


Comparative Assessment of Plasma ATP and ADP Stored in EDTA and Lithium Heparin Bottles at Room Temperature

ABSTRACT

Aims: This study aimed to compare the values of ATP and ADP in plasma stored in EDTA and lithium heparin specimen bottles at room temperature.
Study design: This was a cross-sectional study. 
Place and Duration of Study: Not explicitly stated in the provided text.
Methodology: Blood samples were collected from twenty apparently healthy individuals and divided into EDTA and lithium heparin tubes. ATP and ADP concentration were measured using enzyme-linked immunosorbent assays (ELISA). Statistical analysis was performed using an independent t-test to determine differences between the two mean values of ATP and ADP.
Results: ATP and ADP levels were significantly higher in EDTA plasma compared to lithium heparin plasma (p = 0.000). The mean ATP concentration in EDTA was 
846.19±94.54 nmol/L, while lithium heparin samples had a significantly lower mean value of 589.61±61.93 nmol/L. Similarly, ADP levels were higher in EDTA plasma (
804.00±164.11 nmol/L) than in lithium heparin plasma (610.00±145.60 nmol/L) where p = 0.000.
Conclusion: EDTA is recommended for studies requiring nucleotide stability, particularly in platelet function assessments and metabolic evaluations. These findings support the use of EDTA for studies requiring stable ATP and ADP measurements.
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INTRODUCTION
Adenosine triphosphate (ATP) plays a critical role in role in intracellular energy transfer reactions because it provides energy that drives biochemical processes in cells [1]. Adenosine triphosphate is produced via the phosphorylation of adenosine diphosphate (ADP) and adenosine monophosphate (AMP) and in the course of metabolism ATP is repeatedly dephosphorylated to ADP and AMP and re-phosphorylated from ADP and AMP. [1]. Adenosine triphosphate (ATP) is a nucleotide that provides energy to drive and support many processes within living cells, including; muscle contraction, nerve impulse propagation, condensate dissolution, and chemical synthesis [2]. Present in all known life forms, ATP is often referred to as the “molecular currency” of intracellular energy transfer. The phosphate groups can be cleaved off, releasing energy that can be used to drive other biochemical reactions [3]. According to Guyton and Hall [4], adenosine Diphosphate (ADP) is an important organic compound in metabolism and is essential to the flow of energy in living cells. It can be interconverted to adenosine triphosphate (ATP) and adenosine monophosphate (AMP). Adenosine triphosphate (ATP) and adenosine diphosphate (ADP) play critical roles in cellular energy metabolism and function, making their evaluation in blood samples important for understanding various metabolic conditions and pathophysiological states. The evaluation of adenosine triphosphate (ATP) and adenosine diphosphate (ADP) in blood samples is crucial for assessing cellular energy states and understanding metabolic disorders. The evaluation of ATP and ADP levels is increasingly being used in disease monitoring, particularly for assessing platelet function and cardiovascular health [5]. Moreover, a stable and reliable method for evaluating these nucleotides is needed to ensure the accuracy of results in clinical and research settings, as variations in storage conditions and container types could obscure true physiological changes [6]. Hence, this study aims to assess the suitability of various specimen containers in the context of ATP and ADP evaluation, considering their impact on sample integrity and analytical outcomes.
MATERIAL AND METHODS
This was a cross-sectional study that randomly recruited 20 apparently healthy individuals within a consistent age bracket f between 18 and 26 years to evaluate the impact of EDTA and lithium heparin containers on the stability of ATP and ADP levels in blood samples at room temperature. Three milliliters of blood samples were collected from apparently healthy volunteers using a vacutainer system into EDTA and lithium heparin specimen bottles. Following collection, ATP and ADP levels were measured using enzyme-linked immunosorbent assays (ELISA). SPSS (Statistical Package for Social Sciences) 25 was used to analyze the collected data. Independent’s t-test was used to compare the mean ± standard deviation of ATP and ADP values in EDTA and in Lithium Heparin.
RESULTS AND DISCUSSION
The mean ± SD of ADP values in EDTA and lithium heparin anticoagulant bottles were analyzed. The mean ± SD ADP levels in EDTA (804.00±164.11 nmol/L) were significantly higher than ADP in lithium heparin (610.00±145.60 nmol/L), P = .000 [Table 1]. The mean ± SD of ATP values in EDTA and lithium heparin anticoagulant bottles were analyzed. The mean ± SD ATP levels in EDTA (846.19±94.54 nmol/L) were significantly higher than those in lithium heparin (589.61±61.93 nmol/L), P = .000.

Table 1: Mean ± Standard Deviation of ADP Levels in EDTA and Lithium Heparin Container.
	Parameter
	EDTA 
	 Lithium Heparin     
	t-value         
	p- value

	ADP (nmol/L)
	804.00 ± 164.105
	610.00 ± 145.602
	3.955
	0.000*


*Statistically significant p<0.05; ADP: Adenosine diphosphate (nmol/L)

The findings of this study indicate that ATP remains more stable in EDTA compared to lithium heparin [Table 2]. This observation can be attributed to EDTA’s strong calcium-chelating properties, which effectively inhibit platelet activation and metabolic enzyme activity. Calcium plays a vital role in various enzymatic reactions, including ATP hydrolysis, which leads to the breakdown of ATP into ADP and inorganic phosphate. By binding to calcium ions, EDTA prevents these calcium-dependent processes, thereby preserving ATP levels. ATP and ADP play pivotal roles in cellular metabolism and energy transfer, with ADP serving as a critical agonist in platelet activation and aggregation [7][8][9]. 

Table 2: Mean ± Standard Deviation of ATP Levels in EDTA and Lithium Heparin Container.
	Parameter
	EDTA 
	 Lithium Heparin    
	t-value         
	p- value

	ATP (nmol/L)
	846.19 ± 94.537
	589.612 ± 61.925       
	10.153   
	0.000


*Statistically significant p<0.05; ATP: Adenosine triphosphate (nmol/L); EDTA: Ethylene diamine tetra acetic acid

Their accurate measurement in blood samples is essential for various diagnostic and research applications. In contrast, lithium heparin primarily inhibits thrombin but does not chelate calcium, allowing some degree of platelet activation, which may lead to nucleotide consumption or degradation over time [10]. Hence, the lower levels of ATP observed in the samples preserved in lithium heparin are due to the continuous occurrence of calcium-dependent processes which result in the breakdown of ATP. Since it does not fully prevent calcium-dependent metabolic reactions, residual enzymatic activity may continue, leading to ATP hydrolysis. This explains why ATP levels were lower in lithium heparin samples compared to EDTA-stabilized samples. The presence of active platelets in lithium heparin samples can also contribute to ATP depletion, as activated platelets consume ATP during aggregation and secretion processes. The mechanism of ATP hydrolysis further explains these differences. According to Dittrich [11], ATP breakdown is facilitated by ATPases, which hydrolyze ATP into ADP and inorganic phosphate. This process is essential for various physiological functions but can lead to unwanted ATP degradation in stored blood samples. Since calcium is a key regulator of ATPase activity, the presence of free calcium in lithium heparin samples likely accelerates ATP breakdown, whereas EDTA inhibits this process by chelating calcium. 
This study also suggests that ADP as a byproduct of ATP, also exhibited greater stability in EDTA compared to lithium heparin. Adenosine diphosphate (ADP) plays a crucial role in platelet activation and aggregation, which are essential steps in blood clot formation (hemostasis). When blood vessels are damaged, subendothelial collagen and tissue factor are exposed, triggering platelet adhesion and activation. Upon activation, platelets undergo a shape change and release their stored contents, including ADP, from their dense granules into the surrounding plasma. This released ADP acts as a potent signaling molecule that further amplifies platelet activation by binding to specific ADP receptors on the platelet surface. Since ADP plays a crucial role in platelet activation and aggregation, its levels in blood samples are highly dependent on platelet integrity and activation status. The inhibition of platelet activation by EDTA likely prevents unnecessary ADP release, maintaining higher ADP stability in these samples. Conversely, lithium heparin allows some degree of platelet activation due to the presence of unchelated calcium. Platelet activation triggers the secretion of dense granules containing ADP, which subsequently amplifies the activation process and promotes further ADP consumption [12]. This may explain why ADP levels were lower in lithium heparin samples compared to EDTA-stabilized samples. Additionally, ADP breakdown is facilitated by ectonucleotidases such as CD39, which convert ADP to AMP and adenosine. The activity of these enzymes is influenced by calcium availability, meaning that their action is likely more pronounced in lithium heparin samples than in EDTA-treated samples [13][14]. This enzymatic degradation contributes to the lower ADP levels observed in lithium heparin samples. 
The choice of anticoagulant can significantly affect platelet activation status, thus impacting ATP and ADP levels. The results of this study reveal that EDTA prevents platelet activation more effectively than lithium heparin, leading to higher ATP and ADP stability. EDTA functions by chelating calcium ions, which are necessary for platelet aggregation and activation. Without calcium, platelet activation pathways are inhibited, reducing the release and subsequent breakdown of ATP and ADP. On the other hand, lithium heparin, while effective in preventing clot formation by inhibiting thrombin and factor Xa as suggested by [15], does not completely prevent platelet activation [10]. The residual platelet activity in heparinized blood samples could explain the lower ATP and ADP concentrations observed in this study. Lithium heparinized samples may undergo ongoing metabolic processes due to the presence of functional calcium ions, leading to continued ATP hydrolysis [16]. 
This suggests that blood samples collected in lithium heparin tubes may be less suitable for studies requiring stable ATP and ADP measurements, particularly those focused on platelet function or energy metabolism. The results of this study emphasizes that EDTA provides a more controlled environment for ATP and ADP analysis. However, the rapid processing of blood samples is also essential to minimize degradation, as enzymatic activity continues even in the presence of anticoagulants. The differences in ATP and ADP levels between EDTA and lithium heparin tubes have important implications for clinical and research applications. In clinical diagnostics, ATP and ADP measurements are essential for evaluating platelet function, especially in disorders of platelet dense granule secretion [17]. The findings of this study suggest that EDTA is preferred over lithium heparin for assays requiring stable ATP and ADP levels, particularly in platelet function tests and biochemical studies involving nucleotide analysis.
CONCLUSION
This study demonstrated that EDTA provides superior preservation of ATP and ADP levels in blood samples compared to lithium heparin, likely due to its calcium-chelating properties that inhibit platelet activation and nucleotide degradation. The significant differences observed highlight the importance of anticoagulant selection in biochemical and clinical analyses. These findings support the use of EDTA for studies requiring stable ATP and ADP measurements. 
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