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Abstract

Original Article

Introduction

Vitamin A is a dietary molecule of 286 Da size, discovered 
before a century,[1] and it is important for vertebrate 
embryogenesis, normal development, and growth. It is a 
fat‑soluble vitamin and vertebrates are unable to synthesize 
it. Normally, it is acquired from plants  (provitamin A) and 
animal (preformed) food.[2] The studies in the last years showed 
that retinoic acid (RA), which is the most potent metabolite 
of vitamin A, has a direct effect on stem cell biology[3,4] and a 
direct effect on mitochondrial function.[5]

Okada  (2004) showed that RA is one of the important 
morphogens in neuronal differentiation of the central nervous 
system  (CNS) development. RA has a crucial role in the 
process of anteroposterior axis specification and dorsoventral 
patterning of the spinal cord.[6] Neuralization and positional 
specification of the developing CNS are depending on 
concentration gradient of RA.[7]

In the intrauterine life of vertebrates, the embryonic level of 
RA should be controlled tightly, as congenital anomalies in 
many organs may develop from excessive as well as reduced 
embryonic level of RA.[8] Many studies pointed out that 
excessive RA intake during pregnancy leads to neural tube 
defect,[9,10] additionally, RA exposure during intrauterine 

life inhibit the migration of neural crest cells and alter their 
migratory patterning.[11] Williams et al.[11] and Luijten et al.[10] 
showed that overexposure to RA leads to changes in the 
expression of many genes that are involved in developmental 
signaling pathway, like those genes involved in mitochondrial 
function (Timm8a and Timm8b) and genes involved in cell 
signaling (Stmn2 and Sema4b).

Daily administration of <10,000 IU of preformed vitamin A 
to pregnant ladies is not teratogenic and safe.[12] However, 
epidemiological studies on humans do not show at which 
dose the RA become teratogenic. Over access to RA by 
supplement of fortified food or supplement of RA to avoid 
Vitamin A deficiency is an important strategy, however, it is 
essential to monitor the effect of this practice on health because 
it might lead to a health hazard. In addition to that, RA can 
be used in the treatment of several dermatological diseases, 
immunodeficiency, and leukemias.[13]
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In vivo tests still are the best in predicting the neurotoxicity of 
any compound, but this need large number of laboratory animals 
which can face ethical, economic, and legislative concerns; 
therefore, the need to find, validate, and to apply certain 
alternative to in vivo toxicity tests becomes urgent. The recent 
tests for evaluating the effects of chemical compounds on the 
nervous system development relying mostly on cell lines derived 
from tumors and they are either from human or rodents.[14] 
Therefore, these cells do not represent normal behavior of 
nerve cells. Therefore, to find an in vitro test with a high rate in 
predicting toxicity, a test should have the most important events 
in the development of central nervous tissue, such as cellular 
proliferation, differentiation, and cellular migration. However, 
neural stem cells from human have been proposed because they 
are able to proliferate, migrate, and differentiate into different 
cells in the nervous system. Furthermore, as these cells derived 
from human, the need to extrapolate these result is less[15] since 
species differences are circumvented.[16]

Reactive oxygen species
Reactive oxygen species  (ROS) are by‑product of aerobic 
metabolism, ROS accumulation results in oxidative stress which 
implicated in several diseases.[17] The assay uses nonfluorescent 
probe 2’, 7’ dichlorofluorescein diacetate (DCFH‑DA) which 
passively enter the cells; then, inside the cell, cleavage of 
diacetate group occurs by the action of cellular esterase 
enzyme. The DCFH is oxidized by ROS in the cells to 
dichlorofluorescein (DCF) which is fluorescent. The amount 
of fluorescence produced is directly proportional to ROS level 
in the cells. H2O2 was employed also as a positive control in a 
dose of 10 µM because it is the main ROS which cause cellular 
oxidative stress.[18]

Materials and Methods

Cell media and growth
The brain tissues from aborted fetuses  (<12  weeks of 
gestation) were obtained as a grant from “Joint Medical 
Research Council/Wellcome Trust, grant #099175/Z/12/Z, 
Ethic committee approval 08/H0906/21 + 5, Health Research 
Authority NRES Committee North East‑Newcastle.” The 
brains were dissociated into single‑cell suspension according 
to the Uchida protocol.[19] The cell suspension was cultured in 
stem cell maintenance media – serum free (1:1 Ham’s nutrient 
F12 and Dulbecco’s modified eagle’s medium [DMEM]) from 
Sigma, 20 ng/ml epidermal growth factor  (EGF), 10 ng/ml 
basic fibroblast growth factor (bFGF) from Gibco, 5 µg/ml 
heparin from Sigma, N2, B27 supplements from invitrogen, 
and 2 mM glutamine from Sigma) and kept in 25 cm2 uncoated 
flasks and left in the incubator with 5% CO2 at 37°C with 
humidity of 100%. The cells proliferate to form neurospheres 
in the media, when they become large, cell splitting was 
performed using accutase.

Cell viability and protein amount assays
For these two assays, 48 well plates were coated by 
poly‑D‑Lysine  (PDL) at a concentration of 5 µg/cm2 and 

laminin at 2 µg/cm2. The neurospheres were split using 
accutase, after that, the cells were seeded into the wels of 
the coated plate  (average 6 wells for each experiment) at 
3  ×  104  cells per each well to make cellular monolayer, 
500 µl of the drug  (RA), and stem cell differentiation 
medium (which is similar to stem cell maintenance media 
but without bFGF and EGF) were added in the wells 
for 6  days. The first column was left without drug as 
control group,  [Figure  1a]. The media was changed after 
3 days, [Figure 1b]. The passage number of the cells was 
20–25. The cell viability (resazurin test) was done on the 
6th  day of the experiment and followed by kenacid blue 
assay (protein amount) using the protocol of Qureshi.[20] In 
resazurin test, the nonfluorescent material (blue resazurin) is 
transferred into fluorescent (pink resorufin) by the action of 
active mitochondria of the live cells; therefore, the amount of 
fluorescence, which is measured by plate reader, is directly 
proportional to the number of live cells.

Reactive oxygen species measurement
The neural stem cells were cultured in 96‑well plate (black 
walled), the assay was performed in the 6th  day of the 
experiment. The media was aspirated, 100 µl of the drug and 
the dye was added to the seeded cells. The final concentration 
of the DCFH‑DA was 20 µM. The fluorescence was measured 
at the time point 0, 1, 2, and 4 h by plate reader through setting 
the excitation filter at 485 nm and emission filter at 520 nm. 
The amount of DCF produced was determined in reference to 
the standard curve of 5 µM DCF.

Figure 1: (a) Forty‑eight‑well plates illustrating the methodology of the 
treatment, black arrow is the control, blue arrows are the treated groups in 
different doses of retinoic acid, while the red arrow indicates the increasing 
direction of the doses. (b) Shows the time and the duration of treatment, 
time of changing the media, and the end‑points assays: resazurin, kenacid 
blue assays, and immunocytochemistry

a

b
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Immunocytochemistry and neuronal processes length
Eight well chamber slides were used for this test. The slides 
were coated by PDL and laminin. 2 × 104  cells were seeded 
in each well, then 500 µl of stem cell differentiation media 
and different doses of RA were added for 6 days. The media 
was changed after 3  days of cell culture. The cells on the 
6th day were fixed by paraformaldehyde  (4%). Blocking and 
permeabilization was performed by bovine serum albumin (1%) 
and triton  (0.25%) for half an hour. Two primary antibodies 
were added to do double staining, anti‑tubulin III‑mouse 
monoclonal/Abcam (ab78078) (1:500), and anti‑glial fibrillary 
acidic protein‑Rabbit polyclonal/Abcam (ab7260) (1:800). The 
incubation was at 4°C and for 24 h. In the next day, after washing the 
primary antibodies, the secondary antibodies were added (1:500) 
for 1 h. Then, 4′,6‑diamidino‑2‑phenylindole (1:1000) was added 
followed by mounting with nonfluorescent mounting media.

For measuring neuronal processes, random pictures were taken 
at a magnification of ×40 by a fluorescent microscope (Leica). 
The neuronal processes were measured by Volocity software 
version  6.3.1 (PerkinElmer Inc., USA)  as shown in the 
Figure 2, in which beside each line the length of that process 
was found inside a box:

Neurosphere size measurement
The 96‑well plates  (ultra‑low attachment) were used. 
1  ×  104  cells/100 µl of stem cell maintenance media per 
well were seeded, plates centrifugation was at 300 relative 
centrifugal force for 3 min and placed in the incubator for 
3 days to make single neurosphere, and then, RA was added 
with the media for 10 days, media changing was every 3 days, 
as shown in Figure  3. The neurosphere diameters were 
determined using microruler in an objective lens to measure the 
neurosphere sizes and compare the mean for an experimental 
group with the mean of the control group.

Cell migration study
Once the diameter of the neurospheres reached 350–400 µm, 
they were transferred into 48 well plates (uncoated) for 24 h 
to be grown in 500 µl of stem cell differentiation media and 

RA. Then, the neurospheres were transferred again into 
48‑well plates (coated by laminin and PDL). Normally, the 
neurospheres started migration after being attached to the 
base of the well in few hours. Photos at ×10 were captured 
at 0, 24, and 48  h after incubation. As illustrated in the 
Figure 4, all migrated cells were encircled and outlined, two 
lines were drawn, one vertical to the other, and the mean of 
the measurement of these two lines was taken. The diameter 
of neurosphere was taken away, and then to get migration 
distance, the result was divided by two.

Statistical analysis
The raw data were analyzed using Prism software version 6 
(GraphPad Software Inc., USA).  The comparison between the 

Figure 4: The method of measurement of migration distance from the 
neurosphere

Figure 2: Measurement of neurite length by Volocity software V. (6.3.1). An anti‑tubulin antibody was used to show neuronal cells (green) and anti‑glial 
fibrillary acidic protein antibody was used for astrocytes (red), 4’,6‑diamidino‑2‑phenylindole was used for staining the nuclei in blue

Figure 3: The time and the duration of treatment and the time of changing 
media to measure the neurosphere size
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mean of control group and the mean of experimental (treated 
group) was done by one‑way ANOVA, but in case of cell 

migration, we used two‑way ANOVA, then Dunnett’s multiple 
test was performed to measure the significance of difference.

Results

Our study demonstrated that RA affects the viability of the cells 
and the total protein amount only at high doses (20 and 25 µM), 
as shown in Figure 5. It appears that the amount of resorufin 
and total protein were significantly reduced in comparison 
with control group P < 0.05.

Figure 6 shows that the neurite length was not significantly 
affected at the doses 2, 5, and 10 µM. However, it shows that 
RA causes a significant shortening in the length of neurite from 
15 µM. In addition, in case of neurosphere size, at the doses 
2 and 5 µM, there is a significant increase in the neurosphere 
size when compared with that of a control group, but at the 
doses of 15, 20, and 25 µM, there was significant reduction in 
neurosphere size in comparison with that of a control group.

In case of ROS measurement, it appears that ROS significantly 
increased 3 h after the dose of 15 µM and appears to be 
significantly increased at earlier times in higher doses. ROS 
increased significantly 2 h after treatment with 20 µM RA and 
1 h after treatment with 25 µM, as shown in Figure 7.

Figure 6: Retinoic acid effect in different doses on the length of neuronal process and on the neurosphere size. N =3, mean ± standard error

Figure 5: Effect of different doses of retinoic acid on cell viability and total protein amount. N =3, mean ± standard errorAsteriks sign: * indicates 
P < 0.05, ** indicate P < 0.01, *** indicate P < 0.001, and **** indicate P < 0.0001

Figure 7: The levels of reactive oxygen species in different doses of 
retinoic acid and 10µM of H2O2  (as positive control) in different time 
point, 1, 2, 3, and 4 h. N = 3, mean ± standard error
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However, migration distance of the cultured cells was not 
affected significantly 24 h after incubation in all the doses, but 
the distance was reduced significantly 48 h after incubation 
from the dose of 15 µM and more, [Figures 8 and 9].

Discussion

Our results show that RA in high doses  (≥20 µM) reduce 
cellular viability and total protein amount, this can be explained 
that RA can induce oxidative stress to the cultured cells.[21] 
Therefore, RA may change the redox environment of the 
cultured cells and lead to a reduction in cell viability through 
a mechanism that may be related to RA ability to act as a 
prooxidant. It has been found that RA‑treated rat resulted in 
redox disturbances and increase in lipid peroxidation, protein 
carbonylation, and oxidation of thiol group in the proteins.[22] 
In addition, RA treatment leads to changes in antioxidative 
enzyme activity such as increase the activity of superoxide 
dismutase and decrease the activity of catalase, this lead to 
overproduction of H2O2 which lead to increase hydroxyl 
radicals (OH)[23]

Vitamin A supplements to the rats cause mitochondrial 
dysfunction and increase the content of tissue necrosis 
factor‑α.[24] It seems that mitochondrial dysfunction represented 
by electron leakage, which leads to superoxide  (O2

‑·) 
production and reduced the rate of adenosine triphosphate 
(ATP) production.[25] Moreover, excessive RA supplementation 
alters the signaling pathways and triggers several neuronal 
dysfunctions which may be originated from pro‑oxidative 
potential.[26] RA in high doses increases the activity of 
glutathione  (GSH) transferase enzyme,[24] which consume a 
high amount of GSH. GSH is one of the important antioxidant 
compounds inside the cells and organelles,[25] Thereby, RA 
supplementation alters the neuronal redox status not only 
by increasing the production of O2

‑· but also through the 
depletion of GSH. RA supplement in high doses ≥20 µM lead 
to cytochrome c release from the mitochondria by oxidation 
of cardiolipin[27] and this trigger cell death by apoptosis[28] and 
inhibit cell division[29] which may explain the reduction in the 
sizes of neurospheres and reduction in the distance of migration.

It has been shown that RA reduces the most important 
neurotrophic factor of the brain like BDNF, which control 
neural plasticity, mitochondrial biogenesis, and neuronal 
survival.[30] Moreover, it has been demonstrated that RA 
causes cell differentiation,[31] but recent studies pointed 
out that RA has a direct role in maintaining self‑renewing 
properties and preventing cell differentiation in pluripotent 
stem cells.[3,4,32] These studies showed that RA preserves cell 
stemness through activation of NANOG and OCT4, which are 
crucial transcription factors in maintaining the pluripotency of 
embryonic stem cells (ESCs).[33] In addition, RA performed its 
function through stimulation of phosphatidylinositol 3 (PI3) 
kinase signaling pathway;[32] therefore, treatment of ESCs with 
LY294002, a potent inhibitor of PI3 kinase pathway, enhances 
cell differentiation and prevent self‑renewing by RA,[3] this 
confirms the involvement of PI3 kinase in the mechanism 
of action of RA. It has been revealed that treatment of ESCs 
during early differentiation with RA for short duration stops 
further differentiation of the cells. Furthermore, they indicated 
that RA upregulates the expression of LIF, Wnt3a, Wnt5a, 
and Wnt6.[34] Our results agree with the results of Rajala and 
Vaajasaari[35] who demonstrated that low doses of RA (0.5 µM) 
have no effect on self‑renewing capacity of ESCs, but the doses 
which located at and around the therapeutic level (2–5 µM) 
resulted in maintaining self‑renewing ability of the cells as 
shown in the results by increasing the sizes of neurospheres. 
Rajala and Vaajasaari[35] suggested that RA increases the 
expression of NANOG and OCT4 which are responsible 
for maintaining cellular stemness. It can be concluded that 

Figure 8: Migration distance 24 h and 48 h after retinoic acid treatment. 
N = 3, mean ± standard error

Figure 9: Cell migration from two neurospheres:  (a) Neurospheres at 
0 h, (b): cell migration after 24 h, and (c): cell migration after 48 h, ×10

a

b

c
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human neural stem cell culture has the potential to predict the 
neuroprotective and neurotoxic effects of retinoic acid.
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