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Objective: To elucidate the platelets aggregating effects of CD38 produced nucleotides.

Introduction: The production of cADPR and NAADP has been demonstrated in various cells in different tissues. Their primary physi-
ological response is to elicit an increase in intracellular calcium. Platelets, like other cells, are also calcium dependent on producing 
their physiological response, normal aggregation.

Materials and Methods: The Platelet's aggregating effect was studied in thermomax microplate reader. Calcium measurements 
were carried out using Fura 2-AM loaded platelets subjected to PTI in a magnetically stirred cuvette at 37 °C with proper excitation 
wavelengths. cADPR and NAADP assay were performed using a fluorescence reader. Thrombin and ADP were used as physiological 
agonist along with cADPR and NAADP. Values of the result were expressed as mean and were considered statistically significant if p 
< 0.05.

Result: By using Thrombin and ADP, we were able to delineate the pathway of cADPR and NAADP and their response to releasing 
calcium from the intracellular organelles. The use of specific inhibitors in the paths of these nucleotides enabled us to deduce that 
cADPR is upstream to that of NAADP.
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Introduction

Platelets, smallest and second most abundant anucleate cell. 
These anucleate cell fragments are derived from bone marrow 
megakaryocytes [1]. They circulate in the blood for approximately 
ten days and are sequestered and degraded primarily in the spleen.

Disruption of a blood vessel is a pathological process 
involving various factors; however, blood loss after vessel injury 
can be fatal and life-threatening if hemostasis is impaired. Essential 
components of hemostasis are the platelets that manifest a 
crucial position in preventing blood loss. Formation of the 
hemostatic plug (physical barrier) is thus the ability of platelet 
to bind with each other, known as aggregation. Aggregation is a 
complex process involving an ample number of pathways. 

However, almost all the pathways converge at a single point, the 
mobilization of intracellular calcium results in a physiological 
phenomenon of their aggregation.

The biphasic complexity of this process is explained in 
figure 5, as primary and secondary aggregation. Nevertheless, 
both these processes are calcium dependent, mobilized within 
the platelets. However, preliminary release from ER is under the 
influence of agonist, which results in the “platelet shape change”. Two 
nucleotides, that control secondary aggregation: Cyclic 
ADP-Ribose (cADPR) and Nicotinic Acid Adenine Dinucleotide 
Phosphate (NAADP), which are produced from CD38. In our 
previous study, we have shown the production of both nucleotides 
in a time-dependent manner [2]. 
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Most of the potential extracellular signals have the ability to 
use Ca2+ as a second messenger and yet maintain the specificity 
of the incoming signal. Thus, an increase in cytosolic free calcium 
ion concentrations ([Ca2+]i) is an important event. This increase is 
achieved by amalgamating the effect of InsP3, cADPR and NAADP 
by acting on specific intracellular stores compartment. This 
eventually induces the release of Ca2+ and Ca2+ entry from the  
extracellular environment. The [Ca2+]i signal represents a balance 
between the adequate activation of components of the secretory 
mechanism and the avoidance of [Ca2+]i levels that are toxic to 
the cell. Therefore tight regulation is required so that toxic [Ca2+]i 
level does not show up. Such a toxic level, if achieved, can increase/ 
decrease the physiological process of any cell type. Resting [Ca2+]i 
is thus maintained to its optimum level by the action of Ca2+ pumps 
on the intracellular stores and plasma membrane [3].

These nucleotides, cADPR and NAADP, mobilize Ca2+ in many 
cells [4-8] and species. Various studies have documented the 
calcium release by cADPR from different types of ryanodine 
receptors [9,10], indirect mechanisms like increasing store 
loading by stimulating the ER Ca2+ pump SERCA [11]. In addition, 
it can trigger direct calcium entry via the plasma membrane [12]. 
Unlike other Ca2+-mobilizing messengers, NAADP mobilizes Ca2+ from 
an acidic lysosome store and is not the endoplasmic reticulum Ca2+. 
Moreover, NAADP receptors are located in or closely associated 
with the plasma membrane to mediate Ca2+ influx [13].

The ultimate fate of the platelet irrespective of the stimuli is 
to aggregate at the site of injury. A different agonist can be used 
to achieve aggregation. This contemporary study successfully 
elucidated the importance of cADPR and NAADP in platelets 
aggregation via the [Ca2+]i release mechanism.

Materials and Methods

Reagents and antibodies

Thrombin, 8-Br-cADPR, Bafilomycin A1 was purchased from 
Santa Cruz Biotechnology. Fura-2 AM and Fluo-3 were purchased 
from Invitrogen.

Platelet preparation

All animal studies were performed according to a protocol 
approved by the Institutional Animal Care Committee of Chonbuk 
National University Medical School. Blood was drawn by cardiac 

puncture into an acid citrate dextrose (ACD) solution (20 mM citric 
acid, 110 mM sodium citrate and 5 mM glucose) in a 1:10 ratio v/v. 
Platelets were prepared as previously described by centrifugation. 
In brief, ACD blood was centrifuged at 2,000 RPM for 6 min at room 
temperature. Platelet Rich Plasma (PRP) was removed from the 
top in a separate tube containing 200 µl of modified Tyrode Buffer 
(TB) (134 mM NaCl, 5 mM HEPES, 5 mM D-glucose, 2.9 mM KCl, 
0.34 mM Na2HPO4, 1 mM MgCl2 and 12 mM NaHCO3;  pH 7.3). PRP 
collected in one tube was spun again at 5,000 RPM for 40s to remove 
RBC and WBC that are usually present. PRP was then transferred to 
another tube and centrifuged at 6,000 RPM for 6 min. Pelleted 
platelets were re-suspended to the required density in TB, and 
platelet count was adjusted to 0.5 x 109 per ml with an optical 
method as previously described [14]. Platelets in TB along with 
0.1% Bovine Serum Albumin (BSA) were then rested for 60 min at 
37°C prior to their use for the experiment. For the calcium study 
0.4 U/ml of apyrase was added during the resting period to mini-
mize the effect of ADP and ATP so that only the thrombin effect was 
evident. 

Platelets aggregation study

Platelets aggregation were assessed in the clear 
flat-bottomed 96 well plates as previously described [15,16]. 
Briefly, the thermomax microplate reader was turned on at least 30 
minutes before the experiment and pre-warmed to 37°C. Appropriate 
volumes of TB suspended platelets were added and stimulated 
with an appropriate agonist concentration or the same volume 
of vehicle in the control using a multipipet. The plate was stirred 
for 5s in a microplate reader at 650nm; and then after every 15s it 
was agitated for 3s. This cycle was repeated for 10min and the light 
transmission was plotted by the instrument using SOFTmax PRO 
version 4, Life Sciences Edition.

Measurement of [Ca2+]i

Washed platelets were incubated with 5 mM Fura 2-AM in 
TB containing 1% BSA for 40 min. In some experiments, an 
inhibitor was also added and incubated. After the required time of 
incubation and washing once, 1 ml of Fura 2-AM loaded 
platelets were subjected to PTI in a magnetically stirred cuvette 
at 37 °C with excitation wavelengths of 340 and 380 nm and 
emission at 500 nm. Platelets were then stimulated with 0.5 U/ml of 
Thrombin. Changes in [Ca2+]i  were monitored using 340nm/380nm 
fluorescence (FL) ratio.
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cADPR and NAADP assay

TB suspended platelets were stimulated with Thrombin, 0.5 U/
ml for a specific time period with or without an inhibitor. The rest 
of the protocol for their measurement was essentially the same as 
previously described [17]. 

Statistics

Statistical analysis was carried out on raw data using 
Sigma Plot 9 by using the unpaired Student’s t test; P < 0.05 was 
considered statistically significant. Values are expressed as mean, 
and n indicates number of experiments.

Result and Discussions

Exogenous NAADP provoked platelet aggregation

Platelet suspended in the appropriate volume of TB for 
aggregation with varied concentration of NAADP (Figure 1A1); 
10nM of NAADP did not result in aggregation in vitro; however, 20 
and 30nM did produce simple aggregation with some latency on 
the time axis. Increasing the concentration of NAADP to 500nM 
(Figure 1A2); resulted in the abrupt aggregation after 3min. 
Further increasing concentration to 1uM (Figure 1A3); resulted 
in abrupt aggregation just after 2min. The varied concentrations 
of NAADP produced a diverse patterns of aggregation from each 
other on the time axis. NAADP transport has already been docu-
mented in β-cell [7] and in some basophilic cell lines [18]; however, 
almost all cell types are known to use NAADP for the mobilization of 
intracellular calcium storage. Platelets in T.B were stimulated 
with 1.5 uM of; ADP, cADPR and NAADP (Figure 1B); significance 
aggregation was achieved with NAADP and ADP however,  
extracellular cADPR didn’t result in aggregation. This can be 
attributed to the fact, as CD38 is an ecto-enzyme and its 
active site metabolized the cADPR, when and if present in the 
extracellular space. Nevertheless, [Ca2+]i measurement (Figure 1C) 
produced the same patterns of aggregation with these nucleotides. 
Pretreatment of cell with cADPR antagonistic analog 
8-Br-cyclic ADPR (8Br.cADPR) abolishes significant 
aggregation when stimulated with Thrombin and ADP (Figure 1D) 
suggesting that extracellular cADPR is not an effective nucleotide for 
aggregation, but its intracellular presence is important for 
aggregation. Part of this study was essentially conclusive for the 
involvement of cADPR by use of 8Br.cADPR.

Figure 1: Platelet of CD38+/+ suspended in appropriate volume 
of T.B for aggregation with varied concentration of 

exogenously NAADP A1-A3. A1; (n = 4) 10nM of NAADP did not 
result in aggregation in vitro; increasing the concentration of 
NAADP to 20, 30nM and 500nM A2; (n = 4) resulted in abrupt 
aggregation after 3min. Further increasing concentration to 1 
uM resulted in abrupt aggregation just after 2 min as shown in 

A3. Aggregation with ADP, cADPR and NAADP with 1.5 uM 
concentration B; (n = 5) produced aggregation with NAADP and 

ADP. Extracellular cADPR did not result in aggregation. [Ca2+]
i measurement C; (n = 4) with these nucleotides produced the 

same existence. Pre-incubated platelet with 8-Br.cADPR D; 
(n = 4) 100 uM for 30 min and then stimulated with thrombin 

and ADP all together it abolishes the aggregation however little 
aggregation is seen after 5min. In all the experiment value of P < 

0.02 when compared with control.

Bafilomycin abolishes platelet aggregation and calcium 
release

The dependency of NAADP was assessed by blocking its 
receptor with Bafilomycin. Different agonists that are known to 
cause platelet aggregation were used; no significant difference in 
their pattern of aggregation was seen (Data not shown). Hence 
Physiological agonists i.e. Thrombin and ADP were selected for 
further study. Platelets were suspended in appropriate volume 
of calcium-free TB for aggregation and half of the volume was 
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pre-incubated with 300nM of Bafilomycin. Platelets were 
then stimulated with 1U of Thrombin (Figure 2A) and 1.5 uM 
of ADP (Figure 2B)  or an equal buffer volume in control. An 
orthodox pattern of aggregation was received with both agonists; 
however, Bafilomycin incubated cell was unable to elicit the orthodox 
aggregation. With Bafilomycin, however, the initial rapid peak of 
light transmission was noted with both agonists and the late phase 
of aggregation was significantly abolished with both agonists.

Figure 2: Sedimented platelet suspended in appropriate volume 
of TB with or without 300nM of bafilomycin for 20 min for 

aggregation with thrombin 1U. A; (n = 4) and with ADP 1.5 uM. 
B; (n = 4). Bafilomycin had significantly alter the aggregation 

pattern with both agonist after 2 min, and significance 
difference is seen in late phase where aggregation was 

significantly abolished with both agonist with at 5th min. 
Similarly, calcium measurement produced the same result with 

same concentration thrombin C; (n = 4) and with ADP D; 
(n = 4). Stimulated platelet provoked a rapid rise of [Ca2+]i level 

which resulted in their aggregation and hence increasing the 
light transmission. In all the experiment value of P< 0.01 when 

compared with control.

Calcium release (Figure 2C&D) was also decreased with 
both agonists incubated with Bafilomycin. Bafilomycin is a toxic 
macrolide antibiotic known of specific inhibition of vacuolar H+ 
ATPase (V-ATPase) and prevents vesicles’ re-acidification once 
it has undergone exocytosis. Hence using pre-incubated platelet 
with Bafilomycin inactivate the acidic organelle and their ability to 
release intracellular calcium level, which is the pre-requisite 
for the degranulation of platelet and hence aggregation [19].  

Intracellular calcium stores from ER and other organelle have well 
been documented in the literature.

Intracellular NAADP transport

Knowing NAADP induced aggregation, we decided to use 
the unambiguous use of platelet inhibitors. Platelets were 
pre-incubated with Aspirin 1 mM (Figure 3A), and stimulated 
with ADP and NAADP. The action of NAADP was blocked, initial 
aggregation with ADP peaked to its maximum and then dropped 
to base level; increasing the concentration of NAADP to 4.5 uM did 
reverse the blocking effect of aspirin. Aspirin is a potent 
anti-inflammatory, analgesic and antipyretic drug; when taken 
orally it irreversibly inhibits human platelet cyclo-oxygenase 
(COX-1) activity [20]. COX-1 inhibits the formation of TXA2 induced 
granule release [21]. Calcium is known to activate Ca2+ sensitive 
phospholipases, which drive reactions to form thromboxane A2 
from arachidonic acid [22]. Thus in the presence of NAADP, even 
if the calcium is released from the acidic organelle absence of 
TXA2 does not permit the degranulation of the platelet, and hence 
the aggregation is abolished. Transport of NAADP (Figure 3B); in 
platelet after pre-incubation with Aspirin 1 mM, Blebbistatin 
50 uM (A potent inhibitor of internalization mechanism of CD38 
[23,24]) and Dipyridamole 50uM and then incubated with or 
without 50uM of NAADP for 3 min and washed twice with T.B and 
transported NAADP was measured using a cyclic enzymatic assay. 
Significance transport of NAADP was observed in platelet that was 
 incubated with aspirin. Blebbistatin and Dipyridamole pre-incubated 
platelet approbate only a little transport of NAADP. Together with 
aggregation by using different inhibitors, these findings suggest 
the essential role of NAADP in platelet activation and hence their 
aggregation. Nevertheless, CD38 itself is a vital player for the 
synthesis of NAADP [25].

In vitro assay of cADPR and NAADP

Platelets were suspended in TB, and 10 minutes prior to 
stimulation with agonist 500uM of aspirin was added to 
prevent their de-granulation because once the platelet are 
de-granulated after stimulation with Thrombin or ADP the cADPR 
and NAADP thus formed would readily be converted to their inactive 
product. Thus cADPR is broken to ADPR and NAADP is reduced to 
NAADPH [26]. Thus formed products are functionally inert at the 
cADPR and NAADP receptor and are not detectable with the assay 
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Figure 3: Platelet were pre-incubated with Aspirin 1mM for 
10 min A; (n = 3) and stimulated with ADP and NAADP. Action 
of NAADP was perfectly blocked, initial aggregation with ADP 

peaked and then dropped to base level; increasing the 
concentration of NAADP to 4.5 uM did reverse the blocking 

effect of aspirin. B; Platelet after pre-incubation with Aspirin 
1mM (5min), Blebstatin 50 uM (25min) and Dipyridamole 
50 uM (20 min) and then incubated with or without 50 uM 

of NAADP for 3 min and washed twice with T.B. Transported 
NAADP was measured using a cyclic enzymatic assay as 

described in the manuscript. Significance transport of NAADP 
was observed in platelet that were not incubated with any 
antagonist and in those that were aspirin pre-incubated. 

Blebbstatin pre-incubated platelet allowed the transport of 
NAADP to some extent. Dipyridamole however allowed some 

transport of NAADP as well. In all the experiment value of 
P < 0.03 when compared with control.

Figure 4: Pre-incubated platelet with 500 uM of Aspirin for 
10 min and then stimulated with thrombin for the synthesis of 
cADPR (A) and NAADP (B). Formation of [cADPR]i is achieved 
in time dependent manner with maximum synthesis reaching 

at 45th sec. Synthesis of NAADP was recognized at 4th min. This 
data is from two experiments with triplet reading each time. In 

all the experiment value of P< 0.04 when compared with control.

Figure 5: Illustrate the two phases of aggregation. In the 
primary aggregation, receptor (R) is activated by the agonist, 
which in turn activate the PLC, resulting the formation of IP3 

and DAG. Of these, IP3 mobilize the calcium from ER. DAG, 
activate the PKC, which ensure the internalization of CD38 via 
MHCIIA, and hence the formation of cADPR and NAADP take 

place, these nucleotide in turn mobilize the calcium store from 
ER and Lysosomes respectively. 

used to detect cADPR and NAADP. So de-granulation is abolished 
with aspirin; cADPR and NAADP formed remains intracellular 
without being used. (For a detail assay, see the material and 
method). For cADPR and NAADP assay (Figure 4A and B) platelet were 
stimulated with Thrombin. Peak cADPR synthesis was seen at the 
45th sec, and the peak NAADP synthesis was achieved at the 4th 
minute of stimulation.

Conclusion

Our experiments were conclusive, giving insight into the 
mechanism of cAPDR and NAADP production and its role in 
biphasic aggregation. Nevertheless, these nucleotides dominate 
the second aggregation phase, as illustrated in figure 5. The use of 
specific inhibitors has demonstrated that cAPDR is in the proximal 
phase after the activation PKC. The mechanism of NAADP is in the 
late phase of the secondary aggregation. Clinical relevance, if any 
of the nucleotides is yet to be established in the in vivo thrombus 
formation. However, in our previous study with the knock out 
mice of CD38, we have shown a significant increase in the bleeding 
times. 
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