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Abstract

Background The efficacy of DL-3-n-butylphthalide (NBP) in the treatment of post-stroke cognitive impairment (PSCI)
has been reported previously. However, the course of treatment that shows curative effect and cytokines predictive
of the efficacy of NBP in the treatment of PSCI have not been systematically evaluated. This study aimed to assess the
efficacy, course of treatment, and cytokines that can predict the effectiveness of NBP in treating poststroke cognitive
impairment PSCI.

Methods This study has been registered with PROSPERO (registration number CRD42024518768). Randomized
controlled trial (RCT) data dated by November 12, 2023 were retrieved from the PubMed, Embase, Cochrane Library,
Web of Science, Wanfang, CNKI, CSTJ, and SinoMed databases using medical subject terms combined with free words.
The updated Cochrane RoB-I Risk of Bias tool was utilized for literature quality evaluation. Statistical analysis were
carried out using Review Manager 5.4.1 software.

Results Thirty-eight original studies involving 5417 PSCI patients were analyzed. The results showed that NBP had a
beneficial impact on cognitive function in PSCl patients when used alone or in combination therapy, as assessed by
the Mini-mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA) scale. The effect sizes were
significant for both monotherapy and combination therapy. Subgroup analyses based on treatment cycle indicated
that NBP enhanced cognitive function in PSCl patients from 1 week after intervention: MMSE (SMD =043, 95% Cl
[0.28,0.58], P<0.001), MoCA (SMD=0.44, 95% CI [0.27, 0.61], P<0.001). There was a cumulative enhancement in
cognitive function within 6 months after NBP treatment based on the MoCA scores (SMD=0.61, 95% CI [0.30,0.91],
P<0.001). Furthermore, decreased levels of the cytokines Hs-CRP, TNF-q, IL-6, IL-8, Hcy, NSE, MDA, MMP-9, and Cys-C
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(SMD=-2.28,95% Cl [-2.97, 1.58], P<0.001) and increased levels of BDNF, VEGF, and TIMP-1 (SMD =2.80, 95% CI [1.66,

3.94], P<0.001) were also predictive of treatment efficacy.

Conclusion NBP plays a beneficial role in improving cognitive function in PSCI patients, and their prognoses could
be predicted by serum cytokine levels. However, high-quality, multicenter, multisample, and RCTs are still needed to
confirm the clinical validity of NBP due to its low methodological quality.

Keywords Cognitive function, MMSE, MoCA, Potential mechanisms, Randomized controlled trial

Introduction

Poststroke cognitive impairment (PSCI) is a common
consequence following stroke, and is characterized by
cognitive decline caused by stroke ranging from mild
cognitive impairment to dementia [1, 2]. PSCI is most
frequently observed in the first year after stroke, affecting
up to 60% of survivors. Approximately 44% of patients
experience cognitive issues 26 months after stroke [3, 4].
PSCI patients commonly exhibit cognitive deficits such
as memory loss, attention issues, and linguistic function
impairment. These challenges impact their daily perfor-
mances, quality of life and capacity to resume work [5].
The expert consensus recommends the cholinesterase
inhibitors donepezil, carboplatin, and galantamine; the
N-methyl-D-aspartate (NMDA) receptor antagonist
memantine; and the calcium antagonists nimodipine and
olanzapine for the treatment of PSCI. However, there is
inadequate evidence to support the efficacy of these med-
ications in treatment [2, 6, 7]. Current clinical evidence
for the use of medications to enhance cognitive function
in PSCI patients is primarily derived from studies on
Alzheimer’s disease, whereas there is a lack of convincing
basic or clinical evidence supporting the ability of phar-
macological treatments for PSCI to promote cognitive
recovery [8].

DL-3-n-butylphthalide (NBP) is a synthetic molecule
derived from I1-3-n-butylphthalide isolated from cel-
ery seeds. It is a compound independently developed
in China that not only improves the acute ischemic
stroke symptoms but also aids the long-term recovery of
patients [9]. Multiple clinical studies have indicated that
NBP has protective effects on animal models of isch-
emic stroke [10—12]. The protective mechanism of NBP
against ischemic stroke may involve various pathophysi-
ological processes, such as anti-inflammatory effects, oxi-
dation reduction [13], reduction in cerebral edema and
blood-brain barrier damage [14], decreased in neuronal
apoptosis [15], prevention of thrombotic formation [16],
and safeguarding of mitochondria [17]. A recent basic
research indicated that, in addition to improving acute
stroke symptoms, NBP might also promote cognitive
recovery following stroke by reducing inflammation and
oxidative stress [18]. The 2021 Expert Consensus on the
Management of Cognitive Impairment after Stroke rec-
ommends the use of NBP as a pharmacologic treatment

for PSCI with Class II, Level B evidence [2]. In 2022, Fan
and colleagues conducted a meta-analysis to assess the
therapeutic efficacy and safety of NBP against PSCI. The
findings indicated that NBP effectively reduced neuro-
logical deficits symptoms and enhanced cognitive func-
tion and daily living abilities [19]. However, because
most of the included original studies were randomized
controlled trials (RCTs) with small sample sizes, and
the simplistic search strategy might also cause incom-
plete data retrieval and publication bias. In addition, the
meta-analysis did not specify the duration for which NBP
affected patients with PSCI despite demonstrating the
effectiveness of NBP in treating PSCI. Furthermore, there
is a lack of objective indicators for predicting the efficacy
of NBP in treating PSCI. The levels of serum cytokines
such as IL-6, IL-8, CRP, MDA, BDNF, and Hcy [20-22]
have been identified as biomarkers in studies, but there is
inconsistency in whether changes of these cytokines are
predictive of the therapeutic effect of NBP. Therefore, it
is essential to systematically assess and analyze the clini-
cal efficacy and time to act of NBP in treating PSCI, and
to identify cytokines that can predict the effectiveness of
NBP to provide a new evidence-based foundation for the
clinical treatment of this disease.

Methods

Protocol and registration

This systematic review was conducted in accordance
with the PRISMA Extension Statement for Reporting of
Systematic Reviews Incorporating Network Meta-anal-
yses of Health Care Interventions [23]. This systematic
review has been registered on the PROSPERO Inter-
national prospective register of systematic reviews (ID
CRD42024518768).

Data retrieval strategy

Data retrieval was conducted across eight databases:
China National Knowledge Infrastructure (CNKI,
https://www.cnki.net), Wanfang Database (https://www.
wanfangdata.com), China Science and Technology Jour-
nals Database (CST]J, https://qikan.cqvip.com), Chinese
Biomedical Literature Service System (SinoMed, https://
www.sinomed.ac.cn), PubMed (www.ncbi.nlm.hih.gov),
Embase (www.embase.com), Cochrane Library (https://
www.cochrane.com), and Web of Science (WOS, https://
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www.webofscience.com), using a combination of free
words and the keywords “butylphthalide” and “poststroke
cognitive impairment”. The dates of retrieved data ranged
from the establishment of the database to November 12,
2023.

Inclusion criteria

Type of studies

Eligible retrieved data were RCT studies on the improve-
ment of cognitive function in PSCI patients using NBP.

Characteristics of the enrolled patients

Each study group in the publication contained between
30 and 90 patients diagnosed with PSCI. The average age
of patients ranged between 35 and 73 years, with variable
disease durations. All patients included in the analysis
articles have signed written informed consent forms by
themselves or their legal representatives when participat-
ing in relevant studies.

Interventions

All original studies included in the analysis adminis-
tered NBP alone or in combination with other medica-
tions to the experiment group, whereas the control group
received drugs such as donepezil, galantamine, meman-
tine, olaxetan, and nimodipine as per expert consensus or
only medications for the patients’ pre-existing diseases.
The only variable that differed between the experiment
and control groups in the original studies was the admin-
istration of NBP. All other variables were controlled to
ensure that the dosage, duration of treatment, and dura-
tion of continuous treatment were the same for both
groups.

Outcome indicators for the included literature

The outcome indicators should include the Mini-Mental
State Examination (MMSE) and the Montreal Cognitive
Assessment (MoCA) scales for the assessment of cogni-
tive function.

Exclusion criteria

Literatures lacking raw data, reviews or systematic
reviews, duplicate literatures, studies of undetermined
type or not conforming to RCT standards, studies with
inconsistent content or outcome indicators, and those
involving animal experiments were excluded.

Literature review and quality assessment

We organized the literatures retrieved from databases
using Endnote X9. Two researchers initially indepen-
dently screened the literature by reviewing the title,
abstract, and authors to eliminate duplicate studies.
They then downloaded the full text of the remaining lit-
erature for thorough examination, and determined their
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relevance to this study following the above criteria. The
common literatures agreed by both researchers were
included in this study. In the case of differing opinions, a
third researcher was consulted.

Two researchers independently assessed the literature
quality using the RCT evaluation tool recommended
by the Cochrane RoB-I Handbook of Systematic Evalu-
ation 5.1, which included seven criteria: generation of
randomized sequences, concealment of the allocation
scheme, blinding of participants and personnel, blinding
of outcome assessment, completeness of outcome data,
selective reporting of findings, and other sources of bias.
The literature was assessed and classified into three cat-
egories according to the evaluation indicators provided:
“high risk of bias,” “uncertain risk of bias,” and “low risk of
bias” A third researcher resolved any disagreements that
occurred throughout the evaluation.

Data extraction

Data were extracted from qualified literature contain-
ing the following information: name of first author,
publication year, research methods, sample size, age,
sex, participant demographics, interventions, drug dos-
ages, treatment duration, serum cytokines, and outcome
indicators.

Statistical analysis

The gathered information was statistically analyzed using
RevMan 5.4 software (Cochrane Collaboration). Relative
risk (RR) was utilized for dichotomous variables, whereas
mean difference (MD) or standardized mean difference
(SMD) analysis was used for continuous variables. The
95% confidence intervals (CIs) were calculated for each
effect size. Cochrane’s I* and P values were utilized to
assess the heterogeneity of the studies included. In case
of I’<50% and P>0.1, no statistical heterogeneity was
found among the studies, and the fixed-effects model
was employed for statistical analysis. P<0.1 or I*>50%
indicated statistical heterogeneity among studies, the
source of which should be investigated. If heterogeneity
persisted and clinical results were consistent, a random-
effects model was applied for statistical analysis. We
conducted subgroup analyses based on varied interven-
tions on the control group of different literature sources
to address potential heterogeneity. We utilized SMD
analysis for continuous variable studies. In case of the
existence of potential heterogeneity caused by missing
information and different intervention strategies in the
original studies, which could not be eliminated, a random
effects model was utilized. Funnel plots were used to ana-
lyze publication bias.
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Results

Literature screening

A total of 244 literatures were initially screened based on
our methods, and 128 documents remained after remov-
ing duplicates using EndnoteX7. Next, 8 systematic
reviews and 9 animal studies were excluded by review-
ing the titles and abstracts, leaving 111 studies. After
reviewing the full text, 55 studies were excluded for not
conforming to the objective of this study, 6 for not meet-
ing the outcome indicators, 8 for lacking data, and 4 for
non-RCT. Ultimately, 38 remaining studies [24—61] were
included in this study after thorough assessment. Fig-
ure 1 illustrates the detailed literature screening process.

Characteristics of the included literature

Our systematic evaluation comprised 38 RCTs published
in Chinese-language between 2016 and 2023, involv-
ing 5417 individuals with PSCI. The average age of all
patients varied between 35 and 73 years, and the dura-
tion of treatment ranged between 0.5 and 6 months.
There were 30—90 patients in each treatment or control
group in Each of 38 original trials. Twenty-seven stud-
ies utilized MMSE and 27 with MoCA to evaluate cog-
nitive function as an outcome indicator. Fourteen studies
compared the efficacy of NBP used alone with that of the
standard treatment in the control group. Twenty-four
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studies compared the efficacy of NBP in combination
with other drugs to that in the control group. Table 1
listed the features of all 38 investigations.

Methodological assessment of the included literature
Methodological assessment of the quality of the studies
was performed (Supplementary Fig. 1). One study had a
low risk of bias and was of relatively high quality. Twenty-
seven studies had moderate risks of bias, and 10 studies
had high risks of bias. Concerns were raised about the
blinding process of these studies, as 36 out of 38 studies
did not provide clear information regarding blinding. In
addition, 10 studies provided insufficient information on
randomization methods. Supplementary Fig. 2 illustrates
the result of methodological assessments for each item.

Assessment of cognitive function

MMSE

Eleven studies (Fan et al. [25]; Fan et al. [34]; Fu and Ba
[37]; Huang [42]; Mao et al. [47]; Meng et al. [48]; Ni et al.
[61]; Su [52]; Zhang, 2021 [56]; Zhang and Ye [27]; Zhan
et al. [55]) that enrolled a total of 1264 PSCI patients
reported the clinical efficacy of NBP monotherapy, as
shown in Fig. 2a. The control groups were all on base-
line medication, and there was no significant heteroge-
neity in the results (P=0.12, I> =36%). After combining

Cochrane Library (n=5), WOS (n=6)

Records identified through database searching (n=243);
Wanfang (n=95), CNKI(n=59), CSTJ (n=48),
SinoMed (n=18), PubMed (n=4), Embase (n=8),

Additional records
identified through
other sources

(n=1 from ChiCTR)

Duplicates removed (n=128)

Review (n=4);
Systematic review (n=4);

Exclusion (n=17)

A

Animal study (n=9)

Initial screening (n=111)

Not meeting the

Exclusion (n=73)

study objective (n=55);
Not meeting the

outcome criteria (n=6);
Unclear data (n=8);

Full-text assessment for eligibility (n=38)

Not meeting the
RCT criteria (n=4)

synthesis (meta-analysis) (n=38)

Studies included in quantitative

Fig. 1 Flowchart for data screen and filter
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Table 1 Characteristics of included randomized controlled trials in literature
Ref Sample Age (year) Male/ Intervention Drug dose Course  Cytokine Outcome
no. size (n) Female of treat- evaluation
(Male%) ment method
Trial Trial control  Trial control Trial control (month)
control
[24] 60 (62.52+546); (32/28) 53%; NBP+Donepezil; NBP: 200 mg Tid; 6 - MoCA
60 (62.39+5.52) (33/27) 55% Donepezil Donepezil: 20 mg qd
[25] 32 (62.25+5.10); (18/14) 56%; NBP; NBP: 200 mg Tid; 2 - MMSE + MoCA
30 (60.90+5.77) (16/14) 53%  Basic treatment -
[26] 50 (45.0+2.3); (25/25) 50%; NBP+Huperzine A; NBP: 200 mg Qid; 2/3 - MoCA
50 (450+23) (30/20) 60% Huperzine A HuperzineA: 0.2 mg bid
[27] 76 (58.12+9.87);  (40/36) 53%; NBP; NBP: 100 ml/12 h; 0.5 - MMSE + MoCA
74 (56.98+10.15) (39/35)53%  Basic treatment iv
[28] 73 (40-70); NBP; NBP: 200 mg Tid; 3 - MMSE
73 Basic treatment -
[29] 38 (63.6+2.6); (19/19) 50%; NBP+Citicoline sodium;  NBP: 25 mg iv; 1/3 TNF-q, MMSE +MoCA
38 (63.5+2.7 (20/18) 53%  Citicoline sodium Citicoline sodium: 500 mg qd IL-6, NSE,
BDNF
[30] 60 (63.8+1.87); (34/26) 57%; NBP+Nimodipine; NBP: 200 mg Tid; 1 - MMSE
60 (64.0£2.83) (33/27)55%  Nimodipine Nimodipine: 40mgTid
[311 79 (65.13+7.24);  (40/39) 57%; NBP+Donepezil; NBP: 200 mg Bid; - Hs-CRP, MoCA
79 (6459+6.38)  (41/38)55% Donepezil Donepezil: 50 mg qd NSE
[32] 60 (62.52+546);  (35/25) 58%; NBP+Citicoline sodium; NBP: 25 mg Bid; iv 0.5 MMP-9, MMSE
60 (62.39+5.52) (38/22) 63%  Citicoline sodium Citicoline sodium: 500 mg Bid TIMP-1
[33] 30 (67.0+£7.0); (24/6) 80%;  NBP+Idebenone; NBP: 200 mg Tid; 2 - MMSE
30 (62.0+£8.0) (16/14) 53% Idebenone Idebenone: 30 mg Tid
[34] 44 (51+3.54); (20/24) 45%; NBP; NBP: 200 mg Tid; 3/4 - MMSE + MoCA
43 (53+5.94) (22/21)51%  Basic treatment -
[35] 60 (69.2+4.5); (35/25) 58%; NBP+Citicoline sodium;  NBP: 200 mg Tid; 0.5 - MMSE
60 (69.1+4.6) (36/24) 60%  Citicoline sodium Citicoline sodium:
500 mg Tid
[36] 62 (66.80+4.41);, (35/27)56%; NBP; NBP: 200 mg Tid; 6 - MoCA
58 (65.56+6.95) (33/25) 57%  Basic treatment -
[37] 45 (65.89+7.68), (25/20)56%; NBP; NBP: 200 mg Tid; 6 - MMSE +MoCA
45 (62.64+8.17) (22/23) 49%  Basic treatment -
[38] 42 (65.20+£4.01); (27/15) 64%; NBP+ Galanthamine NBP: 200 mg Tid; 3 Hs-CRP, MoCA
42 (64.11+£354)  (24/18)57%  base; Galanthamine base: 5 mg Tid IL-6
Galanthamine base
[39] 41 (62.74+4.17);  (23/18) 56%; NBP+Oxiracetam; NBP: 200 mg Tid; 2 Hs-CRP, MMSE
41 (63.26+4.21) (24/17)59%  Oxiracetam Oxiracetam: 800 mg TNF-q,
Tid IL-8, NSE
[40] 50 (66.10+£2.89);  (30/20) 60%; NBP+Edaravone; NBP: 100 mg Bid; 0.5 Hs-CRP MMSE
50 (66.25+241) (28/22) 56%  Edaravone Edaravone: 30 mg Qd
[41] 40 (64.28+0.30);  (22/18) 55%; NBP+Urinary NBP: 200 mg Tid; 1 MDA, MMSE +MoCA
40 (64.17£0.29)  (20/20) 50%  Kallindinogenase; Urinary BDNF,
Urinary Kallindinogenase Kallindinogenase: SOD
0.15PNA Qd
[42] 68 (62.8+11.4), (42/26) 61%; NBP; NBP: 200 mg Tid; 3 - MMSE
68 (63.5+10.8) (47/21)69%  Basic treatment -
[43] 40 (63.94+2.79);, (27/13)68%; NBP+Oxiracetam; NBP: 200 mg Tid; 3 - MoCA
40 (64.19+3.01)  (26/14) 65%  Oxiracetam Oxiracetam: 4 g Qd
[44] 35 (6590+6.02);  (22/13) 63%; NBP+Urinary NBP: 200 mg Tid; 1 - MMSE + MoCA
35 (65.31+5.95) (20/15)57%  Kallindinogenase; Urinary
Urinary Kallindinogenase Kallindinogenase:
0.15PNA Qd
[45] 52 (64.8+10.8); (28/24) 54%; NBP+ Oxiracetam; NBP: 200 mg Tid; 3 - MoCA
52 (64.0£10.9) (32/20)62%  Oxiracetam Oxiracetam: 800 mg Tid
[46] 54 (60.62+19.35); (29/25) 54%; NBP + Oxiracetam; NBP: 200 mg Tid; 1 - MoCA
54 (59.94+20.13) (31/23)57% Oxiracetam Oxiracetam: 800 mg Tid
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Ref Sample Age (year) Male/ Intervention Drug dose Course  Cytokine Outcome
no. size(n) Female of treat- evaluation
(Male%) ment method
Trial Trial control  Trial control Trial control (month)
control
[47] 58 (63.59+2.77);  (29/29) 50%; NBP; NBP: 200 mg Tid; 3 - MMSE
58 (6331+£257)  (31/27)53%  Basic treatment Basic treatment: -
[48] 90 (36.3+£10.5); (44/46) 49%; NBP; NBP: 200 mg Tid; 3 - MMSE + MoCA
60 (352+11.2) (32/28) 53%  Basic treatment Basic treatment: -
[49] 36 (73.12£2.23);  (24/12) 67%; NBP+Piracetam; NBP: 200 mg Tid; 1 Hs-CRP, MMSE
36 (72.08+2.15) (21/15)58%  Piracetam Piracetam: 400 mg Hey
Tid
[50] 43 (5435+7.88);, (28/15)65%; NBP+Citicoline sodium; NBP: 200 mg Tid; 0.5 SOD MoCA
43 (53.25+7.25) (29/14) 67%  Citicoline sodium Citicoline sodium: -
[51] 60 (61.4+78); (35/25) 58%; NBP; NBP: 25 mg bid(iv) 0.5 - MoCA
60 (60.8+7.5) (33/27) 55%  Basic treatment Basic treatment: -
[52] 60 (57.19+8.72);  (39/21) 65%; NBP; NBP: 200 mg Tid; 05 - MMSE + MoCA
60 (58.13+9.04)  (37/23)62%  Basic treatment Basic treatment: -
[53] 36 (68.5+2.6); (19/17) 53%; NBP+urinary kallikrein; ~ NBP: 200 mg Tid; 1 - MMSE + MoCA
36 (684+27) (18/18) 50% urinary kallikrein urinary kallikrein:
0.15PNA Qd
[54] 52 (66.52+543);  (30/22) 58%; NBP+Oxiracetam; NBP: 200 mg Tid; 1 NSE, MMSE + MoCA
52 (64.42+5.19) (32/20) 62%  Oxiracetam Oxiracetam: 4.0 g Qd MMP-9
[55] 40 (4867 +8.54),  (26/14) 65%; NBP; NBP: 200 mg Tid; 3 VEGF MMSE
40 (48.92+8.96) (29/11) 73%  Basic treatment Basic treatment: -
[56] 45 (63.16+533);  (24/21)53%; NBP; NBP: 200 mg Tid; 3 Hs-CRP, MMSE +MoCA
45 (63.87+5.15)  (23/22)51%  Basic treatment Basic treatment: - Hcy, Cys-C
[57] 37 (6043+864);, (17/20) 46%; NBP -+ Piracetam; NBP: 200 mg Tid; 3 MMSE + MoCA
36 (60.59+8.05) (14/22) 39%  Piracetam Piracetam: 20 g Qd
[58] 42 (64.88+3.94); (18/24) 43%; NBP+ Oxiracetam; NBP: 200 mg Tid; 3 - MoCA
42 (64.58+3.84) (19/23) 45%  Oxiracetam Oxiracetam: 800 mg
Tid
[59] 40 (58.73+9.26);  (21/19) 53%; NBP+ Piracetam; NBP: 900 mg Bid; 05 - MMSE + MoCA
40 (58.88+9.32) (23/17) 58%  Piracetam Piracetam: 8 g Bid
[60] 35 (6921+1134);, - NBP + Citicoline sodium;  NBP: 200 mg Tid; 0.5 - MMSE + MoCA
35 (69.21+11.34) Citicoline sodium Citicoline sodium: 250 Bid
[61] 84 (62.34+2.08); (43/41)51%; NBP; NBP: 200 mg Tid; 6 IL-8 MMSE +MoCA
84 (65.09+2.85)  (44/40)52%  Basic treatment Basic treatment: -

-: Not reported; NBP: DL-3-n-butylphthalide

the effect sizes using a fixed-effects model and perform-
ing a meta-analysis, we found that patients’ cognitive
function significantly improved after NBP monother-
apy as suggested by MMSE scores (SMD=0.70, 95% CI
[0.58,0.82], P<0.00001). A funnel plot was drawn for the
MMSE score of patients treated with NBP as monother-
apy (Supplementary Fig. 3), where a slight asymmetry
was found in the left and right region of scatter points,
suggesting the possibility of publication bias. Sixteen
studies, including 1446 patients with PSCI, reported the
clinical effects of NBP combination therapy, as shown
in Fig. 3a. Subgroup analyses were performed accord-
ing to the combination drug. The control group was
treated with urinary kallidinogenase (P=0.50, 1>=0%)
in three studies [41, 44, 53], with piracetam treatment
(P=0.0001, I’=85%) in four studies [28, 47, 57, 59],
with oxiracetam (P=0.004, I>=88%) in two studies [39,

54], with cyclozosin hydrochloride (P=0.02, 1*=71%)
in four studies [29, 32, 35, 60], and with edaravone [40],
nimodipine [30], and idebenone [33] in one study each.
Evaluation analyses were performed using a random-
effects model, and the results showed a significant ben-
efit of NBP as a combination therapy on MMSE scores
(SMDy;=0.73, 95% CI [0.46, 1.00], P<0.001; SMD,=1.14,
95% CI [0.54, 1.73], P<0.0002; SMDy=2.42, 95% CI
[1.29, 3.55], P<0.0001; SMD. =131, 95% CI [0.89,
1.72], P<0.00001; SMD;=5.54, 95% CI [4.67, 6.42],
P<0.00001; SMDy=0.89, 95% CI [0.51, 1.26], P<0.00001;
SMD;=0.44, 95% CI [-0.07, 0.95] P=0.09).

MoCA

Ten studies [25, 27, 34, 36, 37, 48, 51, 52, 56, 61], com-
prising 1157 patients, reported the clinical effects
of treatment with NBP alone, as shown in Fig. 2b.
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a

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Fan Weibing 2012 2419 16 32 219 211 30 51% 121[067,176]
Fan Yixie 2018 2478 421 44 2247 412 43  82% 055[012,098] —
FuYu 2020 2514 217 45 24 205 45 85% 054([011,096) S
Huang xiaodong 2022  26.24 481 68 2168 538 68 121% 089[054,124) T
Mao Lijin 2023 2827 248 58 2168 529 58 112% 039[002,076) [
Meng Yun 2019 2667 587 90 2145 498 60 128% 0941[059,128) —%=
Ni fuwen 2021 2615 268 84 2231 264 84 00% 144[110,178]
SuJunhong 2017 249 554 60 2013 409 60 105% 0971[059,135) —
Zhang Bo 2021 2553 1.33 45 2471 16 60 98% 055[015,0.94)] e
Zhang Lina 2015 2424 491 76 2148 5867 74 143% 052[019,084)] =
Zhan Yan 2017 263 355 40 2372 454 40 75% 063[018,108] =
Total (95% CI) 558 538 100.0% 0.70[0.58, 0.82] ¢
Heterogeneity Chi*=14 00, df=9 (P=012), = 36% 5 ¥ i ; .
Test for overall effect. Z=11 17 (P < 0.00001) (control] [experimental]
b

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Fan Weibing 2012 2388 23 32 2183 19 30 74% 0961[0.43,1 48]
Fan Yixie 2018 2476 6.22 44 2129 631 43 93% 055[012,0.98] ==
Fu Huifang 2019 2619 112 62 2098 51 58 98% 142[102,183] —
FuYu 2020 2418 235 45 2155 248 45 90% 108[064,152) =
Meng Yun 2019 2658 428 90 2354 416 60 114% 071[038,1085) —_—
Ni fuwen 2021 2452 274 84 2159 28 84 117% 105[073,138) —=
Shi Zhengduan 2020 2432 395 60 1928 316 60 99% 140([1 00,1 80) —
SuJunhong 2017 2104 446 60 1783 319 60 105% 0821[0.45,1 20] =
Zhang Bo 2021 254 134 45 2451 146 45  9.4% 063[0.21,1 05) ——
Zhang Lina 2015 2437 553 76 2074 445 74 116% 072[039,105] =
Total (95% CI) 598 559 100.0% 0.93[0.74, 1.12] ¢
Heterogeneity Tau®= 0.05; Chi= 2051, df=9 (P=0.02), F=56% t t 1 f

Test for overall effect Z=976 (P <0.00001)

2
[control) [experimental]

Fig. 2 Meta-analysis of cognitive assessment scale for NBP as monotherapy. a MMSE, b MoCA

Evaluation and analysis using a random-effects model
with combined effect sizes demonstrated a significant
benefit of NBP as a monotherapy in improving cogni-
tive function in patients with PSCI in terms of MoCA
scores (SMD=0.93, 95% CI [0.74, 1.12], P<0.00001).
Seventeen studies, including 1550 patients, reported the
clinical efficacy of NBP combination therapy for improv-
ing cognitive function in PSCI patients, as shown in
Fig. 3b. Subgroup analyses were conducted according to
the interventions. The control group was treated with
Oxiracetam (P<0.0001, I>=85%) in five studies [43, 45,
46, 54, 58], with piracetam (P=0.45, I>’=0%) in two stud-
ies [57, 59], with cyclazosin hydrochloride (P<0.00001,
>=97%) in three studies [29, 50, 60], with eurycoma
(P=0.50, I>=0%) in three studies [41, 43, 53], with done-
pezil hydrochloride (P=0.25, 1°=24%) in two studies
[24, 31], and with Huperzine A [26] and Galanthamine
[38] in one study each. We performed a meta-analysis
using a random-effects model combining effect sizes,
and the results demonstrated that NBP as a combina-
tion therapy had a statistically significant benefit in terms

of the MoCA score (SMDy=0.90, 95% CI [0.41,1.39],
P=0.0003; SMD,=0.96, 95% CI [0.63,1.30], P<0.00001;
SMD=2.07, 95% CI [0.14,4.00], P=0.04; SMD{;, =0.82,
95% CI [0.55,1.10], P<0.00001; SMD,=0.91, 95% CI
[0.62,1.19], P<0.00001; SMD};=2.03, 95% CI [1.55,2.52],
P<0.00001; SMD=1.49, 95% CI [1.00,1.97], P<0.00001).

Assessment of the treatment course

MMSE

Five studies [27, 33, 48, 55, 59], which included a total
of 2340 C patients with PSCI, reported the clinical out-
comes of the different courses of NBP treatment under
the MMSE assessment, as shown in Fig. 4a. One of
these studies [27] reported the clinical effects of NBP
treatment by MMSE scores on 1 day (SMD,4=0.10,
95% CI [-0.22, 0.42]), 2 days (SMD,3=0.03, 95% CI
[-0.29, 0.35]), 3 days (SMD43=0.10, 95% CI [-0.22,
0.42]), 7 days (SMD,4=0.51, 95% CI [0.19, 0.84]), 14
days (SMD,,4=0.49, 95% CI [0.16, 0.81]), 30 days
(SMD,,3=0.73, 95% CI [0.40, 1.06]), and 90 days
(SMDyy4=0.52, 95% CI [0.19, 0.84]) from NBP treatment.
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In addition, the clinical effects of these different courses
of treatment were summarized (SMD,,=0.35, 95% CI
[0.15, 0.55], P=0.0006), which ultimately showed that the
patients’ cognitive function improved from day 7 of NBP
treatment, and there was a cumulative improvement in
cognitive function over the 3-month treatment course.
Zhou et al. [59] reported clinical effects of NBP treat-
ment by MMSE scores before treatment (SMD=-0.02,
95% CI [-0.46, 0.42]) and 7 days (SMD,4=0.58, 95% CI
[0.13, 1.02]) and 14 days (SMD,,y=1.43, 95% CI [0.94,
1.93]) from NBP treatment, which showed that patients
started to show improvement in cognitive function from
day 7, which was consistent with the results of Zhang’s
group [27]. Men et al. [48] assessed patient’s cognitive
function before treatment (SMD=0.02, 95% CI [-0.30,
0.35]) and 30 days (SMD,,3=0.81, 95% CI [0.47, 1.15])
and 90 days (SMDgy3=0.94, 95% CI [0.59, 1.28]) from
treatment, and the clinical effects of different courses of
treatment were combined (SMD,,,;=0.59, 95% CI [0.02,
1.16], P=0.04). The results demonstrated significant
improvement in cognitive function on day 30 and day
90 of NBP treatment compared to pre-treatment, and
the improvement was more pronounced on day 90 than
that on day 30. Similar assessment was also performed in
another study [55], which reported the cognitive function
before treatment (SMD=0.29, 95% CI [-0.15, 0.73]C), on
day 30 of treatment(SMD4,4=0.43, 95% CI [-0.01, 0.87]),
and on day 90 of treatment (SMDgyy3=0.6 3, 95% CI [0.18,
1.08]). Meta-analysis showed that patient’s cognitive
function improved on day 90 of treatment, but not on
day 30 of treatment. In another study [33], it was found
that patients’ cognitive function started to improve from
day 56 of NBP treatment compared to pre-treatment
(SMDg4=0.75, 95% CI [0.22, 1.27], P=0.002).

MoCA

Four studies [24, 27, 48, 59] including a total of 2220
PSCI patients reported the clinical outcomes of different
courses of NBP treatment as reflected by MoCA scoring
(Fig. 4b). One study [27] reported the clinical effects of
NBP treatment at 1 day (SMD;4=0.01, 95% CI [-0.31,
0.33]), 2 days (SMD,;=0.01, 95% CI [-0.31, 0.33]), 3 days
(SMD,,;=0.01, 95% CI [-0.31, 0.33]), 7 days (SMD,4=0.4
0, 95% CI [0.08, 0.72]), 14 days (SMD;,4=0.54, 95% CI
[0.21, 0.86]), 30 days (SMD4,;=0.59, 95% CI [0.26, 0.92]),
and 90 days (SMDgy3=0.72, 95% CI [0.39, 1.05]) from
NBP treatment. We combined the clinical effects of these
different courses of treatment (SMD,,,;=0.32, 95% CI
[0.10, 0.55], P=0.005), and found that patients showed
improvement in cognitive function from day 7 of NBP
treatment and there was cumulative improvement in
cognitive function over the 3-month treatment course.
Consistently, another study [59] also reported improve-
ment of patients’ cognitive functions from day 7 of NBP
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treatment (before treatment: SMD=0.01, 95% CI [-0.42,
0.45], day 7: SMD,4=0.41, 95% CI [-0.03, 0.85], and day
14: SMD,,4=1.09, 95% CI [0.62, 1.56]). Yao et al. [24]
observed improved cognitive function after 30 days of
NBP treatment and cumulative improvement in cognitive
function over the treatment course of 6 months (before
treatment: SMD=0.19, 95% CI [-0.17, 0.55], 30 days:
SMD;,3=0.60, 95% CI [0.23, 0.96], 90 days: SMDy,=0.90,
95% CI [0.52, 1.27], 180 days: SMD;g4=0.75, 95% CI
[0.38, 1.12], combined: SMD,,=0.61, 95% CI [0.30,
0.91], P<0.0001). Similarly, Meng et al. [48] reported
improved cognitive function after day 30 of NBP treat-
ment and cumulative improvement over a treatment
course of 90 days (before treatment: SMD=-0.11, 95% CI
[-0.44, 0.22], 30 days: SMD,,4=0.72, 95% CI [0.39, 1.06],
90 days: SMDgy,y=0.71, 95% CI [0.38, 1.05]).

Serum cytokine assessment

Serum inflammatory factors

Eight studies [29, 31, 38—40, 49, 56, 61] comprising a
total of 830 PSCI patients reported changes in serum lev-
els of inflammatory factors HS-CRP [31, 38-40, 49, 56],
TNF-a [29, 39], IL-6 [29, 38], IL-8 [39, 61] and Hcy [49,
56] in the experimental group compared with the con-
trol group after NBP treatment (Fig. 5a). Combined effect
sizes revealed that patients’ serum levels of HS-CRP
(SMDyg_cpp=—3.62, 95% CI [-5.16,-2.09], P<0.001),
TNF-a(SMDnp_o=—3.09, 95% CI  [-3.56,-2.61],
P<0.001), IL-6 (SMDy;_¢=-2.00, 95% CI [-3.04, —0.96],
P=0.0002), IL-8 (SMDy; _¢=-1.42, 95% CI [-2.82,-0.03],
P=0.05) and Hey (SMDyy, =-1.22, 95% CI [-1.73, -0.72],
P<0.001) were all significantly lower in the experimental
group compared with the control group, suggesting that
NBP treatment significantly reduced serum HS-CRP,
TNE-a, IL-6, IL-8 and Hcy levels in patients with PSCI.

Other serum cytokines

Nine studies [29, 31, 32, 39, 41, 50, 55, 56], which included
a total of 876 PSCI patients, reported changes in serum
levels of cytokines other than those mentioned above in
the experimental group compared with the control group
after treatment with NBP (Fig. 5b and c), including BDNF
[29, 41], VEGE [55], SOD [41, 50], TIMP-1 [32], NSE [29,
31, 39, 54], MDA [41], and CyS-C [56]. After combin-
ing the effect sizes, we found significantly elevated levels
of serum BDNF (SMDgpyp=1.34, 95% CI [0.70, 1.98],
P<0.001), VEGF (SMDyge=1.12, 95% CI [0.64, 1.59],
P<0.001), SOD (SMDgyp=7.46, 95% CI [-3.77, 18.68],
P=0.19) and TIMP-1 (SMDyyp_,=1.67, 95% CI [1.25,
2.09], P<0.001) and significantly reduced levels of serum
NSE (SMDyg=-2.01, 95% CI [-2.44, —1.59], P<0.001),
MDA (SMDyyp,, =—1.84, 95% CI [-2.37, —1.31], P<0.001)
and CyS-C (SMD¢g_=-0.74, 95% CI [-1.17, -0.31],



Page 11 of 15

65

(2024) 25

Wang et al. BMC Pharmacology and Toxicology

l1onu03) [lRuawnadxa)

29UdIYQ UL "PIS

2IUdIYYIQ UL PIS

5103108 WINJSS JSYIO I 'SOWAZUD pUB SI03DB) JUSLINN q ‘SI030e) AI101eUILLIR|U| @ JUSLLILSI} J)je PUB 210j2q SI01DR) WINJSS JO SisAeue ey § *bid

%288 =2 (1000°0 > d) € =JP "1¥'GT =YD '$3IUBIZYIP ANOINGNS J0}}SBL
(10000°0 > d) 85'6 =Z 1933 1121340 10} |S3L

lo1u0) [ejawadx3

q

[85'1-"26'z 1 822

lero-‘srvieey-
[65°0-'2¢" 1 66°0-
[86°0-'¢0Z 051~

[€00-‘z8T)er)-
levo-"vo'1l€L0-
l09'1-"02Z151'Z-

[96°0- ‘p0°€-] 00°2-
le6'1-'91ed g6
[00'1-"26° 1181~

[Loe-‘osel 60°c-
[59Z-'207 98¢~
[szz-'05ed 28T

[60°2- ‘91's1 29°¢-
[60°0-'€6'0 150~
log0-"c€" 1 s8'0-
[ve'1e-'69'1y) 1598~
lerz-"gvylove-
(8z'1-'8z2 221~
l690-'9e 1 20'}-

%9248 =2 (100000 > d) ¥ =JP ‘EE'TE =4IUD 'SBIUBIBYIP ANOIDGNS 10} 1L

%0°00L 859 869

%E'GH
%L
%92

%¥'GL
%8'L
%92

%vL

(100000 > d) G¥'9 =Z 103y ||e13A0 10} 1531
%96 =+ (10000°0 > d) £1 =JP '09°ZEE =D 26°} =.neL AiauabosalaH
(1D %56) 1ej0L.

(100000 > d) ¥4’y =Z 19343 |E43A0 J0}}S3L
%pG = (P10 =d) | =JP 07T =2UD '20°0 =.NeL A1auaboiaisH

18 18 (12 %56) 1e1034nS
Sy ETT ¥O0L Sy €57 €08 120 0g fueyz
9  GLT vz 9 90T T8l 0Z0Z 0BYZ Ol

MHGVL

(50°0 = d) 00'7 =Z 198Y8 |[B13A0 10} 1S3 L
%56 =+ (10000 > d) L =JP 2’61 =:1U0 '96°0 =-NEL AQi3uabiolalay

seL Sz (12 %56) 1e10)aNS
¥8 692 1808 8 ¥8L LIS 1Z0T uamny IN
W €17 158 W 9L SEY 770z BuIA ong

8NPV

(Z000'0 =d) 22'€ =7 198Y3 ||BI3A0 10} 1581
%98 =4 (8000 =d) | =JP '80°2 =240 '8¥'0 = ne L AysuabioisleH

08 08 (1 %56) 1e103aNS
8¢  lEL €TV 8  90°L 916 120z Buejbuoyz nyz
iy 506G TLSY Iv €TV vL'8S 2707 uwniX 89

9NEVE

(100000 > d) 2T} =Z 12848 ||BI3A0 10} 181
%E =2 ((1€0=d) L =JP €0’} =240 '00°0 =-NEL AiauaboalaH

6L 6L (12 %56) 1e103nS
8¢ 9Ly GESZT 8E 91T BOVL 120z Bueybuoyz nyz
W P9EL 9EWSL Ly G9ET 9E'86 770z A ong

DINLZ'VL

(100000 > d) Z9'v =Z 1933 ||E13A0 40} }SBL
%86 =2 '(10000°0 > d) § =JP '04'2ET =21UD '07°€ =neL NIauabosalaH

£62 £62 (12 %56) 1e10)ANS
St ¥IT 9GS  Sv  iSL I9% 1207 0g fueyz
9¢ 0L 9% 9E €80 98¢ 0Z0Z 0eyZ oW
05 ¥Z0 £voL 0% 100 8Ly 6107 Buoyd eH
W EVT 50T W ST €0V 770z BuiA ong
(43 WSl Ty TL €T ZZ0Z wwniX 39

6 106 SY0Z 62 ¥ZE LV9L  0Z0Z Bueibnoys uayo
ddISH L'V

1 e %08 =2 (100000 > &) & =J '0G'SE =.UD ‘€20 =.NeL Aauaboiaiap
<& lop'h-LzzlvgL- %0001 L0% 200 (12 %56) 1eJoL.
(20000 = d) 6E'€ =7 10348 |[B13A0 40} 151
algeandde JoN ‘Qiauabolalay
= Leo-z1vlvro %rek sy S (12 %56) [ejorans
—_ (eo-"2vipeo-  %VEL Sy 9Z0 B0L  S¢  BLO  Z60 120 0g fueyz
IOV
(10000°0 > &) 0Z'T} =Z 19848 |[e1340 10} 151
%0 =4 '(95°0 = d) 1 =JP '$5'0 = U0 '00°0 =:NeL AJauabosalaH
< 691 'peT1 202 %5'SZ 2L a1 (1D %56) L10MINS
—_— [29'1-'997IS1T-  %STL IS SL9L BELL IS S69L 9EEL 810Z UIliEX UIA
P [y1-'veT) 16 %0EL 09 ZES 9ETS 03 ¥I6 8YSE zzoz Buid ueng
6-dWN ELL
(10000°0 > d) $8'9 =Z 033 [E13A0 0} }S3L
alqealdde JoN ‘Qlauabolaiay
- e ezlvel %0z op oy (12 %56) [eJ0)INS
it Le-"2eTv8- %0ZTL Oy £yl 78S  OF  SOL BSE 7207 ueysueys Bueny
VaWZ'LL
(10000°0 > ) 9€°6 =7 1933 [£13A0 0} 1531
%29 =4 (€00 =d) € =Jp '00'6 =2UQ 710 =Nk AauahiolalaH flonuoa) [leyuawnadsa]
> 651 ‘bvelioe  %ver 01z 0z (1 %56) [R10)MINS z z
—— [29'1-'€8716TT-  %S'LL 8€ 90T 6LZL 86 0T QLEL 1202 nz +
—_— 051-'svZ1 261 %9TL 76 T ¥o0L 2§  1ZT G¥'9 8107 UllleX UIA -
— [B8'1-'v0eOvZ-  %SLL v EVT PTEL W 90T 0L 7zoz Buih ong
. [BLL-'06'1¥S - %EEL 62 ISE S8 BL  EYT ZVEL  0Z0Z Buelbnoys uayd
ISNLLE
T3 %56 "Wopuey Al D% >
AdUBIJYQ UeIW 'PIS AULILYIQ URIN PIS onuo) [eawiadxy b
%Y'LT =2 (GT0 =d) € =IP EL'Y =YD 'SP ANOIDANS 10}}S3L
H_nwzm.___h_m o) __ezwu_ . (10000°0 > d) 18 =Z 198Y3 [121840 10}153L
%96 =21 (100000 > d) § =4 '89'LEL =2IUD ‘8" | =.NeL KIauabosslaH Ea
—~a— [v6°c ‘9911 082 %0004 192 192 (1D %56) 1301 ==
(100000 > d) $8'2 =7 aY3 ||eIar0 10} }s3L
a|qeandde JoN ‘Alauabiosa)ay
> [60°Z ‘5211 29') %621 09 09 (1D %56) le10NINS
— 60z'sz 191 %621 09 GBEY OTELY 09  8E'GH LT'88Y 7z0z Buid ueng e
LWL L _—
(61'0=d) 0£'1 =Z 193)3 ||B43A0 10} 1531
%66 =21 ‘(100000 > d) L =JP ‘T804 =21UD '10°SQ = neL AauaboialaH
[89°8L 226719V %062 €8 €8 (1D %56) lejolaNS
« [0£SL'9VLIETEL %YLl € ETE 6908 E£F €5  98STL 2107 ueluen uays
— logz oz 8Lt %L1 0y 94SL 708 OF B9 £0GLL  TZOT ueysueys BuenH >
aos €'t =
(100000 > d) €9°F =Z 10843 [E43AD 40} 1581
aiqeandde JoN AlauaboaiaH
> [65°L ‘vo0l 21L %LLL OF oy (12 %56) IeJ0NaNS
— s 'v0l 1L %LLL Oy SBSPY ELBEE OF  TO06 LL'8T¥ £107 UeA UBYZ
49INTVL e
(10000 > d) T4’y =Z 19343 ||EI3A0 10} }SBL —_—
%04 =2l (200 =d) L =JP 'ZE'E =IUD '§1°0 = NeL AYsuaboialeH »
- (8671 ‘0201 v€') %P'GE 8L 82 (12 %56) [e10)aNS —_—
— log'1'y50zZ0'L %L1 8E 190 9Ly 8E 650 8ES 1207 Bueibuouz nyz —_
— Brz'arisegL %9ZL Oy IEO 10T O  6¥O0 LT 7207 ueysueys Bueny -
4NaE LLL
10 %56 "Wopuey AT 1D %66 WOPUeY Al WA [eI0] 0S  UeaW [0l QS Uea  dnolbgns 10 ApmS 10 %56 "wopuey Al

22UBIAIQ UL 'PIS

10 %56 "wopuey "Al
29UDI LA LRI PIS

WBIBM 2101 S UeaN B0l L]

lonuo) [eauiadx3




Wang et al. BMC Pharmacology and Toxicology (2024) 25:65

P=0.0007) in the experimental group compared with the
control group.

Discussion

Generalization of results

Our systematic evaluation included 38 randomized RCTs
with a total of 5417 PSCI patients. Our investigation
demonstrated that (1) NBP monotherapy or combina-
tion therapy enhanced cognitive function in individuals
with PSCI, consistent with a previous study [19]; (2) NBP
influenced the levels of certain cytokines in the blood
while enhancing cognitive function in patients, which
might be attributed to the antioxidant, anti-inflamma-
tory, and antiapoptotic effects of NBP, the improvement
of mitochondrial function, and the inhibition of neuro-
nal apoptosis via pharmacological mechanisms [17, 20,
21]. (3) Previous studies have shown that NBP is useful
in enhancing cognitive performance in individuals with
PSCI, but there are no guidelines on the time to act of
NBP treatment. Based on the individual differences in
patients, our study suggested that the time to act of NBP
is mostly 1 week for sensitive individuals, and can be lon-
ger for non-sensitive population. And once the response
occurred, there is a cumulative improvement in cognitive
function within 6 months of treatment. To our knowl-
edge, these findings have not been reported previously.

Clinical implications

Currently, there is still a lack of standard guidelines on
protocols for diagnosing and treating PSCIL. Our study
to some extent showed that NBP therapy, either used
alone or in combination with other drugs, has a prom-
ising improvement effect on cognitive function in PSCI
patients, although the time to act may vary depending
on the sensibility of patients. Sensitive patients normally
respond to NBP treatment within one week, which can
be used to determine the sensibility of patients to NBP. In
addition, cognition belongs to the high-energy functional
areas of the brain, including memory, orientation, execu-
tive function, computation and attention. PSCI patients
may have multiple cognitive impairments [22], for which
MMSE and MoCA are often not sensitive enough to
detect [62], or have a certain degree of delay in detection.
Thus, these cognitive function assessment scales may not
be sufficient enough for accurate early diagnosis of PSCI
and timely response to therapeutic treatment. In addi-
tion, in our study, the serum levels of cytokines, including
inflammatory factors (Hs-CRP, TNF-«, IL-6, and IL-8),
growth factors (BDNF and VEGF), oxidative damage
biomarkers (MDA and SOD), enzymes (NSE, MMP-9,
Cys-C and TIMP-1), and metabolic biomarker (Hcy), sig-
nificantly changed after NBP treatment. These changes
might be related to the decline or improvement of cog-
nitive function, which is consistent with the results of
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previous reports [1, 22]. On the one hand, these changes
might be related to the mechanism of action of NBP, and
on the other hand, these cytokines might play an auxil-
iary role in the early diagnosis of PSCI and in accurate
indication of the effectiveness of NBP treatment. How-
ever, whether changes in the serum levels of these cyto-
kines coincide with the time to act of NBP has not been
studied, which may shed some light on future clinical
studies. Future studies may consider the use of multiple
serum cytokines in combination with cognitive assess-
ment scales for the early diagnosis of PSCI and the evalu-
ation of the efficacy of NBP, to improve the accuracy of
the diagnosis and prognosis of PSCI and to provide new
ideas for personalized diagnosis and treatment of PSCI.

Second, NBP was originally extracted from celery
seeds, and one of its mechanisms of action has been
shown to improve cognitive impairment by enhancing
cerebral hemodynamics [15]. The effective treatment of
PSCI is related to the timely restoration of blood sup-
ply to the brain tissue [63]. The standard use of NBP for
stroke patients is within 72 h after onset, but the time
from onset to NBP intervention had not been explicitly
mentioned in the original study included in our meta-
analysis. Therefore, it is necessary to pay attention to the
significance of timely treatment for early cognitive func-
tion recovery in PSCI patients in future research.

Implications for basic research

We here propose an overview of the potential mechanism
of action of NBP. Previous researches have indicated that
NBP may act as an antioxidant by enhancing the expres-
sion of brain-derived neurotrophic factors in the hippo-
campus, increasing SOD activity, suppressing the TLR-4/
MyD 88/NEF-«B signaling pathway to decrease microglial
cell proliferation and proinflammatory mediator produc-
tion [13], activating the Akt/Nrf2 signaling pathway and
inhibiting the apoptotic cascade to enhance cognitive
function in patients with PSCI [64]. These finding were
consistent with our finding that decrease in peripheral
serum inflammatory factors Hs-CRP, TNF-a, IL-6, and
IL-8 and oxidation-related factor MDA, or increase in
neurotrophic factors BDNF and VEGF occurred simulta-
neously with the improvement in cognitive function after
NBP treatment, suggesting that cytokines might play cer-
tain roles in the development of PSCI and in the thera-
peutic mechanism of NBP on PSCI. Meanwhile, it also
suggested that changes in peripheral serum cytokines
might reflect central nervous system diseases, but the key
mechanisms involved are still not well elucidated. In the
future, it will be valuable to study both peripheral and
central changes together to thoroughly investigate the
development of PSCI and the cellular-molecular mecha-
nisms of NBP treatment.
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Fig. 6 Diagram of the mechanism of NBP treatment for PSCI

Strengths of the study

Previously, the majority of Meta-analysis studies explored
the efficacy of butylphthalide in treating PSCI. In this
study we have innovated on the following basis: (1) This
study screened the blood indexes that changed before
and after the treatment by NBP in PSCI patients from
the studies included in the Meta-analysis, and mined bio-
markers that can be used for both the diagnosis of PSCI
and precise indication of the effect of NBP in the preven-
tion and treatment of PSCI from multiple perspectives,
which provides a new idea for personalized diagnosis and
treatment of PSCI; (2) In the past, there has been no clear
guideline on the time to act of NBP in treating PSCI. This
issue was systematically summarized in this study, which
will provide valuable guidance and reference in the clini-
cal use of NBP in the future.

Limitations

In this study, we analyzed the clinical efficacy of NBP in
the treatment of PSCI and found that several serum cyto-
kines can be used as potential biomarkers for the predic-
tion of its clinical effectiveness. However, our study has
several limitations: (1) Despite rigorous searching and
screening, the included literature in our study were all
in Chinese, and the applicability of our findings to stud-
ies in non-Chinese regions needs to be further investi-
gated. (2) In our meta-analysis, random-effects model
was mostly used to combine the effect sizes, which made
our final results inevitably affected by heterogeneity. (3)
The underlying conditions of the patients in some of the
studies that we included were unclear, and at the same
time, there were variations in treatment courses in differ-
ent studies, which had certain impacts on the outcome of
drug treatment. (4) Due to the limited information pro-
vided by the original study, we only investigated the effect
of NBP on cognitive function but not on patients’ ability

to perform activities of daily living and the effect of drug
side effects, which deserves further study in the future.

Conclusion

NBP has a positive effect on improving cognitive function
in PSCI patients. According to the subtype analysis of
different treatment courses, we found that NBP showed
improvement effect on cognitive function as quick as 1
week from treatment, and patients’ cognitive function
continuously improved within 6 months of treatment,
which is important for guiding the clinical use of this
drug. In addition, we also noticed altered serum cytokine
levels of PSCI patients after NBP treatment. Reduced
serum levels of Hs-CRP, TNF-«, IL-6, IL-8, Hcy, NSE,
MDA, MMP-9, and Cys-C and elevated serum levels of
BDNF and VEGF could reflect the effectiveness of NBP
in the treatment of PSCI (Fig. 6). These cytokines might
provide objective evidence for the early diagnosis of PSCI
in clinical practice as well as a precise indication of the
therapeutic effect of NBP. However, more high-quality
RCTs are needed to further validate their effectiveness
and feasibility.
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