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Abstract
Objectives ‒ Acute ischemic stroke caused by internal
carotid artery (ICA) occlusion carries high risks of disability
and death. While treatments such as thrombolysis, mechanical
thrombectomy, and revascularization offer benefits, many

patients experience limited recovery. Molecular hydrogen,
with its antioxidant and anti-inflammatory properties, shows
promise as a neuroprotective agent. This case report explores
the adjunctive use of molecular hydrogen–rhodiola therapy in
a patient with ICA occlusion, with a focus on immune modula-
tion and clinical outcomes.
Case presentation ‒ A 68-year-old male with a history of
paroxysmal atrial fibrillation presented with left-sided
hemiplegia and was diagnosed with right ICA occlusion
(NIH Stroke Scale: 12; modified Rankin Scale: 5). Endovascular
thrombectomy was attempted but unsuccessful (modified
Thrombolysis in Cerebral Infarction score = 0). The patient
subsequently underwent superficial temporal artery to middle
cerebral artery bypass surgery. Postoperatively, hewas initiated
on daily molecular hydrogen-rhodiola capsule therapy. Serial
immunological assessments demonstrated a progressive
increase in type 1 regulatory T (Tr1) cells and regulatory B cells,
alongwith enhanced T-cell immunoglobulin andmucin-domain
containing-3 (TIM-3) expression on cytotoxic T (Tc) cells.
Clinically, the patient exhibited marked neurological recovery,
with motor strength improving from Medical Research Council
grade 1 to grade 5 in the affected limbs over six months.
Notably, steroid therapy was discontinued without relapse,
and no adverse events were observed.
Conclusion ‒ This case highlights the potential of molecular
hydrogen-rhodiola therapy as a safe and effective adjunctive
treatment for ischemic stroke due to ICA occlusion. Notable
improvements in immune modulation and motor function
support its possible role in neurovascular recovery.
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1 Introduction

Acute ischemic stroke resulting from internal carotid
artery (ICA) occlusion poses a formidable clinical
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challenge, with reported mortality rates ranging from 25 to
30% within the first 24 h to nearly 60% by 1 month post-
onset [1]. Despite advancements in acute stroke interven-
tions including intravenous thrombolysis, mechanical
thrombectomy, and bypass procedures, neurological
recovery is often incomplete, and many patients are left
with long-term disability [2,3]. The pathophysiology of
ischemic stroke is multifactorial, involving oxidative stress,
neuroinflammation, and immune dysregulation, which
contribute not only to the initial ischemic insult but also
influence subsequent reparative processes [4].

In recent years, extracranial-to-intracranial (EC–IC)
bypass surgery has reemerged as a treatment option for
carefully selected patients with ICA occlusion who are
either ineligible for, or have failed, conventional endovas-
cular interventions [5]. Nevertheless, even successful
revascularization does not guarantee full neurological
restoration, underscoring the urgent need for effective
adjuvant therapies that can support neuroregeneration
and improve functional outcomes [6].

Molecular hydrogen (H2) has garnered increasing
attention as a therapeutic agent due to its selective antiox-
idant properties. H2 can neutralize cytotoxic hydroxyl radi-
cals without disrupting physiological signaling by essential
reactive oxygen species [7,8]. Preclinical and clinical studies
have demonstrated that H₂ exerts anti-inflammatory, anti-
apoptotic, and immunomodulatory effects across a range of
pathological conditions [9–11]. In models of cerebral
ischemia, H2 has been shown to confer neuroprotection via
several mechanisms, including attenuation of oxidative
damage, preservation of mitochondrial integrity, and regula-
tion of inflammatory signaling pathways [12,13]. In addition,
Rhodiola rosea L., a widely recognized botanical adaptogen,
has been shown to exert protective effects against inflamma-
tion-related damage in various diseases, including cardiovas-
cular disorders, neurodegenerative conditions, diabetes,
sepsis, and cancer [14]. Its beneficial properties have been
attributed to its antioxidative [15], immunomodulatory [16],
and neuroprotective activities, along with its ability to mod-
ulate neurodegenerative processes [17,18]. Salidroside, an
active compound isolated from the Tibetan medicinal herb
Rhodiola rosea, has shown therapeutic potential in tubercu-
losis treatment. In vivo evidence indicates that it enhances
host anti-mycobacterial immunity by stimulating the produc-
tion of inflammatory cytokines [19].

The immune system plays a central role in both the acute
and recovery phases of ischemic stroke. While early pro-
inflammatory responses exacerbate neuronal injury, regula-
tory immune cells such as regulatory T cells (Tregs) and reg-
ulatory B cells (Bregs) are instrumental in resolving inflam-
mation and facilitating tissue repair [20]. Emerging evidence

suggests that H2 therapy may modulate these immune cell
subsets, potentially promoting a more balanced immune
milieu conducive to neural recovery [21,22].

In this case report, we describe a 68-year-old male with
right ICA occlusion who received molecular hydrogen-rho-
diola therapy as an adjuvant intervention following failed
endovascular thrombectomy and subsequent EC–IC bypass
surgery. We provide comprehensive immunological data
demonstrating dynamic changes in key immune cell popu-
lations during hydrogen therapy, and we correlate these
findings with the patient’s notable clinical improvement.

Informed consent: Written informed consent was obtained
from the patient for publication of this case report.

Ethical approval: This study was approved by the Institutional
Review Board (IRB) of Tri-Service General Hospital, National
Defense Medical Center, Taiwan (IRB No. C202405219, approval
date: July 31, 2024). All procedures were conducted in accor-
dance with institutional guidelines and the ethical standards
of the 1964 Declaration of Helsinki and its subsequent
amendments.

2 Case presentation

A 68-year-old male with a medical history of paroxysmal
atrial fibrillation, managed with apixaban (ELIQUIS) 5 mg
twice daily, presented to the emergency department on
November 12, 2024, at 07:00, with sudden-onset left-sided
weakness. His past medical history was notable for hyper-
tension, hyperlipidemia, and chronic hepatitis B virus car-
rier status. The patient had previously been independent in
activities of daily living. Upon evaluation, neurological
examination revealed leftward gaze limitation, central-
type left facial palsy, left hemiplegia (Medical Research
Council grade 1), and left-sided neglect.

Initial non-contrast brain computed tomography and
computed tomography angiography revealed hypodensi-
ties in the posterior limb of the right internal capsule,
along with occlusion of the right distal ICA involving the
petrous and cavernous segments (Figures 1 and 2). The
middle cerebral artery (MCA) M1 and M2 segments were
patent, although with reduced distal flow. The patient’s
initial National Institutes of Health Stroke Scale (NIHSS)
score was 12, and the modified Rankin Scale score was 5.

Intravenous thrombolysis with recombinant tissue
plasminogen activator (rt-PA) was contraindicated due to
ongoing anticoagulant therapy with apixaban (ELIQUIS)
and a delayed presentation beyond the 4.5-h therapeutic
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window. The patient subsequently underwent emergency
endovascular thrombectomy. The procedure involved two
aspiration attempts, followed by three additional attempts
using a stent retriever. Despite these interventions, suc-
cessful recanalization was not achieved, with a final

modified Thrombolysis in Cerebral Infarction (mTICI)
score of 0. On November 13, 2024, brain magnetic reso-
nance imaging (MRI) demonstrated acute infarcts invol-
ving the posterior limb of the right internal capsule,
caudate head, hippocampus, and occipital lobe, along

Figure 2: Endovascular thrombectomy findings. (a) Digital subtraction angiography reveals acute occlusion of the distal segment of the right ICA. (b)
Post-procedural angiography demonstrates unsuccessful recanalization, with a mTICI score of 0, indicating persistent occlusion. Infarction involving
the basal ganglia is also noted. Orange arrow: The orange arrow denotes an area of unsuccessful recanalization.

Figure 1: Initial neuroimaging findings. (a) Time-of-flight (TOF) MRA demonstrates occlusion of the right ICA and the right MCA, corresponding to the
infarct distribution observed on MRI. (b–e) Diffusion-weighted brain MRI reveals acute infarcts involving the posterior limb of the right internal
capsule, caudate head, hippocampus, and occipital lobe. Additional embolic infarcts are noted in the right cerebral hemisphere, along with two
cerebral microbleeds. Blue arrow: The right MCA. Red arrow: The left ICA.
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with additional embolic infarctions in the right frontal and
parietal lobes. Magnetic resonance angiography (MRA)
confirmed occlusion of the right ICA at the cavernous seg-
ment, as well as occlusion of the right fetal-type posterior
cerebral artery (Figure 2).

On November 21, 2024, the patient underwent a super-
ficial temporal artery to middle cerebral artery (STA–MCA)
bypass procedure (Figures 3 and 4). The initial postopera-
tive course was uneventful; however, substantial

neurological deficits persisted despite surgical revascular-
ization. As part of adjunctive therapy, molecular hydrogen
supplementation was initiated from November 13, 2024, to
January 13, 2025 (2 months). This was followed by 10 days of
one hydrogen with rhodiola capsule daily (PURE HYDRO-
GEN, HoHo Biotech Co., Ltd., Taipei, Taiwan), each
containing 170mg of hydrogen-rich coral calcium, corre-
sponding to approximately 1.7 × 1021 molecules of mole-
cular hydrogen), after which a third blood test was

Figure 3: Serial neuroimaging before and after STA–MCA bypass surgery. (a) TOF MRA performed on November 19, 2024 (preoperative), demon-
strates occlusion of the right ICA with reduced distal perfusion. Follow-up MRA on January 14, 2025 (postoperative), shows improved collateral
circulation in the MCA territory, consistent with successful revascularization via STA–MCA bypass. (b) Diffusion-weighted imaging (DWI) prior to
surgery reveals hyperintense signals in the right hemisphere, indicating acute ischemic changes. Postoperative DWI shows no new hyperintensities,
suggesting the absence of additional infarcts. (c) Apparent diffusion coefficient (ADC) maps demonstrate corresponding preoperative hypointensities,
confirming restricted diffusion in infarcted regions. Postoperative ADC findings reflect infarct maturation without evidence of extension.
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conducted. The hydrogen with rhodiola therapy was then
extended for an additional 2 months (PURE HYDROGEN),
each containing 170mg of hydrogen-rich coral calcium,
corresponding to approximately 1.7 × 1020 molecules of
molecular hydrogen, and 100 mg of rhodiola rosea extract.

Cerebral vascular imaging before surgery confirmed
right ICA occlusion prior to the procedure. On November
13, 2024, postoperative imaging following STA–MCA bypass
demonstrated enhanced cerebral perfusion, with no evi-
dence of new ischemic lesions, indicating the absence of
perioperative infarction (Figure 4). On January 13, 2025,
adjunctive therapy with hydrogen–rhodiola capsules was
administered. On March 13, 2025, after two months of adju-
vant therapy with hydrogen-rhodiola capsules, postopera-
tive imaging demonstrated improved cerebral perfusion,
correlating with the notable neurological recovery of the
patient. Specifically, motor function improved from severe
left-sided weakness (Medical Research Council grade 1) to
near-complete recovery, with MRC grade 5 in the left upper
limb and grade 4 in the left lower limb.

In addition to the clinical and imaging data, immunophe-
notypic analysis and cell gating strategy were conducted in
accordance with previously established protocols [22–27].
Flow cytometry was employed to evaluate immunological
alterations in whole blood samples obtained before and after
the administration of molecular hydrogen or hydrogen–rho-
diola therapy. Sample preparation for subsequent analyses
followed standard protocols, utilizing fluorescent dye-based

labeling techniques in conjunction with commercially avail-
able dried antibody reagent kits (Beckman Coulter, USA). The
procedures for sample processing, immunophenotypic pro-
filing, and cell population gating were conducted in accor-
dance with established methods previously described in the
literature [28]. See supplementary methods for details. Immu-
nophenotyping was performed three times (November 13,
January 13, and January 23) to evaluate the patient’s immu-
nological response to the adjunctive hydrogen-rhodiola
therapy. The analyses demonstrated progressive immunomo-
dulatory changes, including increased expression of the reg-
ulatory marker T-cell immunoglobulin and mucin-domain
containing-3 (TIM-3) and a reduction in Fas-positive (Fas⁺)
cell populations, suggesting a shift toward an anti-inflamma-
tory immune profile (Figures 5 and 6). Figure 7 illustrates the
treatment timeline of the patient.

Comprehensive immunological assessments were per-
formed at three time points: prior to the initiation of mole-
cular hydrogen therapy (November 13, 2024) for 2 months;
10 days of hydrogen with rhodiola therapy (from January
13 to 23, 2025); and 4 months post-hydrogen and hydrogen
rhodiola therapy (March 13, 2025). The analyses focused on
both T-cell and B-cell subsets, with particular emphasis on
regulatory populations and the expression of immune
checkpoint molecules, to evaluate the immunomodulatory
effects of hydrogen therapy over time.

Following the initiation of molecular hydrogen
therapy alone or in combination with rhodiola, the patient

Figure 4: Three-dimensional reconstructions of the cerebral vasculature. Follow-up imaging on January 14, 2025, after STA–MCA bypass surgery,
reveals improved cerebral perfusion. No new ischemic lesions are observed, confirming the absence of perioperative infarcts. Purple vessels: STA.
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Figure 5: Dynamic changes in regulatory and exhausted T-cell subsets during hydrogen therapy alone or in combination with rhodiola. (a) Central
memory CD4⁺ T helper (CM Th) cells expressing KLRG1 were elevated at baseline and decreased progressively during recovery. (b) Naïve Th cells
expressing KLRG1 demonstrated a marked increase during the acute phase of stroke, followed by a significant decline post-treatment. (c) PD-1⁺ naïve
Th cells decreased during the acute event but gradually increased after hydrogen therapy, reflecting restoration of immune checkpoint activity. (d) A
similar trend was observed in PD-1⁺ naïve cytotoxic T cells (Tc). (e) Natural regulatory T cells (Tregs; CD127lowFOXP3⁺) were initially elevated and
normalized over time. (f) Activated Treg cells (CD45RA⁻FOXP3high) increased following hydrogen therapy. (g) Non-suppressive CD4⁺ effector T cells
(CD25⁺FOXP3low) declined with treatment. (h) Type 1 regulatory T cells (Tr1; IL-10⁺FOXP3⁻) exhibited a sustained increase after therapy initiation. Health
control (HC) group.

6  Feng-Hao Chang et al.



demonstrated gradual and sustained neurological
improvement. By February 2025, left upper limb muscle
strength had improved from MRC grades 1 to 3, and left
lower limb strength similarly improved from grade 1 to 3.
The NIHSS score improved from 12 to 10, indicating partial
neurological recovery. These clinical improvements were
paralleled by notable immunological changes (Figure 5).
Specifically, there was a progressive increase in type 1
regulatory T cells (Tr1), rising from 40% at baseline to
90% at four months post-therapy. TIM-3 expression on
cytotoxic T cells (Tc) increased by 40%, and a marked
expansion of regulatory B-cell populations was observed.
In addition, expression patterns of programmed cell death
protein 1 (PD-1) on naïve helper (Th) and Tc T cells exhib-
ited dynamic modulation over the course of treatment
(Figures 5 and 6), suggesting an evolving immune-regula-
tory environment associated with recovery.

Immunophenotyping analyses were performed at
three distinct time points in chronological order: on
November 13, during the episode of arterial embolism;
on January 13, 2 months after initiating hydrogen capsule
treatment; and on January 23, 10 days after the addition of

hydrogen-rhodiola capsules). During the right carotid
artery embolism on November 13, an increase was
observed in naïve and central memory (CM) Th cells, as
well as in naïve Tc cells expressing KLRG1. Additionally,
there was an elevation in Fas expression on marginal zone
B cells and increased Fas expression in switched-memory
(SM) and double-negative (DN) B cells. Levels of activated
and natural regulatory T (Treg) cells, along with Tr1 cells,
were also significantly higher (Figure 6).

Conversely, PD-1 expression decreased on naïve Th
and naïve Tc cells, and TIM-3 expression was reduced on
effector Th and Tc cells. Following the initiation of
hydrogen capsule therapy on November 13 and subsequent
STA–MCA bypass surgery on November 24, there was a
reduction in naïve Th cells and CM cells expressing
KLRG1, as well as a decline in activated natural Treg and
Tr1 cells. By January 23, 10 days after the patient began
hydrogen-rhodiola capsules, an increase in effector Th
and Tc cells expressing TIM-3 was observed. Additionally,
there was a decrease in naïve Tc cells expressing KLRG1, as
well as a reduction in Fas-positive marginal zone B cells,
SM B cells, and DN B cells (Figure 6).

Figure 6: Immune checkpoint and apoptotic regulation following hydrogen therapy alone or in combination with rhodiola. (a) TIM-3 expression on
effector CD4⁺ T helper (Th) cells increased progressively over the treatment period. (b) Naïve CD8⁺ cytotoxic T cells (Tc) expressing KLRG1 were
elevated at baseline but declined steadily after treatment. (c) TIM-3 expression on effector Tc cells increased following hydrogen therapy. (d) Fas
expression on marginal zone B cells was markedly elevated during the acute ischemic phase and decreased after therapy. (e) A similar pattern was
observed in Fas⁺ DN B cells (IgD⁻CD27⁻). (f) Fas⁺ SM B cells also exhibited decreased expression levels post-therapy. Health control (HC) group.
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By March 2025, after 4 months of molecular hydrogen-
rhodiola therapy, the patient showed further neurological
improvement. Left upper limb muscle strength increased
to MRC grade 5, and left lower limb strength improved to
MRC grade 4. Follow-up brain MRI on March 2, 2025,
revealed no new ischemic or hemorrhagic lesions.
Throughout the treatment period, no adverse effects asso-
ciated with hydrogen therapy were reported. For further
visualization, a dynamic stereoscopic video of the blood
vessel model is available at the following link: https://
sketchfab.com/3d-models/blood-vessel-09f09ebc66e14e2da-
bebbe9514a7a88a.

3 Discussion

This case report provides preliminary insights into the poten-
tial role of molecular hydrogen therapy alone or in combina-
tion with rhodiola as an adjuvant intervention for ischemic
stroke secondary to ICA occlusion. Our findings suggest that
hydrogen supplementation may support neurological
recovery, in part, through modulation of the immune

response, particularly by enhancing populations of regulatory
immune cells that are known to promote tissue repair and
resolve inflammation. Following the initiation of molecular
hydrogen-rhodiola therapy, the patient exhibited marked clin-
ical improvement, including substantial recovery of motor
function that exceeded typical expectations for a severe stroke
of this nature. Although natural recovery processes and con-
current medical interventions undoubtedly contributed to this
outcome, the temporal correlation between hydrogen admin-
istration, immunological changes, and accelerated neurolo-
gical recovery supports a possible therapeutic contribution
from hydrogen-rhodiola supplementation.

The immunological findings are of particular interest.
We observed a notable increase in Tr1 cells, a subset of T
cells characterized by their production of anti-inflamma-
tory cytokines such as interleukin-10 (IL-10) and trans-
forming growth factor-beta (TGF-β). These cytokines are
critical for creating an immunological milieu conducive
to neural repair and suppression of secondary injury
mechanisms [29]. In parallel, regulatory B cells (Bregs),
which play an essential role in maintaining immune home-
ostasis and promoting resolution of inflammation [30],
were also elevated during the course of therapy.

Figure 7: Clinical timeline and immunological evolution. This figure presents a chronological overview of key clinical events alongside dynamic
immunophenotyping data across three major phases: (1) Initiation of hydrogen capsule supplementation during an arterial embolism episode, (2)
postoperative recovery following STA–MCA bypass surgery, and (3) combined supplementation with hydrogen and Rhodiola capsules. Immunological
trends observed over time include a progressive increase in regulatory Tr1-cell frequency and TIM-3 expression, along with a marked decrease in Fas⁺
apoptotic B-cell subsets. These immune changes temporally correlate with the patient’s gradual neurological recovery and overall clinical
improvement.
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Another significant observation was the upregulation of
TIM-3 expression on Tc cells. TIM-3 functions as an immune
checkpoint molecule that suppresses overactive immune
responses and contributes to peripheral tolerance [31].
Reduced TIM-3 expression has been implicated in the patho-
genesis of various autoimmune diseases, including rheumatoid
arthritis and multiple sclerosis, where immune regulation is
impaired [32]. The observed increase in TIM-3 + Tc cells in this
patient may reflect a shift toward a more controlled, anti-
inflammatory immune state, thereby supporting recovery
and limiting further neuronal injury. These immunological
changes are consistent with evolving models of post-stroke
immunology, which describe a biphasic immune response:
an early pro-inflammatory phase followed by a regulatory or
pro-resolving phase marked by expansion of immunosuppres-
sive cell types [33]. Hydrogen therapymay facilitate or enhance
this transition, thereby promoting neurorepair mechanisms
and improving clinical outcomes. Moreover, rhodiola has
also been previously reported to exhibit antioxidative, immu-
nomodulatory, and neuroprotective properties, as well asmod-
ulatory effects on neurodegenerative processes [14,16–18].

While the exact pathways by which molecular
hydrogen influences immune cell dynamics remain to be
fully elucidated, several plausible mechanisms have been
proposed. These include the scavenging of cytotoxic
hydroxyl radicals and peroxynitrite, protection of mito-
chondrial integrity in immune cells, and inhibition of key
pro-inflammatory signaling cascades such as nuclear
factor kappa B [34,35]. Through these actions, hydrogen
may indirectly support the proliferation and function of
regulatory immune cells while mitigating the deleterious
effects of oxidative stress. In addition, rhodiolin has been
shown to inhibit inflammatory responses and oxidative
stress through modulation of the phosphatidylinositol
3-kinase/protein kinase B signaling pathway [36,37].

Although the postoperative course was complicated by
the development of a localized abscess requiring percuta-
neous drainage and a newly diagnosed tuberculosis infection,
the patient demonstrated marked clinical improvement, with
resolution of systemic symptoms and stabilization of vital
signs, allowing for safe discharge with appropriate follow-up
plans in place. Neurologically, there was a marked enhance-
ment in consciousness level (Glasgow Coma Scale: E4V5M6)
and full recovery of left upper limb motor strength (MRC
grade 5/5). This case highlights the potential role of molecular
hydrogen-rhodiola therapy as an adjuvant treatment for
ischemic stroke, suggesting that its immunomodulatory effects
may contribute to neurological recovery. The observed clinical
improvements paralleled favorable immunological shifts, sup-
porting its therapeutic potential in post-stroke management.
However, in vivo studies have shown that salidroside, a key

component of Tibetan medicine, enhances host defense
against mycobacterial infection by boosting the production
of inflammatory cytokines [19].

It is important to acknowledge that the patient presented
with multiple comorbidities, including pulmonary tubercu-
losis, and underwent additional interventions such as drai-
nage procedures, which may have influenced immune
responses and neurological recovery. These factors represent
significant potential confounders, making it difficult to attri-
bute the observed clinical improvements solely to the adju-
vant hydrogen and Rhodiola therapy. This case underscores
the inherent complexity of interpreting therapeutic outcomes
in a multifactorial clinical context.

Our findings are consistent with prior experimental
studies and limited clinical observations that have demon-
strated neuroprotective and anti-inflammatory effects of
hydrogen therapy in models of cerebral ischemia [38,39].
However, this report contributes novel insights by pro-
viding serial, immunologically focused assessments that
help to elucidate potential cellular mechanisms underlying
clinical improvement.

Several limitationsmust be acknowledged in interpreting
the findings of this case report. As a single-patient observa-
tion, it is not possible to establish causality between mole-
cular hydrogen-rhodiola therapy and the clinical or immuno-
logical improvements observed. Furthermore, the
extracranial–intracranial bypass surgery performed prior to
the initiation of hydrogen therapy likely contributed to cere-
bral reperfusion and may have played a role in the observed
clinical recovery. Although the patient exhibited notable clin-
ical and immunological improvement following the adminis-
tration of adjuvant molecular hydrogen and Rhodiola rosea
therapy, it remains uncertain to what extent these improve-
ments can be attributed to the treatment itself. Given that the
patient also underwent a successful bypass surgery, the
observed recovery may be the result of multiple contributing
factors. Nonetheless, the temporal association between the
therapy and the improvement, alongwith supportive changes
in laboratory and immune markers, suggest a potential ben-
efit. We recognize that conclusions regarding efficacy cannot
be drawn from a single case, and further studies involving a
larger number of patients are needed to validate these pre-
liminary observations.

4 Conclusion

This case report underscores the potential utility of mole-
cular hydrogen therapy alone or in combination with rho-
diola as an adjuvant treatment for ischemic stroke,
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particularly in the context of ICA occlusion. The observed
expansion of regulatory immune cell populations, including
Tr1 and Breg cells, along with increased TIM-3 expression on
cytotoxic T cells, suggests a possible immunomodulatory
mechanism contributing to neurological recovery. These
preliminary findings support the need for further investiga-
tion through well-designed clinical trials to validate the ther-
apeutic efficacy, determine optimal dosing regimens, and
elucidate the underlyingmolecularmechanisms of hydrogen
therapy alone or in combination with rhodiola in the man-
agement of cerebrovascular diseases.
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