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RESEARCH

Evaluation of the equivalence of different 
intakes of Fruitflow in affecting platelet 
aggregation and thrombin generation capacity 
in a randomized, double-blinded pilot study 
in male subjects
Ranjit K. Das1, Tanushree Datta1, Dipankar Biswas1, Ruedi Duss2, Niamh O’Kennedy3 and Asim K. Duttaroy1* 

Abstract 

Background: The water-soluble tomato extract, Fruitflow® is a dietary antiplatelet which can be used to lower 
platelet aggregability in primary preventative settings. We carried out a pilot study to investigate the range of intakes 
linked to efficacy and to make an initial assessment of variability in response to Fruitflow®.

Methods: Platelet response to adenosine diphosphate (ADP) agonist and thrombin generation capacity were moni-
tored at baseline and 24 h after consuming 0, 30, 75, 150 or 300 mg of Fruitflow® in a randomized, double-blinded 
crossover study in male subjects 30–65 years of age (N = 12). Results were evaluated for equivalence to the standard 
150 mg dose.

Results: Results showed that the changes from baseline aggregation and thrombin generation observed after the 
75 mg, 150 mg, and 300 mg supplements were equivalent. Aggregation was reduced from baseline by − 12.9 ± 17.7%, 
− 12.0 ± 13.9% and − 17.7 ± 15.7% respectively, while thrombin generation capacity fell by − 8.6 ± 4.1%, − 9.2 ± 3.1% 
and − 11.3 ± 2.3% respectively. Effects observed for 0 mg and 30 mg supplements were non-equivalent to 150 mg 
and not different from baseline (aggregation changed by 3.0 ± 5.0% and − 0.7 ± 10.2% respectively, while thrombin 
generation changed by 0.8 ± 3.0% and 0.8 ± 3.1% respectively).

Conclusions: The data suggest that the efficacious range for Fruitflow® lies between 75 mg and 300 mg, depending 
on the individual. It may be pertinent to personalize the daily intake of Fruitflow® depending on individual platelet 
response.

Trial registration: ISRCT N5344 7583, 24/02/2021.

Keywords: Fruitflow, Water-soluble tomato extract, Platelet aggregation, Thrombin generation capacity, Equivalence, 
Integrative medicine
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Introduction
Platelets play a key role in blood homeostasis; their 
responsiveness to a diverse range of external stimuli 
allows them to respond to vascular stress and helps 
to preserve the integrity of the vascular system. How-
ever, this sensitivity can also result in a hyperaggregable 
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state, in which circulating platelets become chronically 
sensitised by stress signals from the blood and vascular 
endothelium, and in these circumstances platelets can 
also contribute to pathologic processes [1, 2]. Platelet 
influence on the development and progression of cardio-
vascular disease (CVD) is well established, especially in 
atherosclerosis and acute thrombotic events. Individu-
als with insulin resistance, obesity and diabetes all show 
characteristics of the hyperaggregable state, which ulti-
mately leads to increased atherosclerotic plaque devel-
opment, higher blood pressure and high risk of plaque 
rupture [3, 4]. In individuals at risk of an acute throm-
botic event, the benefit of antiplatelet agents such as 
aspirin, clopidogrel, and glycoprotein IIb/IIIa inhibitors 
abciximab / eptifibatide is clear.

However, antiplatelet drugs are not suitable for use 
where risk of a cardiovascular event is relatively low. It 
is therefore important to find alternative safe antiplatelet 
inhibitors for the vulnerable population with hyperactive 
platelets, in order to slow the progression of cardiovas-
cular disease. The number and quality of clinical trials of 
potentially interesting botanicals and herbal medicines 
have both increased greatly in recent years, as the fields 
of complimentary and integrative medicine become bet-
ter regulated and more established [5]. Many novel thera-
peutics for treatment of different aspects of the metabolic 
syndrome, or early stage diabetes – for example regula-
tion of glucose metabolism, or alteration of lipid metabo-
lism – are now suggested [6, 7]. Dietary antiplatelets have 
also become of greater interest as the range of applica-
tions for such interventions becomes more evident in 
primary prevention. Nutritional / botanical approaches 
to lowering platelet hyperactivity are attractive, as quite 
a range of plant-derived antiplatelets exist, although the 
amount of data available for most remains relatively low 
as yet [8–10].

We have previously researched the response of plate-
lets to the natural antiplatelet Fruitflow® [11, 12] a water-
soluble tomato extract containing a range of antiplatelet 
compounds and marketed globally as a naturally-derived 
supplement, with a health claim approved by the Euro-
pean Commission when taken daily at a dosage of 150 mg 
[13, 14]. From previous studies, a dose of 150 mg Fruit-
flow® generally causes approximately 15–23% sup-
pression of platelet response to 3 μmol/L ADP agonist. 
This is a platelet suppression that is not associated with 
increased bleeding tendencies and thus safe for use by 
the general population [11].

We know from previous work that as much as a three-
fold increase in Fruitflow® dosage does not result in a sig-
nificantly higher effect on platelet aggregation [12], but 
no data exists on doses lower than 150 mg Fruitflow® per 
day. Thus, the lower limit of the efficacious dose range 

is not yet known. In studies in healthy individuals, we 
have also observed marked variability in the Fruitflow® 
response range [11–13]. The degree of variability makes 
it likely that some individuals will be more responsive to 
Fruitflow than others, and thus may achieve the desired 
platelet inhibition at lower doses.

Here we describe a pilot study (Clinical trial Registra-
tion Number ISRCTN53447583, Date of Registration 
24/02/2021) that set out to test different doses of Fruit-
flow® in a small number of subjects to establish whether 
doses other than the current standard dose of 150 mg 
would affect platelet function in a similar manner and to 
examine the heterogeneity of the response.

Materials & methods
Preparation of intervention supplements
Fruitflow® SD is commercially produced by DSM Nutri-
tional Products, Basel, Switzerland, in powder format. 
The composition of Fruitflow® has been described pre-
viously [11]. Briefly, a standard 150 mg dose (as per the 
approved EC health claim) delivers up to 9 mg nucleoside 
derivatives, up to 10 mg simple phenolic conjugates (e.g., 
chlorogenic acid, other caffeic/phenolic acid derivatives), 
and up to 7 mg flavonoid derivatives, of which at least 
2.4 mg are quercetin derivatives. The commercially pro-
duced Fruitflow® SD is standardized to ensure minimum 
quantities of these three compound groups are con-
tained in each manufactured ingredient batch, ensuring 
that the bioactive components’ intake is consistent from 
batch to batch. In this study, the powder was adminis-
tered as a single dose at concentrations of 30 mg, 75 mg, 
150 mg, and 300 mg Fruitflow® SD (FF30, FF75, FF150, 
FF300). Tapioca starch was used as a placebo control 
(Con) (Essential Nutrition Ltd., Brough, UK). All supple-
ments were encapsulated using size 00 Vegecaps (LGA, 
La Seyne-sur-Mer, France), and the final weight of each 
capsule was 600 mg (weight of Fruitflow® SD plus weight 
of tapioca starch filler).

Randomization and coding of supplements
Capsules were coded following a randomization proto-
col: Genstat (VSN International, 17th /18th edition) was 
used to generate 20 sets of randomly allocated treatments 
numbered 1–5. Each treatment set was allocated to a 
subject number, in numerical order, and the appropri-
ate treatments were boxed and labelled with the subject 
number and visit number, e.g., S1–1, S1–2, S1–3, etc. All 
supplements were coded off-site at the Human Nutri-
tion Unit of the University of Aberdeen and provided to 
the investigators prior to the start of recruitment. Sub-
ject numbers were then assigned to subjects in order of 
recruitment into the study. Supplements were identical 
concerning appearance and only differed in the coding of 
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the capsules. The treatment code of the intervention sup-
plements was blinded for subjects, investigators, and staff 
involved in the study’s conduct.

Recruitment and screening of subjects
Fifteen males aged 30–65 years were assessed for eligibil-
ity, of which 12 were recruited into the study. Recruit-
ment was carried out from the local population, by poster 
advertisement within the Faculty of Medicine. Study 
numbers were estimated on the basis of the expected 
response to the 150 mg dosage: 15–20% ± 9–15% reduc-
tion from baseline ADP-mediated aggregation after 
150 mg Fruitflow® SD. For such a response, we calcu-
lated a minimum of 10 subjects required to allow the 
effect to be detected (vs. placebo) with 80% power and 
a 95% confidence interval for the mean. Extra subjects 
were recruited to allow for failure to complete all inter-
ventions. Suitability for inclusion into the study was 
assessed using diet and lifestyle questionnaires and medi-
cal screening, during which blood pressure and platelet 
function were evaluated. Individuals with low haematol-
ogy counts (platelet number < 170 ×  109/ L; haematocrit 
< 40%; haemoglobin < 120 g/L), or low platelet function 
(as determined by response to 3 μmol/L ADP agonist) 
were not included into the study. Any subject habitually 
consuming dietary supplements (for example, fish oils, 
evening primrose oil) suspended these supplements for 
a minimum of 1 month before participating in the study.

Ethical considerations
Written informed consent was obtained from all sub-
jects prior to participation, and all study procedures 
were in accordance with the Helsinki Declaration of 1975 
(revised in 1983). The local ethical committee approved 
the study at Oslo University Hospital, Norway (Refer-
ence No.: 2015/ 396) and it was subsequently registered 
as ISRCTN53447583.

Study design
This was an active control equivalence study (a positive 
control study), following a double-blinded, randomized 
crossover design, in which the treatment interventions 
Con, FF30, FF75, and FF300 were compared to FF150 
(standard dose). Subjects undertook all five interven-
tions, with each intervention separated by a period of at 
least 7days. All study activities were undertaken at the 
Nutrition Dept. of the Faculty of Medicine, University 
of Oslo, Norway. Each intervention period was of 24-h 
duration. Subjects presented at the Nutrition Depart-
ment facility, and baseline measurements, including 
fasted baseline blood samples (approximately 40 mL), 
were taken (t0). The intervention supplements, randomly 
assigned and blinded, were consumed in the presence 

of study investigators after the baseline venepuncture. 
Breakfast was then supplied, and subjects were free to 
leave the facility. After 24 h, subjects returned to the facil-
ity, and a 12-h fasted blood sample was taken for analysis 
(t24). Subjects were again given breakfast and were free 
to leave the facility, returning after a minimum of 7 days 
to repeat the procedure for the next interventions, as 
required, until all five interventions had been completed.

Study measurements
Platelet aggregation assay
For measurement of platelet aggregation at baseline (t0) 
and post-intervention (t24), blood was mixed with 3·8% 
trisodium citrate (9:1 (v/v), blood/citrate). Blood collec-
tion using the Monovettes system (Sarstedt, UK), plate-
let-rich plasma (PRP) preparation, and light-transmission 
aggregometry using an AggRam aggregometer (Helena 
Biosciences, Sunderland, UK) were carried out as 
described by us previously [11, 12, 15]. Platelet aggrega-
tion in 200 μL adjusted PRP was initiated by the addition 
of 20 μL of ADP (Helena Laboratories, Beaumont, TX) at 
concentrations ranging from 1 to 8 μmol/L ADP. Based 
on the pre-intervention baseline measurements, an ADP 
concentration was pre-selected for each individual, such 
that an optimal response could be recorded for each. All 
measurements were carried out in duplicate, within 2 h of 
blood sampling. Effects on platelet aggregation observed 
post-intervention were expressed as the percentage 
change in the area under the aggregation curve (%AUC) 
post-intervention compared with baseline values.

Thrombin generation capacity (TGC) assay
Thrombin generation capacity (TGC) was measured 
at baseline (t0) and post-intervention (t24) in citrated 
platelet-poor plasma (PPP), which was further treated 
to ensure only microparticles remained in the plasma 
(no platelets or large platelet fragments). In this way, the 
TGC related to plasma microparticle load was meas-
ured. Aliquots of 25 μL were stored frozen at − 80 °C for 
up to 1 month before analysis. Analyses were carried 
out using the Technothrombin® Thrombin Generation 
Assay (Diapharma Group Inc., West Chester, Ohio, US), 
using the protocol specified by the manufacturer but with 
some modification to sample preparation: platelet-poor 
plasma was generated by double centrifugation directly 
from citrated whole blood, not sequentially after gen-
eration of platelet-rich plasma. The final concentrations 
of tissue factor (TF) used were 1 pmol/L. Microparticle-
free plasma and microparticle-high plasma (Diapharma 
Group Inc., West Chester, Ohio, US) were used as nega-
tive and positive controls.
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Supplementary measurements
After each blood withdrawal, a haematology analyzer 
(Hemocytometer, Horiba ABX micros60, Montpellier, 
France) was used to monitor haematological param-
eters. Baseline plasma C-reactive protein (CRP) concen-
tration was measured in EDTA-anticoagulated blood 
using a semi-quantitative latex agglutination assay (Dade 
Behring, Milton Keynes, UK), which allowed classifica-
tion of sample CRP status as either ‘normal’ or ‘elevated’ 
(> 6 ng/ml CRP). Data from samples with elevated CRP 
was discarded.

Statistical analysis
Data are presented as mean ± standard deviation (SD). 
Data from interventions where evidence of platelet pre-
activation due to venepuncture existed or where elevated 
CRP was recorded were removed from the set. Prelimi-
nary assessment of the data distribution was carried out 
by inspecting histograms, and data points classified as 
outliers were removed. Changes from baseline (t0) within 
the study population were analysed using a mixed model 
following the residual maximum likelihood (REML) 
approach. Initially, random effect terms were subject / 
(visit x timepoint), while fixed effect terms were (order + 
treatment) x timepoint. Significance was tested with the 
Wald statistic. As no significant order x treatment inter-
actions were observed, the model was simplified (with-
out the order term, treatment and visit are equivalents). 
Random effects then became subject / (treatment x time-
point), and fixed effects were treatment x timepoint. 
Treatments Con, FF30, FF75 and FF300 were compared 
to FF150, to determine equivalence or non-equivalence. 
Due to the small sample size, no post-hoc comparisons 
were made. Statistical analyses were carried out using 
Genstat (VSN International, 17th / 18th edition), and dif-
ferences were considered significant at P < 0.05.

Results
Subject characteristics
In all, 12 subjects were recruited into the study, of which 
ten completed the intervention pattern (see Fig.  1 for a 
participant flow diagram). The characteristics of the sub-
ject group (n = 10) at the pre-intervention baseline are 
shown in Table 1. Subjects were of Asian ethnicity, with 
one smoker. Eight out of ten subjects were overweight 
or obese, and only one had a waist/hip ratio < 0.9. Nine 
out of ten subjects were characterised by hypertension 
– one with elevated BP (systolic BP 120–130, diastolic 
BP < 80 mmHg), five with stage 1 hypertension (systolic 
BP 130–140 and/or systolic BP > 80 mmHg) and two with 
stage 2 hypertension (BP > 140/90 mmHg). Haemostatic 
variables were within the normal range and did not dif-
fer significantly from the pre-intervention baseline at any 

of the t0 timepoints. However, the average mean platelet 
volume (MPV) was relatively elevated, indicating some 
degree of platelet activation. A wide range of response 
to ADP agonist was observed, with concentrations rang-
ing from 1 μmol/L to 8 μmol/L generating an optimal 
response in different individuals. The range observed 
for TGC was smaller, giving a more homogenous data 
set. The baseline levels of TGC measured were also rela-
tively elevated, compared to a healthy population. These 
characteristics generally lead to the conclusion that some 
degree of platelet hyperaggregability could be expected in 
this set of subjects.

Intervention with different doses of Fruitflow® affected 
platelet function and TGC at t24
Table 2 shows the platelet aggregation response to opti-
mal concentrations of ADP agonist in PRP at baseline (t0) 
and after the intervention (t24), and also sets out the per-
centage change from t0 after the intervention. Baseline 
measurements were not significantly different between 
visits. Treatment effects were observed at t24, with FF75, 
FF150, and FF300, all significantly reducing the platelet 
response to ADP, relative to t0, whereas no such effect 
was observed for Con or FF30. Data for TGC are also 
shown in Table 2; again, there was no difference between 
t0 measurements between treatments. TGC was affected 
similarly to platelet aggregation at t24; TGC was reduced 
by 15–20% relative to baseline for FF75, FF150, and 
FF300, but was not significantly reduced for Con or FF30.

Treatment with either FF75, FF150, or FF300 gave 
equivalent results
Treatment with FF75 or FF300 was equivalent to treat-
ment with FF150, with all interventions reducing plate-
let response to ADP agonist by 12–18%. Treatments Con 
and FF30 were non-equivalent to FF150. A similar pat-
tern was observed for TGC, with treatments FF75 and 
FF300 again showing equivalence to FF150, while treat-
ments Con and FF30 did not.

Underlying heterogeneity in platelet response to ADP 
agonist leads to variable responses to Fruitflow® at all 
doses
The response to Fruitflow® at the different doses exam-
ined was variable, as reflected in the changes from base-
line aggregation measured at optimal concentrations of 
ADP (Table 2, Fig. 2).

TGC followed the same patterns of response 
to Fruitflow®as platelet aggregation but resulted in a more 
homogenous data set
Inspection of the TGC data shows a tighter range at 
the pre-intervention baseline (Table  1), and a smaller 
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Fig. 1 Study participant flow diagram. Flow diagram showing the disposition of subjects throughout the screening, randomization and 
intervention stages of the study

Table 1 Baseline characteristics of the subject group

Data are shown as mean ± standard deviation, with the range given in brackets. N = 12. Low adenosine diphosphate (ADP) agonist concentrations are defined as 
1–3 μmol/L. High ADP agonist concentrations are defined as 5–8 μmol/L. Platelet response is measured as % area under the aggregation curve, %AUC 

Parameter Pre-intervention baseline values

Country of origin Indian Subcontinent

Age (years) 49 ± 9 (40–65)

BMI (kg/m2) 27.6 ± 3.4 (22.2–34.0)

Smoking status 1 smoker, 9 non-smokers

Resting blood pressure (mm Hg) 134 ± 10 / 85 ± 9 (120/70–150/100)

Waist / hip ratio 1.00 ± 0.00 (0.89–1.04)

Mean platelet volume (fL) 9.0 ± 0.8 (7.6–11.3)

Baseline platelet response to low ADP agonist (%AUC) 77.6 ± 15.1 (48.2–96.0)

Baseline platelet response to high ADP agonist (%AUC) 77.1 ± 10.0 (53.3–96.0)

Thrombin generation capacity (nmol/L) 331 ± 54 (254–420)
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SD in the post-intervention responses to treatment 
(Table  2, Fig.  2), compared to the platelet aggregation 
data at either concentration of ADP. Reductions in TGC 
for FF75, 150, and FF300 show a trend towards a dose-
response, whereas the corresponding aggregation data 
are too variable for such a trend to be observed (Fig. 2). 
The two treatments, which are non-equivalent to FF150 
(Con and FF30), are also more similar to each other when 
considering TGC compared to when considering aggre-
gation response, suggesting that there may be a specific 

reason behind the rise in platelet aggregation observed 
after intervention with FF30.

Discussion
Our aims in this pilot study were to examine whether 
consuming amounts of Fruitflow® less than 150 mg could 
result in desirable levels of platelet suppression ex  vivo, 
and to assess the platelet response variability to all doses 
tested. By doing so, we hoped to establish the lower lim-
its of the efficacious intake level, and also to assess the 

Table 2 Platelet aggregation response to ADP and thrombin generation capacity at t0 and t24, for each intervention undertaken by 
the subject group

Data are shown as mean ± standard deviation. Adenosine diphosphate (ADP) agonist concentrations ranged from 1 to 8 μmol/L, and data for t0 and t24 are given as 
% area under the aggregation curve (%AUC). No significant differences between t0 values were detected between interventions. Where t24 is different from t0, this is 
indicated with *, while non-equivalence to FF150 is indicated by § (P < 0.05)

Con FF30 FF75 FF150 FF300

Platelet aggregation in response to opti-
mal ADP (%AUC)

N = 8 N = 8 N = 10 N = 9 N = 9

t0 72.7 ± 17.6 71.0 ± 12.2 73.6 ± 12.8 74.5 ± 14.9 82.7 ± 13.1

t24 76.0 ± 15.7 75.7 ± 13.7 64.5 ± 16.3* 71.2 ± 17.6* 70.3 ± 20.4*

Δ% from t0 3.0 ± 5.0 § − 0.7 ± 10.2 § − 12.9 ± 17.7 − 12.0 ± 13.9 − 17.7 ± 15.7

Thrombin generation capacity (nmol/L) N = 10 N = 10 N = 10 N = 10 N = 10

t0 324 ± 53 327 ± 59 330 ± 57 333 ± 56 328 ± 59

t24 327 ± 53 330 ± 62 303 ±  58* 303 ±  53* 291 ±  54*

Δ% from t0 0 8 ± 3.0§ 0.8 ± 3.1§ −8.6 ± 4.1 − 9.2 ± 3.1 − 11.3 ± 2.3

Fig. 2 Platelet Aggregation Response. Boxplots constructed to show the range of the % change from baseline recorded for each treatment, for 
platelet aggregation (maximum % area under the aggregation curve, Max % AUC) at optimal adenosine diphosphate (ADP) concentrations (A), 
and for thrombin generation capacity (TGC) (B). ADP agonist concentrations ranged from 1 to 8 μmol/L. In A, treatments Con, FF30, FF75, FF150 
and FF300 had N = 8, 8, 10, 9 and 9 respectively. In B, N = 10 for all treatments. Median values are shown within the plots as the conventional line. 
Mean values (as given in Table 2) are shown for convenience, denoted by the marker x within each plot. Non-equivalence to FF150 is indicated by * 
(P < 0.5)
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potential value of personalizing the daily intake, based 
on individual response. The latter aim reflects a recent 
focus of study on the heterogeneity of platelet response 
to intervention – demographic and lifestyle-driven dif-
ferences in platelet behaviour [16–19]. Platelet behaviour 
varies in response to a wide range of factors – ethnicity, 
age, nutrition status, exposure to air pollution, exercise 
levels, etc. [20–29]. No two individuals’ platelets are pre-
cisely the same, something that can be clearly observed 
in the heterogeneity of their responses to agonist and 
to antiplatelet agents [30–34], Studies using antiplate-
let drugs have shown that marked differences in platelet 
responses may be linked to such factors, with genomic 
and nutrigenomic reasons postulated [35, 36]. The 
approach to antiplatelet medication in secondary preven-
tion has begun to evolve, as it becomes clearer that differ-
ent demographics may respond very differently to fixed 
doses of antiplatelets [37–39]. This is equally true for 
dietary antiplatelets, raising the prospect that personali-
zation of the daily intake could be beneficial for optimal 
effects.

The study was small, and biased, in that all participants 
were male and from the Indian Subcontinent, and its size 
necessarily constrained the comparisons between Fruit-
flow® doses. It was intended to give an indication of the 
range of intakes displaying efficacy, rather than definitive 
data. The subjects displayed characteristics consistent 
with some degree of platelet hyperaggregability, which, 
although quite typical in the wider population, is a fur-
ther slight bias.

The platelet aggregation response to ADP agonist was 
the main outcome measure, and TGC of platelet-depleted 
plasma was also included as a comparative measure. 
TGC is a standardized global haemostasis assay that is 
becoming well established: it incorporates both negative 
and positive controls [40, 41]. It can be used to examine 
both thrombin generation kinetics and peak thrombin 
generation. Generation of thrombin is strongly linked to 
the concentration of circulating platelet microparticles 
and thus to platelet hyperaggregability. It is a more flex-
ible method of analysis than platelet aggregometry and 
more suited to a quick assessment of individual haemo-
static status. The ISTH published proposals to standard-
ize sampling and analytical procedures for TGC in 2017 
[42], and Dargaud et  al. subsequently suggested the use 
of TGC as a predictive tool to personalize the use of clot-
ting factor replacement in haemophiliacs [43]. TGC was 
included in this study as an outcome measure to exam-
ine whether TGC might be an effective measure of the 
effects of Fruitflow®.

Our study found that, when compared to the current 
standard 150 mg daily intake of Fruitflow®, intakes of 
75 mg and 300 mg gave equivalent results in terms of both 

platelet aggregation reduction and TGC reduction, with 
average ranges of response from 12 to 18% for reduc-
tion of ADP-mediated aggregation, and from 15 to 20% 
for TGC. The control and the 30 mg supplements were 
not equivalent to the 150 mg dose, with neither causing 
a significant change from baseline aggregation. Thus, 
doses of Fruitflow® from 75 mg – 300 mg affected plate-
let function equivalently in this group of subjects. The 
observation that 150 mg and 300 mg intakes are equiva-
lent corresponds to findings from our earlier work which 
also showed that increasing intakes of Fruitflow did not 
significantly increase the platelet suppression observed, 
compared to the ‘standard’ intake [12].

The baseline platelet response to ADP agonist was 
highly variable. Some subjects’ platelets showed 8 times 
more sensitivity of response to ADP than others, as 
judged from the agonist concentrations needed to give 
an optimal aggregation curve (range 1 μmol/L – 8 μmol/L 
ADP). While this may reflect an inherent heterogeneity 
in platelet function, it is also possible that lifestyle dif-
ferences, age differences etc. may have contributed to 
the variability observed – we did not control or moni-
tor physical activity, sleep patterns or diet, for example. 
Given the variability in baseline platelet function, it is no 
surprise that the range of responses to Fruitflow® was 
similarly heterogeneous, although less so than in other 
studies. This may have been due to the subject character-
istics – the subjects were quite similar in terms of eth-
nic background and some physical characteristics (e.g., 
BMI, presence of mild hypertension). Due to the small 
study size, we could not investigate whether platelets that 
respond more sensitively to ADP respond more, or less, 
sensitively to Fruitflow® at this time.

Results obtained using TGC were less variable than 
those based on aggregometry. They showed a trend 
towards a dose-response, although the study design did 
not allow proper analysis of this. Using TGC as a surro-
gate biomarker for platelet hyperactivity or the platelet 
response to intervention is an interesting option, espe-
cially when the intervention period is less acute – sim-
ilar to MPV, the full effect of any intervention on TGC 
is more likely to be observed over a longer timeframe. 
While TGC in platelet-depleted plasma cannot replace 
aggregometry in determining the purely platelet-specific 
response to an intervention, it does provide a linked esti-
mate of microparticle-driven thrombin generation. Data 
already exists to give normal, low, and elevated TGC 
ranges in some patient populations, and the method is 
automatable and has increased flexibility compared to 
aggregometry.

Despite the limitations of this study, the data gener-
ated suggests that that a larger study which addresses the 
bias contained in this pilot study should be undertaken 
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to confirm that the efficacious dose range for Fruitflow® 
is between 75 mg and 300 mg; that personalizing the 
dosage of Fruitflow® could be an option to deliver opti-
mal effects, given the observable heterogeneity of the 
response between individuals; and besides, that further 
investigation of TGC as a surrogate marker for monitor-
ing the effects of the intervention on platelet function is 
warranted.

Acknowledgements
The authors thank the Clinical Nutrition Division, Department of Nutrition, 
Institute of basic medical Sciences, Faculty of Medicine, University of Oslo, for 
providing the blood drawing facility and the phlebotomists for their invalu-
able help in conducting this study.

Authors’ contributions
The study was conceived and designed by AKDR, NOK and RD. Data collection 
and analysis was carried out by RKD, TD and DB. The manuscript was drafted 
by NOK, reviewed by AKDR and RD, and submitted by AKDR. The author(s) 
read and approved the final manuscript.

Funding
Funding for this study was provided by DSM Nutritional Products Ltd., 
Kaiseraugst, Switzerland; supplements and supplementary analysis were 
provided by Provexis plc, UK.

Availability of data and materials
Analysed data relevant to the study are included in the article. The datasets 
generated are not publicly available as set out in agreements with the com-
mercial partners but are available from the corresponding author on reason-
able request.

Declarations

Ethics approval and consent to participate
The local ethical committee Regionale Komiteer for Medisinsk og Helsefaglig 
Forskningsetikk (REK) sør-Øst approved the study at Oslo University Hospital, 
Norway (Reference No.: 2015/ 396), and it was subsequently registered as 
ISRCTN53447583. Written informed consent was obtained from all subjects 
prior to participation, and all study procedures were in accordance with the 
Helsinki Declaration of 1975 (revised in 1983).

Consent for publication
Consent for publication was included in the informed consent form signed by 
all subjects.

Competing interests
Ranjit K Das, Tanushree Dutta, and Dipankar Biswas declare no conflict of 
interest. Dr. Niamh O’Kennedy is the chief scientific officer of Provexis PLC. Dr. 
Ruedi Duss is employed by DSM Nutritional Products, Switzerland, and Profes-
sor Asim K. Duttaroy is a member of the Scientific Advisory Board of Provexis 
PLC.

Author details
1 Department of Nutrition, Institute of Basic Medical Sciences, Faculty 
of Medicine, University of Oslo, Oslo, Norway. 2 DSM Nutritional Products 
Ltd, 4002 Basel, Switzerland. 3 Provexis PLC, c/o The University of Aberdeen, 
Polwarth Building, Foresterhill, Aberdeen, UK. 

Received: 30 April 2021   Accepted: 12 November 2021

References
 1. Gremmel T, Frelinger AL 3rd, Michelson AD. Platelet physiology. Semin 

Thromb Hemost. 2016;42(3):191–204.

 2. Ghoshal K, Bhattacharyya M. Overview of platelet physiology: its 
hemostatic and nonhemostatic role in disease pathogenesis. Sci World J. 
2014;2014:781857.

 3. Lievens D, von Hundelshausen P. Platelets in atherosclerosis. Thromb 
Haemost. 2011;106(5):827–38.

 4. Pretorius E. Platelets as potent signaling entities in type 2 diabetes mel-
litus. Trends Endocrinol Metab. 2019;30(8):532–45.

 5. Leckridge B. The future of complementary and alternative medicine-
-models of integration. J Altern Complement Med 2004;10(2):413–416.

 6. Yari Z, Movahedian M, Imani H, Alavian SM, Hedayati M, Hekmatdoost 
A. The effect of hesperidin supplementation on metabolic profiles in 
patients with metabolic syndrome: a randomized, double-blind, placebo-
controlled clinical trial. Eur J Nutr. 2020;59(6):2569–77.

 7. Seyed Hashemi M, Namiranian N, Tavahen H, Dehghanpour A, Rad MH, 
Jam-Ashkezari S, et al. Efficacy of pomegranate seed powder on glucose 
and lipid metabolism in patients with type 2 diabetes: a prospective 
randomized double-blind placebo-controlled clinical trial. Complement 
Med Res. 2021;28(3):226–33.

 8. Nocun M, Ulicna O, Muchova J, Durackova Z, Watala C. French maritime 
pine bark extract Pycnogenol reduces thromboxane generation in blood 
from diabetic male rats. Biomed Pharmacother. 2008;62(3):168–72.

 9. Mousa SA. Antithrombotic effects of naturally derived products on 
coagulation and platelet function. Methods Mol Biol. 2010;663:229–40.

 10. Olas B. The multifunctionality of berries toward blood platelets and 
the role of berry phenolics in cardiovascular disorders. Platelets. 
2017;28(6):540–9.

 11. O’Kennedy N, Crosbie L, Song HJ, Zhang X, Horgan G, Duttaroy AK. A 
randomised controlled trial comparing a dietary antiplatelet, the water-
soluble tomato extract Fruitflow, with 75 mg aspirin in healthy subjects. 
Eur J Clin Nutr. 2017;71(6):723–30.

 12. O’Kennedy N, Crosbie L, Whelan S, Luther V, Horgan G, Broom JI, et al. 
Effects of tomato extract on platelet function: a double-blinded crossover 
study in healthy humans. Am J Clin Nutr. 2006;84(3):561–9.

 13. O’Kennedy N, Raederstorff D, Duttaroy AK. Fruitflow((R)): the first Euro-
pean food safety authority-approved natural cardio-protective functional 
ingredient. Eur J Nutr. 2017;56(2):461–82.

 14. Uddin M, Biswas D, Ghosh A, O’Kennedy N, Duttaroy AK. Consumption 
of Fruitflow (R) lowers blood pressure in pre-hypertensive males: a ran-
domised, placebo controlled, double blind, cross-over study. Int J Food 
Sci Nutr. 2018;69(4):494–502.

 15. O’Kennedy N, Crosbie L, van Lieshout M, Broom JI, Webb DJ, Duttaroy AK. 
Effects of antiplatelet components of tomato extract on platelet function 
in vitro and ex vivo: a time-course cannulation study in healthy humans. 
Am J Clin Nutr. 2006;84(3):570–9.

 16. Geisler T, Schaeffeler E, Gawaz M, Schwab M. Genetic variation of platelet 
function and pharmacology: an update of current knowledge. Thromb 
Haemost. 2013;110(5):876–87.

 17. Miller CH, Rice AS, Garrett K, Stein SF. Gender, race and diet affect platelet 
function tests in normal subjects, contributing to a high rate of abnormal 
results. Br J Haematol. 2014;165(6):842–53.

 18. Pujol-Moix N, Vazquez-Santiago M, Morera A, Ziyatdinov A, Remacha 
A, Nomdedeu JF, et al. Genetic determinants of platelet large-cell ratio, 
immature platelet fraction, and other platelet-related phenotypes. 
Thromb Res. 2015;136(2):361–6.

 19. Noor Hassim I, Norazman MR, Diana M, Khairul Hazdi Y, Rosnah I. Cardio-
vascular risk assessment between urban and rural population in Malaysia. 
Med J Malaysia. 2016;71(6):331–7.

 20. Iyer KS, Dayal S. Modulators of platelet function in aging. Platelets. 
2020;31(4):474–82.

 21. Ranucci M, Aloisio T, Di Dedda U, Menicanti L, de Vincentiis C, Barysh-
nikova E, et al. Gender-based differences in platelet function and platelet 
reactivity to P2Y12 inhibitors. PLoS One. 2019;14(11):e0225771.

 22. Eicher JD, Lettre G, Johnson AD. The genetics of platelet count and 
volume in humans. Platelets. 2018;29(2):125–30.

 23. Gasperi V, Catani MV, Savini I. Platelet responses in cardiovascular disease: 
sex-related differences in nutritional and pharmacological interventions. 
Cardiovasc Ther. 2020;2020:2342837.

 24. Astle WJ, Elding H, Jiang T, Allen D, Ruklisa D, Mann AL, et al. The allelic 
landscape of human blood cell trait variation and links to common 
complex disease. Cell. 2016;167(5):1415–29 e19.



Page 9 of 9Das et al. BMC Nutrition            (2021) 7:80  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 25. Edelstein LC, Simon LM, Lindsay CR, Kong X, Teruel-Montoya R, Tourdot 
BE, et al. Common variants in the human platelet PAR4 thrombin receptor 
alter platelet function and differ by race. Blood. 2014;124(23):3450–8.

 26. Robertson S, Miller MR. Ambient air pollution and thrombosis. Part Fibre 
Toxicol. 2018;15(1):1.

 27. Poursafa P, Kelishadi R. Air pollution, platelet activation and atherosclero-
sis. Inflamm Allergy Drug Targets. 2010;9(5):387–92.

 28. McEwen BJ. The influence of diet and nutrients on platelet function. 
Semin Thromb Hemost. 2014;40(2):214–26.

 29. Bachmair EM, Ostertag LM, Zhang X, de Roos B. Dietary manipulation of 
platelet function. Pharmacol Ther. 2014;144(2):97–113.

 30. Rocca B, Patrono C. Determinants of the interindividual variability in 
response to antiplatelet drugs. J Thromb Haemost. 2005;3(8):1597–602.

 31. Sobral Filho DC, Monteiro Junior JGM. High residual platelet activity in 
response to acetylsalicylic acid in acute coronary syndrome: a new chal-
lenge for antiplatelet treatment? Arq Bras Cardiol. 2019;113(3):364–6.

 32. Dunne E, Egan K, McFadden S, Foley D, Kenny D. Platelet aggregation in 
response to ADP is highly variable in normal donors and patients on anti-
platelet medication. Clin Chem Lab Med. 2016;54(7):1269–73.

 33. Vaduganathan M, Alviar CL, Arikan ME, Tellez A, Guthikonda S, DeLao 
T, et al. Platelet reactivity and response to aspirin in subjects with the 
metabolic syndrome. Am Heart J 2008;156(5):1002. e1- e7.

 34. Numasawa Y, Sawano M, Fukuoka R, Ejiri K, Kuno T, Shoji S, et al. 
Antithrombotic strategy for patients with acute coronary syndrome: a 
perspective from East Asia. J Clin Med. 2020;9(6).

 35. Macaulay IC, Carr P, Gusnanto A, Ouwehand WH, Fitzgerald D, Watkins NA. 
Platelet genomics and proteomics in human health and disease. J Clin 
Invest. 2005;115(12):3370–7.

 36. Nugent D, Kunicki T. Platelet genomics: the role of platelet size and num-
ber in health and disease. Platelets. 2017;28(1):27–33.

 37. Zheng YY, Wu TT, Yang Y, Hou XG, Gao Y, Chen Y, et al. Personalized 
antiplatelet therapy guided by a novel detection of platelet aggregation 
function in stable coronary artery disease patients undergoing percuta-
neous coronary intervention: a randomized controlled clinical trial. Eur 
Heart J Cardiovasc Pharmacother. 2020;6(4):211–21.

 38. Tahir UA, Yeh RW. Individualizing dual antiplatelet therapy duration after 
percutaneous coronary intervention: from randomized control trials to 
personalized medicine. Expert Rev Cardiovasc Ther. 2017;15(9):681–93.

 39. Tantry US, Budaj A, Gurbel PA. Antiplatelet therapy beyond 2012: role of 
personalized medicine. Pol Arch Med Wewn. 2012;122(6):298–305.

 40. Tripodi A. Thrombin generation assay and its application in the clinical 
laboratory. Clin Chem. 2016;62(5):699–707.

 41. Campo G, Pavasini R, Pollina A, Fileti L, Marchesini J, Tebaldi M, et al. 
Thrombin generation assay: a new tool to predict and optimize 
clinical outcome in cardiovascular patients? Blood Coagul Fibrinolysis. 
2012;23(8):680–7.

 42. Dargaud Y, Wolberg AS, Gray E, Negrier C, Hemker HC, Subcommit-
tee on Factor Viii FIX, et al. Proposal for standardized preanalytical and 
analytical conditions for measuring thrombin generation in hemo-
philia: communication from the SSC of the ISTH. J Thromb Haemost 
2017;15(8):1704–1707.

 43. Dargaud Y, Negrier C, Rusen L, Windyga J, Georgiev P, Bichler J, et al. 
Individual thrombin generation and spontaneous bleeding rate dur-
ing personalized prophylaxis with Nuwiq((R)) (human-cl rhFVIII) in 
previously treated patients with severe haemophilia a. Haemophilia. 
2018;24(4):619–27.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Evaluation of the equivalence of different intakes of Fruitflow in affecting platelet aggregation and thrombin generation capacity in a randomized, double-blinded pilot study in male subjects
	Authors

	Evaluation of the equivalence of different intakes of Fruitflow in affecting platelet aggregation and thrombin generation capacity in a randomized, double-blinded pilot study in male subjects
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Introduction
	Materials & methods
	Preparation of intervention supplements
	Randomization and coding of supplements
	Recruitment and screening of subjects
	Ethical considerations
	Study design
	Study measurements
	Platelet aggregation assay
	Thrombin generation capacity (TGC) assay
	Supplementary measurements

	Statistical analysis

	Results
	Subject characteristics
	Intervention with different doses of Fruitflow® affected platelet function and TGC at t24
	Treatment with either FF75, FF150, or FF300 gave equivalent results
	Underlying heterogeneity in platelet response to ADP agonist leads to variable responses to Fruitflow® at all doses
	TGC followed the same patterns of response to Fruitflow®as platelet aggregation but resulted in a more homogenous data set

	Discussion
	Acknowledgements
	References


