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Background and Aim. We recently investigated whether Poria cocos water extract modulates ketamine-induced Rho signaling
regulation and reverses ketamine-inhibited cell mobility and F-actin reconstruction in B35 and C6 cells. Various studies have
mentioned that drugs of abuse induce changes in neuronal plasticity in the brain’s reward circuitry. Modulations in neuronal
plasticity are closely related to Rho signaling regulation in cells. Rho signaling has also been implicated in the addictive
behavior induced by chronic opiate or morphine administration. MK-801 could induce Rho signaling regulation to further
modulate cell migration and actin reorganization in neuronal and glial cells. In this study, we investigated the effects of Poria
cocos water extract on Rho signal regulation in MK-801-treated B35 and C6 cells. Methods. B35 neuronal cells and C6 glial
cells were incubated with MK-801 for 7 days followed by MK-801, MK801 in combination with water extracts of P. cocos
(PRP for P. cocos cum Radix Pini or WP for White Poria) treatment for an additional 7 days. Analysis of cell mobility, F-actin
aggregation, and Rho signaling modulation was performed to clarify the roles of PRP or WP in MK-801-treated B35 and C6
cells. Results. MK-801 decreases B35 cell mobility, whereas the inhibited cell migration ability and F-actin aggregation in MK-
801-treated B35 or C6 cells could be reversed by PRP or WP. The CDC42 expression in B35 or C6 cells would be reduced by
MK-801 and restored by treating with PRP or WP. The RhoA expression was increased by MK-801 in both B35 and C6 cells
but was differentially regulated by PRP or WP. In B35 cells, downregulation of PFN1, N-WASP, PAK1, and ARP2/3 induced
by MK-801 can be reversely modulated by PRP or WP. PRP or WP reduced the increase in the p-MLC2 expression in B35
cells treated with MK-801. The reduction in ROCK1, PFN1, p-MLC2, and ARP2/3 expression in C6 cells induced by MK-801
was restored by PRP or WP. Reduced N-WASP and PAK1 expression was differentially regulated by PRP or WP in MK-801-
treated C6 cells.

1. Introduction

Cytoskeletal reorganization can lead to changes in cell func-
tion [1], including elongation of neuronal spines of synapse,
cell mobility [2–4], and plasticity of neuron [5, 6]. These cell
functions play critical roles in developing neurons and
involve the identical regulatory signaling pathway named
the Rho signaling pathway. The Rho signaling pathway is

triggered by the activation of Rho family proteins and regulates
biological functions, such as gene transcription regulation,
membrane trafficking, growth/shrinkage of microtubules, and
actin cytoskeleton reorganization. The most studied proteins
in all Rho family protein members are Ras homolog family
member A (RhoA), Ras-related C3 botulinum toxin substrate
1 (Rac1), and cell division cycle 42 (Cdc42), which mediate
the formation of stress fibers, lamellipodia formation,
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membrane ruffling, the formation of filopodia/microspikes,
and neuronal development [7]. A previous study suggested
that the abnormality of recognitive function in animals might
be caused by the impairment of hippocampal neurons [8].
Schubert et al. [9] mentioned that activated RhoA-GTPase
induces the regulation of dendritic spine morphology in
cultured hippocampal neurons. A reduction in CDC42
expression levels is accompanied by reduced dendritic spine
density in the brains of schizophrenic patients. A recent study
also proposed that ketamine-induced reductions in Rho sig-
naling might be related to impairment of cognition in schizo-
phrenic patients [10].

Addictive behaviors have been proposed to be closely
related to cognitive function [11, 12]. Drug addiction has also
been reported to be an affective-cognitive disorder with dopa-
mine transmission abnormalities [13] and N-methyl-d-aspar-
tate receptor (NMDAR) activity [14]. The neuropathology of
drug addiction has been suggested to involve cognitive func-
tions, such as memory, learning, attention, and inhibitory
control during the development of drug dependence [15].
Previous studies revealed that ketamine would reduce RhoA
and ROCK1 expression levels to further cause a reduction of
mushroom spine formation and stubby spine number of hip-
pocampal neurons in rats, which might be related to impaired
cognitive function in schizophrenic patients [8, 10, 16–18]. It
has also been reported that RhoA might interact with the
metabotropic glutamate receptor 1, α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor, and NMDAR to
maintain the stabilization of NMDAR and to modulate the
reconstruction of spine actin at excitatory postsynapses [9].
In addition, the regulation of dendritic spine morphology in
cultured hippocampal neurons can be induced by activating
RhoA [9]. These findings suggested that addictive behaviors
might be related to cognitive functions that can be modulated
by the Rho signaling pathway.

Poria cocos is a traditional Chinese medicine containing
two major ingredients, triterpenoids and polysaccharides,
and some minor chemical substances, including potassium
salts, amino acids, choline, histidine, and steroids [19, 20].
P. cocos cum Radix Pini (PRP; Sclerotium paradicis, named
Fu Shen) and White Poria (WP; named Bai Fu Ling) are
two commonly used herbal medicines of P. cocos with phar-
macological anti-inflammatory properties and immuno-
modulatory properties [21–23]. Several reports mentioned
that the extract of P. cocos regulates the cytoplasmic free cal-
cium concentration in the brain neurons of neonatal rats
and dose-dependently modulates glutamate-induced cyto-
solic free calcium [19, 23]. Some studies have also suggested
that cytoplasmic free calcium in cells can regulate the Rho
signaling pathway to further modulate cell functions, such
as directed movement, mesoderm migration, cytoskeletal
reorganization, neuronal cell plasticity, and cancer metasta-
sis [2, 6, 24–26]. The impairment of specific synaptic plastic-
ity in the mesolimbic dopamine system, which is central to
reward processing in the brain, was suggested to be related
to drug abuse behaviors [27]. Our previous study revealed
that the water extract of Poria cocos can modulate cytoskel-
etal reorganization and cell migration by affecting RhoA and
CDC42 and the subsequent Rho signaling pathway. The

water extract of Poria cocos could also reverse ketamine-
induced effects on cytoskeleton reorganization and cell
migration by regulating the RhoA, CDC42, and Rho signal-
ing pathways [28].

MK-801 is an NMDA antagonist that can desensitize
addictive behaviors to ethanol, morphine, and cocaine [29,
30]. MK-801 can also induce negative symptoms of schizo-
phrenia, such as cognitive disruption, reduction of long-
term potentiation, and learning defects [31–33]. Various
previous studies have mentioned that glial cells can maintain
neuronal cell function by providing cell shape maintenances,
nutrients, growth factors, and recycling of neurotransmit-
ters. The differential effects of Poria cocos on these two
different types of cells should also be clarified to further
understand the drug effects exhibited by P. cocos on different
cells in the brain. In this study, we aimed to investigate the
regulatory effects of P. cocos (PRP and WP) on Rho signaling
pathway regulation in MK-801-treated B35 neuronal cells
and C6 glial cells. We revealed that Rho family proteins
(RhoA and CDC42) and Rho signaling-related proteins in
B35 and C6 cells could be affected by treating with PRP or
WP. We also found either of PRP or WP could recover the
inhibitory effects on cell mobility and actin aggregation
induced by MK-801 in B35 or C6 cells. Our data proposed
that PRP or WP-induced regulation of cell mobility and F-
actin reorganization in B35 and C6 cells treated with MK-
801 might be caused by reversely modulating RhoA,
CDC42, and further Rho signaling pathway regulation in
cells.

2. Materials and Methods

2.1. PRP and WP Water Extract Preparation. PRP and WP
herbal powder extracts were purchased from Sun Ten Phar-
maceutical Company (New Taipei City, Taiwan). For the
preparation of the PRP and WP solutions, the PRP or WP
herbal powders were weighed and extracted using sterilized
ddH2O for 6 h at room temperature. The stock concentra-
tion of each of the PRP and WP was adjusted to10mg/ml.
After centrifugation, collect the corresponding supernatant
from the PRP and WP solution and store −20°C for future
use.

2.2. B35 and C6 Cell Culture and Drug Treatments. MK-801
was purchased from Sigma–Aldrich (St. Louis, USA). B35
and C6 cells were obtained from the Bioresource Collection
and Research Center (BCRC) of the Food Industry Research
and Development Institute (FRDI), Taiwan. For B35 cells,
cells were cultured in MEM (Invitrogen, Life Technologies)
containing 10% fetal bovine serum (Invitrogen, Life Tech-
nologies), 2mML-glutamine, 100μg/ml streptomycin, and
100U/ml penicillin. High-glucose Dulbecco’s Modified
Eagle’s Medium (Invitrogen, Life Technologies Incorpora-
tion, Eugene, OR, USA) supplemented with 2mML-gluta-
mine, 2% fetal bovine serum (Invitrogen Life Technologies)
and 10% heat-inactivated horse serum (Invitrogen Life
Technologies) were used to maintain C6 cells throughout
the experiments. To examine the effects of MK-801, PRP,
and WP on B35 and C6 cells, cells were treated with MK-
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801 daily for 7 days followed by the addition of MK-801
alone or in combination with either PRP or WP for an addi-
tional 7 days. The final drug concentration used was 25μM
for MK-801, 10μg/ml for PRP, and 10μg/ml for WP. B35
or C6 cells were then collected for extracting total protein,
followed by subsequent expression level analysis of
RhoGDI1, Rho family proteins (RhoA and CDC42), and
Rho signaling pathway-related proteins (ROCK1, PFN1, p-
MLC2, N-WASP, ARP2/3, and PAK1).

2.3. Western Blot Analysis. Total cell lysates were prepared
by lysing B35 or C6 cells in mammalian protein extraction
buffer (GE Healthcare Bio-Science, Uppsala, Sweden) sup-
plemented with Protease Inhibitor Mix (GE Healthcare
Bio-Science). To examine the protein expression levels, 5–

80μg of total protein extract of B35 or C6 was analyzed by
separating in 10-15% sodium dodecyl sulfate polyacrylamide
gels accordingly. The polyvinylidene difluoride membranes
were used for transferring separated proteins. The mem-
brane was then blocked with Membrane Blocking Solution
(Life Technology, Frederick, MD, USA) for 1 h. The blocked
membranes were then incubated with specific primary anti-
bodies at 4°C for 12 h, followed by incubation with the
respective horseradish peroxidase-conjugated secondary
antibodies at room temperature for 4 h. Amersham ECL kit
(Amersham, Bucks, UK) was used to develop and to reveal
the signals of protein bands.

2.4. Mobility Analysis of B35 and C6 Cells. Before performing
the cell mobility assay, B35 or C6 cells were cultured in
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Figure 1: PRP and WP differentially regulate MK-801-induced RhoGDI1, RhoA, and CDC42 regulation. Western blotting revealed the
expression changes of RhoGDI1, RhoA, and CDC42 induced by PRP/WP in (a) B35 and (c) C6 cells treated with MK-801. The protein
expression was quantified by using ImageJ software. Beta-actin was used as a normalization control to calculate the relative expression
of the examined targets. The bar chart was constructed according to the data of three independent western blot experiments that
analyzed three different batches of protein extracts of drug-treated (b) B35 and (d) C6 cells. The data was analyzed by using
Student’s t-test (∗p value<0.05; ∗∗p value<0.01) analysis.
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medium with MK-801 for 7 days, followed by treating with
MK-801 combined with PRP or WP for another 5 days.
Drug-treated B35 cells (104 cells/well) or drug-treated C6
(5 × 103 cells/well) were added to the upper Transwell
(Costar, Coring Incorporation, Kennebunk, ME, USA)
insert compartment with an 8μm pore size polycarbonate
membrane. Cells in Transwell insert were then incubated
in a 24-well tissue culture plate with medium containing
MK-801 and either PRP or WP for another 2 days. Cell
migration assays were performed by fixing B35 or C6 cells
with methanol and followed by staining the cells with a pro-
pidium iodide solution (Sigma) (50μg/ml) and staying at
room temperature for 45min. The migrated cells on the
other side of the membrane were counted using a fluorescent
microscope at ×40 magnification. The mobility assay for all
experiments in this study was performed independently in
triplicate.

2.5. Analysis of Actin Condensation in B35 and C6 Cells. B35
or C6 cells were cultured with MK-801 for 7 days and then
incubated with MK-801 in combination with or without
PRP/WP for another 5 days. 5 × 103 drug-treated B35 or

C6 cells were then seeded in 6-well plate coverslips coated
with poly-L-lysine. The cells were further cultured for
another 2 days in medium with corresponding MK-801,
PRP, or WP. The coverslips with drug-treated B35 or C6
cells were moved to a new 6-well plate and fixed by incubat-
ing the coverslips in methanol for 2 h at -20°C. After washing
with PBS, the cells on coverslips were stained by immersing
in ActinGreen™ 488 RreadyProbes™ reagent (Invitrogen,
Life Technologies) at room temperature for 90min accord-
ing to the manufacturer’s suggestion. The traced dye was
washed out from the cells by using PBS, and the coverslips
were moved to glass slides and mounted with SlowFade™
Diamond Antifade Mountant (Invitrogen, Life Technolo-
gies). The images were then captured on a fluorescent
microscope at ×40 magnification.

2.6. Quantification of Protein Expression Level and Statistical
Analysis. The expression level of the examined proteins in all
western blot experiments was obtained by detecting the den-
sity of developed bands using ImageJ software (https://
imagej.nih.gov/ij/). Differences in normalized protein
expression levels and cell migration assays between MK-
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Figure 2: Effects of PRP and WP on actin filament reorganization in B35 and C6 cells treated with MK-801. MK-801-treated B35 and C6
cells on coverslips were incubated with PRP or WP accordingly. ActinGreen™ 488 RreadyProbes™ reagent was used for F-actin in staining
in B35 and C6 cells. (a) Red arrows show actin nucleation and blue arrows show F-actin condensation. The numbers of (b) actin nucleation
and (c) F-actin condensation were obtained by counting the condensed actin spot in nuclei or condensed actin filament in extended-
cytoplasm in 100 cells under different fields of view. The bar charts were made from three independent batches of experiments and
analyzed by using Student’s t-test (∗p value <0.05; ∗∗p value <0.01) analysis.
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801 and control, differential drug-treated B35 and C6 cells
were analyzed by using Student’s t-test. A p value less than
0.01 (∗∗) or 0.05 (∗) was used to represent significant differ-
ences between compared groups.

3. Results

3.1. PRP and WP Modulate MK-801-Induced RhoGDI1,
RhoA, and CDC42 Regulation. Our previous findings
revealed that PRP and WP could modulate the expression
levels of RhoGDI1 and RhoA and CDC42 but not Rac1 pro-
teins [28]. In the present study, we examined the effects of
PRP and WP on modulating the RhoGDI1, RhoA, and
CDC42 protein expression in MK-801-treated B35 and C6
cells. We found that MK-801 increased the RhoGDI1

expression (p value <0.01) and was further increased by
PRP (p value<0.05) and WP (p value <0.01) in B35 cells
(Figures 1(a) and 1(b)). The increased RhoA expression
induced by MK-801 (p value <0.01) in B35 cells was restored
by PRP (p value <0.05) and WP (p value <0.05) (Figures 1(a)
and 1(b)). In contrast, we found that the MK-801-induced
reduction in the RhoGDI1 expression (p value <0.01) was
recovered by PRP (p value <0.01) but was further reduced
by WP (p value <0.05) in C6 cells (Figures 1(c) and 1(d)).
The RhoA expression induced by MK-801 treatment in C6
cells (p value <0.01) was further increased by PRP (p value
<0.05) and WP (p value <0.01) (Figures 1(c) and 1(d)).
The reduction in the CDC42 expression in MK-801-treated
B35 (p value <0.01) and C6 (p value <0.01) cells was recov-
ered by either PRP (p value <0.05 for B35 and p value <0.01
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Figure 3: PRP andWP regulate MK-801-induced ROCK1, PFN1, and p-MLC2 regulation. Western blotting revealed the expression changes
of ROCK1, PFN1, and p-MLC2 induced by PRP/WP in (a) B35 and (c) C6 cells treated with MK-801. The protein expression was quantified
by using ImageJ software. Beta-actin was used as a normalization control to calculate relative expression of examined target. The bar chart was
constructed according to the data of three independent western blot experiments that analyzed three different batches of protein extracts of
drug-treated (b) B35 and (d) C6 cells. The data was analyzed by using Student’s t-test (∗p value <0.05; ∗∗p value <0.01) analysis.
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for C6) or WP (p value <0.01 for both cells) treatment
(Figure 1).

3.2. Effects of PRP and WP on Modulating F-Actin
Reorganization in MK-801-Treated B35 and C6 Cells. Actin
condensation and cytoskeletal reorganization play important
roles in various cell functions mediated by Rho signaling,
including actin nucleation/polymerization, regulation of cell
shape, microtubule formation, and cell polarity regulation.
We observed that MK-801 could reduce actin nucleation in
both B35 and C6 cells after staining cells with phalloidin
(Figure 2). We also observed a reduction in actin filament
formation in B35 and C6 cells upon treatment with MK-
801 (Figure 2). Both PRP and WP reversed the inhibitory
effects of MK-801 on actin nucleation and F-actin construc-
tion in B35 and C6 cells.

3.3. PRP and WP Induced RhoA-Related Rho Signaling
Regulation in MK-801-Treated B35 and C6 Cells. In RhoA-
regulated Rho signaling pathway, ROCK1, profilin 1
(PFN1), and phosphorylated myosin light chain 2 (p-
MLC2) are proteins that can modulate F-actin assembly
and condensation. The ROCK1 expression was decreased
by MK-801 (p value<0.05) in B35 cells (Figures 3(a) and
3(b)), whereas PRP and WP did not affect the reduced
ROCK1 level caused by MK801. The reduction in the
ROCK1 expression caused by MK-801 (p value<0.01) in
C6 cells could be increased by either PRP (p value <0.01)
or WP (p value <0.01) (Figures 3(c) and 3(d)). The reduction
in the PNF1 expression induced by MK-801 in B35 (p value
<0.01) (Figures 3(a) and 3(b)) and C6 (p value <0.05)
(Figures 3(c) and 3(d)) cells could be recovered by PRP (p
value <0.01 for both B35 and C6 cells) and WP (p value
<0.01 for both B35 and C6 cells). The increased expression
of p-MLC2 in MK-801-treated B35 cells (p value <0.01)

was reduced by PRP (p value <0.05) and WP (p value
<0.05) (Figures 3(a) and 3(b)). In contrast, we observed that
MK-801 reduced the p-MLC2 expression (p value <0.01) in
C6 cells, which could be recovered by PRP (p value <0.01)
and WP (p value <0.01) (Figures 3(c) and 3(d)).

3.4. PRP and WP Restored MK-801-Mediated Inhibition of
B35 and C6 Cell Migration. To examine the effect of PRP
and WP on MK-801-induced inhibition of B35 and C6 cell
migration, B35 or C6 cells were incubated with MK-801
for 7 days followed by PRP or WP treatment for another 6
days. Then, a cell migration assay was performed for an
additional 24 h. As shown in Figure 4, B35 and C6 cell
migration was inhibited by MK-801 (p value <0.01 for both
B35 and C6 cells). However, MK-801-induced inhibition of
B35 (p value <0.01 for both PRP and WP) and C6 cell
migration (p value <0.01 for both PRP and WP) could be
restored by PRP and WP.

3.5. PRP and WP Modulated CDC42-Related Rho Signaling
Regulation in MK-801-Treated B35 and C6 Cells. Activation
of CDC42 can modulate cell migration ability by regulating
neuronal Wiskott–Aldrich syndrome protein (N-WASP),
p21 (RAC1)-activated kinase 1 (PAK1), and RhoA pro-
tein–modulated actin-related protein 2/3 (ARP2/3) to fur-
ther regulate various cell functions, including actin
polymerization, filopodia, and cell migration. We observed
that the reduction in the N-WASP expression in MK-801-
treated B35 (Figures 5(a) and 5(b)) and C6 cells
(Figures 5(c) and 5(d)) (p value <0.01 for both B35 and C6
cells) was restored by PRP (p value<0.05 for B35 cells and
p value <0.01 for C6 cells) but was further reduced by WP
(p value <0.01 for both B35 and C6 cells). PRP (p value
<0.01) but not WP enhanced the reduction in the PAK1
expression in B35 cells treated with MK-801 (p value
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Figure 4: Effects of MK-801, PRP, and WP on B35 and C6 cell migration. (a) Cell mobility of B35 and C6 cells was analyzed. The migrated
cells were stained with propidium iodide, and then the number of cells on the membrane was counted. (b) The result in the bar chart was
made from cell counts of three different drug-treated cell batches and analyzed using Student’s t-test (∗p value <0.05; ∗∗p value <0.01).

6 Behavioural Neurology



<0.01) (Figures 5(a) and 5(b)). In MK-801-treated C6 cells,
the downregulation of PAK1 (p value <0.05) was further
reduced by PRP (p value <0.05) but will be enhanced by
WP (p value <0.05) (Figures 5(c) and 5(d)). MK8-01 reduced
the ARP2/3 expression in B35 (p value <0.01) (Figures 5(a)
and 5(b)) and C6 cells (p value <0.01) (Figures 5(c) and
5(d)), whereas both PRP (p value<0.01 for both B35 and C6
cells) and WP (p value <0.01 for B35 cells and p value
<0.05 for C6 cells) restored ARP2/3 expression levels.

4. Discussion

The Rho signaling pathway plays important roles in modu-
lating actin filament construction to regulate various cell

functions, such as cell shape changes, cell migration, neuro-
nal cell plasticity, cytoskeleton reorganization, and microtu-
bule formation. The relationship between Rho signaling
regulation and neuronal cell plasticity has been mentioned
and well studied in various studies. Many studies have also
revealed that neuronal cell plasticity is related to the genera-
tion of addictive behaviors [27, 34]. MK-801 was found to
impair cognitive function, learning ability, and memory
and was also used to ease addictive behaviors [29–33, 35].
The present study revealed that MK-801 could enhance the
RhoA expression and reduce the CDC42 expression in both
B35 and C6 cells. We also found that PRP and WP could
reverse the effects of the MK-801 on CDC42 expression in
both cell types. This finding suggested that PRP and WP
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Figure 5: PRP and WP regulate MK-801-induced N-WASP, PAK1, and ARP2/3 regulation. Western blotting revealed the expression
changes of the indicated proteins induced by PRP/WP in (a) B35 and (c) C6 cells treated with MK-801. The protein expression was
quantified by using ImageJ software. Beta-actin was used as a normalization control to calculate relative expression of examined target.
The bar chart was constructed according to the data of three independent western blot experiments that analyzed three different batches
of protein extracts of drug-treated (b) B35 and (d) C6 cells. The data was analyzed by using Student’s t-test (∗p value <0.05; ∗∗p value
<0.01) analysis.
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might regulate CDC42 but not RhoA through a similar
mechanism in MK-801-treated B35 and C6 cells.

Although MK-801 was found to ease the addictive
behaviors induced by various drugs, MK-801 was also found
to impair recognition function by regulating neuronal plas-
ticity and related immediate early gene expression by inhi-
biting NMDA receptors on pyramidal neurons and axonal
boutons in hippocampal interneurons of rats [36–38].
Recently, MK-801 was revealed to decrease AMPA receptors
and further metaplasity (plasticity of synaptic plasticity) of
neurons [39, 40] related to stress or drugs of abuse. In this
study, PRP and WP were found to reverse regulation of
RhoA and CDC42 expression level in MK-801-treated B35
neuronal cells. Furthermore, PRP and WP were also found
to reverse MK-801-induced PFN1, pMLC2, and ARP2/3
expression in B35 cells. Regulation of N-WASP and PAK1
in MK-801-treated B35 cells could be restored by PRP but
not WP. The differential regulation of N-WASP and PAK1
may be caused by the different ingredients of PRP and
WP. The regulatory effects of the ingredients PRP and WP
on Rho signaling proteins should be further studied.

Activation of ROCK1 protein by activated RhoA might
further induce the phosphorylation of p-MLC2. A recent
study observed that directly delivering Fasudil, a ROCK pro-
tein inhibitor, to the prefrontal cortex of mice might
enhance goal-directed behavior and block the habitual
response to cocaine [41]. Our study has shown that the
MK-801-induced ROCK1 expression was not affected by
PRP or WP in B35 cells. Interestingly, we also observed the
decreased PFN1 and increased p-MLC2 expression in MK-
801-treated B35 cells, which could be reversed by PRP and
WP. The regulatory trends were the same as those of RhoA
expression regulation. This finding suggested that the
ROCK1 expression might be regulated by factors other than
RhoA activation.

MK-801 is a NMDAR antagonist that can bind NMDAR
and to further induce changes of calcium level in cytoplasm
of cells. Although both B35 neuronal cell and C6 glial cell
have NMDARs for binding of MK-801, the proportion of
NMDARs on the membrane and the modulation of signal-
ing downstream the NMDARs might be varied between dif-
ferent cell types to induce differential RhoGDI1 regulation.
These might be the reasons that RhoGDI1 expressions were
differentially regulated in B35 cell and C6 cell. In addition,
the different effects of PRP and WP on the regulation of
the RhoA expression in B35 and C6 cells may be caused by
the different susceptibility of the cells to PRP and WP. Fur-
thermore, the ingredients of PRP and WP are similar but
still slightly different. This might be the factor that PRP
and WP induce differential regulation of RhoGDI1, N-
WASP, and PAK1 expression in C6 cells. To determine
whether the differences of ingredients between PRP and
WP might be the reason to induce differential regulation of
RhoGDI1, N-WASP, and PAK1 in B35 and/or in C6 cells
should be further studied. Additionally, RhoA, CDC42,
and Rac1 separately and dynamically modulate actin fila-
ment formation, actin contraction, and lamellipodial protru-
sions in cell. LIMK was found that can be coregulated by
RhoA- and CDC42-related Rho signaling. The crosstalk

between RhoA- or CDC42-related signaling via LIMK might
be the cause for the inconsistent regulation between ROCK1,
PFN1/p-MLC2, N-WASP, and PAK1.

5. Conclusion

The relationships between addictive behaviors and Rho sig-
naling (except RhoA, CDC42, and ROCK1) remain unclear.
We conclude that PRP and WP could regulate the RhoA and
CDC42 expression to modulate Rho signaling pathway and
follow cell migration, actin nucleation, and F-actin remodel-
ing in MK-801-treated B35 and C6 cells. Further studies
should be also performed to better clarify the roles of PRP/
WP playing on Rho signaling, neuronal plasticity, and addic-
tive behaviors in suitable animal models.
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