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For many years it has been known that free DNA of
various origin is released into peripheral blood. Experi-
mental studies reported that the excess of DNA circu-
lating in plasma was positively associated with pre-
sence of fetuses, tumors, or viruses in the body [1–3].
A significant increase of plasma DNA was also found
in trauma patients early after injury or in transplanted
subjects when the graft was being rejected [4, 5]. The
relationship between free-cell DNA and pathological pro-
cesses has revealed a possible way how to define new
biological markers for non-invasive cancer or prenatal
diagnostics [6, 7].

Real time PCR-based methods are able to detect
and quantify extremely small amounts of nucleic acids.
Recently published papers show that fetal plasma DNA
is even amplifiable at concentrations of 1–5 genome-
-equivalents/ml of blood [8]. However, an extremely
short halftime of plasma DNA [9] and many pre-analy-
tical variables (type of blood anticoagulant, transport
conditions, delayed plasma separation, centrifugation
force, freezing-thawing, storage, etc.) may affect the
number of free DNA molecules in plasma specimens.
Also, additional plasma modifications (filtration or
fractionation on gradients) and adaptations of extracti-
on protocols significantly affect the quantity and varia-
tion of plasma DNA [10].

The goal of our study was to compare six nucleic
acids extraction protocols to define the optimal pre-
analytical approach for further molecular analyses ba-
sed on plasma DNA.

Material and Methods

A blood pool was made from venous EDTA blood
specimens of ten healthy individuals. Plasma was se-
parated by centrifugation at 1600 g for 10 min within
3 h after collection, pooled, divided into thirty 1-ml ali-
quots, and stored at –70 oC prior to analysis. Cell lysis,
protein denaturation, and isolation of nucleic acids (NA)
from 900 µl of the aliquoted pool were performed by six
different extraction procedures:
a) phenol/chloroform DNA extraction method after SDS

and proteinase K lysis [11];
b) phenol/chloroform DNA extraction with addition of

a polyacryl DNA carrier (Molecular Research Cen-
ter, Cincinnati, Ohio, USA) before lysis;

c) salting-out protein precipitation method with 6M so-
dium chloride [12];

d) DNA extraction with commercial spin microcolumns
(QIAamp Blood Mini Kit, Qiagen, Hilden, Germany)
[13];

e) DNA extraction by the microcolumns with the car-
rier addition [14];

f) guanidinium isothiocyanate-based RNA extraction
method [15].
The final volume of NA samples after the extraction

process was 75 µl. Each extraction was performed si-
multaneously in pentaplicate.

Subsequently, the extracts were characterized
spectrophotometrically. Optical densities at 260 nm and
280 nm were used to estimate the purity and yield of
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nucleic acids. The integrity of NA was further determi-
ned electrophoretically on 1% agarose gel. The extracts
were examined using the Factor V Leiden Kit (Roche
Diagnostics, Mannheim, Germany) according to re-
commendations of the manufacturer. The PCR amplifi-
cability was evaluated via crossing-point (CP) analysis
and determination of fluorescence of PCR products on
2% agarose gel.

Statistical analysis was based on calculations of
means, standard deviations (SD), and coefficients of
variations (CV, in percentages). The extraction methods
were compared using the Student pair t test. Signifi-
cance was established at P < 0.05.

Results

Spectrophotometric analysis shows that the guani-
dinium and phenol/chloroform extraction methods pro-
vide the highest yields of nucleic acids from 900 µl of
plasma. As demonstrated in Table 1, the mean yield
values were 2.4 µg and 1.4 µg, respectively. The lowest
yield of nucleic acids was reached using commercial
microcolumns without (0.4 ± 0.1 µg) or with the DNA
carrier (0.2 ± 0.1 µg). The differences were found sta-
tistically significant. In the case of the phenol/chloro-
form extraction, addition of the carrier increased nei-
ther the yield (1.4 ± 0.2 vs. 1.1 ± 0.3 µg) nor the purity
(1.4 ± 0.2 vs. 1.7 ± 0.2 µg) of NA extracts. The quanidi-
nium method provided nucleic acids of excellent purity
(1.9 ± 0.1).

32.14). Successful amplification was also observed in
the DNA extracts received from the carrier-enriched phe-
nol/chloroform method (CP median 33.27), protein pre-
cipitation (34.59), and standard phenol/chloroform ex-
traction (37.52). No fluorescence was detected in the
guanidinium RNA extracts. Complete amplification da-
ta are provided in Table 2.

End-point electrophoretic analysis shows that fluo-
rescence intensities of all the Leiden Factor V PCR pro-

Table 1. Spectrophotometric characteristics of nucleic acids (NA) obtained from 900 ul of plasma

Extraction method NA concentration NA yield Purity

(µg/ml) (µg) (A260/A280)

Phenol/chloroform 18.3 ± 2.11*** 1.4 ± 0.2*** 1.4 ± 0.2

Phenol/chloroform + carrier 14.1 ± 3.8* 1.1 ± 0.3** 1.7 ± 0.2

Microcolumns 4.8 ± 0.7 0.4 ± 0.1 1.7 ± 0.5

Microcolumns + carrier 2.1 ± 0.9*** 0.2 ± 0.1* 0.9 ± 0.6

Protein precipitation 11.4 ± 6.2 0.8 ± 0.5 1.1 ± 0.3

Guanidinium RNA extraction 32.6 ± 3.3*** 2.4 ± 0.3*** 1.9 ± 0.1

Extractions were performed in pentaplicate. Data presented as mean ± standard deviation.

*P < 0.01,  **P < 0.005,  ***P < 0.001 referred to the microcolumn extraction

Despite the spectrophotometric differences, fluo-
rescence intensities of the NA extracts obtained by the
phenol/chloroform procedure (with addition of the carrier)
and both the microcolumn-based methods manifested very
similar values (Fig. 1). The conformation of DNA differed
according to the used isolation procedure (compare lines
5–7 with lines 8–10 or 11–13 in Fig. 1). No clear bands
reflecting the presence of DNA in the protein precipitation
NA extracts or guanidinium extracts were observed.

Crossing-point (CP) Leiden Factor V analysis de-
termining the PCR cycle of the first significant increa-
se of the amplified sequence was in consonance with
the data from electrophoresis. Microcolumn methods
(with or without addition of the carrier) revealed the lo-
west number of cycles necessary to reach the expo-
nential part of amplification (CP medians 32.16 and

Fig. 1. Electrophoretical pattern of nucleic acids extracted from

plasma

Lines 2–4 phenol-chloroform isolation; 5–7 phenol-chloroform

+ DNA carrier; 8–10 microcolumns; 11–13 microcolumns + DNA

carrier; 14–16 protein salting-out procedure; 17–19 guanidinium

(RNA) extraction; 1 and 20 DNA Marker MXIII (Roche).

ducts are very comparable after 45 cycles of amplifica-
tion (see Fig. 2).

Table 2. Amplificability of extracted nucleic acids

Extraction method Crossing-point (CP) CV

(FV Leiden) (%)

Phenol/chloroform 37.52 ± 0.36*** 0.96

Phenol/chloroform + carrier 33.27 ± 0.23* 0.69

Microcolumns 32.16 ± 0.08 0.24

Microcolumns + carrier 32.14 ± 0.08 0.25

Protein precipitation 34.59 ± 0.25** 0.72

Guanidinium RNA extraction no amplification

Real-time PCR was performed in triplicate. CP data presented as

mean ± standard deviation. CV = coefficient of variation

*P < 0.01, **P < 0.005, ***P < 0.001 referred to the microcolumn

extraction
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Fig. 2. PCR products (222 bp) of the factor V gene amplified by

real-time PCR

Lines 2–4 phenol-chloroform isolation; 5–7 phenol-chloroform

+ DNA carrier; 8–10 microcolumns; 11–13 microcolumns + DNA

carrier; 14–16 protein salting-out; 17–19 guanidinium RNA extrac-

tion, line 1 Low Molecular Weight DNA Ladder, New England Bio-

labs, Hitchin, UK.

Discussion

Cell-free DNA circulating in human plasma or se-
rum seems to be promising biological material for per-
forming molecular biology analyses. In our work we pre-
ferred plasma to serum because an additional release
of DNA from hematopoietic cells during the clotting pro-
cess can influence the content of DNA in serum [16].
Plasma was separated from blood cells within 3 h after
collection. We took into account published recommenda-
tions that blood samples should be handled within
6 h after collection and repeated freezing and thawing
of plasma samples lead to extensive DNA fragmenta-
tion [17]. For separation we used 1600 g centrifugation
for 10 min. Spinning at 400–3000 g does not signifi-
cantly change total plasma DNA levels [18].

Using β-actin sequences and quantitative PCR
Herrera et al. found that the mean plasma DNA
concentration in healthy subjects is 10.6 µg/l (range
7.0–14.0 µg/l) [6]. In our work the amount of circulating
nucleic acids in plasma extracts was determined via
spectrophotometric analysis. Our concentrations of
nucleic acids ranged from 2.1 to 32.6 µg/ml. We ex-
plain this discrepancy by spectrophotometric interfe-
rence of RNA molecules and DNA fragments appearing
in large numbers in plasma.

The guanidinium isothiocyanate-based procedure
was wittingly performed in the conditions for preferential
isolation of fragmented RNA (without ice cooling of pro-
cessed samples, addition of RNAse inhibitors, using
re-sterilized plastic tubes and tips, buffers containing
DEPC water, etc.). This protocol reduced probability of
RNA interference in amplification reactions. Our results
suggest the high UV absorbance of guanidinium ex-
tracts reflects much better the large content of RNA
than the presence of integral DNA molecules. On the
basis of these findings spectrophotometric analysis

should not be performed for determination of DNA con-
tent in plasma extracts. Electrophoretical characteristics
and PCR amplificability describe DNA amounts in plas-
ma samples more exactly.

In this study we tested six extraction protocols used
in our laboratory. A lot of other analytical approaches
have been published. Both, guanidinium isothiocyana-
te and guanidinium hydrochloride procedures also ser-
ve to standard extraction of DNA molecules if experi-
mental conditions are properly modified [19, 20]. We
did not include those methods into our study because
the guanidinium salts are present in two buffers of used
Qiagen commercial kits [13]. Boiling DNA extractions
were omitted in principle because of low DNA purity
(1.1–1.4; our unpublished results).

In conclusion, our data report that microcolumn ex-
traction techniques are very suitable for preparation of
plasma DNA specimens. Performing forty-five cycles
of amplification we achieved the plato-phase of the real-
-time PCR curve in all examined DNA extracts. That is
the reason why the fluorescence of PCR products was
very comparable. Evaluating the amplificability by the
conventional end-point analysis we approved the phe-
nol/chloroform extraction and salting-out method to be
also acceptable laboratory approaches. Addition of the
polyacryl DNA carrier does not seem to significantly
influence the extraction yield.

The pre-analytical phase is a very important premi-
se for successful amplification of DNA from any clini-
cal sample. Both plasma separation and DNA extrac-
tion should be performed by standardized and valida-
ted procedures. Taking into account the results of our
experiments and contemporary laboratory trends, we
prefer plasma DNA extraction with spin microcolumns
– the procedure providing genomic DNA of high integri-
ty, purity, and amplificability.
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