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ABSTRACT:  

Background:  Development of diabetes and its complications is associated with persistent inflammatory activity. It has been 

suggested that COX-mediated pathways may be involved in this inflammatory process in diabetes. For example, TXA2 and 

PGE2 released by platelets and monocytes due to the action of COX-1 and COX-2 respectively are important prostanoids 

involved in thrombosis and atherosclerosis development in diabetes. 

Materials: Blood sample was collected from 25 diabetic subjects and 25 age and sex matched controls. Regular routine 

Biochemical & Pathological parameters were analyzed in diabetes. Both COX-1 and COX-2 were analyzed in type II diabetes 

and diabetic animal models (Wistar rats).   

Results: Both COX-1 and COX-2 was increased in diabetic animal models (Wistar rats). The relationship between COX & 

Diabetes when studied in humans found that Type II diabetics showed slightly increased (but it is not significant) monocyte 

COX 2 & normal platelets COX1.  

Conclusion: This suggests that changes in COX levels in these inflammatory cells may be species-dependent.  
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Introduction: 

Increasing evidence suggests that insulin resistance and 

progressive pancreatic β cell failure, key events in the 

development of Type 2 diabetes is associated with 

persistent inflammatory activity indicated by elevated 

inflammatory markers such as TNF-α, CRP and IL-6 (1). 

Further animal studies found that these inflammatory 

markers interfered with insulin signalling pathways. One 

of the consequences of Type 2 diabetes is the development of 

chronic diabetic complications including atherosclerosis. Data 

derives from experimental and epidemiological studies have 

shown that low-grade inflammation plays an important role in 

the initiation and progression of atherosclerotic plaque 

development (2). It is clear that both Type 1 & Type 2 

diabetes complications may share a common link, namely 

inflammation. 

COX expression, particularly COX-2, can be elevated by 

inflammatory cytokines. COX isoforms are rate-limiting 

enzymes that catalyze arachidonic acid leading to the eventual 

production of various prostanoids, which can alter vascular 

reactivity, platelet aggregation and atherosclerotic plaque 

formation and stability (3). COX-1, expressed at constant 

levels throughout the cell cycle, is termed a constitutive 

isoform and has a “house-keeping” role (4). 
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In contrast, inducible COX-2, whose expression under 

normal physiological conditions is not usually detected, 

is up-regulated in response to a variety of agents such as 

hormones, growth factors, pro-inflammatory stimuli and 

inflammation (5). Prostanoids produced by COX 

pathways are crucial to numerous physiological 

processes including platelet aggregation, 

vasoconstriction and vasodilatation. TXA2 released by 

platelet and PGE2 released by monocytes due to the 

action of COX-1 and COX-2, respectively are important 

prostanoids involved in thrombosis and atherosclerosis 

development. Given that inflammation is elevated in 

Type 2 diabetes and the ability of COX-mediated 

prostanoids to be involved in thrombosis and 

atherosclerosis, it was of interest to investigate if COX-

mediated pathways. 

Materials and Methods : 

Treatment of Animals: 

Male Wistar rats weighing 150-200 grams were 

used for this study. Animals were obtained from the 

institute central animal house and maintained in 

standard laboratory conditions at 22 + 2
0 

C with 12:12 

hours dark-light cycle in the department animal room 

facility. Whole blood was collected. All experimental 

procedures used in this study were approved by the 

Institute Animal Experimentation Ethics Committee. 

Animals were allowed to acclimatize for one week to 

departmental animal room environment and then 

randomly assigned to the following two groups. Group 

1. Control – Rats fed with rodent chow. Group 2. High 

fat diet – Rats fed with high fat diet. 

Selection of Subjects 

Twenty Five newly diagnosed type 2 diabetic patients 

(13 males and 12 females) in the age 

group of 35-50 years were taken as case from our OP. 

As control, 25age matched healthy volunteers (13 males and 

12 females) were recruited. The present study did not 

collected samples from smokers and hypertensive, Type I 

DM, Type 2 diabetic subjects on NSAIDs treatment, subjects 

with Micro- Macro Vascular complications, with other 

known diseases. The diagnosis of diabetes was made based 

on plasma glucose levels of venous plasma using the 

diagnostic guideline provided by the American Diabetes 

association. All participants were informed of the study by an 

endocrinologist.  

Isolation of human platelets and monocytes  

The isolation of human platelets and monocytes was 

performed using OptiPrepTM solution 

according to the manufacturer’s standard protocol.  

Protein assay  

Determination of human sample protein concentration was 

performed using the Biorad 

microBCA. 

Western blot: COX protein 

 The density of all Western blot bands was analyzed using 

the Chemi Doc™ XRS system (Biorad, CA, USA). 

DISCUSSION : 

The two questions of this current study were whether COX-1 

and COX-2 expression was altered in Type 2 diabetes. The 

animal model used was obese Wistar rats, which has several 

of the elements of Type 2 diabetes including hyperglycemia, 

obesity, dyslipidemia and hypertension (6). 

Obese Wistar rats have been extensively used as a model of 

Type 2 diabetes as they exhibit several characteristics of 

Type 2 diabetes including hyperglycemia, obesity, 

dyslipidemia and hypertension. In the present study, COX-1 

levels in platelets were measured in obese Wistar rats and 

found to be elevated compared to lean Wistar  rats. Similar 

finding has also been reported by Raju et al. (7) 



Indian Journal of Basic & Applied Medical Research; September 2012: Vol.-1, Issue-4, P. 259-267 

 

261 

www.ijbamr.com 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in the platelets of obese Zuker rats. Hyperactive 

platelets have been reported by Schafer et al. (8) in the 

young Wistar rats with impaired glucose tolerance and 

increased COX-1 levels in platelets may potentially 

result in enhanced production of prostanoids such as 

TXA2 and platelet aggregation (9). Potentially, changes 

in prostanoid production may result in an increased risk 

in thrombosis due to enhanced platelet activation and 

aggregation, a phenomenon that was not observed in 

COX-1 knock-out mice (10). 

COX-2-mediated pathway in monocytes in Wistar 

rats 

COX-2 is the rate-limiting enzyme in prostanoid 

production in monocytes. In diabetes, COX-2 up-

regulation in monocytes is often associated with 

enhanced monocyte infiltration into the intima and 

macrophage-induced inflammation processes (11). In 

the present study, monocyte COX-2 levels were 

measured and found to be elevated in obese Wistar rats 

compared with the lean rats. In obese Wistar rats, 

enhanced COX-2 expression in the renal cortex and 

micro-vessels was found to contribute to renal damage 

(12). Increased monocyte COX-2 levels observed in the 

current study may further exacerbate the renal injury 

often seen in obese Wistar rats. In monocytes, elevated 

COX-2 levels can also lead to increased PGE2 

production. COX-2-mediated release of PGE2 plays a 

role in inflammatory processes. For instance, PGE2 

increases blood flow to inflamed area by dilating blood 

vessels and stimulates the migration of leukocytes 

through capillary walls. Furthermore, COX-2-mediated 

release of PGE2 has been suggested to play a role in 

destabilizing atherosclerotic plaque via MMP pathways. 

Therefore, an up-regulation of COX-2 in monocyte in 

obese Wistar rats indicates an elevated inflammatory 

activity and could account for the more severe degree of 

atherosclerosis in obese Wistar rats compared to lean Wistar 

rats (13). 

COX-1-mediated pathway in platelets in Type 2 diabetes 

The present study showed that platelet COX-1 levels were 

unaltered in Type 2 diabetes. Our animal study showed that 

COX-1 in platelets was increased in diabetic Wistar rats, data 

from this current human study did not agree with data from 

the animal model. Several studies indicated that platelets are 

more hyperactive in diabetes  and a good glycemic control has 

been shown to reduce platelet activation markers in human 

Type 2 diabetic subjects (14). Hyperglycemia has been 

proposed to be a causal factor for in vivo platelet activation. 

For instance, excess glucose contributes to non-enzymatic 

glycation of platelet lipid membrane, which may affect the 

activation of receptors on the surface of platelet lipid 

membrane. High levels of glucose can also increase oxidative 

stress via polyol pathway, which may be responsible for 

enhanced peroxidation of arachidonic acid and increased 

isoprostane production, which is known to cause persistent 

platelet activation (15). The current study, however, suggests 

that changes in platelet COX-1 is most likely not involved in 

hyperactivity of platelets in Type 2 diabetes. 

The present study found that human subjects with 

hyperlipidemia had a significantly higher level of platelet 

COX-1 compared with human control subjects. Further sub-

analysis showed that increased platelet COX-1 levels were 

clearly elevated with hyperlipidemia in control and diabetic 

groups, although this was not significant in human Type 2 

diabetic subjects presumably due to the low numbers. A study 

by Davi et al. (16) found enhanced COX-1-mediated activity 

in platelets as indicated by an increased TXA2 synthesis in 

hypercholesterolemic subjects. Belton et al. (17) further 

reported elevated COX-1 expression in the vascular lesions 

during atherosclerosis development was reported in 

apolipoprotein E-deficient mice. 
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Changes in lipid levels are known to promote thrombosis 

by affecting the activity of platelets (18), fibrinolytic 

factors (19) and coagulation proteins (20). Indeed, 

increased cholesterol levels increase the risk of arterial 

thrombotic events in patients with atherosclerosis (21). 

Potentially, alteration in COX-1 levels due to 

hyperlipidemia, a condition commonly observed in Type 

2 diabetes may contribute to the development of macro-

vascular complications. The present results for the first 

time show a link between hyperlipidemia and COX-1, a 

factor which could promote platelet aggregation. It may 

also be an indication for the use of COX inhibitors in 

hyperlipidemia. 

COX-2-mediated pathway in monocytes in Type 2 

diabetes 

Very little is data available about COX-2 in Type 2 

diabetes. Increasing evidence has revealed increased 

inflammation in Type 2 diabetes and inflammation may 

be an important component in diabetic complication 

development (22), our study hence investigated if COX-

2 expression in monocytes was elevated in Type 2 

diabetes as elevated COX-2 occurs in inflammation. In 

contrast, COX-2 mRNA levels were increased in 

peripheral blood monocytes from human Type 2 diabetic 

subjects (23). This non age-matched study, however, did 

not measure the actual expression of COX-2 protein and 

only had a very small sample size (four human control 

and two human Type 2 diabetic subjects, respectively). 

Therefore, it is difficult to interpret the results and 

establish the relationship between increased COX-2 

mRNA and actual functional protein expression. In 

another study involved age-matched human subjects, 

COX-2 up-regulation was observed in monocyte-derived 

macrophages at the site of atherosclerotic plaques in 

Type 2 diabetes (24). 

Potentially, changes in COX-2 expression in these cells can 

lead to an activation of numerous signalling transduction 

pathways. For example, through PGE2-mediated EP4 

signalling pathway, enhanced COX-2 is associated with the 

induction of MMPs, proteases that digest extracellular matrix 

and destabilize atherosclerotic plaques (25). The COX-2 

expression in monocytes, which the present study observed is 

worth noting as it has been reported previously (26) and may 

be a potential factor in cardiovascular complications of aging. 

The present study found that plasma PGE2 increased 

significantly in Type 2 diabetes in age-matched analysis. The 

exact source of enhanced plasma PGE2 production is unclear 

as several sources of plasma PGE2 have been identified. These 

sources include endothelial cells platelets, lung epithelial cells 

(27), alveolar macrophages and monocyte-derived 

macrophages at the site of atherosclerotic plaques. It has also 

been reported that stromal pre-adipocytes expressed high level 

of COX-2 protein and released PGE2 after stimulation by 

adiponectin, a hormone secreted by adipocytes that regulates 

glucose and lipid metabolism (28). Regardless the source of 

the elevated plasma PGE2, PGE2 production has been 

associated with destabilizing atherosclerotic plaques (29), 

diabetic retinopathy  and nephropathy possibly through 

increased MMP activity (30) and increased oxidative stress.  

 

Conclusion: 

The current study reported that COX levels were up-regulated 

in platelets and monocytes of Wistar rats, an observation that 

was not found in human Type 2 diabetic study. It means in 

humans Type II diabetics showed slightly increased (but it is 

not significant) monocyte COX 2 & normal platelets COX1. 

This suggests that changes in COX levels in these 

inflammatory cells may be species-dependent. Suggesting an 

overall increase in inflammatory activity in Type 2 diabetes.  
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