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Abstract: The recommended pharmacological therapy for patients with coronary artery disease
(CAD) treated by coronary artery bypass grafting (CABG) is acetylsalicylic acid (ASA). To improve
the antiplatelet effect, supplementation with flavonoids is also recommended. The aim of this
study was to estimate anti-aggregation properties of diosmin, in combination with ASA, pre- and
postoperatively and assess the relationship of this therapy with inflammatory processes in CAD
patients undergoing CABG. The study patients (n = 26) took diosmin (1000 mg/day); the control
patients (n = 27) took a placebo. The therapeutic period for taking diosmin was from at least 30 days
before to 30 days after CABG. All patients also took 75 mg/day ASA. Platelet aggregation and IL-6,
CRP, and fibrinogen concentrations were determined before and 30 days after surgery. Results showed
that diosmin did not enhance the anti-aggregation effect of ASA at any assessment time. However,
there was a stronger anti-aggregation effect 30 days after surgery that was diosmin independent
and was associated with acute-phase markers in the postoperative period. Increased levels of
inflammatory markers in the late phase of the postoperative period may provide an unfavorable
prognostic factor in long-term follow-up, which should prompt the use of stronger antiplatelet
therapy in patients after CABG.
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1. Introduction

Recommended standards of treatment for coronary artery disease (CAD) include
both pharmacological and cardiosurgical treatments. Pharmacological treatment includes
antiplatelet drugs, mainly with acetylsalicylic acid (ASA, aspirin), used alone or in combi-
nation with clopidogrel. However, importantly, some patients have a low response to ASA
therapy, resulting in repeated thrombotic events despite treatment [1–5]. Due to the high
clinical significance of reduced platelet sensitivity to ASA, the causes and mechanisms of
reduced effectiveness of aspirin therapy are still being sought. This problem is significant
in patients with coronary artery disease, especially those treated with coronary artery
bypass grafting (CABG). In CAD patients who receive ASA and undergo CABG surgery,
a frequent surgical complication is paroxysmal atrial fibrillation, involving up to 30% of
operated patients [6,7]. Some research has indicated a relationship between atrial fibril-
lation and increased platelet activation, possibly related to a low response to antiplatelet
therapy [8–10]. For this and other reasons, research assessing possible improvements to
the effectiveness of aspirin therapy for CABG patients still deserves the attention of cardiac
surgeons. At present, the most commonly used improvement with patients with atrial
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fibrillation is the addition of clopidogrel to ASA therapy [11]. To improve the antiplatelet
effect of ASA therapy in patients with cardiovascular diseases, supplementation with
natural or synthetic flavonoids is also recommended. Considerable interest among cardiol-
ogists and cardiac surgeons has resulted mainly from the fact that flavonoids may inhibit
platelet activation and reduce the formation of platelet aggregates and are highly likely to
mimic the anti-aggregating effect of aspirin, i.e., the action that inhibits arachidonic acid
metabolism [12–17]. Among the flavonoids used in cardiac surgery, the most common
are flavonols. It has been shown that diosmin supplementation to ASA therapy with
CABG patients translates into better clinical efficacy, as assessed by the New York Heart
Association (NYHA) scale in patients with left ventricular failure [18]. Although diosmin
is a relatively old supplement, introduced into medicine in 1969, its characteristics are
still of interest due to its diverse biological activities directed toward antiplatelet proper-
ties [19] and its antioxidant and anti-inflammatory effects [20,21]. The anti-inflammatory
properties of diosmin are particularly documented in patients with venous circulatory
insufficiency [19,20,22,23]. This is important in the cardiosurgical treatment of coronary
artery disease because the most common source of material for CABG surgery is the saphe-
nous vein. It could be assumed that flavonols, including diosmin, reduce the inflammatory
reaction and improve the quality of the transplanted saphenous vein, thereby extending
the patency of the venous bypass and thus prolonging the life of the operated patient.
We are currently conducting further long-term research on the effectiveness of flavonoids
on the quality of the saphenous vein used as a venous bypass in the surgical treatment
of coronary artery disease. As mentioned, the adverse clinical consequence associated
with CABG has been attributed to the increased platelet activation. In turn, the variety of
cytokines secreted by platelets may be involved in the inflammatory response to coronary
surgery. Therefore, the present study focused on the anti-aggregation properties of diosmin
in combination with ASA, pre- and postoperatively, and assessed the relationship of this
therapy with inflammatory processes.

Some studies have shown that increased levels of inflammatory markers, mainly
interleukin-6 (IL-6) and C-reactive protein (CRP), are associated with an increased risk of
perioperative complications and mortality in surgical patients [24–26], with limited benefit
from percutaneous coronary intervention (PCI) in patients with CAD [27]. At present,
the lack of a clear concept concerning the relationships between platelet activation and
inflammatory processes suggests that research in this area is warranted. This is all the more
interesting due to the fact that antiplatelet drugs are also endowed with anti-inflammatory
properties [28–30].

The aims of our study were (1) to assess whether a better response occurred with ASA
anti-aggregation treatment in combination with diosmin supplementation (potentially re-
ducing aspirin resistance) in patients with coronary artery disease with CABG surgery and
(2) to assess the severity of postoperative inflammation and possible relationships between
acute-phase markers and the antiplatelet effects of ASA with diosmin supplementation,
which could impact the risk assessment for postoperative thrombotic complications.

2. Results

There were no statistically significant differences in terms of demographic or clinical
data between the study group (Diosmin) and the control group (Placebo) except for a
significantly lower activity of the creatine kinase (CK-MB) isoenzyme in the study group
(Table 1). Statistical analyses (each group tested in isolation) showed a significantly large
decrease in platelet aggregation in the ASPI test (p < 0.0001) and a significant increase in
fibrinogen concentrations (p < 0.0001) after surgery compared to the preoperative period,
both in the study group (Table 2) and in the control group (Table 3). Similar changes
were observed for CRP and IL-6. The study group (Table 2) showed a highly significant
postoperative increase in both CRP (p < 0.0001) and IL-6 (p = 0.0092) concentrations. In
the control group (Table 3), the postoperative increase in CRP concentration was also
highly significant (p = 0.0003), while there was no significant increase in IL-6 concentrations
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(p = 0.1203). In both groups, there were no significant postoperative changes in platelet
aggregation in the ADP test or platelet counts (PLT) (Table 2; Table 3). Two-way analyses
of variance were also calculated to give p-values for interactions between group and
assessment time, as shown in Figure 1A,B, Figures 2–4.

Table 1. Demographic and clinical data for groups of patients with coronary artery disease treated
with cardiac surgery (coronary artery bypass grafts).

Values Either Mean ± SD or N/% Diosmin
N = 26

Placebo
N = 27 p-Values

Age (years) 61.9 ± 6.4 64.7 ± 6.9 0.18
BMI (kg/m2) 29.4 ± 3.1 30.5 ± 4.8 0.63

GFR (mL/min/1.73 m2) 87.8 ± 13.9 84.2 ± 14.1 0.46
HGB (mmol/L) 8.7 ± 0.67 8.9 ± 0.56 0.26
CK-MB (U/L) 21.4 ± 7.7 26.0 ± 9.7 0.03

D-Dimers (ng/mL) 552 ± 472 707 ± 760 0.31
Gender, male 22/84.6 23/85.2 0.95
Hypertension 21/80.8 19/70.4 0.37

Diabetes 7/26.9 3/11.1 0.14
Hyperlipidemia 7/26.9 3/11.1 0.14

Cerebrovascular accidents 2/7.7 0/0.0 0.14
Atrial fibrillation 4/15.4 6/22.2 0.52

Lower extremity peripheral artery
disease 1/3.8 2/7.4 0.57

Abbreviations: BMI, body mass index; CK-MB, isoenzyme MB of creatine kinase; GFR, glomerular filtration rate;
HGB, hemoglobin; SD, standard deviation.

Table 2. Platelet aggregation and acute-phase markers in patients who underwent acetylsalicylic
acid therapy with diosmin supplementation (study group) at two times (before and after surgery).

Parameter
Diosmin

before Surgery
(Mean ± SD)

Diosmin after
Surgery

(Mean ± SD)
p-Value

ASPI test (AU ×min) 521 ± 255 236 ± 120 <0.0001
ADP test (AU ×min) 644 ± 187 543 ± 368 0.1868

PLT (G/L) 240 ± 72 259 ± 82 * 0.3709
IL-6 (pg/mL) 30.7 ± 28.0 38.1 ± 25.4 0.0092
CRP (mg/L) 2.7 ± 3.8 15.1 ± 25.3 <0.0001

Fb (g/L) 3.43 ± 0.66 4.61 ± 1.49 <0.0001
Abbreviations: ASPI test, arachidonic-acid-induced platelet aggregation; AU, arbitrary units; ADP test, ADP-
induced platelet aggregation; PLT, platelet count; IL-6, interleukin-6; CRP, C-reactive protein; Fb, fibrinogen;
* 10 days after surgery; p-value, from paired Student’s t-test.

Table 3. Platelet aggregation and acute-phase markers from patients who underwent acetylsalicylic
acid therapy without diosmin, i.e., with a placebo (control group) at two times (before and after
surgery).

Parameter
Placebo before

Surgery
(Mean ± SD)

Placebo after
Surgery

(Mean ± SD)
p-Value

ASPI test (AU ×min) 498 ± 263 210 ± 85 <0.0001
ADP test (AU ×min) 486 ± 212 533 ± 355 0.6184

PLT (G/L) 219 ± 64 255 ± 126 * 0.1696
IL-6 (pg/mL) 38.6 ± 37.8 44.3 ± 36.2 0.1203
CRP (mg/L) 3.9 ± 5.2 8.4 ± 9.1 0.0003

Fb (g/L) 3.51 ± 0.83 4.44 ± 0.73 <0.0001
Abbreviations: ASPI test, arachidonic-acid-induced platelet aggregation; AU, arbitrary units; ADP test, ADP-
induced platelet aggregation; PLT, platelet count; IL-6, interleukin-6; CRP, C-reactive protein; Fb, fibrinogen;
* 10 days after surgery; p-value, from paired Student’s t test.
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postoperative increases in these acute-phase markers were not shown to be dependent on 
group. However, analyses of correlations between platelet function parameters and acute-
phase markers showed significant relationships only in the study group and related only 
to the postoperative period: Highly significant positive correlations were found between 
platelet aggregation in the ASPI test and acute-phase proteins: with CRP (r = 0.85; p < 
0.001) and with fibrinogen (r = 0.62; p = 0.001). Correlations were not significant for 
aggregation in the ADP test: with CRP (r = 0.38; p = 0.068) and with fibrinogen (r = 0.31; p 
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Figure 1. (A) Arachidonic-acid-induced platelet aggregation (ASPI test) results from patients who
underwent acetylsalicylic acid therapy with diosmin supplementation (study group) versus patients
who underwent acetylsalicylic acid therapy with a placebo (control group) at two times (before
and after surgery). (B) ADP-induced platelet aggregation (ADP test) results from patients who
underwent acetylsalicylic acid therapy with diosmin supplementation (study group) versus patients
who underwent acetylsalicylic acid therapy with a placebo (control group) at two times (before and
after surgery). AU, arbitrary units.



Molecules 2021, 26, 7486 5 of 12Molecules 2021, 26, x FOR PEER REVIEW 6 of 13 
 

 

Before surgery After surgery
20

25

30

35

40

45

50

55

IL
-6

 (p
g/

m
l)

pANOVA = 0.1487

p = 0.009

 Placebo
 Diosmin

p = 0.1203

 
Figure 2. Interleukin-6 (IL-6) levels in patients who underwent acetylsalicylic acid therapy with diosmin supplementation 
(study group) versus patients who underwent acetylsalicylic acid therapy with a placebo (control group) at two times 
(before and after surgery). 

Figure 2. Interleukin-6 (IL-6) levels in patients who underwent acetylsalicylic acid therapy with diosmin supplementation
(study group) versus patients who underwent acetylsalicylic acid therapy with a placebo (control group) at two times
(before and after surgery).

As shown in Figure 1A, there was no interaction between group and assessment time
(pANOVA = 0.9764) for arachidonic-acid-induced platelet aggregation (ASPI test). This
indicates a similar ability in both groups to inhibit platelet aggregation in the ASPI tests,
confirmed by the previously discussed results in Tables 2 and 3. The ability of ASA to inhibit
platelet aggregation in the ASPI test, regardless of group, was also confirmed by analysis of
the frequency of platelet sensitivity to the anti-aggregating effect of ASA. It was shown that
the percentage frequency of platelet sensitivity to ASA did not differ significantly between
the groups, both before surgery (30% each) and after surgery (83% vs. 92%; p = 0.3292).
With ADP-induced platelet aggregation (ADP test), no significant interaction was found
between group and assessment time (Figure 1B; pANOVA = 0.1793), as shown by the results
discussed in Tables 2 and 3. However, in the post hoc tests (Figure 1B), the higher average
platelet aggregation in the study (Diosmin) group compared to the control (Placebo) group
before surgery (p = 0.059) is noteworthy, which, however, is not reflected by the sensitivity
measurements. The percentage frequency of platelet sensitivity to ASA (ADP test) before
surgery was non-significantly (p = 0.1731) lower in the study group compared to the control
group (37% vs. 56%). Similarly, no intergroup difference was found in platelet sensitivity
in the postoperative ADP test (50% vs. 42%; p = 0.5867). Analysis of variance by group type
and assessment time also showed no interaction for platelet counts (pANOVA = 0.7612).
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Figures 2–4 show the results of the analysis of variance for the acute-phase markers
(IL-6, CRP, Fb), the values of which are also given in Tables 2 and 3. There were no signifi-
cant interactions between groups (Diosmin/Placebo) and assessment times (before/after
surgery) for IL-6 (pANOVA = 0.1487; Figure 2), CRP (pANOVA = 0.1611; Figure 3), and Fb
(pANOVA = 0.6265; Figure 4). In general, it can be said that the postoperative increases in
these acute-phase markers were not shown to be dependent on group. However, analyses
of correlations between platelet function parameters and acute-phase markers showed
significant relationships only in the study group and related only to the postoperative
period: Highly significant positive correlations were found between platelet aggregation in
the ASPI test and acute-phase proteins: with CRP (r = 0.85; p < 0.001) and with fibrinogen
(r = 0.62; p = 0.001). Correlations were not significant for aggregation in the ADP test: with
CRP (r = 0.38; p = 0.068) and with fibrinogen (r = 0.31; p = 0.135).
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3. Discussion

As mentioned in the introduction, most patients who qualify for cardiac surgery using
the CABG technique take antiplatelet drugs, most often ASA and less often clopidogrel.
Antiplatelet therapy may result in imbalances in platelet hemostasis, of a hemorrhagic
and/or a thrombotic nature. The dysfunction of platelet receptors responsible for platelet
aggregation plays a key role in bleeding, as well as thrombocytopenia in extracorporeal
circulation, during surgery [31]. Thrombotic events usually take the form of paroxysmal
atrial fibrillation, one of the causes of which may be a low response to antiplatelet ther-
apy [8–10]. Therefore, assessment of this treatment seems to be highly justified. As in the
present study the patients did not show any hemorrhagic disorders due to thrombocytope-
nia (with normal platelet counts), the monitoring of antiplatelet therapy focused mainly
on detecting sensitivity or resistance to ASA with or without diosmin supplementation.
The best laboratory methods for monitoring antiplatelet therapy are to measure platelet
aggregation by impedance aggregometry, with two laboratory tests recommended for
this purpose: the ASPI test and the ADP test. The ASPI test is the recommended test for
assessing the effectiveness of anti-aggregation treatment with acetylsalicylic acid, and the
ADP test is recommended for the assessment of clopidogrel therapy [9,31,32]. As ADP is a
physiological platelet agonist, its use in the present study was intended to give a baseline
estimate of the degree of platelet activation in both groups of patients i.e., the diosmin
supplementation group and the placebo control group, even though patients were not
treated with clopidogrel.

Most flavonoids inhibit platelet aggregation through the same mechanisms as acetyl-
salicylic acid, by blocking the arachidonic acid pathway with consequent inhibition of
platelet cyclooxygenase (=prostaglandin G/H synthase 1; COX-1) and thromboxane (TXA2)
synthesis [16,17,33,34]. The results of the present study, however, do not confirm this as-
sumed hypothesis about the potentiation of antiplatelet action of ASA by diosmin. This is
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indicated by the lack of significant differences between the levels of platelet aggregation
and similar frequencies of platelet sensitivity in the group with diosmin supplementation
versus the group that took the placebo. The fact that these observations concern both
tests (ASPI and ADP) and both assessment times (pre- and postoperative) strengthens the
conclusion that diosmin gave no additional antiplatelet effect. It should be emphasized
that research into the anti-aggregation effect of flavonoids has sometimes been viewed as
controversial due to differences in the bioavailability of flavonoids resulting from their
origin (natural flavonoids contained in the diet or synthetic flavonoids) and also differences
resulting from dose used in vitro or in vivo [14,15,17,32,34,35]. It should be emphasized
that the anti-aggregation effect of flavonoids observed in vitro is associated with high doses
that are impossible to achieve in vivo [15,32]. In our research, a potential reason for the lack
of anti-aggregation properties of diosmin could be the use of too low a dose (1000 mg/day)
and/or a short period of supplementation (30 days before to 30 days after surgery). The
latest research on diosmin shows that supplementation at a dose only slightly higher
than that used in the present study (2 × 600 mg/day), but taken for 3 months, inhibited
the inflammatory reaction in patients with chronic venous disorders, as evidenced by a
significant decrease in concentrations of IL-6 and tumor necrosis factor (TNF-alpha) [22]. In
the present study, the lower activity of the CK-MB isoenzyme in the study group compared
to controls (Table 1), indicating a lower degree of myocardial damage, may be indirect
evidence of the anti-inflammatory effect of diosmin. Some studies have shown that the
lack of a direct anti-aggregating effect of diosmin, as in our work, may be due to complex
mechanisms of atherosclerosis pathogenesis. It is believed that flavonoids weaken the
thrombotic-atherosclerotic and pro-inflammatory processes by modulating the aggregation
function of platelets [33].

As mentioned earlier, the anti-inflammatory properties of flavonoids are well docu-
mented in both in vitro and in vivo studies, while in the case of anti-aggregation properties,
literature reports diverge [15,17,32]. However, with regard to ASA, there are no doubts
regarding anti-aggregation and anti-inflammatory properties and there are relatively well-
defined relationships between them [25,36]. The anti-inflammatory effects of anti-platelet
drugs are believed to be mediated by the inhibition of platelet function [36]. In the present
study, indirect evidence of the relationship of platelet aggregation with inflammatory
processes may be provided by the presence of a strong positive correlation between the
size of platelet aggregation in the ASPI test and the concentrations of acute-phase markers,
mainly C-reactive protein and fibrinogen, observed only in the group with diosmin in the
postoperative assessment. This seems to be of interest: It is worth noting that, instead of
the expected decrease in acute-phase proteins, there was a highly significant increase in
the concentrations of all measured inflammatory markers, i.e., IL-6, CRP, and fibrinogen,
compared to the assessment before surgery, in both groups of patients. This observation
clearly indicates a lack of anti-inflammatory effect of diosmin as expressed by acute-phase
proteins. This also shows that serum inflammatory markers are mainly characteristic of the
postoperative acute phase and could be considered primarily as prognostic factors after
CABG surgery. Many studies have shown that long-term inflammation after surgery is a
risk factor for various complications, including thrombotic complications and mortality
rate [25,37–39]. Interestingly, the degree of increase in CRP can be proportional to the
scale of the postoperative inflammatory response [25]. In the present study, the results
of platelet aggregation in the postoperative period deserve attention, perhaps resulting
from the strong antiplatelet effect of ASA, especially in the preoperative period. Long-term
postoperative inflammation may be a factor that promotes platelet activation via the mech-
anisms of increased thrombin generation [27], which in turn may potentiate the antiplatelet
effects of ASA. Some researchers believe that the best anti-aggregation effects of ASA are
achieved in the postoperative period [27,40]. When the strong links between inflammation
and prothrombosis are considered, dual antiplatelet therapy with clopidogrel, for which
anti-inflammatory effects have also been documented, should be considered to reduce the
inflammatory response [41,42].
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Limitations of the Study

The limitations of the study are, firstly, the relatively small sample sizes and, sec-
ondly, the short-term period of supplementation with diosmin. This resulted from clinical
procedures, and the presented results should be treated as an introduction to wider studies.

4. Materials and Methods
4.1. Subjects

The presented study was a prospective, randomized, double-blind study with two
parallel groups. The study included 53 patients with coronary artery disease divided into
two groups: a study group consisting of 26 patients taking flavonoids (diosmin at a dose
of 1000 mg/day) and a control group consisting of 27 patients taking a placebo. Patient
characteristics are presented in Table 1. The therapeutic period of diosmin ingestion started
at least 30 days before and ended 30 days after coronary artery bypass surgery. Over the
same period, all patients took acetylsalicylic acid (ASA) at a dose of 75 mg/day. Patients
were recruited for the study based on inclusion/exclusion criteria during a visit to the
Cardiac Surgery Clinic (Pomeranian Medical University, PUM, Szczecin, Poland), where
they were qualified for coronary bypass surgery with the use of a saphenous vein. The main
criteria for inclusion in the study were a qualification for coronary bypass surgery with the
use of a saphenous vein and informed, written consent of the patient to participate in the
study. Exclusion criteria were patients with symptomatic chronic venous disease (Hawaii
stage > C1), hypersensitivity to diosmin or other flavonoids or hypersensitivity to ASA,
alcohol addiction, renal failure (glomerular filtration rate (GFR) < 50 mL/min/1.73 m2)
or liver failure (alanine transaminase (ALT) and/or aspartate transaminase (AST) activity
> 3 times the upper reference range), inflammation (CRP > 5 mg/L), or a history of
venous thrombosis treated with anticoagulants. The study was conducted according to
the guidelines of the Declaration of Helsinki and approved by the Bioethics Committee at
Pomeranian Medical University (KB-0012/04/16). Informed consent was obtained from all
subjects involved in the study.

4.2. Blood Collection and Laboratory Analyses

Blood samples were taken from the vein of one elbow after fasting, into four different
tubes before and 30 days after surgery. Tubes No. 1 contained 5 mL of blood with hirudin,
for platelet aggregation determination in whole blood. Tubes No. 2 contained 3 mL of
blood for serum, for the determination of IL-6 and CRP. Tubes No. 3 contained 5 mL of
blood in 3.2% sodium citrate at a ratio of 9:1. These were centrifuged (15 min, 1500× g) to
obtain platelet-poor plasma for the determination of fibrinogen (Fb) levels. Tubes no. 4
contained 2 mL of blood with EDTA to determine platelet counts (PLT). Platelet aggregation
and PLT were assessed using fresh blood; the remaining parameters (IL-6, CRP, Fb) were
determined from samples frozen at −30 ◦C.

4.3. Determination of Platelet Aggregation and Platelet Counts

Platelet aggregation was measured by impedance aggregometry (using Multiplate®

aggregometry, Dynabyte medical, Mannheim, Germany) less than 2 h after blood collection.
Two types of assays were used for platelet aggregation measurements: the aspirin-induced
platelet inhibition (ASPI) test (Roche Diagnostics GmbH, Mannheim, Germany), which
used arachidonic acid as a platelet agonist (to monitor treatment response with ASA),
and the ADP test (Roche Diagnostics GmbH, Mannheim, Germany), where adenosine 5′-
diphosphate was the agonist (usually used to monitor treatment response with clopidogrel).
The extent of platelet aggregation was expressed as the area under the curve (AUC) in
arbitrary units (AU ×min). To differentiate the platelet aggregation response, the cut-off
points recommended by the manufacturer were adopted; for the ASPI assay, AUC > 300
indicated resistance and AUC ≤ 300 sensitivity; for the ADP assay, AUC > 500 indicated
resistance and AUC ≤ 500 sensitivity. Platelet counts (PLT) were assessed (using an ABX
Micros 60 hematology analyser; Horiba, Japan).
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4.4. Determination of Interleukin-6, C-Reactive Protein, and Fibrinogen Levels

Serum concentrations of interleukin-6 and C-reactive protein were determined using
an enzyme immunoassay method for IL-6 (IL-6 ELISA EIA-4640, DRG, Springfield, NJ,
USA) and an immunoturbidimetric method for CRP (Cobas c 502 system, Roche/Hitachi,
Basel, Switzerland). Plasma concentrations of fibrinogen were measured using a ready-
made reagent kit (Q.F.A. Thrombin, ACL ELITE analyser, Instrumentation Laboratory
Werfen, Barcelona, Spain).

4.5. Statistical Analyses

Data were statistically analyzed using commercial software (Statistica v.13.0; Stat-
Soft, Tulsa, Ok, USA). Kołmogorov–Smirnov tests were used to test for normality and
logarithmic transformations applied when necessary (for acute-phase markers). Unpaired
Student’s t-tests were used to assess the effects of assessment time (pre- and postoperative)
in the study (Diosmin) and control (Placebo) groups and a two-way ANOVA to assess
interactions between the groups and treatment period (group × treatment time). Addition-
ally, least significant difference tests were used post hoc. Chi-squared tests were used to
estimate the prevalence of ASA sensitivity/resistance. Correlations were assessed between
platelet parameters and acute-phase markers using Pearson’s correlation coefficients. A
p-value of <0.05 was considered significant.

5. Conclusions

In conclusion, diosmin did not enhance the anti-aggregating effect of ASA in patients
with coronary artery disease undergoing coronary bypass surgery, regardless of the time
of assessment. A stronger ASA-induced anti-aggregation effect was found at the second
assessment time, i.e., 30 days after surgery, independently of diosmin, and was associated
with the acute phase of the postoperative period. The stronger anti-aggregating effect of
acetylsalicylic acid in the postoperative period may be a response to prolonged inflamma-
tion, as indicated by persistently elevated levels of the acute-phase markers CRP, fibrinogen,
and IL-6. Increased levels of inflammatory markers in the late phase of the postoperative
period may provide an unfavorable prognostic factor in long-term follow-up, which should
prompt the use of stronger antiplatelet therapy in patients after coronary bypass surgery.

Author Contributions: Conceptualization, M.J., A.B. and A.S.; methodology, M.J., A.B., A.S. and
M.A.; formal analysis, M.J., M.A., K.C. and A.S.; investigation, A.B., M.A. and M.K.; resources,
A.B., A.S. and M.J.; data curation, A.S., M.J., K.C. and M.A.; writing—original draft preparation,
A.S. and M.J.; writing—review and editing, A.S., M.J., K.C., M.K. and A.B.; supervision, M.J.;
funding acquisition, A.B. and M.J. All authors have read and agreed to the published version of
the manuscript.

Funding: The research was supported by the State Committee for Scientific Research at the Pomera-
nian Medical University.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Bioethics Committee at Pomeranian Medical University
(protocol code KB-0012/04/16, 25 January 2016).

Informed Consent Statement: Approval of the Ethics Committee of the Pomeranian Medical Univer-
sity and informed consent of control patients and patients with AAA were obtained. The investigation
conforms with the principles defined in the Declaration of Helsinki.

Data Availability Statement: Data are available on request due to restrictions, e.g., privacy or ethical.
The data presented in this study are available on request from the corresponding author. The data
are not publicly available due to reasons of sensitivity, e.g., human data.

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Samples of the compounds are available from the authors.



Molecules 2021, 26, 7486 11 of 12

References
1. Gasparyan, A.Y.; Watson, T.; Lip, G.Y.H. The role of aspirin in cardiovascular prevention: Implications of aspirin resistance. J. Am.

Coll. Cardiol. 2008, 51, 1829–1843. [CrossRef]
2. de Oliveira, D.C.; Silva, R.F.; Silva, D.J.; de Lima, V.C. Aspirin resistance: Fact or fiction? Arq. Bras. Cardiol. 2010, 95, e91–e94.

[CrossRef]
3. Sibbing, D.; Byrne, R.A.; Bernlochner, I.; Kastrati, A. High platelet reactivity and clinical outcome—Fact and fiction. Thromb.

Haemost. 2011, 106, 191–202. [CrossRef] [PubMed]
4. Amsallem, M.; Silberman, S.M.; Dilinger, J.G.; Sideris, G.; Voicu, S.; dit Sollier, C.B.; Drouet, L.; Henry, P. Predictors of high on

aspirin platelet reactivity in high vascular patients treated with single or dual antiplatelet therapy. Am. J. Cardiol. 2015, 115,
1305–1310. [CrossRef]

5. Nappi, J. Benefits and limitations of current antiplatelet therapies. Am. J. Health-Syst. Pharm. 2008, 65, S5–S10. [CrossRef]
[PubMed]

6. Taha, A.; Nielsen, S.J.; Bergfeldt, L.; Ahlsson, A.; Friberg, L.; Björck, S.; Franzén, S.; Jeppsson, A. New-onset atrial fibrillation after
coronary artery bypass grafting ang long-term outcome: A population-based nationwide study from the SWEDEHEART registry.
J. Am. Heart Assoc. 2021, 10, 017966. [CrossRef] [PubMed]

7. Filardo, G.; Damiano, R.J.; Ailawadi, G.; Thourani, V.H.; Pollock, B.D.; Sass, D.M.; Phan, T.K.; Nguyen, H.; Da Graca, B.
Epidemiology of new-onset atrial fibrillation following coronary artery bypass graft surgery. Heart 2018, 104, 985–992. [CrossRef]

8. Deshpande, S.; Wann, L.S. Aspirin in atrial fibrillation: The clot thickens. J. Am. Coll. Cardiol. 2016, 67, 2924–2926. [CrossRef]
9. Kopjar, T.; Petricevic, M.; Gasparovic, H.; Svetina, L.; Milicic, D.; Biocina, B. Postoperative atrial fibrillation is associated with

high on-aspirin platelet reactivity. Ann. Thorac. Surg. 2015, 100, 1704–1711. [CrossRef]
10. Choundhury, A.; Chung, I.; Blann, A.D.; Lip, G.Y.H. Platelet surface CD62P and CD63, mean platelet volume, and soluble/platelet

P-selectin as indixes of platelet function in atrial fibrillation: A comparison of healthy control subjects and disease control subjects
in sinus rhythm. J. Am. Coll. Cardiol. 2007, 49, 1957–1964. [CrossRef]

11. Connolly, S.J.; Pogue, J.; Hart, R.G.; Hohnloser, S.H.; Pfeffer, M.; Chrolavicius, S.; Yusuf, S. Effect of clopoidogrel added to aspirin
in patients with atrial fibrillation. N. Engl. J. Med. 2009, 360, 2066–2078. [CrossRef]

12. Zaragozá, C.; Monserrat, J.; Mantecón, C.; Villaescusa, L.; Álvarez-Mon, M.Á.; Zaragozá, F.; Álvarez-Mon, M. Binding and
antiplatelet activity of quercetin, rutin, diosmetin, and diosmin flavonoids. Biomed. Pharmacother. 2021, 141, 111867. [CrossRef]
[PubMed]

13. Mulvihill, E.E.; Huff, M.W. Antiatherogenic properties of flavonoids: Implications for cardiovascular health. Can. J. Cardiol. 2010,
26, 17A–21A. [CrossRef]

14. Wright, B.; Spencer, J.P.E.; Lovegrove, J.A.; Gibbins, J.M. Insights into dietary flavonoid as molecular templates for the design of
antiplatelet drugs. Cardiovasc. Res. 2013, 97, 13–22. [CrossRef] [PubMed]

15. Olas, B. Dietary supplements with antiplatelet activity: A solution for everone? Adv. Nutr. 2018, 9, 51–57. [CrossRef] [PubMed]
16. Vazhappilly, C.G.; Ansari, S.A.; Al-Jaleeli, R.; Al-Azawi, A.M.; Ramadan, W.S.; Menon, V.; Hodeify, R.; Siddiqui, S.S.; Merheb,

M.; Matar, R.; et al. Role of flavonoids in thrombotic, cardiovascular, and inflammatory. Inflammopharmacology 2019, 27, 863–869.
[CrossRef]

17. Ciumărnean, L.; Milaciu, M.V.; Runcan, O.; Vesa, S, .C.; Răchis, an, A.L.; Negrean, V.; Perné, M.G.; Donca, V.I.; Alexescu, T.G.; Para,
I. The effects of flavonoids in cardiovascular diseases. Molecules 2020, 25, 4320. [CrossRef]

18. Sirlak, M.A.; Akar, A.R.; Eryilmaz, S.; Cetinkanat, E.K.; Ozcinar, E.; Kaya, B.; Elhan, A.H.; Ozyurda, U. Micronized purified
flavonoid fraction in pretreating CABG patients. Tex. Heart Inst. J. 2010, 37, 172–177.

19. Kumar, R.M.; Van Gompel, J.J.; Bower, R.; Rabinstein, A.A. Spontaneous intraventricular hemorrhage associated with prolonged
diosmin therapy. Neurocrit. Care 2011, 14, 438–440. [CrossRef]

20. Zheng, Y.; Zhang, R.; Shi, W.; Li, L.; Liu, H.; Chen, Z.; Wu, L. The metabolism and pharmacological activities of the natural
health-benefiting compound diosmin. Food Funct. 2020, 11, 8472–8492. [CrossRef]

21. Zaragozá, C.; Villaescusa, L.; Monserrat, J.; Zaragozá, F.; Álvarez-Mon, M. Potential therapeutic anti-inflammatory and im-
munomodulatory effects of dihydroflavones, flavones, and flavonols. Molecules 2020, 25, 1017. [CrossRef]

22. Feldo, M.; Wójcik-Kosior, M.; Sowa, I.; Kocki, J.; Bogucki, J.; Zubilewicz, T.; Kęsik, J.; Bogucka-Kocka, A. Effect of diosmin
administration in patients with chronic venous disorders on selected factors affecting angiogenesis. Molecules 2019, 24, 3316.
[CrossRef] [PubMed]

23. Casili, G.; Lanza, M.; Campolo, M.; Messina, S.; Scuderi, S.; Ardizzone, A.; Filippone, A.; Paterniti, I.; Cuzzocrea, S.; Esposito,
E. Therapeutic potential of flavonoids in the treatment of chronic venous insufficiency. Vascul Pharmacol. 2021, 137, 106825.
[CrossRef]

24. Gonzales-Martinez, S.; Tabuena, N.O.; Baranera, M.M.; Marti-Sauri, I.; Moll, J.L.; García, M.Á.M.; Grau, N.B.; Zurdo, J.M.P.
Inflammatory markers as predictors of postoperative adverse outcome in octogenarian surgical patients: An observational
prospective study. Cirugía Española 2015, 93, 166–173. [CrossRef]

25. Paruk, F.; Chausse, J.M. Monitoring the post surgery inflammatory host response. J. Emerg. Crit. Care Med. 2019, 3, 47. [CrossRef]
26. Straatman, J.; Cuesta, M.A.; Tuynman, J.B.; Veenhof, A.A.; Bemelman, W.A.; van der Peet, D.L. C-reactive protein in predicting

major postoperative complications are there differences in open and minimally invasive colorectoal surgery? Substudy from a
randomized clinical trial. Surg. Endosc. 2018, 32, 2877–2885. [CrossRef]

http://doi.org/10.1016/j.jacc.2007.11.080
http://doi.org/10.1590/s0066-782\protect $\relax \times $2010001300024
http://doi.org/10.1160/TH11-01-0040
http://www.ncbi.nlm.nih.gov/pubmed/21505714
http://doi.org/10.1016/j.amjcard.2015.02.012
http://doi.org/10.2146/ajhp080156
http://www.ncbi.nlm.nih.gov/pubmed/18574022
http://doi.org/10.1161/JAHA.120.017966
http://www.ncbi.nlm.nih.gov/pubmed/33251914
http://doi.org/10.1136/heartjnl-2017-312150
http://doi.org/10.1016/j.jacc.2016.03.582
http://doi.org/10.1016/j.athoracsur.2015.05.001
http://doi.org/10.1016/j.jacc.2007.02.038
http://doi.org/10.1056/NEJMoa0901301
http://doi.org/10.1016/j.biopha.2021.111867
http://www.ncbi.nlm.nih.gov/pubmed/34229245
http://doi.org/10.1016/S0828-282X(10)71056-4
http://doi.org/10.1093/cvr/cvs304
http://www.ncbi.nlm.nih.gov/pubmed/23024269
http://doi.org/10.1093/advances/nmx014
http://www.ncbi.nlm.nih.gov/pubmed/29438459
http://doi.org/10.1007/s10787-019-00612-6
http://doi.org/10.3390/molecules25184320
http://doi.org/10.1007/s12028-011-9524-9
http://doi.org/10.1039/D0FO01598A
http://doi.org/10.3390/molecules25041017
http://doi.org/10.3390/molecules24183316
http://www.ncbi.nlm.nih.gov/pubmed/31547271
http://doi.org/10.1016/j.vph.2020.106825
http://doi.org/10.1016/j.cireng.2014.08.002
http://doi.org/10.21037/jeccm.2019.08.06
http://doi.org/10.1007/s00464-017-5996-9


Molecules 2021, 26, 7486 12 of 12
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