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Ginsenoside Rg1 promotes neurite growth of retinal ganglion cells
through cAMP/PKA/CREB pathways
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a b s t r a c t

Background: Mechanisms of synaptic plasticity in retinal ganglion cells (RGCs) are complex and the
current knowledge cannot explain. Growth and regeneration of dendrites together with synaptic for-
mation are the most important parameters for evaluating the cellular protective effects of various
molecules. The effect of ginsenoside Rg1 (Rg1) on the growth of retinal ganglion cell processes has been
poorly understood. Therefore, we investigated the effect of ginsenoside Rg1 on the neurite growth of
RGCs.
Methods: Expression of proteins and mRNA were detected by Western blot and qPCR. cAMP levels were
determined by ELISA. In vivo effects of Rg1 on RGCs were evaluated by hematoxylin and eosin, and
immunohistochemistry staining.
Results: This study found that Rg1 promoted the growth and synaptic plasticity of RGCs neurite by
activating the cAMP/PKA/CREB pathways. Meanwhile, Rg1 upregulated the expression of GAP43, Rac1
and PAX6, which are closely related to the growth of neurons. Meantime, H89, an antagonist of PKA,
could block this effect of Rg1. In addition, we preliminarily explored the effect of Rg1 on enhancing the
glycolysis of RGCs, which could be one of the mechanisms for its neuroprotective effects.
Conclusion: Rg1 promoted neurite growth of RGCs through cAMP/PKA/CREB pathways. This study may
lay a foundation for its clinical use of optic nerve diseases in the future.
© 2024 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Synaptic plasticity refers to the adjustable strength of synaptic
connections between nerve cells and the ability of nerve cells to
change their structure in order to adapt to changes in the external
environment [1]. The morphology and function of synapses may
occur lasting changes, and synapses strengthen and weaken when
their activity increases and decreases, which play an important role
in the cellular mechanisms of learning and memory in the human
brain [2]. Synaptic plasticity is affected by many factors such as
calcium channels [1], brain-derived neurotrophic factor (BDNF) [3]
and synaptic growth-related regulatory proteins including growth
associated protein-43 (GAP-43) [4], paired box protein 6 (PAX6) [5]

and small GTPase Ras-related C3 botulinum toxin substrate 1 (Rac1)
[6]. Many neurological diseases are associated with a decrease in
synaptic plasticity, such as depressive disorder [7], autism [8], and
Alzheimer's disease [9]. These diseases often accompany with the
decrease of the regulatory proteins like GAP-43 [9].

Synaptic plasticity is controlled by complex regulation of diverse
signaling pathways. The PI3K-Akt-mTOR pathway is closely related
to the aluminum-induced synaptic plasticity impairment [10]. The
activation of nuclear factor kappa B (NF-kB) may be required for the
induction of synaptic plasticity and memory formation [11]. Den-
dritic spines are the major loci of synaptic plasticity. Molecular
signaling pathways of dendritic spines are mainly Rho and Ras
family small GTPases pathways that converge on actin cytoskel-
eton, modulate the spine morphology during synaptic activity [12].
Meanwhile, synaptic plasticity is bound up with the energy meta-
bolism of nerve cells, especially glycolysis. Inhibition of the
glycolysis might impair the neurite architecture [13].

Although there are plenty of researches on synaptic plasticity in
brain, research on synaptic plasticity of eye diseases are a few.
Irreversible damages or death of retinal ganglion cells (RGCs) are
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one of main causes of vision loss in patients with glaucoma.
Nevertheless, a growing number of studies have revealed that RGCs
might enter periods of dysfunction featuring the synaptic plasticity
decrease which is prior to death. Vision improvement in glaucoma
patients with clinically treatment may occur before the death of
RGCs [14]. Studies have found that structural plasticity is important
to human retinal tissues in response to age-related macular
degeneration (AMD), having the capacity to form new synapses. It
sheds a new light on repairing functionally abnormal human retina
[15]. However, there is a few safe, effective and economical drugs or
candidates for clinical use to regulate synaptic plasticity.

Ginsenoside Rg1 (Rg1) is one of Dammarane-type saponins,
which can be isolated from Panax notoginseng (Burk.) F. H. Chen
with rich pharmacological activities, such as anti-inflammatory,
anti-oxidative stress, anti-apoptosis, and anti-neurodegeneration
[16e18]. The effect of Rg1 by inject administration on synaptic
plasticity has also been reported [19]. Rg1 enhances neurite growth
by activating Akt and ERK1/2 signaling, increases the expression of
GAP-43, and prevents Ab 25-35-induced injury [20]. It has also
been reported that Rg1 can achieve neuroprotective and antide-
pressant effects by activating the expression of synaptic plasticity
related proteins like camp-response element binding protein
(CREB) and BDNF [21]. There are reports that Rg1 can regulate the
PI3K/Akt pathway to promote synaptic transmission and increase
the complexity of dendritic spines [22]. Nevertheless, the effects of
Rg1 on ophthalmology are rarely studied. Therefore, in this study,
we focused on the effects of Rg1 on neurite growth of RGCs.

2. Materials and methods

2.1. Reagents

Ginsenoside Rg1 (Rg1, C42H72O14, MW: 801.01) was isolated
from Panax notoginseng (Burk.) F. H. Chen in our laboratory.

Forskolin (66575-29-9) was purchased from Aladdin (Shanghai,
China); and H89 (127243-85-0) was purchased from GLPBIO
(Montclair, CA, USA). Antibodies GAP-43 (16971-1-AP) and PAX6
(12323-1-AP) were obtained from Proteintech (Rosemont, IL, USA);
antibodies CREB (ab32515), phospho-CREB (ab32096) and
phospho-PKA (ab75991) were obtained from Abcam (Cambridge,
UK); antibodies PKA (#4782) and active b-catenin (#19807) were
obtained from Cell Signaling Technology (Boston, MA, USA).

2.2. Cell culture

RGC-5s cells were obtained from the BaiYe Biotechnology
(Shanghai, China) and were cultured in MEM medium supple-
mented with 1% (v/v) penicillin-streptomycin (Biological In-
dustries, Kibbutz Beit-Haemek, Israel) and 10% (v/v) fetal bovine
serum (FBS) at 37 �C in a humidified atmosphere with 5% CO2.

2.3. Isolation and culture of primary RGCs

Eyes of day 1e3 mice were euthanized, and retinas were
dissected in PBS. After dissection, retinas were grinded at 80 screen
mesh. Retinas were digested with trypsin for about 25 min at 37 �C.
Cells were separated by centrifugation and resuspended in DMEM/
F12 with B27 (1x), 1% (v/v) penicillin and streptomycin and 10% (v/
v) fetal bovine serum, after grinding at 400 mesh. Cells were plated
on a poly-D-lysine (0.1 mg/mL) coated 24 well plate. The cells were
incubated in a humidified atmosphere with 5% CO2 at 37 �C. After
24 h, 10 mL Ara-C (final concentration: 10 mmol/L) was added to
cells.

2.4. Western blot analysis

Total protein from RGC-5s was extracted by using RIPA lysis
buffer (50 mM Tris, 150 mM NaCl, 1% Triton X-100 and 1 mM EDTA)
with PMSF on ice. Then the cell lysates were determined by
Detergent Compatible Bradford Protein Assay Kit (Beyotime
Biotechnology, Beijing, China). They were subjected to SDS-PAGE
electrophoresis and then transferred to PVDF membranes (Milli-
pore, Bedford, MA, USA). Next, the membranes were blocked with
5% BSA dissolved in double diluted water for 60 min. Next, primary
antibodies were incubated with the protein overnight at 4 �C, then
HRP-conjugated secondary antibodies were incubated with the
protein for 1e2 h at room temperature. The protein was visualized
with Tanon system.

2.5. Quantitative real-time PCR

Total RNAwas extracted from RGC-5s by using RNA Plus (Takara,
Otsu, Shiga, Japan). RNA samples were reverse-transcribed to cDNA
by using commercial cDNA synthesis kits (Vazyme Biotech, R223-
01) according to the manufacturer's protocol. Then they were
subjected to a StepOne Real-Time PCR System (Applied Bio-
systems). Primer sets were in Table S1.

2.6. ELISA assay

The cAMP levels were determined by protocol together with
some modifications [23]. For the cAMP extraction, the cells were
quick-frozen at �80 �C for 10 min and then unfrozen at room
temperature, which was repeated for 3 times. The supernatants
were collected for measuring the content of cAMP by using a cAMP
Elisa Kit (Elabscience Biotechnology, China) according to the man-
ufacturer's instructions.

2.7. Extracellular acidification

Extracellular acidification rate (ECAR) was detected with the XF
Glycolysis Stress Test by using a Seahorse Bioscience XFp Extra-
cellular Flux Analyzer (Seahorse Bioscience, USA). Cells were
incubated on the XF cell culture plates. For the ECAR assay, 10 mM
glucose, 1.0 mM oligomycin (complex V inhibitor), and 50 mM 2-DG
were added in sequence operating according to the manufacturer's
instructions.

2.8. Animals and drug administration

A total of 20e24 g adult male ICR mice were supplied by the
Laboratory Animal Center of Nanjing Qinglongshan (Nanjing,
Jiangsu, China). All of the animals were kept in a facility at standard
environment (22 ± 2 �C) with a 12 h light-dark cycle, given free
access to water and food. Animal care and treatment were strictly
conducted on the basis of the Provision and General Recommen-
dation of Experimental Animals Administration Legislation of China
Pharmaceutical University. The mice were randomly divided into
four groups: the sham group (Sham, n ¼ 12), the Rg1 group (Rg1,
n ¼ 12), the forskolin (cAMP agonists) group (Fors, n ¼ 12), the H89
(PKA inhibitor) group (H89, n¼ 12). The sham group was subjected
to saline. 1% (mg/100 mL) Rg1 was sterilely dissolved in saline and
was used as eye drops once a day for 30 days. Forskolin (2 mg/kg)
and H89 (2 mg/kg) was dissolved in 5% DMSO, 40% PEG300, 5%
tween-80 and 50% saline. The forskolin group was taken via
intraperitoneally (i.p.) once aweek for a month. The H89 groupwas
treated with both H89 and Rg1, which was received H89 via i. p.
once a week for 30 days (first time before eye drop) and Rg1 by eye
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drops once a day for 30 days. All groups after the last administra-
tion, eye balls of mice were collected for various measurement.

2.9. Hematoxylin and eosin (H&E) staining

Eye balls were treated with 4% paraformaldehyde (PFA). After
dewaxing in xylene and rehydrating in ethanol, a pathology slicer
(Leica RM2016, Wetzlar, Heessen, Germany) was used to cut eye
balls into pieces. Sections were stained with hematoxylin for
3e5min, washed againwith running water, and then differentiated
in 80% alcohol. Finally, sections were stained with eosin dye for
5min and dehydrated in alcohol according to the routine procedure
[24]. Sections were observed with microscope (Leica DMi8, Wet-
zlar, Heessen, Germany).

2.10. Immunohistochemistry (IHC) staining

Eye balls were obtained from mice, and immersed in 4% PFA.
They were stained by primary antibody following the standard
protocols. Images were captured by the indicatedmicroscope (Leica
DMi8, Wetzlar, Heessen, Germany).

2.11. Axon quantification by CTB anterogradely labeling

RGC axons were measured by a previously described protocol
with some modulations [25]. Briefly, Cholera toxin b subunit (CTB)

with a conjugated Alexafluor 488 (Thermo Fisher Scientific, Wal-
tham, MA) was intravitreously injected 2 days before tissue
obtaining, which anterogradely labeled RGC axons. Then, optic
nerves were embedded in OCT Compound (Tissue Tek, Sakura,
Japan) for cryosectioning. Sections were observed with microscope
(Leica DMi8, Wetzlar, Heessen, Germany).

2.12. Scanning electron microscopy (SEM)

SEM was performed as the standard protocol. Briefly, retinal
cross sections were fixed, dehydrated, and dried. Specimens were
attached to metallic stubs by using carbon stickers and then
sputter-coated with gold. Then they were observed and taken im-
ages with scanning electron microscope (Hitachi SU8100, Tokyo,
Japan).

2.13. Statistical analysis

All the data were shown as mean ± SD. The student's t-test was
employed for statistical analysis using GraphPad Prism 7.0. The p
value < 0.05 was considered statistically significant.

Fig. 1. Rg1 promoted neurite growth of RGCs in vitro. (A) RGC-5s were observed under microscope after treatment with 1, 10, 30 mM Rg1 for 2 days respectively. (B) Primary RGCs
were observed under microscope after treatment with 1, 10, 30 mM Rg1 for 1 week respectively. (C) Neurite length was measured in RGC-5s. (D) Neurite length was measured in
primary RGCs. Data were mean ± SEM. Student's t-test, *p < 0.05, **p < 0.01.
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3. Results

3.1. Rg1 promoted neurite growth of RGC-5s and primary RGCs
in vitro

We assessed the neurotrophic effects of Rg1 on RGCs in vitro by
measuring neurite outgrowth. After Rg1 stimulation for 2 days, the
synaptic length and complexity of RGC-5s increased significantly by
a concentration dependent manner (Fig. 1A and C). Meantime
similar results have been obtained from the primary RGCs (Fig. 1B
and D), which were incubated with Rg1 for 1 week.

3.2. Rg1 promoted the neurite growth of RGC-5s in a concentration
and time dependent manner

The results in 3.1 demonstrated that Rg1 could effectively pro-
mote the neurite growth of RGCs. Hereinwe investigated the effects
of Rg1 on regulatory proteins involved in nerve elongation such as
GAP-43, PAX6, Rac1 and whether the effects varied with time and
concentration. We found that Rg1 can increase the expression of
GAP-43, PAX6 and Rac1 in a concentration dependent manner
(Fig. 2A and B). In addition, the mRNA expression of GAP-43, PAX6
and CREB was significantly increased by Rg1 (Fig. 2C). GAP-43, a
reliable marker of axon growth, was highly increased at both
transcriptional and translational levels by Rg1 in a time dependent
manner (Fig. 2DeF). Taken together, these results demonstrated

that Rg1 can promote the neurite growth of RGCs in a concentration
and time dependent manner.

3.3. Rg1 enhanced the synaptic plasticity of RGCs by activating
cAMP/PKA/CREB pathway

The synaptic plasticity is an important parameter for evaluating
neuron function. To further investigate the potential mechanism of
Rg1 influencing the neurite growth of RGCs, we detected the levels
of cAMP with the ELISA tests in RGC-5s incubating with 10 mM Rg1
for 15 min. Rg1 increased cAMP levels in a concentration depen-
dent manner (Fig. 3A). The classic intracellular target of cAMP is
protein kinase A (PKA), which is believed to mediate many events
induced by this intracellular second messenger [26]. Therefore, we
observed the changes of PKA, phospho-PKA (Thr197), CREB,
phospho-CREB (Ser133) in RGC-5s after treatment with Rg1. We
found that Rg1 upregulated the relative expression of phospho-PKA
and phospho-CREB (Fig. 3B and C). Next, we used forskolin, a cAMP
agonist, and H89, a PKA inhibitor, to observe changes of RGC-5s and
primary RGCs. Forskolin showed in a similar phenomenon as Rg1
did, which promoted the neurite growth of RGC-5s, but the effect
caused by Rg1 was reversed by H89 (Fig. 3D and E). Furthermore,
we found that the expression of GAP-43, PAX6 and active b-catenin
were upregulated by Rg1 and forskolin, but this effect was reversed
by H89 (Fig. 3F and G). And we also confirmed these similar results
in primary RGCs (Fig. 3HeK). Therefore, these results demonstrated

Fig. 2. Rg1 promoted the neurite growth of RGC-5s in a concentration and time dependent manner. (A) Rg1 upregulated the expression of GAP-43, PAX6 and Rac1. The cells were
treated with 1, 10, 30 mM Rg1 for 2 days respectively and the proteins were measured by western blotting. (B) Expression levels of GAP-43, PAX6, and Rac1. (C) The mRNA expression
of GAP-43, PAX6 and CREB. The cells were treated with 1, 10, 30 mM Rg1 for 2 days respectively and the mRNAwas measured by qPCR. (D) The mRNA expression of GAP-43. The cells
were treated with 10 mM Rg1 for 1, 2, 3, 5 days respectively and the mRNAwas measured by qPCR. (E) Rg1 upregulated the expression of GAP-43. The cells were treated with 10 mM
Rg1 for 1, 2, 3 days. (F) Expression levels of GAP-43. Data were mean ± SEM. Student's t-test, *p < 0.05, **p < 0.01.
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Fig. 3. Rg1 enhanced the synaptic plasticity of RGCs by activating cAMP/PKA/CREB pathway. (A) Expression of cAMP in RGC-5s incubating with 1, 10, 30 mM Rg1 for 15 min by ELISA.
(B) The expression of PKA, phospho-PKA (Thr197), CREB, phospho-CREB (Ser133) in RGC-5s. The cells were treated with 1, 10, 30 mM Rg1 for 2 days respectively and the proteins
were measured by western blotting. (C) Expression levels of PKA, phospho-PKA (Thr197), CREB, phospho-CREB (Ser133). (D) RGC-5s were observed under microscope after
treatment with 10 mM Rg1, 1 mM forskolin for 2 days respectively, and 10 mM Rg1 adding 1 mMH89 for 2 days. (E) Neurite length was measured in RGC-5s. (F) The expression of GAP-
43, PAX6 and active b-catenin in RGC-5s. The cells were treated with 10 mM Rg1, 1 mM forskolin for 2 days respectively, 10 mM Rg1 adding 1 mMH89 for 2 days, and the proteins were
measured by western blotting. (G) Expression levels of GAP-43, PAX6 and active b-catenin in RGC-5s. (H) Primary RGCs were observed under microscope after treatment with 10 mM
Rg1, 1 mM forskolin for 2 days respectively, and 10 mM Rg1 adding 1 mM H89 for 1 week. (I) Neurite length was measured in primary RGCs. (J) The expression of GAP-43 in primary
RGCs and the proteins were measured by western blotting. (K) Expression levels of GAP-43. Data were mean ± SEM. Student's t-test, *p < 0.05, **p < 0.01.

Fig. 4. Rg1 strengthened the energy metabolism through glycolysis. (A) Normalized ECAR analysis of RGC-5s treated with 10 mM Rg1 for 2 days. (B) Normalized ECAR analysis of
glycolysis, glycolytic capacity and glycolytic reverse. (C) The mRNA expression of HK2, MCT1, LDH, PKM. Data were mean ± SEM. Student's t-test, **p < 0.01.
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that Rg1 could enhance the synaptic plasticity of RGCs by activating
cAMP/PKA/CREB pathway.

3.4. Rg1 strengthened the energy metabolism through glycolysis

The energy metabolism in retina is very special, these “cancer-
like”metabolismwas called theWarburg effect, in which the retina
produces energy from glycolysis even in the presence of oxygen in
order to keep neurons away exciting for phototransduction and
neurotransmission. This special energy metabolism may be closely
relative to the neurite growth of RGCs, so we further investigate
their relationship. To value the glycolytic capacities of RGCs, we
detected the ECAR of RGC-5s. Rg1 significantly increased the
glycolysis, glycolytic capacity and glycolytic reverse (Fig. 4A and B).

Furthermore, we investigated the effect of Rg1 on enzymes in
glycolysis. Rg1 upregulated the mRNA expression of hexokinase 2
(HK2), monocarboxylate transporter (MCT1), lactic dehydrogenase
(LDH) and pyruvate kinase (PKM) (Fig. 4C). Together, we can
conclude that Rg1 strengthen the energy metabolism by effecting
glycolysis.

3.5. Rg1 promoted neurite growth of primary RGCs in vivo

To determine the promotion of neurite growth of RGCs, Rg1 was
administrated to male ICR mice through eye drops. We conduct
forskolin as the positive drug control and H89 as the inhibitor. The
RGCs axons were valued by retrograde labeling using CTB with a
conjugated Alexafluor 488. Rg1 and forskolin increased the length
and fluorescence intensity of the optic nerve, but this effect was
reversed by H89 (Fig. 5A). Next, we used Golgi-Cox staining to
observe the dendrite branches, dendritic spine density and den-
dritic length of RGCs. We found that Rg1 enhanced the complexity
of dendritic of RGCs as the positive control group did, which was
reversed by H89 (Fig. 5B). We conducted H&E staining to observe
the ganglion cell layer (GCL). We found that the thickness of the
GCL was upregulated by Rg1 and forskolin, but there is no signifi-
cant difference in H89 group (Fig. 5C). Moreover, we observed the
expression of GAP43, PAX6, phospho-PKA and phospho-CREB on
retina by IHC. And the expression of GAP43 (Fig. 5D), PAX6 (Fig. 5E),
phospho-PKA (Fig. 5F) and phospho-CREB (Fig. 5G) were increased
by Rg1 and foskolin, and there is no significant change in H89
group. Furthermore, we also conducted SEM scanning to observe
the density of retina (Fig. 5H and I). The Rg1 group showed more
dense nerve fibre. Together we found that Rg1 promotes neurite
growth of primary RGCs in vivo.

Fig. 5. Rg1 promoted neurite growth of primary RGCs in vivo. (A) Optic nerves retrograde labeled by CTB with a conjugated Alexafluor 488. (B) Golgi-Cox stained RGCs. (C)
Representative images of H&E staining in the retina of ICR mice. (DeG) Representative imagines of GAP43, PAX6, phospho-PKA and phospho-CREB IHC staining in ICR mice retina.
(HeI) Representative images for SEM of retinal sections.

Fig. 6. Schematic diagram of the neurite growth in the retina promoting effect of Rg1
by potentiating synaptic plasticity via cAMP/PKA/CREB signaling pathway.
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4. Discussion

Synaptic plasticity allows the continuous modification of con-
nections and neural circuits between nerves to increase neuro-
transmission efficiency and adaptability of synapses to the
environment [27]. GAP-43 is highly expressed during the growth of
axons and at the growth cone end of new axons, and it is a reliable
marker of axon growth [28]. Overexpression of GAP-43 can lead to
spontaneous formation of new synapses and enhance sprouting
after injury [29]. Studies showed the similar results in adult rat
RGCs that GAP-43 increased the potential of injured RGCs to
regenerate [30]. Furthermore, Rapid remodeling of the actin cyto-
skeleton is critical for structural plasticity. Rac1, a member of the
Rho GTPase family, can affect a variety of nervous system functions
including neurite growth as a key regulator of dendritic and cyto-
skeleton reorganization. Recent studies revealed that Rac1-cKO
significantly reduced the complexity of the dendrites, resulting in
a reduction in the total number of spinous branches of the den-
drites. Rac1 affects excitatory synaptic transmission in RGCs by
modulating dendritic complexity [31]. PAX6 is a novel downstream
target of the Wnt/ß -catenin pathway, which plays an important
role in neurogenesis [32]. It was demonstrated to be involved in the
pathogenesis of glaucoma [33]. The posterior ganglion diseases are
difficult to cure and RGCs cannot be repaired once damaged. The
mechanisms of RGCs degeneration or death in various eye diseases
are complex and current knowledge cannot explain the changes of
RGCs. Therefore, dendritic growth, regeneration and synaptic for-
mation are the most important parameters for evaluating the
cellular protective effects of various chemical molecules [34].
Consistent with these reports, our results revealed that Rg1 not
only promoted the neurite growth of RGCs and the expression of
GAP-43, Rac1 and PAX6 both in vitro and in vivo, but also increased
the dendritic complexity and dendritic length in vivo.

Studies have shown that the axon length, growth cone surface
area and growth cone filamentous pseudopod number were
significantly increased in highly purified primary RGCs by vitreous
injection of forskolin or treatment with forskolin or cAMP ana-
logues. The intraocular elevation of cAMP can promote the elon-
gation of RGCs and directly affect RGCs [35]. In this study, we
observed that Rg1 upregulated the expression levels of cAMP in
RGCs. Wnt/b-catenin is an important pathway that regulates
various physiological processes such as cell growth and develop-
ment. b-catenin is also involved in the regulation and remodeling of
neuronal synapses. PKA-mediated phosphorylation of b-catenin
has been reported to enhance b-catenin transcriptional activity
[36]. At the meantime, studies have shown that activation of Wnt/
b-catenin signal can promote regeneration of injured RGCs axons
[25]. We found that Rg1 increased the expression of active b-cat-
enin. Together these, the effect of Rg1 on cAMP/PKA/CREB pathway
has proved its good neural activity for RGCs.

RGCs are the only neurons in the retina that can generate action
potential, the only visual output cells in the retina, and their axon
are the main parts of the optic nerve. In addition to maintaining
normal cellular functions, the retina requires a great deal of energy
to keep neurons away for exciting phototransduction and neuro-
transmission. Therefore, the retina produces energy from glycolysis
even in the presence of oxygen. This phenomenon is often observed
in cancers and is known as aerobic glycolysis called the Warburg
effect, and the molecular mechanisms of the retina and cancer's
Warburg effect may be similar [37]. The metabolic reprogramming
in the Warburg effect is a complex process in which PI3K/AKT
pathway may be essential to the metabolic budget system [38]. In
order to further study the mechanism of Rg1 influencing on the
growth of RGCs, we also explored the relationship between the
energy metabolism of RGCs and Rg1. We discovered Rg1 enhanced

glycolysis and glycolysis capacity of RGCs adjusting to environ-
mental variations, which need to be investigated in the future.

5. Conclusion

In summary, the present study, for the first time, demonstrated
that Rg1 promoted the growth of RGCs both in vivo and in vitro by
activating the cAMP/PKA/CREB pathway (Fig. 6). Rg1 upregulated
the expression of GAP-43, Rac1, PAX6, but these effects could be
reversed by H89. In addition, combined the special energy meta-
bolism in retina and Rg1 upregulating RGCs synaptic plasticity, we
proposed that Rg1 may play a role in the treatment of retinal
ganglion diseases. This study may lay a foundation for the clinical
use of diseases related to optic nerve injury in the future.
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