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Abstract: Blood is a particular type of connective tissue that majorly contains red blood cells (RBCs), white blood cells (WBCs), 

and platelets (Plts). Anticoagulants are used to preserve the fluidity of blood and retard morphological changes in blood cells. 

Anticoagulants like EDTA, heparin, sodium citrate, and CPDA-1 are used. However, these anticoagulants also have some 

disadvantages, summarized in this review. This chemical causes the lysis of many cells, including RBCs, and some of them, like 

EDTA, cause agglutination of platelets, which not only causes a decrease in platelet count but also causes a spurious increase in 

WBC count. These substances also alter the shapes of various cells present in blood. RBCs and platelets may become spherical 

from the normal biconcave disc and plate-like structures. Commonly used anticoagulants contribute to alterations of many 

hematological parameters, including hematocrit, hemoglobin concentration, and packed cell volume of RBCs. Certain chemicals 

used in anticoagulant solutions, such as potassium and sodium in EDTA solution, make the blood unsuitable for determining these 

electrolytes in the sample. They also induce many changes in the biochemical composition of the sample. The most affected 

biochemical changes are observed in 2,3-DPG, D-dimer concentration, blood gas estimation, and cytokine levels. As they contain 

different chemicals, they have varying pH, so they alter blood pH. 
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Introduction 

Blood is the essential fluid for life, which is opaque and 

reddish in color, connective tissue, and has a pale yellow-

colored fluid matrix known as plasma. It contains blood 

cells suspended in plasma, i.e., erythrocytes or red blood 

cells (RBCs), leukocytes or white blood cells (WBCs), and 

platelets or thrombocytes (Plts), along with other 

biochemical substances (Chohan and Davidow, 2015; 

Karolczak et al., 2019). These cells and cellular fragments 

are collectively called formed elements of plasma. The 

relative volume of formed elements and plasma is 45% and 

55%, respectively. Normovolemia is 4-6 liters, i.e., 6-8% of 

body weight in normal adults (Namisnak et al., 2022). In 

clinical practices, blood is commonly used for diagnostic 

purposes because it is easy to collect and handle in the 

laboratory. Blood also serves as a medium to transport 

different chemicals throughout the body, such as glucose, 

hormones, vitamins, plasma proteins, and waste products. 

Most importantly, it transports oxygen (O2) and carbon 

dioxide (CO2) from the lungs to the body and back to the 

lungs. Besides this, blood performs another vital function 

for thermoregulation as it transfers heat equally to all parts 

of the body (Namisnak et al., 2022).  

With the development of laboratory automation, centralized 

high-volume laboratories are also developed 

simultaneously. This requires transporting blood samples 

from remote areas to the laboratory as soon as possible. Still, 

transmission over long distances poses a significant pre-

analytical alteration in blood cell morphology. To encounter 

these changes, laboratorians use suitable anticoagulants 

(COMITTEE) (Arnold et al., 2019). Anticoagulants are also 

used to store blood in blood banks.  

Anticoagulants are substances that retard the clotting of 

whole blood; thus, it preserves the fluidity of blood both in 

vitro and in vivo (Dibiasi et al., 2018; Graverini et al., 2018). 

Not only preserves fluidity but also maintains cell viability 

and functionality (Levental et al., 2020). The most 

commonly used and recommended in vitro anticoagulant is 

ethylenediamine tetraacetic acid (EDTA). Calcium is a 

necessary cofactor for enzymes of the coagulation cascade. 

EDTA chelates this calcium, thus preventing the clotting of 

blood in tubes (Farias et al., 2016; Lima-Oliveira et al., 

2021). Some anticoagulants are used for long-term 

preservation of blood. Besides this, anticoagulants also have 

pharmacological effects, which are used to prevent venous 

thromboembolism (Papakonstantinou et al., 2020). 

Different anticoagulants have different effects on blood 

cells and have different storage times (Hennø et al., 2017). 

Storing blood for an extended period requires optimum 

conditions such as 1-6°C temperature, which is provided in 

blood banks (García-Roa et al., 2017) (Mansell and Boller, 

2016). Several additive solutions are added to blood along 

with anticoagulants to preserve blood's structural and 

biochemical bases, thus preserving the blood cells in a 

natural, normal state (Barshtein et al., 2021). However, 

these anticoagulants also have some disadvantages, which 

cause blood transfusion to be unsafe and even life-

threatening. Anticoagulants like EDTA also have 

disadvantages in the diagnostic field because they chelate 
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metal ions and are used as sodium (Na+) and potassium 

(K+) salts; therefore, metal ions (calcium, iron, magnesium) 

and Na+ and K+ cannot be measured in EDTA-induced 

plasma (Putra and Hernaningsih, 2022). They may cause 

changes in blood cell morphology and biochemical 

constituents of blood. These pathological conditions related 

to prolonged blood storage are sometimes known as 

“Storage Lesions” (Weisel and Litvinov, 2019; Yoshida et 

al., 2019). EDTA is proven more efficient than oxalate and 

heparin, found satisfactory, and recommended for routine 

use (Akorsu et al., 2023; Carlquist et al., 2017). The 

recommended concentration of EDTA in routine use is 1mg 

of EDTA per 1 ml of blood 21. EDTA blood is also very 

efficient for differential staining of WBCs (Bills et al., 

2019).  

Heparin is another commonly used anticoagulant. It is a 

direct inhibitor of the coagulation cascade by antithrombin-

mediated inhibition of the clotting factor and works in vivo 

and in vitro. Due to these properties, heparin is used to treat 

thromboembolism and in blood transfusion practices. It is a 

biological anticoagulant that retard the action of specific 

proteins, which are essential for clotting cascade. It is ideal 

anticoagulant for osmotic fragility test. However, when 

sodium heparin is used, it induces many changes in blood 

count and alters the rheology of blood. Heparinized blood is 

unsuitable for slide preparation as it causes bluish 

discoloration in the background (Nussbaum et al., 2022) 

(Bain et al., 2016).  

Besides these, citric acid used with sodium citrate makes 

acid citrate dextrose, one of the earlier known 

anticoagulants. Similarly, sodium phosphate dextrose is 

used as an anticoagulant. Citrate phosphate dextrose (CPD) 

can be used with the addition of adenine citrate phosphate 

dextrose adenine (CPDA-1) is also one of the most 

commonly used anticoagulants for whole blood storage for 

long periods (Meledeo et al., 2019). 

Anticoagulants are extensively used in blood banks. In the 

early days, the blood is only stored for 21 days using acid 

citrate dextrose (ACD). With the development of our 

knowledge about anticoagulants, new anticoagulants are 

discovered, such as CPD and CPDA-1. These new 

anticoagulants add more shelf life for storage of refrigerated 

blood up to 42 days; thus, these new anticoagulants have 

reduced the artifact induced by previously known 

anticoagulants (Sakthipriya, 2019). 

 

HEMATOLOGICAL CHANGES 

 

Anticoagulants Induced Artifacts in Blood Cells Count: 

When blood is stored with anticoagulants in test tubes for 

laboratory procedures or even stored in blood banks for 

transfusions, these anticoagulants induce specific changes 

in various hematological and biochemical parameters of 

blood, such as changes in blood cell count, induce 

hemolysis, cause morphological changes and even 

sometimes affects standard functionality and viability of 

blood cells (Bogdanova et al., 2020) (Huisjes et al., 2018).  

Changes in Reticulocyte Count: 

Reticulocytes are immature, anucleated erythroid cells in 

peripheral blood with small extranuclear RNA remaining 

(Chakrahari, 2018). Blood stored in EDTA doesn’t have 

significant changes in reticulocyte count until 48 hours 

(Rautaray and Tripathy, 2018). Researchers reported that 

neither EDTA nor heparin affected the reticulocyte count, 

but dilution of the sample could have significant effects 

(Kaufhold et al., 2018). Similarly, sodium citrate doesn’t 

interfere with reticulocyte counts (Akorsu et al., 2023).  

Changes in Platelets Count: 

When the blood is stored in anticoagulants such as EDTA, 

heparin, and even calcium oxalate and sodium citrate, they 

stimulate the platelets membrane against which auto-

antibodies are generated and clumps of platelets are formed. 

So, when automatic hematology analyzers aspirate this type 

of blood, they count these clumps as WBCs, which results 

in decreased platelet count. Although the person has a 

normal platelet count due to anticoagulant-related artifacts, 

the plate count has decreased. This phenomenon is known 

as EDTA-dependent pseudo thrombocytopenia (PTCP). 

When it was observed that this artifact was also caused by 

other anticoagulants like magnesium sulfate, it was given a 

new name, “Anticoagulant-induced PTCP” (Lardinois et al., 

2021; Schuff-Werner et al., 2020). Heparin is the second 

worst anticoagulant because it also induces 

thrombocytopenia both in vitro and in vivo due to clumping 

of platelets (Gruel et al., 2020; Lardinois et al., 2021). 

Another study reported that platelet count was even lower 

than EDTA-treated blood when a heparinized cord blood 

sample was used (Thanasak et al., 2022). In a publication, 

researchers found that EDTA and EGTA (ethylene glycol 

tetraacetic acid) cause aggregation of platelets. 

Anticoagulants like sodium citrate, sodium oxalate, and 

heparin show no clumping of platelets (Mannuß, 2020) 

(Hürmeydan et al., 2021). The platelets remain stable after 

blood collection in K3EDTA for four days. Thirty-seven 

anticoagulants like ammonium oxalate and 3.8% sodium 

citrate are recommended to prevent pseudo-

thrombocytopenia (Sharif et al., 2023). Magnesium sulfate 

is a reliable anticoagulant for determining actual platelet 

count. Citrate (sodium citrate) is known to cause a decrease 

in platelet counts as compared to Na2EDTA and  K3EDTA. 

Another anticoagulant, hirudin, is unreliable because the 

blood clots entirely after 4 hours of blood collection 

(Benjamin et al., 2018; Sugerman et al., 2021). Virtually no 

anticoagulant is so efficient in eliminating platelet clumping 

completely.  EDTA, heparin, sodium citrate, sodium 

fluoride, sodium oxalate, and rarely hirudin were found to 

cause PTCP (Schuff-Werner et al., 2020) .  

Changes in White Blood Cell Count: 

When the blood from rats was stored in K3EDTA, the WBC 

count was observed to be higher after storage of 72h at 3°C. 

This increase is known to be caused by platelet aggregation 

(Layssol‐Lamour et al., 2019). However, the WBC count in 

human blood is stable for four days (Wu et al., 2017). 

EDTA-induced thrombocytopenia has already been 

observed in humans, which may also cause 

pseudoleukocytosis (Lardinois et al., 2021). A team of 

researchers reported that the leukocyte count of blood is 

stable when sodium heparin is used and blood is stored in a 

refrigerator for 24 hours (Hennø et al., 2017). A study from 

the last decade shows that spurious low WBC count can be 

observed in blood taken into K3EDTA, sodium citrate, and 

heparin anticoagulants because of polymorphonuclear 

neutrophils and lymphocyte aggregation (Margraf et al., 

2022). A Significant decrease in the total number of 

leukocytes was observed in heparin and K3EDTA-treated 

blood. Heparin was not found satisfactory for WBC 

counting (Akorsu et al., 2023) (Baccini et al., 2020). Sodium 

citrate gave a less reliable and lower count of WBCs than 
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other anticoagulants such as EDTA and Heparin (Akorsu et 

al., 2023) (Putra and Hernaningsih, 2022). Leucocytes in 

balanced ammonium-potassium oxalate anticoagulant 

stored at refrigerator temperature were stable for 24 hours 

(Zhou et al., 2024). EDTA showed less toxicity as compared 

to heparin when peripheral blood mononuclear cells are 

stored, which leads to decreased lysis of cells as compared 

to heparin (Baien et al., 2018).  

Changes in Red Blood Cell Count: 

In a study, the blood stored with CPDA-1 at 4-6°C is 

examined over time. They observed the reduction in RBCs 

starting from the 5th day of storage. Only a small number of 

RBCs are lysed; the only reasonable explanation for this is 

that the old-aged cells are lysed  (Gong et al., 2023) (Yousef 

et al., 2019). Another team of researchers observed that 

when a prolonged stored blood unit was transfused to the 

recipient, the extravascular hemolysis of RBCs increased 

after transfusion, which was characterized by elevated 

direct and indirect bilirubin produced as a result of 

extravascular hemolysis in the liver and spleen (Phillips and 

Henderson, 2018). Similar results were reported in research 

conducted on  Schizopyge plagiostomus (Himalayan snow 

trout). The RBC counts are significantly less in snow trout 

blood stored in K2EDTA than in lithium heparin. In the 

K2EDTA sample, bare nuclei indicate the destruction of 

RBCs (Ji, 2021). Heparin and EDTA both cause a decrease 

in RBC count. Heparin activates sialic acid residue on 

adjacent cell surfaces, which causes cells to form aggregates 

and decreases the viable count of RBCs.  

Morphological Changes in RBCs: 

Red blood cells carry oxygen from the lungs to body parts 

and give characteristics of red color to whole blood (Villa et 

al., 2016). When blood is stored in EDTA salts for 

laboratory analysis, various morphological changes occur in 

red blood cells. Due to the movement of water into the cells, 

the cell size increases. On baseline, the RBCs are observed 

to be normocytic and normochromic. But on day 4, the 

RBCs also have echinocytes, spherocytes, and sphero-

echinocytes shapes along with increases in RBCs rouleaux 

formation (Recktenwald et al., 2022). RBCs showed 3% 

increases in cell size when stored at room temperature in 

anticoagulants like tri potassium EDTA, disodium EDTA, 

balanced potassium-ammonium oxalate, and sodium 

heparin which is indicated by the increased value of MCV 

and Hct (Mendhurwar, 2018). However, a high 

concentration of K3EDTA causes water to move out of the 

cell, and cell size decreases, which is indicated by a 

reduction in pack cell volume (Moxon et al., 2023). An 

excellent review on red cell morphology concluded that the 

RBCs change their shape from discoid to spherocytes when 

stored in ACD or CPD (Goyal, 2016).  

A study of the Tibetan population shows that the shape of 

RBCs is altered as the storage time increases. The number 

of normal disc-shaped cells starts to decrease sharply after 

storage of 21 days in CPDA-1 anticoagulant. After 35, only 

5% of cells are spherocytes and sphere-schistocytes, which 

are irreversible shapes of RBCs (Pretorius, 2018).  

Morphological Changes in Leukocytes: 

Leukocytes are different types of blood cells that help the 

body defend against infections (Garg et al., 2020).  

K2EDTA anticoagulant affects neutrophils when the blood 

is examined at 0, 4,12, 24 hours after sample collection 

significant decrease in segmented neutrophils is observed, 

and this decrease is justified by a relative increase in non-

segmented neutrophils (band-form) (Jonas, 2020). Sodium 

citrate causes nuclear lobulation, nucleus degeneration, and 

karyolysis starting from 0 hours. The same effects had been 

seen with EDTA but markedly decreased up to 2 hours. 

Smudge cells and increased cell size of WBCs have also 

been observed in blood smears soon after 1 hour in sodium 

citrate and delayed up to 3-4 hours in EDTA-containing 

samples (Amir et al., 2023).  

Morphological Changes in Platelets: 

EDTA anticoagulant causes morphological changes in 

platelets. The typical shape of platelets is discoidal, but 

when blood is stored in an EDTA anticoagulant, it changes 

its morphology and becomes spherical. Potassium EDTA 

causes more increase in mean platelets volume than sodium 

EDTA. Due to this shape change, the mean platelet volume 

also increases in impedance-based instruments. EDTA also 

causes clumping of platelets, which are counted as WBCs 

by hematology analyzers. This results in pseudo-

thrombocytopenia (Kausar et al., 2021) (Goyal and Goyal, 

2023). Besides, EDTA and EGTA cause degranulation of 

platelets (Karhausen et al., 2020). Heparinized blood 

sample causes platelet volume to increase, leading to many 

changes in the shapes of Plts (Mannuß, 2020). Sodium 

citrate and EDTA cause not only swelling of platelets but 

spiny projections are also observed, and these artifacts 

increase as time passes. Sodium citrate doesn’t cause 

aggregation of platelets (Levin, 2019).  

Effects on Hematocrit Value: 

In research, it is observed that the concentration of EDTA 

influences the hematocrit value of blood. When the EDTA 

concentration in the blood exceeds the recommended 

concentration (1mg per 1 ml of whole blood), significant 

changes in hematocrit values are observed. With the 

increase in concentration of EDTA, the value of hematocrit 

decreases (Reckziegel et al., 2016). Erythrocytes volume 

has been observed to be reduced in citrate anticoagulant 

(Lim et al., 2018). The ostrich blood, when stored in 

heparin, shows the lower value of HCT as compared with 

blood stored with EDTA (Vincent et al., 2023).  

Effects on Hemoglobin Concentration: 

A study researcher reported that the concentration of EDTA 

has no significant effect on the value of hemoglobin 

(Varanita et al., 2022). Another study observed a slight 

decrease in hemoglobin concentration over time when 

CPDA-1 is used as an anticoagulant (Adetola et al., 2020). 

No significant changes in Hb concentration were recorded 

When heparin and EDTA were used for general 

hematological parameters (Akorsu et al., 2023).  

Effects on Packed Cell Volume of RBCs: 

Research has published that the increasing concentration of 

EDTA causes RBCs to shrink, thus decreasing the PCV 

value. At the same time, heparin was the anticoagulant of 

choice for calculating PCV because a fold increase in 

heparin concentration does not affect PCV as it has 

minimum effects on the morphology of RBCs (Makhro et 

al., 2016). Similar results were also published in a research 

in which blood was stored at four °C in CPDA-1 

anticoagulant, and the PCV values decreased drastically 

after one week of storage. The apparent reason for that is 

red cell hemolysis (Gaur et al., 2023). A study was 

conducted on Green Iguana, and the results are compared 

with a previous study conducted on Testudo hermanni. It’s 

found that EDTA and Heparin have no effect on PCV values 

of blood, but in previous studies on Testudo hermanni, the 
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EDTA is known to cause a decrease in PCV value 

(Davidson et al., 2024). 

 

BIOCHEMICAL CHANGES: 

 

Electrolyte imbalance: 

Electrolytes are ionic fluids present in the human body and 

assist in the body's normal functioning (Seifter, 2019). They 

are ionic molecules that give cations and anions upon 

hydrolysis. Some crucial electrolytes are sodium (Na+), 

chloride (Cl-), potassium (K+), calcium (Ca2+), and 

bicarbonate (HCO 3-) (Gałęska et al., 2022). Due to their 

ionic nature, these electrolytes can conduct electricity (Zhao 

et al., 2020) (Li et al., 2020). Electrolytes are present in our 

daily meals and drinks. They are absorbed into the blood 

from the gastrointestinal tract. Electrolytes are in 

equilibrium, and certain hormones in blood control their 

amount (Seifter, 2019). Any malfunction in this equilibrium 

causes electrolyte imbalance, a severe pathophysiological 

condition leading to death (Dhondup and Qian, 2017). 

When blood is improperly stored for a long duration, the 

electrolytes are leaked from the intracellular compartment 

to the extracellular fluid, thus causing a change in RBC 

morphology. This altered electrolyte level can have adverse 

effects on the patient who receives such blood (Yazer et al., 

2018).

Fig.01 

 

Sodium: 

Sodium is one of the most critical and dominant 

extracellular cations that maintains blood volume and nerve 

and muscle functions (Polychronopoulou et al., 2019). 

Homeostasis of sodium is maintained by the kidney, 

especially in proximal tubules and distal convoluted tubules 

under aldosterone (Pearce et al., 2022). When the blood is 

stored in CPDA-1, the sodium moves from ECF to ICF, and 

its concentration drops over time. This causes various post-

transfusion complications (Okereke et al., 2019). Sodium 

heparin causes no significant effect on the sodium 

electrolyte concentration as compared to serum sodium 

concentration within 15 minutes of sample collection (Cole 

et al., 2019).  

Potassium: 

Potassium is a principal intracellular cation, and its 

homeostasis with sodium is maintained by the sodium-

potassium adenosine triphosphatase pump, which transfers 

sodium from the cell to the extracellular fluid (Danchin and 

Nikel, 2019). Potassium imbalance can cause platelet 

aggregation.77 A study observed a considerable increase in 

potassium and a decrease in sodium over seven days of 

storage while using CPDA-1 anticoagulant. It is only the 

change they observed in the electrolyte level (Adetola et al., 

2020). When EDTA is used, the potassium concentration 

increases due to the presence of potassium salt in the 

anticoagulant being used (Jahanbani et al., 2023). Sodium 

heparin and lithium heparin don’t have any significant effect 

on potassium concentration within 15 minutes of sample 

collection (Menta et al., 2020).  

Calcium and Ferric: 

Calcium is significant and plays a vital role in the 

mineralization of bone, muscle contractions, and 

conduction of nerve impulses, along with many intracellular 

functions. It is also a part of extracellular fluid, and an 

excessive amount of calcium is removed by the kidney 

under the influence of parathyroid hormone (Ureña-Torres 

et al., 2019). When plasma obtained from K2EDTA 

anticoagulated blood was used for biochemical tests, it 

caused changes in the concentration of many electrolytes, 

including calcium, potassium, and iron. The EDTA is 

divalent and trivalent, i.e., Ca+2  and Fe+3 chelating agents. 

So, its presence causes a decrease in the calcium 

concentration, especially ferric, as these ions are being 

chelated (Gulcin and Alwasel, 2022). Heparin does not 

affect Ca2+ in neonatal plasma, but plasma dilution causes 

a decrease in Ca2+. When the amount of diluent is the same, 

either heparin or a solution of sodium chloride, the same 

effect on Ca2+ is observed (Melkonian and Schury, 2019). 

The decrease in calcium concentration is also observed by 

the complex formation of calcium by heparin (Bedsted et 

al., 2003).  

Changes in pH of Blood: 
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RBCs lack mitochondria; therefore, the only energy source 

is the anaerobic glycolysis end product, which is lactic acid 

(Constable et al., 2019). Due to this, blood pH decreases as 

more lactic acid accumulates in the blood, therefore 

changing the pH of the blood and causing many biochemical 

changes to stored blood (Hess and Greenwalt, 2002). It was 

reported that the pH of stored blood with CPD and CPDA-

1 anticoagulants declines as time passes (Meledeo et al., 

2019; Sivertsen et al., 2020). When heparin was used at low 

concentration, no changes in pH concentration were 

recorded, but a significant decrease in pH was observed 

when higher concentration was used (Derry et al., 2017). 

Fig.02 

 

Changes in 2,3-Diphosphoglycerate (2,3-DPG): 

When blood is stored, it produces lactic acid, which reduces 

the pH of blood. This causes the activation of the 

phosphatase three enzyme, which degrades 2,3-DPG, due to 

which the oxygen affinity of hemoglobin is increased, and 

less oxygen is transferred to tissue from the lungs by RBC 

(Bellelli and Brunori, 2020). Study shows that essentially no 

2,3-DPG will remain after 21 days of storage in CPD and 

CPDA-1 (Aujla et al., 2018).  

D-dimer Concentration: 

In published research, it was observed that the sodium-citrate 

plasma, when stored for 4-24 hours at room temperature, did 

not show any significant change in concentration of D-dimer 

as compared to the reading taken at 0 hours. However, for 

longer durations of more than 24 hours, i.e., 48 or 72 hours, 

the D-dimer concentration falls proportionally with time. 

However, no significant change was observed in D-dimer 

concentration when the sample was stored at 4 or -20°C for 

10 days (Kiefer et al., 2018). It is reported that the d-dimer 

concentration wasn’t affected by lithium heparin and sodium 

citrate (Wauthier et al., 2023). When a comparison was made 

for d-dimer concentration in dog blood collected in EDTA 

and sodium citrate, the concentration of d-dimer was 

observed to be elevated (Ke et al., 2023).  

Osmotic Fragility: 

Blood stored in K2EDTA causes electrolyte imbalance and 

degeneration of intracellular components, which causes the 

water to move into the red cell size and increase its osmotic 

fragility (Kawthalkar, 2018). Similar results were also 

observed when the blood of common carp was treated with 

EDTA and stored (Afzal et al., 2022). When the blood of 

Struthio camelus was stored in K3 EDTA, the osmotic 

fragility of RBCs increased and caused more hemolysis 

compared to lithium heparin (Furtado et al., 2022).  

Effect on Blood Gas Estimation: 

Patients with respiratory disorders are routinely checked for 

blood gas concentrations. Heparin is the recommended 

anticoagulant. Excessive amounts of heparin can cause 

errors, too. However, oxalate and citrate solutions can be 

used when heparin is unavailable. When an EDTA 

anticoagulated sample is used, the result fluctuates greatly 

from the normal values, making the EDTA useless in blood 

gas estimation (Lima-Oliveira et al., 2021). EDTA causes 

many changes in electrolyte imbalance, such as chelating 

divalent cations like Ca2+, which may affect blood gas 

estimation (Dent and Selvaratnam, 2022).  

Effects on Cytokine Level: 

Chemokines and cytokines are cell signaling proteins 

crucial in the physiological response of growth, 

immunity, and inflammation. Due to their fragile nature, 

their concentration varies due to many external factors, 
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including anticoagulants. When plasma samples from 

EDTA anticoagulated blood from healthy and HIV-

positive patients are studied, the TNF-α, IFN-γ, IL-4, IL-

5, and G-CSF levels are elevated. But the level IL-6, IL-

8, IL-10, IL-17,MIP-1β, GM-CSF, and MCP-1 were 

observed significantly higher in plasma obtained from 

heparin. Meanwhile, the levels of  IL-7, IL-12 (P70), and 

IL-13 weren’t affected in either group (Bæk et al., 2024). 

The low level of cytokines in EDTA anticoagulated 

blood was either due to the clumping of platelets, a major 

side effect of EDTA that has already been studied 

(Scholman et al., 2018). Heparin interaction with 

different cytokines, growth factors, and many other 

proteins has already been studied. Hence, the lower level 

of cytokine in heparinized blood samples may be due to 

the binding of cytokines with heparin and adsorption 

effects (Hedayati et al., 2019; Qiu et al., 2021). In 

research aimed to study the effects of heparin, EDTA, 

citrate, and hirudin on cytokine production, it is reported 

that EDTA and citrate both reduced cytokine production 

(Cedrone et al., 2017). The sample collected in citrate 

anticoagulant gives the same results as plasms from 

EDTA anticoagulated blood (Kennedy et al., 2021) 

 

.

Fig.03 

 

Effects on Plasma Ascorbic Acid: 

Vitamin C is abundantly present in plasma as a reduced 

form known as ascorbic acid (AA). Ascorbic acid is most 

sensitive to oxidation, so there are more chances for rapid 

degradation in different anticoagulants (Zou et al., 2020). 

AA was reported more stable in heparin plasma than in 

EDTA and citrate-induced plasma. AA remained stable for 

14 days when stored at -70°C and 24 hours at -20°C when 

the heparinized plasma was stored immediately after 

collection and separation (Constable et al., 2019) (Hess and 

Greenwalt, 2002) In another study, there was no significant 

difference in the AA concentration between EDTA and 

heparinized plasma. However, the researcher does not 

recommend a heparinized plasma sample of AA estimation 

due to poor correlation coefficient and coefficient of 

determination.  

Changes in Blood Glucose Concentration: 

Glucose is a primary energy source; all body cells use 

glucose as an energy reservoir. A glucose concentration test 

is frequently used to check diabetes. When the blood is 

taken to measure glucose concentration, care should be 

taken to reduce the amount of glucose used after collecting 

samples. A study measured blood glucose levels in serum 

and plasma from EDTA, sodium citrate, and fluoride 

oxalate anticoagulant samples. It was observed that the 

glucose concentration was reduced over time in all types of 

samples, irrespective of the anticoagulant used. A minor 

quantity reduction was observed in the fluoride oxalate 

sample because fluoride inhibits the action of the enzyme 

enolase, an essential enzyme in glycolysis. However, 

glucose was not stable in any sample, so immediate glucose 

measurement is recommended (Sivertsen et al., 2020) 

(Derry et al., 2017). In another study, similar results were 

published when NaF and citrate buffer were used as 

glycolytic inhibitors and heparin, citrate, and oxalate as 

anticoagulants. Fluoride-containing anticoagulants alone 

are not very adequate without acidification of the blood. For 

better results a combination of NaF/citrate 

buffer/Na2EDTA, NaF/Na-heparin, NaF/K2oxalate, and 

NaF/citrate is recommended (Aujla et al., 2018; Bellelli and 

Brunori, 2020).  

HbA1c is the mean of blood glucose. When HbA1c value 

remains stable when measured from blood collected with 

sodium heparin, lithium heparin, EDTA, sodium citrate, and 

sodium fluoride, these anticoagulants do not affect HbA1c 

value. This is because the RBCs are lysed before the test is 

conducted (Ke et al., 2023; Kiefer et al., 2018; Wauthier et 

al., 2023).  

Changes in Plasma Lipid Concentrations: 

Lipids are organic compounds that are not miscible with 
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water and include fats, oils, and hormones (Kawthalkar, 

2018). Human plasma contains thousands of different 

composition lipids. Anticoagulants affect the stability of 

various lipids found in human blood. Research has been 

conducted to observe the effects of three anticoagulants 

(i.e., K2EDTA, lithium heparin, and sodium citrate) on 

88 lipids, of which eight are synthetic. Among them, 

only ten lipids show relatable peak areas in these 

anticoagulants, and 70 endogenous lipids showed 

significant differences in peak areas in citrate-heparin 

and EDTA-heparin comparisons. Of these 70 lipids, 53 

lipid species are only comparable in terms of sodium 

citrate and lithium heparin. No comparison of either 

lithium heparin or sodium citrate with  EDTA was 

observed, with some exceptions (Afzal et al., 2022) 
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