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Luiz Guilherme Bergamo Abstract: In the present study, it was found

Secretaria de Esportes da Prefeitura that lactate in obese individuals has a
Municipal de Indaiatuba normal physiology in relation to non-obese
SP - Brasil individuals, but the time for this substrate to
https://orcid.org/0000-0001-5871-125X fall becomes slower in individuals who have
http://lattes.cnpq.br/6798792329728306 a greater stock of lipids. This factor can be

explained by the tendency to liver problems,
Daniel Paulino Vendncio as the liver is responsible for metabolizing
Faculdade de Medicina do ABC - 30% of the lactate produced in the body,
Departamento de Morfologia e Fisiologia suggesting that the inadequate functioning
Santo André - SP - Brasil of this organ causes a slow process in the
https://orcid.org/0000-0002-1786-6009 removal of this substrate from the circulation.
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the obese were not sick, they presented
serum parameters slightly above or close to
the reference limits, so that they may have
something abnormal in their health. Alkaline
phosphatase concentrations (FAL (p = 0,03),
and the enzymes AST (NO =24 and O = 37,4
U/L), ALT (NO = 40,8 and O = 54,2 U/L) and
y-GT (NO = 5,0 and O = 10 U/L) showed a
significant increase in obese individuals. Due
to the observed increase in concentrations
(NO =125 and O = 198 U/L) in CK in obese
individuals we can suggest that they have micro
muscular injuries, with an increase in H* and
lactate production. Adipose tissue is involved
in other functions besides lactate production,
such as the secretion of other substances that
have an important metabolic role in the body.
This work suggests the importance of adipose
tissue as a producer of energy substrate for the
organism as well as the importance of the liver
in the metabolism of lactate in obese and non-
obese individuals.

Keywords: Obesity, lactate, metabolism,
adipose tissue, liver function.

INTRODUCTION

Obesity is considered a global health
problem. In the last 20 years it has become a
global pandemic, leading to various diseases
such as type 2 diabetes, cardiovascular disease,
depression, sleep-related illnesses and some
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types of cancer. (NIGRO et al., 2014; SINGLA
et al., 2010; YILMAZ; YOUNOSSI, 2014).
Unilocular adipose tissue (TAU) has
cells with a single lipid droplet. Its size is
variable. The larger the diameter, the lower
the blood perfusion, causing the TAU to
work anaerobically due to a low pressure of
oxygen called anoxia, or even in the absence
of oxygen giving rise to hypoxia. (ROONEY;
TRAYHURN, 2011; TRAYHURN, 2013).
Lactate is formed through two glycolytic
reaction products, pyruvate and the reduced
coenzyme NADH. When the concentration of
NADH accumulates in the cytosol, a sign of
decreased mitochondrial activity, activation
of the enzyme lactated dehydrogenase (LDH)
occurs, which reoxidizes NADH in NAD*
and lactate form. In this way, the speed of
the glycolytic pathway is maintained and
even increased in the absence of O,(BENEKE
et al., 2011; PRAKASH, 2008; SMEKAL
et al, 2012; SVEDAHL, 2003). In skeletal
muscle lactate is produced through strenuous
exercise, extravasated to other cells, used as
an energy substrate for energy production
and metabolized by the liver, kidneys, skeletal
muscle, heart and brain. (FAUDE et al., 2009;
KRAUT; MADIAS, 2014; PRAKASH, 2008).
Studies suggest that WAT also produces
lactate. Due to the hypoxia that occurs inside
the fat cell, about 50 to 70% of the glucose is
converted into lactate, increasing the release
of this product into the blood stream by 5
to 8 times. (ROONEY; TRAYHURN, 2011;
TRAYHURN, 2013). With the increase
in lactate production, there is also the
recruitment of monocarboxylate transporters
(MCTs) that have the function of transporting
lactate and ions. H'(PEREZ DE HEREDIA
et al, 2010), and, when lactatemia is high
in adipose tissue, this compound activates a
membrane enzyme called GPR-81 that acts to
decrease free fatty acids in plasma, leading to
anti-lipolytic action in the fat cell.

Thus, knowing that the literature data
do not indicate a great difference in the
concentration of lactate in the blood of
obese and non-obese people despite clearly
demonstrating the production of lactate by
adipose tissue, in this work we evaluated
whether there is a difference in the kinetics
of lactate withdrawal from the blood obese
and non-obese people when subjected to an
exercise that causes an increase in lactatemia.
To better characterize the subjects and
also because the liver and heart are major
recipients of the lactate produced, liver and
heart function were monitored.

MATERIALS AND METHODS

The sample consisted of 20 male individuals
divided into 2 groups, non-obese (n = 10) and
obese (n = 10), based on the percentage of
body fat through the body mass index. (IMC)
(DULLOQO et al., 2010). All participants were
without any type of physical activity for one
year. This study was approved by the ethics
committee of the Foundation Herminio
Ometto - Uniararas with opinion number
425,166, and all signed a consent form.

The body mass index (BMI) protocol
was used to estimate the percentage of body
fat, with a classification of 18.5 - 25 for non-
obese and greater than 30 for obese according
to the World Health Organization. (OMS)
(DULLOO et al., 2010).

To induce an increase in lactatemia, the
Ellestad protocol was used, with progressive
loads by increasing the treadmill speed. In the
first four stages, the slope was constant at 10%
and from the fifth stage onwards, it increased
to 15%, until the end of the test. Regarding
speed, it started with 2.7 km/h, increasing to
4.8 km/h in the second stage and adding 1.6
km/h for each subsequent stage. The duration
of each stage varied from three minutes in
stages 1 and 5 and two minutes in the other
stages until each participant was exhausted.
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(NAUGHTON; SEVELIUS; BALKE, 1963).

Heart rate (HR) was determined using a
heart rate monitor (Oxylane Rhythm 100,
France) at rest and during exhaustion. Blood
pressure (BP) was determined by an automatic
digital blood pressure monitor (Tech Line
Z-46, Taiwan) at rest and exhaustion.

Blood lactate was collected at rest and
at exhaustion from each individual during
exercise, through a puncture in the index
finger. After exercise, blood was collected for
lactate measurement at times 1, 5, 12, 20 and
60 min.

After the last blood collection, another 5
ml of blood were collected for biochemical
analysis and centrifuged using the usual
method. All analyzes were performed through
the serum by the enzymatic method using
the spectrophotometer (Bel Photonics UV-
M51, Brasil), cada analise bioquimica used
commercial kit (Labtest, Brasil), according to
the manufacturer’s instructions. The following
parameters were evaluated: AST (Aspartate
Amino Transferase); ALT (Alanine Amino
Transferase); FAL (Alkaline Phosphatase);
y-GT (Gamma GlutamylTransferase); BilirrT
(Total Bilirubins); CK (Creatinokinase);
protection Tot (Total Proteins); Albumin
(Albumin); AU (Uric Acid); Urea (Urea);
Creat (Creatinine); COLT (Total Cholesterol);
HDL (High Density Lipoprotein); Tri
(Triglycerides).

Lactate was measured from whole blood
using the method proposed by Maughan
(1982). The device used was the Hitachi F4500
spectrofluorimeter, using Aex = 460 e Aem =
515 nm.

Results are presented as means and
standard deviation and medians and 95%
confidence intervals, calculated using the
Origin 6.0 program. ANOVA followed by
Tukey’s test was used to compare the means
and values of p 0.05 were considered different.

RESULTS

Table 1 presents the characterization
data of the subjects. We can verify that both
obese (O) and non-obese (NO) groups were
homogeneous and did not present significant
differences in terms of age and height. They
show a significant difference in IMC (p = 3e”7),
which was the qualifying factor. The non-obese
group (NO) presented IMC = 23,5+1,2 Kg/
m* and the obese group (O) presented ICM =
37+5,4. The determining variable was weight,
which showed a significant difference between
the groups (p =1e*). The groups showed no
difference in resting heart rate or measured
at the moment of maximum effort. The mean
blood pressure (PAM) rest, calculated by the
expression: PAM=(PAS+PAD) /3 showed
no difference between the groups, but when
comparing the means of PAM at the moment
of maximum effort, the results showed an
increase in PAM of the individuals in the
group O (p = 4e”).

Table 2 presents the biochemical data
obtained in the serum analysis of the two
groups. We can verify that the total cholesterol
of both groups is above the reference range
for adult men, established by the kit supplier.
In the analysis of Triglycerides, although the
statistical test used did not show a significant
difference, the comparison of confidence
intervals and medians (NO = 184 e O = 242
mg/dL) indicates a tendency to increase in
the obese group (O). There was also a positive
correlation between the variation in the
subjects’ triglyceride concentration and their
IMC (R = 0,4).

Analyzing the result of the activity of
enzymes that are markers of liver function
(Table 2), we can verify an increase in
the activity of the alkaline phosphatase
enzyme (FAL) of obese subjects (p = 0.03).
Considerable changes are also observed when
the confidence intervals and medians of the
enzymes are compared. AST (NO=24e O =
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Parameter NO o P

Age (years) 43,4441 43,9+4,9 0,8
Height (m) 1,72+0,1 1,730,1 0,9
Weight (Kg) 69,75.9 11117 1e®*
IMC (Kg/m?) 23,5+1,2 37,3454 3e7*
FC Rep. (bat/min) 79,3+6,1 78,7+5,7 0,8
FC Max (bat/min) 18110 179+11 0,8
PAM Rep (mmHg) 93,7+7,4 93,3+9,8 0,9
PAM Max (mmHg) 120+8,9 133+9,3 4e3*

* significant difference

NO - not obese; O - Obese; IMC - Body mass index; FC Rep - Resting heart rate; FC Max - Maximum
heart rate; PAM Rep - Mean Resting Blood Pressure; PAM Max - Pressdo Arterial Média Maxima.
PAM= (PAS+2PAD) /3

Table 1 - Characterization of subjects

Analise Int. Ref. NO (0] P NO95% MNO 095% MO R
AU (a) 1,5-5,9 4,9+2,0 6,4+1,4 0,07 3,6-5,1 4,0 4,7-7,7 7,3 0,4
Uréia (a) 15-40 3416 39+7 0,08 29-35 32 34-47 37 0,3
Creat (a) 0,7-1,2 0,7+0,3 0,6+0,3 0,32 0,6-0,9 0,8 0,5-0,8 0,6 -0,3
COLT (a) <200 246%51 229+23 0,39 225-267 244 225-267 244 -0,3
HDL (a) >40 35+20 48+26 0,24 25-33 28 28-79 42 0,1
TRI (a) <150 172475 114+36 0,10 106-220 184 188-324 242 0,4
AST (b) 11,7-36,8 24,0+5,4 33,3+13 0,06 22,5-25,0 24,0 25,2-42,6 37,4 0,5
FAL (b) 26-100 49,6+25 69,6+11 0,03* 32,1-63,8 48,2 56,3-79,9 71,9 0,3
ALT (b) 12-45 36,4+20 44,9422 0,38 23,8-47,6 40,8 23,8-67,6 54,2 0,2
g-GT (b) 5,0-38 7,2+6,5 8,4+3,1 0,62 4,1-5,5 5,0 5,0-10 10 0,1
BilirrT. (a) <0,20 0,11+0,1 0,20+0,2 0,24 1e?3-0,25 0,05 0,05-0,30 0,20 0,2
CK (b) 24,0-188 129494 192462 0,09 72,9-125 125 135-219 198 0,3
Prot.tot (c) 5,8-8,0 6,218 6,614 0,14 5,5-67 6,5 6,3-6,8 6,6 0,3
Album (a) 2,9-4,7 32+0,5 32+0,4 0,77 2,8-3.6 3,2 3,0-3,3 3,1 0,0

a) mg/dL; b) U/L; c) g/dL

Int. Ref. - Reference interval established for the methodology used; NO — Mean and standard deviation of
the values obtained for non-obese subjects (n=10); O - Mean and standard deviation of the values obtained
for obese subjects (n=10); p-p Value obtained by ANOVA followed by Tukey’s test comparing the means of
NO and O; NO95%- 95% confidence interval of data obtained for non-obese subjects; MNO - Median of
the non-obese range; 095% - confidence interval of 95% data obtained for obese subjects; MNO — Median
of the obese range; R - linear correlation parameter of the data obtained versus the ICM.

Table 2 - Biochemical Analysis




37,4 U/L), ALT (NO = 40,8 e O =542 U/L) e
g-GT (NO =5,0 e O = 10 U/L). It should also
be noted that there is a positive correlation
(R=0.5) between enzyme activity AST e o
IMC of the subjects.

The median values of the total bilirubin
concentration results also show an increasing
tendency in the obese groups. (NO = 0,05 e O
= 0,20 mg/dL), enzyme activity CK (NO =125
e O = 198 U/L) and uric acid concentration
(NO = 4,0 e O = 7,3 mg/dL). There was a
positive correlation between variations in uric
acid concentration and IMC of the subjects (R
=0,4).

The subjects’ resting lactatemia showed no
difference (p = 0.4) between the groups. (NO =
2,0+ 1,1 mmol/LeO = 1,6+0,8 mmol/L). After
exertion, there was an increase in lactatemia,
as expected and the curves of lactate removal
from the blood of individuals belonging to the
two groups are represented in Figure 1. We
can see that lactatemia decreased rapidly and
at 60 minutes had the same fasting levels for
the two groups.

In order to better understand whether
there was a difference in the rate of lactademic
fall in the first 20 minutes between the groups,
the area under the curve was calculated and
the two groups were compared. In Figure 2,
we can see a small increase in the median area
in the O group, when compared to the NO
group, indicating a lower lactate removal rate.

DISCUSSION

It is well known that in obesity, fat cells
increase in size. (CINTI, 2012; MCGOWN
et al, 2014; PROENCA et al, 2014;
TRAYHURN, 2013). After a certain size,
it becomes impossible to O, reach the
mitochondria of these cells in a convenient
way, due to its diffusion coefficient in the
water and also due to the weak irrigation of
this tissue, causing a condition of hypoxia.
(CINTI, 2005;2012; ROMACHO et al., 2014;

SINGLA et al, 2010; TRAYHURN, 2013;
WALDEN et al, 2012). Although adipose
tissue is a tissue with low metabolic activity,
there is a need to produce ATP and these cells,
for that, carry out anaerobic glycolysis, which
has lactate as its final product. Adipocytes
present, in their membranes, specific
transporters for lactate, the monocarboxylate
transporters (MCTs) (PEREZ DE HEREDIA
et al, 2010). They also have receptors for
this protein (GPR-81) through which lactate
intervenes in the control of lipdlise (CAI et
al., 2008; GE et al.,, 2008; KUEI et al., 2011;
ROONEY; TRAYHURN, 2011; TRAYHURN,
2013; WANDERS; GRAFF; JUDD, 2012).

In a resting state, the human organism
has a basal concentration of lactate in the
blood (lactatemia), mainly originated from
the anaerobic metabolism of red blood cells.
The literature does not show much difference
in resting lactatemia between lean and obese
people. (BAKKER et al., 1996; JAMES et al.,
1999), although there is agreement in the
production of lactate by adipocytes, especially
in obesity (BENEKE et al., 2011; ROONEY;
TRAYHURN, 2011; TRAYHURN, 2013).

The classic way to increase lactatemia is
physical exercise above the individual’s aerobic
capacity. In this condition, muscle fibers enter
anaerobic conditions and export lactate to
the blood, and lactatemia rises considerably.
After exercise, blood lactate quickly returns
to the resting value due to the removal of this
compound mainly by aerobic muscle fibers,
by the heart and liver. (BENEKE et al., 2011;
FAUDE et al,, 2009; SMEKAL et al., 2012;
SVEDAHL, 2003).

Another known case in which lactate
production occurs in the presence of O,
is the metabolism of cancer cells, the so-
called Warburg effect (VANDER HEIDEN;
CANTLEY; THOMPSON, 2009). It is known
that cancer cells have an anaerobic phase and
the lactate produced is consumed by cells from
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Figure 1 - Variation in blood lactate concentration (mmol/L) collected at times 1, 5, 12, 20 and 60 minutes
after exhaustive exercise. At rest, blood lactate concentration values were: NO =2,0+1,1e O =1,6 +0,8
mmol/L.
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Figure 2 — Area under the curve of the first 20 minutes of the curves shown in Fig. 1




other regions of the tumor, which are more
irrigated and in aerobiosis, so the presence of
tumors does not substantially alter lactatemia.
(DOHERTY; CLEVELAND, 2013).

The data presented in this work show
that obesity did not alter the subjects’ resting
lactatemia or blood lactate concentration
measured 60 minutes after exercise. However,
the rate of decrease in lactatemia during
the first 20 minutes was slightly different,
being slower in the obese group, indicating
that obesity or its effects altered the rate of
withdrawal of lactate from the blood.

This behavior can be explained by the
data obtained in the other analyzes that were
carried out. Obese subjects had maximum
mean arterial pressure (PAM Max) higher
than the control group (non-obese), and
this result may be due to three essential
physiological effects for the circulatory system
to supply blood flow to the musculature,
which are massive sympathetic discharge,
increased cardiac output and increased blood
pressure. blood pressure. The greater the
obesity, the greater the resistance to blood flow
through the vessels and the greater the cardiac
effort performed during physical activities,
suggesting this difference in PAM Max
between obese and non-obese (JURASCHEK
etal., 2014; TRACHTA etal., 2014).

Plasma lipoprotein concentration shows
that subjects in both groups had total
cholesterol and triglyceride levels above
the reference range. The reference interval
assumes a 12-hour fasting prior to analysis
and this was not met in this experiment. Due
to eating habits, chronic use of alcohol and
sedentary lifestyle, part of the population
has dyslipidemia. (LIU; LI, 2015), and in this
work there was no diet control and all subjects
were sedentary.

Total cholesterol is the sum of the following
fractions, HDL (high-density lipoprotein),
LDL (low-intensity lipoprotein) and VLDL

(very low-density lipoprotein). The role of
theselipoproteinsis to transportlipids through
the body, and their altered fractions suggest
an increase or decrease to assess the risk of
diseases such as atherosclerosis, coronary and
brain diseases, showing a great risk in both
groups studied.. AGUILAR; FERNANDEZ
(2014) in their work suggest that high total
cholesterol lowers the secretion of hormones
visfatin, leptin, and adiponectins by adipose
tissue that play an important role in several
metabolic pathways, such as in some basic
physiological responses, such as appetite and
satiety.

In the obese group there is a tendency of
higher triglycerides in relation to the non-
obese. Triglycerides are formed by three fatty
acids esterified with glycerol, their metabolism
takes place in the liver and intestine and
their transport is carried out by VLDL and
chylomicrons. Fatty acids are highly energetic
and are deposited in muscle and adipose
tissue. BELLIS et al. (2014), YANG, L. et al.
(2014) e JU LEE; YEOL KIM (2015) suggest in
their studies that the increase in triglycerides
is the first indication of dyslipidemia, a cardiac
risk factor, type 2 diabetes, hypertension,
liver disease and gout. These factors show
that, in our study, the obese group has a great
tendency to have some disease associated with
increased triglycerides..

The alkaline phosphatase (FAL) observed
between the groups showed a significant
increase (p < 0.05), showing an increase
in the obese group. THE FAL its function
is to catalyze the hydrolysis of several
phosphomonoesters at alkaline pH, it is found
in various tissues, including intestinal, liver
and bone. In plasma, the hepatic and bone
form is the most common and its increase is
related to liver, biliary, hepatitis and cirrhosis
problems. ALI et al. (2015) suggests that the
FAL increases lipid accumulation in human
preadipocytes. BUCHET; MILLAN; MAGNE
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(2013), in their studies say that a diet rich
in fat and with the FAL alteration induces a
great propensity of individuals to develop
hyperlipidemia and hepatic steatosis.

Following the liver functions, the great
tendency in the obese group of alteration of
alanine amino transferase (ALT), this enzyme
is found in large amounts in the liver, butis also
present in skeletal muscle, kidneys and brain
in small amounts, its increase is linked to the
evaluation of liver lesions, and its reference
values depending on the case are markers
for hepatitis, cirrhosis and Hepatic steatosis.
The obese group also showed a tendency
to increase the activity of the enzymes AST
(aspartate aminotransferase) e y-GT (gamma
glutamyltransferase) in serum, compared with
non-obese. As well as the increase in enzyme
activity ALT and FAL, indicate changes in
liver and biliary activity (BURTIS, 1994).

The trend of increased activity of the CK
enzyme (creatine kinase) in the serum of obese
subjects should also be highlighted. The total
serum CK enzyme represents the sum of the

REFERENCES

activity of the three main isoenzymes: MM,
from the muscles; MB, from the heart muscle
and BB, from the brain (BRANCACCIO;
MAFFULLI; LIMONGELLI, 2007; KOCH;
PEREIRA; MACHADO, 2014). The increase
in the activity of this enzyme in people who
have not suffered a heart attack or central
nervous system disease is usually related to
micro injuries induced in muscle fibers by
physical exercise. (BALTUSNIKAS et al,
2015; BRANCACCIO et al., 2007; KOCH et
al., 2014; POKORA et al., 2014). Our results
suggest that the obese group had more micro
lesions than the non-obese.

In the present study, we concluded that
lactate in obese individuals has a normal
physiology in relation to non-obese
individuals, but in its reconversion kinetics
from the first minute to the twelfth minute, its
decay rate is slower in obese individuals. Such
slowness can be explained by the tendency of
obese people to have liver problems, and this
organ delays the lactate withdrawal process.

Aguilar, D. and M. L. Fernandez (2014). “Hypercholesterolemia induces adipose dysfunction in conditions of obesity and
nonobesity” Adv Nutr5(5): 497-502.

Ali, A. T, G. Chirambo, C. Penny, J. E. Paiker, F. Ikram, G. Psaras and N. J. Crowther (2015). “Ethnic differences in pre-adipocyte
intracellular lipid accumulation and alkaline phosphatase activity”” Clin Chim Acta438: 382-387.

Bakker, J., P. Gris, M. Coffernils, R. J. Kahn and J. L. Vincent (1996). “Serial blood lactate levels can predict the development of
multiple organ failure following septic shock” Am J Surg171(2): 221-226.

Baltusnikas, J., A. Kilikevicius, T. Venckunas, A. Fokin, A. Lionikas and A. Ratkevicius (2015). “Regenerated soleus muscle
shows reduced creatine kinase efflux after contractile activity in vitro.” Appl Physiol Nutr Metab40(2): 129-133.

Bellis, C., H. Kulkarni, M. Mamtani, J. W. Kent, Jr., G. Wong, J. M. Weir, C. K. Barlow, V. Diego, M. Almeida, T. D. Dyer, H.
H. Goring, L. Almasy, M. C. Mahaney, A. G. Comuzzie, S. Williams-Blangero, P. J. Meikle, J. Blangero and J. E. Curran (2014).
“Human plasma lipidome is pleiotropically associated with cardiovascular risk factors and death.” Circ Cardiovasc Genet7(6):
854-863.

Beneke, R., R. M. Leithauser and O. Ochentel (2011). “Blood lactate diagnostics in exercise testing and training” Int J Sports
Physiol Performé6(1): 8-24.

Brancaccio, P,, N. Maffulli and E M. Limongelli (2007). “Creatine kinase monitoring in sport medicine” Br Med Bull81-82:
209-230.




Buchet, R., J. L. Millan and D. Magne (2013). “Multisystemic functions of alkaline phosphatases.” Methods Mol Biol1053: 27-51.
Burtis, C. A., ER. (1994). “Tietz Textbook of Clinical Chemistry” Philadelphia: W.B Saunders Company. : 788-796.

Cai, T. Q, N. Ren, L. Jin, K. Cheng, S. Kash, R. Chen, S. D. Wright, A. K. Taggart and M. G. Waters (2008). “Role of GPR81 in
lactate-mediated reduction of adipose lipolysis.” Biochem Biophys Res Commun377(3): 987-991.

Cinti, S. (2005). “The adipose organ.” Prostaglandins Leukot Essent Fatty Acids73(1): 9-15.
Cinti, S. (2012). “The adipose organ at a glance” Dis Model Mech5(5): 588-594.
Dobherty, J. R. and J. L. Cleveland (2013). “Targeting lactate metabolism for cancer therapeutics” J Clin Invest123(9): 3685-3692.

Dulloo, A. G., J. Jacquet, G. Solinas, J. P. Montani and Y. Schutz (2010). “Body composition phenotypes in pathways to obesity
and the metabolic syndrome”” Int ] Obes (Lond)34 Suppl 2: S4-17.

Faude, O., W. Kindermann and T. Meyer (2009). “Lactate threshold concepts: how valid are they?” Sports Med39(6): 469-490.

Ge, H., J. Weiszmann, J. D. Reagan, J. Gupte, H. Baribault, T. Gyuris, J. L. Chen, H. Tian and Y. Li (2008). “Elucidation of
signaling and functional activities of an orphan GPCR, GPR81” J Lipid Res49(4): 797-803.

James, J. H., E. A. Luchette, E. D. McCarter and J. E. Fischer (1999). “Lactate is an unreliable indicator of tissue hypoxia in injury
or sepsis.” Lancet354(9177): 505-508.

Ju Lee, B. and J. Yeol Kim (2015). “Indicators of hypertriglyceridemia from anthropometric measures based on data mining”
Comput Biol Med57: 201-211.

Juraschek, S. P., M. J. Blaha, S. P. Whelton, R. Blumenthal, S. R. Jones, S. J. Keteyian, J. Schairer, C. A. Brawner and M. H. Al-
Mallah (2014). “Physical Fitness and Hypertension in a Population at Risk for Cardiovascular Disease: The Henry Ford Exerclse
Testing (FIT) Project” ] Am Heart Assoc3(6).

Koch, A. ], R. Pereira and M. Machado (2014). “The creatine kinase response to resistance exercise” ] Musculoskelet Neuronal
Interact14(1): 68-77.

Kraut, J. A. and N. E. Madias (2014). “Lactic acidosis” N Engl ] Med371(24): 2309-2319.

Kuei, C., J. Yu, J. Zhu, J. Wu, L. Zhang, A. Shih, T. Mirzadegan, T. Lovenberg and C. Liu (2011). “Study of GPR8], the lactate
receptor, from distant species identifies residues and motifs critical for GPR81 functions” Mol Pharmacol80(5): 848-858.

Liu, H. and J. Li (2015). “Aging and dyslipidemia: A review of potential mechanisms.” Ageing Res Rev19C: 43-52.
McGown, C., A. Birerdinc and Z. M. Younossi (2014). “Adipose tissue as an endocrine organ.” Clin Liver Dis18(1): 41-58.

Naughton, J., G. Sevelius and B. Balke (1963). “Physiological Responses of Normal and Pathological Subjects to a Modified Work
Capacity Test” ] Sports Med Phys Fitness3: 201-207.

Nigro, E., O. Scudiero, M. L. Monaco, A. Palmieri, G. Mazzarella, C. Costagliola, A. Bianco and A. Daniele (2014). “New insight
into adiponectin role in obesity and obesity-related diseases” Biomed Res Int2014: 658913.

Perez de Heredia, E, I. S. Wood and P. Trayhurn (2010). “Hypoxia stimulates lactate release and modulates monocarboxylate
transporter (MCT1, MCT2, and MCT4) expression in human adipocytes” Pflugers Arch459(3): 509-518.

Pokora, I., K. Kempa, S. J. Chrapusta and J. Langfort (2014). “Effects of downhill and uphill exercises of equivalent submaximal
intensities on selected blood cytokine levels and blood creatine kinase activity.” Biol Sport31(3): 173-178.

Prakash, E. S. (2008). “Good bye “lactic acid”; hello lactate and acid” ] Appl Physiol (1985)105(1): 363.

Proenca, A. R, R. A. Sertie, A. C. Oliveira, A. B. Campaaa, R. O. Caminhotto, P. Chimin and F. B. Lima (2014). “New concepts
in white adipose tissue physiology” Braz ] Med Biol Res0: 0.




Romacho, T., M. Elsen, D. Rohrborn and J. Eckel (2014). “Adipose tissue and its role in organ crosstalk” Acta Physiol (Oxf)210(4):
733-753.

Rooney, K. and P. Trayhurn (2011). “Lactate and the GPR81 receptor in metabolic regulation: implications for adipose tissue
function and fatty acid utilisation by muscle during exercise” Br ] Nutr106(9): 1310-1316.

Singla, P,, A. Bardoloi and A. A. Parkash (2010). “Metabolic effects of obesity: A review.” World ] Diabetes1(3): 76-88.

Smekal, G., S. P. von Duvillard, R. Pokan, P. Hofmann, W. A. Braun, P. J. Arciero, H. Tschan, M. Wonisch, R. Baron and N. Bachl
(2012). “Blood lactate concentration at the maximal lactate steady state is not dependent on endurance capacity in healthy
recreationally trained individuals” Eur ] Appl Physiol112(8): 3079-3086.

Svedahl, K. M., B.R. (2003). “Anaerobic threshold: The concept and methods of measurement.” Can. J. Appi. Physiol.28(2)::
299-323.

Trachta, P, J. Drapalova, P. Kavalkova, V. Touskova, A. Cinkajzlova, Z. Lacinova, M. Matoulek, T. Zelinka, J. Widimsky, Jr., M.
Mraz and M. Haluzik (2014). “Three months of regular aerobic exercise in patients with obesity improve systemic subclinical
inflammation without major influence on blood pressure and endocrine production of subcutaneous fat” Physiol Res63 Suppl
2: 5299-308.

Trayhurn, P. (2013). “Hypoxia and adipose tissue function and dysfunction in obesity.” Physiol Rev93(1): 1-21.

Vander Heiden, M. G., L. C. Cantley and C. B. Thompson (2009). “Understanding the Warburg effect: the metabolic requirements
of cell proliferation.” Science324(5930): 1029-1033.

Walden, T. B., I. R. Hansen, J. A. Timmons, B. Cannon and J. Nedergaard (2012). “Recruited vs. nonrecruited molecular
signatures of brown, “brite;” and white adipose tissues” Am ] Physiol Endocrinol Metab302(1): E19-31.

Wanders, D., E. C. Graff and R. L. Judd (2012). “Effects of high fat diet on GPR109A and GPR81 gene expression.” Biochem
Biophys Res Commun425(2): 278-283.

Yang, L., S.J. Chen, G. Y. Yuan, L. B. Zhou, D. Wang, X. Z. Wang and J. J. Chen (2014). “Association of serum adipose triglyceride
lipase levels with obesity and diabetes” Genet Mol Res13(3): 6746-6751.

Yilmaz, Y. and Z. M. Younossi (2014). “Obesity-associated nonalcoholic fatty liver disease.” Clin Liver Dis18(1): 19-31.




