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A B S T R A C T

Fatty acids are fundamental as energy and structural source to the human cells. They are not usually found free
in human circulation. Alteration in fatty acids metabolism is linked to diseases such as diabetes, preeclampsia,
heart disease, and some infectious diseases. Increased levels of non-esterified fatty acids (NEFA) may cause cell
dysfunction and lipotoxicity. Since physiologically fatty acids are transported bound to albumin, we propose
here a simple and cheap test that consists of albumin isoelectric focusing determination to measure the potential
systemic NEFA cytotoxicity. For validation of this method, albumin isoelectric focusing in 51 serum samples
from 40 critically ill patients and 11 controls was compared with NEFA/albumin ratios measured by HPLC. We
called this approach an albumin saturation test. This test may indicate to physicians the potential NEFA lipo-
toxicity guiding them throughout better patient management. The albumin saturation test can point out serum
albumin-NEFA saturation through a cheap assay that could be performed by any care facility.

1. Introduction

Fatty acids (FA) are gathered from human diet and stored in adipose
tissue. Changing dietary habits and the modern lifestyle have an impact
on lipid metabolism in the worldwide population. Obese patients have
elevated plasma levels of non-esterified fatty acids (NEFA) [1] and
NEFA alterations are found in pathological conditions such as metabolic
syndrome [2], type II diabetes [3], cardiovascular diseases [4], liver
diseases [5], renal diseases [6], pancreatitis [6] and neoplasms [7].
Plasma FA (99%) are transported in blood bound to albumin. Each al-
bumin molecule is capable of binding up to 7 FA molecules under op-
timal conditions [8,9].

High serum levels of NEFA surpass the albumin binding capacity
leading to free fatty acid in serum, which may result in tissue damage.
Therefore, serum FA/albumin ratio could be used to predict FA toxicity
[5]. FA accumulation in tissues may cause cellular disorders called

lipotoxicity [10,11]. Lipotoxicity appears in diverse pathological con-
ditions such as trauma [12], sepsis [13], pancreatitis [13], embolism
[13], neoplasia [14], vasculopathy [15] and diabetes [6] leading to
severe cell dysfunction, apoptosis [16,17] and necrosis [18]. Various
mechanisms were attributed to NEFA lipotoxicity including inhibition
of Na, K-ATPase pump causing lung injury [19–21]. We showed that in
vitro inhibition of Na, K-ATPase pump activity by FA is reversible with
albumin addition [22], and this albumin protective effect was also
confirmed in cell cultures were albumin prevented toxic effects of FA
overloading [23].

NEFA impacts immune system function such as inhibition of lym-
phocyte activation with immunosuppressive effect [24] and macro-
phage function [25]. Saturated fatty acid but not unsaturated fatty acid
triggers TLR4 signaling [26]. Curiously, a single dose of oleic acid
downregulates systemic NEFA in healthy animals [27] and septic ani-
mals [28]. Thus, not all fatty acid is toxic, but free saturated fatty acids
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seem to be damaging to cell function.
NEFA lipotoxicity can be acute, such as in severe leptospirosis pa-

tients [29], in which we showed a correlation between high levels of
NEFA organ dysfunction [21]. Also, critically ill patients usually evolve
with low levels of albumin, thus favoring the elevation of free serum
NEFA [30], which may contribute to the immune response imbalance.
Chronic lipotoxicity takes place in metabolic diseases such as diabetes,
metabolic syndrome and obesity because high levels of NEFA interferes
with insulin signaling, are toxic to pancreatic cells and may trigger
systemic, sustained inflammatory response [31,32].

Herein we propose a simple and low-cost test of albumin isoelectric
focusing on measuring albumin-NEFA saturation revealed by specific
albumin staining. This assay could be included as a functional test to
access the levels of NEFA and its toxic effects in critically ill patients.

2. Material and methods

2.1. Ethical statement

All procedure was followed according to institutional ethical com-
mittee of the Hospital Universitário Pedro Ernesto of Universidade do
Estado do Rio de Janeiro under the number 14017313.4.0000.5259.
We used in our experiments the total of 58 patients and 26 controls.

2.2. Patients and inclusion criteria

All patients are in the intensive care unit and had confirmed sepsis
with SOFA score > 2 according to Sepsis-3 [33]. Duplicate serum
samples were sequentially collected and kept frozen at −70 °C until the
analyses. We studied a total of eighty-four samples taken from: a) 58
patients (39 men and 17 women with age average 56.6 years old) and
b) 26 healthy donors (18 men and 8 women with age average 60.4 years
old) for NEFA and albumin measurement. For albumin isoelectric fo-
cusing we collected 51 serum samples from 40 critically ill patients and
11 controls. All patients received antibiotic therapy and careful crys-
talloid fluid replacement.

2.3. Schematic protocol

The process is depicted in Fig. 1. The overall process takes 6 h, in-
cluding two electrophoresis run and sample staining. In the next day
after overnight incubation, the pH is checked and matched with sam-
ples (Fig. 1 steps 1 to 7).

2.4. Albumin dosage

For the dosage of albumin, we used the green bromocresol reagent,
according to the method described by Doumas et al. [34]. For this
purpose, we prepared stock solutions of 0.10M succinate buffer, pH 4.0
adjusted with NaOH, 0.6mM bromocresol green with 10% final volume
in 0.1 N NaOH and 30% Brij-35. The working solution is the mixing of
these three solutions in the ratio of 30: 10: 0.16 (v/v/v). The standard
solutions of bovine albumin (Sigma) were 2.0; 2.5; 4.0; 5.0 and 6.0 g/
dL. The dosage was made by adding 1mL working solution to 5 μL of
serum or standard albumin solution. After 10min at room temperature,
the reading was done at 628 nm in a spectrophotometer.

2.5. Albumin isoelectric focusing

The isoelectric focusing method (IF) was chosen in this work be-
cause albumin molecules, depending on the number of fatty acids
bound, can acquire a new effective electric charge (final load of fatty
acids with protein) and also new conformation [35]. Then, depending
on its saturation with fatty acids, the albumin acquires new isoelectric
points that can be analyzed by the IF.

2.6. Isoelectric focusing methodology

We based on Basu et al., 1978 [36]; briefly gel preparation used
2.0 mL 7% polyacrylamide (bisacrylamide + acrylamide), 3.0 μL
TEMED (N, N, N ‘, N'-Tetramethylethylenediamine), 2.0 mL distilled
water, 4.0 mL of ammonium persulfate 0.14%, 0.2mL ampholyte
(Ampholyte High Resolution pH 4–6/Sigma). Two buffers were pre-
pared, the cathode buffer was 0.4% triethanolamine (TEA), and the
anode buffer was 0.2% sulfuric acid (H2SO4). After polymerization, the
gel was placed in the electrophoretic cell without the samples, and
subjected to 200 V, amperage 1.5 mA for 30min, to form the pH gra-
dient on the gel. For the electrophoretic run, a source of the brand
Incibras was used, that develops a voltage of up to 1000 V. After 30min
of this initial run, samples from control sera and from patients were
placed in their respective wells. Some wells were left without samples
so that the pH of the gel was measured, and thus, the pH gradient could
be traced. The second run, after placement of the samples, lasted
210min at a voltage of 300 V and amperage of 1.5 mA. After the second
run the gel was cut and the part containing the samples was stained
with a high-affinity albumin dye, bromocresol green (according to
modification of the albumin dosage method of Doumas, et al. 1971
[34]), usually used for the determination of serum albumin or plasma).
Such dye adapted for the staining of albumin in the gels contained
59.4% 0.1M succinate buffer/pH 4.0; 0.95% Brij-35 (detergent) 10%;
39.65% bromocresol green 0.6mM. The final working solution should
have a pH of 4.2 ± 0.5. The gel remained in contact with the dye for
1 h. The part of the gel without samples was cut into 12 pieces of 0.5 cm
in length each. Each piece was placed in a glass tube, and 2.0mL of
distilled water was added, and finally, the tubes were stored at 4 °C, and
the pH was measured the next day in pH meter, in order to define the
pH gradient formed.

2.7. Serum samples

About 5mL of blood was used. After coagulation, the samples were
centrifuged at 2000 x g for 15min at 25 °C, and the supernatants (sera)
were aliquoted into Eppendorf tubes. Patient and control samples were
stored in a freezer at −70 °C.

2.8. Lipids serum extraction

For each 100 μL of serum sample or 16-C:18 long chain fatty acid
standards (palmitoleic, oleic, linoleic, palmitic and stearic - which make
up about 80 to 90% of total serum fatty acids) was added 10 μL of the
internal standard margaric acid (0.5 mg/mL of isopropanol). Then, the
mixtures were gentle stirred and 500 μL isopropanol/n-heptane/phos-
phoric acid mixture (40:10:1 v/v) was added. After stirring and 10 min
incubation at room temperature, 200 μL n-heptane and 300 μL distilled
water were added. It was vortexed and centrifuged at 500 xg for 5min
at 25 °C. 200 μL of the upper layer was removed, and this volume was
evaporated in 1.3×10 cm tubes with a nitrogen cap screw.

2.9. Derivatization of fatty acids

We modified the Dole and Meinertz 1960 protocol [37] according to
Puttmann et al., 1993 [38]. To the extracted lipids after drying, 6 μL of
the derivatizing catalytic reagent (50mmol/L bromophenacyl bromide
and 5mmol/L 18-crown-6 in acetonitrile), 500 μL acetonitrile and 1mg
KHCO3 were added. Magnetic bars were inserted and passed the ni-
trogen stream before the sealing of the tubes with teflon caps. The tubes
were kept under stirring for 45min at 85 °C. The tubes were weighed
before and after this shaking period at 85 °C to allow for any loss of
volume. In cases of loss by evaporation, the sample was discarded. After
stirring, the magnetic bar was removed and the derivatized mixture
centrifuged at 15,000 x g for 20min at 25 °C. The supernatant was re-
moved and used for application on the high-performance liquid
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chromatography (HPLC) column.

2.10. Plasma NEFA quantification

Plasma concentrations of the predominant NEFA-palmitic, oleic,
linoleic, palmitoleic, and stearic acids were determined by HPLC as
described by Puttman et al. 1993 [38]. Methodological details were
delineated in a prior publication [21].

2.11. Statistical analysis

The results were presented as mean and standard error for quanti-
tative variables with normal distribution. When comparing two groups,
the test applied was the Student t-test. The Chi-square, Wilcoxon test,
Mann Whitney test and linear regression tests were used to compare
qualitative and quantitative variables. Differences were considered
significant when P < .05. The program used for statistical analysis and
graphing was Graph Pad Prism 5.1.

3. Results

3.1. Albumin isoelectric focusing on serum from healthy donors and
critically ill patients and saturated or not with bilirubin

Albumin plays a protective role for lipotoxicity through the ad-
sorption of NEFA in the blood. Depending on the amount of FA bound
to the protein, it acquires a new effective electric charge and also a new
molecular conformation. As bilirubin can compete with NEFA for al-
bumin binding sites [39], it was assessed whether the albumin iso-
electric focusing profile could be altered at high concentrations of bi-
lirubin. In infectious and noninfectious diseases, the concentration of
this pigment may be quite high [21,40]. Healthy donor serum albumin
isoelectric focusing without the addition of bilirubin (Fig. 2A) and
previously saturated with bilirubin (Fig. 2B). Critically ill patient serum

albumin isoelectric focusing without bilirubin (Fig. 2C) and previously
saturated with bilirubin (Fig. 2D). No appreciable changes were de-
tected in healthy donors and patient (Fig. 2).

3.2. Albumin isoelectric focusing on healthy and critically ill patients

When we compared albumin isoelectric focusing of controls to cri-
tically ill patients, the pI changed probably because of high NEFA
concentration. In our results, the pI of albumin ranged from 4.8 to 5.66
(from the most saturated to the less saturated with a fatty acid) similar

Fig. 1. Experimental schematic drawing. The first step is gel polymerization with the first electrophoresis (1 and 2). Next step is sample application and second
electrophoresis (3 and 4). Cut the gel in two pieces, one with two lanes without samples and cut it in pieces and place them in distilled water (5a) and stain the
samples in the second gel piece (5b). After measuring pH (6) compare the stained samples position with pH at the same position (7).

Fig. 2. Albumin isoelectric focusing on health donors and critically ill patients.
Healthy donor serum albumin isoelectric focusing without the addition of bi-
lirubin (A) and previously saturated with bilirubin (B). Critical ill patient serum
albumin isoelectric focusing without bilirubin (C) and previously saturated with
bilirubin (D). The samples were processed according to MM.
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to the data from literature [36]. We measured NEFA serum levels from
critically ill patients and healthy donors. NEFA were lower in healthy
donors compared to critically ill patients (Table 1).

3.3. Correlation of NEFA and albumin isoelectric focusing on controls and
septic patients

Absolute values of NEFA from critically ill patients were very high
compared to the control group (Table 1), so we evaluated the ratio
between NEFA and albumin isoelectric focusing. As NEFA concentra-
tions increase, the pI decreases with a correlation of R=0.65 (Fig. 2a).
Most patients present high levels of NEFA, which correlates to lower pI
albumin isoelectric focusing. Controls present lower levels of NEFA
with higher pH albumin isoelectric focusing, and they are grouped near
the Y-axis in the graph (Fig. 3a).

3.4. Correlations of NEFA and albumin molar ratio and albumin isoelectric
focusing on control and septic patients

Since albumin binds to NEFA in the blood, we measured the cor-
relation between NEFA/albumin and albumin isoelectric focusing.

Septic patients have higher levels of NEFA and lower molar levels of
albumin compared to controls. Our group developed a test called
“protection factor” which is an experimental test based on the Na, K-
ATPase inhibitory property of NEFA to test the capacity of serum al-
bumin to prevent the cytotoxic effects of NEFA in vitro [21]. So, higher
levels of NEFA surpass the ability of albumin to avoid its deleterious
toxic effects. Therefore, high levels of NEFA combined with low levels
of serum albumin indicate a lower protection factor against NEFA toxic
effects. Herein we showed a strong correlation between NEFA/albumin
ratio and albumin isoelectric focusing (Fig. 3b) with high NEFA/al-
bumin ratio correlating to lower pI.

3.5. Determination of pI ranges according to the molar ratio NEFA/albumin

Through the obtained values of pI in the isoelectric focusing we
scale NEFA/albumin molar ratio in four different grades (Fig. 4). Values
of the NEFA/albumin molar ratio between 0 and 1, the average pI found
was 5.57 ± 0.01; between 1 and 2, pH=5.41 ± 0.24; between 2 and
3, pI= 5.35 ± 0.02; between 3 and 4, pI= 5.23 ± 0.02 and above 4,
pI= 5.10 ± 0.03. Using the Mann Whitney test the p values between
the successive ranges of NEFA/albumin were: (p <0.0001, p= 0.02,
p= 0.001, p= 0.01 respectively).

4. Discussion

Literature shows that besides the physiological role, NEFA also have
pathophysiological effects implicated on different diseases. The first
association described was between elevated NEFA and impaired sensi-
tivity to insulin. The pivotal pathology in diabetes and obesity is the
chronic inflammatory syndrome leading to chronically up-regulated
immune responses with poor [41] microbial killing efficiency [42]. The
mechanism involves a complex interplay between genetic and en-
vironmental factors that predispose to insulin resistance and higher
circulating levels of blood glucose and NEFA [43,44]. Increased levels
of NEFA (derived from excessive dietary intake and increased lipolysis
secondary to insulin resistance) stimulate the production of in-
flammatory mediators and reactive oxygen species (ROS) [45–47].
Likewise, NEFA are increased in pathological conditions such as sepsis
[48], thromboembolism [49], leptospirosis [21] and chronic kidney
disease [50]. Thus, NEFA seems to be a central pathological mechanism
to different pathologies, and they interfere with immune system func-
tions, enzyme inhibition and gene transcription [51,52].

Isoelectric focusing relies on the fact that the molecules are sepa-
rated according to their effective electric charge [34]. Albumin iso-
electric focusing in human serum is influenced by NEFA and electro-
phoresis time [36]. Depending on the amount of FA bound to the
protein, it acquires a new effective electric charge and also a new
molecular conformation. Previous work verified that the acidic shift in
the isoelectric point of plasma albumin in preeclamptic women is due to
increased NEFA binding in these subjects, and albumin avoided NEFA
toxic effect on the endothelial cells [53]. Herein we confirmed this shift

Table 1
NEFA and albumin serum levels in controls and critically ill patients.

Media ± Standard deviation

Control total NEFA 485 μmol/L 133 (n=26)
Critical ill patients NEFA ⁎1262 μmol/L 243 (n=58)
Control albumin 860 μmol/L 72 (n= 26)
Critical ill patients albumin ⁎297 μmol/L 50 (n= 58)

⁎ P <0.05.
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Fig. 3. The pI values of albumin isoelectric focusing correlating to NEFA and to
NEFA/albumin ration on septic patients. Each dot represents a person. The
controls focused near to Y-axis, and septic patients are scattered along the X-
axis. The number of patients is 40 and healthy controls 11. Correlation to NEFA
R2= 0.66 and correlation to NEFA/albumin R2= 0.77.

Fig. 4. NEFA/albumin ratio determines the pI values. All samples were ana-
lyzed and distributed according to NEFA/albumin ration versus pI values.
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because albumin bound to few NEFA focused on higher pH, whereas
NEFA-saturated albumin focused on lower pH.

We presented a modification on Basu [36] methodology in which
after running the samples we stained with bromocresol green, prepared
by modification of Doumas [34]. This dye primarily targets albumin,
although some serum alpha-proteins may be interfering.

We could address to potential risks, limitations, and pitfalls, for
instance, lack of reproducibility of the IF of albumin can occur due to
variations of the experimental conditions. Such variations may change
the charge and shape of albumin. Temperature, solvent ionic strength,
drugs or endogenous compounds transported by albumin, besides the
ampholytes used in the technique, are factors that can lead to such
changes, which interferes in the rate of migration and isoelectric point
[54]. The addition of denaturing agents, such as urea, promotes the
decrease of the isoelectric point of albumin. The time and voltage of the
experimental run also interfere with the focused albumin. A long time
to run the IF could promote the release of the fatty acids bound al-
bumin. Higher voltage also influences on band sharpness and band
distribution [36,55]. Besides, bilirubin ligation to albumin confers the
pI to 4.7 [56]. In the pathological situations which albumin saturation
occurs due to the large increase in NEFA, all these disturbing factors
probably will be minimized. If the experimental conditions are pre-
served, the results should remain reliable and reproducible.

Potential limitations include critically ill patients usually receive
sedation drugs such as the alpha-2 agonist dexmedetomidine, propofol,
fentanyl, benzodiazepines, opioids, barbiturics, and antibiotics such as
carbapenems, vancomycin, and cephalosporin [57–62]. Large numbers
of these drugs are carried by albumin and under physiologic condition
may have a charge so interfering with albumin pI. Unfortunately, we
have not measured the influence of those drugs in our experiments,
although in our results we have got similar albumin pI from patients
with different treatment scheme.

Both NEFA and bilirubin bind to albumin and high levels of serum
bilirubin can be found in patients with severe leptospirosis [21] and
septic patients [40]. As bilirubin can compete with NEFA for albumin
binding sites [39], it was assessed whether the albumin isoelectric fo-
cusing profile could be altered at high concentrations of bilirubin. We
showed that bilirubin serum saturation did not alter the albumin mi-
gration pattern in controls and critically ill patient's serum, suggesting
that NEFA affinity for albumin is not modified by high bilirubin levels.

Hence, we can conclude that albumin isoelectric focusing was de-
pendent on NEFA saturation. NEFA quantification from critically ill
patients confirmed that healthy donors serum have lower levels of
NEFA while the patients presented higher levels. Higher albumin sa-
turation directly correlates to lower pH albumin focused. As albumin
isoelectric focusing from controls showed higher pH it denotes a ne-
gative charge lower than the charge in critically ill patient's NEFA-al-
bumin. Therefore, albumin from healthy subjects will remain at higher
pH and reinforces the notion that the lower albumin isoelectric focusing
is related to high molar albumin saturation by NEFA in the critically ill
patient.

We have to consider that a substantial change in NEFA levels can
take part during daytime [63–65], but there is a difference between
healthy individual and critically ill patients. In patients where NEFA is
higher, the albumin levels are lower. Thus, levels of NEFA are im-
portant, but the ration albumin/NEFA is what really matters because
when albumin is low NEFA will be potentially lipotoxic (includes
chronic adipose tissue inflammation, mitochondrial dysfunction, in-
sulin resistance, lipoapoptosis) [66–71]. In our experience NEFA/al-
bumin ration 3 to 4 means that albumin administration is strongly
considered, and at ratio higher than 4 that albumin should be ad-
ministrated.

Many tests are available for NEFA measurement as NEFA kit assay
(from Wako, Zen-Bio, Perkin Elmer, Elab Science, Randox, Abcam,
Pacific Biomarkers). All of them are colorimetric assays used for
quantification of NEFA. Our method quantifies the NEFA saturation of

albumin determined by isoelectric focusing of albumin. It would vary
less than the daytime variation of absolute NEFA values, allowing a
more reliable use as an indicator of NEFA toxicity.

Determination of serum NEFA and especially the serum NEFA/al-
bumin ratio could impact on clinical practice. Alongside other clinical
markers, it might guide physician's decisions on treatment of the criti-
cally ill patients, including venous albumin administration. Our sug-
gested novel test should be used as a preliminary assessment. Future
tests are still needed, for instance albumin serum measurement because
low albumin levels are linked in high mortality risk in hospitalized
patients [72]. Herein we suggest albumin supplementation to reach
physiological levels. We are in agreement with other authors that
support the use of albumin in patients with septic shock in certain
conditions [73,74]. Currently, the techniques employed to quantify
NEFA profile are not available in clinical practice. NEFA quantification
requires whether highly specialized personnel trained in extraction and
performing HPLC analysis or expensive NEFA kit assay, which also
requires proper equipment to read out the results.We propose this assay
to indirectly measure NEFA on critically ill patients promptly available
in healthcare facilities.

5. Conclusions and considerations

In this work, we improved and developed a cheap test to indirectly
estimate levels of serum NEFA. It consists of serum albumin isoelectric
focusing with selective staining. This test also provides information
about the albumin-NEFA saturation so it could be categorized as an
“albumin saturation test”. In general practice, such a test could be used
to evaluate albumin-NEFA saturation, identifying patients at risk for
lipotoxicity. Thus this assay could be an accessible alternative to cur-
rent methodology for serum NEFA evaluation which could be per-
formed by most care facilities and become a useful biomarker for
clinical practice.

Competing interests

The authors declare that they have no competing interests.

Funding statement

The funders had no role in study design, data collection and ana-
lysis, decisions to publish, or preparation of the manuscript. This work
was supported by grants from: Fundação Carlos Chagas Filho de
Amparo à Pesquisa do Estado do Rio de Janeiro (FAPERJ), Conselho
Nacional de Desenvolvimento Científico e Tecnológico (CNPq),
Programa Estratégico de Apoio à Pesquisa em Saúde (PAPES) -
FIOCRUZ, Universidade Federal do Estado do Rio de Janeiro (Unirio),
FIOCRUZ, Universidade Federal Fluminense - UFF and Universidade do
Estado do Rio de Janeiro (UERJ). We acknowledge graduate programs:
Programa de Pós-graduação em Ciências e Biotecnologia (PPBI) from
UFF, Programa de Pós-Graduação em Fisiopatologia Clínica e
Experimental – (FISCLINEX) from Faculdade de Ciências Médicas from
UERJ, Programa de Biologia Molecular e Celular from Unirio and
Programa de Biologia Celular e Molecular from FIOCRUZ. We also ac-
knowledge financial support by the European Community's Seventh
Framework Programme (FP7-2007-2013) under grant agreement
HEALTH-F4-2011-282095 (TARKINAID), and Programa de
Produtividade Científica da Universidade Estácio de Sá.

References

[1] T. Grenier-Larouche, A.M. Carreau, A. Geloen, F. Frisch, L. Biertho, S. Marceau,
S. Lebel, F.S. Hould, D. Richard, A. Tchernof, A.C. Carpentier, Fatty acid metabolic
remodeling during type 2 diabetes remission after bariatric surgery, Diabetes 66
(11) (2017) 2743–2755.

[2] S. Lopez, B. Bermudez, Y.M. Pacheco, J. Villar, R. Abia, F.J. Muriana, Distinctive
postprandial modulation of beta cell function and insulin sensitivity by dietary fats:

C.F. Gonçalves-de-Albuquerque, et al. Clinica Chimica Acta 495 (2019) 422–428

426

http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0005
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0005
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0005
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0005
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0010
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0010


monounsaturated compared with saturated fatty acids, Am. J. Clin. Nutr. 88 (3)
(2008) 638–644.

[3] F. Yao, Z. Li, T. Ehara, L. Yang, D. Wang, L. Feng, Y. Zhang, K. Wang, Y. Shi,
H. Duan, L. Zhang, Fatty Acid-Binding Protein 4 mediates apoptosis via en-
doplasmic reticulum stress in mesangial cells of diabetic nephropathy, Mol. Cell.
Endocrinol. 411 (2015) 232–242.

[4] R.J. de Souza, A. Mente, A. Maroleanu, A.I. Cozma, V. Ha, T. Kishibe, E. Uleryk,
P. Budylowski, H. Schunemann, J. Beyene, S.S. Anand, Intake of saturated and trans
unsaturated fatty acids and risk of all cause mortality, cardiovascular disease, and
type 2 diabetes: systematic review and meta-analysis of observational studies, BMJ
351 (2015) h3978.

[5] A.T. Hostmark, Serum fatty acid/albumin molar ratio and the risk of diseases, Med.
Hypotheses 44 (6) (1995) 539–541.

[6] M. Herman-Edelstein, P. Scherzer, A. Tobar, M. Levi, U. Gafter, Altered renal lipid
metabolism and renal lipid accumulation in human diabetic nephropathy, J. Lipid
Res. 55 (3) (2014) 561–572.

[7] E. Currie, A. Schulze, R. Zechner, T.C. Walther, R.V. Farese Jr., Cellular fatty acid
metabolism and cancer, Cell Metab. 18 (2) (2013) 153–161.

[8] J. Lu, A.J. Stewart, D. Sleep, P.J. Sadler, T.J. Pinheiro, C.A. Blindauer, A molecular
mechanism for modulating plasma Zn speciation by fatty acids, J. Am. Chem. Soc.
134 (3) (2012) 1454–1457.

[9] D. Roy, V. Kumar, J. James, M.S. Shihabudeen, S. Kulshrestha, V. Goel,
K. Thirumurugan, Evidence that chemical chaperone 4-phenylbutyric acid binds to
human serum albumin at fatty acid binding sites, PLoS One 10 (7) (2015)
e0133012.

[10] G.B. Gordon, Saturated free fatty acid toxicity. II. Lipid accumulation, ultra-
structural alterations, and toxicity in mammalian cells in culture, Exp. Mol. Pathol.
27 (2) (1977) 262–276.

[11] Z. Wang, T. Jiang, J. Li, G. Proctor, J.L. McManaman, S. Lucia, S. Chua, M. Levi,
Regulation of renal lipid metabolism, lipid accumulation, and glomerulosclerosis in
FVBdb/db mice with type 2 diabetes, Diabetes 54 (8) (2005) 2328–2335.

[12] L. Liu, X. Zhao, S.V. Pierre, A. Askari, Association of PI3K-Akt signaling pathway
with digitalis-induced hypertrophy of cardiac myocytes, Am. J. Physiol. 293 (5)
(2007) C1489–C1497.

[13] Q. Ye, F. Lai, M. Banerjee, Q. Duan, Z. Li, S. Si, Z. Xie, Expression of mutant alpha1
Na/K-ATPase defective in conformational transition attenuates Src-mediated signal
transduction, J. Biol. Chem. 288 (8) (2013) 5803–5814.

[14] K.M. Weigand, H.G. Swarts, N.U. Fedosova, F.G. Russel, J.B. Koenderink, Na,K-
ATPase activity modulates Src activation: a role for ATP/ADP ratio, Biochim.
Biophys. Acta 1818 (5) (2012) 1269–1273.

[15] N. Houede, P. Pourquier, Targeting the genetic alterations of the PI3K-AKT-mTOR
pathway: its potential use in the treatment of bladder cancers, Pharmacol. Ther. 145
(2015) 1–18.

[16] K.M. Fang, A.S. Lee, M.J. Su, C.L. Lin, C.L. Chien, M.L. Wu, Free fatty acids act as
endogenous ionophores, resulting in Na+ and Ca2+ influx and myocyte apoptosis,
Cardiovasc. Res. 78 (3) (2008) 533–545.

[17] R.H. Unger, L. Orci, Lipoapoptosis: its mechanism and its diseases, Biochim.
Biophys. Acta 1585 (2–3) (2002) 202–212.

[18] P. Rockenfeller, J. Ring, V. Muschett, A. Beranek, S. Buettner, D. Carmona-
Gutierrez, T. Eisenberg, C. Khoury, G. Rechberger, S.D. Kohlwein, G. Kroemer,
F. Madeo, Fatty acids trigger mitochondrion-dependent necrosis, Cell Cycle 9 (14)
(2010) 2836–2842.

[19] C.F. Goncalves-de-Albuquerque, A.R. Silva, P. Burth, I.M. de Moraes, F.M. Oliveira,
M. Younes-Ibrahim, C. dos Santos Mda, H. D'Avila, P.T. Bozza, H.C. Faria Neto,
M.V. Faria, Oleic acid induces lung injury in mice through activation of the ERK
pathway, Mediat. Inflamm. 2012 (2012) 956509.

[20] C.F. Goncalves-de-Albuquerque, P. Burth, A.R. Silva, I.M. de Moraes, F.M. de Jesus
Oliveira, R.E. Santelli, A.S. Freire, P.T. Bozza, M. Younes-Ibrahim, H.C. de Castro-
Faria-Neto, M.V. de Castro-Faria, Oleic acid inhibits lung Na/K-ATPase in mice and
induces injury with lipid body formation in leukocytes and eicosanoid production,
J. Inflamm. 10 (1) (2013) 34.

[21] P. Burth, M. Younes-Ibrahim, M.C. Santos, H.C. Castro-Faria Neto, M.V. de Castro
Faria, Role of nonesterified unsaturated fatty acids in the pathophysiological pro-
cesses of leptospiral infection, J. Infect. Dis. 191 (1) (2005) 51–57.

[22] P. Burth, M. Younes-Ibrahim, F.H. Goncalez, E.R. Costa, M.V. Faria, Purification and
characterization of a Na+, K+ ATPase inhibitor found in an endotoxin of
Leptospira interrogans, Infect. Immun. 65 (4) (1997) 1557–1560.

[23] N. Alsabeeh, B. Chausse, P.A. Kakimoto, A.J. Kowaltowski, O. Shirihai, Cell culture
models of fatty acid overload: problems and solutions, Biochim. Biophys. Acta 1863
(2) (2017) 143–151.

[24] T.M. Stulnig, M. Berger, M. Roden, H. Stingl, D. Raederstorff, W. Waldhausl,
Elevated serum free fatty acid concentrations inhibit T lymphocyte signaling,
FASEB J. 14 (7) (2000) 939–947.

[25] X. Prieur, T. Roszer, M. Ricote, Lipotoxicity in macrophages: evidence from diseases
associated with the metabolic syndrome, Biochim. Biophys. Acta 1801 (3) (2010)
327–337.

[26] Y. Wang, Y. Qian, Q. Fang, P. Zhong, W. Li, L. Wang, W. Fu, Y. Zhang, Z. Xu, X. Li,
G. Liang, Saturated palmitic acid induces myocardial inflammatory injuries through
direct binding to TLR4 accessory protein MD2, Nat. Commun. 8 (2017) 13997.

[27] C.F. Goncalves de Albuquerque, P. Burth, M. Younes Ibrahim, D.G. Garcia,
P.T. Bozza, H.C. Castro Faria Neto, M.V. Castro Faria, Reduced plasma nonesterified
fatty acid levels and the advent of an acute lung injury in mice after intravenous or
enteral oleic acid administration, Mediat. Inflamm. 2012 (2012) 601032.

[28] C.F. Goncalves-de-Albuquerque, I.M. Medeiros-de-Moraes, F.M. Oliveira, P. Burth,
P.T. Bozza, M.V. Castro Faria, A.R. Silva, H.C. Castro-Faria-Neto, Omega-9 oleic
acid induces fatty acid oxidation and decreases organ dysfunction and mortality in

experimental sepsis, PLoS One 11 (4) (2016) e0153607.
[29] D.A. Haake, P.N. Levett, Leptospirosis in humans, Curr. Top. Microbiol. Immunol.

387 (2015) 65–97.
[30] G.J. Quinlan, N.J. Lamb, T.W. Evans, J.M. Gutteridge, Plasma fatty acid changes

and increased lipid peroxidation in patients with adult respiratory distress syn-
drome, Crit. Care Med. 24 (2) (1996) 241–246.

[31] F. Prattichizzo, V. De Nigris, R. Spiga, E. Mancuso, L. La Sala, R. Antonicelli,
R. Testa, A.D. Procopio, F. Olivieri, A. Ceriello, Inflammageing and metaflamma-
tion: the yin and yang of type 2 diabetes, Ageing Res. Rev. 41 (2017) 1–17.

[32] G.S. Hotamisligil, Inflammation, metaflammation and immunometabolic disorders,
Nature 542 (7640) (2017) 177–185.

[33] M. Singer, C.S. Deutschman, C.W. Seymour, M. Shankar-Hari, D. Annane, M. Bauer,
R. Bellomo, G.R. Bernard, J.D. Chiche, C.M. Coopersmith, R.S. Hotchkiss,
M.M. Levy, J.C. Marshall, G.S. Martin, S.M. Opal, G.D. Rubenfeld, T. van der Poll,
J.L. Vincent, D.C. Angus, The third international consensus definitions for sepsis
and septic shock (Sepsis-3), Jama 315 (8) (2016) 801–810.

[34] B.T. Doumas, W.A. Watson, H.G. Biggs, Albumin standards and the measurement of
serum albumin with bromcresol green, Clin. Chim. Acta 31 (1) (1971) 87–96.

[35] O. Vesterberg, L. Hansen, A. Sjosten, Staining of proteins after isoelectric focusing
in gels by new procedures, Biochim. Biophys. Acta 491 (1) (1977) 160–166.

[36] S.P. Basu, S.N. Rao, J.A. Hartsuck, Influence of fatty acid and time of focusing on
the isoelectric focusing of human plasma albumin, Biochim. Biophys. Acta 533 (1)
(1978) 66–73.

[37] V.P. Dole, H. Meinertz, Microdetermination of long-chain fatty acids in plasma and
tissues, J. Biol. Chem. 235 (1960) 2595–2599.

[38] M. Puttmann, H. Krug, E. von Ochsenstein, R. Kattermann, Fast HPLC determina-
tion of serum free fatty acids in the picomole range, Clin. Chem. 39 (5) (1993)
825–832.

[39] P.V. Wooley III, M.J. Hunter, Binding and circular dichoism data on bilirubin-al-
bumin in the presence of oleate and salicylate, Arch. Biochem. Biophys. 140 (1)
(1970) 197–209.

[40] M. Jenniskens, L. Langouche, Y.M. Vanwijngaerden, D. Mesotten, G. Van den
Berghe, Cholestatic liver (dys)function during sepsis and other critical illnesses,
Intensive Care Med. 42 (1) (2016) 16–27.

[41] A.Y. Peleg, T. Weerarathna, J.S. McCarthy, T.M. Davis, Common infections in
diabetes: pathogenesis, management and relationship to glycaemic control,
Diabetes Metab. Res. Rev. 23 (1) (2007) 3–13.

[42] M.E. Falagas, A.P. Athanasoulia, G. Peppas, D.E. Karageorgopoulos, Effect of body
mass index on the outcome of infections: a systematic review, Obes. Rev. 10 (3)
(2009) 280–289.

[43] K. Hodgson, J. Morris, T. Bridson, B. Govan, C. Rush, N. Ketheesan, Immunological
mechanisms contributing to the double burden of diabetes and intracellular bac-
terial infections, Immunology 144 (2) (2015) 171–185.

[44] M. Hu, F. Phan, O. Bourron, P. Ferre, F. Foufelle, Steatosis and NASH in type 2
diabetes, Biochimie 143 (2017) 37–41.

[45] D. Pal, S. Dasgupta, R. Kundu, S. Maitra, G. Das, S. Mukhopadhyay, S. Ray,
S.S. Majumdar, S. Bhattacharya, Fetuin-A acts as an endogenous ligand of TLR4 to
promote lipid-induced insulin resistance, Nat. Med. 18 (8) (2012) 1279–1285.

[46] N.G. de Morais, T.B. da Costa, A.L. Pedrosa, M.C. de Castro, S.C. da Goncalves de
Albuquerque, V.R. Pereira, M. de Paiva Cavalcanti, C.M. de Castro, Effect of neo-
natal malnutrition on expression of nitric oxide synthase enzyme, production of free
radicals and in vitro viability of alveolar macrophages infected with methicillin-
sensitive and methicillin-resistant Staphylococcus aureus, Eur. J. Nutr. 55 (1)
(2016) 403–411.

[47] K.S. Collison, R.S. Parhar, S.S. Saleh, B.F. Meyer, A.A. Kwaasi, M.M. Hammami,
A.M. Schmidt, D.M. Stern, F.A. Al-Mohanna, RAGE-mediated neutrophil dysfunc-
tion is evoked by advanced glycation end products (AGEs), J. Leukoc. Biol. 71 (3)
(2002) 433–444.

[48] A.C. Nogueira, V. Kawabata, P. Biselli, M.H. Lins, C. Valeri, M. Seckler, W. Hoshino,
L.G. Junior, M.M. Bernik, J.B. de Andrade Machado, M.B. Martinez, P.A. Lotufo,
E.G. Caldini, E. Martins, R. Curi, F.G. Soriano, Changes in plasma free fatty acid
levels in septic patients are associated with cardiac damage and reduction in heart
rate variability, Shock 29 (3) (2008) 342–348.

[49] L.A. Dada, H.E. Trejo Bittar, L.C. Welch, O. Vagin, N. Deiss-Yehiely, A.M. Kelly,
M.R. Baker, J. Capri, W. Cohn, J.P. Whitelegge, I. Vadasz, Y. Gruenbaum,
J.I. Sznajder, High CO2 leads to Na,K-ATPase endocytosis via c-Jun amino-terminal
kinase-induced LMO7b phosphorylation, Mol. Cell. Biol. 35 (23) (2015)
3962–3973.

[50] X. Li, X.X. Yan, H.L. Li, R.Q. Li, Endogenous acetylcholine increases alveolar epi-
thelial fluid transport via activation of alveolar epithelial Na,K-ATPase in mice,
Respir. Physiol. Neurobiol. 217 (2015) 25–31.

[51] E. Alvarez-Curto, G. Milligan, Metabolism meets immunity: the role of free fatty
acid receptors in the immune system, Biochem. Pharmacol. 114 (2016) 3–13.

[52] N.H. Moniri, Free-fatty acid receptor-4 (GPR120): cellular and molecular function
and its role in metabolic disorders, Biochem. Pharmacol. 110-111 (2016) 1–15.

[53] J.L. Vigne, J.T. Murai, B.W. Arbogast, W. Jia, S.J. Fisher, R.N. Taylor, Elevated
nonesterified fatty acid concentrations in severe preeclampsia shift the isoelectric
characteristics of plasma albumin, J. Clin. Endocrinol. Metab. 82 (11) (1997)
3786–3792.

[54] K. Wallevik, Isoelectric focusing of bovine serum albumin. Influence of binding of
carrier ampholytes, Biochim. Biophys. Acta 322 (1) (1973) 75–87.

[55] I. Miller, M. Gemeiner, Peculiarities in electrophoretic behavior of different serum
albumins, Electrophoresis 14 (12) (1993) 1312–1317.

[56] V.A. Gaevskaia, G. Azhitskii, Isoelectric fractions of healthy human serum albumin
and their ability to bind bilirubin, Ukrainskii biokhimicheskii zhurnal 50 (6) (1978)
735–738.

C.F. Gonçalves-de-Albuquerque, et al. Clinica Chimica Acta 495 (2019) 422–428

427

http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0010
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0010
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0015
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0015
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0015
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0015
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0020
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0020
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0020
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0020
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0020
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0025
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0025
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0030
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0030
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0030
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0035
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0035
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0040
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0040
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0040
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0045
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0045
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0045
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0045
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0050
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0050
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0050
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0055
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0055
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0055
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0060
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0060
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0060
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0065
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0065
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0065
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0070
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0070
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0070
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0075
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0075
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0075
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0080
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0080
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0080
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0085
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0085
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0090
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0090
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0090
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0090
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0095
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0095
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0095
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0095
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0100
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0100
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0100
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0100
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0100
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0105
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0105
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0105
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0110
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0110
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0110
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0115
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0115
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0115
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0120
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0120
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0120
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0125
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0125
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0125
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0130
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0130
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0130
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0135
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0135
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0135
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0135
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0140
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0140
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0140
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0140
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0145
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0145
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0150
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0150
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0150
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0155
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0155
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0155
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0160
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0160
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0165
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0165
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0165
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0165
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0165
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0170
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0170
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0175
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0175
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0180
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0180
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0180
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0185
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0185
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0190
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0190
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0190
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0195
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0195
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0195
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0200
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0200
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0200
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0205
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0205
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0205
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0210
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0210
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0210
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0215
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0215
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0215
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0220
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0220
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0225
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0225
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0225
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0230
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0230
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0230
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0230
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0230
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0230
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0235
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0235
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0235
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0235
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0240
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0240
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0240
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0240
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0240
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0245
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0245
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0245
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0245
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0245
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0250
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0250
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0250
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0255
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0255
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0260
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0260
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0265
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0265
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0265
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0265
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0270
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0270
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0275
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0275
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0280
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0280
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0280


[57] S. Shityakov, N. Roewer, C. Forster, J.A. Broscheit, In silico investigation of pro-
pofol binding sites in human serum albumin using explicit and implicit solvation
models, Comput. Biol. Chem. 70 (2017) 191–197.

[58] S.R. Bista, A. Haywood, J. Hardy, M. Lobb, A. Tapuni, R. Norris, Protein binding of
fentanyl and its metabolite nor-fentanyl in human plasma, albumin and alpha-1
acid glycoprotein, Xenobiotica 45 (3) (2015) 207–212.

[59] Y.Y. Lou, K.L. Zhou, D.Q. Pan, J.L. Shen, J.H. Shi, Spectroscopic and molecular
docking approaches for investigating conformation and binding characteristics of
clonazepam with bovine serum albumin (BSA), J. Photochem. Photobiol. B 167
(2017) 158–167.

[60] H. Russo, M. Audran, F. Bressolle, J. Bres, H. Maillols, Displacement of thiopental
from human serum albumin by associated drugs, J. Pharm. Sci. 82 (5) (1993)
493–497.

[61] H. Sun, E.G. Maderazo, A.R. Krusell, Serum protein-binding characteristics of
vancomycin, Antimicrob. Agents Chemother. 37 (5) (1993) 1132–1136.

[62] M.K. Siddiqi, P. Alam, S.K. Chaturvedi, S. Nusrat, M.R. Ajmal, A.S. Abdelhameed,
R.H. Khan, Probing the interaction of cephalosporin antibiotic-ceftazidime with
human serum albumin: a biophysical investigation, Int. J. Biol. Macromol. 105 (Pt
1) (2017) 292–299.

[63] A. Widjaja, R.J. Morris, J.C. Levy, K.N. Frayn, S.E. Manley, R.C. Turner, Within- and
between-subject variation in commonly measured anthropometric and biochemical
variables, Clin. Chem. 45 (4) (1999) 561–566.

[64] E. Hagstrom-Toft, J. Bolinder, U. Ungerstedt, P. Arner, A circadian rhythm in lipid
mobilization which is altered in IDDM, Diabetologia 40 (9) (1997) 1070–1078.

[65] J. Lund, J. Arendt, S.M. Hampton, J. English, L.M. Morgan, Postprandial hormone

and metabolic responses amongst shift workers in Antarctica, J. Endocrinol. 171 (3)
(2001) 557–564.

[66] N.M. Borradaile, X. Han, J.D. Harp, S.E. Gale, D.S. Ory, J.E. Schaffer, Disruption of
endoplasmic reticulum structure and integrity in lipotoxic cell death, J. Lipid Res.
47 (12) (2006) 2726–2737.

[67] C.M. Kusminski, S. Shetty, L. Orci, R.H. Unger, P.E. Scherer, Diabetes and apoptosis:
lipotoxicity, Apoptosis 14 (12) (2009) 1484–1495.

[68] D. Estadella, C.M. da Penha Oller do Nascimento, L.M. Oyama, E.B. Ribeiro,
A.R. Damaso, A. de Piano, Lipotoxicity: effects of dietary saturated and transfatty
acids, Mediat. Inflamm. 2013 (2013) 137579.

[69] J.M. Weinberg, Lipotoxicity, Kidney Int. 70 (9) (2006) 1560–1566.
[70] A.B. Engin, What is lipotoxicity? Advances in Experimental Medicine and Biology,

vol. 960, 2017, pp. 197–220.
[71] M.K. Montgomery, W. De Nardo, M.J. Watt, Impact of lipotoxicity on tissue "cross

talk" and metabolic regulation, Physiology 34 (2) (2019) 134–149.
[72] A. Akirov, H. Masri-Iraqi, A. Atamna, I. Shimon, Low albumin levels are associated

with mortality risk in hospitalized patients, Am. J. Med. 130 (12) (2017) (1465 e11-
1465 e19).

[73] S.S. Investigators, S. Finfer, S. McEvoy, R. Bellomo, C. McArthur, J. Myburgh,
R. Norton, Impact of albumin compared to saline on organ function and mortality of
patients with severe sepsis, Intensive Care Med. 37 (1) (2011) 86–96.

[74] J.L. Vincent, J.A. Russell, M. Jacob, G. Martin, B. Guidet, J. Wernerman, R. Ferrer,
S.A. McCluskey, L. Gattinoni, Albumin administration in the acutely ill: what is new
and where next? Crit. Care 18 (4) (2014) 231.

C.F. Gonçalves-de-Albuquerque, et al. Clinica Chimica Acta 495 (2019) 422–428

428

http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0285
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0285
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0285
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0290
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0290
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0290
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0295
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0295
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0295
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0295
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0300
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0300
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0300
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0305
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0305
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0310
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0310
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0310
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0310
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0315
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0315
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0315
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0320
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0320
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0325
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0325
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0325
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0330
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0330
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0330
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0335
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0335
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0340
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0340
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0340
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0345
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0350
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0350
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0355
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0355
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0360
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0360
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0360
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0365
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0365
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0365
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0370
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0370
http://refhub.elsevier.com/S0009-8981(19)31845-5/rf0370

	Serum albumin saturation test based on non-esterified fatty acids imbalance for clinical employment
	Introduction
	Material and methods
	Ethical statement
	Patients and inclusion criteria
	Schematic protocol
	Albumin dosage
	Albumin isoelectric focusing
	Isoelectric focusing methodology
	Serum samples
	Lipids serum extraction
	Derivatization of fatty acids
	Plasma NEFA quantification
	Statistical analysis

	Results
	Albumin isoelectric focusing on serum from healthy donors and critically ill patients and saturated or not with bilirubin
	Albumin isoelectric focusing on healthy and critically ill patients
	Correlation of NEFA and albumin isoelectric focusing on controls and septic patients
	Correlations of NEFA and albumin molar ratio and albumin isoelectric focusing on control and septic patients
	Determination of pI ranges according to the molar ratio NEFA/albumin

	Discussion
	Conclusions and considerations
	Competing interests
	Funding statement
	References




