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Background. An elevated level of plasma uric acid has been widely recognized as a 
risk factor for non-alcoholic fatty liver disease (NAFLD), where oxidative stress and 

inflammation play an important role in the pathophysiology of the disease. Although the 
complete molecular mechanisms involved remain unknown, while under physiological 
conditions uric acid presents antioxidant properties, hyperuricemia has been linked to 

oxidative stress, chronic low-grade inflammation, and insulin resistance, basic signs of 
NAFLD. 

Aim of study. Employing in vivo experimentation, we aim to investigate whether a 
high-fat diet rich in cholesterol (HFD), modifies the metabolism of purines in close 
relationship to molecular events associated with the development of NAFLD. In vitro 

experiments employing HepG2 cells are also carried out to study the phenomenon of 
oxidative stress. 

Methods. Adult male rabbits were fed for 8 weeks an HFD to induce NAFLD. At the 
beginning of the experiment and every 15 d until the completion of the study, plasma 
levels of lipids, lipoproteins, and uric acid were measured. Liver tissue was isolated, and 

histology performed followed by the biochemical determination of hypoxanthine, protein 

expression of xanthine oxidoreductase (XOR) by western blot analysis, and xanthine 
oxidase (XO) activity using an enzymatic kinetic assay. Furthermore, we employed 

i n vitro experimentation studying HepG2 cells to measure the effect of hypoxanthine 
and H 2 O 2 upon the production of radical oxygen species (ROS), XO activity, and cell 
viability. 

Results and Conclusion. Hepatic tissue from rabbits fed the HFD diet showed signs 
of NAFLD associated with an increased ROS concentration and an altered purine 
metabolism characterized by the increase in hypoxanthine, together with an apparent 
equilibrium displacement of XOR towards the xanthine dehydrogenase (XDH) isoform 

of the enzyme. This protein shift visualized by a western blot analysis, associated 

with an increase in plasma uric acid and hepatocyte hypoxanthine could be understood 

as a compensatory series of events secondary to the establishment of oxidative stress 
associated with the chronic establishment of fatty liver disease. © 2021 The Authors. 
Published by Elsevier Inc. on behalf of Instituto Mexicano del Seguro Social (IMSS). 
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Introduction 

According to the World Health Organization, cardiovascu-
lar disease (CVD) is the leading worldwide cause of death
in the general population ( 1 ). This pathology has been
extensively associated with multiple factors such as non-
alcoholic fatty liver disease (NAFLD), including hepatic
steatosis and non-alcoholic steatohepatitis (NASH), known
to contribute to the development of cirrhosis and type 2
diabetes ( 2 , 3 ). Several epidemiological studies have shown
a positive relationship between the level of uric acid in
plasma and the incidence of NAFLD in CVD ( 4–8 ), where
uric acid has been proposed as a predictor of morbidity and
mortality ( 9–12 ). Although the relationship between hype-
ruricemia and NASH may not be a direct one, there is the
possibility that both might be associated because of the
establishment of metabolic syndrome ( 13–14 ). 

In the human, the catabolism of purines generates uric
acid as an oxidative product of hypoxanthine and xan-
thine due to the enzyme xanthine oxidoreductase (XOR),
mainly expressed in the liver, intestine, and vascular en-
dothelial cells ( 15 ). In physiological conditions, this en-
zyme presents two interconvertible forms by a disulfide
bond formation. The first one corresponds to xanthine de-
hydrogenase (XDH), the most common isoform found in
cells, that uses NAD 

+ as an electron acceptor to produce
NADH. While xanthine oxidase (XO) transfers electrons
directly to molecular oxygen with the concomitant gen-
eration of reactive oxygen species (ROS) and particularly
H 2 O 2 , and therefore, considered an essential source of re-
active peroxides, superoxide, hydroxyl radical, singlet oxy-
gen, and α-oxygen ( 16 , 17 ). While to date oxidative stress
is a key factor in the development of NASH and CVD ( 18 ),
in the hepatocyte, the molecular mechanisms that correlate
the metabolism of purines with a state of oxidative stress
following a lipid overload, are still a matter of intensive
study. Although uric acid is a risk factor for fatty liver dis-
ease and CVD ( 14 , 19 ), the molecular mechanisms involved
in the way hepatocytes respond to uric acid also remain
to be studied, together with the question if oxidative stress
potentiates the effects of hyperuricemia. 

Our data indicate that liver cells from experimental an-
imals fed a high cholesterol/triglyceride diet show an in-
crease in hypoxanthine that promotes an equilibrium dis-
placement of XOR activity towards the XDH form of
the enzyme. This phenomenon is most probably asso-
ciated with the process of activation/inactivation of di-
verse enzymes involved in the proteolysis of XDH, un-
der an increased hypoxanthine concentration. Considering
that it has been shown that under acute cellular oxida-
tive conditions the proteolytic induction of XO is favored,
the compensatory mechanisms activated during established
chronic metabolic conditions are still a matter of contro-
versy. Therefore, we believe the study of this enzyme in
the hepatocyte under conditions of oxidative stress and hy-
poxanthine accumulation associated with fatty liver disease
acquires special relevance in the understanding of how
NAFLD and NASH are established as important partici-
pants of CVD. 

Methods 

Experimental Animal Procedures 

All animal procedures were performed following the Guide
for the Care and Use of Laboratory Animals (NIH), and
approved by the Animal Ethics Committee, Instituto de Fi-
siología Celular, Universidad Nacional Autónoma de Méx-
ico (protocol JMO90-16). Male New Zealand white rabbits
( n = 6) weighing between 2.2–2.9 kg was divided into two
groups. 

Animals were housed at 20 °C on a 12:12 h light/dark
cycle, fed ad libitum , and allowed free access to water.
Rabbits from the control group (CT) ( n = 3) were fed a
standard diet (Laboratory Rabbit Diet, Brentwood, MO,
USA). The second group was fed a high-fat diet (HFD)
( n = 3) composed of the standard diet supplemented with
10% corn oil and 1% cholesterol (Sigma-Aldrich, St. Louis
MO, USA). At the beginning of the experiment and every 2
weeks, blood was collected from the marginal ear vein af-
ter 14 h of overnight fasting. At the end of the study on an
anesthetized animal, blood was obtained by cardiac punc-
ture. Serum and plasma-EDTA samples were used for bio-
chemical and enzymatic measurements using standardized
methods, and carried out at Departamento de Patología,
Facultad de Veterinaria y Zootecnia, Universidad Nacional
Autónoma de México. Employing the same experimental
animal model and a similar dietary regime that we use in
the present study; pathological signs of well-defined fatty
liver disease have been identified by us in both the rabbit
and the pig ( 20–23 ). 

Histological Analysis 

At the time of euthanasia, liver samples from the right
lobe were collected and a portion of these samples fixed
in 10% formaldehyde. Samples were embedded in paraf-
fin and stained with classical hematoxylin-eosin (H&E) to
study cell morphology and Masson’s trichrome stain that
highlights the deposition of collagen fibers characteristic
of fibrosis. The remaining tissue was frozen in liquid ni-
trogen and stored at –80 °C until further analysis. Liver
sections were evaluated considering histopathological char-
acteristics for NAFLD: steatosis, inflammation, ballooning,
and the presence of fibrosis ( 24 ). Preparations were ana-
lyzed using conventional light microscopy and multiphoton
microscopy. Briefly, multiphoton microscopy images from
all liver samples were acquired using water immersion
objectives: C-Apochromat 10x and W Plan-Apochromat
20x, with a 40x optical zoom. Second-harmonic generation
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analysis was performed using a galvanometer-based scan-
ning system LSM 710Zeiss and a Ti: sapphire laser
(coherent) employing a wavelength of 900 nm wave-
length (12% of laser power) and a BP 420–480 nm filter
(Zeiss). 

Hypoxanthine and Xanthine Oxidase Activity 
Measurements 

Hypoxanthine levels and XO activity in hepatic tissue were
measured with the Amplex Red Xanthine/Xanthine Oxi-
dase Assay kit (Thermo Fisher Scientific, Waltham, MA,
USA). This kit provides a sensitive method for detect-
ing xanthine/hypoxanthine, or for monitoring xanthine oxi-
dase activity in the supernatant of homogenized liver tissue
samples. Hepatic tissue is homogenized employing saline
cold buffer and clarified by centrifugation. A further di-
lution of the supernatant with the reaction buffer is em-
ployed to determine the endpoint fluorescent signal. In the
assay, xanthine oxidase catalyzes the oxidation of xan-
thine/hypoxanthine, to uric acid and superoxide (H 2 O 2 ),
and the H 2 O 2 in the presence of horseradish peroxidase
reacts stoichiometrically with the Amplex Red reagent to
generate the red-fluorescent oxidation product, resorufin.
This compound presents absorption and fluorescence emis-
sion maxima of approximately 571 nm and 585, respec-
tively. On the other hand, intracellular hypoxanthine con-
centrations and XO activity of HepG2 cells were measured
with kits from Ray Biotech (Norcross, GA, USA), and
Abcam (Cambridge, MA, USA), respectively. The Ray-
Bio xanthine/hypoxanthine assay employs a xanthine en-
zyme mix that specifically oxidizes xanthine/hypoxanthine
to form an intermediate, which reacts with Developer and
Probe to form a product that can be measured fluoro-
metrically with absorption and fluorescence maxima at
525/587 nm. The Abcam xanthine oxidase activity assay
also employs the oxidation of xanthine/hypoxanthine to
H 2 O 2 which reacts stoichiometrically with a probe to gen-
erate fluorescence showing an absorption and fluorescence
maxima at 535/587 nm. With both kits, standard curves
are prepared according to the manufacturer’s instructions
and employed in the determination of values from exper-
imental samples. Independently of the kit employed, after
different treatments had taken place, culture medium was
removed from Petri dishes, and cell monolayers washed
three times with PBS at room temperature. Immediately
after, cells are detached by using trypsin incubating for 5
min at 37 °C, followed by trypsin inactivation using FBS
supplemented DMEM, cells are washed once more, cen-
trifuged, and supernatants discarded. For the determination
of hypoxanthine concentration and XO activity, the num-
ber of cells employed are first standardized, to be further
lyzed, clarified by centrifugation, and supernatants used for
both measurements. 
Xdh Gene Expression by qPCR 

Total liver RNA was isolated with Trizol reagent
(Thermo Fisher Scientific); 1 μg was used to syn-
thesize cDNA using the iScript cDNA synthesis
kit (Bio-Rad). The expression of xanthine dehydro-
genase ( XDH: 5’-CCATCTACGCTTCCAAGGCT-
3’ and 5’-CAGTGACACACAGGGTGGTGA-
3’) and glyceraldehyde dehydrogenase ( GAPDH :
5’-TCGGAGTGAACGGATTTGGC-3’ and 5’-
CCAGCATCACCCCACTTGAT-3’) transcripts were
determined by qPCR using the PowerUp Sybr Green
Master Mix 2X (Applied Biosystems, CA, USA) on an
ABI PRISM 7000 Sequence Detection cycler. All samples
were analyzed in triplicates and the results are relative
levels of mRNA calculated as 2 

–��Ct . 

XOR Protein Expression by Western Blot Analysis 

Liver samples were homogenized in cold RIPA buffer
(Thermo Fisher Scientific) supplemented with protease in-
hibitors (Roche). Protein concentration was determined us-
ing the DC Protein Assay (Bio-Rad, CA, USA), and 100
μg of liver lysates were separated in 8 or 10% polyacry-
lamide gels (SDS-PAGE) and transferred to PVDF mem-
branes (MilliporeMerck, Burlington, MA, USA). Blots
were incubated with specific antibodies from Santa Cruz
Biotechnology (Santa Cruz, CA, USA) recognizing XOR
(XDH/XO) (sc-398548) and GAPDH (sc-47724). 

Cell Culture 

HepG2 cells (ATCC HB-8065) were grown following
ATCC instructions, employing Dulbecco’s Modified Ea-
gle Medium (DMEM) (Thermo Fisher Scientific) supple-
mented with 10% fetal bovine serum, 10 μg/mL strepto-
mycin, 0.25 μg/mL amphotericin, and 100 U/mL penicillin
at 37 °C and 5% CO 2 . Usually after 72 h of incubation with
cells reaching 80–90% confluency, cells are rinsed with
PBS and exposed to 80 mmol H 2 O 2 diluted in DMEM.
After 1h exposure, cells were trypsinized and reseeded in a
proportion of 4.6 ×10 

4 cells/cm 

2 in DMEM supplemented
medium, with the addition of hypoxanthine from a 1M
stock solution solubilized in NaOH. Final concentrations
ranged from 25–150 mmol hypoxanthine and 156 mmol
NaOH, for all conditions including negative controls. Un-
der these conditions, no significant changes on medium pH
were observed. When indicated, allopurinol 10 mmol ( 25 ),
methionine 25 or 50 mmol ( 26 ), or Trolox at 25 or 50
μM ( 27 ), were added to DMEM, and cells incubated in
this medium for 12 h before the oxidative stimulus with
H 2 O 2 ( 28 ), and exposure to hypoxanthine takes place. 
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Cell Viability 

The integrity of the plasma membrane was used as a
marker of cell viability, measuring lactic dehydrogenase
activity released to the medium. In lysates, results were
expressed as a percentage of lactic dehydrogenase activ-
ity released to the medium ( 29 ). Collected samples were
incubated for 5 min in a Tris/NaCl buffer (pH 7.2) with
NADH 0.3 mmol, on 96 well plates for UV spectrophoto-
metric readings to follow NADH consumption. The reac-
tion was initiated by adding sodium pyruvate (10 mmol,
final concentration) and performed at 30 °C. Immediately
after starting the reaction, absorbance at 340 nm was mea-
sured and changes registered every 30 s for 5 min. 

Intracellular Reactive Oxygen Species 

Cells grown in 96 well plates, at the different study con-
ditions, supplemented and washed with PBS at 37 °C were
further incubated for 45 min in DMEM and 10 mmol
dichlorofluorescein diacetate. Cell suspensions were ob-
tained and transferred to a 96 well dark plate to measure
fluorescence at 485/528 nm (excitation/emission). Results
were expressed as the percentage of ROS with respect to
confluent cells in the absence of the stimulus. 

Statistical Analysis 

Data are expressed as mean ± SEM. Statistical signifi-
cance was determined by a two-tailed Student’s t -test or
U Mann Whitney, depending on variables’ distribution; p
< 0.05 was considered statistically significant ( ∗p < 0.05).
Analysis of the data was performed with the SPSS v20
program (Chicago, USA). 

Results 

Hepatic Tissue Examination 

At the end of the 60 d of the experiment, animals were sac-
rificed, and liver samples prepared from both experimen-
tal groups (control and HFD). To ensure that tissue dam-
age associated with NAFLD had been established, sam-
ples were examined by conventional light microscopy and
second-harmonic generation microscopy. Figure 1 shows
representative images of samples belonging to each one of
the two experimental groups studied, displaying the cen-
tral vein surrounded by layers of hepatocytes. In contrast
to rabbits fed the standard diet showing a normal tissue
structure and a normal collagen distribution ( Figure 1 A, C),
rabbits fed an HFD show microvesicular steatosis, cellu-
lar ballooning, and inflammation, as characteristic signs of
NASH ( Figure 1 B). Moreover, using Masson’s trichrome
stain, it was possible to visualize the presence of exten-
sive collagen fiber deposition, denoting the presence of
fibrosis and progressive hepatic disease ( Figure 1 D). The
use of second-harmonic generation microscopy, useful in
the evaluation of tissue areas with increased deposition of
protein shows an extensive network of collagen fibril/fiber
structures, supporting the fibrotic feature of livers in the
HFD experimental group ( Figure 1 E, F). 

Plasma Metabolite Profiles 

To address whether the metabolism of lipid and purines
are simultaneously altered during the process of NASH
consolidation, the following plasma parameters were mea-
sured at the start of the experiment and every two weeks
before sacrifice; total cholesterol, triglycerides, C-LDL, C-
HDL, and uric acid. As expected, values for lipids such as
total cholesterol, triglycerides and C-LDL were increased
by the HFD ( Figure 2 A-C), while the C-HDL levels were
to remain close to values observed with control animals
( Figure 2 D). Interestingly, immediately after the start of the
HFD, plasma levels for uric acid dramatically increased in
correlation to the plasma levels of cholesterol ( Figure 2 E).

Hypoxanthine and XOR in NASH 

In contrast to the control group, the plasma concentration
of hypoxanthine in the HFD group showed a significant
elevation ( Figure 3 A). Surprisingly, XO activity that did
not show changes between groups fed or not with the HFD
( Figure 3 B), also, did not present differences in transcript
expression of Xdh ( Figure 3 C). 

Nevertheless, a western blot analysis using an anti-
XOR antibody that recognizes both isoforms of the enzyme
(XDH and XO), shows that liver lysates from control an-
imals present two bands very close to each other at the
expected molecular weight region for XOR, a result that
most probably corresponds to the presence of the two en-
zyme isoforms. An upper band containing the molecular
form XDH, and a lower molecular weight band reported
to be exclusively associated with XO, and normally related
to changes in the oxido/reduction equilibrium of cysteines
535 and 992. Although under normal conditions this equi-
librium is maintained, it is found that under an adverse
cell metabolic condition due to an HFD, a potential ox-
idative environment promotes an equilibrium shift towards
the XDH form of the enzyme ( Figure 3 D). 

Hypoxanthine Effect on Hepatocytes 

To further explore if the increase in cell hypoxanthine es-
tablished in the HFD group is associated to an oxidative
environment, we performed a series of in vitro experiments
employing 72 h hypoxanthine treated HepG2 cells. Under
these conditions, we found the concomitant increase in in-
tracellular hypoxanthine associated to an increment in XO
activity ( Figure 4 A). When the concentration of hypoxan-
thine is increased up to 125 mmol, treated cells show a
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Figure 1. The high-fat diet induces NAFLD in rabbits. Representative images showing the central vein surrounded by hepatocytes of a representative 
rabbit from each experimental group. (A,C,E) Images from hepatic tissue from the control group fed a normal diet. (B,D,F) Hepatic tissue from animals 
fed the HFD. (A,B) Hematoxylin-eosin stain (light microscopy). (C,D) Masson’s trichrome stain (light microscopy). (E,F) Multiphotonic microscopy with 
second-harmonic generation images. 

 

 

 

 

 

 

 

 

 

 

 

marked ROS production, with no apparent affectation in
cell viability up to 100 mmol ( Figure 4 B). Since during
these experiments designed to have acute exposure and re-
sponse to hypoxanthine, a rise in XO activity has been
established, and the potential generation of H 2 O 2 might be
occurring, HepG2 cells were also treated with increasing
concentrations of H 2 O 2 . Under these conditions, a further
increase in the intracellular concentration of ROS was ob-
served, associated with a negligible impact on cell viability,
again up to 100 mmol ( Figure 4 C). 

To further explore if hypoxanthine by itself con-
tributes to the state of oxidative stress, HepG2 cells
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Figure 2. Biochemical parameters in plasma. Plasma samples from rabbits fed a standard diet (CT, n = 3) or a high-fat diet that include cholesterol 
(HFD, n = 3) were analyzed for: (A) Total cholesterol; (B) Triglycerides. (C) C-LDL; (D) C-HDL. (E) Uric acid. ( ∗p < 0.05; ∗∗p < 0.01). 
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Figure 3. Analysis of purine metabolites and XO activity in liver lysates. (A) Hypoxanthine ( n = 5); (B) XO activity ( n = 5). (C) XDH transcripts ( n = 5) 
( ∗p < 0.05). (D) Western blot analysis of XDH/XO. Samples from the three experimental animals fed a standard diet (CT), or a high-fat diet (HFD). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

were incubated with the XO inhibitor allopurinol ( 25 ) be-
fore treatment with 50 mmol hypoxanthine. Under these
experimental conditions, oxidative stress was reduced by
allopurinol, showing ROS values similar to levels found in
control cell cultures ( Figure 4 D). 

Furthermore, the addition of Trolox (25 mmol) a water-
soluble antioxidant molecule analog of vitamin E ( 27 ), and
methionine known to have an antioxidant effect through in-
duction of the antioxidant protein heme oxygenase-1 ( 26 ),
prevented the induction of oxidative stress derived from
cell exposure to hypoxanthine ( Figure 4 E). 

Discussion 

Nowadays it has been well established that a high-fat
diet that includes cholesterol induces hyperlipidemia as-
sociated with metabolic complications such as NASH,
hyperglycemia, insulin resistance, dyslipidemia, and even
metabolic syndrome ( 30 ). Our study shows that such a
diet leads to a significant elevation of plasma triglycerides
and cholesterol, simultaneously increasing the concentra-
tion of uric acid, suggesting that hyperlipidemia alters the
metabolism of purines together with the development of
liver steatosis and fibrosis as described in NASH ( 31 ). 

Hyperuricemia as a common condition in patients with
fatty liver disease and other metabolic complications , is
currently considered as a biomarker of metabolic dys-
function ( 32 ), consistent with the observation that the
metabolism of purines is modified by an increased lipid
content of cells in association with steatohepatitis ( 33 ).
The present study employing a NAFLD model developed
in the rabbit identifies a high plasma uric acid concentra-
tion and an increased level of hypoxanthine in the liver,
associated to the development of a state of oxidative stress
that seems to affect the equilibrium between XDH and
XO, as the two catalytic forms of XOR ( Figure 5 ). Since
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Figure 4. Hypoxanthine effect upon oxidative stress employing HepG2 cells. Cells were grown for 72 h in the presence of hypoxanthine and the 
following parameters measured. (A) XO activity and corresponding cell viability ( n = 5). (B) Intracellular ROS concentration and cell viability ( n = 5). 
(C) Intracellular ROS concentration and viability of cells exposed to H 2 O 2 ( n = 5). (D) Intracellular ROS concentration in HepG2 cells incubated with 
10 mmol allopurinol and 50 mmol hypoxanthine ( n = 5). (E) Intracellular ROS concentration of cells incubated with Trolox and methionine (25 mmol 
and 50 mmol) ( n = 5). In all experiments, samples were compared against negative controls employing the Student’s t -test ( a p < 0.05), except in (E) 
compared with positive control as well. Significance was defined as ∗p < 0.05 vs. negative control and ∗∗p < 0.01 vs. positive control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

endothelial cells have shown such an activity transition for
XOR induced by H 2 O 2 and calcium ( 18 ), we shall have to
further investigate if in the hepatocyte, associated to oxida-
tive stress, the intracellular concentration of calcium might
also present such a modulatory role. This could be partic-
ularly important, since it is well known that calcium regu-
lates the activity of a series of proteolytic enzymes ( 34–36 )
that might affect not only the catabolism of lipids, but also
the catabolism of nucleotides. 

Since rabbits soon after the start of the hyperlipidemic
diet show signs of development of an oxidative stress
state, the study of new metabolic pathways thought out as
compensatory mechanisms to counteract the presence of
a highly oxidative environment, become important to be
investigated ( 37 ). Studies performed with patients show-
ing a well-established process of fatty liver disease and
atherosclerosis, present an increase in plasma uric acid,
considered to be an antioxidant molecule ( 38 ). It has been
also established, that the catabolism of purines is accel-
erated before zygote genomic activation, when the acti-
vation of transcription by the embryonic genome and the
destruction of much of the pre-existing maternal mRNA
takes place ( 39 ). At this time, secondary to the generation
of ROS, the enzyme hypoxanthine/guanine phosphoribo-
syltransferase (HGPRT), well known to be implicated in
salvaging purines, apparently becomes inhibited allowing
the cell concentration of hypoxanthine to increase ( 40 ). 

Supported by these findings, under our experimental
conditions, we believe the increase in plasma uric acid, and
cellular hypoxanthine, in association to the equilibrium dis-
placement between XDH and XO might be working in par-
allel as part of a series of compensatory mechanisms trig-
gered in response to a highly oxidative environment found
in the hepatocyte because of lipid overload ( Figure 5 ).
Moreover, it is interesting to mention that experimentation
employing HepG2 cells in culture has shown that uric acid
induces the accumulation of lipids ( 41 ). This accumulation
of lipids dependent upon the intracellular concentration of
hypoxanthine and uric acid, and the presence of oxida-
tive stress associated with the establishment of fatty liver
disease, seem to contribute to set the stage for the develop-
ment of fibrosis and eventually to cirrhosis ( 15 , 42 ). On the
other hand, while the excretion of uric acid from the hep-
atocyte is carried out through a concentration-dependent
mechanism by urate transporters (UAT), mainly OAT3
( 43 ), an increased intracellular concentration of uric acid
activates the enzyme nicotinamide adenine dinucleotide
phosphate oxidase (NOX) in cell membranes, producing
endoplasmic reticulum stress and further ROS production
( 44 ). 
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Figure 5. Schematic diagram of the hepatocyte main molecular changes 
involved in the equilibrium displacement between the molecular forms 
of XOR under a well-established lipid overload. (A) Normal hepatocyte. 
(B) Diseased hepatocyte showing oxidative stress and NASH features. 
Arrows in red show the increase in hypoxanthine, the final pathway 
molecule uric acid, and the presence of an important oxidative envi- 
ronment. Under our experimental conditions, although lipid overload and 
oxidative stress apparently did not affect XDH transcripts, and the equi- 
librium changes observed between XDH and XO might be exclusively 
explained by post-translational modifications, the possibility to have gene 
expression changes must be further explored. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In contrast to the in vivo results employing liver tis-
sue, in vitro experimentation employing HepG2 cells cul-
tured under a state of acute oxidative stress, show an in-
creased XO activity. These results support the possibility
that cells during a short exposure to an oxidative envi-
ronment, maintain a high XO activity contributing to set
the well-stablished state of oxidative stress. In support of
this possibility, cell cultures exposed to a high concentra-
tion of lipids or fructose have been shown to importantly
increase the intracellular concentration of ROS ( 45 ). More-
over, studies using HepG2 cells clearly show H 2 O 2 as a
source of oxidative stress ( 46 ). These results support the
fact that in our study, H 2 O 2 treated cells contribute to the
state of oxidative stress above basal values given by the
formation of intracellular ROS. 

For some time, it has been known that during specific
metabolic states associated with elevated oxidative stress,
the metabolism of lipids can be modulated through changes
in protein expression in such a way that the balance for key
proteins can be affected contributing to the development
of fatty liver disease and atherosclerosis ( 47 , 48 ). Since as
shown by our group, the generation of oxidative stress has
been also linked with gene processing as well as protein
expression ( 49 , 50 ), the present study supports the possibil-
ity that regulation of nucleotide catabolism in the hepato-
cyte, might also contribute to modulate the deleterious ef-
fects of lipid accumulation in fatty liver disease. Therefore,
it will be of special interest employing conditions similar
to the ones used in the present study, to directly assay not
only XDH and XO activities, but also HGPRT, and seek
the specific molecular mechanisms behind the regulation of
these enzymes in the hepatocyte during a state of oxidative
stress, in an attempt to better understand the development
of fatty liver disease associated with CVD. 
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