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Summary

Background: This study investigates the effects of Ginkgo
Diterpene Lactone Meglumine (GM) combined with
Clopidogrel (CLO) on hemodynamics, neurocytokines, and
inflammatory responses in patients with cerebral infarction
(Cl) complicated by coronary heart disease (CHD).

Methods: A total of 152 patients diagnosed with Cl compli-
cated by CHD, admitted to our hospital between January
2024 and October 2024, were enrolled in the study.
Among them, 81 patients received CLO monotherapy
(control group), while the remaining 71 patients were
treated with a combination of CLO and GM (observation
group). Hemodynamic parameters, including plasma vis-
cosity (PV), whole blood high (WBHSV) and low shear vis-
cosity (WBLSV), as well as reduced viscosity (RV), were
measured before and after treatment. Platelet adhesion
test (PAdT) and platelet aggregation test (PAgT) were also
performed. Inflammatory markers and neurocytokines
were assessed using enzyme-linked immunosorbent assays,
and adverse reactions during treatment were documented.
Results: After treatment, both groups exhibited significant
reductions in PAdT, PAgT, PV, WBHSV, WBLSV, and RV
compared to baseline (P<0.05). However, PAdT, PAgT,
WBHSV, WBLSV and RV were lower in the observation
group compared to the control group (P<0.05).
Additionally, the observation group showed lower levels of
neuron-specific enolase, glial fibrillary acidic protein, tumor
necrosis factor-o, and hypersensitive C-reactive protein,
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Kratak sadrzaj

Uvod: Ova studija istrazuje efekte Ginkgo Diterpene
Lactone Meglumine (GM) u kombinaciji sa klopidogrelom
(CLO) na hemodinamiku, neurocitokine i inflamatorne
odgovore kod pacijenata sa cerebralnim infarktom (Cl)
komplikovanim koronarnom bole$¢u srca (CHD).

Metode: U studiju je uklju¢eno ukupno 152 pacijenta sa
dijagnozom Cl komplikovane koronarnom bole$éu, koji su
primljeni u nasu bolnicu izmedu januara 2024. i oktobra
2024. godine. Medu njima, 81 pacijent je primio monote-
rapiju CLO (kontrolna grupa), dok je preostalih 71 pacijent
le¢en kombinacijom CLO i GM (grupa posmatranja).
Hemodinamski parametri, ukljucujuéi viskozitet plazme
(PV), visok (VBHSV) i niski viskozitet na smicanje (VBLSV),
kao i smanjeni viskozitet (RV), mereni su pre i posle tret-
mana. Uradeni su i test adhezije trombocita (PAdT) i test
agregacije trombocita (PAgT). Inflamatorni markeri i neu-
rocitokini su procenjeni koris¢enjem enzimskih imuno-
sorbentnih testova, a nezeljene reakcije tokom lecenja su
dokumentovane.

Rezultati: Nakon tretmana, obe grupe su pokazale
znacajno smanjenje PAdT, PAgT, PV, VBHSV, VBLSV i RV u
poredenju sa po¢etnom linijom (P<0,05). Medutim, PAdT,
PAGT, VBHSV, VBLSV i RV su bili niZi u posmatranoj grupi
u poredeniju sa kontrolnom grupom (P<0,05). Pored toga,
posmatracka grupa je pokazala niZe nivoe neuron-spe-
cifi¢ne enolaze, glijalnog fibrilarnog kiselog proteina, fakto-
ra tumorske nekroze-a i preosetljivog C-reaktivnhog pro-
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along with higher levels of brain-derived neurotrophic fac-
tor, compared to the control group (P<0.05). No signifi-
cant difference was observed in the incidence of adverse
reactions between the two groups (P>0.05).

Conclusions: The combination of GM and CLO is more
effective than CLO monotherapy in improving hemodynam-
ics, enhancing neurological function, and mitigating inflam-
matory responses in patients with Cl complicated by CHD.

Keywords: ginkgo diterpene lactone meglumine, clopi-
dogrel, cerebral infarction, coronary heart disease, hemo-
dynamics, neurocytokines, inflammatory response

Introduction

Cardiovascular and cerebrovascular diseases
remain among the leading causes of global mortality.
Epidemiological data indicate that the prevalence of
these diseases is approximately 724 per 100,000
individuals (1). Notably, the associated burden has
risen significantly, with the number of deaths attrib-
uted to cardiovascular diseases and cerebrovascular
diseases increasing markedly from 13.406 million
and 4.503 million in 1990 to 17.267 million and
9.487 million in 2010, respectively (2). Coronary
heart disease (CHD) and cerebral infarction (CI), two
hallmark conditions of cardiovascular and cerebrovas-
cular diseases, share a common pathogenesis related
to atherosclerotic plaque formation, often leading to
their co-occurrence (3). Studies reveal that approxi-
mately 20-30% of Cl patients also present with CHD
(4). Current clinical management strategies empha-
size the protection and repair of vascular endothelial
cells, plaque stabilization, and the inhibition of coag-
ulation, oxidation, and thrombosis (5). Among these,
clopidogrel (CLO) is one of the most widely utilized
therapeutic agents (6). However, long-term CLO use
is associated with limited efficacy, frequent adverse
reactions, and the development of drug resistance
(7). Therefore, optimizing the treatment for patients
with Cl and CHD has become a critical focus in mod-
ern clinical research.

In recent years, traditional Chinese medicine
(TCM) has garnered increasing attention in the man-
agement of cardiovascular and cerebrovascular dis-
eases due to its favorable safety profile and consistent
therapeutic effects. Ginkgo Diterpene Lactone Meglu-
mine (GM), a proprietary Chinese medicine composed
of the active components of Ginkgo biloba, is recog-
nized for its ability to enhance blood circulation, resolve
blood stasis, and improve meridian function (8). In Cl
treatment, a meta-analysis by Li J et al. (9) demonstra-
ted the efficacy and safety of GM. Furthermore, recent
pharmacological studies by Li Y et al. (10) highlighted
the cardioprotective effects of GM in cardiovascular dis-
eases, including CHD, providing a scientific basis for its
potential application in CI complicated by CHD.

Despite these promising findings, clinical evi-
dence validating the efficacy of this combination ther-

teina, zajedno sa viS§im nivoima neurotrofnog faktora koji
poti¢e iz mozga, u poredenju sa kontrolnom grupom
(P<0,05). Nije primecena znalajna razlika u incidenci
nezeljenih reakcija izmedu dve grupe (P>0,05).
Zakljuéak: Kombinacija GM i CLO je efikasnija od mono-
terapije CLO u pobolj$anju hemodinamike, pobolj$sanju
neuroloskih funkcija i ublazavanju inflamatornih odgovora
kod pacijenata sa Cl komplikovanom CHD.

Kljuéne reéi: ginko diterpen lakton meglumin, klopido-

g P g p
grel, cerebralni infarkt, koronarna bolest srca, hemodina-
mika, neurocitokini, inflamatorni odgovor

apy in this specific patient population remains scarce.
Against this background, the aim of this study was to
evaluate the therapeutic effect of GM combined with
CLO in patients with Cl combined with CHD, and to
further investigate in depth the changes in hemody-
namics, neurocytokines and inflammatory factors
before and after treatment, so as to determine the
clinical value of GM combined with CLO as a treat-
ment option and to provide new insights and guid-
ance for the treatment of this complex condition.

Materials and Methods
Study Subjects

This retrospective study included 152 patients
diagnosed with both Cl and CHD who were admitted
to our hospital between January 2024 and October
2024. All patients received CLO as part of their treat-
ment regimen. Among them, 771 patients were addi-
tionally administered GM and assigned to the obser-
vation group, while the remaining 81 patients served
as the control group. All patients and data collectors
were unaware of their subgroups. The study workflow
is presented in Figure I. The study protocol was
approved by the Ethics Committee of our hospital
(NO. HGYY-KY-2025-001) and conducted in compli-
ance with the principles outlined in the Declaration of
Helsinki. Written informed consent was obtained from
all participants prior to their inclusion in the study.

Inclusion and Exclusion Criteria

Inclusion criteria: (1) Diagnosis of CHD (11)
and Cl (12) confirmed by clinical examination. (2)
Age 60 years. (3) Presentation beyond the throm-
bolytic therapy time window (4.5h). (4) Normal cog-
nitive function.

Exclusion criteria: (1) Presence of autoimmune
diseases. (2) Coagulation disorders. (3) Impaired
function of other major organs. (4) Diagnosis of
malignant tumors. (5) Comorbid conditions such as
myocarditis, rheumatic heart disease, or cardiomy-
opathy. (6) History of brain surgery. (7) Known allergy
to any of the medications used in this study.
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Figure 1 Flow of this study.

Treatment Protocol

Upon admission, all patients were treated with
CLO (CSPC Pharmaceutical Group Limited, Ou Yi
Pharmaceutical Co., Ltd., H20193160), administered
as one tablet once daily for 14 consecutive days. In
addition, the patients were given oral aspirin (She-
nyang Aojina Pharmaceutical Co., Ltd, H20065051),
100 mg/d, 1 time/d. Patients in the observation group
additionally received GM (Jiangsu MyKanion Biolo-
gical Medicine Co., Ltd., Z20120024) via intravenous
infusion. GM was administered at a dose of 5 mL,
diluted in 250 mL of 0.9% sodium chloride injection,
once daily. The initial infusion rate was set at 15 drops
per minute, and if no significant adverse reactions
were observed within 30 minutes, the rate was in-
creased to 40 drops per minute. The treatment dura-
tion was also 14 consecutive days.

Laboratory Assessments

Fasting venous blood was collected from
patients before and after treatment and divided into 2
portions. Blood rheology parameters, including plas-
ma viscosity (PV), whole blood high shear viscosity
(WBHSV), whole blood low shear viscosity (WBLSV),
and reduced viscosity (RV), were measured using a
blood rheology analyzer (HT-100A, Zibo Hengtuo
Analytical Instrument Co., Ltd.). Platelet adhesion test
(PAdT) and platelet aggregation test (PAgT) were also
conducted. Additionally, serum levels of tumor necro-
sis factor-a. (TNF-a), interleukin-1p (IL-1B), inter-

leukin-8 (IL-8), hypersensitive C-reactive protein (hs-
CRP), neuron-specific enolase (NSE), glial fibrillary
acidic protein (GFAP), and brain-derived neurotrophic
factor (BDNF) were quantified using enzyme-linked
immunosorbent assays (ELISA). The kits were pur-
chased from Wuhan Fion Bio-technology Co. Ltd, and
the operation process was carried out in strict accor-
dance with the instructions of the kits.

Outcome Measures

The primary outcomes included changes in
hemodynamic parameters (PV, WBHSY, WBLSV, RV,
PAdT, and PAgT), neurocytokine levels (NSE, GFAP
and BDNF), and inflammatory markers (TNF-o, IL-
1B, IL-8, and hs-CRP) before and after treatment in
both groups. Secondary outcomes included the inci-
dence of adverse reactions during the treatment peri-
od.

Statistical Analysis

Data analysis was performed using SPSS 26.0
software. Categorical variables, expressed as percent-
ages (%), were compared using the chi-square test.
For continuous variables, the Shapiro-Wilk test was
used to assess data distribution. Normally distributed
data, presented as mean = standard deviation, were
analyzed using independent t-tests for between-group
comparisons and paired t-tests for within-group com-
parisons. Non-normally distributed data, expressed as
median (interquartile range), were analyzed using the
Mann-Whitney U test for between-group comparisons
and the Wilcoxon signed-rank test for within-group
comparisons. For the simultaneous analysis of multi-
ple indicators, the Benjamini-Hochberg (BH) method
was used to control for the false discovery rate (FDR)
and to calculate corrected g-values. A P-value<0.05
was considered statistically significant.

Results

Baseline Characteristics Were Comparable
Between Groups

A comparison of baseline characteristics, includ-
ing age, gender, and disease duration, revealed no
statistically significant differences between the obser-
vation group and the control group (P>0.05, Table /).
This confirmed that the two groups were well-
matched and suitable for comparative analysis.

Hemodynamic Improvements Were More
Pronounced in the Observation Group

Given that both Cl and CHD are rooted in vas-
cular obstruction caused by atherosclerosis (13),
hemodynamic parameters were the primary focus of
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Table 1 Comparison of clinical data. There was no statistically significant difference between the two groups.

Projects CO?:Z';,{? up Obser(\;aligr)l )group t or y2-values P-values
Age 66.06+3.38 66.65+4.09 0.968 0.335
Male 49 (60.49%) 37 (52.11%) 1.082 0.298
Female 32 (39.51%) 34 (47.89%)

Duration of disease (h) 16.07+2.78 15.82+2.82 0.565 0.573
Body mass index (kg/m?) 22.73+1.93 22.45+1.72 0.956 0.341
Type of disease combination 0.220 0.639
CHD combined with Cl 53 (65.43%) 49 (69.01%)

Cl combined with CHD 28 (34.57%) 22 (30.99%)

Smoking 42 (51.85%) 39 (54.93%) 0.144 0.704
Non-smoking 39 (48.15%) 32 (45.07%)

Alcohol 36 (44.44%) 29 (40.85%) 0.200 0.655
Non-alcohol 45 (55.56%) 42 (59.15%)

Family history of CHD 0.654 0.419
yes 7 (8.64%) 9 (12.68%)

no 74 (91.36%) 62 (87.32%)

Family history of Cl 0.288 0.592
yes 5 (6.17%) 3 (4.23%)

no 76 (93.83%) 68 (95.77%)

Vital signs

Systolic blood pressure (mmHg) 205.14+11.44 202.34+13.93 1.359 0.176
Diastolic blood pressure (mmHg) 116.42+8.88 115.62+8.82 0.556 0.579
Heart rate (times/min) 124.49+12.91 125.41+16.57 0.382 0.703

Note: Duration of disease (h) refers to the time from the onset of the patient’s illness until admission to the hospital. CHD combined
with Cl is the onset of CHD followed by Cl; the reverse is true for Cl combined with CHD.

this study. Post-treatment comparisons showed signif-
icant reductions in PAdT, PAgT, PV, WBHSV, WBLSYV,
and RV in both groups compared to the pre-treat-
ment levels (P<0.05). Importantly, the observation
group exhibited greater reductions in PAdT, PAgT,
WBLSV, and RV than the control group (P<0.05),
suggesting that the addition of GM to CLO therapy
led to more substantial hemodynamic improvements
(Figure I1).

Neurological Function Showed Greater
Improvement in the Observation Group

To evaluate neurological function, neurocy-
tokine levels were measured in both groups. Similarly,
there was no difference in the comparison of NSE,
GFAP and BDNF before treatment between the two

groups (p>0.05). Post-treatment results indicated
that levels of NSE and GFAP decreased significantly in
both groups, with the observation group demonstrat-
ing lower levels than the control group (P<0.05).
Conversely, BDNF levels increased in both groups,
with the observation group showing a more pro-
nounced elevation compared to the control group
(P<0.05). These findings suggest enhanced neuro-
logical recovery in the observation group (Figure ).

Inflammatory Response Was More Effectively
Suppressed in the Observation Group

Inflammatory markers were also assessed to
evaluate the systemic inflammatory response. Post-
treatment levels of TNF-a, IL-1B, IL-8, and hs-CRP
were significantly reduced in both groups compared
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Figure 2 Comparison of hemodynamics, observation group had better hemodynamics after treatment. (a) Comparison of PAdT
before and after treatment. (b) Comparison of PAGT before and after treatment. (c) Comparison of PV before and after treatment.
(d) Comparison of WBHSV before and after treatment. () Comparison of WBLSV before and after treatment. (f) Comparison of
RV before and after treatment. Comparison with before treatment "*P<0.001, comparison with control group #P<0.05,

##P<0.01, ###P<0.001.
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Figure 3 Comparison of neurocytokine, observation group had better hemodynamics after treatment. (a) Comparison of NSE
before and after treatment. (b) Comparison of BDNF before and after treatment. (c) Comparison of GFAP before and after treat-
ment. Comparison with before treatment "*P<0.001, comparison with control group ##P<0.01, ###P<0.001.

to pre-treatment levels (P<0.05). While no significant and hs-CRP than the control group (P<0.05), indi-
differences were observed in IL-13 and IL-8 levels cating a more robust anti-inflammatory effect in the
between the two groups (P>0.05), the observation observation group (Figure IV).

group exhibited significantly lower levels of TNF-a
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Figure 4 Comparison of inflammatory factors, observation group had better hemodynamics after treatment. (a) Comparison of
TNF-a before and after treatment. (b) Comparison of IL-1B before and after treatment. (c) Comparison of IL-8 before and after
treatment. (d) Comparison of IL-8 before and after treatment. Comparison with before treatment **P<0.001, comparison with

control group #¥P<0.05, ##P<0.01.

Table Il Comparison of adverse reactions. There was no statistically significant difference between the two groups.

Projects Digestive bleeding | Bloating | Hematuria | Thrombus | Muscle pain | Electrolyte disorders Total
(Cn":”gil")gr"”p 3(3.70%) | 4(4.94%) | 1(1.23%) | 1(1.23%) | 3 (3.70%) 2 (2.47%) 14 (17.28%)
Observation o o o o o 0 0
group (n=71) 2 (2.82%) 3(4.23%) | 1(1.41%) | 0 (0.00%) | 3 (4.23%) 1(1.41%) 10 (14.08%)
x*-values 0.291
P-values 0.589

There was no difference in the incidence of
adverse reactions between the two groups

Finally, the safety of the treatment regimens was
assessed by comparing the incidence of adverse reac-
tions. No significant differences were observed
between the observation group and the control group
(P>0.05), indicating comparable safety profiles
(Table 11).

Discussion

This study demonstrated that the combination
of GM and CLO significantly enhanced hemodynamic
parameters and neurological function while effectively
alleviating inflammatory responses in patients with Cl
complicated by CHD. These results underscore the
clinical efficacy of this combined treatment regimen
and offer valuable insights for optimizing the man-
agement of Cl combined with CHD in the future.

As highlighted earlier, hemodynamic stability is a
critical factor in the progression of both Cl and CHD.
The disruption of cerebral blood flow leading to local-
ized ischemic necrosis of brain tissue, as well as coro-
nary artery stenosis or occlusion causing myocardial
ischemia, are the fundamental pathological mecha-
nisms underlying these conditions (14). In this study,

both treatment groups exhibited significant improve-
ments in hemodynamic parameters following the
treatment, reaffirming the feasibility of both thera-
peutic strategies for managing Cl complicated by
CHD. The efficacy of CLO, a cornerstone in the clini-
cal management of Cl, has been extensively validated
in prior research (15, 16). Therefore, the observed
improvements in hemodynamics in both groups were
consistent with expectations. However, although no
significant inter-group differences were observed in
post-treatment PV and WBHSV, the observation
group demonstrated further reductions in PAdT,
PAgT, WBLSV, and RV. These findings suggest that
the combination of GM and CLO has a more pro-
nounced effect on improving hemodynamics in
patients. In an animal study investigating lung injury
and pulmonary fibrosis, Li GP et al. (17) found that
ginkgolides, the primary active components of GM,
exert antiplatelet aggregation effects by antagonizing
the PIBK/AKT signaling pathway, thereby inhibiting
thrombus formation. Based on this evidence, we pro-
pose that the combination of GM and CLO may have
a synergistic effect in patients with Cl and CHD, sig-
nificantly enhancing cerebral blood flow and mitigat-
ing brain damage. These results align with the find-
ings of Chen R et al. (18), who analyzed the efficacy
of GM in treating Cl, further corroborating our con-
clusions.
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To further evaluate the therapeutic efficacy of
GM combined with CLO in patients with Cl complicat-
ed by CHD, we assessed neurocytokine levels in both
groups. Neurocytokines are known to directly influ-
ence neuronal plasticity by interacting with neurons
that express cytokine receptors (19). In this study, we
focused on three key neurocytokines: NSE, BDNF
and GFAP BDNF plays a pivotal role in neuronal
regeneration and the regulation of synaptic plasticity
(20). GFAR a structural protein in the cytoskeleton,
helps maintain cellular tension, and its levels rise in
response to neural injury (21). NSE, a critical enzyme
in the glycolytic pathway, is elevated following brain
tissue damage (22). In this study, post-treatment
results showed that the observation group had lower
levels of NSE and GFAP but higher levels of BDNF
compared to the control group, confirming the signif-
icant neurorestorative effects of GM combined with
CLO. Supporting this, Fan XX et al. (23) demonstrat-
ed in an in vitro study that ginkgolide B, a primary
active component of GM, exerts profound neuropro-
tective effects by scavenging free radicals and mitigat-
ing oxidative stress. Furthermore, research by Chen A
et al. (24) demonstrated the beneficial effects of
ginkgolides on neuronal activity and functional recov-
ery, further corroborating our findings.

Furthermore, previous evidence has confirmed
the anti-inflammatory properties of ginkgolides in
patients with inflammatory conditions such as
Alzheimer’s disease (25). Liu Q et al. (26) also high-
lighted that the neuroprotective mechanisms of
Ginkgo biloba are largely mediated through its anti-
inflammatory effects. Consistent with these findings,
our study measured inflammatory cytokine levels in
both groups and found that post-treatment levels of
TNF-o and hs-CRP were significantly lower in the
observation group compared to the control group.
This further supports the superior anti-inflammatory
efficacy of GM combined with CLO in patients with Cl
and CHD. The therapeutic mechanism is likely attrib-
uted to the y-lactone ring structure of ginkgolides,
which confers a wide range of pharmacological activ-
ities, including anti-hepatotoxicity, immune stimula-
tion, and inhibition of angiotensin release.
Additionally, ginkgolides modulate the production of
pro-angiogenic and anti-angiogenic factors while
downregulating inflammatory cytokine levels (27).
These mechanisms are highly beneficial in alleviating
the pathological progression of both Cl and CHD.

Finally, the absence of significant differences in
adverse reaction rates between the two groups reaf-

firms the favorable safety profile of GM. As a TCM,
GM has consistently demonstrated excellent safety in
prior clinical studies (28, 29), further supporting its
potential for combined use with CLO in future clinical
applications.

Nevertheless, it is essential to address several
limitations in this study. For example, the relatively
small sample size may limit the representativeness
and comprehensiveness of the findings. Furthermore,
the short study duration precludes an assessment of
the long-term prognostic impact of GM combined
with CLO in patients with Cl and CHD. Future
research should aim to include larger patient cohorts,
extend the follow-up period, and incorporate addi-
tional objective measures to provide a more compre-
hensive understanding of the therapeutic efficacy and
mechanisms of GM combined with CLO.

Conclusion

The combination of GM and CLO demonstrates
significant efficacy in improving hemodynamic
parameters, enhancing neuroprotective effects, and
mitigating inflammatory responses in patients with Cl
complicated by CHD, while maintaining an excellent
safety profile. This regimen represents a promising
therapeutic option for the management of Cl com-
bined with CHD.
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