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ORIGINAL ARTICLE

The influence of bromelain on platelet count and platelet
activity in vitro
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Abstract
Bromelain is a general name for a family of sulfhydryl-containing, proteolytic enzymes from the pineapple plant. The aim of
the present study was to investigate the influence of bromelain on platelet count, platelet aggregation and platelet activity
in vitro. Blood samples were taken from the antecubital vein of 10 healthy male non-smokers. Platelet count decreased after
incubation with 2.5 and 5 mg bromelain/ml from 277  17 platelets/nl before to 256  21 and 247  19 platelets/nl after the
treatment. The ADP and TRAP-6 induced platelet aggregation led to a significant decrease after the incubation with
2.5 mg (ADP: 48.6  25.7%; TRAP-6: 49.6  28.9%) or 5 mg (ADP: 5.0  4.6%; TRAP-6: 9.0  4.9%) bromelain/ml in
comparison to control (ADP: 81.4  5.0%; TRAP-6: 77.4  10.4%). The percentage of unstimulated CD62P positive
platelets which were investigated by flow cytometry was minimally higher after incubation with 5 mg bromelain/ml
(0.57  0.48% PC) in comparison to control (0.22  0.11% PC), but after TRAP-6 stimulation the incubation with 5 mg
bromelain/ml led to a remarkable decrease in comparison to the untreated control (50.4  20.2 to 0.9  0.8% PC).
The changes of CD62P (TRAP-stimulated) and the results of platelet aggregation after incubation with bromelain in vitro
may demonstrate the potential of bromelain as a substance for platelet inhibition.
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Introduction
Bromelain is a mixture of sulfhydryl-containing,
proteolytic enzymes from the stems and immature
fruits of pineapple plants (Ananas comosus). Its
primary component is a sulfhydryl proteolytic
fraction. Bromelain also contains a peroxidase,
acid phosphatase, several protease inhibitors, and
organically bound calcium [1, 2]. Bromelain has been
used as a medical agent for centuries [3, 4]. A recent
literature search revealed over 1300 scientific papers,
which demonstrate a wide variety of beneficial effects
from bromelain. It has been shown to be effective
in the reduction of inflammation and helpful in
the reduction of swelling [3, 5–7]. Furthermore,
the inhibition of platelet aggregation has been
demonstrated in numerous studies [8, 9]. The first
conclusive evidence that bromelain prevents aggregation of platelets was reported from Heinecke et al.

in 1972 [10]. Sano et al. [11] found that bromelain
counteracted the aggregation of unwashed as well as
washed platelets induced by ADP or thrombin, and
Livio et al. [12] investigated the influence of
bromelain on the ADP-induced platelet aggregation
in 10 rats. They also observed that the ADP-induced
platelet aggregation in bromelain-treated animals was
markedly inhibited. However, in these studies the
effects of bromelain on platelet function were analysed using only optical aggregometry methods. The
present study investigates in more detail the influence
of bromelain on changes in platelet function not only
by aggregometry, but also by flow cytometry.
The aim of this study was to answer the following
two questions: First, does bromelain influence
platelet count and mean platelet volume (MPV)?
Secondly, does bromelain lead to a modification of
receptors on the platelet surface, e.g., to a decrease of
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activity receptors (CD62P) after stimulation with
TRAP-6?

before and after incubation with bromelain (1 mg,
2.5 mg and 5 mg/ml).

Materials and methods

Platelet aggregometry. The platelet aggregometry was
performed with the APACT aggregometer (Mölab,
Hilden, Germany) according to Born [13]. At first
the PRP was calibrated to 250 000–300 000 platelets/
mL with a calculated amount of PPP. PPP served as
the appropriate control. The concentrations of the
agonists were as follows: 100 mM TRAP-6 (Bachem,
Weil am Rhein, Germany) and 0.5 mM ADP
(Sigma, Deisenhofen, Germany). The aggregometry
was performed before and after 5 min incubation
with bromelain (1 mg, 2.5 mg and 5 mg/ml) in
comparison with untreated control.

Subjects
Blood was collected from 10 healthy male nonsmokers, whose average age was 30  10 (mean 
SD) years. The mean weight was 78  9 kg and the
mean height was 179  7 cm. The patients involved
in this study had no clinical symptoms, manifestations or history of cardio- or peripheral vascular
disease. The volunteers assured that they did not
take any kind of drugs for at least 4 weeks before
the test.
Written informed consent was obtained from
each subject, prior to the start of the study. The
procedures used in the study were approved by
the Ethics Committee of the Faculty of Medicine of
the Friedrich-Schiller-University Jena.
Reagents
Bromelain was provided from Ursapharm
(Saarbrücken, Germany). It obtains an activity
from 6.99 F.I.P./mg.
Analytical methods
Blood sampling and preparation of platelets
analysis. Blood samples were taken by a venepuncture with a 20-gauge needle (Sarstedt, Nümbrecht,
Germany) from an antecubital vein under controlled
venous stasis (<30 s) of 40 Torr. All venepunctures
were taken from the subjects in reclined position.
Polypropylen vacutainers (Sarstedt) were used for
collecting the blood samples. In the first vacutainer,
2.6 ml blood were added to 0.29 ml EDTA. This
blood was used for the assessment of complete blood
count (Act-Diff, Coulter Electronics, Krefeld,
Germany). The following vacutainers for the measurements of platelet count, of mean platelet volume,
the aggregometry and flow cytometry contained
sodium citrate in a ratio of 1 : 9. To prepare
platelet-rich plasma (PRP), anticoagulated blood
was centrifuged with 100  g for 10 min at 22 C.
After this the PRP was carefully transferred into a
polystyrole plastic tube (Sarstedt). To obtain
platelet-poor plasma (PPP), the remaining specimen
was again centrifuged for another 15 min with
2000  g at 22 C.
All tests were performed with a bromelain-treated
sample (in a respective concentration) and a control
sample in one setting.
Analysis of platelet count and mean platelet volume
(MPV). Platelet count and the mean platelet volume
were measured in adjusted PRP with the Coulter
Act-diff (Krefeld, Germany). The tests were initiated

Flow cytometric analysis. For the determination of
changes in platelet activity and response to agonists
the direct immunofluorescence technique was used
[14–16]. To investigate the influence of bromelain
on this platelet functions, one PRP-sample was
incubated with 5 mg bromelain (this is equivalent
to an end-concentration of 1 mg bromelain/ml ¼ 6.99
F.I.P.) for 5 min at room temperature. The second
sample provided the untreated control. The following fluorescein-isothiocyanate (FITC)- and phycoerythrin (PE)-conjugated monoclonal antibodies
(mabs) were purchased from Coulter-Immunotech
Diagnostics (Krefeld, Germany): anti-CD62P-FITC
(clone CLB-Thromb/6) and anti-CD41-PE (clone
P2). Immediately after the withdrawal of blood and
the preparation of PRP the platelet count in the
samples was adjusted to approximately 20 000
platelets/mL with PBS buffer (Life Technologies,
Gibco BRL; Karlsruhe, Germany) including
0.5% BSA (Vitros Ortho, Clinical Diagnostics;
Neckargemünd, Germany) and prewarmed to
37 C. The platelet stimulation was obtained by
mixing 16 mL diluted PRP with 4 mL 7.5 mM
TRAP-6 (Bachem, Heidelberg, Germany). After
incubation for 10 min at 37 C, the samples were
incubated for further 10 min with anti-CD41-PE
(7.5 mL) and anti-CD62P-FITC (4 mL). After that,
1 ml PBS buffer with 1% BSA was added. In parallel,
20 mL of unstimulated PRP were incubated with the
labelled antibodies as described above. Unspecific
binding of the fluorescence-labelled antibodies was
determined by adding unlabelled anti-CD62P
(4 mL), respectively, anti-CD41 (7.5 mL) to PRP in
a separate tube. Immediately after the immunolabelling procedure the samples were measured in a flow
TM
cytometer (CoulterÕ EPICSÕ XL-MCL , Beckman
Coulter GmbH, Krefeld, Germany); laser excitation
488 nm, detection of FITC at 525 nm and PE at
575 nm. Data acquisition and analysis were perTM
formed with System II software (Beckman Coulter
GmbH). The activation status of the platelets
measured by antibody binding were expressed by

39

Bromelain and platelets
antibody positive
subtracted).

cells

(isotype

control

was

Statistics
Results are reported as mean  SD and the range
unless otherwise stated. Using the Shapiro–Wilk test,
the data showed a normal distribution. Normally
distributed data were tested by paired student’s t-test.
The level of significance was set at P < 0.05. Statistical
analysis was done with SPSS-11.0 software.
Results
Platelet count and mean platelet volume (MPV)
After incubation with 1 mg bromelain/ml no changes
in platelet count was apparent. The use of 2.5 and
5 mg bromelain/ml led to a significant (P < 0.001)
decrease in platelet count (Table I).
After incubation with 1 mg bromelain/ml the MPV
did not change. However, MPV increased significantly (P < 0.001) after the incubation with 2.5 and
5 mg bromelain/ml (Table I).

bromelain incubation (10.4  1.3 to 11.1  1.1;
Table II).
Evaluation of SSC showed, without stimulation, a
significant decrease (9.2  0.5 to 8.1  0.5) and with
stimulation by TRAP-6, no significant changes
(9.3  1.8 to 8.3  0.5) after the incubation with
5 mg bromelain/ml (Table II).

% Positive cells CD62P
In comparison to the control (0.22  0.11) the
percentage of unstimulated CD62P positive platelets
(% PC) increased by 0.57  0.48 after incubation
with 5 mg bromelain/ml. Using TRAP-6-stimulation
the incubation with 5 mg bromelain/ml led to an
remarkable decrease in comparison with the
untreated control (50.40  20.16 to 0.89  0.77%
PC, Figure 2).

aggregometry

*

aggregation (%)

80

Platelet aggregation
ADP-induced platelet aggregation was significantly
decreased after incubation with 2.5 mg (48.6 
25.7%; P < 0.01) and 5 mg (5.0  4.6%; P < 0.001)
bromelain/ml in comparison to the control (81.4 
5.0%). The use of 1 mg bromelain/ml showed no
effect on the ADP induced platelet aggregation
(79.6  5.0; Figure 1). TRAP-6-induced platelet
aggregation was significantly decreased after incubation with 2.5 mg (49.6  28.9%; P < 0.05), respectively, 5 mg (9.0  4.9%; P < 0.001) bromelain/ml in
comparison to the control (77.4  10.4%). Similar to
the ADP induced platelet aggregation, the incubation
with 1 mg bromelain/ml showed no changes in
TRAP induced platelet aggregation (74.9  17.4%;
Figure 1).
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Figure 1. ADP- and TRAP-6-induced platelet aggregation after
incubation with bromelain (in different concentrations: 1 BP ¼
1 mg bromelain/ml; 2.5 BP ¼ 2.5 mg bromelain/ml; 5 BP ¼ 5 mg
bromelain/ml) in comparison to control (CO); Values are means 
SD; ***P < 0.001; **P < 0.01; *P < 0.05 pre to post.

Table II. FSS and SSC after incubation with 5 mg bromelain/ml
in comparison to control.
Unstimulated

FSC and SSC

Control

Evaluation of FSC showed, without stimulation, a
significant increase after incubation with 5 mg
bromelain/ml (11.5  0.6 to 12.1  0.8). TRAP-6
stimulation caused in no significant changes after the

1 BP 2.5 BP 5 BP

FSS 11.5  0.6
SSC
9.2  0.5

TRAP-6 stimulated

5 mg Bromelain

Control

5 mg Bromelain

12.1  0.8**
8.1  0.5***

10.4  1.3
9.3  1.8

11.1  1.1
8.3  0.5

***P < 0.001; **P < 0.01 pre to post.
Values are means  SD.

Table I. Platelet count and MPV before and after incubation with bromelain (in different concentrations) in comparison to control.
1 mg Bromelain

Platelet count (1/nl)
MPV (fl)
***P < 0.001 pre to post.
Values are means  SD.

2.5 mg Bromelain

5 mg Bromelain

Pre

Post

Pre

Post

Pre

Post

278  22
6.7  0.9

273  21
6.8  0.8

276  19
6.7  0.9

256  21***
7.2  0.8***

278  19
6.7  0.8

247  19***
7.5  0.8***
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Figure 2. CD62P% positive cells after incubation with 5 mg
bromelain/ml (5BP) in comparison to control (CO); Values are
means  SD; ***P < 0.001; *P < 0.05 pre to post.

Discussion
The aim of this study was to investigate the influence
of bromelain on platelet count and function.
Incubation with 2.5 and 5 mg bromelain/ml led to a
significant decrease in platelet count and additionally
to a significant increase in mean platelet volume.
Similar changes were also be investigated by
measuring the forward scatter characteristics, which
underpinned the changes in platelet volume. The
results of FSC showed a significant increase in the
unstimulated samples after the bromelain application
in comparison to the untreated control. Based on
these facts that MPV and FSC increased after
bromelain treatment, we may speculate that small
platelets are more affected, which can possibly lead
to the lower count of platelets after bromelain
incubation. To examine the granularity of the
platelets, the side scatter characteristics were
analysed. In the unstimulated sample a significant
decrease after the bromelain incubation could
be found but not in the stimulated trail.
Whether bromelain definitely leads to changes in
the granularity of platelets needs further study.
The results of the ADP- and TRAP-6-induced
platelet aggregation of this in vitro study show clear
dose-dependent effects of bromelain on platelet
function. The measurement was done with an
aggregometer according to Born [13]. The concentration of 5 mg bromelain/ml (end concentration
1 mg bromelain/ml ¼ 6.99 F.I.P.) led to a significant
inhibition of the ADP- and TRAP-6-induced platelet
aggregation in comparison to the untreated control
by 94 and 88%. After PRP incubation with 2.5 mg
bromelain/ml (end concentration 450 mg bromelain/
ml ¼ 3.14 F.I.P.) a significant, but smaller, inhibition
of the ADP- and TRAP-6-induced platelet aggregation by 40 and 36% could be observed in comparison
with the untreated control. The application with
1 mg bromelain/ml (end concentration 182 mg
bromelain/ml ¼ 1.27 F.I.P.) caused no significant
change of the ADP- and TRAP-6-induced platelet
aggregation in comparison with the untreated control. These results correspond with those mentioned

in the literature. These studies carried out by
different work groups show unanimously a dosedependent inhibition of platelet aggregation after a
bromelain application. In 1972, Heinicke et al. [10]
showed that bromelain, administered orally to 20
volunteers (two Ananase tablets of 30 mg bromelain), reduced ADP-induced platelet aggregation
significantly. In another study using five male rat
pairs, Livio et al. [12] investigated the effect of
bromelain on platelet aggregation. It was shown that
in the rats treated with 30 mg bromelain/kg body
weight, 16 mM ADP-induced platelet aggregation
was reduced by 58% in contrast to the control rats.
Sano et al. [11] analysed in vitro the changes in the
sensitivity of unwashed and washed platelets of the
stimulants ADP and thrombin after the treatment
with 50 mg bromelain. The sensitivity of the
unwashed and washed platelets against ADP and
thrombin after bromelain treatment at concentrations of 10 and 100 mg/ml decreased significantly.
With these results the authors showed that bromelain
counteracts the ADP- and thrombin-induced platelet
aggregation in both unwashed and washed platelets.
This suggests that the inhibitory effect is based on the
reactions of proteolytical enzymes with the platelet
membrane. Metzig et al. [17] investigated the
platelet aggregation and adhesion on endothelial
cells. These cells, treated with bromelain before
thrombin activation, showed a complete inhibition of
platelet aggregation. The authors assume a modulation of the thrombin receptor. Metzig et al. found
that bromelain-preincubated platelets did not
respond to the stimulatory action of thrombin.
Using two different stimulants for inducing platelet
aggregation, the effect of bromelain on the different
mechanisms of platelet activation could be more
closely examined. The TRAP-6 peptides connect to
the corresponding sequences of the thrombin receptors PAR 1 [18–20], which provides a signal
transduction to the inside of the cell through a
conformation change [21]. The consequence of this
signal transduction is a degranulation of the dense
granules and the -granules, which induces platelet
aggregation. The ADP, however, leads to a change
of the cytoskeleton, thus causing a release of the
receptor GP IIb/IIIa, which then allows a fibrinogen
connection and sets in motion a reversible primary
aggregation [22, 23]. Both, the ADP- and TRAP-6induced platelet aggregation showed a similar dosedependent inhibition after the bromelain treatment,
which suggests that changes of the fibrinogen
receptor and not of the PAR 1 or P2 Y1 receptor
are responsible for the effects. At this point further
studies on the fibrinogen receptor are required, e.g.,
with the help of the antibody PAC-1, which connects
only at the activated fibrinogen receptor [24–26].
The analysis of CD62P% positive cells showed, in
the unstimulated sample, a significant increase from
0.22% (control) to 0.57% positive cells after the
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bromelain application. This low increase can be
found in the lowest measure range and, therefore,
has to be interpreted carefully. The TRAP-6stimulated sample shows a very significant decrease
of CD62P% positive cells (from 50.4 to 0.9%) after
bromelain incubation. These results confirm that
bromelain has an inhibitory effect on platelet
reactivity. The mechanism by which bromelain may
inhibit degranulation remains unclear. It could also
be possible that the expression of P-selectin is
influenced by proteolytical reactions of bromelain
[27, 28].
The changes of CD62P (TRAP-stimulated) and
the results of platelet aggregation after incubation
with bromelain in vitro may demonstrate the
potential of bromelain as a substance for platelet
inhibition.

Acknowledgement
The study was supported by Ursapharm GmbH.
The authors thank Mrs Kley and Ms Boßecker for
their excellent assistance.

References
1. Ota S, Horie K, Hagino F, Hashimoto C, Date H.
Fractionation and some properties of the proteolytically
active components of bromelains in the stem and the fruit of
the pineapple plant. J Biochem (Tokyo) 1972;71:817–830.
2. Yamada F, Takahashi N, Murachi T. Purification and
characterization of a proteinase from pineapple fruit, fruit
bromelain FA2. J Biochem (Tokyo) 1976;79:1223–1234.
3. Taussig SJ, Batkin S. Bromelain, the enzyme complex of
pineapple (Ananas comosus) and its clinical application. An
update. J Ethnopharmacol 1988;22:191–203.
4. Lotz-Winter H. On the pharmacology of bromelain: an update
with special regard to animal studies on dose-dependent
effects. Planta Med 1990;56:249–253.
5. Kelly GS. Bromelain: A literature review and discussion
of its therapeutic applications. Altern Med Rev 1996;
1:243–257.
6. Leipner J, Iten F, Saller R. Therapy with proteolytic enzymes
in rheumatic disorders. BioDrugs 2001;15:779–789.
7. Masson M. Bromelain in blunt injuries of the locomotor
system. A study of observed applications in general practice.
MMW – Fortschritte der Medizin 1995;113:303–306.
8. Maurer HR. Bromelain: Biochemistry, pharmacology and
medical use. Cellular and Molecular Life Sciences
2001;58:1234–1245.
9. Taussig SJ, Nieper HA. Bromelain: Its use in prevention and
treatment of cardiovascular disease – Present status. J IAPM
1979;6:139–150.
10. Heinicke RM, van der Wal L, Yokoyama M. Effect of
bromelain (AnanaseÕ ) on human platelet aggregation.
Experientia 1972;28:844–845.

41

11. Sano T, Yokoyama M. Inhibitory effect of proteolytic enzymes
on platelet aggregation induced by ADP or thrombin.
Experientia 1971;27:1179–1181.
12. Livio M, De Gaetano G, Donati MB. Effect of bromelain on
fibrinogen level, prothrombin complex and platelet aggregation in the rat – A preliminary report. Drugs Exptl Clin Res
1978;4:49–53.
13. Born GVR, Cross MJ. The aggregation of blood platelets.
J Physiol 1963;168:178–195.
14. Michelson AD. Flow cytometry: A clinical test of platelet
function. Blood 1996;87:4925–4936.
15. Michelson AD, Barnard MR, Krueger LA, Frelinger AL 3rd,
Furman MI. Evaluation of platelet function by flow
cytometry. Methods 2000;21:259–270.
16. Hilberg T, Eichler E, Glaser D, Schmidt V, Gabriel HH.
Platelet activity, reactivity and platelet-leukocyte conjugate
formation before and after exhaustive or moderate exercise in
patients with IDDM. Platelets 2004;15:101–108.
17. Metzig C, Grabowska E, Eckert K, Rehse K, Maurer HR.
Bromelain proteases reduce human platelet aggregation
in vitro, adhesion to bovine endothelial cells and thrombus
formation in rat vessels in vivo. In Vivo 1999;13:7–12.
18. Hirano K, Kanaide H. Role of protease-activated receptors in
the vascular system. J Atheroscler Thromb 2003;10:211–225.
19. Dubois C, Steiner B, Meyer Reigner SC. Contribution of
PAR-1, PAR-4 and GPIbalpha in intracellular signaling
leading to the cleavage of the beta3 cytoplasmic domain
during thrombin-induced platelet aggregation. Thromb
Haemost 2004;91:733–742.
20. Kim S, Foster C, Lecchi A, Quinton TM, Prosser DM,
Jin J, Cattaneo M, Kunapuli SP. Protease-activated receptors
1 and 4 do not stimulate G(i) signaling pathways in
the absence of secreted ADP and cause human platelet
aggregation independently of G(i) signaling. Blood
2002;99:3629–3636.
21. Sambrano GR, Weiss EJ, Zheng YW, Huang W, Coughlin
SR. Role of thrombin signalling in platelets in haemostasis and
thrombosis. Nature 2001;413:74–78.
22. Gachet C, Hechler B, Leon C, Vial C, Leray C, Ohlmann P,
Cazenave JP. Activation of ADP receptors and platelet
function. Thromb Haemost 1997;78:271–275.
23. Puri RN, Colman RW. ADP-induced platelet activation.
Crit Rev Biochem Mol Biol 1997;32:437–502.
24. Pasche B, Ouimet H, Francis S, Loscalzo J. Structural
changes in platelet glycoprotein IIb/IIIa by plasmin: determinants and functional consequences. Blood 1994;83:404–414.
25. Ginsberg MH, Frelinger AL, Lam SC, Forsyth J, McMillan
R, Plow EF, Shattil SJ. Analysis of platelet aggregation
disorders based on flow cytometric analysis of membrane
glycoprotein IIb–IIIa with conformation-specific monoclonal
antibodies. Blood 1990;76:2017–2023.
26. Shattil SJ, Cunningham M, Hoxie JA. Detection of
activated platelets in whole blood using activation-dependent
monoclonal antibodies and flow cytometry. Blood
1987;70:307–315.
27. Selnick HG, Barrow JC, Nantermet PG, Connolly TM.
Non-peptidic small-molecule antagonists of the human
platelet thrombin receptor PAR-1. Curr Med Chem
Cardiovasc Hematol Agents 2003;1:47–59.
28. De Candia E, Hall SW, Rutella S, Landolfi R, Andrews RK,
De Cristofaro R. Binding of thrombin to glycoprotein Ib
accelerates the hydrolysis of Par-1 on intact platelets.
J Biol Chem 2001;276:4692–4698.

