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Abstract 
Objective: Acute coronary syndrome patients have an inflammatory response, which is known 
to have an impact on platelet aggregation. Our goal is to better understand the connection 
between the intensity of the inflammatory response and the outcomes of antiplatelet medication 
after percutaneous coronary intervention (PCI) for ST-elevation myocardial infarction 
(STEMI). 
Method: The 203 STEMI patients who had primary PCI as part of this retrospective, single-
center analysis were divided into two groups according to the antiplatelet treatment they were 
given when they were admitted (clopidogrel vs. ticagrelor). Based on the tertiles of the 
distribution of high-specificity C-reactive protein levels before to PCI, three categories of 
inflammation were identified: low, middle, and high. Platelet aggregation function was 
measured as residual ADP-induced platelet reactivity on light transmittance aggregometry 
throughout hospitalisation and follow-up. At admission and a year after PCI, inflammation 
indicators were assessed. 
Results: At intermediate and high levels of inflammation, residual ADP-induced platelet 
aggregation was significantly higher among clopidogrel users than among ticagrelor users. In 
the clopidogrel group, statistically significant differences in platelet aggregation function were 
observed among the three levels of inflammation. At 1 year post-PCI, ticagrelor users had 
significantly lower levels of interleukin-1βand higher levels of interleukin-35 and transforming 
growth factor-β. 
Conclusion: At different inflammation levels, ticagrelor provides more potent platelet 
inhibition than does clopidogrel, suggesting that ticagrelor might exert a more stable 
antiplatelet effect at higher levels of systemic inflammation. Furthermore, ticagrelor is 
associated with reduced indices of inflammation on follow-up after PCI, suggesting that anti-
inflammatory effects might play a role in the clinical benefit observed with antiplatelet therapy, 
which would provide an additional rationale for using ticagrelor in STEMI patients undergoing 
primary PCI. 
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Introduction

The inflammatory reaction in the case of 
ACS patients is defined by elevated levels 
of C-reactive protein (CRP) [1,2] platelet 
activation, and platelet aggregation. 
Adenosine diphosphate (ADP)-induced 

platelet aggregation [3] is significantly 
correlated with CRP levels, which are 
thought to be a sensitive, systemic, acute-
phase measure of inflammation [Figure 1].
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Figure 1: ADP-induced platelet aggregation 

 
Inflammation is known to alter platelet 
function and increase platelet reactivity, 
which decreases clopidogrel's effectiveness 
in patients with coronary heart disease 
(CHD) who have undergone percutaneous 
coronary intervention (PCI)4. However, 
ticagrelor's relationship to inflammation 
has not yet been studied, and nothing is 
known about the therapeutic significance of 
any potential interactions between 
ticagrelor medication and inflammation. 
Furthermore, it is yet unknown how the 
difference between ticagrelor and 
clopidogrel on the intensity of 
inflammation, as indicated by high-
sensitivity CRP (hs-CRP) levels, affects 
platelet aggregation in hospitalised patients. 
There have been claims that ticagrelor 
offers intensified anti-inflammatory impact 
and greater platelet inhibition. Initially, it 
was believed that platelets were only 
involved in hemostasis and thrombosis;  
The production of cytokines that are pro-
inflammatory and interactions with 
endothelial cells, however, show their role 
in the inflammatory and immunological 
responses in recent research. Platelet 
activation causes the surface manifestation 
of P-selectin (CD62), which links to P-
selectin glycoprotein ligand-1 (PSGL-1) on 
leukocytes, encouraging the development 
of platelet-leukocyte complexes [6, 7], and 
platelet-leukocyte complexes [8]. Another 
receptor for the platelet-leukocyte 

interaction, 2 integrin Mac-1, is expressed 
on the surface of activated leukocytes9. P-
selectin expression also causes tissue 
factor, a key mediator of the coagulation 
cascade, to be expressed on monocytes, 
which in turn triggers the release of a 
variety of inflammatory cytokines [10]. 
According to reports, luminal platelet 
deposition in the heart has been 
demonstrated to be induced by myocardial 
infarction and pressure overload [11,12]. 
Additionally, there is proof that 
clopidogrel, which targets the platelet-
activating receptor P2Y12, prevents the 
production of inflammatory mediators that 
are known to encourage myocardial 
remodeling [12]. There is a lack of clinical 
evidence supporting P2Y12 receptor 
inhibitors' immunomodulatory effects. 
Inhibitors of P2Y12 have anti-
inflammatory properties. A single dosage 
of ticagrelor reduced ex vivo cytokine 
production by lipopolysaccharide-
stimulated leukocytes in healthy 
individuals [13]. 
Similar results were shown when human 
endotoxemia was treated with ticagrelor or 
clopidogrel, which reduced levels of the 
pro-inflammatory mediators tumour 
necrosis factor-, IL-6, and chemokine (C-C 
motif) ligand 2 in the blood. 
For patients having PCI, clopidogrel and 
ticagrelor are now considered routine dual-
antiplatelet treatments [15, 16]. However, 
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some individuals do not respond well to 
clopidogrel medication or do not respond 
well at all, and these patients have a greater 
residual risk of serious adverse 
cardiovascular events [17]. Ticagrelor is a 
direct-acting medication that blocks P2Y12 
receptor signalling without obstructing 
ADP binding and does not need metabolic 
activation. Contrarily, clopidogrel is a pro-
drug that activates metabolism in the liver 
in two steps, and its active metabolite binds 
permanently and covalently to the P2Y12 
receptor to prevent ADP binding [18]. In 
the meanwhile, it has been hypothesised 
that inflammation alters platelet function, 
increasing platelet reactivity and decreasing 
the effectiveness of clopidogrel in CHD 
patients after PCI(4). As a result, ticagrelor 
is advised for the therapy of ACS patients 
who are at moderate to high risk [19]. 
Adenosine-mediated platelet actions such 
cardioprotection, vasodilation, 
inflammatory control, and platelet function 
inhibition are blocked by ticagrelor [20]. 
The equilibrative nucleoside transporter 1 
(ENT1) and other adenosine transporters, 
which are present on erythrocytes and other 
cell types, contribute to adenosine's longer 
half-life and higher local extracellular 
concentration. Ticagrelor was 
demonstrated to enhance adenosine-
induced increase in coronary blood flow in 
a canine model and in healthy volunteers 
(Figure 1; 21, 22]). It reduces the cellular 
absorption of adenosine, probably via 
inhibiting ENT1 [21]. 
Therefore, the purpose of the current study 
is to assess the anti-inflammatory activity 
of antiplatelet agents following primary 
PCI for ST-elevation myocardial infarction 
(STEMI), as well as to investigate the 
relationship between inflammation severity 
and the effect of clopidogrel vs. ticagrelor 
therapy on platelet aggregation. 

Methods 
Study Design:  

This was a cross-sectional study carried out 
at Government Medical College, Kota over 
3 year. 
Methodology 
By methodically going through the medical 
records kept by our hospital, we were able 
to gather information on baseline 
demographics, angiographic features, 
complications, and laboratory and physical 
examination outcomes on hospitalisation. 
The femoral method was utilised to 
administer an intra-aortic balloon pump 
when necessary, but the percutaneous radial 
artery technique was often employed for 
primary PCI. The catheterization laboratory 
records were used to get the angiographic 
data, which was then evaluated using a 
traditional technique. If the vascular 
stenosis was greater than 70%, the culprit 
artery was considered to be clinically 
important. The thrombolysis in myocardial 
infarction (TIMI) score was used to rate the 
blood flow in the infarct-related artery 
receiving initial PCI. 
Before PCI, a chewable loading dose of 
either 180 mg ticagrelor and 600 mg of 
clopidogrel or 300 mg of aspirin was given. 
An infarct-related artery with less than 20% 
stenosis and TIMI 3 blood flow was 
considered to have been successfully 
treated. Following the surgery, the patients 
were sent to our cardiac care unit where 
they received the recommended course of 
therapy for STEMI, which included either 
90 mg of ticagrelor twice a day or 75 mg of 
aspirin, 40 mg of rosuvastatin, and 75 mg of 
clopidogrel once a day. 
Collecting blood samples and calculating 
cytokine levels 
All patients had venous blood drawn after 
being admitted. Platelet function was 
assessed at admission and 72 hours later 
using light transmittance aggregometry to 
measure ADP-induced residual platelet 
reactivity. Induced platelet aggregation was 
measured as a percentage of aggregated 
cells at a final ADP concentration of 20 
mol/L. Hs-CRP levels, which were 
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determined using a readily accessible 
immunonephelometric kinetic assay using 
Cardiophase hs-CRP reagents, were used to 
represent the severity of the inflammation. 
Using established techniques, the 12-hour 
fasting serum concentrations of blood 
sugar, triglycerides, total cholesterol, low-
density lipoprotein cholesterol, and high-
density lipoprotein cholesterol were 
determined. Enzyme-linked 
immunosorbent assay was used to measure 
the amounts of plasma and supernatant 
cytokines using cytokine-specific kits. 
Sample Size 

Inclusion criteria:  
Admission within 12 hours of the onset of 
symptoms, which are defined as a 
characteristic chest pain lasting greater than 
30 minutes, ST-segment elevation more 
than 1 millimetre in two consecutive 
electrocardiogram leads, or a new onset of 
complete left bundle-branch block, as well 
as primary PCI, which includes balloon 
angioplasty, thrombus aspiration, and/or 
stent implantation. 
Exclusion criteria:  
Tirofiban use during surgery, history of 
hemorrhagic disorders, long-term oral 
dipyridamole, warfarin, abciximab, anti-
inflammatory drugs, glucocorticoids, or a 
strong cytochrome P-450 3A modulator 
use, and concurrent influenza are all 
contraindications to taking clopidogrel or 
ticagrelor. 

Statistical analysis: 
While qualitative data were reported as 
frequency (%), quantitative data were 
expressed as mean value standard deviation 
or median (interquartile range) if not 
normally distributed. To compare groups, 
the independent two-sample t-test was 
applied. The Fisher's exact test or the chi-
square test, as applicable, was used to 
compare categorical variables. Mann-
Whitney to compare sets of non-normally 
distributed data, U tests were utilised. In 
order to undertake a multivariable study of 

platelet function in clopidogrel vs. 
ticagrelor users with various degrees of in-
hospital inflammation, linear regression 
was performed. Two-sided p-values below 
>0.05 were considered statistically 
significant. SPSS version 19.0 was used for 
all statistical calculations. 
Results 

Baseline characteristics 
The study enrolled 203 patients (133 men 
and 70 women) categorized into the 
clopidogrel group (n=125) or ticagrelor 
group (n=78) based on the antiplatelet 
therapy at hospitalization. There were no 
differences between the groups regarding 
baseline demographics, angiographic 
characteristics, or medication use. 
Additionally, there were no significant 
differences between the groups regarding 
laboratory characteristics or regular 
medications 
Platelet function and inflammation 
severity during hospitalization  
Residual ADP-induced platelet aggregation 
was found to be associated with hs-CRP 
levels in the clopidogrel group (p<0.0001). 
Based on data from a large clinical trial, 
inflammation severity was defined 
according to the tertiles of the distribution 
of hs-CRP levels as low, intermediate, and 
high for hs-CRP levels <2, 2–10, and >10 
mg/L, respectively. At intermediate and 
high-level inflammation, clopidogrel had 
significantly lower antiplatelet effect than 
noted at low-level inflammation.  
Anti-inflammatory effect during follow-
up after PCI 
During the follow-up period of 1 year, the 
levels of the pro-inflammatory cytokine 
interleukin (IL)-1β (256.90±70.92 vs 
201.94±54.88 ng/L, p<0.001) and tumor 
necrosis factor (TNF)-α (86.54±26.75 vs 
77.22±19.66 µg/L, p=0.005) were 
significantly lower, whereas the levels of 
the anti-inflammatory cytokines IL-35 
(21.43±6.31 vs 27.34±9.86 ng/L, p<0.001) 
and transforming growth factor (TGF)-β 
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(9.79±4.89 vs 13.01±5.15 ng/L, p<0.001) 
were significantly higher among ticagrelor 
users than among clopidogrel users. 

Interleukin (IL)-6 and hs-CRP had no 
significant differences between clopidogrel 
and ticagrelor groups [Table 1]. 

Table 1: Anti-Inflammatory Effect 
Anti-Inflammatory Initial Value Value after 1-year P-Value 
(IL)-1β) 256.90±70.92 ng/L, 201.94±54.88 p<0.001 
(TNF)-α 86.54±26.75 77.22±19.66 p=0.005 
TGF-β 9.79±4.89 13.01±5.15 p<0.001 

 
Discussion 
Over the past decade, it has become well-
established that inflammation is a 
component of ACS[23] [24]. From a 
pathological point of view, the initiation, 
growth, and complications of 
atherosclerotic plaque might be considered 
inflammatory responses to vessel wall 
injury [25]. Both the pathophysiology of 
ACS and the mechanisms underlying vessel 
repair involve local and systemic 
inflammation [26]. Inflammatory stimuli 
induce hepatic effects reflected in the levels 
of CRP and various other acute-phase 
reactants [27]. The elevated levels of 
inflammatory markers might be incorrectly 
attributed to atherosclerotic cardiovascular 
disease. High levels of hs-CRP represent a 
well-known predictor of cardiovascular 
events and thus are widely performed for 
screening. While new assays may become 
available in the future for other 
inflammatory markers that provide higher 
accuracy, standardization, and other 
characteristics superior to those of hs-CRP, 
the hs-CRP assay currently serves as the 
best marker of inflammation [27]. 
Compared to clopidogrel, ticagrelor 
showed superior efficacy in reducing the 
rate of cardiovascular events and mortality 
in the Platelet Inhibition and Patient 
Outcomes (PLATO) study [28]. 
In our clinical study, we confirmed that, 
compared to clopidogrel, ticagrelor did 
achieve greater inhibition of platelet 
aggregation and exerted a more stable 
antiplatelet effect at higher hs-CRP levels. 
Our present results suggest that ticagrelor is 
associated with a higher degree of platelet 

inhibition as well as with significantly 
better anti-inflammatory effects. Thus, 
ticagrelor use is expected to provide 
superior antiplatelet action after primary 
PCI for STEMI even in patients with higher 
systemic inflammation. Further studies are 
necessary to clarify whether anti-
inflammatory agents can decrease platelet 
reactivity and thus help improve the 
efficacy of antiplatelet drugs.  
Inflammation is of cardinal importance 
among the pathologic mechanisms of 
atherosclerosis, and interventions focused 
on reducing inflammatory signaling might 
attenuate atherosclerosis after stenting [29]. 
The number of monocytes adhering to the 
luminal surface of stented arteries was 
shown to be linearly correlated with the 
degree of neointimal hyperplasia [30]. 
Compared to patients with chest pain 
syndrome, acute myocardial infarction is 
triggered by an imbalance of inflammatory 
cytokines such as IL-12, IL-27, TGF-β, and 
IL-3531. There is evidence that patients 
with CHD who have elevated CRP after 
PCI is proposed to benefit from anti-
inflammatory medications (as seen in data 
with aspirin, clopidogrel, etc.) [5]. 
Meanwhile, it must be pointed out that the 
use of anti-inflammatory medication in 
ACS is entirely speculative, as chronic 
inflammatory disease preceding CHD is a 
different entity than that covered by the 
population of this study.  
It is likely that platelet-mediated 
inflammation is involved in the initiation 
and propagation of atherosclerosis and the 
development of a vulnerable plaque, which 
suggests that drugs downregulating the 
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biomarkers of inflammation may provide a 
clinical benefit in ACS [32]. Furthermore, 
beneficial effects of clopidogrel on 
inflammatory markers have been 
demonstrated across a wide spectrum of 
atherothrombotic diseases including ACS, 
acute ischemic stroke, and peripheral 
arterial disease [33,34]. Thus, there is 
reason to believe that the anti-inflammatory 
effect of antiplatelet drugs will be 
applicable to other hypercoagulable and 
vascular conditions caused by 
atherosclerosis. 
Conclusion 
At different levels of inflammation 
severity, ticagrelor provided more potent 
platelet inhibition than did clopidogrel, 
which suggests that ticagrelor might exert a 
more stable antiplatelet effect at higher 
levels of systemic inflammation. 
Furthermore, ticagrelor was associated with 
reduced indices of inflammation on follow-
up after PCI, suggesting that anti-
inflammatory effects might play a role in 
the clinical benefit observed with 
antiplatelet therapy, which would provide 
an additional rationale for using ticagrelor 
in STEMI patients undergoing primary 
PCI. 
References 
1. Liuzzo G, Biasucci LM, Gallimore JR, 

et al. The prognostic value of C-reactive 
protein and serum amyloid a protein in 
severe unstable angina, N Engl J Med. 
1994;331:417-424.  

2. Aukrust P, Müller F, Ueland T, et al. 
Enhanced levels of soluble and 
membrane bound CD40 ligand in 
patients with unstable angina. Possible 
reflection of T lymphocyte and platelet 
involvement in the pathogenesis of 
acute coronary syndromes, Circulation. 
1999; 100:614-620.  

3. Bernlochner I, Steinhubl S, Braun S, et 
al. Association between inflammatory 
biomarkers and platelet aggregation in 
patients under chronic clopidogrel 

treatment, Thromb Haemost. 2010; 
104:1193-1200.  

4. Park DW, Lee SW, Yun SC, et al. A 
point-of-care platelet function assay 
and C-reactive protein for prediction of 
major cardiovascular events after drug-
eluting stent implantation, J Am Coll 
Cardiol. 2011; 58:2630-2639.  

5. Vivekananthan DP, Bhatt DL, Chew 
DP, et al. Effect of clopidogrel 
pretreatment on periprocedural rise in 
C-reactive protein after percutaneous 
coronary intervention, Am J Cardiol. 
2004; 94:358-360.  

6. von Hundelshausen P, Weber C. 
Platelets as immune cells: bridging 
inflammation and cardiovascular 
disease, Circ Res. 2007;100:27-40.  

7. Ueno K, Nomura Y, Morita Y, Eguchi 
T, Masuda K, Kawano Y. Circulating 
platelet-neutrophil aggregates play a 
significant role in Kawasaki disease, 
Circ J. 2015;79:1349-1356. 

8. Rinder HM, Bonan JL, Rinder CS, et al. 
Dynamics of leukocyte–platelet 
adhesion in whole blood, Blood. 1991; 
78:1730-1737.  

9. Neumann FJ, Zohlnhofer D, Fakhoury 
L, et al. Effect of glycoprotein IIb/IIIa 
receptor blockade on platelet-leukocyte 
interaction and surface expression of 
the leukocyte integrin Mac-1 in acute 
myocardial infarction, J Am Coll 
Cardiol. 1999; 34:1420-1426.  

10. Celi A, Pellegrini G, Lorenzet R, et al. 
P-selectin induces the expression of 
tissue factor on monocytes, Proc Natl 
Acad Sci, U S A. 1994;91:8767-8771.  

11. Yang F, Dong A, Mueller P, et al. 
Coronary artery remodeling in a model 
of left ventricular pressure overload is 
influenced by platelets and 
inflammatory cells, PLoS One, 2012; 7: 
e40196.  

12. Antonino MJ, Mahla E, Bliden KP, 
Tantry US, Gurbel PA. Effect of long-
term clopidogrel treatment on platelet 
function and inflammation in patients 
undergoing coronary arterial stenting, 
Am J Cardiol. 2009; 103:1546-1550.  



International Journal of Pharmaceutical and Clinical Research                            e-ISSN: 0975-1556, p-ISSN:2820-2643 

Meena                                      International Journal of Pharmaceutical and Clinical Research 

385   

13. Tunjungputri RN, van der Ven AJ, 
Riksen N, et al. Differential effects of 
platelets and platelet inhibition by 
ticagrelor on TLR2-and TLR4-
mediated inflammatory responses, 
Thromb Haemost. 2015; 113:1035-
1045.  

14. Thomas MR, Outteridge SN, Ajjan RA, 
et al. Platelet P2Y12 inhibitors reduce 
systemic inflammation and its 
prothrombotic effects in an 
experimental human model, 
Arterioscler Thromb Vasc Biol. 
2015;35:2562-2570.  

15. Ho PM, Peterson ED, Wang L, et al. 
Incidence of death and acute 
myocardial infarction associated with 
stopping clopidogrel after acute 
coronary syndrome, JAMA. 2008; 
299:532-539. 

16. Musallam A, Orvin K, Perl L, et al. 
Effect of modifying antiplatelet 
treatment to ticagrelor in high-risk 
coronary patients with low response to 
clopidogrel (MATTIS), Can J Cardiol. 
2016;32: 1246.e13-1246.e19.  

17. Brandt JT, Close SL, Iturria SJ, et al. 
Common polymorphisms of CYP2C19 
and CYP2C9 affect the 
pharmacokinetic and 
pharmacodynamic response to 
clopidogrel but not prasugrel, J Thromb 
Haemost. 2007;5:2429-2436.  

18. Angiolillo DJ, Franchi F, Waksman R, 
et al. Effects of Ticagrelor Versus 
Clopidogrel in Troponin-Negative 
Patients with Low-Risk ACS 
Undergoing Ad Hoc PCI. J Am Coll 
Cardiol. 2016;67(6):603-613.  

19. Wenger NK. 2011 ACCF/AHA focused 
update of the guidelines for the 
management of patients with unstable 
angina/non-ST-elevation myocardial 
Infarction (updating the 2007 
Guideline): highlights for the clinician, 
Clin Cardiol. 2012;35:3-8.  

20. Fredholm BB. Adenosine, an 
endogenous distress signal, modulates 
tissue damage and repair, Cell Death 
Differ. 2007;14:1315-1323.  

21. van Giezen JJJ, Sidaway J, Glaves P, et 
al. Ticagrelor inhibits adenosine uptake 
in vitro and enhances adenosine-
mediated hyperemia responses in a 
canine model, J Cardiovasc Pharmacol 
Ther. 2012;17:164-172.  

22. Wittfeldt A, Emanuelsson H, Brandrup-
Wognsen G, et al. Ticagrelor enhances 
adenosine-induced coronary 
vasodilatory responses in humans, J Am 
Coll Cardiol. 2013;61:723-727.  

23. Lindahl B, Toss H, Siegbahn A, Venge 
P, Wallentin L. Markers of myocardial 
damage and inflammation in relation to 
long-term mortality in unstable 
coronary artery disease, N Engl J Med. 
2000;343:1139-1147.  

24. Tracy RP. Inflammation in 
cardiovascular disease: cart, horse, or 
both? Circulation. 1998; 97:2000-2002.  

25. Libby P, Ridker PM. Novel 
inflammatory markers of coronary risk: 
theory versus practice, Circulation. 
1999;100:1148-1150.  

26. Santos-Gallego CG, Picatoste B, 
Badimón JJ. Pathophysiology of acute 
coronary syndrome, Curr Atheroscler 
Rep. 2014;16:40.  

27. Pearson TA, Mensah GA, Alexander 
RW, et al. Markers of inflammation and 
cardiovascular disease, Circulation. 
2003;107:499-4511.  

28. Wallentin L, Becker RC, Budaj A, et al. 
Ticagrelor versus clopidogrel in 
patients with acute coronary 
syndromes, N Engl J Med. 2009; 
361:1045-1057.  

29. Ribichini F, Joner M, Ferrero V, et al. 
Effects of oral prednisone after stenting 
in a rabbit model of established 
atherosclerosis, J Am Coll Cardiol. 
2007;50:176-185.  

30. Rogers C, Edelman ER. Endovascular 
stent design dictates experimental 
restenosis and thrombosis. Circulation. 
1995;91(12):2995-3001.  

31. Lin Y, Huang Y, Lu Z, et al. Decreased 
plasma IL-35 levels are related to the 
left ventricular ejection fraction in 



International Journal of Pharmaceutical and Clinical Research                            e-ISSN: 0975-1556, p-ISSN:2820-2643 

Meena                                      International Journal of Pharmaceutical and Clinical Research 

386   

coronary artery diseases, PLoS One. 
2012;7: e52490.  

32. Steinhub SR, Badimon JJ, Bhatt DL, et 
al. Clinical evidence for anti-
inflammatory effects of antiplatelet 
therapy in patients with 
atherothrombotic disease, Vasc Med. 
2007;12:113-122.  

33. Cha JK, Jeong MH, Lee KM, et al. 
Changes in platelet P-selectin and in 

plasma C-reactive protein in acute 
atherosclerotic ischemic stroke treated 
with a loading dose of clopidogrel, J 
Thromb Thrombolysis. 2002;14:145-
150.  

34. 34. Bhatt DL, Fox KAA, Hacke W et al. 
Clopidogrel and aspirin versus aspirin 
alone for the prevention of 
atherothrombotic events, N Engl J Med. 
2006;354:1706-1717.

 


