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Introduction

We carefully read the article by He Y et al. in Frontiers in Pharmacology. This article
demonstrates that IRFV alleviates neuroinflammation and blood-spinal cord barrier
(BSCB) injury after spinal cord injury (SCI) by activating the Nrf2/HO-1 pathway,
providing a clear molecular mechanism for traditional Chinese medicine active
ingredients (He et al., 2025). By targeting BSCB integrity beyond neuronal repair, this
work reveals IRFV’s indirect role in neuroinflammation—a mechanism confirmed through
complementary in vivo and in vitromodels. Neuroprotection by IRFV was comprehensively
confirmed through multiple approaches, including behavioral analysis (BBB score),
histopathology (H&E), ultrastructural examination (TEM), apoptosis assessment
(TUNEL), inflammatory cytokine quantification (ELISA), and barrier permeability
evaluation (Evans Blue). We believe this study significantly contributes to SCI
treatment research using traditional medicines. However, we offer suggestions to
further strengthen the work.
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Increase the longitudinal analysis of time-
dependent neuroprotection of IRFV
after SCI

Studies have established that the inflammatory
microenvironment and BSCB following SCI undergo dynamic
temporal changes (Lee et al., 2019). Evidence indicates day
3 post-injury represents the acute inflammatory phase, while day
14 corresponds to the tissue repair phase. However, in the original
study, the authors used the BBB score to assess the motor function of
rats at four time points: the seventh, 14th, 21st, and 28th days after
spinal cord injury. When using methods such as ELISA, Western
blotting, immunofluorescence, transmission electron microscopy,
HE staining and Evans blue staining to detect relevant indicators, the
focus was only on the seventh day after injury. Therefore, we
recommend including additional time points to better capture
IRFV’s time-dependent efficacy and account for the dynamic
pathophysiology.

The optimal therapeutic concentration was
determined throughmulti-dose IRFV studies

Additionally, we noted that the authors employed a single IRFV
concentration (10 mg/kg) for in vivo administration without
providing pharmacological justification for dose selection. Despite
demonstrating efficacy in mitigating OGD/R injury to endothelial
cells at 5 μg/mL in vitro, this concentration lacks correlation with the
in vivo dosing regimen. Therefore, we recommend that the authors
conduct in vivo multi-dose studies of IRFV to evaluate its
therapeutic effects on SCI. In the study by Du Y et al., varying
doses of berberine were administered to breast cancer model mice to
determine its optimal anti-tumor dose based on changes in tumor
growth and body weight (Du et al., 2022). We believe that this
research can provide strong support for the suggestions we have
put forward.

The inadequacy of simplified in vitro models
for recapitulating the BSCB
microenvironment

This study employed an in vitro oxygen-glucose deprivation/
reoxygenation (OGD/R) model with hCMEC/D3 endothelial cells to
elucidate IRFV’s protection of the BSCB, demonstrating through
Nrf2 inhibitor ML385 co-treatment that IRFV attenuates OGD/
R-induced endothelial cell death and preserves barrier function;
however, significant limitations undermine its physiological
relevance. The in vitro model oversimplified the BSCB, which is
a complex neurovascular unit (NVU). By using only hCMEC/
D3 monocultures, it neglected critical components like astrocyte-
derived induction, pericyte-mediated stabilization, and neuronal
paracrine signaling (Leong et al., 2024). Furthermore, the OGD/R
model does not model core SCI pathologies beyond ischemia,
notably the inflammatory response, proteolytic disruption, and
physical injury. Functionally, while Evans Blue extravasation and
ZO-1/Occludin expression suggested permeability reduction, gold-
standard quantifications like TEER (Transendothelial Electrical

Eesistance) and SFP (Sodium Fluorescein Permeability Assay)
were omitted (Jin et al., 2021). To enhance persuasiveness,
we recommend:

1. Transwell co-culture of endothelial cells, astrocytes, pericytes
and neurons was integrated to construct a more complete
BSCB mode;

2. Some inflammatory factors were added to the model for
pretreatment to simulate the inflammatory/proteolytic
microenvironment (Santaguida et al., 2023; Nie et al., 2024);

3. Expanding functional assessment to TEER monitoring, SFP,
and P-gp activity via Rho123 efflux—thereby establishing a
clinically predictive BSCB platform.

Defining IRFV’s specificity via Nrf2-KO:
neuroinflammation and BSCB protection

As a master transcriptional regulator of cellular antioxidant
defenses, Nrf2 mitigates inflammation and oxidative damage by
transactivating cytoprotective genes (e.g., HO-1, NQO1). While
this study demonstrated that (He et al., 2025): in vitro
Nrf2 inhibition via ML385 abrogated IRFV’s therapeutic
effects, and (Lee et al., 2019) in vivo IRFV significantly
upregulated Nrf2/HO-1 expression in spinal cord injury
models, definitive mechanistic validation through Nrf2-
knockout (Nrf2−/−) systems remains lacking.

Furthermore, the author team might have overlooked some
limitations of the Nrf2 inhibitor ML385. The study by Singh
et al. (2016) pointed out that although ML385 is a commonly
used Nrf2 inhibitor, it does not directly bind to the Nrf2 protein
to inhibit its activity. In the complex cellular environment, it may
bind to other unknown proteins, leading to unpredictable off-target
risks. Therefore, it is even more necessary to construct an
Nrf2 knockout model for further verification.

We believe that the research of Ni L et al. is worth learning (Ni
et al., 2025). They identified the cardioprotective effect of exercise
against TAC-induced injury to be mediated by Nrf2, given that
Nrf2 knockout abolished the benefit. Therefore, we suggest that the
author team subsequently detect inflammatory indicators such as
IL-1b and Tnf-α and BSCB integrity indicators (such as TEER,
Evans Blue extravasation) in the Nrf2 knockout model under IRFV
intervention. A loss of IRFV efficacy in Nrf2-knockout models
would confirm the pathway as essential for its protection,
establishing causal inference and specificity.

Advancing pharmacokinetic studies of IRFV
is crucial for its development as a clinical
therapy for SCI

The plant extract IRFV has advantages such as low toxicity and
multi-target activity. The research of the author team provides a
promising candidate drug for the development of new drugs for the
treatment of spinal cord injury. The author clearly stated in the
discussion section that the subsequent research work will further
characterize the pharmacokinetic features of IRFV and determine
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the therapeutic effects of its key active ingredients. We affirm this
idea and offer some specific methods that might be adopted:

1. Conducting systematic pharmacokinetic studies using LC-MS/
MS (Liquid ChromatographMass Spectrometer) to quantify the
time-dependent concentrations of IRFV and its major
metabolites in plasma, cerebrospinal fluid, and spinal cord tissue.

2. Validating the contribution of key constituents through individual
efficacy assessments. In addition, the dynamic change process of
drug concentration in the injury area can be monitored in real
time through spinal microdialysis technology.

3. Long-term toxicological experiments are conducted to assess
whether IRFV has potential side effects on cells and tissues.

Discussion

We commend the authors for their rigorous investigation, which
innovatively elucidates how IRFV alleviates neuroinflammation and
BSCB injury after SCI through Nrf2/HO-1 pathway activation. This
work establishes a robust mechanistic foundation for combined
antioxidant/anti-inflammatory therapies in SCI treatment. As a
plant-derived compound, IRFV exhibits a favorable safety profile
and cost-effectiveness, offering a viable alternative for developing
novel SCI therapeutics. We anticipate future studies further
delineating the pharmacodynamics of IRFV and the Nrf2/HO-
1 signaling axis.
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