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Abstract Immunity and inflammation play critical roles in
the pathogenesis of acute ischemic stroke. Therefore, immune
intervention, as a new therapeutic strategy, is worthy of explo-
ration. Here, we tested the inflammation modulator,
vinpocetine, for its effect on the outcomes of stroke. For this
multi-center study, we recruited 60 patients with anterior ce-
rebral circulation occlusion and onset of stroke that had
exceeded 4.5 h but lasted less than 48 h. These patients, after
random division into two groups, received either standard
management alone (controls) or standard management plus
vinpocetine (30 mg per day intravenously for 14 consecutive
days, Gedeon Richter Plc., Hungary). Vinpocetine treatment
did not change the lymphocyte count; however, nuclear factor
kappa-light-chain-enhancer of activated B cell activation was
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inhibited as seen not only by the increased transcription of
IkBax mRNA but also by the impeded phosphorylation and
degradation of IkBa and subsequent induction of pro-
inflammatory mediators. These effects led to significantly re-
duced secondary lesion enlargement and an attenuated inflam-
mation reaction. Compared to controls, patients treated with
vinpocetine had a better recovery of neurological function and
improved clinical outcomes during the acute phase and at 3-
month follow-up. These findings identify vinpocetine as an
inflammation modulator that could improve clinical outcomes
after acute ischemic stroke. This study also indicated the im-
portant role of immunity and inflammation in the pathogene-
sis of acute ischemic stroke and the significance of immuno-
modulatory treatment. Clinical Trial Registration Information:
www.clinicaltrials.gov. Identifier: NCT02878772

Keywords Stroke - Immunoregulation - Inflammation -
Vinpocetine

Introduction

Stroke is the second leading cause of death worldwide and is
associated with serious disability for the vast majority of its
victims [1, 2]. The overwhelming burden of mortality and
morbidity imposed by stroke makes exploration of its patho-
genesis and identification of new therapeutic resources abso-
lutely essential.

Immune responses have recently emerged as important el-
ements contributing to the pathogenesis of stroke, acting as
major players during its onset and progression [3, 4].
Cerebrovascular occlusion induces a massive infiltration of
peripheral immune cells into ischemic brain tissue through
the damaged blood-brain barrier. The associated activation
of microglia and astrocytes promotes local inflammation by
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producing abundant inflammatory mediators [5, 6]. Post-
ischemic inflammation incites brain swelling, which leads to
brain cell death and the exacerbation of neurological deficits
[7]. Studies of experimental stroke have indicated that inter-
ceding to block inflammatory signaling can reduce acute brain
parenchymal destruction; one such strategy is based on regu-
lation of the nuclear factor kappa-light-chain-enhancer of ac-
tivated B cells (NF-kB), mTOR pathway [8—10]. Prophylactic
antibiotics did not improve functional outcomes at 3 months
or mortality at 14 or 90 days and could not be recommended
for prevention of post-stroke infection. These findings could
imply that post-stroke pneumonia can be viewed as a post-
stroke respiratory syndrome, rather than solely a bacterial in-
fection [11-13]. Recently, increased understanding of the role
played by post-ischemic inflammation prompted us to inquire
whether intervention at the level of brain inflammation might
provide an alternative treatment for acute ischemic stroke pa-
tients, thereby alleviating their poor status when standard
treatment is delayed. In fact, our three recent clinical trials
revealed that the immunomodulator fingolimod (FTY720,
Gilenya, Novartis) could limit the secondary tissue injury of
ischemic and hemorrhagic stroke, decrease microvascular per-
meability, attenuate neurological deficits, and promote clinical
recovery by reducing circulating blood lymphocytes and sub-
sequently blocking these inflammatory cells from homing to
the brain [14—17]. This potential caused us to seek an anti-
inflammatory agent that could modulate brain inflammation
without significant numerical alteration of peripheral immune
cells.

Vinpocetine is an alkaloid extracted from the periwinkle
plant and easily passes the blood—brain barrier [18-21]. As a
potent inhibitor of the voltage-dependent Na* channels and
Ca”*/calmodulin-dependent phosphodiesterase-1, vinpocetine
has long been used in ischemic stroke patients [22-26]. As
recently demonstrated, vinpocetine possesses an anti-
inflammatory property that suppresses the activation of
NF-kB in a variety of cell types and in a rat model of ischemic
stroke [27-29]. Compared to traditional steroids and non-
steroidal anti-inflammatory drugs, vinpocetine has no known
significant side effects and can pass the blood—brain barrier
effectively [30], thus making it an attractive alternative anti-
inflammatory agent for use in patients with acute ischemic
stroke. Brain ischemia orchestrates a series of inflammatory
responses, including (1) activation of innate brain immune cell
microglia [31, 32], which subsequently leads to the disruption
of blood-brain barrier and massive influx of peripheral im-
mune cells [33], and (2) activation of endothelial cells to a pro-
inflammatory and pro-thrombogenic type [34], followed by
the formation of inflammatory thrombosis, exacerbating tissue
ischemia. On the other hand, vinpocetine could inhibit the
inflammatory pathway in multiple cell types including endo-
thelial cells, muscle cells, and macrophage, etc. Despite its
long use in the clinic for treatment of ischemic stroke known

as improving the cerebral blood flow and perfusion, its func-
tion of anti-inflammatory role in this type disease needs to be
clarified, especially when regarding the multiple type cells’
activation after brain ischemia. Therefore, we designed the
multi-center, randomized, and evaluator-blinded study to in-
vestigate the impact of vinpocetine as an anti-inflammatory
agent for the treatment of patients with acute ischemic stroke.

Methods
Study Population

During open enrollment, a total of 350 patients with acute
ischemic stroke were screened. Sixty patients who met the
criteria were recruited into this trial at Tianjin Medical
University General Hospital, Tianjin Huanhu Hospital, and
Tianjin First Central Hospital, Tianjin, China. A number of
inclusion and exclusion criteria were adopted. Inclusions were
(1) >18 years of age, (2) anterior circulation ischemic stroke:
all patients had symptoms of focal neurological deficits and
simultaneous radiological evidence (MRI) of an ischemic
brain lesion, (3) measurable neurological deficit (National
Institutes of Health Stroke Scale (NIHSS) >5), and (4) interval
between symptom onset and admission more than 4.5 h and
less than 48 h. That is, all patients we recruited were beyond
the 4.5 h of symptom onset and, therefore, past the accepted
time window for thrombolytic therapy. Exclusion criteria were
(1) hemorrhagic stroke and severe hemorrhage in other or-
gans, (2) other diseases of the central nervous system (CNS),
(3) diabetes mellitus, (4) tumor or hematological systemic
diseases, (5) any infection before acute ischemic stroke, (6)
concomitant use of antineoplastic or immune modulating ther-
apies, and (7) contraindication to MRI.

This project was designed as a multi-center, randomized,
and evaluator-blinded study. The trial protocol and supporting
documentation were approved by the institutional review
boards of each participating center. Informed consent was ob-
tained at enrollment from all patients or legally acceptable
surrogates.

Trial Design

Sixty patients diagnosed with acute ischemic stroke were ran-
domly placed into two groups: a control group (standard treat-
ment designated by current American Heart Association
guidelines) and a vinpocetine group (standard treatment plus
vinpocetine, Gedeon Richter Plc., Hungary). Each patient in
the vinpocetine group received 30 mg of the drug by intrave-
nous infusion once daily for 14 consecutive days beginning
within 1 h after the baseline MRI and no later than 48 h after
the onset of symptoms. All recruited patients were randomly
allocated in a 1:1 ratio to the vinpocetine or control groups.
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Randomization was computer generated and stratified by cen-
ter. Allocation concealment was achieved using a centralized
web-based randomization system in which the participant
identifier was entered before the allocation was revealed (Y.
Y. and X. M.). The treating clinicians were aware of the treat-
ment assignments (C. W., S. L., and Z. G.), but the evaluators
did not know this (J. H. and F. Z.). We also recruited 20 age-
matched and gender-matched healthy volunteers for the com-
parative study in the real-time PCR and western blot part.

Clinical Assessments

Clinical status was based on each patient’s enrollment
(baseline) and on days 3, 7, 14, 30, and 90 afterwards in an
evaluator-blinded fashion. The extent of neurologic deficit
was determined using the NIHSS. Higher scores indicate more
serious neurologic impairment. Global outcomes were
assessed with the modified Rankin Scale (mRS). The scale
runs from 0 to 6, running from perfect health without symp-
toms to death (0: no symptoms; 1: no significant disability,
able to carry out all usual activities, despite some symptoms;
2: slight disability, able to look after own affairs without as-
sistance, but unable to carry out all previous activities; 3:
moderate disability, requires some help, but able to walk un-
assisted; 4: moderately severe disability, unable to attend to
own bodily needs without assistance and unable to walk un-
assisted; 5: severe disability, requires constant nursing care
and attention, bedridden, and incontinent; 6: dead).
Limitation of the ability to perform activities of daily living
was calculated with the modified Barthel Index (mBI). The
total score is 100, and the higher score means the better inde-
pendent daily living ability.

Imaging Protocol

For MRI, 3 Tesla GE scanners were used at admission, 3 and
7 days later, with a comprehensive acute stroke MRI protocol,
including diffusion-weighted imaging (DWI), T2 FLuid
Attenuated Inversion Recovery (T2FLAIR), as well as mag-
netic resonance spectroscopy (MRS). Lesion volumes were
measured on DWI (baseline) and T2FLAIR (7 days). 1H
MRS value for brain myo-inositol (MI) was the marker of
brain inflammation (7 days) [35]. Acute lesions were identi-
fied from diffusion-weighted images. Lesions on follow-up
were identified from FLAIR images. MI and creatine (Cr)
were obtained from MRS. Typical imaging parameters were
as follows: DWI: b = 0, 1000 s/mm?, repetition time (TR)/
echo time (TE) = 6000/72 ms; FLAIR: TR/TE =9000/140 ms;
inversion time (TI) = 2200 ms; field of view (FOV) = 22 cm;
matrix = 256 X 128 x 40; number of acquisitions (NEX) = 1;
resolution = 0.85 x 1.7 x 3.5 [14, 36, 37]; MRS: TR/
TE = 3000/30 ms, using stimulated echo acquisition mode,
single-voxel spectroscopy. The 1 x 1 x 1 cm® voxel was
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placed midsagittally in the infarct core and peripheral area.
Proper repositioning of volumes of interest (VOIs) for repeat
MRS was ascertained by matching VOI positions on sagittal
T1 MPRAGE and axial T2-weighted images [38—40]. TR
indicates repetition time; TE, echo time; TI, inversion time;
FOV, field of view; and NEX, number of acquisitions.
Measurements were done independently and blindly by
two neuroradiologists using MIPAV software. Lesion volume
was manually outlined on the DWI and FLAIR slices and then
automatically calculated for each slice from the measured area
and corresponding slice thickness. We also found the third
radiologist and used a semiautomated technique (Cheshire;
Perceptive Informatics) to measure ischemic lesion volumes
for validation. Metabolite quantification was carried out using
the LCModel software [41] relative total Cr concentration.
This means of internal referencing is often used in clinical
spectroscopy due to the relative stability of the Cr peak [42,
43]. Metabolite areas were converted to metabolite ratios M1/
Cr to correct for image and localization method differences
and uncontrollable experimental conditions such as gain in-
stabilities, and further avoided the need to correct for different
contributions of CSF to the analyzed MRS volumes. All proc-
essed spectra were visually inspected for quality and artifacts.

Isolation of Mononuclear Cells from Human Peripheral
Blood

Peripheral blood anticoagulated by ethylene diamine
tetraacetic acid (EDTA) was obtained, first from all patients
to be included in the vinpocetine treatment group at baseline
(<48 h), which preceded the first dose, and subsequently at
days 3 and 7 after the first dose for comparison with control
patients at the same time points. Human peripheral blood
mononuclear cells (PBMCs) were isolated with Ficoll-
Hypaque gradients, and blood plasma was also collected at
this step.

RNA Extraction and Real-Time PCR

Total RNAs were extracted from PBMCs of ischemic stroke
patients by using TRIzol (Invitrogen, USA) following the
manufacturer’s instructions. RNA quantity and quality were
assessed using the NanoDrop ND-100 Spectrophotometer
(NanoDrop Technologies, USA) and the 2100 Bioanalyzer
(Agilent RNA 6000 Nano Kit, Germany), with a 260:280 ratio
of >1.5. For the RT reaction, SYBR Green RT reagents (Bio-
Rad) were used. In brief, the RT reaction was performed for
60 min at 37 °C, followed by 60 min at 42 °C, using oligo (dT)
and random hexamers. For PCR amplifications, a SYBR
Green Universal Master Mix was used to yield duplicate re-
actions containing 2x Universal Master Mix, 1 uL of template
c¢DNA, and 100 nM primers in a final volume of 12.5 uL,
followed by analysis in a 96-well optical reaction plate (Bio-
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Rad). The relative quantities of mRNAs were obtained by
using the comparative Ct method.

Western Blot Analysis

PBMCs of ischemic stroke patients were lysed, and equal
amounts of extract were added to electrophoresis sample buff-
er (Invitrogen). After boiling, the extracts were loaded on 10%
SDS-PAGE gels and electrophoretically separated. Proteins
were visualized by the usage of primary antibodies specific
for IkBa, p-IkBa (1-2 pg/mL, Abcam, MA, USA), and then
incubated with goat anti-rabbit and goat anti-rat horseradish
peroxidase-conjugated (Abcam) secondary antibody, respec-
tively. The protein-specific signals were detected using Bio-
Rad 721BR08844.

ELISA

For analysis of inflammatory mediators in the blood plasma,
human TNF-«, IL-6, IL-8, IL-10, IL-17, IL-1{3, IFN-y,
TGF-31, MCP-1, VCAM-1, ICAM-1, and C-reactive protein
(CRP) multi-analyte ELISArray kits were purchased from
BioLegend for five vinpocetine-treated and five control pa-
tients. From these 12 inflammatory mediators, we chose six
trend clear factors, TNF-«, IL-6, MCP-1, ICAM-1, VCAM-1,
and CRP, for further analysis using the single-factor ELISA
kit. The ELISA was performed according to the manufac-
turer’s protocol.

Outcomes

The primary outcomes of this study were changes in lesion
volume from baseline (DWI) to day 7 (FLAIR), the brain
inflammatory level (MI, MI/Cr) at day 7, and the extent of
clinical improvement at days 7 and 14, as measured by the
changes on the NIHSS score from baseline to days 7 and 14.
Secondary outcomes were probability of excellent recovery at
day 90 (defined as a score of 0 or 1 on the mRS).

Statistical Analysis

SPSS for Windows version 17.0 software (SPSS, Inc.,
Chicago, IL, USA) was used for the analyses. For continuous
variables, such as lesion volumes, descriptive statistics were
calculated and reported as means = SE. Non-normally distrib-
uted or discontinuous variables were reported as median
(range) and compared as groups using a Mann—Whitney test.
All continuous variables were compared for the vinpocetine
treatment group versus the control group using the ¢ test for
independent samples. Categorical variables were compared
for the vinpocetine treatment group versus controls using the
x° test. Infarct lesion volume for the vinpocetine treatment
group and controls was analyzed with a two-way ANOVA

and post hoc analysis. Statistical significance is defined as
P <0.05.

Results
Baseline Characteristics

During open enrollment, 350 patients with acute ischemic
stroke were screened. Sixty patients (17%) met the inclusion
criteria and were recruited into this trial (Fig. 1). These patients
were subsequently randomized into either the treatment
(vinpocetine) or control groups, as described in the
“Methods” section. Patients with internal carotid artery occlu-
sion, basilar artery occlusion, diabetes mellitus, infection before
stroke, or a contraindication to MRI were excluded from the
study. No patient died, dropped out, or was lost to follow-up

| 350 patients were assessed |

290 excluded

139 had diabetes mellitus

70 were post-circulation ischemic stroke
27 had infection before stroke

41 had MRI contraindication

13 had poor-quality MRI

60 underwent
randomization

l
| |

30 were assigned to receive 30 were assigned to receive
standard treatment vinpocetine daily for 2 weeks
and standard treatment

<— baseline | cjipjcal Evaluation
<« ad MR
FACS, ELISA
<—  7d PCR, Western blot
14d —>|
Clinical Evaluation | 30d —
90d —>

| No patients died or dropped out |

Fig. 1 Effects of vinpocetine in patients with acute ischemic stroke: trial
profile. Sixty patients with acute ischemic stroke, who exceeded the
therapeutic window for tPA upon enrollment, were randomly assigned
into one of two groups. All were treated with standard stroke
management, and half (» = 30) also received vinpocetine (Gedeon
Richter Plc, 30 mg intravenously once daily for 14 consecutive days) at
the indicated time points. Clinical assessments (NIHSS, mRS, and mBI)
were conducted at the indicated time points. Infarct volume and MI/Cr
were measured by MRI at the indicated time points. Percentages of cir-
culating lymphocyte subsets were monitored by flow cytometry. The
expression of IkBa mRNA was assessed by real-time PCR at baseline
and at days 3 and 7 after stroke onset. Western blotting analysis was
carried out to evaluate the levels of phosphorylated IkBe, total IkBex,
and (3-actin at baseline and post-stroke days 3 and 7. The inflammatory
factors TNF-«, IL-6, MCP-1, VCAM-1, ICAM-1, and CRP were mea-
sured by ELISA
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during the course of this study. The time from disease onset to
vinpocetine treatment was between 4.5 and 48 h in all patients.
Demographic, clinical, and radiological characteristics are
shown in Table 1. At baseline, there were no significant differ-
ences with regard to age, stroke etiology, NIHSS score, lesion
volume, or lesion location between the two groups.

Vinpocetine Treatment Improves Clinical Qutcomes
of Acute Ischemic Stroke Patients

Baseline and follow-up clinical assessments are shown in Fig.
2. The vinpocetine recipients exhibited mild neurological def-
icits, most of which improved during the first 2 weeks after
treatment. Specific comparison of values during the first
2 weeks revealed that control patients registered a mean de-
crease in their NIHSS score from 7 to 6. In contrast, patients
treated with vinpocetine had a mean decrease in their NIHSS
score from 7 to 4. The mean difference in the NIHSS score
change (NIHSS change = baseline — 14 days) between the two
groups was statistically significant (1.8 + 1.4 vs. 3.3 + 1.5,
P =0.002) (Fig. 2a, b). Additionally, the mBI scores were
significantly higher in the vinpocetine group than in the con-
trol group at post-stroke day 90 (94 £+ 13.6 vs. 83.1 = 17.5,
P =0.044) (Fig. 2c). The mRS 0-1 at post-stroke day 90 was
53% in the control group compared with 70% in the

vinpocetine treatment group (P < 0.05); this implies that
vinpocetine promoted rehabilitation in patients with acute is-
chemic stroke (Fig. 2d).

Vinpocetine Reduces Secondary Lesion Enlargement
in Patients with Acute Ischemic Stroke

The local inflammatory response after stroke may contribute
to secondary lesion extension, cerebral edema, and worsened
clinical outcome. Therefore, all patients in this study were
assessed for infarct volume at baseline and at 7 days (Fig. 3a).

Before treatment, lesion volumes did not differ significant-
ly between the prospective vinpocetine recipients and controls
at baseline. Subsequently, 7 days after treatment, the lesion
volume on FLAIR of the vinpocetine group was smaller than
that of the control group, but this effect was not statistically
significant (P = 0.37). However, the lesions (7-day infarct
volume—baseline infarct volume) were significantly smaller
in the vinpocetine-treated group compared to the control
group (0.56 + 0.37 vs. 3.62 + 0.35, P < 0.01) (Fig. 3b).
Since these data indicate the likelihood that vinpocetine was
responsible for decreasing the extension of lesion volume in
acute ischemic stroke patients from the onset of symptoms to
day 7, vinpocetine evidently limited the progression of these
patients’ secondary injury.

Table 1 Baseline characteristics
and timing of treatment

Control (N = 30) Vinpocetine (N = 30) P value
Age (year) 59.8 £13.1 60.3+114 0.84
Female, n (%) 8(27) 7 (23) 1.00
Previous stroke 2(7) 507 0.42
Risk factors, n (%)
Heart disease 13) 3 (10) 0.61
Hypertension 3 (10) 6 (20) 047
Hyperlipidemia 1(3) 0(0) 1.00
Smoking 9 (30) 11 (37) 0.78
Renal failure 0(0) 0(0) 1.00
Diabetes mellitus 0(0) 0(0) 1.00
Etiology®, n (%)
Subtype 1: atheromatosis 25 (83) 23 (77) 0.75
Subtype 2: embolus 0(0) 0(0) 1.00
Subtype 3: lacunar infarct 4 (13) 5017 1.00
Subtype 4: other causes 0(0) 0(0) 1.00
Subtype 5: undetermined 13) 2(7) 1.00
Infection before stroke 0 (0) 0 (0) 1.00
NIHSS on admission, mean (range) 705 ~12) 7 ~11) 0.67
Infarct volume on admission (mm?>;x10°) 122+6.0 13.4+49 0.68
Time to enrollment (h) 28+ 14 23+18 0.33

Plus-minus values are means + SD

#Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification
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Fig. 2 Clinical outcomes in Il Control
control and vinpocetine-treated a

stroke groups. a Trends of NIHSS 101
scores from control and
vinpocetine-treated stroke pa-
tients at the indicated time points.
b Sharp contrasts are clear in
changes of NIHSS scores for
control and vinpocetine-treated
subjects in the first week (NIHSS
change = baseline — 14 days). ¢

Comparison of mBI between O-Baseline 3d
groups. d Distribution of the de- C  150-
gree of disability at day 90; com-

parisons were performed with the

chi-squared test. mRS modified 1004 *
Rankin Scale. Data represent
means + SE. *P < 0.05 versus
control at same time point

NIHSS

mBl

Baseline

Vinpocetine Inhibits Intracerebral Inflammation
Response

Previous observations demonstrated that increased regional
microglia activation, as a consequence of stroke, can be
ascertained by using MRS to detect the local level of MI
metabolites, which are synthesized mainly by activated
microglial cells [44, 45]. Since the level of Cr in the brain is
relatively more stable [46, 47], we used the MI and MI/Cr

a T2FLAIR

Control

Vinpocetine

Baseline 7d

Fig. 3 Impact of vinpocetine on lesion volume in patients and
representative MRIs. a Representative MRI scans showed acute left
hemisphere infarct in control (upper panel) and vinpocetine-treated pa-
tient (lower panel). Lesion volumes were measured on DWI (baseline)
and T2FLAIR (7 days). b Lesion volumes compared between the two

[ Vinpocetine

NIHSS change between
baseline and 14t day

d mRS at 90 day
* BN 0-1 Bl 2-3 [ 4 P<0.05

Vinpocetine

I L}
90d 0 20 40 60 80

ratio at post-stroke day 7 in this study to measure the activa-
tion level of microglia, thus reflecting one aspect of intracere-
bral inflammation (Fig. 4a). As shown in Fig. 4b, c, no signif-
icant difference was present in MI or MI/Cr at the infarction
core between the vinpocetine and control groups. However,
within the peri-infarct region, the MI and MI/Cr of controls
were much larger than that in the vinpocetine group
(76.0 £ 16.0 vs. 61.0 = 13.0, P = 0.042; 0.70 + 0.07 vs.
0.41+£0.07, P =0.039).

o % %

Lesion volume growth
(X10°mmd)

groups. Lesion volumes of the two groups changed with time to a signif-
icant extent (lesion volume growth = 7-day lesion volume — baseline
lesion volume). Values are means + SE; comparisons were performed
with independent ¢ tests. **P < 0.01 versus control at same time point
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Vinpocetine

Infarct core

Fig. 4 Impact of vinpocetine on intensity of intracerebral inflammation.
a Single-voxel volume-selective water-suppressed proton MRS was per-
formed by using a stimulated-echo acquisition mode. MI and MI/Cr ratios
measured the activation level of microglia, thus reflecting the intracere-
bral inflammation. b, ¢ No significant difference was observed in MI or

Vinpocetine Increases Total IkBx Levels by Promoting
Transcription of IkBx mRNA and Inhibiting IkBx
Phosphorylation

In a previous study, vinpocetine inhibited NF-kB-
dependent inflammatory responses by directly inhibiting
IKK and subsequent IkBo phosphorylation/degeneration
in vitro and in experimental animals [22-24]. We thus
tested vinpocetine’s ability to influence the transcription
of IkBax mRNA. Although the transcription levels of
IkBx mRNA in vinpocetine-treated patients were similar
to those of controls at baseline, IkBax mRNA expression
increased steadily until a statistically significant difference
emerged between vinpocetine-treated patients and con-
trols at day 7 after symptom onset (1.46 + 0.05 vs.
0.96 + 0.23, P = 0.022) (Fig. 5a). Purportedly, vinpocetine
inhibited the NF-kB-dependent inflammatory response by
increasing the expression levels of IkBax mRNA.

We also measured total and phosphorylated IkBo
protein by western blot analyses (Fig. 5b). As shown
in Fig. 5c, d, the quantity of total IkBo decreased in
the vinpocetine and control groups along with increases
of phospho-IkBax when compared with healthy volun-
teers at baseline, but not to the level of statistical sig-
nificance. Thereafter, in controls, total IkBx levels de-
creased and phospho-IkBx increased gradually.
However, after treatment with vinpocetine, neither total
IkBo nor phospho-IkBa concentrations obviously in-
creased or decreased over time. These results demon-
strate that vinpocetine also inhibits NF-«kB activation
by preventing IkBoa phosphorylation and degradation,
upstream of IkBo.
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b 1-0_- Control Il Vlnzocetlne

0.8
§ 0.6
= 0.4

0.2

0.0-

Core Border

Infarct border

MI/Cr of the infarction core between the vinpocetine-treated and control
groups. However, the MI and MI/Cr of the peri-infarct region in controls
much exceeded those in the vinpocetine group. Values are means + SE;
comparisons were performed with independent ¢ tests. *P < 0.05 versus
the control at the time point

Vinpocetine Decreases the Levels of Inflammatory
Mediators and CRP

Since vinpocetine could inhibit NF-«kB activation by
preventing IkBa phosphorylation and degradation, we next
determined if vinpocetine inhibits pro-inflammatory media-
tors. As the ELISA denotes (Fig. 6a—f), vinpocetine potently
inhibited the upregulation of TNF-«, IL-6, MCP-1, ICAM-1,
VCAM-1, and CRP in blood plasma, especially at post-stroke
day 7.

Safety

Six control patients became infected after stroke: four with
severe pulmonary infections, one with an upper respiratory
tract infection, and one with a urinary tract infection. Five of
these patients had temperatures higher than 38 °C and re-
ceived antibiotic therapy. In the vinpocetine group, three pa-
tients had infections, all in the upper respiratory tract.
Interestingly, none of the latter group had a fever or antibiotic
therapy (Supplementary Table 1).

Discussion

In this study, we evaluated the impact of modulating inflam-
matory reactions on the outcome of acute ischemic stroke. For
this purpose, we monitored patients who had exceeded the
accepted timing for tPA treatment but then received treatment
to reduce inflammation via regulation of the NF-kB pathway.
This treatment involved the intravenous administration of
vinpocetine, 30 mg, given daily for 14 consecutive days
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[] Healthy Il Control Bl Vinpocetine

il

Baseline 3d

Healthy Control Vinpocetine
Day: 0 0 1 3 7 1 3 7
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=3
;]
1

Relative IkBa
mRNA Expression
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Fig. 5 Vinpocetine reduces NF-kB activation not only by inhibiting
phosphorylation and degradation of IkBx but also by increasing tran-
scription of IkBax mRNA. a The transcription of IkBae mRNA in
PBMCs (RT-PCR). Vinpocetine increased the transcription of IkBo
mRNA in acute ischemic stroke patients. b PBMCs from patients with
acute ischemic stroke treated with or without vinpocetine were analyzed
by western blotting for phospho-IkBa and total IkBx. The relative pro-
tein levels were quantified by densitometry and normalized to (3-actin. ¢,
d The quantity of total IkBx decreased in the vinpocetine and control

between 4.5 and 48 h after the onset of acute ischemic stroke.
Clearly, the results indicated that vinpocetine attenuated in-
flammatory responses at the peri-infarct area, prevented sec-
ondary brain injury, and substantially improved clinical out-
comes. Notably, vinpocetine decreased the incidence of post-
stroke infection, an outcome that duplicates our prior results
from a clinical retrospective trial (Supplemental Fig. 1).
Recent studies showed that stroke-associated pneumonia
might be partly a pneumonitis and harbor a greater non-
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infective inflammatory component than previously thought
[48]. Therefore, apart from antibiotics and standard measures
to prevent pneumonia, novel strategies should be pursued.
Since not only dysphagia but also stroke-induced immune
disorders are important risk factors, the use of targeted im-
mune modulators might provide a more powerful approach
for its prevention [49]. Vinpocetine’s elimination half-life
(t1/2) is 4.83 £ 1.29 h. Because of the low effective drug
concentration and good drug safety, vinpocetine was
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ministered 30 mg once daily. From the discovery of
vinpocetine to now, the targets of vinpocetine have been dis-
covered, including Ca?*/calmodulin-stimulated cyclical nu-
cleotide phosphodiesterase-1 (PDE-1) and voltage-
dependent Na* channels and Ca”* channels. The effects of
vinpocetine are composed of improvement of cerebral blood
flow and enhancement of neuronal ATP production via in-
creasing the uptake of glucose and oxygen from blood. So,
vinpocetine was always ministered for 14 consecutive days.
Given that vinpocetine has been proven safe for long-term
use, our findings suggest that vinpocetine has substantial po-
tential for use as anti-inflammatory therapy for patients with
acute ischemic stroke.

Brain lesions on day 7 mixed the ischemia injury with the
secondary inflammation injury that is the main target of
vinpocetine, which we want to detect. Thus, we deem the
change of lesion size from day 1 to day 7 as a primary out-
come for determining the efficacy of vinpocetine. For that
reason, we quantified the changes of lesion size from baseline
to day 7, which we deem to be a primary outcome. A remark-
able restriction in lesion growth between baseline and day 7
was observed in patients who received the combination of
vinpocetine and antiplatelet drugs, as compared to that in pa-
tients who received antiplatelet drugs only.

Microglia, the brain-resident innate immune cells [50], can
release neutral proteinases, produce oxidative radicals, and
secrete immunoregulatory factors that influence lymphoid
cells as well as the glial cells themselves after being activated
[51]. Thus, microglia can be considered as a specialized sub-
type of tissue macrophage in the CNS and can be monitored to
indicate a central inflammatory response. MRS to assess MI,
the concentration of which reflects the relative level of acti-
vated glial cells, is a useful glia-specific marker of inflamma-
tory responses in the brain [44, 45, 52]. In this study, we found
that vinpocetine could decrease the MI and MI/Cr ratio in the
peri-infarct region. Thus, we speculated that vinpocetine alle-
viated the inflammatory response at local areas of infarction in
the CNS. Inflammation is impactful at all stages of the ische-
mic cascade, from the early damaging events triggered by
arterial occlusion to the late regenerative processes [6, 53].
NF-kB, as a key transcriptional factor, plays a critical role in
modulating inflammatory responses via regulating the expres-
sion of pro-inflammatory mediators. When inactive, NF-xB
resides in the cytoplasm and forms a multi-protein complex
with an inhibitory subunit, inhibitor of NF-kB (IkB). When
activated by external stimuli, kB phosphorylation, and deg-
radation, the liberated NF-kB then enters the nucleus and ac-
tivates transcription of multiple inflammatory response genes
by interacting with kB elements in the promoter region [54].
Thus, increased NF-kB activation is considered as an impor-
tant pathogenic factor in many inflammatory disorders. In this
study, vinpocetine inhibited NF-kB activation not only by
increasing the transcription of IkBox mRNA but also by
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inhibiting the phosphorylation and degradation of IkB«, thus
reducing the subsequent induction of pro-inflammatory medi-
ators. Further, unlike conventional immunomodulators that
affect the percentage and number of lymphocytes
(Supplemental Fig. 2), vinpocetine had no such impact but,
instead, inhibited the release of inflammatory cytokines and
lowered the magnitude of brain inflammation after acute is-
chemic stroke. Vinpocetine’s additional benefits were de-
creases in secondary lesion enlargement.

Limitations of this study include the small sample size and
the lack of a parallel arm of patients treated with vinpocetine
only beyond 4.5 h of disease onset to differentiate the effect of
vinpocetine alone or in combination with antiplatelet agents.
However, it is unethical to administer vinpocetine alone to
patients with acute ischemic stroke who are eligible for anti-
platelet drugs. Unfortunately, we are unable to figure out the
relationship between inhibiting inflammation and good out-
come in the current study, because using relative blockers to
make sure that was the case was unethical. However, based on
the data of immune intervention for stroke from patients, we
believe that, at least partially, the beneficial outcome of
vinpocetine-treated patients was due to its anti-inflammatory
function. Cr has higher concentrations in white matter than in
neurons. Therefore, the use of MI/Cr ratios reflecting inflam-
matory levels may have errors. In order to make up for this, we
also calculated the absolute value of MI. We think that MI and
MI/Cr complement each other well to reflect inflammatory
levels. We did not do the multiple comparisons for the inflam-
matory mediators in the blood plasma. Although the small
sample size presented here precludes definite conclusions,
our results suggest that vinpocetine as an effective anti-
inflammatory agent without causing significant immunosup-
pression may alleviate the outcome of acute ischemic stroke.
This study’s results also indicate that the modulation of in-
flammatory reactions produces an appreciably more favorable
disease prognosis, which is consistent with our recent results
of clinical trials [14—17] and encourages further investigation
of inflammatory modulators and manipulation of immune re-
actions as a new avenue for managing patients with acute
ischemic stroke by large-scale clinical trials.
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