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Abstract: Anticoagulants, such as ethylenediaminetetraacetic acid (EDTA), sodium citrate (Na-
citrate), or heparin are normally used in hematological clinical tests to prevent coagulation. Although
anticoagulants are fundamental for the correct application of clinical tests, they produce adverse
effects in different fields, such as those involving specific molecular techniques; for instance, quantita-
tive real time polymerase chain reactions (qPCR) and gene expression evaluation. For this reason,
the aim of this study was to evaluate the expression of 14 genes in leukocytes that were isolated
from the blood of Holstein cows, and which were collected in Li-heparin, K-EDTA, or Na-citrate
tubes; then, they were analyzed using qPCR. Only the SDHA gene showed a significant dependence
(p ≤ 0.05) on the anticoagulant that was used with the lowest expression; this was observed in
Na-Citrate after being compared with Li-heparin and K-EDTA (p < 0.05). Although a variation in
transcript abundance with the three anticoagulants was observed in almost all the investigated genes,
the relative abundance levels were not statistically significant. In conclusion, the qPCR results were
not influenced by the presence of the anticoagulant; thus, we had the opportunity to choose the test
tube that was used in the experiment without interfering effects impacting the gene expression levels
caused by the anticoagulant.
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1. Introduction

Blood is one of the most commonly used samples for research, and its collection is
considered to be minimally invasive when using the standard procedures currently available.
Anticoagulants are chemical substances that are normally used in haematological clinical tests
because they preserve blood and prevent coagulation [1]. The most widely used anticoag-
ulants are ethylenediamintetraceetic acid (EDTA), sodium citrate (Na-citrate), and heparin;
they work by binding calcium ions (EDTA and citrate) or by inhibiting thrombin (heparin) [2].
Unfortunately, they could negatively affect some assessments [1–4] such as biochemical blood
values [2,5], concentrations of different blood cations [3,6], and/or blood cell counts [7,8]. Sev-
eral studies have reported that the use of anticoagulants can also influence the measurement
of transcripts [9–12]. For example, unprocessed EDTA blood samples that have been stored
for a long time can cause alterations in the levels of the interleukin-1 receptor antagonist
(IL-1ra) [11]. Moreover, Sefrioui et al. [13] reported that the addition of heparinase to blood
samples overcome the inhibition of the polymerase chain reaction (PCR) process that is caused
by heparin.

Furthermore, the National Committee for Research Ethics in Science and Technol-
ogy (NENT) provides ethical guidelines for researchers with “the three Rs”: (1) replace,
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(2) reduce, and (3) refine. The guidelines indicate that researchers must minimize the risk of
animal suffering and provide high animal welfare standards [14]. Consequently, according
to the ethical guidelines, it is essential to minimise the number of blood samples harvested.
For this reason, using blood from the same tube for different analyses, instead of taking
multiple samples, is still under investigation.

Lithium-heparin (Li-heparin) has always been considered the best type of anticoagu-
lant for obtaining the plasma that is used for clinical chemistry determinations. Real-time
polymerase chain reaction (qPCR) is a widely used method, and it is applied in many
fields, including gene expression, and it provides precise results [15–20]. qPCR is the most
sensitive method for studying gene expression. It is widely used in medicine and other
scientific fields. With the development of semiquantitative and quantitative methods, this
method has been increasingly applied when studying the gene expression of immune- and
metabolic-related mediators. An inhibitory effect caused by heparin has been reported;
this effect is caused by its interaction with DNA and DNA polymerases. Although both
DNA and heparin are highly negatively charged and would not be expected to interact,
the binding between these two molecules could be mediated by divalent cations, such as
magnesium ions [2].

Unfortunately, there are a lack of studies on the effects of anticoagulants on transcript
abundance in cattle. On the other hand, although several investigations were carried out in
order to understand the effects of anticoagulants on the amplification of DNA with PCR, no
studies have aimed at evaluating the anticoagulant’s effects on cDNA synthesis and cDNA
amplification using RNA extraction as a starting point; therefore, the aim of this study was
to evaluate the expression of different genes in leukocytes that have been isolated from the
blood of Holstein cows, which were collected in K-EDTA, Li-heparin, or Na-citrate tubes,
and analysed using the qPCR technique.

2. Materials and Methods

The blood samples were collected immediately after the cows’ morning meal, from
four mid-lactating Holstein cows via jugular venipuncture. Tubes (BD Vacutainer; BD
and Co.) containing the three different anticoagulants, (1) K-EDTA, (2) Na-citrate, and
(3) Li-heparin, were used. Cows did not show any clinical diseases, and they were subjected
to the same housing and feeding conditions at the Università Cattolica del Sacro Cuore
research dairy barn (San Bonico, Piacenza, Italy). Immediately after collection, the tubes
were cooled in an ice-water bath. Within 30 min of collection, they were moved to the
laboratory to start the RNA extraction procedure. Circulating leukocytes were isolated by
washing samples with a red blood cell lysis buffer until a clean white blood cell pellet was
obtained; then, 1 mL of Trizol (Invitrogen Corp., CA, USA) was added. The total RNA was
then extracted using the RNeasy Mini Kit (Qiagen, Hilden, Germany), and residual DNA
was removed using the RNase-Free DNase Set (Qiagen, Hilden, Germany), in accordance
with the manufacturer’s protocols.

After extraction, RNA was quantified using the Qubit RNA BR Assay Kit (Thermo
Fisher Scientific, Waltham, MA, USA), and RNA quality was assessed using the Experion
Automated Electrophoresis System (Bio-Rad, Hercules, CA, USA). The average of the RNA
quality index for the 12 samples was 9.8 (range: 9.6–9.8).

Synthesis of cDNA was performed using a reverse transcription kit (RevertAid RT
Reverse Transcription Kit; Thermo Fisher Scientific), as previously described [18]. Briefly,
each reaction mixture (1 µL of 100 ng/µL of total RNA solution, 1 µL of random hexamer
primer, and 9.5 µL of DNase/RNase-free water) was incubated for 5 min at 65 ◦C. Then,
8.5 µL of master mix (5 µL of 5 × First-Strand Buffer, 1 µL of 0.1 M DTT, 0.25 µL of Re-
vertAid RT (200 U/µL), and 0.25 µL of RiboLock RNase Inhibitor (20 U/µL)) was added.
The reaction was performed in an Eppendorf Mastercycler gradient (Westbury, NY), in
accordance with the following procedure: 25 ◦C for 5 min, 42 ◦C for 60 min, and 70 ◦C
for 5 min. The resultant cDNA was diluted (1:4 (vol/vol) with DNase/RNasefree water),
and then stored before quantitative PCR testing. The qPCR procedure was performed
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using 4 µL of diluted cDNA combined with 6 µL of a mixture that was composed of:
5 µL 1 × SYBR Green Master Mix (Applied Biosystems, Woolston Warrington, UK);
0.4 µL of 10 µM forward and reverse primers, respectively; and 0.2 µL of nuclease-free
water. The qPCR reaction was performed in an Optical 384-Well Reaction Plate (CFX384
Touch; Bio-Rad, Hercules, CA, USA) using a specific temperature program: (1) 2 min at
50 ◦C, (2) 10 min at 95 ◦C, (3) 40 cycles with 15 s at 95 ◦C, and (4) 1 min at 60 ◦C. A dissoci-
ation curve was evaluated (gradient from 95 ◦C to 60 ◦C to 95 ◦C) to check the amplicon
quality. The qPCR efficiency and quantification cycle values were obtained for each reaction
using LinRegPCR (Version 2017.1; Amsterdam UMC, Amsterdam, the Netherlands [21,22]),
which is a program for the analysis of quantitative qPCR data based on measurements
from SYBR green and similar fluorescent dyes. This program measures and subtracts the
baseline fluorescence; then, it provides a window-of-linearity for the calculation of PCR
efficiency. Based on the mean PCR efficiency per amplicon, the quantitation cycle (Cq)
value per sample, the fluorescence threshold (used to determine the Cq), and the starting
concentration per sample (in arbitrary fluorescence units) were calculated [21,22]. The
analyzed genes included four internal control genes (ACTB, SDHA, YWHAZ, and GAPDH)
and genes that are involved in recognition and immune mediation (TLR2), cell migration
and adhesion (TLN1, ITGB2, and LGALS8), the inflammation process (IL1B, IL1R, S100A8,
and TNF), and antimicrobial strategies (LCN2 and LTF). Additional details regarding primer
information, primer sequencing results, and qPCR amplification efficiency, are included in
Supplementary Tables S1–S3.

Arbitrary mRNA abundance data were analyzed using the MIXED procedure of SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA), in accordance with the following model:

Yi = µ + Bi + cm:i + εi;

where Yi = dependent continuous variable, µ = overall mean, Bi = fixed effect of anticoagu-
lant (i = K-EDTA vs. Na-citrate vs. Li-heparin), cm = random effect of the mth animal (cow),
and εi = residual error.

All means were compared using the PDIFF statement of SAS. Significant differences
were declared at p ≤ 0.05.

3. Results

The mRNA abundance of genes investigated in the whole blood leukocytes is shown in
Table 1 and Figure S1 of the Supplementary file. Only the SDHA gene showed a significant
difference (p ≤ 0.05). Indeed, its lowest expression was observed in Na-Citrate when
compared with Li-heparin and K-EDTA (p < 0.05) samples. The average amplification
efficiency of the genes under investigation was 1.82 (Supplementary Table S3), regardless
type of anticoagulants. The amplification efficiency was, on average, 1.81 (ranged from
1.71 to 1.86) for samples that were collected with K-EDTA, 1.81 (ranged from 1.72 to 1.87)
for samples that were collected with Li-Heparin, and 1.82 (ranged from 1.73 to 1.89) for
samples that were collected with Na-Citrate.
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Table 1. Arbitrary mRNA abundance of genes in leukocytes that were isolated from the blood of
mid-lactating Holstein cows; they were collected in Li-heparin, K-EDTA, or Na-citrate tubes.

Target Li-Heparin K-EDTA Na-Citrate SEM 1 p-Value 2

Recognition and immune mediation
TLR2 775.2 841.9 720.9 79.8 0.58

Cell migration and adhesion
TLN1 6279.1 6780.5 5879.5 1357.7 0.71
ITGB2 3611.2 3522.6 3010.0 476.0 0.64

LGALS8 333.4 325.6 274.8 26.9 0.30
Inflammation process

IL1B 2463.9 2798.9 3269.9 814.7 0.63
IL1R 266.5 337.5 341.1 111.3 0.68

S100A8 12,795.0 12,644.0 12,975.0 1824.8 0.98
TNF 306.8 289.9 239.3 36.5 0.43

Antimicrobial strategies
LCN2 62.9 63.7 54.1 11.2 0.80
LTF 6.19 10.75 9.19 16.18 0.94

Internal control genes
GAPDH 6045.7 5699.7 4892.1 991.5 0.66
YWHAZ 2182.8 2103.6 1821.8 456.4 0.61

ACTB 82,234.0 89,663.0 68,228.0 20,132.0 0.56
SDHA 727.8 a 735.8 a 575.5 b 42.9 0.05

1 Greatest SEM. 2 p-values for the anticoagulant effect. a,b Values within a row with different superscripts indicate
statistical difference (p < 0.05).

4. Discussion

In this study, we evaluated the effect of three different anticoagulants (Li-Heparin,
K-EDTA, and Na-Citrate) on the transcript abundance of 14 genes in the circulating leuko-
cytes of mid-lactating Holstein cows that were analysed using real-time qPCR. These
genes code for proteins that are involved in several functions, such as recognition and
immune mediation, cell migration and adhesion, inflammation processes, and antimicro-
bial strategies. In addition, genes used as control genes were also assessed. We did not
find any adverse effect on gene expression when different types of anticoagulants were
used, a result that is contrary to what has been reported in the literature. For instance,
Yokota et al. [23] reported that that most heparin was extracted with DNA that was obtained
from white cells, and thus, much care should be taken in PCR assays if the white cell count
in the blood samples is insufficient as a result of the amount of heparin present. We used
a strict protocol during the sampling and mRNA extraction processes; in particular, we
ensured that low temperatures were maintained throughout the experiment to preserve
mRNA integrity [24]. Härtel et al. [25] reported that different protocols (for example, differ-
ences in blood sampling technique or cell separation) can cause a non-physiological ex vivo
induction of cytokine mRNA expression; hence, it is important to follow the same proce-
dure for all samples so that the samples are not affected in different ways. Yokota et al. [23]
discovered that the inhibitory effect of heparin on gene amplification is dose-dependent,
and they reported that the maximum permissible amount of heparin is 0.106 U for 50 µL of
PCR mixture. We calculated the concentration of heparin in the PCR starting mixture using
the concentration contained in the tube. Assuming that all of the heparin binds with the
extracted mRNA, and after calculating the effect of subsequent dilutions, we obtained a
value that was lower than the maximum permissible amount reported [23]. Other authors
reported that a standard phenol/chloroform purification can enable the amplification of
whole blood samples taken in lithium heparin solutions [26]. Moreover, as reported in
Sefrioui et al. [13], the starting cDNA concentration is important. A lower concentration of
cDNA leads to a higher heparin-induced inhibitory effect on cDNA amplification; this is
due to the dilution effect.

The ethical guidelines for the use of animals in research recommend that the number
of samples harvested must be minimal. To achieve this goal, as Li-heparin tubes are most
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commonly used for the analysis of clinical biochemistry, and because the gene expression
results obtained in this study were not influenced by the presence of this anticoagulant, it
was possible to use these tubes to collect a single sample, upon which, both gene expression
and clinical biochemistry analyses could be performed.

5. Conclusions

As previously reported in the literature, the various anticoagulants, especially heparin,
can interfere with qPCR analysis; however, tubes that are normally used for blood collection
contain an anticoagulant concentration that may be considered below the threshold; this
causes interference. Overall, from the present study, it is evident that using different
anticoagulants to collect bovine blood samples does not significantly alter gene expression
in circulating blood leukocytes; therefore, when collecting bovine blood samples, it is
possible to select the best type of test tube without anticoagulant interference impacting
mRNA expression values.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/genes14020406/s1, Table S1: GenBank accession number, se-
quence, and amplicon size of primers used to analyze gene expression by quantitative PCR; Table
S2: Sequencing results obtained from the PCR product, the Bos taurus specific primer, for use with
genes, is under investigation. Table S3: Average of the amplification efficiencies of the genes under
investigation. Figure S1: Arbitrary mRNA abundance of genes in leukocytes that were isolated from
the blood of mid-lactating Holstein dairy cow.
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