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Introduction

Although serum specimens obtained from clotted blood 
is preferred for clinical biochemical analyses, the plasma 
collected with a proper anticoagulant is also reliable enough. 
In this regard, the whole blood specimen obtained with 
a suitable anticoagulant can be used for the evaluation of 
different trace elements, ammonia, amino acids, blood gas, 
and pH analyses [17]. 

The anticoagulant added to prevent coagulation of blood 
and thus ensure that the concentration of the measured 
analytes has the least change before the analysis process [6]. 
Some anticoagulants work by binding with calcium ions such 
as EDTA and citrate or prevention of thrombin by heparin.

Because separating the serum requires a long time to 
complete the coagulation process prior to centrifugation, 

the plasma usage accelerates the evaluation in emergency 
conditions. In addition, the volume of plasma obtained 
from a given volume of blood is higher than the volume of 
serum [17]. Occasionally, it may be necessary to have further 
biochemical results, which were not already considered in 
the early application, and take another blood specimen for 
separation of serum; however, this is not possible for all 
cases, especially buffaloes. Therefore, biochemical analyses 
on plasmas containing the anti-clotting substance should 
be done. So far, several studies have been conducted on 
the influences of various kinds of anticoagulants on the 
biochemistry of plasma in human and animals [1, 3, 5, 7, 14, 
15]. To the best of our knowledge, the literature is poor on 
different anticoagulant effects on the biochemistry of Buffalo 
specimens. The aim of this study is to assess the influence of 
main anticoagulants on the biochemical analytes in Buffalo 
plasmas specimens.

SUMMARY

The effects of several kinds of anticoagulants on biochemical analytes 
of plasma have been studied in human beings and different animals. The 
objective of the present work is to investigate the possible influences of 
various anticoagulants on biochemical analytes of plasma in Buffalo. For this 
purpose, blood specimens were taken from seventeen clinically healthy male 
buffalo into a dry tube for serum and tubes containing heparin, EDTA, and 
citrate for collecting plasmas.
The concentrations of glucose, triglycerides, cholesterol, total bilirubin, urea, 
total protein, albumin, calcium, inorganic phosphate, and magnesium and 
the activity of alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), and creatine kinase (CK) were measured 
by commercial kits and a biochemical analyzer. 
Most analytes did not demonstrate any difference, but significantly lower 
concentrations of calcium, magnesium, alanine aminotransferase (ALT) and 
alkaline phosphatase (ALP) were established when using EDTA compared 
with serum (P<0.05). Using heparin as an anticoagulant resulted in 
significantly higher albumin concentration (P<0.05). Sodium citrate caused 
significantly lower results in most of the analytes, which might be due to the 
dilution effect on specimens.
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RÉSUMÉ

Influence du milieu de prélèvement sur les analytes biochimiques 
plasmatiques de buffles 

Les effets de plusieurs anticoagulants sur les analytes biochimiques du 
plasma ont été étudiés chez l’homme et différents animaux. L’objectif du 
présent travail est d’étudier les influences possibles de divers anticoagulants 
sur les analytes biochimiques du plasma chez le buffle. À cette fin, des 
échantillons de sang ont été prélevés sur dix-sept buffles mâles cliniquement 
sains dans un tube sec et des tubes contenant de l’héparine, de l’EDTA et du 
citrate. Les concentrations en glucose, triglycérides, cholestérol, bilirubine 
totale, urée, protéines totales, albumine, calcium, phosphate inorganique 
et magnésium et les activités de l’alanine aminotransférase (ALT), de 
l’aspartate aminotransférase (AST), de la phosphatase alcaline (ALP), de 
la créatine kinase (CK) ont été mesurées par des tests commerciaux et par 
un appareil de biochimie. La plupart des analytes n’ont présenté aucune 
différence en fonction du milieu de prélèvement, mais des concentrations 
significativement plus faibles de calcium, de magnésium, d’alanine 
aminotransférase (ALT) et de phosphatase alcaline (ALP) ont été établies 
lorsque l’EDTA était utilisé comparativement au sérum (P<0,05). L’utilisation 
de l’héparine comme anticoagulant a entraîné une concentration d’albumine 
significativement plus élevée (P<0,05). Le citrate de sodium a entraîné des 
résultats significativement plus faibles dans la plupart des analytes, ce qui 
pourrait être dû à un effet de dilution des échantillons.

Mots-clés : Anticoagulants, Buffle, Biochimie, Plasma, 
Sérum
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Materials and Methods

This research was conducted in one of the industrial herds 
of West Azerbaijan province, Iran. All the animals were kept 
under a good management program provided well-ventilated 
housing and health care program. The diet was prepared 
as TMR with forage to concentrate ratio of 70:30. A total 
of 17 clinically healthy male buffaloes aged 3-4 years were 
selected. Blood specimens were taken from jugular vein by 
a veterinarian using a disposable syringe and an 18G needle. 
About 20 ml of blood was collected from each buffalo and 
put in tubes, which had proper anticoagulants amounts 1. 
Ethylenediaminetetraacetic acid: 0.1 ml of 10% tripotassium 
EDTA in a 3-\mL tube (Hebei Xinle Sci&Tech, Beijing, 
China), 2) Li- heparin: 100 units for five-milliliter blood 
(Orum Tadjhiz, Urmia, Iran), 3) Sodium citrate: 0.3 mL of 
3.8% in a 3-mL tube (Orum Tadjhiz, Urmia, Iran), and 4) 
plain tubes with clot activator (HEBEI XILINE SCI&TECH 
CO, Beijing, China) were used for serum collecting. 
Specimens were kept in ice, transported to the lab within 
1 h after collection, and centrifuged at 1800 ×g for 10 min 
(Clements 2000, London, UK). Next, the collected sera and 
plasma were frozen and stored at -18℃ until examination on 
the next day. Before the analyses, frozen plasmas and sera 
specimens were thawed at room temperature (23-25℃) for 
15-20 min and gently homogenized. There were no hemolysis 
and lipemia in any collected serum or plasma.

Plasmas and sera were analyzed to determine the 
concentrations of glucose, triglyceride, cholesterol, total 
protein, albumin, bilirubin, urea calcium, phosphorus, 
magnesium, and aspartate aminotransferase, alanine 
aminotransferase, alkaline phosphatase, and creatine kinase 
enzymes. Measurements were carried out by commercial 
kits (Pars Azmoon, Tehran, Iran) using the biochemical 
analyzer BT-1500 (Biotechnica, Rome, Italy) according to the 
manufacturer’s instructions. The methods of measurements 
and details of test features are summarized in Table I. Serum 
of control (Randox control sera Antrim, UK) was considered 
to check out accuracy. All analytes showed an inaccuracy of 
<10%.  

According to the Kolmogorov-Smirnov normality 
test, repeated measure ANOVA was used to determine 
the effects of type of anticoagulants. Paired t-test was 
performed to compare differences between serum and 
different anticoagulants. Results were presented as a median 
and minimum-maximum range. P<0.05 was considered 
statistically significant difference. Statistical analysis was 
performed using SPSS 19 software.

Results

The median (min-max) of measured analytes and activity 
of enzymes measured in plasmas containing different types 

Analytes Method Intra assay 
CV (%)

Inter assay 
CV (%) Analytical range**

Glucose (mmol/L) Glucose oxidase/PAP 
(4-aminoantipyrine) 1.28 0.84 0.28-22.2

Triglyceride (mmol/L)
Glycerol 3 phosphate 
oxidase/PAP 
(4-aminoantipyrine)

1.82 1.04 0.06-7.91

Cholesterol (mmol/L) Cholesterol oxidase/PAP 
(4-aminoantipyrine) 0.61 1.22 0.13-12.93

Urea (mmol/L) urease/glutamate 
dehydrogenase 3.13 3.87 0.72-72

Total bilirubin (µmol/L) Dichloroanylin 2.32 3.49 1.71-513

Total protein (g/L) Biuret 1.01 1.53 5-150

Albumin (g/L) Green bromcresol (BCG) 1.12 1.44 2-60

Calcium (mmol/L) Arsenazo III 0.62 2.48 0.05-4.99

Phosphate (mmol/L) Phosphomolybdate 1.12 1.31 0.06-9.69

Magnesium (mmol/L) Xylidile blue 0.87 1.12 0.02-2.06

ALT(U/L) L-alanine/2-oxoglutrate as 
substrate 2.62 1.60 4-300

AST(U/L) L-aspartate/2-oxoglutrate as 
substrate 3.06 1.38 2-300

ALP(U/L) 4-Nitrophenylphosphate as 
substrate 0.92 0.85 3-300

CK(U/L) Creatine phosphate as a 
substrate 0.70 1.04 2-1000

* Intra assay CV: The biochemical parameters were analyzed ten times in control serum in the same analytical series. 
** Inter assay CV, and analytical range were from kits manufacturers.

Table I: Methods of measurements and details of test characteristics.
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of anticoagulants and serum are shown in Table II. Sera 
and plasmas containing EDTA had the same values for all 
measured analytes and there was no significant statistical 
difference, except calcium and magnesium levels that were 
lower significantly in EDTA plasma (P<0.05). ALT and ALP 
activities in EDTA plasma were significantly lower (P<0.05). 
In heparinized plasmas, serum albumin concentration 
was significantly lower compared to serum (P<0.05). In 
citrated plasmas, all the measured analytes were significantly 
decreased except for triglycerides and phosphate compared 
with sera.

Discussion

Serum or plasma usage in laboratories is a contentious 
issue. Today, in some laboratories, the use of plasma is 
favorable for reasons such as saving time, the amount of 
plasma achieved, and no changes or interactions related to 
coagulation in plasma specimens.

Many clinical pathology laboratories have suggested 
using heparinized plasma for the analysis of biochemical 
factors. Practically, a collection of one specimen with a type 
of anticoagulant is beneficial for a variety of reasons such 
as the impossibility of obtaining adequate blood for tubes 
with different anticoagulants for normal biochemical tests 
sent to the laboratory. In such cases, the ideal is to prepare 
more specimens; however, the specimen preparation in field 
conditions more often is not possible or is difficult. Therefore, 
the laboratories have no other option for specimen analysis. 

Understanding how anticoagulants may affect the 
final results can have significant practices [1, 3, 6, 9, 10, 
11,12,13,14].  

In the present study, calcium and magnesium 
concentrations in EDTA-plasma were significantly lower 
than serum concentrations, which could be due to the EDTA 
chelating effect. Similar results have been found in other 
studies on dogs, horses, sheep, camels, and cats [3, 11, 12, 13]. 
Phosphate concentration was not influenced by EDTA plasma 

Analytes Serum Heparinized plasma EDTA plasma Citrated plasma Anticoagulant
effect

P valuebMedian
(Min-Max)

Median
(Min-Max)

P vs seruma Median
(Min-Max)

P vs seruma Median
(Min-Max)

P vs 
seruma

Glucose 
(mmol/L)

5.1
(4.5-7.5)

5.7
(4.9-6.4) 0.876 4.4

(4.5-7.5) 0.554 3.4
(3.1-6.4) 0.035 0.007

Triglyceride 
(mmol/L)

0.9
(0.4-1.9)

1.1
(0.4-1.7) 0.752 1.2

(0.5-1.7) 0.085 1.1
(0.3-1.9) 0.127 0.092

Cholesterol 
(mmol/L)

1.3
(0.5-1.6)

1.1
(0.7-1.7) 0.681 1.2

(0.5-1.8) 0.094 1.2
(0.8-1.9) 0.012 0.012

Urea 
(mmol/L)

6.4
(2.8-10.8)

5.5
(3.6-9.2) 0.433 6.2

(3.5-9.2) 0.128 6.2
(3.7-8.6) 0.033 0.002

Total 
bilirubin 
(µmol/L)

9.06
(8.85-9.23)

10.43
(10.05-11.32) 0.634 10.94

(9.91-11.16) 0.091 7.18
(6.87-7.42) 0.012

0.024

Total 
protein
 (g/L)

45.0
(41.0-67.0)

44.5
(41.0-65.5) 0.283 47.0

(35.5-7.0) 0.224 49.5
(32.5-60.0) 0.048

0.009

Albumin 
(g/L)

18.2
(7-29)

29
(7-36) 0.039 25

(8-33) 0.114 23
(10-33) 0.011 0.045

Calcium 
(mmol/L)

3.3
(0.2-0.6)

5.6
(2-8) 0.395 0.5

(0.1-2.2) 0.008 5.6
(1.7-7) 0.248 0.038

Phosphate 
(mmol/L)

2.9
(0.1-1.2)

3.0
(0.1-1.5) 0.437 3.0

(0.5-1.5) 0.068 2.50
(0.5-1.2) 0.074 0.299

Magnesium 
(mmol/L)

0.6
(0.3-1.1)

0.2
(0.7-2.6) 0.238 0.2

(0.1-2.2) 0.004 0.5
(0.4-1.0) 0.062 0.015

ALT 
(U/L)

69.32
(28.0-226.0)

78.46
(26.0-285.0) 0.115 51.45 

(38.0-134.0) 0.015 49.68 
(28.0-82.0) 0.019 0.031

AST 
(U/L)

90.85
(23.0-40.0)

92.23
(25.0-87.0) 0.095 88.51

(20.0-116.0) 0.621 71.12 
(18.0-102.0) 0.034 0.019

ALP 
(U/L)

342.56
(259–848.5)

326.80
(260.5-788) 0.821 49.23 

(5.03–72.99) 0.016
312.62
(227.5–
653.5)

0.041
0.038

CK 
(U/L)

258.45
(102-869)

168.52
(102-869) 0.374 147.81

(95-671) 0.257 65.25
(36-419) 0.023 0.045

bRepeated measure ANOVA and aPaired t-test statistical tests were used.

Table II: Median (min-max range) of the biochemical analytes in buffalo serum and various types of plasmas with the results of statistical comparisons.
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like to information in horses, sheep, and cats [9, 12, 13] but in 
contrary to the findings in dogs [3]. The exact mechanism of 
these differences was not clear; although differences between 
species may be a contributing factor. Also in the present study, 
ALT and ALP enzyme activities were significantly lower in 
EDTA plasmas than in sera. Decreased ALP activities by 
EDTA in other studies conducted in humans, dogs, horses, 
and ruminants have also been reported elsewhere [8, 10, 13, 
17]. EDTA chelating ability may affect the measurement of 
this enzyme since ALP is dependent on zinc and activates 
induced by magnesium [8,6]. ALT and ALP enzyme activities 
are decreased significantly in EDTA plasma that possibly 
could be related to EDTA chelating properties. The use of 
this anticoagulant, because chelating essential elements 
such as Mg, Fe, and Zn, which are necessary for the optimal 
activity of these enzymes, can decrease their activities. In the 
present study, differences in AST activity between the serum 
and EDTA-plasmas specimens were not seen. This was in 
agreement with former studies in dogs, camels, and cats [3, 
9, 11]. However, in another study in cattle, a decrease in the 
activity of AST was reported [13]. Some researchers have 
attributed the decrease in AST in EDTA plasma compared 
to serum to the EDTA chelating effect [10, 12, 13]. Although 
using heparin plasma is suggested for many biochemical 
analyzes, EDTA is especially preferred in some cases such 
as measuring glycosylated hemoglobin and also polymerase 
chain reaction (PCR) as an appropriate anticoagulant [14]. 

Sodium citrate solution is used for the anticoagulation 
procedure at a concentration of 3.2-3.8 g/dl and with a ratio 
of 1 part to 9 parts of the blood. Moreover, it is commonly 
used for analyzing the factors associated with hemostasis 
because its effect is simply reversible. In our investigation, 
citrate made a decline in most factors compared to serum. 
Nevertheless, most of the decreased parameters could be 
associated with an effect of dilution (1:9) when the blood was 
mixed with the liquid solution anticoagulant. This effect was 
also seen in citrate–theophylline–adenosine–dipyridamole 
(CTAD) [4]. It must be considered that production of stable 
salts with calcium and other divalent metals could have 
contributed to the lower concentrations of these analytes in 
our study. In addition, since citrate inhibits aminotransferase 
activity and complexes molybdate, it decreases the color yield 
in phosphate measurements and thus produces low results 
[17]. 

Heparin is usually mentioned as an appropriate 
anticoagulant for the collection of plasma [2]. In the 
present study, compared to serum, heparinized plasmas 
had similar results for all analytes except for a significant 
increase in the concentration of albumin. The false increase 
in the concentration of albumin in heparinized plasmas in 
comparison with serum and other anticoagulants using the 
BCG method has also been documented in dogs and sheep 
[3, 12,15]. This difference can be related to combining of 
heparin with fibrinogen [15]. In heparinized plasma of 
dog, using a specimen blank and less than 1 min time of 
reaction has been suggested for measurement of albumin in 

the method of Bromcresol Green to inhibit the artifactual 
increase of albumin [15].

In previous studies in cows and sheep, a considerable 
increase in total protein and glucose concentrations 
simultaneously with a remarkable decrease in the 
concentration of urea was reported in heparinized plasmas 
specimens. Such alterations were not detected in the present 
study. The cause of the differences in heparinized plasma 
compared to serum is unclear. 

In conclusion, heparin plasma could be used to measure 
all biochemical analytes except for albumin. Sodium citrate, 
the other examined anticoagulants caused undesirable 
alterations in several measured analytes. EDTA can cause 
undesirable changes in the measurement of Mg and Ca 
concentration and activities of ALT and ALP enzymes. 
However, it can be used to measure other analytes, such as 
total protein, glucose, triglyceride, cholesterol, urea, and 
bilirubin concentrations.

Conflict of interest  

The authors declare that they have no conflict of interest.

References

1. -  BOYANTON, B.L., BLICK K.E.; Stability studies of 
twenty-four analytes in human plasma and serum. Clin. 
Chem., 2002, 48, 2242–2247.

2. -  BURTIS, C.A., ASHWOOD, A.R.: Tietz Fundamentals 
of Clinical Chemistry. 5th ed. Saunders, Philadelphia, 
2001. 

3. -  CERON, J.J., MARTINEZ-SUBIELA, S., 
HENNEMANN, C., TECLES F.; The effects of different 
anticoagulants on routine canine plasma biochemistry. 
Vet. J., 2004, 167, 294–301.

4. -  GRANAT, F., MONZALI, C., JEUNESSE, E, 
GUERLIN, M., TRUMEL, C., GEFFRE, A., BOURGES-
ABELLA, N.; Comparison of different anticoagulant 
associations on haemostasis and biochemical analyses 
in feline blood specimens. J. Feline Med. Surg., 2016, 
DOI:10.1177/1098612X16628579.

5. -  GRANAT, F., GEFFRE, A., LUCARELLI L.A., BRAUN, 
J.P.D., TRUMEL, C., BOURGES-ABELLA, N.; 
Evaluation of CTAD (citrate–theophylline– adenosine–
dipyridamole) as a universal anticoagulant in dogs. J. 
Vet. Diagn. Invest., 2017, 29, 676–682.

6. -  GUDER, W.G.; The quality of diagnostic samples. Blood 
Gas News., 2001, 10, 18–24.

7. -  HARR, K.E., RASKIN, R.E., HEARD, D.J.; Temporal 
effects of 3 commonly used anticoagulants on 
hematologic and biochemical variables in blood samples 
from macaws and Burmese pythons. Vet. Clin. Pathol., 
2005, 34, 383–388.

8. -  JONES, D.G.; Stability and storage characteristics of 
enzymes in sheep blood. Res. Vet. Sci., 1985, 38, 307–
311.



Revue  Méd. Vét., 2019, 170, 1-3, 38-42

MOHAMMADI (V.) AND COLLABORATORS42

9. -  MOHRI, M. KAMALI, H.; Effects of heparin, citrate, 
and EDTA on plasma biochemistry of cat: comparison 
with serum. Revue. de Méd. Vét., 2015, 166, 275-279.

10. -  MOHRI, M., ALLAHIARI, L., SARDARI, K.; Effects of 
common anticoagulants on routine plasma biochemistry 
of horse and comparison with serum. J. Equine Vet. Sci., 
2007, 27, 313–316.

11. -  MOHRI, M., MOOSAVIAN, H.R., HADIAN, M.J.; 
Plasma biochemistry of one-humped camel (Camelus 
dromedarius): effects of anticoagulants and comparison 
with serum. Res. Vet. Sci., 2008, 85, 554-558.

12. -  MOHRI, M., REZAPOOR, H.; Effects of heparin, 
citrate, and EDTA on plasma biochemistry of sheep: 
comparison with serum. Res. Vet. Sci., 2009, 86, 111–
114.

13. -  MOHRI, M., SHAKERI, H., LOTFOLLAH-ZADEH, S.; 
Effects of common anticoagulants (heparin, citrate, and 

EDTA) on routine plasma biochemistry of cattle. Comp. 
Clin. Pathol., 2007, 16, 207–209.

14. -  MORRIS, J.D., FERNANDEZ J.M., CHAPAA, M., 
GENTRY, L.R., THORN K.E WEICK, T.M.; Effects 
of sample handling, processing, and hemolysis on 
measurements of key energy metabolites in ovine blood. 
Small Rum. Res., 2002, 43, 157–166.

15. -  STOKOL, T., TARRANT, J.M., SCARLETT. J.M.; 
Overestimation of canine albumin concentration with 
the Bromcresol green method in heparinized plasma 
samples. Vet. Clin. Pathol., 2001, 30: 170–176.

16. -  TOGNI, G., VOLKEN, C., SABO, G.; Pranalytique. 
Suisse Méd. Forum ., 2002, 6, 113–120.

17. -  YOUNG, D.S., BERMES, E.W.; Specimen collection and 
processing: sources of biological variation. In: BURTIS, 
C.A, ASHWOOD, E.R., (eds). Tietz Textbook of Clinical 
Chemistry, 3rd ed. Saunders, Philadelphia, USA, 1999.


