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Abstract Taurine, 2-aminoethanesulphonic acid is a common ingredient of energy drinks which is very popular with
young adults. Taurine in energy drinks is known to enhance muscular performance in athletes. However, caffeine in high
concentrations as found in most energy drinks have also been implicated to play an adverse role leading to cardiovascular
diseases (CVD). Hyper activation of platelets is one of the major risk factors of CVD. The aim of the study was to evaluate
effect of taurine alone on platelet aggregation and activation of platelet surface antigens by flowcytometry. It is hypothe-
sized that taurine’s antioxidant property would inhibit platelet activity. Twelve healthy, male and female, volunteers aged
20-60 years were recruited for this study. A statistically significant inhibition of platelet aggregation was observed upon
stimulation with agonists adenosine diphosphate (ADP), collagen and arachidonic acid (AA) (p<0.05). The platelet surface
expression of PAC1 and p-selectin induced by all three agonists also decreased compared to baseline but was not statisti-
cally significant. In conclusion this study demonstrated that taurine at a concentration of 500uM (energy drinks contain
approximately 31mM taurine), inhibits the platelet hyperactivity in platelet rich plasma. Further mechanistic and interven-
tional studies are required to examine the pathway involved in support of beneficial role of taurine in prevention of risk
factors leading to cardiovascular disorders. Synergistic effect of varying doses of caffeine and taurine will also be evaluated
to obtain most effective and protective doses for energy drinks.
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1. Introduction

Taurine is commonly found in very high concentrations
in energy drinks. Meat and fish are the major dietary
sources of taurine[l, 2]. Energy drinks are becoming in-
creasingly popular with young sports people and are mar-
keted as performance enhancers. Energy drinks commonly
contain about 1000mg taurine, 80mg caffeine and 600mg of
glucouronolactone[3]. Exercise causes a significant reduc-
tion of taurine levels in skeletal muscle. Energy drinks are
expected to increase the endurance performance in humans
and it has been stated that a significant portion of these ef-
fects is due to taurine alone[4-6]. However, several studies
have been conducted emphasizing the deleterious effects of
such energy drinks on cardiac health. Worthley et al have
shown that energy drink consumption acutely increases
platelet aggregation and decreases endothelial function in
young adults[3]. The limitation of most studies has beenthat
they failed to determine which particular component of the
energy drink was causing increased platelet aggregation
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and endothelial dysfunction. Eli et al observed the inhibi-
tion of platelet aggregation by caffeine due to an increase in
cyclic adenosine monophosphate (cAMP)[7]. Our current
study investigated the effect of taurine on platelet function
as there has been limited work done on the effect of taurine
alone.

Taurine is abundant in tissues of the brain, heart, retina
and platelets. About 20mM or higher concentrations of
taurine may be found in the heart[8]. Synthesis of taurine
occurs in the pancreas via the cysteine sulfinic acid pathway
[9]. Cysteine dioxygenase oxidizes the sulfhydryl group of
cysteine to its acid form, which is then decarboxylated to
form hypotaurine. Some of the metabolic roles of taurine
include modulation of cellular calcium levels, membrane
stabilization, bile acid conjugation and osmoregulation
[9-11].

Taurine supplements are being increasingly used for the
treatment of congestive heart failure, hypercholesterolemia,
hepatitis, high blood pressure, diabetes, disorders of the
retina and epilepsy[12-15]. It has also been shown to be
effective as an antioxidant and thus protecting against tox-
icity of various substances such as lead and cadmium
[16-19]. It has been demonstrated that taurine reduces the
concentrations of serum lipids and apolipoproteins, in hu-
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man liver model HepG2 cells, which are known precursors
of coronary heart diseases and arterial thrombosis[20].

Blood platelets play a critical role in haemostasis and
thrombosis. Normally, a delicate balance between the in-
teraction of platelets, coagulation factors and the fibri-
nolytic system maintains haemostatic integrity[21]. It is not
clear if taurine activates or inhibits platelet activity. Effect
of taurine on platelet function could possibly attenuate risk
of thrombosis or may lead to disruption in haemostasis.
Platelets generally are found in the circulation in a quies-
cent state and are anucleated cells. Platelets do have dense
granules and alpha granules, which release their content
upon platelet activation and initiate the coagulation cascade.
Activated platelets help to arrest bleeding as a result of en-
dothelial damage via the coagulation cascade. Activated
platelets along with the localized platelet activating factors
help to form a stable haemostatic plug[21]. Some of these
platelet factors include agonists such as ADP, thromboxane
(TXA2), serotonin, collagen, thrombin, AA, epinephrine
and nor-epinephrine. Regulatory factors such as plasmino-
gen activator inhibitor (PAI1), tissue plasminogen activator
inhibitor (tPAI) are substances that inhibit platelet aggrega-
tion[22-24].

Activation of platelets with ADP occurs via P2Y1 (medi-
ates platelet shape change) and P2Y 12 (stabilization of clot),
which are the two receptors on the platelet surface. ADP in
concentrations of Spumol/L or higher is responsible for
platelet aggregation directly that is independent of the re-
lease of platelet granule-contained ADP. Standardization of
the optimal concentration of the agonist to be added to the
suspension to cause aggregation is an important considera-
tion for any study[22-26]. Thromboxane receptors TPa and
TP are responsible for Thromboxane induced activation.
Cyclooxygenase -1 (COX-1) and thromboxane synthase are
the enzymes, which convert AA to TXA2. AA is a fatty
acid found in the granules and membranes of platelets and
helps to observe the integrity of the COX pathway. TXA2
similar to ADP helps in the enhancement of platelet aggre-
gation and formation of primary platelet plug[27]. Collagen
is considered to be a strong thrombogenic substrate. Platelet
surface glycoproteins GP Iba and GP IIb/Illa interact with
collagen indirectly via von Willebrand Factor (vWF). Under
high shear collagen binds to GP Iba and leads to platelet
adhesion, in the presence of vVWF. GP VI receptor facilitates
platelet activation, which is essential for adhesion and de-
granulation of activated platelets by binding to collagen
[24].

Platelet activation markers are activation dependant
monoclonal antibodies (MADb), which assess the conforma-
tional changes in the GPIIb-Illa complex and granule
membrane proteins (integrin aypP3). The receptor for vWF
and fibrinogen responsible for platelet aggregation is in-
tegrin aypPs. Antibody PACI1 is directed against the fi-
brinogen-binding site when a conformational change in
opPs, due to platelet activation, is encountered. It binds
only to activated platelets and not resting platelets. A few
monoclonal antibodies such as CD41 or CD61 bind to rest-

ing platelets. Antibodies p-selectin or CD62P are directed
against the granule membrane proteins, which are, ex-
pressed only when the a-granules are released and does not
bind to resting platelets. Thrombin receptor-activating pep-
tide (TRAP) is a peptide fragment, serine protease of the
protease- activated receptor 1 (PAR1). TRAP directly helps
in activating platelets without resulting in a fibrin clot.
TRAP acts very similar to thrombin by not causing prote-
olyic cleavage making it a suitable agonist for observation
of thrombin induced platelet activation[27, 28].

Miglis et al (2002) provided data in support of the in-
hibitory effect of taurine on platelets and the plasma coagu-
lation system. A final concentration of SmM taurine was
used in the above study, which inhibited platelet aggrega-
tion by 10%[29]. The aim of the current study is to evaluate
the effect of lower concentration of taurine on platelet ac-
tivity. This aim is to prove the hypothesis that beneficial
impact of Taurine on cardiovascular health may be result of
its inhibitory effect on platelet hyperactivity, which may be
instrumental in preventing thrombotic risk factors. After
completing a pilot study of dose response curve, a lower a
concentration of taurine (500uM) was selected for this
study. Hence, the overall aim of this study was firstly to
determine the least dose of taurine that may lead to inhibi-
tion of platelet aggregation in-vitro, in response to stimula-
tion with ADP, collagen and AA; Secondly, to evaluate the
effect of taurine on platelet hyperactivation or inhibition of
activity by measuring platelet surface antigen expression
using flow cytometry in addition to platelet aggregation
studies.

2. Materials and Methods

This study was performed at the School of Medical Sci-
ences, RMIT University, Melbourne, Australia. The RMIT
Human Research Ethics Committee, RMIT University,
Melbourne, Australia, approved this study.

2.1. Subjects and Blood Collection

Twelve healthy volunteers aged 20-60 years were re-
cruited for this study. The mean age of volunteers who par-
ticipated in this study was 31£8 (8 males & 8 females) for
platelet aggregometry and 32+10 (6 males & 6 females) for
flowcytometry. 10mL of venous blood was collected from
volunteers on two separate occasions. Blood was collected in,
2mL  tri-potassium  ethylenediaminetetraacetic  acid
(EDTA-1.8mg/mL) for Full Blood Examination (FBE) and
two-5mL 3 tri-sodium citrate (3.8%) tubes for platelet ag-
gregometry and flowcytometry. Volunteers completed
questionnaires and were not included in the study if they
were taking non-steroidal inflammatory drugs, aspirin-type
products, energy drinks, and dietary antioxidant supplements
for at least one week prior to study commencement. Par-
ticipants were requested and voluntarily agreed not to con-
sume alcoholic beverages 2 days prior and caffeine for at
least 24 hours prior to the study. For this in-vitro study
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compliance was only confirmed by the volunteer’s statement
on the questionnaire before they signed informed consent for
phlebotomy.

2.2. Full Blood Examination (FBE)

Whole blood collected in EDTA tubes were used to de-
termine the platelet count and mean platelet volume (MPV)
within 10-15 minutes of venepuncture. The instrument used
for the analysis was the Beckman Coulter AcTTM 5Diff CP
hematology analyzer (Coulter Corporation, Miami, Florida,
USA). The analyzer was pre-calibrated with the AcTTM
5Diff Cal Calibrator (Beckman CoulterTM, Miami, Florida,
USA). Volunteers with platelet count within the reference
range of (150-400)x10°/L and MPV of 6-10fL were in-
cluded in the testing process.

2.3. Taurine Working Standard

500uM concentration of taurine working solution was
used for the study. First, 250mM stock solution of taurine
was prepared by dissolving 31.25gms of commercially
available taurine (ICN Biomedicals Inc, Ohio) in 1mL of
phosphate buffer saline (PBS) with a physiologic pH of
7-7.5. Then, 500uM of taurine was prepared from the stock
solution by using the serial dilution method. Prior to use,
stock and working solutions of Taurine and PBS were ali-
quoted and stored in the freezer at -4°C to avoid bacterial
contamination.

2.4. Platelet Aggregometry

PRP was tested with and without in-vitro addition of
500uM taurine. Platelet aggregation was carried out in PRP
using three different agonists — ADP (10uM), collagen
(2.4pg/mL), and AA (0.3mM). Aggregation testing was
carried out using a dual channel Lumi- aggregometer
Model- 700 (Chrono-Log Corporation, Philadelphia, USA).
The aggregometer was equipped with Chrono-Log AG-
GRO/LINK® 8 (Version 1.2.2) interface for data transfer
into a Microsoft Windows® compatible computer. 500pM
taurine was added to the test blood in cuvettes (Chrono-Log
Corporation, Philadelphia, PA, USA) and incubated at 37°C
for one hour (prior to study various incubation periods were
trialed and 60min was found to be most effective, data not
provided here). The samples were then placed inside the
heating block testing wells of the aggregometer for 2min at
37°C to ensure stability before analysis. Siliconised stir bars
(Chrono-Log Corporation, Philadelphia, PA, USA) were
then added to the cuvettes to facilitate thorough mixing of
the sample. The respective agonist was added to the sample
and aggregation chart recording initiated. The platelet ag-
gregation was recorded for 6 minutes. The amplitude of
platelet aggregation and the slope were recorded.

2.5. Flow Cytometry

Flow Cytometry on whole blood obtained from partici-
pants were analyzed using a BD FACSCanto II cytometer
(BD Biosciences, USA) and the data obtained from the
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testing was recorded and interpreted using BD FACS Di-
vaTM software (BD Biosciences, USA). The first step in-
volved was the collection of blood from the participants
into a SmL 3 tri-sodium citrate (3.8%). After 1-hour incuba-
tion of blood sample with 500uM taurine, a cocktail mix
(Table 1) of an isotype control or the test antibody were
added to respective control and test sample tubes. Agonists
were added to the suspension containing the blood and the
cocktail mix. All the samples for flowcytometric analysis
were fixed with 1% formaldehyde since it was not feasible
to analyze the samples within a short period. The suspen-
sion was then analyzed in the BD FACSCanto II cytometer.

Table 1. Composition of Isotype Control and Test antibody cocktail
Isotype Control Volume (pL)
PACI-FITC 75
200pg/mL Eptifibatide 7.5
1pg/mL MIgG1-PE 12
CD 42b-PCy-5 50
HS-BSA-Azide 155.5
Total volume 300
Test Antibody
PACI-FITC 225
CD62P-PE 288
CD 42b-PCy-5 150
HS-BSA-Azide 237
Total volume 900

FITC- Fluorescein isothiocyanate, HS- Hepes saline, BSA- Bovine serum
albumin. FITC is used along with PAC1 to help in fluorescing activated
platelets. PCy-5 used with CD 42b, binds to resting platelets. The mono-
clonal mouse IgG1, kappa immunoglobulin is used as an isotype control.

2.6. Power Calculations and Statistical Methods

A final sample size of 12 volunteers in each group is re-
quired for 80% power to detect a 5% variation in the labo-
ratory parameters measured, where a 3-5% standard devia-
tion exists in the population, assuming an alpha error of
0.05. The effect of taurine on platelet aggregation and acti-
vation was compared by paired t-tests. The data was ana-
lyzed for significant values (P<0.05). The above test was
performed using the Graph pad Prism®. For flowcytometric
data analysis, a two way analysis of variance (ANOVA)
was employed to calculate the mean fluorescence intensity
(MnlIX) and percentage activation for platelets. This test
was performed using IBM SPSS Statistics 18° software.

3. Results

3.1. Subjects

Results from the FBE showed that the 12 subjects had a
mean platelet count of 255x10°/L and MPV of 8.36fL, used
for platelet aggregometric studies and 243x10°/L and MPV
of 8.52fL for flowcytometry. The recommended healthy
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reference ranges for PLT and MPV are 150-400x10°/L cells
and 6-10fL respectively.

3.2. Effect of Taurine on Platelet Aggregation

Figure 1 shows the percentage change in the aggregation
from the baseline (100% aggregation), post taurine treat-
ment, using all three agonists. Table 2 shows the compari-
son of mean percentage aggregation, Standard deviation
between control and taurine treated samples.
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Figure 1. Percentage change in aggregation post Taurine treatment from

the baseline value (100% aggregation). The figure shows a statistically
significant reduction in aggregation of platelets by all the agonists (P<0.05).

Table 2. Comparison of Mean percentage aggregation between control &
test samples

Arachidonic
ADP Acid Collagen

Con- Con- Con-

trol Test trol Test trol Test
Mean %
Aggrega- 74.75 66;16 87.25 81;91 87.66 81;25

tion

Standard [ o3 | 1755 | 700 | 471 | 544 | 362
Deviation

*Statistically significant reduction in platelet aggregation (P<0.05).

3.3. Flowcytometry
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Figure 2. Mean fluorescence intensity expression in PACI induced by

ADP, TRAP and Collagen. No significant inhibition or activation of plate-
lets after Taurine treatment was observed.

Figures 2 and 3 shows the mean fluorescence intensity
expression (MnlIX) for PAC1 and p-selectin induced by

ADP, collagen and TRAP. The control sample did not con-
tain any agonist (NA). One of the volunteers exhibited ab-
normal MnIX expression for PAC1 induced by ADP. Hence
it was considered to be a clear outlier and was excluded
from the statistical analysis.
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Figure 3. Mean fluorescence intensity expression in P-Selectin induced by
ADP, TRAP and Collagen. No significant inhibition or activation of plate-
lets after Taurine treatment was observed.

4. Discussion

The aim of the study was to determine the inhibition of
platelet activation by taurine using platelet aggregometry
and flow cytometry techniques. Results of this study dem-
onstrate a statistically significant inhibition of platelet ag-
gregation in PRP induced by all agonists used including
ADP, collagen and AA (P<0.05). These results demonstrate
that taurine may be instrumental in preventing risk factors
leading to CVD by inhibiting platelet hyperactivity. Flow-
cytometric studies using ADP and TRAP as agonist exhib-
ited reduced PACI expression in taurine treated samples,
but the results were not statistically significant, suggesting
there may be minimal effect of taurine on fibrinogen bind-
ing site. On the other hand p-selectin expression induced by
all the agonists used showed mild activation of the platelets,
but were not statistically significant (P>0.05). This indicates
that taurine did not have significant effect on alpha granule
release from activated platelets. It was also observed that
expression of PAC1 and p-selectin monoclonal antibodies
was considerably high when induced by TRAP. A cytosolic
form of the enzyme phospholipase A2 has been proven to
play a major role in the release of arachidonic acid in plate-
lets[30, 31]. TRAP is known to phosphorylate phospholi-
pase A2 thereby resulting in the stimulation of arachidonic
acid. The released arachidonic acid is converted to throm-
boxane A2 by the COX pathway thereby further activating
the platelets[30]. This may be the reason for the high ex-
pression of PAC1 and p-selectin when TRAP was used as
the agonist.

Previous studies have shown the inhibition of platelet ac-
tivation by high concentrations of taurine but did not deter-
mine the optimal sub maximal concentration of taurine that
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may cause the similar effect. They had established that a
final concentration of SmM taurine inhibited platelet ag-
gregation by 10%[29]. In this study, we were able to show
similar inhibitory effect using a lower dose of 500uM
taurine. Furthermore, they have not analyzed platelet acti-
vation using flow cytometry. In this study, the optimal dose
was determined by the preliminary testing to analyze plate-
let function by flowcytometry, in addition to aggregation
studies.

The volunteers had to complete a screening form. This
questionnaire helped to recruit the participants based on the
exclusion criteria included in material and methods section.
Since it was not feasible to monitor the dietary compliance,
participants completed a second questionnaire at the time of
signing consent form for phlebotomy to confirm the dietary
compliance. For example, a cup of coffee containing caf-
feine could influence platelet activation. Even heavy exer-
cise or underlying allergies could alter platelet function.
Hence, considering such factors and following stringent
rules could have helped in better data acquisition. However
this was a pilot in vitro study and variables mentioned
above will be taken into consideration and implemented in
next intervention study. There seemed to be an increase in
the standard deviation in the control and taurine treated
samples in platelet aggregation induced by ADP. This was
because of two outliers amongst the twelve volunteers. Al-
though the two outliers were included in the statistical
analysis, significant reduction in platelet aggregation in-
duced by ADP was observed (P<0.05).

A reference range of 150-400x10°/L cells and 6.0 to
10.0fL for PLT and MPV were used as part of the exclusion
criteria. Blood samples were collected at two different oc-
casions for platelet aggregometry and flow cytometry re-
spectively. Ideally all testing should have been done on the
sample collected from same bleed to avoid intrapersonal
variation in the results of platelet count and MPV. Changes
in these parameters could affect the mean activation or ag-
gregation. In this study the intrapersonal variation was
minimal as shown by the FBE results.

A statistically significant inhibition of platelet aggrega-
tion was seen in the case of platelet aggregometric studies.
These results (Figure 1 and Table 2) are consistent with the
findings of Miglis et al, which showed a 10% inhibition of
platelet aggregation by taurine at a final concentration of
5SmM[29]. However, Worthley et al proved that energy
drinks (comprising of taurine) acutely increased platelet
aggregation[3]. Hence this study was performed to add to
the evidence of whether taurine inhibits or activates plate-
lets. Our results are consistent with Miglis et al, though with
a much lower dose of taurine.

It has been reported that artifactual platelet activation
might occur due to longer incubation of MoAbs with WB
samples[30]. A spontaneous increase in the activation of
platelets, determined by an increase in CD62P and
p-selectin binding, occurred in WB samples incubated for
more than 10 minutes along with MoAb[31]. In this study,
the MoAbs were incubated with WB for 15 minutes. The
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temperature at which the samples had to be processed was
an important factor under consideration. Platelets stored at
lower than 20°C have been shown to possess increased ac-
tivation levels than those stored at 37°C[32, 33]. Hence
from the above findings it was decided that incubation at
37°C would be more appropriate to carry out platelet func-
tion testing. This could also be because 37°C is a normal
physiological human body temperature. It is practical to use
this incubation temperature because during intervention
studies taurine will be interacting with platelets in the body
at 37°C.

From flowcytometric analysis, it was observed that the
taurine incubated sample inhibited platelet activation of the
control sample when PAC1 was used as the monoclonal
antibody and ADP, TRAP were used as the agonists (Figure
2). But when a paired t-test was performed comparing the
means of the mean fluorescence intensities (MnIX) of the
controls and taurine treated samples (12 subjects), the val-
ues were not statistically significant. Furthermore, com-
parison of the percentage activation of the control and
taurine samples did not exhibit significant results. MnlIX
was used for data analysis, since the results obtained by
comparing the mean fluorescence intensities and percentage
activation was correlative. The overall expression of PAC1
induced by ADP and TRAP did show some inhibition of
activation but the value was not statistically significant
(P>0.05). A mild activation of the expression of p-selectin
induced by all the three agonists was observed in taurine
treated samples (Figure 3). It was again observed that there
was no significant difference in the mean fluorescence in-
tensity expression in p-selectin induced by the agonists
(Figure 3). Currently in literature there are no studies per-
formed by flowcytometry to evaluate the effect of Taurine
on platelets. Hence this is one of the novel investigations.

The results obtained from platelet aggregometry and flow
cytometry do not appear to correlate well. The inhibition of
platelet aggregation as seen on taurine treated samples was
not mirrored by a decrease in the expression of activation
dependant antigens on the platelet surface. There are several
explanations to these findings. Platelet aggregometry is a
functional assay whereas; flow cytometry is an immu-
nologic assay. Flow cytometry measures specific events of
platelet activation per second using various MoAbs. But
platelet aggregometry on the other hand does not measure
the platelet activation per second but the entire cascade
from platelet activation to the final aggregation to form a
stable platelet plug. An earlier study also suggests that
platelet aggregation response need not have to necessarily
correlate with platelet antigen expression. In contrast, a
significant increase in the expression of p-selectin induced
by ADP, TRAP and collagen was observed[34, 35]. Further
studies are required to examine the mechanistic pathway
that may be involved in attenuating platelet activity.

Optimal concentrations of taurine and agonist to be added
to PRP in platelet aggregometry to cause sub maximal inhi-
bition of platelet activity were established. The same con-
centrations of taurine and agonists were used in flowcy-
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tometric analysis using whole blood. In flowcytometric
analysis, either the concentration of taurine required to
cause inhibition of platelet activation was low or the con-
centrations of agonists used were high when WB was used.
Furthermore, it was hypothesized from this study that
taurine did not affect the fibrinogen receptor conformational
change (Figure 2) but instead mildly enhanced the
a-granule release (Figure 3) and expression of CD62P in-
duced by ADP, TRAP and collagen[36]. Constant stirring
of the taurine incubated sample by the magnetic stirrer in
platelet aggregometry; usage of PRP for aggregometry and
WB for flow cytometry may be the few factors responsible
for non-consistent results between platelet aggregation and
flowcytometry.

5. Conclusions

In conclusion, this study demonstrated that taurine inhib-
its the platelet hyperactivity in platelet rich plasma however
in the whole blood some of the platelet surface antigen ex-
pression did not show any inhibition. Additional antibodies
specific for other platelet surface receptors will be evaluated
in future studies. These results suggest there may be differ-
ent mechanisms and pathways involved in taurine’s effect
on platelet function as p-selectin expression exhibited mild
activation of platelets in this study. Further mechanistic and
interventional studies are required to provide further evi-
dence in support of beneficial role of taurine in presence of
caffeine to establish if energy drinks with lower concentra-
tions of taurine and caffeine may play a role in prevention
of risk factors leading to cardiovascular disorders.
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