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Isolation of plasma albumin by ethanol extraction is inappropriate for
isotope ratio measurements during the acute phase response
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Isolation of high-purity albumin from plasma is essential to study albumin kinetics in vivo with tracer techniques. Because of its s
thanol extraction has been repeatedly used for albumin purification. However, it cannot be excluded that this single-step procedure
rohibits contamination by other proteins, especially those known to be produced at an accelerated rate during the acute phase

he present study, we wanted to examine the reliability of ethanol extraction in different clinical conditions and to study the effects o
mpurities on albumin enrichment during stable isotope tracer studies. SDS-PAGE revealed a contaminating protein band at abou
n healthy subjects and postoperative patients during the acute phase response, but not in critically ill patients. According to densito
% of proteins after ethanol extraction were contaminants. To examine potential contaminant effects on tracer enrichment 1-[13C]-leucine
as given to healthy subjects and postoperative patients. Blood samples were taken after various amounts of time, and albumin

tracer/tracee ratios) were determined from isotope ratios obtained by mass spectrometry. Irrespective of the magnitude of tracer
ostoperative tracer/tracee ratios were significantly higher (on average +10%) in samples exclusively analysed by ethanol extrac
amples which had undergone additional electrophoretic purification. No significant effect of the contaminant was seen in health
-terminal protein sequencing revealed contaminants to mainly consist of apolipoprotein A-1. Its physiology and pathophysio
ufficiently explain its variable effects of albumin enrichment. Our findings suggest that exclusive ethanol extraction is inappro
lbumin isolation in tracer studies performed during the acute phase response. Ethanol extraction may also not be advisable
ituations known to be associated with a rise in apolipoprotein A-1 turnover.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Isolation of highly pure albumin from plasma is a prereq-
isite for tracer studies designed to examine albumin turnover

n vivo. For scientific purposes, several methods for albumin
solation have been examined in the past. Traditional meth-
ds like cold ethanol purification according to Cohn[1] work
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via fractionation but cannot produce sufficiently pure a
min [2,3]. Alternatively, single-step chromatographic me
ods have been employed[2,4], but these also cannot gu
antee the desired high degree of purity[2,3]. Other pro
cedures such as multi-step chromatography[3,5] or auto-
mated FPLC[6] will produce the desired purity, but are
ther laborious and time costly[3,5], or technically demandin
[6].

Because of its simplicity dissolution of albumin in ac
ified ethanol[7] has become popular for albumin isolat
in biological tracer experiments. This method has rep
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oi:10.1016/j.jchromb.2004.11.056



146 R. Jacobs et al. / J. Chromatogr. B 817 (2005) 145–151

edly been claimed to yield sufficiently pure albumin[7–13].
However, because of the nature of this single step proce-
dure this view has been questioned in the past[6,14,15].
Furthermore, if impurity exists indeed after ethanol extrac-
tion, no one has so far studied the relevance of this phe-
nomenon for the accuracy of enrichment measurements. It
was the aim of the present study to examine purity of albu-
min after ethanol extraction from samples obtained in differ-
ent clinical conditions and to analyse interfering effects of
potential contaminants on albumin enrichment during tracer
application.

2. Experimental

2.1. Subjects

Studies were performed in six healthy volunteers, 10 post-
operative patients and five critically ill patients. Postopera-
tive patients had had limited colorectal cancer and had un-
dergone curative, elective abdominal surgery. These patients
were studied during the acute phase response after surgery,
had an uneventful postoperative course and were free from
signs of organ malfunction and local or systemic infection. No
patient (before surgery) had a history of previous weight loss
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2.3. Procedure

2.3.1. Ethanol extraction
Ethanol extraction was performed according to Korner

[7] and Slater and Preston[13]. Five hundred microliters of
10% trichloroacetic acid (TCA) at 4◦C were added to 500�l
serum. The protein fraction was separated by precipitation.
Samples were centrifuged at 11,000 rpm for 10 min (Hettich
Mikroliter, Hettich Zentrifugen, Tuttlingen, Germany). The
supernatant was removed and the pellet was re suspended in
500�l absolute ethanol. The ethanolic albumin solution was
centrifuged again at 11,000 rpm for 10 min. The ethanolic su-
pernatant and 5 ml of distilled water were transferred to an ul-
trafiltration device (50,000 molecular mass cut-off Centriplus
ultrafiltration cone; Centriplus YM-50 Millipore Corpora-
tion Bedford, Massachusetts, USA) placed above an universal
bottle. Samples were centrifuged at 5000 rpm for 30 min or
until the fluid had been completely cleared by the filter. The
filtrate was discarded. Sediments attached to the filter were
resuspended by adding 1 ml of distilled water to the inverted
back side of the filter and by spinning the samples at 1500 rpm
for 15 min (Hettich Roto Silenta/RPm, Hettich Zentrifugen,
Tuttlingen, Germany). Samples were than divided into sev-
eral aliquots for further analyses (analytical electrophoresis
only, hydrolysation/leucine derivatization/mass spectrometry
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r clinical and laboratory signs of malnutrition or metab
iseases. Critically ill patients were severely septic and
een in the intensive care unit since more than 10 days
ept in critically ill patients, informed consent was obtai
rom all subjects after the experimental protocol had bee
lained in detail. In critically ill patients an informed cons
as not required since neither blood samples were take

he purpose of the study, nor did we perform experime
easures of any kind. Blood analysis was exclusively d

n left-overs from blood samples drawn for routine blood
nalysis. The study was approved by the local instituti
eview board (protocol #134/97).

.2. Experimental protocol

After 10 p.m., all subjects/volunteers remained pos
orptive, except for consumption of mineral water. On
ext day, heparinized venous or arterial blood was obta

rom each subject. Then, all volunteers consumed an ora
us (4 mg/kg) of 1-[13C]-leucine (Tracer Technologies, So

erville, Massachusetts, USA, 99.3 at.% enrichment)
.m. Subsequent blood samples were taken at 2, 4,
nd 8 h after tracer application. In seven postoperative

ients a primed-constant intravenous infusion of 1-[13C]-
eucine was started at 7 a.m. The isotope infusion rate
.16�mol/kg min (prime 9.6�mol/kg) and lasted 3, 6 or 10
rterialized blood samples were taken at the end of iso

nfusion. In all subjects who received 1-[13C]-leucine, an ad
itional blood sample was collected before isotope adm

ration to determine the background enrichment of pro
ound leucine.
nly, preparative electrophoresis with subsequent hydro
ion/leucine derivatization/mass spectrometry).

.3.2. Analytical electrophoresis
An aliquot of the supernatant was used to monitor

umin purity or identification, using a 10% sodium do
yl sulphate polyacrylamide vertical slab gel electroph
is (SDS-PAGE) and visualization by Coomassie stain
lectrophoretically obtained bands of samples were c
ared with bands of commercially obtained human
umin and molecular weight markers (rainbow mole

ar weight marker RPN 800 and 756, respectively, Am
ham Pharmacia Biotech, Uppsala, Sweden). Electrop
is was performed using a vertical slab gel app
us (PerfectBlueTM double gel system Twin S, PEQLA
iotechnologie GmbH, Erlangen, Germany). The 12.0

esolving gel was prepared using 4.4 ml of solution con
ng 30% acrylamide, 0.8% bisacrylamide and 69.2% H2O.
o this solution we added 120�l of 10% sodium dode
yl sulfate (SDS), 3 ml of 1.5 M Tris/HCl buffer at pH 8
.4 ml H2O, freshly prepared 10%N,N,N′,N′-tetramethyl
thylenediamine (TEMED, 80�l) and freshly prepared 10
mmonium peroxodisulfate (60�l). The stacking gel wa
repared using 1.26 ml of the above acrylamide solu
5�l of 10% SDS, 1.95 ml of 0.5 M Tris/HCl buffer at pH 6
.55 ml H2O, freshly prepared 10%N,N,N′,N′-tetramethyl
thylenediamine (TEMED, 108�l) and freshly prepared 10
mmonium peroxodisulfate (54�l). The electrode buffe
ontained 192 mM glycin, 25 mM Tris and 10 g SDS in
2O, and the sample buffer 20�g bromophenolic blue, 0.1 M
ris/HCl at pH 6.5, 20 g glycerol and 4 g SDS in 100
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H2O. The resolving gel solution was poured between the
glass plates and covered with distilled water. Polymerisation
was completed after 30 min. Then, water was removed and
the stacking gel was added. The length of the resolving gel
was 6.5 cm and the length of the stacking gel 3.5 cm. Wells on
the slab gel were prepared by a 10-tooth well former allow-
ing for 10 different samples to be analyzed on one slab gel.
No airspace was left between the well former and the acryl-
amide solution. After completion of the polymerization the
well former was removed. To add an adequate amount of al-
bumin, albumin concentration in the sample was determined
photometrically and the samples were diluted down to a fi-
nal concentration of 0.5 g/l. Fifty microliters of sample were
combined with 50�l of sample buffer, and 35�l of this mix-
ture were applied to each well of the gel. Electrophoresis was
then performed at a constant current of 50 mA (electrophore-
sis power supply, EPS 1001, Amersham Pharmacia Biotech,
Uppsala, Sweden) for about 1.5 h until bromophenol blue had
passed the slab gel. After electrophoresis the gel was cut into
two pieces thereby removing the stacking gel. For staining the
remaining gel was incubated with 0.1% Coomassie®Brilliant
Blue R-250, 50% H2O, 40% ethanol and 10% acetic acid. Af-
ter shaking for 12 h (Celloshaker Variospeed, Biotec-Fischer,
Munich, Germany) at 60 rpm/min, protein bands were made
visible by removing the extra staining by adding 50% H2O,
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at 1 ml/min and electrophoresis was initially performed at
a constant current of 40 mA (electrophoresis power supply,
EPS 1001, Amersham Pharmacia Biotech, Uppsala, Sweden)
for about 2–2.5 h until bromophenolic blue had passed the
gel. Subsequently, electrophoresis was continued at a con-
stant current of 80 mA for 2.5–3 h. During this period 100
consecutive samples of 1.5 ml each were collected by a frac-
tion collector (Bio-Rad Model 2110 Fraction collector, Bio-
Rad Laboratories Hercules, California, USA). Every fifth
sample was analyzed by an analytical electrophoresis (see
above) to detect the sample fraction containing the albumin
(on average samples ranging from #45/50 to #100). Sam-
ples containing albumin were combined and concentrated
by filtration through a Centriplus filter (Centriplus ultrafil-
tration cone Centriplus YM-50, Millipore Corporation, Bed-
ford, Massachusetts, USA) with an exclusion pore size of
50,000 Da. Albumin attached to the filter was resuspended
by adding 1 ml of distilled water to the inverted back side of
the filter and by spinning the samples at 2000 rpm for 15 min.

2.3.5. Mass spectrometry
Methods and data analysis were discussed in detail previ-

ously [16]. Samples were dried under vacuum with a speed
vac (Savant Instruments, Farmingdale, NY, USA). The pro-
tein was hydrolyzed under nitrogen at 110◦C for 36 h in
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0% ethanol and 10% acetic acid.

.3.3. Densitometry
After analytical electrophoresis the protein bands w

uantified by densitometry (Elscript 3, Hirschmann Ger
au, Unterhaching, Germany) with integration of the cu

.3.4. Preparative electrophoresis
The resolving gel, the electrode buffer and the s

le buffer were prepared as described for analytical e
rophoresis. The stacking gel was prepared using 0.8
f the above acrylamide solution (Section2.3.2), 50�l
f 10% SDS, 1.3 ml of 0.5 M Tris/HCl buffer at pH 6
.7 ml H2O, freshly prepared 10%N,N,N′,N′-tetramethyl
thylenediamine (TEMED, 36�l,) and freshly prepared 10
mmonium peroxodisulfate (72�l). For eluting buffer we
sed a sodium phosphate buffer 0,05 M pH 7.2 (sod
ihydrogenphosphate, pH adjusted with sodium hydrox
he resolving gel solution was poured into a cylinder
overed with distilled water. Polymerisation was comple
fter 30 min. Then, water was removed and the stackin
as added and covered with distilled water. After comple
f the polymerization, the cylinder with the gel was inse

nto the electrophoresis apparatus (Bio-Rad Model 491 P
ell, Bio-Rad Laboratories, Hercules, California, USA). T

ength of the resolving gel was 3 cm and the length of
tacking gel 1 cm. Eluting buffer and electrode buffer w
dded into the corresponding chambers. Seven hundre
fty microliters of sample were added to 750�l of sample
uffer, and by using a tube, the mixture was directly tra
erred on the gel. The speed of the eluting buffer was
N HCl. For capillary gas chromatography and combus
sotope ratio mass spectrometry analysis, amino acids
roteins (on average 7–8 ng) were then converted to thN-
cetyl-propyl (NAP) ester. NAP-amino acid derivatives w
nalyzed in a capillary gas chromatography and combu

sotope ratio mass spectrometry system (GC-IRMS) that
isted of a Hewlett-Packard 5890 Series II gas chromatog

nterfaced to a mass spectrometer Delta S (Finnigan M
remen, Germany). In an individual sample, all meas
ents were done in duplicate.
For biomedical studies isotopic enrichment needs t

xpressed as the tracer/tracee ratio (z). GC-IRMS analysi
nly yields�13C values which can be converted into isoto
atios (13C/12C) of the entire NAP-1-[13C]-leucine molecul
y the formula

3C/12C =
(

δ13C

1000+ 1

)
× 0.011

here 0.011 represents13C/12C in the Pee Dee Belemna
imestone (PDB) standard for GC-IRMS. However, a
ection is necessary. In contrast to the actual 1-[13C]-leucine
olecule, in NAP-1-[13C]-leucine one of a total of 11 carb
toms is labelled. Because of the nature of GC-IRMS an
is, enrichment is determined by measuring the ratio of13C
o 12C in the CO2 resulting from the combustion of the to
erivatized NAP-1-[13C]-leucine molecule, yielding

NAP–leucine= (13C/12C)SA − (13C/12C)BK

13C/12C)SA represents the ratio of13C to 12C in a sample
nd (13C/12C)BK is the naturally occurring background ra
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Multiplication of ZNAP–leucine with a correction factor that
takes into account dilution of the label at position 1 by car-
bon atoms at position 2–11 will yield the tracer/tracee ratio
for 1-[13C]-leucine (Zleucine) in the sample[17]. As we have
previously shown[16] the correction factor equals 10.02 and
Zleucinecan be calculated by the formula

Zleucine= 10.02ZNAP–leucine

1 + [1 − 10.02]ZNAP–leucine

2.3.6. Protein sequencing
The purified contaminant was desalted on a ProSorb col-

umn (Applied Biosystems, Foster City, CA, USA) and N-
terminally sequenced on a pulsed liquid phase sequencer
Procise cLC (Applied Biosystems, Foster City, CA, USA)
according to the manufacturers instructions[18].

2.4. Statistics

Data are expressed as mean± SEM. �13C values and
tracer/tracee ratios in samples with or without electrophoretic
purification were compared by the pairedt-test. Correlations
were analysed by Pearson’s product moment correlation. A
p value of less than 0.05 was taken as indicating a significant
difference.
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Fig. 1. SDS-PAGE of albumin from five healthy control subjects. Albumin
was separated exclusively by ethanol extraction. Lane 1: albumin (control);
lane 2–5, 7: samples after ethanol extraction; lane 9: untreated sample; lane
10: molecular weight marker; lane 6 and 8: empty. The arrow indicates the
contaminant.

all postoperative patients and healthy subjects and could only
be removed by subsequent preparative electrophoresis. Com-
parison with standard molecular weight markers revealed
this contaminating compound to possess a molecular weight
of approximately 25,000 Da. Protein sequencing identified
apolipoprotein A-1 (apoA-1) as major source of the contam-
ination. ApoA-1 is synthesised as proapo A-1 in the liver and
gut, secreted into the plasma and transformed into mature
apoA-1 by a proteolytic cleavage over a period of 10–24 h.
ApoA-1 associates with lipids to form plasma high density
lipoproteins (HDL)[26,27].

The findings in healthy subjects correspond to results from
two other studies where exclusive ethanol extraction was also
not capable of yielding pure albumin[14,15]. In contrast,
the group of Garlick and co-workers reported several times
ethanol extraction to yield pure albumin in healthy volunteers
[8,9,12]or in subjects during laparoscopic surgery[10]. Pu-
rity was verified either by matrix-assisted laser desorption
time of flight mass spectrometry[10] or by SDS-PAGE and
silver-staining, and pictures of corresponding gels were pub-
lished twice[8,9]. Similar findings in healthy subjects were
also published by Slater and Preston[13] who used SDS-
PAGE and Coomassie-staining for verification of purity after
ethanol extraction (Fig. 2).

F min
w mples
a

. Results and discussion

Albumin has well-established and important function
ealth. There is evidence, that its kinetic and dynamic pro

ies are significantly altered by surgical stress, chronic r
ailure but also by nutritional status and type of diet[19].
owever, findings are not always consistent, and espe

ates of albumin synthesis were found to vary during the a
hase response after surgical trauma. Thus, the cyto
ediated reduction of albumin synthetic capacity descr

n vitro [20–22]does not correspond to in vivo findings sho
ng an accelerated albumin turnover[11,23–25]. A portion of
hese discrepancies may originate from imprecise anal
ethods.
Stable isotopic tracers are an established investiga

ool for the in vivo investigation of albumin synthesis[12].
or appropriate measurement of tracer incorporation i

ion of pure albumin from plasma is essential. Because
implicity, ethanol extraction has been widely used for
urpose and has originally been claimed to yield pure a
in [7]. Our results clearly indicate this assumption not t

he case in healthy subjects and in patients during the
hase response after surgical trauma. Furthermore, exc
se of ethanol extraction with the latter patients will re

n a significant overestimation of tracer enrichments in a
in (on average +10%). As can be seen on the SDS-P

n Fig. 1(healthy subjects) and 2 (postoperative patients
umin extracted by ethanol is not pure but is accompa
y a contaminating protein. This contamination was foun
ig. 2. SDS-PAGE of albumin from eight postoperative patients. Albu
as separated exclusively by ethanol extraction. All lanes represent sa
fter ethanol extraction. The arrow indicates the contaminant.
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In contrast to healthy and post-surgical subjects, we and
others[11] could not identify relevant impurities in albumin
isolated from critically ill patients by ethanol extraction. The
latter authors[11] compared ethanol extraction with anion
exchange chromatography (FPLC) which has been shown to
result in a more than 99% purity of the isolated albumin[6].
Albumin was isolated in parallel by both procedures in the
same patients and the authors found identical bands according
to SDS-PAGE[11].

In an attempt to improve the purity and to eliminate
apoA-1 from samples in healthy and postoperative subjects
we examined several modifications of the procedure for
ethanol extraction. The following modifications were tested:

(a) Use of EDTA, heparinized or citrate plasma instead of
serum.

(b) Reduction of the sample volume from 500 to 250�l in
order to avoid an eventual clogging of the filter.

(c) Use of ethanolic instead of aqueous TCA.
(d) Reduction of the TCA volume (200�l instead of 750�l).
(e) Two subsequent TCA precipitation steps instead of one.
(f) Ultracentrifugation at 4◦C.
(g) Washing of the samples with acid buffer instead of dis-

tilled water.
(h) Washing of the samples with SDS and mercaptoethanol

instead of distilled water. Thereby it was hoped to sepa-
ak-
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centrations of apoA-1 will fall to very low values and this
phenomenon may have possibly prevented their detection af-
ter ethanol extraction.

In ICU patients with multiple organ failure similar mech-
anisms may have prevented the identification of apoA-1 after
exclusive ethanol extraction. In critical illness very low lev-
els of apoA-1 have been described resulting from the com-
bined effects of impaired hepatic lipoprotein synthesis, ac-
celerated apoA-1 catabolism and losses into the interstitial
space[30–32]. Thus, apoA-1 concentrations may have been
also too low to interfere significantly with ethanol extraction.

The question remains whether apoA-1 contamination is
relevant for tracer studies aiming at the measurement of al-
bumin synthesis. Our results indicate a relevant confounding
effect in postoperative patients. In healthy volunteers, this
effect seems to be of minor importance. In our healthy sub-
jects�13C values in plasma albumin measured by GC-IRMS
at various times after 1-[13C]-leucine administration did not
depend on the analytical method. Corresponding average
values (−7.46± 3.60 with electrophoretic purification, and
−7.37± 3.48 without purification) were comparable. There
was also an excellent correlation between the�13C values ob-
tained by the different methods emphasizing the approximate
identity of albumin enrichment and enrichment of apoA-1
(Fig. 3). These findings are in line with published normal
r airly
s
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rate albumin from the contaminating protein(s) by bre
ing up disulfide bridges during the filtration step.

None of the above modifications was capable of el
ating apoA-1 according to the respective SDS-PAGE w
till revealed an additional band. These results sugges
poA-1 must be tightly bound to albumin and is resistan
imple alterations of the described procedure for ethano
raction. It is, however, unclear why some[8,9,12,13]but not
ll [15] previous authors missed apoA-1 in their SDS-PA
f samples from healthy subjects. Presumably, variatio

he SDS-PAGE procedure itself may explain the discre
ies. Thus, Slater et al.[13] used an SDS-PAGE according
aguire[28] of which the staining procedure included o
.025% Coomassie Blue, one fourth of the concentration
y us. Furthermore, it is clear that variations in the am
f albumin used for analytical electrophoresis will have
ffect on staining. In postoperative patients on average
f the isolated proteins were not albumin (as determine
ensitometry), and this percentage was even lower in he
ubjects. Garlick and co-workers used less than 1.4�g albu-
in per well for analytical electrophoresis[8]. These albumi
mounts are markedly smaller than those used by us (
�g albumin per well), and they may eventually contain

ittle apoA-1 to be detected in healthy subjects even by
er staining[8,9,12]. A similar mechanism may also expla
he negative findings from specific mass spectrometry
sis[10]. In the latter study, samples were taken intraop
ively at a time when hepatic protein synthesis is mark
epressed[29], and when fluid administration and blood lo
ill globally reduce levels of plasma proteins. Thereby c
ates of fractional albumin and apoA-1 synthesis being f
imilar in healthy subjects[33,34].

Plasma from postoperative subjects yielded differen
ults. There,�13C values in plasma albumin varied depend
n the analytical procedure. Corresponding average v
ere significantly higher with exclusive ethanol extrac

han with ethanol extraction and subsequent electropho
urification (−5.54± 3.42, p< 0.01 versus−8.19± 3.06).

ig. 3. Correlation between�13C values in plasma albumin from healt
olunteers. 1-[13C]-leucine was given orally and blood samples were ta
fter various amounts of time.�13C values were measured by GC-IRMS

he same sample after ethanol extraction with or without subsequen
rophoretic purification.
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Fig. 4. Correlation between�13C values in plasma albumin from postopera-
tive patients. 1-[13C]-leucine was infused over various amounts of time and
�13C values were measured by GC-IRMS in the same blood sample after
ethanol extraction with or without subsequent electrophoretic purification.

Furthermore, a highly significant linear correlation was found
between the values obtained by different methods.�13C val-
ues from impure samples were about 1.11 times higher than
those from purified samples (Fig. 4). This ratio remained al-
most the same when background enrichments and isotope di-
lution 1-[13C]-NAP-leucine were taken into account. Thus,
tracer/tracee ratios also varied according to the analytical
procedure (Table 1) and were significantly higher in im-
pure than in pure samples (0.0023± 0.0004,p< 0.01 versus
0.0020± 0.0003). Correspondingly, also a highly significant
correlation between corresponding tracer/traceee ratios was
found, and the ratios from impure samples were on aver-
age 1.1 times higher than those from pure samples (Fig. 5).
In individual samples, this difference was as high as 40%
(Table 1).

Table 1
Tracer/tracee ratios (Zleu) for 1-[13C]-leucine from plasma albumin in post-
operative patients

Sample
number

Duration (h) of
tracer infusion

Zleu (without
purification)

Zleu (with
purification)

1 3 0.0010 0.0009
2 6 0.0014 0.0010
3 6 0.0019 0.0018
4 6 0.0021 0.0020
5
6
7

1 -
l lood
s S
i t elec-
t

Fig. 5. Correlation between tracer/tracee ratios (Zleu) for 1-[13C]-leucine
from plasma albumin in postoperative patients. 1-[13C]-leucine was infused
over various amounts of time andZleu was calculated from�13C values de-
termined in background blood samples and blood samples taken after tracer
infusion.�13C values were obtained by GC-IRMS in the same sample after
ethanol extraction with or without subsequent electrophoretic purification.

Therefore, it is clear that in postoperative patients
enrichment of apoA-1 must be considerably higher than
the corresponding albumin enrichment. Most likely these
differences in enrichment also reflect differences in synthesis
or turnover, implying that the postoperative rate of apoA-1
synthesis should be faster than that of albumin and also
faster than the apoA-1 synthetic rate seen in healthy subjects.
This theory is in line with physiology and pathophysiology
of apoA-1 metabolism. Because of perioperative fluid
and blood losses, a temporary minor decline of apoA-1
concentration can be observed after surgery[35,36]. In an
attempt to compensate for apoA-1 losses, apoA-1 synthesis
rises significantly[37–39], possibly mediated by cytokines,
steroids or colloid osmotic pressure[40,37].

Our results suggest that exclusive ethanol extraction is
inappropriate to isolate albumin in human tracer studies.
In postoperative patients the resulting error may potentially
be large. Even if analysis of samples from postabsorptive
healthy subjects seems to be less affected, use of ethanol
extraction is still not advisable since various dietary, hor-
monal and medicamentous manipulations are known to alter
apoA-1 kinetics.

Acknowledgment

sche
F

R

ein,
10 0.0026 0.0020
10 0.0030 0.0026
10 0.0043 0.0038

-[13C]-leucine was infused over various amounts of time andZleu was calcu
ated from�13C values determined in background blood samples and b
amples taken after tracer infusion.�13C values were obtained by GC-IRM

n the same sample after ethanol extraction with or without subsequen
rophoretic purification.
The study was supported by grants from the Deut
orschungsgemeinschaft (Ha 1439/4-1).

eferences

[1] P. Kistler, H. Friedli, in: J. Curling (Ed.), Methods of Plasma Prot
Fractionation Academic Press, London, 1980, p. 209.



R. Jacobs et al. / J. Chromatogr. B 817 (2005) 145–151 151

[2] J. Curling, Separation of Plasma Proteins Pharmacia, Uppsala, 1983.
[3] J. Berglof, S. Eriksson, J. Curling, J. Appl. Biochem. 5 (1983)

282.
[4] M. Cayol, I. Tauveron, F. Rambourdin, J. Prugnaud, P. Gachon, P.

Thieblot, J. Grizard, C. Obled, Clin. Sci. 89 (1995) 389.
[5] L.A. MacLaren, M.L. Petras, Biochim. Biophys. Acta 427 (1976)

238.
[6] H.M.H. van Eijk, D.R. Rooyakkers, B.A.C. van Acker, P.B. Soeters,

N.E.P. Deutz, J. Chromatogr. B: Biomed. Sci. Appl. 731 (1999) 199.
[7] A. Korner, J.R. Debro, Nature 4541 (1956) 1067.
[8] K.A. Hunter, P.E. Ballmer, S.E. Anderson, J. Broom, P.J. Garlick,

M.A. McNurlan, Clin. Sci. (Lond.) 88 (1995) 235.
[9] M.A. McNurlan, A. Sandgren, K. Hunter, P. Essen, P.J. Garlick, J.

Wernerman, Metabolism 45 (1996) 1388.
[10] H. Barle, B. Nyberg, S. Ramel, P. Essen, M.A. McNurlan, J. Wern-

erman, P.J. Garlick, Am. J. Physiol. 277 (1999) E591.
[11] P. Essen, M.A. McNurlan, L. Gamrin, K. Hunter, G. Calder, P.J.

Garlick, J. Wernerman, Crit. Care Med. 26 (1998) 92.
[12] P.E. Ballmer, M.A. McNurlan, E. Milne, S.D. Heys, V. Buchan, A.G.

Calder, P.J. Garlick, Am. J. Physiol. 259 (1990) 797.
[13] Ch. Slater, T. Preston, J. Mass Spectrometry 30 (1995) 1325.
[14] T. Iwata, H. Iwata, J.F. Holland, Clin. Chemistry 14 (1968) 22.
[15] A.Z. Fu, J.C. Morris, G.C. Ford, K.S. Nair, Anal. Biochem. 247

(1997) 228.
[16] W.H. Hartl, H. Demmelmair, K.W. Jauch, H.L. Schmidt, B. Koletzko,

F.W. Schildberg, Am. J. Physiol. 272 (1997) E796.
[17] F. Carraro, C.A. Stuart, W.H. Hartl, J. Rosenblatt, R.R. Wolfe, Am.

J. Physiol. 259 (1990) E470.
[18] P. Edman, G. Begg, Eur. J. Biochem. 1 (1967) 80.
[19] J.P. Nicholson, M.R. Wolmarans, G.R. Park, Br. J. Anaesth. 85

[ est.

[ que,

[ lin.

[23] H. Barle, A. Januszkiewicz, L. Hallstrom, P. Essen, M.A. McNurlan,
P.J. Garlick, J. Wernerman, Clin. Sci. 103 (2002) 525.

[24] M.S. Dahn, L.A. Jacobs, S. Smith, M.P. Lange, R.A. Mitchell, J.R.
Kirkpatrick, Am. Surg. 51 (1985) 340.

[25] O. Mansoor, M. Cayol, P. Gachon, Y. Boirie, P. Schoeffler, C. Obled,
B. Beaufrere, Am. J. Physiol. 273 (1997) E898.

[26] K.A. McGuire, W.S. Davidson, A. Jonas, J. Lipid Res. 37 (1996)
1519.

[27] G. Ghiselli, A.M. Gotto, S. Tannenbaum, B.C. Sherrill, Proc. Natl.
Acad. Sci. 82 (1985) 874.

[28] G.F. Maguire, M. Lee, P.W. Connelly, J. Lipid. Res. 30 (1989) 757.
[29] H. Barle, B. Nyberg, P. Essen, H. Olivecrona, K. Andersson, M.A.

McNurlan, J. Wernerman, P.J. Garlick, Am. J. Physiol. 276 (1999)
E620.

[30] J.H. Levels, L.C. Lemaire, A.E. van den Ende, S.J. van Deventer,
J.J. van Lanschot, Crit. Care Med. 31 (2003) 1647.

[31] K. Okubo, K. Ikewaki, S. Sakai, N. Tada, Y. Kawaguchi, S.
Mochizuki, J. Am. Soc. Nephrol. 15 (2004) 1008.

[32] R.R. Wolfe, W.Z. Martini, World J. Surg. 24 (2000) 639.
[33] F.K. Welty, A.H. Lichtenstein, P.H.R. Barrett, G.D. Dolnikowski,

E.J. Schaefer, Arterioscler. Thromb. Vase. Biol. 24 (2004) 1703.
[34] E. Volpi, P. Lucidi, G. Cruciali, F. Monacchia, G. Reboldi, P.

Brunetti, G.B. Bolli, P. DeFeo, Diabetes 45 (1996) 1245.
[35] T. Katsuramaki, K. Hirata, Y. Kimura, M. Nagayama, M. Meguro,

H. Kimura, T. Honma, T. Furuhata, U. Hideki, F. Hata, M. Mukaiya,
Wound Repair Regen. 10 (2002) 77.

[36] C.L. Malmendier, J.P. Amerijckx, B.E. Bihain, M.L. Fischer,
Biomed. Pharmacother. 39 (1985) 192.

[37] M.C. Batista, F.K. Welty, M.R. Diffenderfer, M.J. Sarnak, E.J.
Schaefer, S. Lamon-Fava, B.F. Asztalos, G.G. Dolnikowski, M.E.

[ 918

[ 03)

[ nol.
(2000) 599.
20] D.A. Brenner, M. Buck, S.P. Feitelberg, M. Chojkier, J. Clin. Inv

85 (1990) 248.
21] J.V. Castell, M.J. Gomez-Lechon, M. David, R. Fabra, R. Trullen

P.C. Heinrich, Hepatology 12 (1990) 1179.
22] D.H. Perlmutter, C.A. Dinarello, P.I. Punsal, H.R. Colten, J. C

Invest. 78 (1986) 1349.
Brousseau, J.B. Marsh, Metabolism 53 (2004) 1255.
38] J. Franzen, C.H. Floren, A. Nilsson, Biochim. Biophys. Acta

(1987) 11.
39] F. Jahoor, S. Abramson, W.C. Heind, Am. J. Clin. Nutr. 78 (20

182.
40] E. Malle, B. Leonhard, G. Knipping, W. Sattler, Scand. J. Immu

50 (1999) 183.


	Isolation of plasma albumin by ethanol extraction is inappropriate for isotope ratio measurements during the acute phase response
	Introduction
	Experimental
	Subjects
	Experimental protocol
	Procedure
	Ethanol extraction
	Analytical electrophoresis
	Densitometry
	Preparative electrophoresis
	Mass spectrometry
	Protein sequencing

	Statistics

	Results and discussion
	Acknowledgment
	References


