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Abstract

Objectives To evaluate the potential of a novel dihydropyrimidinone, ethyl 4-(4′-
heptanoyloxyphenyl)-6-methyl-3,4-dihydropyrimidin-2-one-5-carboxylate (H-DHPM), as a
calcium channel blocker, endowed with the ability to inhibit platelet aggregation effectively.
Methods In-vitro and in-vivo studies were conducted for the determination of antiplatelet
activity using adenosine diphosphate (ADP), collagen or thrombin as inducers. Calcium
channel blocking activity and nitric oxide synthase (NOS) activity were monitored.
Lipopolysaccharide (LPS)-mediated prothrombotic conditions were developed in rats to
study the efficacy of H-DHPM to suitably modulate the inflammatory mediators such as
inducible NOS (iNOS) and tissue factor. The cGMP level and endothelial NOS (eNOS)
expression were checked in aortic homogenate of LPS-challenged rats pretreated with
H-DHPM. The effect of H-DHPM on FeCl3-induced thrombus formation in rats was
examined.
Key findings The concentrations of H-DHPM required to give 50% inhibition (IC50)
of in-vitro platelet aggregation induced by ADP, collagen or thrombin were 98.2 � 2.1,
74.5 � 2.3 and 180.7 � 3.4 mm, respectively. H-DHPM at a dose of 52.0 � 0.02 mg/kg
(133 mmol/kg) was found to optimally inhibit ADP-induced platelet aggregation in-vivo. The
level of nitric oxide was found to be up to 9 � 0.08-fold in H-DHPM-treated platelets
in-vitro and 8.2 � 0.05-fold in H-DHPM-pretreated rat platelets in-vivo compared with
control. OH-DHPM, the parent compound was found to be ineffective both in-vitro and
in-vivo. H-DHPM-pretreated rats were able to resist significantly the prothrombotic changes
caused by LPS by blunting the expression of iNOS, tissue factor and diminishing the
increased level of cGMP to normal. H-DHPM enhanced the eNOS expression in aorta of rats
treated with LPS. H-DHPM displayed synergy with antiplatelet activity of aspirin even at
lower doses. H-DHPM was found to inhibit the LPS-induced platelet aggregation in younger
as well as older rats. H-DHPM exhibited the ability to markedly decrease FeCl3-induced
thrombus formation in rats.
Conclusions H-DHPM has the attributes of a promising potent antiplatelet candidate
molecule that should attract further study. H-DHPM displayed antiplatelet activity both
in vivo and in vitro, which was due partially by lowering the intraplatelet calcium
concentration.
Keywords calcium channel blocker; lipopolysaccharide; nitric oxide synthase; platelet
aggregation

Introduction

The major function of platelets is to arrest blood loss after tissue trauma and exposure of the
subendothelial matrix. However, altered platelet function can be responsible for athero-
thrombosis, which is the leading cause of death in the developed world.[1–3] Numerous
antiplatelet agents have been developed based on their ability to block the receptors respon-
sible for platelet activation. For instance, clopidogrel by virtue of its remarkable ability to
irreversibly bind ADP receptor P2Y12, proved to be an important antiplatelet drug.[4] Aspirin
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(acetylsalicylic acid), on the other hand, inhibits prostaglan-
din synthesis in platelet as well as the collagen induced plate-
let release reaction. The mechanism of the inhibitory action of
aspirin includes the involvement of acetylation of cyclooxy-
genase, leading to the down regulation of thromboxane A2
synthesis and concomitant inhibition of platelet aggregation.[5]

Calcium channel blockers are a class of drugs that block
the entry of calcium into the muscle cells of the heart and
arteries.[6] The entry of Ca2+ into the cells causes the heart to
contract and narrowing of the arteries. Calcium channel
blockers decrease the contraction of the heart and dilate the
arteries by the upregulation of endothelial nitric oxide (NO)
production in cells. This observation indicated that the reduc-
tion in cytosolic Ca2+, inhibition of platelet aggregation, and
vasodilation with calcium channel blockade were not only due
to inhibition of Ca2+ entry but also to an NO-cGMP-mediated
mechanism.[7] There are two types of calcium channel
blocker: short-acting and long-acting. Short-acting calcium
channel blockers such as nifedipine work quickly and their
effect lasts only for a few hours.[8] The long-acting calcium
channel blockers (L-type) take longer to start working and
their effect persists for a prolonged period. Amlodipine, a
dihydropyridine (DHP) is an L-type calcium channel blocker,
a well studied, commonly used antihypertensive drug.[9]

Much less is known about the dihyropyrimidinone
(DHPM) derivatives as antiplatelet drugs, most of the infor-
mation available on them is the ability of DHPMs as antimi-
crobial and antihypertensive agents.[10,11] In this study, we have
reported for the first time on ethyl 4-(4′-heptanoyloxyphenyl)-
6-methyl-3,4-dihydropyrimidin-2-one-5-carboxylate (H-
DHPM) as an antiplatelet agent. A number of DHPM deriva-
tives ranging from acetoxy DHPM to decanoylated DHPM, as
well as the parent moiety (hydroxy derivative, OH-DHPM,
Figure 1, inset) were synthesized in our laboratory.[12] Efforts
were made to establish their calcium channel blocking activ-
ity. Among them H-DHPM (Figure 1, inset) was found to be
a versatile calcium channel blocker endowed with antiplatelet
and antithrombotic activity. A single acyl (heptanoyl) group at
the C4′ position of DHPM molecule controls the calcium
channel blockers and antiplatelet activity. This was evident
from the fact that the parent phenolic derivative dihydropyri-
dine (OH-DHPM) was devoid of the biological activity under
consideration. The other substituents at various positions on
the phenyl/pyrimidinone ring of the H-DHPM molecule were
monitored and were found to hardly affect calcium channel
blockers or antiplatelet activity (unpublished data). Such
clear-cut structural motif of controlling calcium channel
blocker activity is not encountered with other known calcium
channel blockers. The precise structural requirement would
help in the development of a key molecule as an effective
antiplatelet agent. We have investigated the antiplatelet activ-
ity of H-DHPM in comparison with known antiplatelet drugs,
like amlodipine, clopidogrel and aspirin.

Materials and Methods

Materials
Aspirin, dichlorofluorescin diacetate (DCFH-DA), l-arginine,
adenosine diphosphate (ADP), arachidonic acid, collagen,
histopack, horseradish peroxidase conjugated secondary

antibody, endothelial NO synthase and inducible NO synthase
(eNOS and iNOS, respectively) antibodies, Tween-20, Fluo-
3AM (a fluorescent dye), lipopolysaccharide (LPS), l-NG-
nitroarginine methyl ester (L-NAME), the bacterial endotoxin
Escherichia coli serotype (111:B4), and thrombin were from
M/S Sigma Chemical Co., St Louis. MO, USA. Tissue factor
ELISA kit and cGMP ELISA kit were purchased from Assay
Pro and Cayman’s Chemicals, respectively. All other chemi-
cals used were of high purity and were obtained from local
suppliers (Delhi, India).

Synthesis of H-DHPM
DHPMs were synthesized as described previously.[12] The
melting point, physical and spectral data of the compounds
were in complete agreement with those reported earlier in the
literature.[12]

Experimental animals
Male Sprague-Dawley rats (200–250 g) were housed in mesh
cages in the animal house of Vallabhbhai Patel Chest Institute
(University of Delhi, Delhi, India). The animal room was main-
tained at 25° � 2°C and illuminated using a 12 : 12 h light/dark
cycle. Before conducting experiments animals were acclima-
tized to laboratory conditions for seven days. All experimental
procedures and protocols used in this investigation were
reviewed and approved by the Institutional Animal Ethics Com-
mittee of Vallabhbhai Patel Chest Institute, University of Delhi.

Blood collection from healthy volunteers
Blood was taken from healthy volunteers (n = 52; age 27 � 1.2
years) after they had received a full explanation about the
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Figure 1 Enhancement of nitric oxide levels in platelets by ethyl
4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-dihydropyrimidin-2-one-5-
carboxylate. Human platelets were incubated with OH-DHPM
(parent compound), ethyl 4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-
dihydropyrimidin-2-one-5-carboxylate (H-DHPM) or amlodipine
(180 mm) along with l-arginine (100 mm) and DCFH-DA (2 mm) for
30 min at 37°C followed by the measurement of DCF fluorescence.
Platelets, pretreated with L-NAME 1 h before, were further followed by
addition of test compounds and assayed for nitric oxide (NO) levels.
Values are mean � SEM of five observations. aP < 0.05, compared
between H-DHPM- and amlodipine-treated groups. One-way analysis of
variance test followed by the Tukey multiple comparisons test were used.
Inset: Structures of H-DHPM (bottom) and the hydroxy derivative of
DHPM (OH-DHPM, top).
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details of the experiment and their consent had been given.
Approval was obtained from the Ethical Committee of Vallab-
hbhai Patel Chest Institute, University of Delhi. Venous blood
(9 ml) was collected with 1.0 ml 3.8% trisodium citrate from
healthy volunteers, who had abstained from medication in-
cluding aspirin, paracetamol, and alcohol. The citrated blood
was used for the preparation of platelet-rich plasma (PRP) as
described previously.[13] Platelet count was determined in PRP
using an electronic cell counter, SYSMEX Model no. FA 20
(M/S Sysmex Corporation, Kobe, Japan) and was adjusted to
250 ¥ 106 cells/ml with platelet-poor plasma (PPP).

Aggregometry
PRP (500 ml) was pipetted into siliconized glass cuvettes and
kept at 37°C for 2 min in the aggregometer. The test compounds
were dissolved in methanol, in various concentrations (40–
200 mm), and were added to the reaction cuvette to obtain the
concentration–response curves. Individual samples were incu-
bated at 37°C for 10 min.After this time platelet aggregation was
induced by the addition ofADP(15 mm), collagen (10 mg/ml), or
thrombin (0.2 U/ml) and assessed by using a Platelet Aggrega-
tion Profiler (Bio/Data Corporation, Hatboro, PA, USA, Model
No.Pap-4). The results were expressed as the maximum percent-
age of light transmittance change (% max) from the baseline
at the end of the recording time, using PPP as a reference.
Platelet aggregation curves were recorded for 6 min and analy-
sed according to internationally established standards.

Nitric oxide estimation by flow cytometry
The method outlined by Imrich and Kobzik[14] was followed
for the assay of nitric oxide synthase (NOS) in platelets by
flow cytometry. Human PRP was incubated with OH-DHPM/
H-DHPM or amlodipine (180 mm) for 10 min at 37°C and the
NOS activity was triggered by the addition of ADP (15 mm)
for 5 min. PRP was centrifuged and platelets were isolated,
washed twice with phosphate buffered saline (PBS) and resus-
pended in the standard buffer (in mm: 137 NaCl, 2.8 KCl, 1
MgCl2, 12 NaHCO3, 0.4 Na2HPO4, 0.35% BSA, 10 HEPES,
5.5 glucose, pH 7.4) containing 1 ml DCF-DA (dissolved in
CH3OH) in a total volume of 1 ml to make the final concen-
tration 2 mm and kept at 37°C for 30 min. One set of samples
were pre-incubated with L-NAME (100 mm), inhibitor of
NOS, and was followed by further addition of the test com-
pounds and processed in a similar manner for the measure-
ment of NO activity.

Briefly NO was measured in platelets labelled with
the NO fluorescent dye DCFH-DA using a Becton-Dickinson
FACScan Flow Cytometer (BD Biosciences, Franklin lakes,
NJ, USA). The FACScan was equipped with a 5 W argon laser
operating at 15 mW power with an excitation wavelength of
488 nm. The baseline fluorescence was measured immedi-
ately by applying 1 ml suspension to the flow cytometer and
acquiring 1000 events. The median fluorescence was mea-
sured on a log scale using the fluorescein isothiocyanate
(FITC) detector (525 nm).

Ca2+ measurement by fluorometry
Platelets isolated from human blood were washed twice with
PBS and resuspended in the standard buffer containing 2 mm
CaCl2. In experiments performed in the absence of external

Ca2+, 500 mm EGTA was added to chelate extracellular Ca2+.
The cells were incubated with OH-DHPM or H-DHPM
(180 mm) for 10 min at 37°C, and then ADP (15 mm) was
added to evoke the Ca2+ response.[15] The cells were centri-
fuged and washed twice with PBS and resuspended in the
standard buffer containing 1 ml Fluo-3 (dissolved in dimethyl
sulfoxide (DMSO)) in a total volume of 1 ml to make the
final concentration to 2 mm and kept at 37°C for 30 min.
Amlodipine-treated platelets were taken as positive controls.

Ca2+ was measured in platelets labelled with the Ca2+

fluorescent dye Fluo-3AM using a Spectrofluorometer
(Shimadzu, Model RF-5301 Pc). The samples were assessed
for Ca2+ levels by fluorescent microscopy (Nikon, Melville,
New York, USA).

Per oral administration of the test compound
A known amount of the test compound OH-DHPM
(MW = 276 g/mol) or H-DHPM (MW = 388 g/mol) was sus-
pended in an appropriate volume of normal saline, sonicated
for 30 s and the preparation was administered to rats (n = 3–4
per group) orally at a dose ranging from 5 to 60 mg/kg. The
animals were sacrificed by diethyl ether. Blood samples were
taken by cardiac puncture, followed by the assay for platelet
aggregation. The dose–response curve was drawn to evaluate
the optimum concentration of H-DHPM where the inhibitory
effect on platelet aggregation was maximum below the satu-
rating concentration. The so obtained optimum concentration
of H-DHPM was compared with the same concentration
of amlodipine besylate (MW = 567.05 g/mol); aspirin (MW =
180 g/mol) and clopidogrel bisulphate (MW = 420 g/mol).

Platelet aggregation ex vivo
The blood was centrifuged and PRP was prepared according
to the above mentioned procedure and then analysed for the
assessment of ADP-, collagen- or thrombin-induced platelet
aggregation.

Persistence of inhibition of platelet aggregation
in vivo: effect of a single dose
Four groups of rats (n = 3 each) were taken and administered
H-DHPM (52 mg/kg or 133 mmol/kg, p.o) aspirin or clopidogrel
separately for 24, 48, 72 or 96 h, respectively. Group 1, 24 h
only; group 2, 48 h only; group 2, 72 h only; and group 4, 96 h
only. The animals were killed as per the time interval mentioned
above. ADP-induced platelet aggregation was assessed.

Measurement of nitric oxide levels in platelets in
H-DHPM-treated rats
PRP obtained from rats (which had been administered orally
H-DHPM or amlodipine, 133 mmol/kg), were incubated sepa-
rately at 37°C for 2 min and then activity was triggered with
ADP (15 mm) for 5 min. Platelets were isolated, washed twice
with PBS and resuspended in the standard buffer containing
1 ml DCF-DA (dissolved in DMSO) in a total volume of 1 ml
to make the final concentration 2 mm and kept at 37°C for
30 min. Samples were analysed for NO activity, as mentioned
above, by flow cytometry.

Ca2+ measurement in rat platelets
Platelets isolated from blood of rats that had been admi-
nistered with H-DHPM were washed twice with PBS and
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resuspended in the standard buffer containing 2 mm CaCl2.
In experiments performed in the absence of external Ca2+,
500 mm EGTA was added to chelate extracellular Ca2+. The
platelet suspension were kept for 2 min at 37°C and then Ca2+

response was evoked by adding ADP (15 mm).[15] The cells
were centrifuged and washed twice with PBS and resus-
pended in the standard buffer containing 1 ml Fluo-3 (dis-
solved in DMSO) in a total volume of 1 ml to make the
final concentration to 2 mm and kept at 37°C for 30 min.
Amlodipine-treated rat platelets were taken as positive
controls.

Synergistic effect of H-DHPM with aspirin
The synergistic effect of H-DHPM with a known drug aspirin
was assessed. For this purpose the minimum effective dose
of H-DHPM was taken i.e. 25.7 mmol/kg (10 mg/kg). An
equimolar dose of aspirin (25.7 mmol/kg or ~5 mg/kg) was
taken to study the synergy with H-DHPM. Four groups of
animals were treated as follows: group 1, control (placebo);
group 2, aspirin (25.7 mmol/kg); group 3, H-DHPM
(25.7 mmol/kg); and group 4, H-DHPM + aspirin (12.8 mmol/
kg, each). Platelet aggregation was analysed by the above
mentioned procedure.

Lipopolysaccharide-induced thrombotic
prone condition
Three groups of rats were administered a daily single dose of
the following for three days: group 1, (n = 6) placebo (normal
saline); group 2, (n = 3) amlodipine (133 mmol/kg); and group
3, (n = 3) H-DHPM (133 mmol/kg). On the third day groups 2
and 3 received an injection of LPS (2 mg/kg, i.p). Three of the
rats from group 1 were randomly picked, injected with LPS,
and became group 4 (LPS alone). The period of treatment
was chosen as per the time dependent studies carried out
with H-DHPM 133 mmol/kg to overcome the LPS insult, as
reflected by the pro-inflammatory mediators such as tissue
factor or iNOS. Six hours after LPS injection, the animals
were anesthesized with diethyl ether and blood samples were
taken for the assessment of cGMP, tissue factor and iNOS.
Later, aorta from the rats of each group was separately excised
and aortic homogenate was prepared to analyse the expression
of eNOS and level of cGMP.

Preparation of aortic homogenates
The aorta from iliac bifurcation to the heart was removed from
the above treated rats, washed in isotonic saline and were
carefully freed of any adventitial fat tissue. The aortas were
sectioned by scissors and immersed in iced Tris buffer
(5 mmol/l, pH 7.4) containing the protease inhibitors leupep-
tin, benzamidine, aprotinin and phenylmethylsulfonyl fluo-
ride. The tissues were homogenized for 30 s in a Potter-
Elvehjem homogenizer. The homogenates were centrifuged
for 10 min at 100g to remove particulate matter and unbroken
cells. The supernatant obtained were designated as ‘aortic
homogenates’. All the operations were carried out at 0–4°C.

Immunoblotting of eNOS
The rat aortic homogenates were used for the estimation of
eNOS expression in the similar way as described above.

Equal amounts of proteins (20 mg/lane) were denatured
and separated by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE). After electrophoresis, the
separated protein on the gel was transblotted to a nitro-
cellulose membrane (Axiva) at 300 mA for 3.5 h at 4°C.
Membrane was kept in blocking reagent (5% blotto) to
block the nonspecific sites. The primary antibody was diluted
(1 : 2000) in Tris-buffer saline (TBS) containing 1% bovine
serum albumin (BSA) and was incubated with the blot
for 1 h at 4°C with moderate agitation. The membrane was
extensively washed with 0.05% Tween-20 detergent in TBS
(TBST) and TBS, followed by incubation with horseradish
peroxidase, conjugated secondary antibody, for the same
time duration at room temperature. The membrane was
washed extensively with TBST/TBS and the transblotted
protein bands were visualized by treating with diaminoben-
zidene (DAB) and hydrogen peroxide.

Measurement of cGMP
Aortic homogenates obtained were used for the determination
of cGMP levels by cGMP ELISA kit from M/s Cayman’s
Chemicals as per manufacturer’s instruction.

Immunodetection of iNOS expression
The lymphocytes (1 ¥ 108 cells/ml) were lysed and used for
Western blot to detect the LPS-induced iNOS expression.

To compare NOS expression with the expression of
another protein, we analysed the expression of b-actin by
Western blot using a b-actin monoclonal antibody (M/S
Sigma Chemical Co., St Louis. MO, USA). For this purpose,
a parallel gel with identical samples was run and after blotting
onto nitrocellulose, the Western blot analysis was performed
with the b-actin monoclonal antibody (1 : 5000).

Analysis of tissue factor
The lymphocytes (1 ¥ 108 cells/ml) were prepared from the
blood withdrawn from rats administered with H-DHPM or
amlodipine by density gradient using Histopack and lysed
in 100 ml lysis buffer (50 mmol/l Tris, 150 mmol/l NaCl,
10 mmol/l EGTA, 1% Triton X-100, 1% sodium deoxycho-
late, 1 mmol/l sodium vanadate, 50 mmol/l NaF, 2 mmol/l
EDTA (pH 8.0), 1 mmol/l phenylmethylsulfonyl fluoride, and
5 g/ml leupeptin, pepstatin A or aprotinin) centrifuged at
2500g for 10 min at 4°C. The supernatant obtained was used
for the assay for tissue factor using a tissue factor ELISA Kit
from M/s Assay Pro kit as per the manufacturer’s instructions.

Effect of age on platelet aggregation
To check the effect of age on platelet aggregation, two groups
of rats were taken: group 1 (n = 12, 6-weeks old) and group 2
(n = 12, 20-weeks old). Among each group, four animals were
taken as control (normal saline treated), four animals were
treated orally with H-DHPM (133 mmol/kg) once daily for
three days and administered with LPS (2.5 mg/kg, i.p.) on day
3, while four animals were only injected with LPS on day 3.
After 6 h of LPS treatment, rats were anesthesized by diethyl
ether and blood was withdrawn and platelet aggregation
was analysed.
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FeCl3-induced arterial thrombosis
A total of 18 rats were included in this parallel study design.
The animals were divided into three main groups and six
animals were used in each group.

Group A, vehicle (n = 6); group B, H-DHPM (133 mmol/
kg) was given orally for 10 days to six rats (n = 6); and group
C, aspirin (133 mmol/kg)-treated group (n = 6). FeCl3 was
used to induce arterial thrombosis in adult male rats. The
thrombus produced with this method in the carotid arteries of
rats was composed of platelets and red blood cell enmeshed in
a fibrin network. This model was used as a simple and repro-
ducible test for evaluation of antithrombotic and profibrin-
olytic action of test compounds.[16,17] Rats (250–300 g) were
anaesthetized with chloral hydrate and polyethylene catheter
was inserted into the trachea via tracheostomy to facilitate
breathing. A midline incision was made on the skin and after
separating fascia and muscles, the right carotid artery was
exposed. A small piece of parafilm ‘M’ was placed under
the vessel to isolate it from surrounding tissues throughout
the experiment. Vascular injury was induced by placing a
Whatman 1 filter paper (2 ¥ 5 mm) saturated with 25% FeCl3

under the right carotid artery. The paper was allowed to
remain on the vessel for 10 min before removal. Similar blunt
dissection was done on the left carotid artery. After the rats
were anaesthetized, the neck was exposed to surgery and right
and left carotid arteries were exposed and weighed blotting
paper was arranged. The blotting paper was removed after
10 min and weighed again. The weight taken after 10 min was
compared in all treated groups. The thrombus weight after
blotting the thrombus on filter paper was used for evaluation.

Calculation and statistics
Calculations and statistics were performed using the Graph
Pad Prism 3.02 software. The one-way analysis of variance
tests followed by the Tukey multiple comparisons/Post
Hoc Tukey test were used. Data were expressed as mean �
standard error. Statistical significance was calculated using
the Student’s t-test, P-values less than 0.05 (P < 0.05) were
considered to be statistically significant.

Results

Inhibition of human platelet aggregation
by H-DHPM
The inhibitory effect of H-DHPM on human platelet aggre-
gation was examined (see supplementary information Figure
S1a). H-DHPM was found to cause concentration-dependent
inhibition of platelet aggregation induced by ADP, collagen or
thrombin (Table 1). The parent moiety, OH-DHPM was found
to exhibit negligible activity. The concentrations of H-DHPM
required to give 50% inhibition (IC50 values) for ADP-,
collagen- and thrombin-induced platelet aggregation were
98.2 � 2.1, 74.5 � 2.3 and 180.7 � 3.4 mm, respectively;
whereas the IC50 values of amlodipine for the same were
107.4 � 2.5, 84.6 � 2.7 and 189.2 � 3.1 mm, respectively.
H-DHPM appeared to inhibit platelet aggregation to a similar
extent as compared with amlodipine. Aspirin and clopidogrel
were found to be ineffective in vitro (see supplementary infor-

mation Figure S1b). Thrombin-induced platelet aggregation
was found to be partially inhibited by H-DHPM.

Enhancement of nitric oxide level: effect
of H-DHPM
H-DHPM was found effective in vitro in enhancing the
NO levels in platelets where as OH-DHPM was found to be
ineffective. H-DHPM pretreatment resulted in the profound
increase of NO in platelets of up to 9-fold. Amlodipine on the
other hand showed an 8-fold increase of NO levels in plate-
lets. L-NAME was found to reduce the NO production to the
basal level (Figure 1).

Effect of H-DHPM on Ca2+ mobilization in
activated platelets
Platelets obtained from human blood, resuspended in the pres-
ence of Ca2+ and EGTA containing standard buffer were incu-
bated with OH-DHPM or H-DHPM (180 mm) and triggered
with the addition of ADP (15 mm). H-DHPM blocked the
biphasic entry of Ca2+ into the cytosol like amlodipine,
whereas the Ca2+ concentration in the cytosol of the
OH-DHPM and control samples were high as measured on the
basis of the fluorescence. Ca2+ measurement by fluorescence
microscopy clearly depicted the Ca2+-channel blocking activ-
ity of H-DHPM (Figure 2).

Effect of H-DHPM in vivo on platelet
aggregation in rats
The dose-dependent effect of H-DHPM on the inhibition of
ADP-, collagen- or thrombin-induced platelet aggregation
in vivo is shown in Figure 3. The optimum dose obtained
for H-DHPM in ADP-induced platelet aggregation was
52 � 0.02 mg/kg (133 mmol/kg) for maximum inhibitory
activity. Higher doses were found to be saturating. The parent
moiety OH-DHPM was found to be ineffective with all the
inducers. As shown in Table 2, amlodipine and clopidogrel
appeared to cause inhibition of platelet aggregation to a
lesser extent when administered orally to rats at the dose

Table 1 Inhibition of platelet aggregation in-vitro by ethyl
4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-dihydropyrimidin-2-one-5-
carboxylate: comparison with standard drugs

Compounds IC50 values (mm)

ADP* Collagena Thrombin**

OH-DHPM Nil Nil Nil
H-DHPM 98.2 � 2.1 74.5 � 2.3 180.7 � 3.4
Amlodipine 107.4 � 2.5 84.6 � 2.7 189.2 � 3.1
Aspirin Nil 151 � 2.8 Nil
Clopidogrel Nil Nil Nil

Platelet rich plasma was incubated with test compound (40–200 mm) for
10 min at 37°C followed by the addition of adenosine diphosphate (ADP;
15 mm), collagen (10 mg/ml) or thrombin (0.2 U/ml) and platelet aggre-
gation was monitored by aggregometry. Values are mean � SEM of
five observations. *P < 0.05, ethyl 4-(4′-heptanoyloxyphenyl)-6-methyl-
3,4-dihydropyrimidin-2-one-5-carboxylate (H-DHPM) vs amlodipine;
aP < 0.05, H-DHPM vs amlodipine; aP < 0.001, H-DHPM vs aspirin;
**P < 0.05, H-DHPM vs amlodipine. One-way analysis of variance tests
followed by the Tukey multiple comparisons test were used.
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133 mmol/kg (see supplementary information Figure S1c).
In addition, H-DHPM was found to be more effective in the
inhibition of collagen-induced platelet aggregation. Clopi-
dogrel was not effective with collagen-induced platelet aggre-
gation. Aspirin and clopidogrel completely failed to inhibit
thrombin-induced platelet aggregation, whereas H-DHPM as
well as amlodipine were able to inhibit partially the thrombin-
induced platelet aggregation.

Persistence of inhibition of platelet aggregation
in vivo: effect of a single dose
The data presented in Table 3 revealed that a single dose of
H-DHPM significantly inhibited platelet aggregation, even
after 96 h. The effect of clopidogrel on inhibition of platelet
aggregation was much less comparatively and aspirin was
least effective among the three antiplatelet drugs after 96 h.

Enhancement of nitric oxide level: effect
of H-DHPM
H-DHPM was found effective in vivo in enhancing the NO
level in platelets. Accordingly, the administration of H-DHPM
(133 mmol/kg) to rats resulted in the profound increase of
NO in platelets up to 8.2-fold. Amlodipine on the other hand
showed a 6.9-fold increase in NO level in platelets.

Effect of H-DHPM on Ca2+ mobilization in
activated platelets
H-DHPM blocked the biphasic entry of Ca2+ into the cytosol
in vivo like amlodipine, whereas the Ca2+ concentration in the
cytosol of the control samples were high as measured on the
basis of the fluorescence.

Effect of H-DHPM on lipopolysaccharide-induced
tissue factor expression in rats
The administration of LPS to rats resulted in the enhancement
of tissue factor level in platelets (Figure 4). Pretreatment of
rats with H-DHPM led to a significant decrease in LPS-
induced elevation of tissue factor. The concentration of tissue
factor was 0.075 pg/100 mg protein in LPS-treated rats.
Tissue factor levels dropped to 0.016 and 0.022 pg/100 mg
protein in rats treated with LPS plus H-DHPM and LPS
plus amlodipine, respectively, as compared with the control
(0.01 pg/100 mg).

Modification of LPS induced iNOS expression
Immunodetection of LPS-induced iNOS expressions were
performed in peripheral blood mononuclear cells (PBMCs) by
Western blotting. As clearly shown in Figure 5a, the samples
treated with LPS alone had intense iNOS expression (lane 3)
whereas there was a diminished expression of iNOS in LPS
plus H-DHPM-treated samples (lane 4).

H-DHPM-mediated expression of eNOS in
lipopolysaccharide-induced rats
Aortic homogenates were subjected to immunodetection
of eNOS was performed by using eNOS antibody. Rat
aorta treated with LPS alone showed a sharp decline in the
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Figure 2 Ca2+-channel blocking activity of ethyl 4-(4′-
heptanoyloxyphenyl)-6-methyl-3,4-dihydropyrimidin-2-one-5-
carboxylate in washed platelets. Washed platelets were incubated with
OH-DHPM (parent compound) or ethyl 4-(4′-heptanoyloxyphenyl)-6-
methyl-3,4-dihydropyrimidin-2-one-5-carboxylate (H-DHPM) (180 mm)
for 10 min followed by incubation with adenosine diphosphate (ADP)
(15 mm) for 10 min. The samples were washed and resuspended in suit-
able buffer, further incubated with Fluo-3AM for 30 min at 37°C and
analysed by fluorimetry. P < 0.01, compared between ADP alone and
H-DHPM-treated groups. P < 0.01, compared between EGTA alone
and H-DHPM + EGTA treated groups. One-way analysis of variance test
followed by the Tukey multiple comparisons test were used. Inset: Plate-
lets were incubated with OH-DHPM or H-DHPM (180 mm) for 10 min
followed by incubation with ADP (15 mm) for 10 min. Samples were
washed and resuspended in the suitable buffer, and further incubated with
Fluo-3AM for 30 min at 37°C and visualized by fluorescence microscopy.

120

100

80

60

40

20

0
5 10 20 30 35 45 50 52 55 60

Pl
at

el
et

 a
g

g
re

g
at

io
n

(%
 in

h
ib

it
io

n
)

ADP

OH-DHPM

H-DHPM

Collagen

Thrombin

Treatments (mg/kg)
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thrombin-dependent platelet aggregation was assessed. Values are
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followed by the Tukey multiple comparisons test were used.
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expression of eNOS. The enhancement of eNOS in H-DHPM-
treated platelets as compared with control is presented in
Figure 5b.

Modulation of aortic cGMP levels by H-DHPM in
lipopolysaccharide-treated rats
Rats administered H-DHPM or amlodipine (133 mmol/kg)
for three days were injected with LPS (2.5 mg/kg, i.p.) on
the third day and killed after 6 h. LPS treatment caused an
enhancement of cGMP levels of up to 5-fold in aorta as
compared with control. H-DHPM treatment abolished the
enhanced cGMP level up to 1.65-fold (P < 0.001), while
amlodipine showed inhibition of cGMP levels of up to 1.93-
fold in aorta (Figure 6). The concentration of cGMP at basal
level in the control was 1.7 � 0.2 pmol/mg protein, which
was raised to 8.5 � 0.28 pmol/mg for LPS-treated rats.
H-DHPM or amlodipine pretreatment decreased the cGMP
level in spite of the LPS challenge up to 2.81 � 0.12 and
3.28 � 0.11 pmol/mg protein, respectively, in aorta.

FeCl3-induced arterial thrombosis: antithrombotic
effect of H-DHPM
There was a significant increase in paper weight of H-DHPM
and aspirin groups as compared with the control group. The
anticoagulant effect of H-DHPM is shown significantly better

than the control and aspirin groups. However, the significant
difference of paper weight was found in the right carotid
artery vs the left carotid artery of the H-DHPM group in
comparison with that of aspirin (Figure 7).

Effect of age on platelet aggregation: anti
platelet affect of H-DHPM
The extent of platelet aggregation was found to be higher in
LPS-treated older rats (20 weeks) as compared with that in the
LPS-treated younger ones (Figure 8). H-DHPM treatment
was able to inhibit the effect of LPS on platelet aggregation
effectively in both age groups.

Synergistic effect of H-DHPM with aspirin
Samples, treated with H-DHPM or aspirin alone
(25.7 mmol/kg each) showed marginal antiplatelet activity,
whereas the samples treated with the combination of

Table 2 Effect of ethyl 4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-dihydropyrimidin-2-one-5-carboxylate on in-vivo platelet aggregation in rats

Inducers of platelet
aggregation

Concentrations % Inhibition of platelet aggregation in vivo

H-DHPM Amlodipine Aspirin Clopidogrel

*ADP 15 mm 96 � 4.6 85 � 5.5 48 � 4.2 82 � 5.5
aCollagen 10 mg/ml 95 � 4.3 88 � 5.7 51 � 4.5 –
#Thrombin 0.2 U/ml 51 � 3.3 48 � 3.5 – –

Rats were administered test compound (133 mmol/kg, p.o.) and killed after 24 h. Blood was drawn, platelet rich plasma prepared and adenosine
diphosphate (ADP)-, collagen- or thrombin-dependent platelet aggregation was assessed. Values are mean � SEM of five observations. *P < 0.05,
ethyl 4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-dihydropyrimidin-2-one-5-carboxylate (H-DHPM) vs amlodipine; *P < 0.001, H-DHPM vs aspirin;
*P < 0.05, H-DHPM vs clopidogrel; aP < 0.05, H-DHPM vs amlodipine; aP < 0.001, H-DHPM vs aspirin; #P > 0.05, H-DHPM vs amlodipine.
Analysis of variance tests followed by the Tukey multiple comparisons test were used.

Table 3 Persistence of inhibition of platelet aggregation in-vivo
by a single dose of ethyl 4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-
dihydropyrimidin-2-one-5-carboxylate

Time (%) Inhibition of platelet aggregation

H-DHPM Amlodipine Aspirin Clopidogrel

24 h 95 � 3.11 88 � 5.6 55 � 4.2 82 � 1.43
48 h 85 � 3.32 74 � 5.3 30 � 4.4 60 � 1.42
72 h 75 � 3.13 67 � 5.5 15 � 4.6 43 � 1.44
96 h 60 � 3.02* 53 � 5.5 8 � 4.24 22 � 1.43

Drugs and ethyl 4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-
dihydropyrimidin-2-one-5-carboxylate (H-DHPM) were administered
(133 mmol/kg, p.o.) to the rats and killed after 24, 48, 72 or 96 h and
assessed for adenosine diphosphate-induced platelet aggregation. Values
are mean � SEM of seven observations. The one-way analysis of vari-
ance followed by Post Hoc Tukey test were used. *P < 0.05, antiplatelet
activity of H-DHPM after 96 h vs antiplatelet activity of amlodipine,
aspirin or clopidogrel after 96 h.
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Figure 4 Effect of ethyl 4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-
dihydropyrimidin-2-one-5-carboxylate on lipopolysaccharide-induced
tissue factor expression in rats. Rats were administered test compounds
(133 mmol/kg, p.o.) for three days. A group of rats treated with ethyl
4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-dihydropyrimidin-2-one-5-
carboxylate (H-DHPM) or amlodipine were administered lipopolysac-
charide (LPS; i.p., 2.5 mg/kg) 6 h before they were killed. Another group
of rats were administered LPS alone. Lymphomonocytes were isolated
from blood and tissue factor (TF)-expression was assayed by ELISA.
Control rats were treated accordingly. Details are given under Materials
and Methods. aP < 0.05 compared between H-DHPM- and amlodipine-
treated groups. aP < 0.001 compared between H-DHPM- and LPS alone-
treated groups. One-way analysis of variance test followed by the Tukey
multiple comparisons test were used.
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these two compounds in equimolar concentration (12.8 +
12.8 mmol/kg), inhibited the ADP-induced platelet aggrega-
tion synergistically (Figure 9).

Discussion

Cardiovascular disease is the most common cause of death in
the modern world. Its risk increases with age, stress, and the
irregular routine of urban societies. The clumping together of
platelets in the blood causes platelet aggregation, sequentially
leading to the formation of thrombus. Hence, there is a greater
demand for newer antiplatelet agents.

The antiplatelet effect of our key molecule H-DHPM has
been evaluated and compared with OH-DHPM, a deacylated
product of H-DHPM, in vitro as well as in vivo. OH-DHPM
showed no antiplatelet or Ca2+-channel blocking activity as
compared with the leading derivative H-DHPM. This directed
our attention towards the heptanoyl group substitution at 4′
position in the aryl ring of the DHPM. The heptanoyl group
plays an important role in the effectiveness of the leading
derivative, H-DHPM. H-DHPM was compared with drugs
like amlodipine, clopidogrel and aspirin. Although antihyper-
tensive activity of this class of molecule has been reported,
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Figure 5 Modulation of inducible nitric oxide synthase and endothelial nitric oxide synthase expression by ethyl 4-(4′-heptanoyloxyphenyl)-6-
methyl-3,4-dihydropyrimidin-2-one-5-carboxylate in lipopolysaccharide-treated rats. Rats were administered test compounds (133 mmol/kg, p.o.) for
three days. A group of rats with ethyl 4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-dihydropyrimidin-2-one-5-carboxylate (H-DHPM) or amlodipine were
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aorta was excised for the immunodetection of inducible nitric oxide synthase (iNOS) and endothelial NOS (eNOS) as described under Materials and
Methods. (a) PBMCs were isolated from blood. Immunological identification of iNOS using anti-iNOS antibody (1 : 2000, v/v). Lane 1, control; lane
2, prestained molecular weight marker; lane 3, LPS treated; lane 4, amlodipine; lane 5; H-DHPM. (b) The aorta was homogenized followed by the
identification of eNOS expression using anti-eNOS antibody (1 : 2000, v/v). Lane 1, aortic homogenate of control rats (untreated); lane 2, prestained
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Figure 6 Enhancement of cGMP levels in aorta of lipopolysaccharide-
treated rats. cGMP levels were estimated by ELISA in aortic homogenate.
aP < 0.05, compared between ethyl 4-(4′-heptanoyloxyphenyl)-6-methyl-
3,4-dihydropyrimidin-2-one-5-carboxylate (H-DHPM)- and amlodipine-
treated groups. aP < 0.001, compared between H-DHPM- and LPS alone-
treated groups. One-way analysis of variance followed by the Tukey
multiple comparisons test were used.
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nothing is known about its antiplatelet activity. Interestingly,
H-DHPM was found to be very effective as an antiplatelet
agent, like amlodipine, in vivo as well as in vitro, while aspirin
and clopidogrel were effective only in vivo, and that to a lesser
extent. H-DHPM, like amlodipine, effectively decreased
platelet aggregation stimulated by ADP, collagen or thrombin.
However, these inducers work through different mechanism
of action. H-DHPM significantly enhanced the NOS activity
in vitro and in vivo. Guanylate cyclase is a heterodimer
formed by two polypeptides containing a haeme moiety as a
prosthetic group. The interaction between its haeme group
and NO appeared to be an important modulator of its activity,
i.e. catalytic conversion of GTP into cGMP which is known
to act by lowering the intraplatelet calcium concentration,
and hence it was thought important to measure the calcium
concentration in the cytosol.[18,19] Interestingly, H-DHPM,
like amlodipine, was found to arrest biphasic calcium entry,
thereby abolishing calcium cross talk. These observations
suggested the direct stimulatory action of Ca2+-channel block-
ers on endothelial NO production. Normally, cytosolic Ca2+

is kept very low (10-7 m) by the action of Ca2+ pumps in the
endoplasmic reticulum, mitochondria, and plasma membrane
while ADP, collagen and thrombin increase Ca2+ concentra-
tion in cytosol, which is obliterated by H-DHPM.[20–23] Inter-
cellular calcium communication (ICC) is a widespread form
of cell–cell communication that allows tissue coordination
of cell proliferation, differentiation, and metabolism. ICC has
been described in many cell types, including platelets which
are involved in regulating the three-dimensional growth of
developing thrombi.[24] The calcium channel blockade activity
further points out the enhancement of NO generation as an
additional mechanism for the vasodilatory effect.[7]
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Figure 7 Antithrombotic activity of ethyl 4-(4′-heptanoyloxyphenyl)-
6-methyl-3,4-dihydropyrimidin-2-one-5-carboxylate. Mean plot of blot-
ting paper weight in the intervention groups. RtCA, right carotid artery;
LtCA: left carotid artery. *P < 0.05 compared with control naïve group;
†P < 0.05, compared between RtCA of ethyl 4-(4′-heptanoyloxyphenyl)-
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Figure 8 Effect of ethyl 4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-
dihydropyrimidin-2-one-5-carboxylate on lipopolysaccharide-induced
platelet aggregation in aged rats. Rats were administered ethyl
4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-dihydropyrimidin-2-one-5-
carboxylate (H-DHPM; 133 mmol/kg, p.o.) for three days. A group of
rats (control or drug treated) were administered lipopolysaccharide
(LPS; 2.5 mg/kg, i.p.) blood was drawn and platelet aggregation was
measured. Values are mean � SEM of three observations. aP < 0.01,
compared between LPS-treated young rat and older rat groups. One-way
analysis of variance tests for both the groups individually followed by
t-test were used.
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Figure 9 Synergistic effects of aspirin on antiplatelet activity of ethyl
4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-dihydropyrimidin-2-one-5-
carboxylate. Test compounds were administered orally and rats killed
after 24 h. Blood was drawn, platelet rich plasma prepared and adenosine
diphosphate-dependent platelet aggregation was assessed. Values are
mean � SEM of five observations. The figures in the parenthesis
represent the dose of the test compounds administered. aP < 0.001, com-
pared between aspirin + ethyl 4-(4′-heptanoyloxyphenyl)-6-methyl-3,4-
dihydropyrimidin-2-one-5-carboxylate (H-DHPM)- and aspirin alone-
treated groups. aP < 0.01, compared between aspirin + H-DHPM- and
H-DHPM alone-treated groups. One-way analyses of variance followed
by Tukey multiple comparison test were used.
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In the inflammatory conditions, an excessive amount of
NO is produced, and has been shown in several experimental
models of LPS-mediated inflammatory response where the
augmented NO radical generation is encountered in the vas-
cular tissues. Lymphomonocytes express the iNOS isoform
after cytokine stimulation and exposure to endotoxin resulting
in the generation of elevated levels of NO for prolonged
periods of time. The expression of LPS-induced iNOS was
measured in isolated rat PBMCs. In these models, the
increased NO radical production correlated with the extent of
iNOS produced leading to the vascular injury.[25] These studies
purport the important role of NO radicals in the pathophysi-
ology of cardiovascular diseases. Our results clearly depicted
the inhibition of LPS-induced iNOS expression in lymph-
omonocytes of rats treated with H-DHPM. Rat aortic homo-
genates were used to assay the cGMP levels in LPS-treated
rats. The results indicated a higher level of cGMP induced by
LPS in rats, which was attributed to an iNOS-mediated over-
production of NO. It was found interesting that H-DHPM
treatment was able to reverse the ill effects of LPS by drop-
ping the level of cGMP to normal (Figure 6). The constitutive
NOS, eNOS, expression was also monitored in aortic homo-
genate and was found that the LPS treatment declined the
expression of eNOS, while the H-DHPM pretreatment ren-
dered the normalization of eNOS expression even after LPS
challenge. Tissue factor expression was also induced in cir-
culating monocytes by bacterial LPS and pro-inflammatory
cytokines. Binding of factor VII to the extracellular domain
of tissue factor catalyses the generation of factor Xa and IXa,
triggering thrombin generation. H-DHPM-treated samples
showed a drastic decrease in LPS-induced tissue factor
expression in PBMCs.[26] However, H-DHPM as well as amlo-
dipine was able to overcome the inflammatory effects of LPS
effectively.

It was observed that two different antiplatelet agents such
as aspirin and clopidogrel, working through two different
mechanisms, when combined together were proved to be an
efficient drug.[27] Similarly, when lower doses of aspirin and
H-DHPM were combined in equimolar quantity it resulted
in higher efficacy as an antiplatelet agent. The effect of
H-DHPM was found to be highly persistent even after 96 h,
which was a clear advantage over drugs such as clopidogrel
or aspirin which require multiple intakes to achieve optimum
inhibitory activity. Age-related effects also play an important
role in the physiology of platelet dysfunction: there is an
increased thrombus formation during hypertension and the
phenomenon of platelet adhesion and aggregation is also
triggered.[28] Our results clearly showed that H-DHPM
pretreatment brought the inhibition in platelet aggregation
caused by LPS insult to normal in both the older and younger
rats.

A model to induce vascular injury by the direct application
of FeCl3 at the adventitial surface of an artery is well estab-
lished.[16] The result of this study led to the speculation of the
fact that since the weights of the filter paper used in the
H-DHPM and the aspirin groups differed significantly from
the control group, both aspirin and H-DHPM showed higher
weights of paper than the control group, which meant that
both these groups showed antiplatelet effect due to more
bleeding and slowed thrombus formation.

Similarly, Eguchi et al.[16] demonstrated the antiplatelet
effect of nicorandil and tirofiban via this ferric chloride-
induced thrombosis model, in which there was significant
slowing of the growth of thrombi formation, resulting in arte-
rial occlusion.

The new finding in this study was that the weights of the
filter paper in the right carotid artery of both H-DHPM and
aspirin groups were greater when compared with their left
counterparts. This meant that there was more effect seen on
the right side of the carotid artery in both the H-DHPM and
aspirin groups. Aspirin is a well-known antiplatelet agent,
acting by way of irreversible inhibition of cyclooxygenase,
and the action remains for the life time of platelets.[29] This
property of aspirin leads to various long-term adverse drug
reactions; hence a need for new antiplatelet drugs. Amlo-
dipine is known to cause pedal oedema and clopidogrel is
reported as a causative agent for intra-abdominal bleeding
through another mechanism when higher doses are taken.[30]

The known antiplatelet agents amlodipine, clopidogrel and
aspirin showed antiplatelet effect, but to overcome their
various limitations, our key molecule, H-DHPM could be a
better drug in terms of tolerability and safety. Further studies
are warranted to investigate these aspects.

Conclusions

These results highlight a novel key molecule, H-DHPM as a
calcium channel blocker endowed with antiplatelet property.
It is well-known that disregulation of platelet aggregation
sequentially leads to the formation of thrombus and can be
responsible for atherothrombosis, which is a leading cause
of death. Therefore, the discovery of new antithrombotic
agents with promising application as a drug makes this study
significant.
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Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Figure S1 Graphical tracings of adenosine diphosphate
(ADP)-induced platelet aggregation: effect of ethyl 4-
(4′-heptanoyloxyphenyl)-6-methyl-3,4-dihydropyrimidin-2-
one-5-carboxylate (H-DHPM), aspirin, amlodipine and clo-
pidogrel. (a) Concentration-dependent inhibition of platelet
aggregation by H-DHPM in vitro. (b) Platelet aggregation
in presence of aspirin, clopidogrel and H-DHPM in vitro. (c)
Aspirin, amlodipine or H-DHPM (133 mmol/kg, p.o) was
administered in rats followed by platelet aggregation.
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