to treat
major depression, mood disorders, and possibly but less common-
ly attention deficit hyperactivity disorder, obsessive-compulsive
disorder, anxiety disorders, menopausal symptoms, fibromyalgia,
and chronic neuropathic pain. SNRIs play a key role in stabilizing
mood via raising the levels of serotonin and norepinephrine [11,
12]. Each class acts on a different neurotransmitter or combination
of neurotransmitters for therapying depression [13].

In this study, we want to establish a depressive drug screening cell
platform (DDSCP) to quickly screen out targets for depression
therapy and in the future, this DDSCP can be used to provide basic
research on depression drug and therapeutic strategy development.
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4. Materials and Methods
4.1. Cell Lines and Culture

A rat pheochromocytoma cell line used was PC-12 (ATCC' CRL-
1721™)_ A human neuroblastoma cell lines used was SH-SY5Y
(ATCC’ CRL-2266™). PC-12 was maintained in Dulbeccos-modi-
fied Eagle’s medium (DMEM; GIBCO'); SH-SY5Y was maintained
in DMEM/F12 medium (GIBCO?). All cell lines were maintained
in their specific media supplemented with 10% fetal bovine serum
(FBS; HyClone"), 100 U/mL penicillin and 100 mg/mL streptomy-
cin (Invitrogen’), in a humidified 5% CO, incubator at 37°C.

4.2. Drugs and Reagents

Corticosterone (Cat No.: C2505) and desipramine hydrochloride
(DIM; Cat No.: D3900) were ordered from Sigma-Aldrich Co.
DMEM (Cat No.: 11885-084) and DMEM/F-12 (1:1) (Cat No.:
11320-033) were from GIBCO Co. Phosphate-buffered saline (PBS;
Cat No.: 31717009) was ordered from Corning Co. Fetal bovine
serum (Cat No.: AWE13438) was ordered from HyClone Co. Peni-
cillin-Streptomycin (100x) (Cat No.: 15140-122), L-glutamine (Cat
No.: 25030-81), TrypLE™ Express (Cat No.: 12605-010) were or-
dered from Invitrogen Co. Cell proliferation kit | (MTT) (CatNo.:
11465007001) was ordered from MERCK Co. Tissue total RNA
mini kit (Cat No.: RT100) was ordered from Geneaid Co. Fura-2
AM (Ca? selective fluorescent indicator; Cat No.: ab120873) was
ordered from Abcam Co.

4.3. Measurement of Cell Viability in PC-12 and SH-SY5Y Cells

Cell viability was measured by MTT [3-(4,5-Dimethyl-2-thi-
azolyl)-2,5-diphenyl-2H-tetrazolium bromide] assay according to
the manufacturer’s instructions (MERCK, Darmstadt, Germany).
Finally, measurement was performed at 570 nm wavelength.

4.4. mRNAExpression of Nerve GrowthFactorsinPC-12 and
SH-SY5Y Cells

Cells in each group were cultured in the 75T plastic flask (Costar)
at a density of 2 x 10%/L in the growth medium for 3-4 d. Then, the
cells in each group were harvested and the total RNA was extracted
by using total RNA mini kit, following the instructions provided
by the manufacture. The yield and purity of total RNA was deter-
mined with Nanodrop spectrophotometer (ND-100; Thermo Fish-
er Scientific, DE, USA) at 260 and 280 nm.

RT-PCR was performed following the instruction provided by the
manufacturer. One pg total RNA was added into 50 pL of RT-PCR
reaction system containing 0.5 mmol/L Mg? ion concentration
and a pair of primers (0.3 ug x 2). Sequences of the nerve growth
factors (NGF) primers were followedas TCATCC ACC CACCCA

Copyright ©2020 Shao-Wen Hung et al. This is an open access article distributed under the terms of the Creative Commons Attribution 2
License, which permits unrestricted use, distribution, and build upon your work non-commercially.



Volume 1 Issue1-2020

GTCT(5’)andCACGCAGGCTGTATCTATC (3”). The expect-
ed size of NGF was 330 bp. The reaction mixtures were incubated
for 45 min at 48°C followed by 2 min at 94°C to denature the tem-
plate, and then thirty cycles (30 sec at 94°C, 1 min at 55°C, and 2
min at 72°C) and a final cycle (7 min at 72°C) were performed. The
RT-PCR products were stored at 4°C. Later, ten pL. RT-PCR prod-
ucts and ADNA (EcoR I/Hind 111 restriction digest) marker were
subjected to electrophoresis in 2% agarose gel (GIBCO?)-contain-
ing 0.5 mg/L ethidium bromide (Cat No.: E1510; Sigma-Aldrich)
and photographed under ultraviolet light.

4.5. Observation of Cell Morphology and Expression of Intra-
cellular Ca?* Ion Concentrationin PC-12 and SH-SY5Y Cells

Cells were treated with/without one concentrations of corticoste-
rone (0.2 mmol/L) and cultured for 24 h in 10% serum-containing
culture medium. Observation of cell morphology with/without
corticosterone treatment was applied with light microscope (Axio-
vert 40 CFL, Zeiss). Then, the intracellular Ca? ion concentration
([Ca*]) in PC-12 and SH-SY5Y cells under different treatments
was detected by using the Ca?*-sensitive dye Fura-2 AM according
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to the manufacturer.
4.6. Statistical Analysis

The results were expressed as mean + SD. All statistical compar-
isons were made with two-tailed tests. Statistical evaluation was
performed using SPSS 10.0 (SPSS Institute). Differences between
groups were considered statistically significant at "p < 0.05; “p <
0.01; ™ %% %%y <0.001.

5. Results
5.1. Measurement of Cell Viability in PC-12 and SH-SY5Y Cells

After the respective treatment of PC-12 and SH-SY5Y cells with 0.2
mmol/L corticosterone for 48 h, the OD,, values were significant
decrease compared with control group (p < 0.001 in PC-12; p <
0.05 in SH-SY5Y), indicating that the cells were injured or dead.
While in the presence of DIM (5 and10 umol/L), the OD,, values
were significantly reversed in a concentration-dependent manner,
indicating that DIM could protect the cells from the corticoste-
rone-induced cell injury (Figure 1).
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Figure 1: Effect of DIM on the 0.2 mmol/L corticosterone-decreased cell viability in PC-12 and SH-SY5Y cells. A: control
group; B: 0.2 mmol/L corticosterone-treated group; C: 0.2 mmol/L corticosterone + 5 pmol/L DIM-treated group; D: 0.2

mmol/L corticosterone + 10 umol/L DIM-treated group. Data were presented as Mean + SD. ™" **% $%,< 0,001
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5.2. mRNA Expression of NGF in PC-12 and SH-SY5Y Cells

MRNA level of NGF in PC-12 and SH-SY5Y cells were determined
by RT-PCR. Five and ten pmol/L DIM significantly increased the
NGF mRNA level compared with the normal control in PC-12 and
SH-SY5Y cells, indicating that the neuroprotection of anti-depres-
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sive drug, DIM might be associated with the increase in the expres-
sion of NGF (Figure 2). Additionally, 0.2 mmol/L corticosterone
also be demonstrated that it can reduce the expression of NGF
mRNA. After 5 and 10 pmol/ L DIM treatment, DIM can signifi-
cantly revert the effect of the corticosterone-induced NGF mRNA
expression (Figure 3).

(B) PC-12
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Figure 2: Effect of DIM on the NGF mRNA expression in PC-12 and SH-SY5Y cells. (A) Effect of DIM on the NGF mRNA expression in SH-SY5Y cells; (B) Effect of DIM on the NGF
mRNA expression in PC-12 cells. M: marker; C: control group; A: 5 umol/L DIM-treated group; B: 10 umol/L DIM-treated group
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Figure 3: Effect of DIM on the 0.2 mmol/L corticosterone-reduced NGF mRNA expression in PC-12 and SH-SY5Y cells. (A) Effect of DIM on the corticosterone-reduced NGF mRNA expression
in SH-SY5Y cells; (B) Effect of DIM on the corticosterone-reduced NGF mRNA expression in PC-12 cells. M: marker; C: control group; Cor: 0.2 mmol/L corticosterone-treated group; A: 0.2
mmol/L corticosterone + 5 pumol/L DIM-treated group; B: 0.2 mmol/L corticosterone + 10 pmol/L DIM-treated group
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5.3. Observation of Cell Morphology and Expression of Intra-  pared with the control. While in the presence of 5 and 10 pmol/L
cellular Ca**Ion Concentrationin PC-12 and SH-SY5Y Cells DIM, the corticosterone-induced [Ca**], overloading was attenuat-
ed (Figure 4). These results indicated that the cytoprotective action
of anti-depressive drug, DIM might be associated with its reducing
the [Ca?*], overloading.

After 0.2 mmol/L corticosterone treatment on PC-12 and SH-
SY5Y cells for 48 h, intracellular [Ca*], elevated significantly com-
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Figure 4: Effectof DIM on the 0.2 mmol/L corticosterone-induced [Ca?*], overloading in PC-12and SH-SY5Y cells. (A-D) Effect of DIM on the corticosterone-
induced [Ca?]; overloading in PC-12 cells; (E-H) Effect of DIM on the corticosterone-induced [Ca?']; overloading in SH-SY5Y cells;. (A and E) Control
group; (B and F) 0.2 mmol/L corticosterone-treated group; (C and G) 0.2 mmol/L corticosterone + 5 pmol/L DIM-treated group; (D and H) 0.2 mmol/L
corticosterone + 10 umol/L DIM-treated group
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6. Discussion

Depression is a complex/heterogeneous disorder which involved
many factors in combination/alone may predispose person to the
depressive risk. At present, in vitro and in vivo models of depres-
sion are established. Especially, many animal models of depression
have already been established, which included the learned helpless-
ness model [14], the unpredictable chronic mild stress model [4,
15, 16], the early life stress model [17], the olfactory bulbectomy
model [18], the social defeat model [19], the chronic restraint stress
model [20], the glucocorticoid/corticosterone model [21], the ge-
netic models [22, 23], and the transgenic model [24]. These models
each have varying degrees of face, construct, and predictive valid-
ity for depression and contribute differently to our understanding
of antidepressant processes [25]. As animal welfare has gradually
attracted attention in the recent years, the reduced animal pain
and quantity, and increase of the experimental refinement are the
important issues in the 3R of animal welfare. Although these ani-
mal experiments have good results for depressive research, howev-
er, the reduction of the experimental animal, the shortness of the
experimental periods, low costs on the experiment, and low fault
tolerance are now advocated. Therefore, in vitro depressive model
for the rapid screening of drugs will be served as a testing efficacy
platform for R&D of the anti-depressive drugs. The establishment
of in vitro depressive model for the rapid drug screening and the
elucidation of the related depressive mechanism is very need.

Many evidences were supported that the cytoprotective action
might be the common pathway of the antidepressants [26-29]. El-
evation of NGF expression also may be one of the mechanisms of
cytoprotection of antidepressants, while the relationship between
[Ca*]. overloading and NGF expression should be further stud-
ied. In this study, 0.2 mmol/L corticosterone caused cellular injury/
damage and NGF decrease in PC-12 and SH-SY5Y cells to simu-
late an in vitro pattern of depression. After DIM administration,
the cellular side effects of corticosterone can be reversed. Although
the cellular side effects of corticosterone cannot be completely re-
versed, DIM can effectively reduce the deterioration of depression.
Additionally, the change of [Ca*], was also found in this in vitro
model. Corticosterone increased [Ca*], however, the effect of cor-
ticosterone on [Ca*], can be reversed after DIM administration.
According to these in vitro experimental data, the in vitro model of
depression was successfully established.

7. Conclusion

Due to the relatively swift and specific models for new anti-depres-
sive drug screening in vitro model are very few. We provide some

https://www.untdprimepub.com/
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evidences to speculate that the cytoprotective effect is one of the
common action pathway for anti-depressive drug at present, which
will contribute to the new anti-depressive drug screening and de-

velopment. According to our data, the in vitro model of depression

was successfully established. It is known that this successfully es-
tablished cell platform for depressive drug screening and we hope
that it will be applied to verify the efficacy of the depressive drug
targets and explore the relevant mechanisms that caused depres-
sion.
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