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Abstract

Background: Platelet hyperactivity has a crucial role in initiating vascular thrombosis and subsequent cardiovascular disease (CVD) in type 2 diabetes 
mellitus (T2DM). This study aims to assess the effect of anthocyanins on several risk markers of thrombosis in T2DM. Twenty-three patients with T2DM 
consumed 320 mg of AC/day in the form of Medox® capsules for 28 days. Blood pressure and anthropometric measures were taken before and after 
the intervention period. Fasting blood samples were collected pre and post-intervention to perform different analyses.  Analysis of platelet activation 
measured the platelet activation measured the expression of platelet surface marker.  Surface markers included CD41a and P-selectin in adenosine 
diphosphate (ADP) stimulated platelets. Platelet aggregation, full blood examination, coagulation and biochemistry profile analyses were also evaluated 
pre and post-intervention. 

Results: Flow cytometric analysis showed no effect of AC on the expression of P-selectin. There were significant reductions in ADP and collagen-
stimulated platelet aggregation. The hematologic measurements showed no impact of AC. Coagulation analysis demonstrated a non-significant change 
of prothrombin time, activated partial thromboplastin time, or fibrinogen level in the blood. This study showed a reduction of platelet aggregation and 
total serum cholesterol. These results suggest that AC positively impacts attenuating platelet function potential improvement in lipid profile, minimising    
thrombotic risk.

Keywords: anthocyanin, antiplatelet, platelet activation, diabetes mellitus type 2

Introduction

 Hyperactivity of platelets, inflammation, and increased 
oxidative stress have a central role in the pathogenesis of several 
conditions, including, type 2 diabetes mellitus (T2DM), thrombosis, 
and cardiovascular disease (CVD) [1]. T2DM is associated with 
increased macro-vascular complications, which significantly elevate 
the risk of cardiovascular mortality among these individuals [2]. 
Platelets are enucleated blood cells that play a vital role in primary 
haemostasis. Platelet hyperactivity, in the presence of free radicals, 
can significantly accelerate the progression of atherosclerosis. Free 
radicals have a significant effect on developing oxidative stress before 
platelet hyperactivity [3]. For instance, impaired muscle glucose 
uptake, endothelial dysfunction, and lipid oxidation are predisposed 
by oxidative stress detected in disorders such as T2DM [4-6]. Platelet 
activation and coagulation exemplify a biological indicator to predict 
vascular events in the future [7]. Endothelial damage of the vascular 
wall or injury of atheromatous plaque is a primary step in platelet–
associated thrombogenesis. Platelets stick to the site of endothelial 
injury and change their shape. Consequently, platelets undergo 
degranulation and activation process. Activation of platelets leads to 

fibrinogen binding to platelet receptors and finally, the formation of 
thrombus.

 Aspirin is an antiplatelet drug that reduces platelet hyperactivity.  
Aspirin target the cyclooxygenase-2 (COX-2) pathway and inhibiting 
thromboxane A2 (TXA2) production. Although aspirin is still the 
first-line antiplatelet agent [8] used in the treatment of acute coronary 
syndromes (ACS), many studies have recently highlighted aspirin 
resistance [9, 10] and its side effects, especially in individuals with 
T2DM. With aspirin and clopidogrel, two anti-platelet therapies 
are the most widely used antiplatelet treatment to treat ACS [8, 11, 
12]. A plethora of studies has demonstrated the potential of plant-
based antioxidants is not only inhibiting platelet activity but also in 
alleviating several risk factors that are associated with atherosclerosis 
and subsequent cardiovascular disease. 

 Several studies show the positive effects of consuming antioxidant-
rich diet, especially fruits and vegetables [13-15] in 2004, Hung 
and colleagues [16] conducted a cohort study recommending to 
consuming five or more servings of fruits and vegetables to lower CVD 
risk. Antioxidants reduce or suppress atherosclerotic progression and 
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alleviate CVD development [16-18]. This anti-thrombotic potential 
of phytochemicals has encouraged nutraceutical industries to 
explore the use of natural antioxidants as a complementary therapy 
to the currently used anti-platelet treatment [7]. The effect of natural 
antioxidants such as anthocyanins to reduce platelet hyperactivity is 
due to blocking variable platelet receptors and inhibiting free radicals, 
which initiate platelet activity, thereby eliminates the risk of thrombus 
[19] [17, 18, 20-23] [7]. Although the effect of polyphenols on overall 
health is well documented, their actions on function and activity of 
platelets are changeable [7]. The variability in these findings increases 
the necessity to conduct a controlled and well-designed human 
intervention trial. Therefore, this study aims to examine the effect 
of pure Anthocyanins extracted from bilberries and blackcurrant 
(Medox®) on platelet activity and thrombotic risk in patients with type 
2 DM.

Materials and methods

Participant recruitment and study design

 This study was approved by Griffith University Human Research 
Ethics Committee, Griffith University, Queensland, Australia (GU 
Ref No: MSC/07/14/HREC) and is registered with Australia and New 
Zealand Clinical Trials Registry (ACTRN12615000293561). Twenty-
three patients with T2DM were recruited from the general population 
after signing an informed consent before the commencement of 
the study. All the participants included in the study were carefully 
screened using health questionnaires and interviews to ensure that 
they were non-smoking and without bleeding disorders or liver 
disease. Participants taking an anti-inflammatory, anti-platelet agents 
or anticoagulants were not included in the study. 

 Before the commencement of the study, anthropometric 
measurements and blood pressure were checked. Also, baseline 
fasting blood samples were collected to determine the presence of any 
underlying health condition using results from full blood examination, 
platelet function assays, enzyme-linked immunosorbent assay 
(ELISA), coagulation and biochemistry profiles. Upon completion of 
the initial screening, the participants were requested to consume four 
AC extract caps (80mg per capsule) per day (320mg of AC extract 
per day) for 28 days. The current study has used this dosage based 
on previous studies that have demonstrated that AC supplementation 
at 320 mg per day has significant beneficial effects on reducing risk 
factors of CVD such as inflammation, lipid profile and thrombosis [24-
26]. The four-week intervention was also finalised based on previous 
clinical trials conducted by our research team, that have shown that 
four week AC supplementation can significantly reduce platelet 
aggregation, activation and overall risk of thrombosis in individuals 
[27-29]. Anthropometric measurements and blood pressure were 
rechecked. Fasting blood samples were collected after the 28 days 
supplementation period. Adherence and compliance of AC capsule 
intake were monitored by checking the capsule strips returned by the 
participant after the supplementation and by personally interviewing 
them.

Supplement Information

 Patients were assigned to twenty-eight days of AC intervention 
in capsule form at a daily dose of 320 mg AC. AC supplement 
(Medox®) is a hemicellulose capsule, which contains powder of 
anthocyanins extracted from Bilberries (Vaccinium myrtillus) and 
Black Currants (Ribes nigrum). Table 2 shows the relative amount 
of the primary AC components used in the intervention in each 
capsule. Each capsule contains 80 mg of AC. More details of the 
relative amount of each AC compounds has been reported in 
the literature [25]. Patients were asked to consume four capsules 
per day (two capsules twice daily) after any two main meals of the 
day, i.e., breakfast, lunch or dinner. Participants were asked to 
maintain their habitual lifestyle and diet during the study period.

Table 1: Baseline demographic and anthropometric measures of 23 participants 
with T2DM.

Table 2: Anthocyanins components included in those capsuled which were 
used in the trial.

Parameter  participant’s value

Age range (year) 40-78

Gender (male/female) 16/7

Weight (kg) mean 93.1

BMI (kg/m2) mean 31.5

Anthocyanin components Percentage of ingredients

•Delphinidin 3-O-β-glucosides
•Delphinidin 3-O-β-galactosides
•Delphinidin 3-O-β-arabinosides

59%

•Cyanidin 3-O-β-glucosides
•Cyanidin 3-O-β-galactose 
•Cyanidin 3-O-β-arabinosides

33%

•Malvidin 3-O-β-glucosides 
•Malvidin 3-O-β-galactose 
•Malvidin 3-O-β-arabinosides

3%

•Peonidin 3-O-β-glucosides
•Peonidin 3-O-β-galactose 
•Peonidin 3-O-β-arabinosides

2.5%

•Petunidin Petunidin 3-O-β-glucosides 
•Petunidin 3-O-β-galactose 
•Petunidin 3-O-β-arabinosides

2.5%

Total 100%

Anthropometric measurements and blood pressure

 Weight and body mass index (BMI) were measured before and 
after the intervention period. Measurements were taken in light 
clothing, without shoes, watches, or other accessories. Height was 
determined to the closest 0.1 cm with a rod stadiometer (Surgical 
& Medical Products, Australia), anybody mass was measured using 
a BC- 601 digital body composition scale (Tanita Corporation, 
Australia). Body mass index (BMI) was calculated by dividing the 
body weight in kilograms by the height in metres and square.  Systolic 
and diastolic blood pressure values were checked before and after the 
intervention period. The automatic device was used to monitor blood 



Endocrinol Diabetes Metab J, Volume 5(1): 3–9, 2021

Almottesembellah Gaiz (2021) Anthocyanin Effects in Reducing Platelet Hyperactivity and Thrombotic Risk in Type 2 Diabetes

 ISSN: 2002-7354

pressure reading. According to the device manual, all instructions 
were followed carefully during blood pressure measurement.

Blood sample collection and full blood examination 

 Fasting blood samples pre and post AC supplementation 
period were collected from the median cubital vein by a trained 
phlebotomist. The blood was then carefully aliquoted into one 
Ethylenediaminetetraacetic acid (EDTA; 1.8mg/ml) tube for FBE 
analysis, three tri-sodium citrate (28.12g/L) tubes for platelet function 
and coagulation studies and into one serum separation tubes (SST) for 
biochemical analysis. Beckman Coulter ACTTM 5Diff CP haematology 
analyzer (Coulter Corporation, Miami, Florida, USA) was used to 
perform FBE analysis.

Platelet aggregation assay

 Platelet-rich plasma obtained (PRP) from whole blood collected 
into trisodium citrate anticoagulant tubes was used to perform platelet 
aggregation studies. PRP was extracted by the spinning of citrated 
whole blood at 180×g for 10 minutes, followed by which platelet-poor 
plasma (PPP) was obtained by spinning the same tube at 2000×g for 
10 minutes. Platelet agonists stimulated platelet aggregation.  The 
agonists were collagen (2 µg/mL), adenosine diphosphate (ADP; 5 
µM), Arachidonic Acid (AA) (200 µg/mL).  Recording percentage 
aggregation was conducted for 6 minutes at a constant temperature 
of 37°C. Platelet aggregation studies were performed using Helena 
AggRam Platelet Aggregometer (Helena laboratory, Beaumont Texas, 
USA). Platelet aggregation testing was completed within 2 hours of the 
blood collection.

Evaluation of platelet activation

 Trisodium citrate anticoagulated whole blood was used to evaluate 
platelet activation. Monoclonal antibodies conjugated with specific 
fluorophores were used to identify and assess platelet activation, 
degranulation and formation of monocyte-platelet aggregates. CD 
41a conjugated with Peridinin-chlorophyll-protein Complex CY5.5 
(PerCP-CY5.5) was used to identify platelets.  CD62P conjugated with 
allophycocyanin (APC) was used to quantify platelet degranulation. 
For analysis,  citrated whole blood was diluted in 1:5 ratio with 
modified Tyrod’s Buffer (MTB). A mixture of monoclonal antibodies 
was added to the diluted blood and incubated for 15 minutes at 
room temperature in the dark. ADP (5 µM) was added as an agonist 
to stimulate platelet activation, followed by which the samples were 
further incubated for 10 minutes. The samples were then fixed by 
adding 800 µl of 10% RBC lysing solution (BD Biosciences) and later 
analyzed on BD LSRFortessa flow cytometer. 

Coagulation profile

 Platelet-poor plasma (PPP) was used to perform coagulation 
assays. Coagulation testing was performed on the Stago R-Evolution 
Coagulation Analyserutilising the Stago STA-R software to run 
coagulation assays prothrombin time (PT), activated partial 
thromboplastin time (aPTT) and Fibrinogen concentration as per the 
manufacturer’s instructions.

Biochemistry profile

 Blood collected in serum separation tubes (SST) was centrifuged 
for 10 minutes at 2000xg at RT to extract serum for biochemical 
analysis. Serum levels of glucose, cholesterol, high-density lipoprotein 
(HDL), low-density lipoprotein (LDL), triglyceride (TG), and uric 
acid (UA) were determined using Integra Cobas 400 Biochemistry 
Analyser (Roche Diagnostics, Switzerland).  Quality controls and 
calibrators were run before testing to ensure the accuracy of the 
analyser. 

Pro-inflammatory and adhesion markers

 Interleukin-8 (IL-8), vascular cell adhesion molecule (VCAM-
1) and intercellular adhesion molecule (ICAM-1) were detected 
using plasma samples collected into EDTA tubes. Human Magnetic 
Luminex® Assays kit (R&D), and Bio-Plex Analyser 200 (Bio-Rad, 
Texas, USA) were used to quantify each analyte based on super-
paramagnetic beads coated with analyte-specific antibodies. Beads 
recognizing different target analytes are mixed and incubated with 
the sample. Captured analytes are subsequently detected using a 
cocktail of biotinylated detection antibodies and a streptavidin-
phycoerythrin conjugate. A magnet in the analyserattracts and holds 
the super-paramagnetic microparticles in a monolayer. Two spectrally 
distinct Light Emitting Diodes (LEDs) illuminate the beads. One LED 
identifies the parameter that is being spotted and the second LED 
determines the magnitude of the PE-derived signal, which is in direct 
proportion to the amount of analyte bound. Each well is imaged with 
a CCD camera. 

 Samples were screened for the named pro-inflammatory 
biomarkers. Individual sets of samples from the same participants 
were run in the same assay kit. Plasma samples were thawed on ice 
and spun down at 14000×g for 10 minutes at four0C, before two-fold 
dilution and further processing. The assay was conducted according 
to the manufacturer’s instruction. A further 1/10th dilution of standard 
curves was considered to optimise the assay for low-level detection 
of analytes. As recommended by the manufacturer, a magnetic plate 
washer was used to guarantee higher yields of analytes.

Statistical analysis

 Statistical analysis was performed using a Graph Pad Prism® 

version 6 for windows. Paired t-test was used to analyse the data, 
and the values were expressed as mean ± SME. The p value <0.05 was 
considered statistically significant.

Results

Full blood examination

 Table 3 shows data of ten hematological indices, including 
differential white blood cells count. There was no change of the blood 
count under the effect of AC. Most of the hematological indices were 
similarly affected under both treatments’ conditions (pre and post). 
There were trends of increased or decreased blood cell counts after AC 
treatment, but they were non-significant.
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Table 3: Descriptive values of FBE parameters in 23 participants pre and post 
AC supplementation.

Values are represented as mean± SEM. No significant difference in FBE parameters 
was observed pre and post AC supplementation. Abbreviations: AC, anthocyanin; 
WBC, white blood cell; RBC, red blood cell; HGB, Haemoglobin; MCV, mean cell 
volume; MCH, mean cell haemoglobin; MCHC, mean corpuscular haemoglobin 
concentration; RDW, red cell distribution width; PLT, platelet; MPV, mean platelet 
volume.

Haematological
Indices

Pre-AC
Mean ± SEM

Post-AC
Mean ± SEM

P value Reference 
Range

WBC (X 109/L) 6.96±0.33 7.16±0.31 0.99 4.0 – 11.0

RBC (X 1012/L) 5.22±0.15 5.04±0.11 0.91 3.8 – 6.5

HGB (g/L) 145.63±2.70 143.38±3.27 0.98 120 – 180

HCT (%) 0.44±0.01 0.43±0.01 0.95 0.36 – 0.54

MCV (fL) 85.90±1.65 86.04±1.015 0.99 80 – 100

MCH (pg) 28.07±0.52 28.37±0.38 0.97 27 – 31

MCHC (g/L) 327.063±4.28 330.15±2.99 0.94 320 – 360

RDW (%) 12.88±0.37 12.45±0.29 0.79 11.0 – 15.0 

PLT (X 109/L) 250.45±14.52 271.51±15.23 0.68 150 – 400

MPV (fL) 8.92±0.18 8.80±0.14 0.94 6.0 – 10.0

Figure 1: Anthropometric measurements show both body weight and body 
mass index. Data presented as mean ± SEM.

Anthropometric measurements 

 The post-intervention measurement did not show any significant 
changes in the anthropometric data, including BMI and body weight, 
of participants, as shown in figure 1.

Blood pressure measurements

 Blood pressure measurement showed no change in patients with 
T2DM after consumption of AC, as illustrated by figure 2. 

Figure 2: Blood pressure measurements. were collected before and after 
ingestion of AC. Data presented as mean ± SEM.

Platelet aggregation study

 Mean platelet aggregation was measured by platelet aggregom-
etry.  Three different agonists were used, including ADP, collagen, 
and arachidonic acid (AA).  Figure 3 showed three diagrams and 
each bar chart displays mean platelet aggregation in the presence of 
a corresponding agonist. This study detected a significant reduction 
of mean platelet aggregation in the presence of the ADP (p= 0.0198) 
and collagen (p= 0.0158) agonists respectively, but there is no effect on 
AA-stimulated platelet aggregation.

Immunophenotyping of platelet activation

 The flow-cytometry assay demonstrated the cell surface expression 
of P-selectin (CD62p), which is an activation marker of platelets. The 
analysis of platelet activation markers showed no effect of AC on plate-
let activation in patients with T2DM, as shown in figure 4.

Biochemical analysis

 As shown by table 4. The results showed a significant reduction in 
total cholesterol in response to AC consumption. However, there were 
trends of insignificantly reduced blood levels of LDL and triglycerides.

Table 4: Biochemical analysis of some parameters under the effect of AC.

Values are represented as mean± SEM. A significant reduction in total cholesterol 
levels was observed post AC supplementation. Abbreviations: AC, anthocyanin; 
TC, total cholesterol; HDL, high-density lipoprotein; TG, triglycerides; FBG, fasting 
blood glucose; UA, uric acid; LDL, low-density lipoprotein. * P<0.05. 

Biochemistry 

Assay

Pre-AC 

Mean ± SEM

Post-AC

Mean ± SEM

P value R e f e r e n c e 
range

TC (mM) 5.1±0.29 4.6±0.32 0.0051* <5.5

HDL (mM) 0.94±0.04 0.89±0.04 0.1010 >1.1

TG (mM) 2.4±0.27 1.9±0.22 0.1015 <2.6

FBG (mM) 6.00±0.35 5.9±0.39 0.8211 4.1 – 6.0

UA 312±22 307±19 0.7418 202 – 416

LDL (mM) 3.4±0.23 3.1±0.27 0.1237 2.0 – 3.4 

Coagulation analysis

 AC supplementation did not influence clotting times for pro-
thrombin time (PT) and activated partial thromboplastin time (aPTT) 
coagulation assays. Fibrinogen and D-Dimer also showed no change 
under AC effect observed post AC supplementation, as shown in fig-
ure 5. 

Cellular adhesion molecules

 Analysis of vascular cell adhesion molecule (VCAM-1) and 
intercellular adhesion molecule (ICAM-1) shows no effect of AC, as 
shown in figure 6.

Proinflammatory analytes

 As illustrated by figure 7, both biomarkers, including high sensitive 
C-reactive protein (CRP-HS) and IL-8, demonstrate no change in 
their serum levels under the effect of AC. 
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Figure 3: Platelet aggregation study. stimulated by different agonists including ADP, Collagen, and AA. Data presented as mean ± SEM.as mean ± SEM.

Figure 4: Immunophenotyping of platelet activation. Flow-cytometry analysis of 
expression of surface marker of P-selectin in activated platelets. Data presented as 
mean ± SEM.

Figure 5: coagulation analysis. Coagulation assay of samples of T2DM participants before and after consumption of AC. Data presented as mean ± SEM. 
Abbreviations: 

Figure 6: cellular adhesion molecules. Soluble adhesion markers under AC effects in patients with diabetes: 
Abbreviations: vascular-cellular adhesion molecule (VCAM-1) and intercellular adhesion molecule (ICAM-1). The 
above figures show serum levels of adhesion molecules under 320 mg/ day AC consumption for four weeks intervention. 
There was no change in their blood levels post-intervention trial. Data presented as mean ± SEM.
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Figure 7: proinflammatory analytes. Proinflammatory molecules under AC effects 
in patients with diabetes: Abbreviations: high sensitivity C reactive protein (HS-
CRP) and interleukin-8 (IL-8). Data presented as mean ± SEM.

Discussion

 The study aim was to investigate the anti-platelet and anti-
thrombotic effects of AC in patients with diabetes. Anthropometric 
measurements and blood pressure values were measured before 
and after the treatment period. The aggregation and activation of 
platelets were assessed by platelet aggregometry and flow cytometry. 
Coagulation analysis and proinflammatory and adhesion markers 
were conducted. This study also investigated haematological indices 
and biochemical blood tests.  

 Platelet aggregability increases in T2DM due to multifactorial 
process.  Intrinsic platelet factors and high platelet sensitivity to 
different agonists enhance platelet aggregation [30]. In the present 
study, three exogenous agonists, including ADP, collagen and AA, 
were used to stimulate platelet aggregation.  These agonists represent 
three different mechanistic pathways of platelet activation. The 
P2Y G protein-coupled receptors located on the platelet surface are 
responsible for ADP induced platelet activation and aggregation that 
will result in platelet shape change, granule release and thromboxane 
A2 production.  ADP mechanistically has initiated platelet activation 
by binding to the P2Y1 and P2Y12 receptors to induce internal 
calcium mobilisation and degranulation. Previously, anti-thrombotic 
drugs such as clopidogrel have been used to blunt the expression 
of P2Y1 and P2Y12 receptors and inhibit platelet activation and 
aggregation. The results from this study have demonstrated that AC 
supplementation for 28 days can significantly inhibit the ADP-induced 
platelet aggregation in patients with T2DM. Hence, suggesting that 
AC extract from bilberries and blackcurrant may exert its anti-platelet 
effect by blunting the P2Y1 and P2Y12 receptor-mediated platelet 
activation and aggregation similar to anti-platelet drug clopidogrel. 

 The observed inhibitory effect of AC supplementation agrees 
with the finding of several other studies that showed an AC rich diet 
could inhibit ADP induced platelet aggregation. In a recent study by 
Thomson K et.al., 28 day AC supplementation inhibited ADP induced 
platelet aggregation by 29% in the sedentary population [27]. Also, 
the results from this study have shown that AC supplementation for 
four weeks can significantly inhibit the collagen-induced platelet 
aggregation. Anthocyanins are part of other antioxidants family of 
flavonoids which has an antagonising effect on collagen-stimulated 
platelet aggregation by mitigating the oxidative burst which is initiated 

after binding platelets with collagen [31]. There are two primary 
receptors for collagen on platelets, namely glycoprotein six (GPVI) 
and the integrin α2β1, which both have a crucial role in the process of 
haemostasis [32]. Collagen receptors on binding, initiate intracellular 
signalling pathway and consequently trigger platelet activation and 
aggregation [32]. The data of this study is parallel with Aviram and 
colleagues. They detected an 11% reduction of platelet aggregation 
due to the inhibitory effects of phenolic compounds, including AC, in 
a dietary intervention study investigating collagen-stimulated platelet 
aggregation (32). 

 This study showed no change in AA-stimulated platelet 
aggregation. This effect is probably due to improved production 
of thromboxane-A2 as platelets produce more TXA2 in response 
to different stimuli in T2DM [30, 33]. However, several other in 
vivo studies have demonstrated that other sources of AC such as 
strawberries and Queen Garnet plum can inhibit AA-induced platelet 
aggregation [29, 34].

 P-selectin is an adhesion molecule present on the membrane of 
α-granules expressed to the surface only upon platelet activation by 
the process of exocytosis [35].  It is believed that the desensitisation 
of platelet activation-dependent superficial receptors by AC interferes 
with signal transduction, thus reducing P-selectin release of α-granule 
contents following platelet activation [36]. Flavonoids, including AC, 
may reduce platelet production of superoxide anion, and increase 
platelet nitric oxide production [37], which inhibit platelet adhesion 
and activation. The inhibitory effect of AC on the expression of 
P-selectin on activated platelets can reduce platelet hyperactivity in 
response to various stressors such as oxidative stress and shear stress 
that lead to thrombotic events and CVD [28, 38].

 However, there was no impact of AC on reducing expression of 
P-selectin in patients with T2DM in the current study. Diminished 
effect of AC on lowering platelet activity as shown by the expression 
of CD62P in this study may be due to increased expression of CD62P 
and upregulation P-selectin receptors on platelets in patients with 
T2DM [30, 39, 40]. Also, the limited action of AC in T2DM might be 
due to increased oxidative stress, particularly in uncontrolled patients 
[30]. Oxidative stress eliminates endothelial nitric oxide synthase 
activity and lowers the formation of nitric oxide, and augments 
intracellular signalling of platelet receptors [30]. This action might 
increase the burden on the current dose and time of AC (320 mg/day) 
consumption to alleviate the expression of platelet activation marker 
of CD62p in the current trial.

 Other studies have also investigated the effect of AC in reducing 
P-selectin expression on platelets; however, the source of AC and its 
concentration, the sample population, or the agonist used for platelet 
activation were different. Song et al. discovered an inhibitory effect 
of AC on the level of P-selection in hypercholesteremic patients [41]. 
Yao et al. found a significant inhibitory effect of cyanidin-3-glucoside 
on the expression of CD62P [42]. Yang et al. detected a considerable 
reduction of P-selection in dyslipidaemic rats supplemented with AC 
extract from black rice [43]. Andreas et al. found an inhibitory effect 
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of AC on the expression of P-selectin of resting and activated platelets 
[36].  This effect is not consistent with findings of others regarding 
the impact of AC on the expression of CD62P on the surface of 
Platelets [27, 28, 37]. However, the sample population in the current 
trial is different from populations of those studies. The duration of the 
intervention was short in this study. More extended intervention in 
future studies may provide more positive results.

 There is no effect of AC on levels of adhesion molecules in this 
study. However, other studies have shown that AC reduces vascular 
cell adhesion molecules [44, 45]. Cellular adhesion biomarkers have 
a crucial impact on the pathophysiology of ischemic events and 
might be used as predictors of high thrombotic risk [46]. It has been 
shown that increased oxidative stress upregulates adhesion molecules 
expression [46].

 The current study demonstrates no impact of AC on serum 
levels of pro-inflammatory markers, including HS-CRP and IL-8. 
Few other studies have also measured the effect of AC in lowering 
pro-inflammatory biomarkers, but the sample population, type of 
inflammatory markers, and the source of AC were different. It has 
been shown by other studies which implemented diverse sample 
populations and doses and duration of AC treatment, that AC has 
demonstrated more powerful impact on lowering inflammatory 
markers [47-52].

 Supplementation of AC showed a significant reduction of 
total cholesterol but no other analytes of the lipid profile nor other 
biochemical markers in the current trial. It has been hypothesized that 
AC may improve lipid profile by lowering of HMG-CoA reductase 
gene activation. It is thus reducing the synthesis of cholesterol in 
different ways. First, inhibit cholesteryl ester transfer protein (CEPT) 
which reduces circulating concentrations of LDL [53]. Second, it 
lowers apolipoprotein B and apolipoprotein C-III–lipoprotein levels 
in the blood [24, 53]. 

 Additionally, anthocyanin facilitates the excretion of cholesterol 
through faeces [54]. LDL and triglycerides and fasting blood glucose 
in patients with T2DM. The inhibitory effect of antioxidants on 
biochemical parameters has been shown by other researchers [55-57]. 
The link between dyslipidaemia and inflammation may be attributed 
by the fact that elevated serum cholesterol is associated with a higher 
level of pro-inflammatory cytokines. Hence, the protective effect of 
anthocyanin could also be dual [58, 59]. It has been shown that AC 
improves glucose tolerance and reduce hyperglycaemia by improving 
beta-cell function and increase insulin secretion [60].

 According to the current study data, there is no impact of AC on 
different parameters of haematological indices. Few other studies 
have investigated the effect of AC on variable haematological indices, 
but they used various sources and concentrations of AC on different 
sample populations, too [61-63]. Piekarska et al. conducted an an-
imal study to show the impact of AC on increasing different blood 
cell counts, including RBC, HGB, MCH, MCHC, RDW, and WBC 
[61]. The most significant strength of this clinical trial is that, to our 
knowledge, the current clinical trial is one of the few studies that 

have demonstrated the benefits of AC supplementation in individuals 
with T2DM. However, compliance with consuming AC capsules and 
changes to the participant’s diet are self-reported by the participants, 
which are one of the limitations for the current study. 

Conclusion

 Anthocyanin (AC)-rich food has been defined to reduce throm-
botic susceptibility by attenuating aggregation pathways of platelets 
potentially. Although many epidemiological studies have shown the 
effect of anthocyanin-rich food in reducing platelet hyperactivity, 
those dietary intervention studies have not demonstrated the direct 
biological action of AC components on the platelet function and ac-
tivity. Additionally, the bioavailability of AC changes prominently be-
cause of other food constituents. Those elements involve micronutri-
ent, macronutrients, and other antioxidants and exist in the ingested 
foods, altering the absorptive and antioxidant capacities of AC. How-
ever, in this study, the effect of AC metabolites has not been identified, 
and this might be one of the limitations of detecting the direct impact 
of AC. This study shows that AC applied an inhibitory effect on plate-
let aggregation, which ADP and collagen have stimulated in patients 
with T2DM. There was a significant reduction in the blood level of 
cholesterol under the impact of AC. In summary, AC can potential-
ly  alleviate thrombotic risks and probably lessen the risk of cardio-
vascular events in patients with T2DM. Moreover, further studies are 
warranted looking at each mechanistic pathway involved in platelet 
activity.
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