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Introduction 
Platelet activation is a complex process with independent, 
yet overlapping pathways for activation[1–6].  One such path-
way is triggered by an arachidonic acid derivative, known 
as thromboxane A2 (TXA2), which acts by interacting[7–9] with 
a seven-transmembrane receptor (abbreviated as TPR).  The 
TXA2 pathway has been shown[10–12] to play an essential role 
in hemostasis, and in the development of thrombotic disor-
ders; making it a target for therapeutic interventions.  Based 
on these considerations, therapeutic strategies have focused 
on either modulating the synthesis of TXA2

[13, 14], or interfer-
ing with its receptor binding.  While, the former has been 
successfully targeted by the platelet COX-1 inhibitor aspirin, 
this therapeutic agent is associated with undesirable adverse 
effects (such as gastric ulcers)[15, 16], and resistance[17].  Regard-
ing TPR antagonists; while many were developed[18–21], none of 
them is currently available for clinical use.  Thus, there is still 
considerable interest in developing TPR antagonists.  

To this end, estimates indicate that it may require 15 years 

to bring a new drug into the market, with a cost of hundreds 
of millions of dollars[22].  Furthermore, despite all efforts, only 
20-30 drugs receive approval by the Food and Drug Admin-
istration (FDA) in the USA in any given year[23].  One solu-
tion to these limitations is to discover new uses for currently 
prescribed drugs; the “repurposing old drugs for new uses” 
approach[24–26].  Based on these considerations, we elected to 
undertake a similar approach in our pursuit of a TPR antago-
nist.  Thus, we searched for drugs that share structural simi-
larity with a TPR antagonist, namely SQ29,548[20].  We noticed 
significant similarity between the antidiabetic sulfonylurea 
glybenclamide[27], and SQ29,548, particularly with regard to 
the latter’s pharmacophores[28].  Consequently, we hypoth-
esized that glybenclamide exhibits TPR antagonistic activity.  
In this connection, given that sulfonylureas were pursued as 
antiplatelet agents, and although none of these studies was 
comprehensive, others have also investigated the antiplatelet 
effects of antidiabetics of the sulfonylurea class; including 
glybenclamide.  For example, it was found that glybenclamide 
did not inhibit platelet aggregation induced by thrombin, but 
suppressed (calcium) Ca2+ release from internal Ca2+ stores 
induced by the same agent[29].  These data are contradictory 
since Ca2+ mobilization is known to play an essential role in 
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thrombin-dependent platelet activation[30].  Other studies have 
shown that glybenclamide inhibited both the cyclooxygenase 
and 12-lipoxygenase pathways in platelets[29], but in a later 
study the authors contradicted their own findings with regard 
to the inhibition of the lipoxygenase pathway[31].  Another 
study on the vasculature, showed that glybenclamide acts by 
interacting with TPRs[32], thereby contradicting the finding that 
glybenclamide inhibits the cyclooxygenase pathway.  In sum-
mary, there are clear inconsistencies concerning the biologi-
cal effects of glybenclamide on platelet function.  While the 
reasons for these apparent discrepancies are not known, they 
may derive from variations in the experimental conditions/
platelet preparations, inconsistency in the dose used in the 
various experimental approaches, or inherent differences in 
the potency of the ligands employed.  Finally, in line with the 
principles of drug rediscovery, it is noteworthy that aspirin 
itself was initially used as an analgesic[33, 34], before its anti-
platelet activity was discovered[13, 14].

Based on these considerations, we investigated two aspects 
of glybenclmaide’s biology: (1) its functional effects on three 
different pathways of activation in human platelets; and (2) 
the potential mechanism by which it produces these effects (eg, 
TPR-dependent mechanism of action).

Materials and methods
Reagents
U46619, arachidonic acid, SQ29,548 and PGI2 were from 
Cayman Chemical (Ann Arbor, MI).  ADP, stir bars and 
other disposables were from (Chrono-Log; Havertown, PA).   
[3H]SQ29,548 was purchased from PerkinElmer Life Sciences 
(Shelton, CT).  Glybenclamide, Protease activated receptor 
4 (PAR4) activating peptide (TRAP4; AYPGKF-NH2), phos-
phodiesterase inhibitor Ro20-1724, protein kinase A, protein 
kinase A inhibitor, Cellosolve, isoflurane and indomethacin 
were from Sigma Aldrich (St Louis, MO).  [3H]cAMP was 
from Amersham Biosciences (Piscataway, NJ), and cold cAMP 
from Assay Designs (Ann Arbor, MI).  The Adenylate cyclase 
inhibitor SQ22536 was from Enzo Life Sciences International, 
Inc  (formerly BIOMOL international; Plymouth Meeting, PA).  
Sodium citrate (3.8% w/v) solution, 60 mL syringes, 50 mL 
conical tubes were obtained from Fisher Scientific (Hanover 
Park, IL).  The Fura2/AM dye and Pluronic F-127 were from 
Molecular Probes (Eugene, OR).  Human platelets were from 
healthy volunteers who denied taking any medication in the 
last 10 days prior to collection.  Note: volunteers gave their 
informed consent before they were allowed to donate blood.

Human platelet functional studies
Blood was withdrawn by venipuncture of the cephalic vein 
into a 60 mL syringe (Kendall) from human volunteers.  
Coagulation was inhibited by addition of 3.8% w/v sodium 
citrate solution in a ratio of 9 parts blood to 1 part citrate.  
Blood was then spun at 160×g for 10 min in a 50 mL centri-
fuge tube.  Resultant supernatant was carefully pipetted out 
and then recentrifuged at least once to sediment out nucle-
ated cells, forming platelet rich plasma (PRP).  Platelet poor 
plasma (PPP) was prepared by spinning blood at 2000×g for 

15 min.  PRP was diluted with PPP to adjust platelet count 
to 2×108−3×108 platelets/mL.  All aggregation experiments 
were performed after incubation with 10 μmol/L indometha-
cin for 2 min to prevent thromboxane A2 generation, except 
when arachidonic acid was used as the aggregating agonist.  
The control traces were obtained by the addition of vehicle, 
U46619, arachidonic acid, ADP, or TRAP4 to PRP after estab-
lishing baseline light transmission for at least 1 min.  The 
effect of these agents was measured using the turbidimetric 
method[35] with a model 700 whole blood lumi-aggregometer 
(Chronolog Corporation; Havertown, PA).  The aggrega-
tion traces were captured using the Aggrolink8 software 
(Chronolog Corporation; Havertown, PA).  

Human platelet function inhibition studies
For the inhibition of platelet function studies, PRP was 
incubated with 1−10 μmol/L glybenclamide, 150 nmol/L 
or 1 µmol/L SQ29,548 or vehicle controls for 5 min prior to 
stimulation with 1 μmol/L U46619, 0.5 mmol/L arachidonic 
acid, 15 μmol/L ADP, or 40 μmol/L TRAP4.  Furthermore, 
the reversal of inhibition was performed after first incubating 
with the adenylate cyclase inhibitor (300 µmol/L) SQ22536 
for 45 min, then adding 1 nmol/L PGI2, or 10 µmol/L gly-
benclamide before stimulation with 1 μmol/L U46619 or 0.5 
mmol/L arachidonic acid.

Displacement binding in intact platelets.
Resuspended platelets were prepared as previously descri-
bed[36, 37].  The platelet suspension (1×109 platelets/mL) was 
incubated with 1 nmol/L [3H]SQ29,548 at RT for 10 min, and 
then increasing concentrations of the displacing ligand gly-
benclamide (0.035−30 µmol/L) were added for an additional 
45 min.  Next, the [3H]SQ29,548 bound platelets were cap-
tured by running through 0.45 micron Millipore filters over a 
vacuum suction unit.  The filters were then washed once and 
counted for radioactivity in a Beckman LS 6000 liquid scintil-
lation counter.  To calculate the non-specific binding, the same 
concentration of radioligand was competed against 1000-fold 
excess of unlabeled SQ29,548.

Assay of platelet adenosine 3’, 5’-cyclic monophosphate (cAMP)
Human PRP (500 μL) samples were collected in an eppendorf 
tube and treated with vehicle, (1 nmol/L) PGI2, or (10 µmol/L) 
glybenclamide.  Next, the phosphodiesterase inhibitor RO20-
1724 (100 μmol/L) was added, and platelets were spun down 
and immediately frozen in liquid nitrogen.  The platelet pel-
let was then resuspended, sonicated, boiled for 4 min, spun 
down, and the supernatant was transferred to a new tube.  
The concentration of cAMP in the supernatant was measured 
as previously described[38].  The standard curve samples were 
prepared by adding known concentrations of unlabeled cAMP 
to the supernatant obtained from vehicle treated platelets.

Platelet calcium mobilization
Platelets were isolated from blood, washed, and then sus-
pended in Tyrode’s buffer without calcium.  Platelets were 
then loaded with Fura-2/AM (5 μmol/L) in the presence of 



152

www.nature.com/aps
Ting HJ et al

Acta Pharmacologica Sinica

npg

Pluronic F-127 (0.2 μg/mL; Molecular Probes) for 30 min at 
37 °C.  Next, platelets were washed once and resuspended in 
Tyrode’s buffer containing 0 or 1 mmol/L Ca2+.  Platelets were 
then activated with U46619 (1 µmol/L), arachidonic acid (0.5 
mmol/L), ADP (15 µmol/L) or TRAP4 (40 µmol/L), in the 
presence or absence of glybenclamide (10 µmol/L).  Calcium 
measurements were done by alternating excitation between 
340 and 380 nm, and measuring fluorescence/emission at 509 
nm using an LS 50B Fluorescence Spectrometer (PerkinElmer).   

Data analysis
All experiments were performed at least three times, with 
blood obtained from at least three different donors.  Data were 
analyzed using GraphPad PRISM statistical software (San 
Diego, CA).  The displacement binding curve was generated 
using non-linear regression analysis, with a one site competi-
tion model, whereas the standard cAMP curve was generated 
by applying linear regression.  Results were compared using 
unpaired 2-tailed Student’s t test, with P<0.05 considered 
to be statistically significant.  IC50 values are represented as 
mean±SEM.

Results
Glybenclamide inhibits TPR-/U46619-induced platelet aggrega-
tion
Given the structural similarity between glybenclamide and 
SQ29,548 (Figure 1), and in order to investigate whether 
the oral sulfonylurea glybenclamide (an antidiabetic agent) 
has the capacity to inhibit platelet TPR signaling, platelet 
aggregometry experiments were performed.  Our initial stud-
ies demonstrated that addition of TXA2 mimetic U46619 (1 

μmol/L) to human PRP produced a typical shape change and 
aggregation response (Figure 2A).  Furthermore, it was also 
found that 1 μmol/L of glybenclamide produced a significant 
inhibition of the U46619-induced platelet activation (Figure 
2A; 1 μmol/L trace).  This inhibitory effect of glybenclamide 
was found to be concentration-dependent (Figure 2A; 1−10 
μmol/L traces and inset), with an IC50 = 2.3±0.31 µmol/L.  This 
finding demonstrates that glybenclamide has the capacity to 
block platelet aggregation, and that the underlying mecha-
nism perhaps involves TPRs.  To test this notion, the next set 
of experiments investigated the effects of glybenclamide on a 
separate agonist, namely the TXA2 precursor arachidonic acid, 
which also triggers platelet aggregation by activating TPRs.

Glybenclamide inhibits TPR-/arachidonic acid-induced platelet 
aggregation
Similar to U46619, it was found that glybenclamide exerted 
concentration-dependent (1−10 μmol/L) inhibition on platelet 
activation stimulated by 0.5 mmol/L arachidonic acid (Figure 
2B), with an IC50=2.6±0.24 µmol/L.  These data further sug-
gest that the underlying mechanism by which glybenclamide 
inhibits platelets is through TPR blockade.  To confirm the 
interaction with platelet TPRs, displacement binding studies 
between glybenclamide and a well-characterized radiolabeled 
TPR antagonist (ie, [3H]SQ29,548) were performed.

Glybenclamide displaces [3H]SQ29,548 from its TPR binding sites
If glybenclamide exerts its inhibitory effects via TPR antago-
nism, then it would be expected to displace TPR ligands from 
their binding sites.  Using radioligand displacement studies, 
it was found that glybenclamide, indeed, had the capacity 
to completely displace [3H]SQ29,548 from its binding sites 
on platelets (Figure 3), demonstrating an interaction with 
TPRs.  While this finding clearly indicates that the mecha-
nism by which glybenclamide inhibits platelets involves TPR 
antagonism, it does not rule out the potential for generalized 
inhibitory effects on platelet, through a cAMP-dependent 
mechanism.  To test this possibility, we examined the effects 
of glybenclamide on platelet aggregation mediated by TPR-
independent mechanisms (ie, ADP and the thrombin receptor 
activating peptide 4 [TRAP4]).

Glybenclamide is devoid of inhibitory effects on ADP-induced 
platelet aggregation
If cAMP indeed contributes to the inhibitory effects of glyben-
clamide on platelet function, one would expect glybenclamide 
blockade of platelet aggregation in response to all agonists, 
eg, ADP and TRAP4.  Our results demonstrated that pretreat-
ing platelets with glybenclamide (1 μmol/L) did not produce 
any detectable effects on platelet aggregation in response to 
15 μmol/L ADP (data not shown).  Moreover, even at a con-
centration as high as 10 μmol/L, which completely blocked 
aggregation by U46619 or arachidonic acid (Figure 2A and 2B, 
respectively), glybenclamide appeared to be devoid of any 
inhibitory effects on platelet aggregation by ADP (Figure 4A).  
This finding suggests that the mechanism by which glyben-
clamide inhibits platelet aggregation is cAMP independent.  

Figure 1.  The chemical structure of the TPR antagonist SQ29,548 
(top panel), and the sulfonylurea glybenclamide (bottom panel).  The 
analogous moieties are highlighted using a matching color font, whereas 
the unshared pharmacophore is indicated by the grey font in SQ29,548.
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Figure 2.  Effect of glybenclamide on human platelet aggregation stimulated by the TPR agonist U46619, and the TXA2 precursor arachidonic acid.  
(A) Indomethacin-treated PRP was stimulated with 1 μmol/L U46619 in the absence or presence of increasing concentrations of glybenclamide 
(1−10 μmol/L) to generate a concentration-dependent inhibition curve (inset shows quantification of the glybenclamide concentration-dependent 
inhibition curve of U46619-induced aggregation response).  (B) PRP was stimulated with 0.5 mmol/L arachidonic acid in the absence or presence of 
increasing concentrations of glybenclamide (1-10 μmol/L) to generate a concentration-dependent inhibition curve (inset shows quantification of the 
glybenclamide concentration-dependent inhibition curve of arachidonic acid-induced aggregation response).  Each aggregation curve is representative 
of multiple traces obtained from three separate platelet preparations, from three different blood donors (bP<0.05, n=3).
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This was further confirmed by determining whether glybencl-
amide inhibits aggregation induced by TRAP4.

Glybenclamide is devoid of inhibitory effects on TRAP4-induced 
platelet aggregation
As was the case with the platelet agonist ADP, our results 
revealed that glybenclamide, even at high concentrations 
(10 μmol/L) did not exhibit any detectable effects on plate-
let aggregation triggered by 40 μmol/L TRAP4 (Figure 4B).  
These data indicate that glybenclamide does not produce 
broad-spectrum inhibition of platelet aggregation, which is 
consistent with cAMP-independent mechanisms.  To directly 
examine this notion, we next investigated whether glybencl-
amide raises platelet cAMP levels.

Glybenclamide does not raise platelet cAMP levels
The finding that glybenclamide exerts inhibitory effects on 
platelet activation that are specific to TPRs argues against a 
cAMP-dependent mechanism.  This conclusion was confirmed 
by measuring cAMP levels in response to glybenclamide treat-
ment.  Our data indicates that even at 10 µmol/L, glybencl-
amide did not elevate platelet cAMP levels, as opposed to 1 
nmol/L of the control PGI2 (Figure 5A).  Furthermore, while 
the adenylyl cyclase inhibitor SQ22536 (300 µmol/L) did not 
produce any detectable effects on glybenclamide blockade of 
U46619- or arachidonic acid-stimulated aggregation (Figure 
5B and 5C, respectively), it completely reversed the inhibi-
tory effects of PGI2 on aggregation induced by U46619 (Figure 
5D).  These data demonstrate that the underlying mechanism 
of inhibition of platelet activation by glybenclamide does not 
involve cAMP.  We next examined the effect of glybenclamide 
on calcium mobilization in response to TPR activation.  

Glybenclamide inhibits calcium mobilization induced by TPR/ 
U46619 but not by ADP
Since calcium plays a central role in platelet aggregation 
downstream of TPR and other G-protein coupled receptors, 
it is expected that glybenclamide would also inhibit cal-

cium mobilization.  Indeed, it was found that glybenclamide 
(10 µmol/L) abolished calcium mobilization in response to 
1 µmol/L U46619 and 0.5 mmol/L arachidonic acid (Figure 6A 
and not shown, respectively).  On the other hand, 10 µmol/L 
glybenclamide did not produce any effects on calcium mobi-
lization in response to 15 µmol/L ADP or 40 µmol/L TRAP4 
(Figure 6B, and not shown, respectively).  These data are con-
sistent with glybenclamide’s inhibitory effects that are selec-
tive for TPR-dependent platelet function.  Finally, we sought 
to compare the inhibitory profile of glybenclamide with that 
for the classical TPR antagonist SQ29,548.

Glybenclamide exhibits a platelet-function inhibitory profile that 
is comparable to that of the classical TPR antagonist SQ29,548
Similar to glybenclamide’s effects, it was found that the selec-
tive TPR antagonist SQ29,548 (at 150 nmol/L or 1 µmol/L) 
blocked platelet aggregation stimulated by 1 μmol/L U46619 

Figure 3.  Displacement binding curve of [3H]SQ29,548 by glybenclamide 
in intact platelets.  Binding displacement of 1 nmol/L [3H]SQ29,548 
with increasing concentrations of glybenclamide (0.035-30 μmol/L).  
Results are the average of at least three different experiments, from blood 
obtained from three separate donors.

Figure 4.  Effect of glybenclamide on human platelet aggregation 
stimulated by ADP, and the thrombin receptor activating peptide 4 (TRAP4).  
(A) Indomethacin-treated PRP was stimulated with 15 μmol/L ADP in the 
absence or presence of 10 μmol/L glybenclamide.  (B) Indomethacin-
treated PRP was stimulated with 40 μmol/L TRAP4 in the absence 
or presence of 10 μmol/L glybenclamide.  Each aggregation curve is 
representative of multiple traces obtained from three separate platelet 
preparations, from three different blood donors.
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or 0.5 mmol/L arachidonic acid (Figure 7A, 7B, 7C, and not 
shown).  On the other hand, SQ29,548 (at 150 nmol/L or even 
1 µmol/L) was found to be devoid of any inhibitory effects 
on platelet aggregation triggered by 15 μmol/L ADP, or 40 
μmol/L TRAP4 (Figure 7D, 7E, 7F, and not shown).  Thus, the 
inhibitory profile exhibited by glybenclamide on platelet func-
tion appears to be identical to that of the classical TPR antago-
nist SQ29,548, which is in agreement with a TPR-dependent 
mechanism of action.  

In summary, the present studies demonstrate that glybencl-
amide has the capacity to exert TPR-specific inhibitory effects 
on human platelet function, as demonstrated by selective 
blockade of aggregation (and calcium mobilization) by the 
classical agonists U46619 and arachidonic acid, and displace-

ment of binding of a classical TPR ligand.  Our results also 
provide evidence that cAMP is not involved in the mechanism 
of inhibition, since glybenclamide lacked any inhibition on 
aggregation mediated by the agonists ADP and TRAP4, nor 
did it increase platelet cAMP levels.  

Discussion
Given the clear involvement of TXA2/TPR signaling in the 
pathogenesis of multiple disease processes (eg, thrombosis and 
asthma)[10–12, 39], the limitations of aspirin therapy[15, 16], and evi-
dence that antagonists are superior to aspirin in certain disease 
states[40], there is an increasing interest in the development of 
TPR antagonists.  Of note, due to a host of reasons, the use of 
antagonists developed (which were not rationally designed) 

Figure 5.  Effects of glybenclamide and PGI2 on basal platelet cAMP levels; and effects of glybenclamide on human platelet aggregation induced by 
U46619 or arachidonic acid (compared to the effects of PGI2 on human platelet aggregation induced by U46619) in the presence or absence of the AC 
inhibitor SQ22536.  A) PRP was treated with 10 μmol/L glybenclamide or 1 nmol/L of the control PGI2 before cAMP levels were measured (bP<0.05, 
n=3).  B) PRP was first incubated with or without the AC inhibitor SQ22536 (300 μmol/L) and then stimulated with 1 μmol/L U46619 in the presence or 
absence of 10 μmol/L glybenclamide.  C) PRP was first incubated with or without the AC inhibitor SQ22536 (300 μmol/L) and then stimulated with 0.5 
mmol/L arachidonic acid in the presence or absence of 10 μmol/L glybenclamide.  D) PRP was first incubated with or without the AC inhibitor SQ22536 
(300 μmol/L) and then stimulated with 1 μmol/L U46619 in the presence or absence of 1 nmol/L PGI2.  Each aggregation curve is representative of 
multiple traces obtained from three separate platelet preparations, from three different blood donors.
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thus far, has been experimental[18–21, 41].  Nonetheless, it is 
anticipated that recent literature regarding the ligand-binding 
domain of TPR will aid the discovery of TPR antagonists[42, 43].

Historically, conventional drug discovery takes one of two 
routes[44], either the target-centered or compound-centered 
approach, and each route may take around 15 years.  Conse-
quently, there is growing interest in an approach that focuses 
on investigating new indications for drugs that have already 
been approved by the FDA (ie, “drug rediscovery”)[24–26].  
Aside from their well-characterized pharmacology, such drugs 
would have a safety profile that has been well defined through 

many years of clinical experience.  To this end, we decided 
to undertake a similar approach (ie, repurpose a currently 
approved drug) in our pursuit of agents that possess antago-
nistic activity against platelet TPRs.  Specifically, we searched 
for drugs that share structural similarity with TPR antagonists.  
We selected the experimental TPR antagonist with the high-
est affinity (ie, SQ29,548), and we were particularly interested 
in compounds that share similarity with the pharmacoph-
ores of SQ29,548[28].  We found that the antidiabetic agent 
glybenclamide meets this structural requirement as follows 
(see Figure 1): 1) the functional groups which are anionic at 
physiological pH (7.4); these are the carboxylic acid group of 
SQ29,548 and the sulfonylurea of glybenclamide (indicated by 
the red fonts in the structures); 2) the amide groups (indicated 
by the pink fonts in the structures); and 3) the aromatic rings 
(indicated in blue fonts in the structures).  On the other hand, 
glybenclamide appears to lack a chemical group equivalent 
to the fourth SQ29,548 pharmacophore, ie, the 14-position 
nitrogen indicated by the grey font in SQ29,548 structure (see 
Figure 1).  Nonetheless, we believe that there is sufficient 
similarity in their chemistry to confer glybenclamide with the 
capacity to interact with TPRs.  In order to test this notion and 
to address previous inconsistencies regarding its biological 
activity, we evaluated the effects of glybenclamide on platelet 
aggregation mediated via TPR activation.  Interestingly, it was 
found that pre-treating platelets with glybenclamide resulted 
in significant inhibition in their aggregation response to the 
agonist U46619, in a concentration dependent manner.  Gly-
benclamide also inhibited the calcium mobilization response 
triggered by U46619.  These findings demonstrate that this 
antidiabetic drug does indeed have the capacity to block plate-
let function, presumably via interacting with TPRs.  To further 
test this notion, we examined the effects of glybenclamide on 
aggregation triggered by the TXA2 precursor arachidonic acid.  
Our results showed that glybenclamide exerted a concen-
tration-dependent inhibitory effect on aggregation triggered 
by arachidonic acid.  Given the chemical similarity between 
glybenclamide and the antagonist SQ29,548, this finding 
appears to be consistent with a TPR-dependent mechanism of 
action.  This notion was further supported by the finding that 
glybenclamide completely displaced the radiolabeled antago-
nist SQ29,548 from its platelet TPR binding sites.  In addition, 
these data suggest that glybenclamide does in fact contain a 
“minimum” number of pharmacophores that are required for 
interacting with TPR, and possess a three dimensional orien-
tation that allows for this interaction.  Nevertheless, without 
performing molecular modeling studies, it will be difficult to 
accurately predict which of the proposed chemical groups of 
glybenclamide serve as pharmacophores, and thereby partici-
pate in its interaction process with the ligand binding pocket 
of TPR.  Notably, the concentration needed to produce com-
plete inhibition of platelets by glybenclamide is higher than 
those for SQ29,548, which suggests that the former has lower 
affinity for the receptor.  It is tempting to speculate that the 
apparent low affinity of glybenclamide for platelet TPRs is due 
to: 1 lack of one or more of the established pharmacophores 
of SQ29,548 (eg, the 14-position nitrogen), which means lower 

Figure 6.  Effect of glybenclamide on human platelet calcium mobilization 
stimulated by the TPR agonist U46619, and ADP.  (A) Indomethacin-
treated PRP was stimulated with 1 μmol/L U46619 in the absence or 
presence of 10 μmol/L glybenclamide.  (B) Indomethacin-treated PRP was 
stimulated with 15 μmol/L ADP in the absence or presence of 10 μmol/L 
glybenclamide.  Each calcium trace is representative of multiple traces 
obtained from three separate platelet preparations, from three different 
blood donors.
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Figure 7.  Effect of SQ29,548 on human platelet aggregation stimulated by the TPR agonist U46619, the TXA2 precursor arachidonic acid, ADP, and the 
thrombin receptor activating peptide 4 (TRAP4).  A) Indomethacin-treated PRP was stimulated with 1 μmol/L U46619 in the absence or presence of 150 
nmol/L SQ29,548.  B) Indomethacin-treated PRP was stimulated with 1 μmol/L U46619 in the absence or presence of 1 μmol/L SQ29,548.  C) PRP 
was stimulated with 0.5 mmol/L arachidonic acid in the absence or presence of 150 nmol/L SQ29,548.  D) Indomethacin-treated PRP was stimulated 
with 15 μmol/L ADP in the absence or presence of 150 nmol/L SQ29,548.  E) Indomethacin-treated PRP was stimulated with 15 μmol/L ADP in the 
absence or presence of 1 μmol/L SQ29,548.  F) Indomethacin-treated PRP was stimulated with 40 μmol/L TRAP4 in the absence or presence of 150 
nmol/L SQ29,548.  Each aggregation curve is representative of multiple traces obtained from three separate platelet preparations, from three different 
blood donors.
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number of TPR amino acid recognition/interaction sites; and/
or 2 possessing a three dimensional conformation that is some-
what different from SQ29,548; especially, since glybenclamide 
is a flexible compound whereas SQ29,548 has a rigid chemis-
try, and this would impact the manner by which it docks onto 
the binding pocket; and/or 3 differences in the bonding ener-
gies of the two molecules.  Therefore, to guide the repurposing 
of drugs, one should make similar structural comparisons, 
especially for experimental drugs with well-defined pharma-
cophores[45].  Based on these considerations, we believe this 
may represent a general paradigm that may be extended to 
other targets/drugs.  

In summary, our data thus far provide evidence that gly-
benclamide exhibits inhibitory effects on platelet function, and 
indicate that the underlying mechanism is mediated, at least in 
part, via TPR blockade.  However, our data does not exclude 
the possibility that cAMP, a common inhibitor of platelet 
function, may contribute to the antiplatelet effects of glyben-
clamide.  If this were the case, then glybenclamide would be 
expected to also produce inhibitory effects on platelet activa-
tion triggered by mechanisms independent of TPRs (eg, ADP 
or TRAP4).  However, our experiments revealed that even 
when used at a concentration that completely blocked TPR-
mediated aggregation, glybenclamide produced no apparent 
effects on aggregation or calcium mobilization induced by 
ADP, or TRAP4, nor did it cause cAMP increases.  Also, the 
adenylyl cyclase inhibitor SQ22536 did not reverse the inhibi-
tory effects that glybenclamide exerted on platelet activation 
by TPRs, whereas it completely reversed those by the control 
PGI2.  These findings further demonstrate that the inhibitory 
effects exerted by glybenclamide are limited to TPR antago-
nism.  Consistent with our conclusions, control experiments 
revealed that glybenclamide exhibited a platelet-function 
inhibitory profile that is similar to that for the TPR antagonist 
SQ29,548, i.e., selective blockade of platelet aggregation medi-
ated by activation of TPRs, but not by ADP or TRAP4 recep-
tors.

Collectively, our results obtained using human platelets pro-
vide evidence that glybenclamide exerts antiplatelets effects 
that are TPR dependent.  Consequently, glybenclamide has 
the potential to serve as a therapeutic agent, and can be added 
to the arsenal of interventions available for treating throm-
botic disease.  Furthermore, based on recent evidence[46] of a 
novel inhibitory function for isoprostanes in platelets, which 
was shown to prevail under conditions of TPR antagonism, 
concurrent therapy of a TPR antagonist (eg, glybenclamide) 
and aspirin might be superior to either therapy alone.  Thus, 
glybenclamide may prove beneficial in combination therapy 
approaches.  

Even if this newly identified biological activity is not ade-
quate for therapy or if the hypoglycemia that may be induced 
by glybenclamide is an issue, novel glybenclamide derivatives, 
with antithromboxane receptor activity, may be rationally-
designed; as was previously done were a TPR antagonist was 
derived from the loop diuretic torasemide; which is also a sul-
fonylurea[47].  Nevertheless, our findings suggest that the use 
of glybenclamide should be encouraged in the treatment of 

diabetic patients with enhanced platelet functions; especially 
since hypoglycemia would not be a limiting factor.  Finally, 
consistent with our findings, a study on patients diagnosed 
with type II Diabetes Millets, and treated with glybenclamide 
for 4 months, revealed that they were protected against throm-
bosis formation[48].  Thus, while hypoglycemia could be a 
limiting factor, glybenclamide appears to produce its protec-
tive effects against thrombosis development, at concentrations 
that are effective for managing Diabetes Millets[48].  This is an 
important consideration given the established link between 
diabetes and thrombotic disorders.

Non standard abbreviations
PRP, platelet rich plasma; PPP, platelet poor plasma; TXA2, 
thromboxane A2; TPR, thromboxane A2 receptor; TRAP4, 
thrombin receptor-activating peptide 4; PAR, protease acti-
vated receptor.
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