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Valeriana jatamansi Jones (VJJ), renowned for its extensive history in traditional 

Chinese medicine and ethnomedicine within China, is prevalently utilized 

to alleviate ailments such as epigastric distension and pain, gastrointestinal 

disturbances including food accumulation, diarrhea, and dysentery, as well as 

insomnia and other diseases. Moreover, the Iridoid-rich fraction derived from 

Valeriana jatamansi Jones (IRFV) has demonstrated e�cacy in facilitating the 

recuperation of motor functions after spinal cord injury (SCI). This study is aimed 

to investigate the therapeutic e�ect of IRFV on SCI and its underlying mechanism. 

Initially, a rat model of SCI was developed to assess the impact of IRFV on 

axonal regeneration. Subsequently, employing the PC12 cell model of oxidative 

damage, the role and mechanism of IRFV in enhancing axonal regeneration 

were explored using the phosphoinositide-3-kinase (PI3K)/protein kinase B 

(Akt) signaling pathway inhibitor LY294002. Ultimately, the same inhibitor was 

administered to SCI rats to confirm the molecular mechanism through which 

IRFV promotes axonal regeneration by activating the PI3K/Akt signaling pathway. 

The results showed that IRFV significantly enhanced motor function recovery, 

reduced pathological injury, and facilitated axonal regeneration in SCI rats. In 

vitro experiments revealed that IRFV improved PC12 cell viability, augmented 

axonal regeneration, and activated the PI3K/Akt signaling pathway. Notably, the 

inhibition of this pathway negated the therapeutic benefits of IRFV in SCI rats. In 

conclusion, IRFV promote promotes axonal regeneration and recovery of motor 

function after SCI through activation of the PI3K/Akt signaling pathway.
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1 Introduction

Spinal cord injury (SCI) represents a critical traumatic 

condition frequently culminating in profound motor and sensory 

dysfunctions (Zhou et al., 2023). �e etiology of SCI encompasses 

high-impact traumas including tra�c collisions, falls, and violent 

incidents, in addition to infections, neoplasms, degenerative spinal 

pathologies, ischemia–reperfusion events, and vascular factors (Hu 

X. et al., 2023; Hu Z. et al., 2023). Over the decade spanning January 

1, 2011, to December 31, 2020, SCI incidence was recorded at 26.5 

cases per million individuals, predominantly characterized by 

cervical injuries (52.1%). �e leading cause of these injuries was 

identi�ed as tra�c-related incidents (29.9%), closely followed by 

occupational hazards (29.8%) (Barbiellini et  al., 2022). �e 

formidable challenges in SCI repair lie in its intricate 

pathomechanisms and the inherent di�culty of nerve regeneration 

within the central nervous system. Consequently, identifying 

e�ective strategies for axonal regeneration and neural circuitry 

remodeling is a pivotal therapeutic concept in SCI management 

(Barbiellini et al., 2022).

Revered as a “bright pearl” in the global “medical crown,” 

Traditional Chinese Medicine (TCM) boasts a millennia-long history 

of clinical application. �e integration of TCM as an adjunctive 

therapy for spinal cord injury (SCI) has garnered escalating attention 

from international researchers, heralding a new epoch in SCI 

treatment (Lu et al., 2020). Zhizhuxiang, a prized herbal remedy, is 

derived from the dried root and rhizome of Valeriana jatamansi Jones 

(VJJ) (Zhao et al., 2022), �rst documented in the Compendium 

Materia Medica. Renowned for its analgesic, antidiarrheal, and 

sedative properties, it holds a venerable position in herbal medicine 

(Wang et al., 2018). Our preceding research revealed that the Iridoid-

rich fraction from Valeriana jatamansi Jones (IRFV) signi�cantly 

enhances motor function recovery following SCI in rat models, 

reduce in�ammatory response, and promote the expression of brain-

derived neurotrophic factor (BDNF) and nerve growth factor (NGF), 

with the optimal e�cacy noted at a dosage of 10 mg/kg (Xiong 

et al., 2022).

In our prior investigation, we retrieved the principal constituents 

of VJJ via literature data mining and applied network pharmacology 

alongside molecular docking methodologies to forecast and 

corroborate VJJ’s molecular mechanism in SCI treatment. Our 

�ndings indicate that VJJ might exert its therapeutic e�ects in SCI 

primarily through iridoids, including baldrinal, valtrate, jatamanin C, 

isovaltrate, deacetylisovaltrate, and valeriandoid F, with the 

mechanism potentially associated with the phosphoinositide-3-kinase 

(PI3K)/protein kinase B (Akt) signaling pathway.

�e PI3K/Akt signaling pathway, a multifaceted network 

involving a plethora of regulators and e�ectors, exerts a critical 

regulatory in�uence on diverse physiological functions within the 

central nervous system (CNS), encompassing the regulation of 

neuronal cell growth, survival, and axonal development. �e PI3K/

Akt signaling cascade is pivotal in the pathological progression of SCI 

(Xiao et al., 2022), with its activation markedly facilitating the process 

of axonal regeneration post-SCI (Hausott et al., 2022).

In this study, we employed a rat model of SCI to ascertain whether 

the IRFV can enhance motor function recovery and facilitate axonal 

regeneration post-SCI. Additionally, we  utilized the PC12 cell 

oxidative damage model to further explore its underlying mechanism.

2 Method

2.1 Extraction and preparation of IRFV

VJJ was purchased from Hebei Renxin Pharmaceutical Co., 

LTD. �e extraction process was as follows: the crude powder of VJJ 

was subjected to 70% ethanol extraction, with an initial extraction ratio 

of 8:1 for 24 h, followed by a subsequent 6:1 extraction for 12 h. �e 

resultant extracts were amalgamated and then concentrated under 

reduced pressure to remove any residual alcoholic odor, yielding an 

ethanolic extract. For puri�cation, the ethanolic extract was 

homogeneously dispersed in water through ultrasonication and 

subsequently loaded onto a D101 macroporous resin column, 

characterized by a speci�c adsorption capacity of 72 mg/g, an 

adsorption �ow rate of 1 BV/h, and an elution �ow rate of 2 BV/h. 

Elution was performed sequentially with water at 6BV, followed by 60% 

ethanol at 4BV, and �nally 95% ethanol at 4BV. �e 95% ethanol 

fraction was collected, concentrated into a paste under reduced 

pressure, and subsequently dried in a vacuum at 40°C. �e 

quanti�cation of total iridoids in the extract, as determined by 

ultraviolet spectrophotometry, was established at 83.25%.

2.2 Animals and SCI model

Forty-eight healthy male Sprague Dawley rats, weighing 

between 250 to 290 grams, were acquired from SiPeiFu (Beijing) 

Biotechnology Co. Ltd. (Animal Certi�cate No.: SCXK (Beijing) 

2019–0010). �e housing conditions were meticulously maintained, 

ensuring cleanliness and adequate ventilation, with a stable room 

temperature of 22 ± 2°C, relative air humidity maintained at 60%, a 

12-h light–dark cycle, and ad libitum access to food. �e conduct of 

the animal study received ethical approval from the Ethics 

Committee of the General Hospital of the Western �eater 

Command of the Chinese People’s Liberation Army.

Anesthesia induction in the rats was achieved through 

intraperitoneal injection of 5% pentobarbital sodium, administered at 

a dosage of 30 mg/kg. Subsequent to the T10 laminectomy, the spinal 

cord was clamped at the corresponding level for 10 s using 70 g 

medical aneurysm clips. Following the closure of the surgical incision, 

penicillin was administered via intramuscular injection at a dosage of 

200,000 U/day for a period of 3 days. Additionally, manual bladder 

expression was conducted thrice daily to facilitate urinary excretion 

until normal voiding was reestablished. In the sham group, the 

procedure was limited to laminectomy, ensuring the spinal cord was 

le� intact.

Forty-eight rats were randomly assigned into four groups using 

the random number table method: Sham, SCI, IRFV, and 

IRFV+LY294002. �e IRFV extract, weighing 0.5 g, was dissolved via 

ultrasonic agitation in a 0.5% carboxymethyl cellulose sodium 

(CMC-Na) solution, which was subsequently brought to a �nal 

volume of 500 mL. �e IRFV group received the IRFV solution orally 

at a dose of 10 mg/(kg·d). For the IRFV+LY294002 group, in addition 

to the same oral dose of IRFV, an intraperitoneal injection of 

LY294002 was administered at 1 mg/(kg·d). �e Sham and SCI groups 

were administered an equivalent volume of CMC-Na solution daily 

via gavage. �e duration of this intervention extended over a period 

of 28 days.
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2.3 Behavioral testing

For the assessment of hind limb motor function in rats, the Basso, 

Beattie, and Bresnahan scoring (BBB score) (Basso et al., 1995) was 

employed. Two independent experimenters, well-versed in the scoring 

criteria and blinded to the animal groupings, conducted the evaluations. 

Each limb was scored separately over a duration of 5 min, and the 

average of the two evaluators’ scores was recorded for each assessment.

2.4 Luxol fast blue staining and Nissl 
staining

Spinal cord tissues were �xed in a 10% neutral bu�ered formalin 

solution for 24 h. Following �xation, the tissues underwent standard 

dehydration and embedding procedures, a�er which 4 μm serial 

sections were prepared for Luxol Fast Blue (LFB) and Nissl staining. 

For LFB staining, sections were depara�nized to 95% ethanol, 

followed by immersion in the fast blue staining solution (Solarbio, 

Beijing, China) overnight at room temperature, subsequently rinsed 

in 95% ethanol to remove excess dye, followed by distilled water and 

then di�erentiated in LFB Di�erentiation solution for 15 s, and further 

in 70% ethanol for 30 s until the demarcation between gray and white 

matter was distinct, followed by a distilled water rinse, counterstaining 

with Eosin for 2 min, and then rapid washing and routine dehydration, 

clari�cation, and sealing of the sections. In the Nissl staining process, 

following routine dewaxing, sections were immersed in toluidine blue 

staining solution (Solarbio, Beijing, China), maintained at 50–60°C 

for 20–40 min, Upon completion of the staining, the tissue sections 

were gently rinsed with distilled water, swi�ly di�erentiated using 95% 

ethanol, and subsequently underwent standard dehydration, 

clari�cation, and sealing procedures.

2.5 Cell culture and drug treatment

Treatment Highly di�erentiated PC12 cells were purchased from 

Wuhan Pricella Life Science and Technology Co. PC12 cells were cultured 

in Dulbecco’s modi�ed Eagle’s medium (DMEM, Gibco, United States) 

and maintained in an incubator at 37°C and 5% CO2. In the study, the 

cells were allocated into four experimental groups: Control, H2O2, 

H2O2 + IRFV, and H2O2 + IRFV+LY294002. Before commencing the 

experiment, PC12 cells were seeded in 96-well plates at a concentration 

of 2 × 104 cells/mL. �e control group was maintained in DMEM without 

additional treatments. �e H2O2 group received 400 μmol/L H2O2 

(dissolved in DMEM) solution for 2 h. �e H2O2 + IRFV group was 

exposed to 400 μmol/L H2O2 solution for 2 h, followed by treatment with 

10 μg/mL IRFV solution (dissolved in DMEM) for 24 h. �e 

H2O2 + IRFV+LY294002 group underwent 400 μmol/L H2O2 exposure for 

2 h, succeeded by a combined treatment (dissolved in DMEM) of 10 μg/

mL IRFV and 10 μmol/L LY294002 for 24 h. Each group consisted of three 

replicate wells to ensure experimental validity.

2.6 Cell counting Kit-8 assay

Cell viability was assessed using the Cell Counting Kit-8 (CCK-8) 

assay. A range of H2O2 concentrations (100–800 μmol/L) and IRFV 

concentrations (0.1–20 μg/mL) were applied to cells in 96-well plates. 

�e Cell Counting Kit-8 reagent (MedChemExpress, New Jersey, 

United States) was introduced to the 96-well plates and the plates were 

incubated for 1 h in a cell incubator. Subsequently, the optical density 

at 450 nm was determined using a spectrophotometer (�ermoFisher 

Scienti�c, United States). Each experiment was replicated three times 

for consistency. �e formula for calculating cell viability was as 

follows: Cell viability (%) = [(Absorbance in drug-treated wells  - 

Absorbance in blank wells) / (Absorbance in control wells  - 

Absorbance in blank wells)] × 100%.

2.7 Immunofluorescence

Spinal cord tissues were �xed in a 10% neutral bu�ered formalin 

solution for 24 h. Following �xation, tissues underwent standard 

dehydration and embedding processes, were serially sectioned at 4 μm 

thickness, and the sections were subjected to antigen retrieval in EDTA 

solution (Solarbio, Beijing, China) using a microwave. PC12 cells were 

�xed using 4% paraformaldehyde for a duration of 20 min. Tissue and 

cell samples were permeabilized in Triton X-100 (Solarbio, Beijing, 

China) for 20 min, blocked with 3% BSA for 1 h at room temperature, 

and incubated overnight at 4°C with anti-neuro�lament 200 (NF200) 

(1:200, 2,836, Cell Signalling Technology, Beverly, MA, United States) 

and growth-associated protein 43 (GAP43) (1:200, 8,945, Cell 

Signalling Technology, Beverly, MA, United States) primary antibodies. 

Subsequently, the samples were incubated with rabbit (1:200, Cat No: 

SA00013-1, Proteintech, Wuhan, China) or mouse (1:200, Cat No: 

SA00013-1, Proteintech, Wuhan, China) secondary antibodies 

conjugated with �uorochrome for 1 h, followed by re-staining of cell 

nuclei with DAPI for 1 h and sealing. Imaging was performed using a 

Nikon ECLIPSE CI-L microscope, and �uorescence intensity was 

quantitatively analyzed with Image J so�ware.

2.8 Western blotting

�e total protein from spinal cord tissues and cell samples was 

extracted using a protein extraction kit (Solarbio, Beijing, China), 

following the provided instructions, and the protein concentration 

was quanti�ed using the BCA method. A�er gel preparation, the 

samples were loaded in equal amounts of total protein. �e proteins 

was separated by 10% SDS-PAGE (80 V, 2 h, then 130 V, 1 h) and 

transferred to a PVDF membrane. �e membrane was blocked with 

5% milk for 1 h, followed by overnight incubation at 4°C with primary 

antibodies against NF200 (1:1000, 2,836, Cell Signalling Technology, 

Beverly, MA, United States), GAP43 (1:1000, 8,945, Cell Signalling 

Technology, Beverly, MA, United States), PI3K (1:1000, 4,292, Cell 

Signalling Technology, Beverly, MA, United States), p-PI3K (1:500, 

AF3242, A�nity, China), Akt (1:1000,bs-6951R, Bioss, Beijing, 

China), p-Akt (1:1000,bsm-60645R, Bioss, Beijing, China), and 

GAPDH (1:8000, 2,118, Cell Signalling Technology, Beverly, MA, 

United States). �is was succeeded by incubation with HRP-conjugated 

secondary antibodies (1:10000, 7,074, 7,076, Cell Signalling 

Technology, Beverly, MA, United States) for 1 h at room temperature. 

Lastly, the membranes were visualized using ECL reagents and the 

Azure Biosystems NIR Fluorescence Imaging system, followed by 

quantitative grayscale analysis using Image J so�ware.
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2.9 Statistical analysis

Statistical analysis was performed using SPSS so�ware version 

25.0 (SPSS, Chicago, IL, United States). Comparative analysis among 

multiple groups was conducted using one-way ANOVA, while the 

di�erences between two groups were evaluated through unpaired 

Student’s t-test. A p-value of less than 0.05 was deemed to indicate 

statistical signi�cance.

3 Result

3.1 IRFV facilitates tissue regeneration and 
motor functional recovery post-SCI

IRFV was administered via gastric gavage at a consistent 

dosage of 10 mg/kg daily for 28 days following SCI. Postoperatively, 

motor function was evaluated on days 0, 7, 14, 21, and 28 post-SCI 

using the BBB score (Figure 1A). The results indicate that on the 

first day post-operation, the Sham group had a BBB score of 21, 

while all other groups scored 0, suggesting the model was 

successfully established. The results also indicated that no 

significant difference in BBB scores between the SCI and IRFV 

groups from day 0 to 7. However, from day 14 to 28 post-

operation, IRFV treatment significantly enhanced BBB scores, 

consistently outperforming the SCI group (Figure  1B). 

Histological analysis of spinal cord tissues using Nissl staining 

revealed a marked reduction in Nissl bodies in the SCI group 

compared to the sham group. Conversely, IRFV treatment notably 

increased the number of Nissl bodies compared to the SCI group 

(Figure 1C). Myelin loss in tissue was assessed using LFB staining, 

demonstrating that IRFV treatment significantly mitigated myelin 

loss compared to the SCI group (Figure 1D). In conclusion, these 

findings indicate that IRFV plays a pivotal role in facilitating 

tissue repair and remyelination, thus enhancing functional 

recovery post-SCI in vivo.

3.2 IRFV promotes axonal regeneration 
after SCI, potentially through the activation 
of the PI3K/Akt signaling pathway

NF200, a crucial neuro�lament predominantly located in the 

cytoplasm of neurons and axons, serves as an indirect indicator of the 

extent of axonal damage and regeneration following SCI (Hu X. et al., 

2023; Hu Z. et al., 2023). GAP43 is an axonal membrane protein that 

plays a role in axonal development, regeneration and plasticity (Liu 

et al., 2020). Immuno�uorescence co-localization and western blotting 

echniques were utilized to assess the expression of axon-related 

proteins NF200 and GAP43 in various groups of rats, four weeks post-

SCI. Immuno�uorescence co-localization results revealed a signi�cant 

reduction in the expression of NF200 (p < 0.05) and GAP43 (p < 0.01) 

in the SCI group compared to the Sham group, while IRFV treatment 

markedly enhanced the expression levels of NF200 (p < 0.05) and 

GAP43 (p < 0.01) (Figures 2A–C). �is result was further corroborated 

by Western blotting. Moreover, western blotting analysis demonstrated 

that IRFV treatment elevated the protein expression of p-Akt 

(p < 0.05), suggesting a potential link between IRFV’s axon 

regeneration-promoting e�ect in SCI and Akt phosphorylation 

(Figures 2D–G).

3.3 IRFV improves cell viabilty of PC12 cells

�e CCK-8 assay was employed to determine the optimal 

intervention concentration of H2O2 and IRFV. Results indicated that 

the viability of PC12 cells was approximately 50% following 

400 μmol/L H2O2 treatment for 2 h (Figure  3A). Consequently, 

400 μmol/L was chosen as the H2O2 treatment concentration. 

Following 2 h of H2O2 treatment, PC12 cells treated with 10 μg/mL 

IRFV for 24 h exhibited the most signi�cant increase in viability 

compared to other concentrations of IRFV administration 

(Figure  3B), thus 10 μg/mL was selected as the administration 

concentration in this study.

Optical microscopy revealed that the morphology of PC12 cells 

in the Control group was pike-shaped, featuring large cytosol, 

thickened and elongated cytosolic branches and trunks, strong 

refractive index, extended pseudopods, and a high cell count. 

Compared with the Control cells, the synapses of the PC12 cells in the 

H2O2 group and the H2O2 + IRFV+LY294002 group were observed to 

be shorter or the pseudopods absent. Additionally, a portion of these 

cells crumpled, rounded, and detached; the intercellular gap widened, 

and there was a noticeable reduction in cell count. In the H2O2 + IRFV 

group, there was a notable extension of pseudopods, reduction in cell 

gap, increase in cell number, and a clear improvement in the growth 

status of the cells (Figure  3C). �ese �ndings imply that IRFV 

contributes to the enhancement of PC12 cell growth, and that this 

e�ect can be  reversed by the inhibition of PI3K/Akt through 

LY294002. �e CCK-8 assay results demonstrated a signi�cant 

reduction in the viability of the PC12 cells in the H2O2 group 

compared to the Control group (p < 0.001). Conversely, cell viablity in 

the H2O2 + IRFV group was signi�cantly elevated compared with that 

of H2O2 group (p < 0.01), while the H2O2 + IRFV+LY294002 group 

exhibited a marked decrease in cell viability compared to the 

H2O2 + IRFV group (p < 0.01) (Figure 3D). �is suggests that IRFV 

improves the cell viability, an e�ect that can be  reversed by the 

inhibition of PI3K/Akt via LY294002.

3.4 IRFV facilitates axonal regeneration 
after H2O2 treatment in PC12 cells

Immuno�uorescence and western blotting were employed\d to 

assess axon-related proteins NF200 and GAP43  in PC12 cells. 

Immuno�uorescence results revealed a signi�cant decrease in the 

protein expression of NF200 and GAP43 in the H2O2 group compared 

to the Control group (p < 0.05). �e protein expression levels of NF200 

and GAP43  in the H2O2 + IRFV group were signi�cantly elevated 

compared to those in the H2O2 group (p < 0.05). Protein expression 

levels of NF200 (p < 0.01) and GAP43 (p < 0.05) in the 

H2O2 + IRFV+LY294002 were signi�cantly decreased in comparison 

to the H2O2 + IRFV group (Figures 4A–C), which was further veri�ed 

by western blotting results (Figures 4D–F). �ese �ndings indicate 

that IRFV facilitates axon regeneration following PC12 cell injury, and 

that this e�ect can be reversed by inhibiting the PI3K/Akt signaling 

pathway through the application of LY294002.
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3.5 IRFV promotes axonal regeneration 
after H2O2 treatment via PI3K/Akt signalling

Western blotting was utilized to detect the expression of PI3K/Akt 

pathway proteins, aiming to elucidate the potential mechanism 

underlying the promotion of axonal regeneration. �e expression 

levels of PI3K/Akt protein were signi�cantly upregulated in IRFV-

treated, H2O2-pre-stimulated PC12 cells (p < 0.05), while a notable 

reduction was observed in the expression of PI3K/Akt protein 

following the application of LY294002 (p < 0.05), indicating e�ective 

inhibition of the PI3K/Akt signaling pathway (Figures 5A–C). �ese 

results imply that IRFV may promote axonal regeneration in PC12 

cells by activating the PI3K/Akt signaling pathway.

3.6 Inhibition of the PI3K/Akt signalling 
reverses the treatment of IRFV after SCI

Rats with SCI treated with IRFV were administered LY294002 

via intraperitoneal injection. Western blot analysis of PI3K/Akt 

signaling pathway proteins in the rat spinal cord revealed that post-

IRFV treatment, the expression of these proteins was signi�cantly 

upregulated (p < 0.05), indicating activation of PI3K/Akt signaling 

pathway. A�er the intraperitoneal injection of LY294002, a 

signi�cant decrease in the expression of PI3K/Akt signaling pathway 

proteins was observed in the rat spinal cord, suggesting e�ective 

inhibition of the PI3K/Akt pathway (Figures  6A,C–D). 

Immuno�uorescence and Western blot analyses demonstrated that 

IRFV treatment signi�cantly elevated the protein expression of 

NF200 and GAP43  in the spinal cord of the SCI rats, whereas 

LY294002 administration via intraperitoneal injection markedly 

reduced their expression (Figures 6A–D). Nissl and LFB staining 

results indicated that intraperitoneal administration of LY294002 

reversed IRFV’s e�ects on increasing the number of Nissl bodies 

(p < 0.001) and ameliorating demyelination (p < 0.001) 

(Figures  6E,F). Behavioral assessments also revealed that 

intraperitoneal administration of LY294002 led to a signi�cant 

reduction in motor function compared to IRFV-treated rats 

(Figure 6G). �ese �ndings demonstrate that the inhibition of the 

PI3K/Akt signaling pathway reverses IRFV’s e�ect on promoting 

FIGURE 1

IRFV facilitates tissue regeneration and motor functional recovery post-SCI. (A) Establishmen of rat SCI model and IRFV treatment protocol. (B) BBB 

scores of rats up to 28� days after operation. (C) Number of Nissl bodies in rat spinal cord tissues analyzed by Nissl staining to analyze neuronal survival. 

(D) Myelin positive area in rat spinal cord tissues analyzed by LFB staining to analyze loss of myellin. Scale bar� =� 100� μm. Data are presented as 

mean� ±� SD. *p� <� 0.05, **p� <� 0.01, ***p� <� 0.001.
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FIGURE 2

IRFV promotes axonal regeneration after SCI, potentially through the activation of the PI3K/Akt signaling pathway. (A–C) The expression of NF200 (red) 

and GAP43 (green) was analyzed by immunofluorescence. Nuclear chromatin was stained with DAPI (blue). Scale bar� =� 100� μm. (D–G) Western blotting 

analysis of NF200, GAP43, Akt and p-Akt expression in spinal cord tissue. *p� <� 0.05, **p� <� 0.01, ***p� <� 0.001.
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axonal regeneration in SCI rats, further suggesting that IRFV 

promotes axonal regeneration by activating the PI3K/Akt pathway.

4 Discussion

SCI constitutes a complex tissue injury, resulting in permanent 

and degenerative damage to the CNS. Following SCI, deleterious 

cellular processes ensue, including axonal degeneration, neuronal loss, 

neuroin�ammation, reactive gliosis, and scar formation (Cli�ord 

et al., 2023). �e inability of the adult mammalian CNS to regenerate 

post-injury is the direct cause of the permanent loss of sensory and 

motor functions following SCI (Noristani, 2022). Axons, as structural 

and functional units of neural circuits, play a central role in neural 

signaling. Consequently, damage to either the CNS or the peripheral 

nervous system necessitates axonal regeneration for the restoration of 

neural function (Zhang et  al., 2020). To date, one of the most 

promising pre-clinical therapeutic strategies has been neural stem cell 

therapy for SCI (de Freria et al., 2021). However, the application of 

neural stem cell transplantation is still limited due to the high price 

and complex drug delivery methods, as well as the potential adverse 

e�ects, including possible overgrowth or tumor formation and 

transplantation-induced pain. VJJ represents a category of medicinal 

plant resources exhibiting exceptional developmental potential within 

the domain of TCM. Furthermore, it is devoid of toxicological side 

e�ects and evident drug dependence (Yu et al., 2015). Our previous 

research has established that IRFV can enhance motor function 

recovery and elevate the expression levels of brain-derived 

neurotrophic factor and nerve growth factor in SCI rats (Xiong et al., 

2022). In this study, aligning with prior �ndings, our results 

corroborate that IRFV enhances motor function in SCI rats. 

Furthermore, Nissl staining results veri�ed that IRFV treatment led to 

an increase in the number of Nissl bodies within the spinal cord 

tissues of SCI rats, while LFB staining results substantiated that IRFV 

treatment ameliorated demyelination in SCI rats. Western blotting and 

immuno�uorescence analyses demonstrated that IRFV treatment 

elevated the expression of axon-related proteins NF200 and GAP43. 

Collectively, these �ndings suggest that IRFV facilitates motor 

function recovery in SCI rats by promoting axonal regeneration.

PTEN is widely recognized as a crucial intrinsic inhibitor of CNS 

axon regeneration. �e PI3K/AKT/mTOR pathway, under the 

negative regulation of PTEN, is pivotal in diverse models of axon 

injury (Zhang et al., 2018). �e PI3K/AKT pathway represents a vital 

survival mechanism, orchestrating signaling, di�erentiation, and axon 

growth. Activated AKT notably diminishes Fas ligand expression by 

suppressing the pro-apoptotic transcription factors Bad and Forkhead 

(Akram et  al., 2022). On the other hand, phosphorylated AKT 

promotes cytoskeletal �lament assembly and axon growth 

(Nieuwenhuis et al., 2020). Our prior research employing network 

pharmacology and molecular docking indicates a potential association 

FIGURE 3

IRFV improves cell viabilty of PC12 cells. (A) Cell viability of PC12 cells with oxidative damage after treating with H2O2 at di�erent concentrations for 2� h. 

(B) Cell viability of PC12 cells treated with di�erent concentrations of IRFV after treating with 400� μmol/L H2O2 for 2� h. (C) Cell morphology of PC12 

cells. Scale bar� =� 250� μm, 50� μm (D) Cell viability of PC12 in four groups. Data are presented as mean� ±� SD. *p� <� 0.05, **p� <� 0.01, ***p� <� 0.001.
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between the therapeutic e�cacy of IRFV in SCI rats and the PI3K/Akt 

signaling pathway (Wang et  al., 2023). In vivo, we  found that the 

phosphorylation of Akt was upregulated in the spinal cord tissues of 

SCI rats treated with IRFV. Additionally, we employed the PC12 cell 

oxidative stimulation model to investigate the relationship between 

IRFV’s axonal regeneration e�ect and the PI3K/Akt signaling pathway. 

�e �ndings indicated that, alongside axonal regeneration, there was 

an upregulation in the expression of PI3K/Akt signaling pathway 

proteins in PC12 cells treated with IRFV. Conversely, the axonal 

regeneration-promoting e�ect of IRFV was reversed in PC12 cells 

treated with LY294002, an inhibitor of the PI3K/Akt signaling 

pathway. Corresponding outcomes were similarly observed in in vivo 

experiments. In SCI rats administered intraperitoneally with 

LY294002, there was no improvement in pathological injury and 

motor function, nor was there an upregulation in NF200 and GAP43 

protein expression; moreover, the axonal regeneration-promoting 

therapeutic e�ect of IRFV was counteracted. Collectively, these 

�ndings demonstrate that IRFV facilitates axonal regeneration and 

motor function recovery post-SCI by activating the PI3K/Akt 

signaling pathway.

�e multifaceted composition of TCM herbs, characterized by 

their synergistic and multi-target e�ects, can compensate for the 

inherent limitations present in chemical drug applications (Lu et al., 

2020). Employed as an adjunctive therapy, TCM has shown to 

be advantageous in enhancing motor and sensory functions, as well 

as the daily living capabilities of individuals with SCI (Zheng et al., 

2020). VJJ, with its extensive historical application in TCM, exhibits a 

wide spectrum of biological activities, including sedative-hypnotic 

(Sah et al., 2010), antianxiety and antidepressant (Zhang B. et al., 2021; 

Zhang L. et al., 2021), anti-tumour properties (Tian et al., 2020). For 

CNS, studies have corroborated that VJJ modulates the hypothalamic–

pituitary–adrenal axis (Yan et  al., 2010; Shi et  al., 2014), inhibit 

FIGURE 4

IRFV facilitates axonal regeneration after H2O2 treatment in PC12 cells. (A–C) The expression of NF200 (red) and GAP43 (green) was analyzed by 

immunofluorescence. Nuclear chromatin was stained with DAPI (blue). Scale bar� =� 50� μm. (D–F) Western blotting analysis of NF200 and GAP43 

expression in PC12 cells. Data are presented as mean� ±� SD. *p� <� 0.05, **p� <� 0.01, ***p� <� 0.001.
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microglia activation (Yang et al., 2022), and protect the blood–brain 

barrier (Zhang B. et al., 2021; Zhang L. et al., 2021). Contrary to the 

�ndings of this study, VJJ has been previously demonstrated to inhibit 

rotavirus-induced diarrhoea by suppressing the PI3K/AKT signalling 

pathway (Zhang et al., 2021), and 11-Ethoxyviburtinal, derived from 

VJJ, exerts anxiolytic e�ects through this pathway’s inhibition (Lyu 

et al., 2023). �ese variations may stem from the distinct molecular 

mechanisms underlying various disorders and the diverse bioactive 

constituents present in VJJ.

�e principal chemical components of VJJ comprise iridoids, 

volatile oils, �avonoids, among others (Jugran et al., 2019). Our prior 

network pharmacology research indicates that the predominant 

active constituents of VJJ e�ective in treating SCI are primarily 

iridoids (Wang et al., 2023). Iridoids, classi�ed as monoterpenes, 

typically exist in forms such as cyclopentanes and pyrans, and are 

extensively found across diverse plant and animal species (Ndongwe 

et  al., 2023). An iridoid compound isolated from Hydrangea 

paniculata has demonstrated neuroprotective e�ects in instances of 

PC12 cell injury (Shi et al., 2012). Cornus iridoid glycosides have 

been found to treat type 2 diabetes mellitus in conjunction with 

non-alcoholic fatty liver disease by activating the PI3K/Akt pathway 

in rats (Niu et  al., 2021), while also exerting hypolipidemic, 

hypoglycemic, and antioxidant e�ects (Kang et  al., 2018). 

Furthermore, they ameliorate cognitive impairment caused by 

chronic cerebral insu�ciency (Wang et al., 2020), protect against 

ischemia-induced white matter lesions via the PI3K/Akt/mTOR 

pathway in the white matter (Wang J. et al., 2019; Wang M. et al., 

2019), and facilitate SCI treatment by promoting axonal growth and 

extension into the lesion site (Tang et al., 2016). Catapol, an iridoid 

derivative isolated from Rehmannia glutinosa, has been shown to 

elevate GAP43 and synaptophysin levels in the hippocampus, thereby 

improving neuroplasticity loss (Liu et  al., 2006). Additionally, it 

promotes axon regeneration in both in vitro and in vivo stroke models 

via the PI3K/AKT/mTOR pathway (Wang J. et  al., 2019; Wang 

M. et  al., 2019). Comparable outcomes were noted in the 

current study.

In conclusion, this study substantiates that IRFV facilitates axonal 

regeneration and motor function recovery post-SCI through the 

activation of the PI3K/Akt signaling pathway, thereby o�ering novel 

evidence supporting the application of VJJ in SCI treatment. However, 

this study is not without its limitations. Firstly, this experiment 

predominantly investigated the therapeutic e�ects of IRFV, a broad 

category of compounds, necessitating further exploration into the 

speci�c chemical constituents responsible for its pharmacological 

actions. Secondly, while this study con�rmed the activation of the 

PI3K/Akt signaling pathway by IRFV, the mechanism of its in vivo 

target activation remains to be elucidated. �is study lays a theoretical 

groundwork for the clinical translation of VJJ in SCI treatment and 

establishes a foundation for future explorations into SCI 

treatment strategies.

In future investigations, we  will aim to delve deeper into the 

therapeutic e�cacy of IRFV in SCI. Firstly, the experimental duration 

will be  extended appropriately and multiple time points will 

be  implemented to identify the optimal time point for observing 

IRFV-induced axon regeneration a�er SCI, and the e�ect of IRFV on 

the downstream PI3K/Akt pathway will be  further explored. 

Additionally, Darts technique will be employed to further elucidate 

the constituents and targets of IRFV in SCI treatment. Secondly, 

we  utilized in vivo neuron labeling technology or in vivo neuron 

imaging technology to delve deeper into the dynamic process of IRFV-

induced axonal growth post-SCI. Secondly, in vivo neuron labeling 

technology or in vivo neuron imaging technology was used to further 

explore the dynamic process of IRFV-induced axonal growth a�er 

SCI. �irdly, to investigate novel drug delivery approaches, we will 

explore the combination of IRFV with hydrogels, emerging 

nanomaterials, stem cells, and other agents to assess drug targeting 

e�ciency and identify the optimal drug delivery method. Lastly, 

we  will aim to integrate pertinent clinical trials to facilitate 

clinical application.

5 Conclusion

In this study, we employed a hybrid approach of both in vivo and 

in vitro experiments to initially explore the mechanism by which IRFV 

promotes axonal regeneration in SCI. Our �ndings indicate that IRFV 

targets and activates the PI3K/Akt signaling pathway, thereby 

facilitating axonal regeneration post-SCI, ameliorating spinal cord 

FIGURE 5

IRFV promotes axonal regeneration after H2O2 treatment via PI3K/Akt signalling. (A–C) Western blotting analysis of p-PI3K, PI3K, p-Akt, and Akt 

expression in PC12 cells. Data are presented as mean� ±� SD. *p� <� 0.05, **p� <� 0.01, ***p� <� 0.001.
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FIGURE 6

Inhibition of the PI3K/Akt signalling reverses the treatment of IRFV after SCI. (A,C) Western blotting analysis of NF200, GAP43, p-Akt, and Akt expression 

in spinal cord tissue of rats in SCI, IRFV and IRFV+LY294002 group. (B,D) Immunofluorescence analysis of NF200 (red) and GAP43 (green) expression in 

spinal cord tissue of rats in SCI, IRFV and IRFV+LY294002 group. Nuclear chromatin was stained with DAPI (blue). Scale bar� =� 100� μm. (E,F) Number of 

Nissl bodies in rat spinal cord tissues analyzed by Nissl staining to analyze neuronal survival, Myelin positive area in rat spinal cord tissues analyzed by 

LFB staining to analyze loss of myellin. Scale bar� =� 100� μm. (G) BBB scores of rats in SCI, IRFV and IRFV+LY294002 group. Data are presented as 

mean� ±� SD. *p� <� 0.05, **p� <� 0.01, ***p� <� 0.001.
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histopathological injury, and enhancing motor function recovery. In 

summary, this study potentially o�ers substantial theoretical support 

and a research foundation for the clinical application of IRFV, as well 

as for the subsequent drug development aimed at treating SCI.

Data availability statement

�e original contributions presented in the study are included in 

the article, further inquiries can be  directed to the 

corresponding author.

Ethics statement

�e animal study was approved by the Ethics Committee of the 

General Hospital of the Western �eater Command of the Chinese 

People's Liberation Army. �e study was conducted in accordance 

with the local legislation and institutional requirements.

Author contributions

YW: Methodology, So�ware, Validation, Writing – original dra�. 

JL: Investigation, Supervision, Writing – review & editing. HX: 

So�ware, Supervision, Writing – review & editing. LD: Resources, 

Supervision, Writing – review & editing. YH: Data curation, 

Supervision, Writing – review & editing. CC: Formal analysis, 

Methodology, Writing – review & editing. WW: Conceptualization, 

Writing – review & editing.

Funding

�e author(s) declare that �nancial support was received for the 

research, authorship, and/or publication of this article. �is work was 

supported by Special Research Project of Traditional Chinese 

Medicine from Sichuan Provincial Administration of Traditional 

Chinese Medicine (No.2018JC033).

Conflict of interest

�e authors declare that the research was conducted in the 

absence of any commercial or �nancial relationships that could 

be construed as a potential con�ict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 

authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or 

claim that may be made by its manufacturer, is not guaranteed or 

endorsed by the publisher.

References

Akram, R., Anwar, H., Javed, M. S., Rasul, A., Imran, A., Malik, S. A., et al. (2022). 
Axonal regeneration: underlying molecular mechanisms and potential therapeutic 
targets. Biomedicines 10.:3186. doi: 10.3390/biomedicines10123186

Barbiellini, A. C., Salmaso, L., Bellio, S., and Saia, M. (2022). Epidemiology of 
traumatic spinal cord injury: a large population-based study. Spinal Cord 60, 812–819. 
doi: 10.1038/s41393-022-00795-w

Basso, D. M., Beattie, M. S., and Bresnahan, J. C. (1995). A sensitive and reliable 
locomotor rating scale for open �eld testing in rats. J. Neurotrauma 12, 1–21. doi: 
10.1089/neu.1995.12.1

Cli�ord, T., Finkel, Z., Rodriguez, B., Joseph, A., and Cai, L. (2023). Current 
advancements in spinal cord injury research-glial scar formation and neural 
regeneration. Cells 12:853. doi: 10.3390/cells12060853

de Freria, C. M., Van Niekerk, E., Blesch, A., and Lu, P. (2021). Neural stem cells: 
promoting axonal regeneration and spinal cord connectivity. Cells 10:3296. doi: 10.3390/
cells10123296

Hausott, B., Glueckert, R., Schrott-Fischer, A., and Klimaschewski, L. (2022). Signal 
transduction regulators in axonal regeneration. Cells 11:1537. doi: 10.3390/
cells11091537

Hu, X., Xu, W., Ren, Y., Wang, Z., He, X., Huang, R., et al. (2023). Spinal cord injury: 
molecular mechanisms and therapeutic interventions. Signal Transduct. Target. �er. 
8:245. doi: 10.1038/s41392-023-01477-6

Hu, Z., Xuan, L., Wu, T., Jiang, N., Liu, X., Chang, J., et al. (2023). Taxifolin attenuates 
neuroin�ammation and microglial pyroptosis via the PI3K/Akt signaling pathway a�er 
spinal cord injury. Int. Immunopharmacol. 114:109616. doi: 10.1016/j.
intimp.2022.109616

Jugran, A. K., Rawat, S., Bhatt, I. D., and Rawal, R. S. (2019). Valeriana jatamansi: An 
herbaceous plant with multiple medicinal uses. Phytother. Res. 33, 482–503. doi: 
10.1002/ptr.6245

Kang, J., Guo, C., �ome, R., Yang, N., Zhang, Y., Li, X., et al. (2018). Hypoglycemic, 
hypolipidemic and antioxidant e�ects of iridoid glycosides extracted from Corni fructus: 
possible involvement of the PI3K-Akt/PKB signaling pathway. RSC Adv. 8, 30539–30549. 
doi: 10.1039/c8ra06045b

Liu, J., He, Q. J., Zou, W., Wang, H. X., Bao, Y. M., Liu, Y. X., et al. (2006). Catalpol 
increases hippocampal neuroplasticity and up-regulates PKC and BDNF in the aged rats. 
Brain Res. 1123, 68–79. doi: 10.1016/j.brainres.2006.09.058

Liu, H., Xiong, D., Pang, R., Deng, Q., Sun, N., Zheng, J., et al. (2020). E�ects of 
repetitive magnetic stimulation on motor function and GAP43 and 5-HT expression in 
rats with spinal cord injury. J. Int. Med. Res. 48:300060520970765. doi: 
10.1177/0300060520970765

Lu, Y., Yang, J., Wang, X., Ma, Z., Li, S., Liu, Z., et al. (2020). Research progress in use 
of traditional Chinese medicine for treatment of spinal cord injury. Biomed. 
Pharmacother. 127:110136. doi: 10.1016/j.biopha.2020.110136

Lyu, Y., Wei, X., Yang, X., Li, J., Wan, G., Wang, Y., et al. (2023). 11-Ethoxyviburtinal improves 
chronic restraint stress-induced anxiety-like behaviors in gender-speci�c mice via PI3K/Akt 
and E2/ERβ signaling pathways. Phytother. Res. 37, 4149–4165. doi: 10.1002/ptr.7876

Ndongwe, T., Witika, B. A., Mncwangi, N. P., Poka, M. S., Skosana, P. P., Demana, P. H., 
et al. (2023). Iridoid derivatives as anticancer agents: An updated review from 
1970-2022. Cancers 15:770. doi: 10.3390/cancers15030770

Nieuwenhuis, B., Barber, A. C., Evans, R. S., Pearson, C. S., Fuchs, J., Macqueen, A. R., 
et al. (2020). PI 3-kinase delta enhances axonal PIP(3) to support axon regeneration in 
the adult CNS. EMBO Mol. Med. 12:e11674. doi: 10.15252/emmm.201911674

Niu, D., Chen, X., Wang, T., Wang, F., Zhang, Q., Xue, X., et al. (2021). Protective 
e�ects of Iridoid glycoside from Corni Fructus on type 2 diabetes with nonalcoholic fatty 
liver in mice. Biomed. Res. Int. 2021, 3642463–3642410. doi: 10.1155/2021/3642463

Noristani, H. N. (2022). Intrinsic regulation of axon regeneration a�er spinal cord 
injury: recent advances and remaining challenges. Exp. Neurol. 357:114198. doi: 
10.1016/j.expneurol.2022.114198

Sah, S. P., Mathela, C. S., and Chopra, K. (2010). Elucidation of possible mechanism 
of analgesic action of Valeriana wallichii DC chemotype (patchouli alcohol) in 
experimental animal models. Indian J. Exp. Biol. 48, 289–293. Available at: https://
pubmed.ncbi.nlm.nih.gov/21046983/

Shi, J., Li, C. J., Yang, J. Z., Yuan, Y. H., Chen, N. H., and Zhang, D. M. (2012). 
Coumarin glycosides and iridoid glucosides with neuroprotective e�ects from 
Hydrangea paniculata. Planta Med. 78, 1844–1850. doi: 10.1055/s-0032-1315394

https://doi.org/10.3389/fnmol.2024.1400927
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org
https://doi.org/10.3390/biomedicines10123186
https://doi.org/10.1038/s41393-022-00795-w
https://doi.org/10.1089/neu.1995.12.1
https://doi.org/10.3390/cells12060853
https://doi.org/10.3390/cells10123296
https://doi.org/10.3390/cells10123296
https://doi.org/10.3390/cells11091537
https://doi.org/10.3390/cells11091537
https://doi.org/10.1038/s41392-023-01477-6
https://doi.org/10.1016/j.intimp.2022.109616
https://doi.org/10.1016/j.intimp.2022.109616
https://doi.org/10.1002/ptr.6245
https://doi.org/10.1039/c8ra06045b
https://doi.org/10.1016/j.brainres.2006.09.058
https://doi.org/10.1177/0300060520970765
https://doi.org/10.1016/j.biopha.2020.110136
https://doi.org/10.1002/ptr.7876
https://doi.org/10.3390/cancers15030770
https://doi.org/10.15252/emmm.201911674
https://doi.org/10.1155/2021/3642463
https://doi.org/10.1016/j.expneurol.2022.114198
https://pubmed.ncbi.nlm.nih.gov/21046983/
https://pubmed.ncbi.nlm.nih.gov/21046983/
https://doi.org/10.1055/s-0032-1315394


Wang et al. 10.3389/fnmol.2024.1400927

Frontiers in Molecular Neuroscience 12 frontiersin.org

Shi, S., Shi, J., Liu, Y., Wang, Y., Wang, C., Hou, W., et al. (2014). �e anxiolytic e�ects 
of Valtrate in rats involves changes of corticosterone levels. Evid. Based Complement. 
Altern. Med. 2014:325948. doi: 10.1155/2014/325948

Tang, W. J., Ma, D. L., Yang, C. C., Zhang, L., Li, Y. L., Zhang, L., et al. (2016). Cornel 
Iridoid glycoside improves locomotor impairment and decreases spinal cord damage in 
rats. Biomed. Res. Int. 2016, 1–12. doi: 10.1155/2016/6725381

Tian, S., Wang, Z., Wu, Z., Wei, Y., Yang, B., and Lou, S. (2020). Valtrate from Valeriana 
jatamansi Jones induces apoptosis and inhibits migration of human breast cancer cells 
in vitro. Nat. Prod. Res. 34, 2660–2663. doi: 10.1080/14786419.2018.1548454

Wang, S., Ding, Y., Ma, X., Zhao, C., Lin, M., Luo, J., et al. (2018). Identi�cation of 
bioactive chemical markers in Zhi zhu xiang improving anxiety in rat by �ngerprint-
e�cacy study. Molecules 23:2329. doi: 10.3390/molecules23092329

Wang, M., Hua, X., Niu, H., Sun, Z., Zhang, L., Li, Y., et al. (2019). Cornel Iridoid 
glycoside protects against white matter lesions induced by cerebral ischemia in rats via 
activation of the brain-derived neurotrophic factor/Neuregulin-1 pathway. 
Neuropsychiatr. Dis. Treat. 15, 3327–3340. doi: 10.2147/NDT.S228417

Wang, Y., Lu, J., Xiao, H., Ding, L., He, Y., Chang, C., et al. (2023). Mechanism of 
Valeriana Jatamansi Jones for the treatment of spinal cord injury based on network 
pharmacology and molecular docking. Medicine (Baltimore) 102:e36434. doi: 10.1097/
MD.0000000000036434

Wang, M., Meng, M., Yang, C., Zhang, L., Li, Y., Zhang, L., et al. (2020). Cornel iridoid 
glycoside improves cognitive impairment induced by chronic cerebral hypoperfusion 
via activating PI3K/Akt/GSK-3β/CREB pathway in rats. Behav. Brain Res. 379:112319. 
doi: 10.1016/j.bbr.2019.112319

Wang, J., Wan, D., Wan, G., Wang, J., Zhang, J., and Zhu, H. (2019). Catalpol induces 
cell activity to promote axonal regeneration via the PI3K/AKT/mTOR pathway in vivo 
and in vitro stroke model. Ann. Transl. Med. 7,:756. doi: 10.21037/atm.2019.11.101

Xiao, C. L., Yin, W. C., Zhong, Y. C., Luo, J. Q., Liu, L. L., Liu, W. Y., et al. (2022). �e 
role of PI3K/Akt signalling pathway in spinal cord injury. Biomed. Pharmacother. 
156:113881. doi: 10.1016/j.biopha.2022.113881

Xiong, D., Liu, H., Pang, R., Yan, Z., Sun, N., Liu, J., et al. (2022). �e e�ect of Iridoids 
e�ective fraction of Valeriana jatamansi Jones on movement function in rats a�er acute 
cord injury and the related mechanism. Neuroreport 33, 33–42. doi: 10.1097/
WNR.0000000000001753

Yan, Z., Zhang, T., Xiao, T., Pan, L., Qin, J., Zhang, Z., et al. (2010). Anti-anxiety e�ect 
of Valeriana jatamansi Jones extract via regulation of the hypothalamus-pituitary-
adrenal axis. Neural Regen. Res. 5, 1071–1075. doi: 10.3969/j.issn.1673-5374.2010.14.006

Yang, N., Li, Q., Zhang, X., Zeng, F., Shen, X., Long, Q., et al. (2022). Spectrum-e�cacy 
relationships between GC-MS �ngerprints of essential oil from Valerianae Jatamansi 
Rhizoma et Radix and the e�cacy of inhibiting microglial activation. Evid.-based 
complement Altern. Med. 2022:9972902. doi: 10.1155/2022/9972902

Yu, L., Ke-Ke, X., Chao-Yong, C., Rui-Tong, Z., Ming, L., Shao-Hua, L., et al. (2015). 
A study of the substance dependence e�ect of the ethanolic extract and iridoid-rich 
fraction from Valeriana jatamansi Jones in mice. Pharmacogn. Mag. 11, 745–749. doi: 
10.4103/0973-1296.165575

Zhang, B. Y., Chang, P. Y., Zhu, Q. S., and Zhu, Y. H. (2020). Decoding epigenetic 
codes: new frontiers in exploring recovery from spinal cord injury. Neural Regen. Res. 
15, 1613–1622. doi: 10.4103/1673-5374.276323

Zhang, L., Wang, L., Huang, L., Zhao, Y., Ding, H., Li, B., et al. (2021). Antidepressant 
e�ects of total iridoids of Valeriana jatamansi via the intestinal �ora-blood-brain barrier 
pathway. Pharm. Biol. 59, 912–921. doi: 10.1080/13880209.2021.1944222

Zhang, B., Wang, Y., Jiang, C., Wu, C., Guo, G., Chen, X., et al. (2021). Valeriana jatamansi 
Jones inhibits rotavirus-induced diarrhea via phosphatidylinositol 3-kinase/protein kinase B 
signaling pathway. J. Microbiol. Biotechnol. 31, 1115–1122. doi: 10.4014/jmb.2003.03006

Zhang, J., Yang, D., Huang, H., Sun, Y., and Hu, Y. (2018). Coordination of necessary 
and permissive signals by PTEN inhibition for CNS axon regeneration. Front. Neurosci. 
12:558. doi: 10.3389/fnins.2018.00558

Zhao, C., Wei, X., Guo, J., Ding, Y., Luo, J., Yang, X., et al. (2022). Dose optimization 
of anxiolytic compounds Group in Valeriana jatamansi Jones and Mechanism 
exploration by integrating network pharmacology and metabolomics analysis. Brain Sci. 
12:589. doi: 10.3390/brainsci12050589

Zheng, Y., Qi, S., Wu, F., Hu, J., Zhong, R., Hua, C., et al. (2020). Chinese herbal medicine 
in treatment of spinal cord injury: a systematic review and Meta-analysis of randomized 
controlled trials. Am. J. Chin. Med. 48, 1593–1616. doi: 10.1142/S0192415X20500792

Zhou, Z. L., Xie, H., Tian, X. B., Xu, H. L., Li, W., Yao, S., et al. (2023). Microglial 
depletion impairs glial scar formation and aggravates in�ammation partly by inhibiting 
STAT3 phosphorylation in astrocytes a�er spinal cord injury. Neural Regen. Res. 18, 
1325–1331. doi: 10.4103/1673-5374.357912

https://doi.org/10.3389/fnmol.2024.1400927
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org
https://doi.org/10.1155/2014/325948
https://doi.org/10.1155/2016/6725381
https://doi.org/10.1080/14786419.2018.1548454
https://doi.org/10.3390/molecules23092329
https://doi.org/10.2147/NDT.S228417
https://doi.org/10.1097/MD.0000000000036434
https://doi.org/10.1097/MD.0000000000036434
https://doi.org/10.1016/j.bbr.2019.112319
https://doi.org/10.21037/atm.2019.11.101
https://doi.org/10.1016/j.biopha.2022.113881
https://doi.org/10.1097/WNR.0000000000001753
https://doi.org/10.1097/WNR.0000000000001753
https://doi.org/10.3969/j.issn.1673-5374.2010.14.006
https://doi.org/10.1155/2022/9972902
https://doi.org/10.4103/0973-1296.165575
https://doi.org/10.4103/1673-5374.276323
https://doi.org/10.1080/13880209.2021.1944222
https://doi.org/10.4014/jmb.2003.03006
https://doi.org/10.3389/fnins.2018.00558
https://doi.org/10.3390/brainsci12050589
https://doi.org/10.1142/S0192415X20500792
https://doi.org/10.4103/1673-5374.357912

	Iridoids rich fraction from Valeriana jatamansi Jones promotes axonal regeneration and motor functional recovery after spinal cord injury through activation of the PI3K/Akt signaling pathway
	1 Introduction
	2 Method
	2.1 Extraction and preparation of IRFV
	2.2 Animals and SCI model
	2.3 Behavioral testing
	2.4 Luxol fast blue staining and Nissl staining
	2.5 Cell culture and drug treatment
	2.6 Cell counting Kit-8 assay
	2.7 Immunofluorescence
	2.8 Western blotting
	2.9 Statistical analysis

	3 Result
	3.1 IRFV facilitates tissue regeneration and motor functional recovery post-SCI
	3.2 IRFV promotes axonal regeneration after SCI, potentially through the activation of the PI3K/Akt signaling pathway
	3.3 IRFV improves cell viabilty of PC12 cells
	3.4 IRFV facilitates axonal regeneration after H2O2 treatment in PC12 cells
	3.5 IRFV promotes axonal regeneration after H2O2 treatment via PI3K/Akt signalling
	3.6 Inhibition of the PI3K/Akt signalling reverses the treatment of IRFV after SCI

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

