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Ethylenediaminetetraacetic acid induces
antioxidant and anti-inflammatory activities
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Background: Experimental liver fibrosis induced by carbon tetrachloride (CCl4) is associated with oxidative
stress, lipid peroxidation, and inflammation. This work was focused on elucidating the anti-inflammatory
and antioxidant effects of ethylenediaminetetraacetic acid (EDTA) in this model of hepatotoxicity
Methods: Wistar male rats were treated with CCl4 and EDTA (60, 120, or 240 mg/kg). Morphometric analyses
were carried out in Masson’s stained liver sections to determine fibrosis index. Coagulation tests prothrombin
time (PT) and partial thromboplastin time (PTT) were also determined. Gene expression for transforming
growth factor beta (TGF-beta1), alpha1(I) procollagen gene (alpha1 Col I), tumor necrosis factor alpha
(TNF-alpha), interleukin-6 (IL-6), and superoxide dismutase (SOD) was monitored by real-time PCR.
Antioxidant effect of EDTA was measured by its effects on lipid peroxidation; biological activity of
ceruloplasmin (Cp), SOD, and catalase (Cat) were analyzed by zymography assays.
Results: Animals with CCl4-hepatic injury that received EDTA showed a decrement in fibrosis (20%) and lipid
peroxidation (22%). The mRNA expression for TNF-alpha (55%), TGF-beta1 (50%), IL-6 (52%), and alpha1
Col I (60%) was also decreased. This group of animals showed increased Cp (62%) and SOD (25%)
biological activities. Coagulation blood tests, Cat activity, and gene expression for SOD were not modified
by EDTA treatment.
Conclusion: This study demonstrates that EDTA treatment induces the activity of antioxidant enzymes,
decreases lipid peroxidation, hepatic inflammation, and fibrosis in experimental liver fibrosis induced by
CCl4.

Introduction
Hepatic cirrhosis is considered a dynamic and highly
integrated cellular response to chronic liver injury.
Liver function can be detrimentally altered by acute
or chronic exposure to toxins (i.e. pro-oxidants)
which initiate lipid peroxidation that stimulate
hepatic stellate cells (HSCs), major producers of extra-
cellular matrix (ECM) in liver injury.1 A correlation
between the presence of reactive oxygen intermediates
(ROI) adducts and collagen gene expression by HSCs
has been well established.2,3 Activation of HSCs is
produced by the generation of free radicals and is
blocked by several antioxidants.4 Several cellular

antioxidant systems have been described among
them are those which are enzymes of the glutathione
family, ceruloplasmin (Cp), superoxide dismutase
(SOD), and catalase (Cat).5 The glutathione system
eliminates H2O2 in a reaction catalyzed by GSH per-
oxidase (2GSH+H2O2→GSSG+ 2H2O). SOD
removes O2

− by catalyzing the dismutation reaction:
2O2

−+ 2H+→H2O2+O2, and plays an important
role in the pathogenesis of toxin-induced hepatitis.6

Cat protects the cells by direct decomposition of
H2O2 into H2O and O2. Cp is a plasma glycoprotein
that is synthesized by the liver and secreted into the
blood. Cp is thought to play an essential role in iron
metabolism, but it also has antioxidant properties.6–10

The ferroxidase activity of Cp allows it to inhibit lipid
peroxidation and hydroxyl radicals (HO*)
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production.11 Absence or dysfunction of these defense
systems renders the cell vulnerable to oxidative
damage.12,13

Ethylenediaminetetraacetic acid (EDTA) chelation
therapy in combination with vitamins and minerals
is proposed to have antioxidant properties and con-
sidered a complementary treatment for cardiovascular
diseases and diabetes. In previous studies, several
authors demonstrated that multiple sessions of intrave-
nous EDTA chelation therapy with or without vitamin
C decrease the oxidative DNA damage in total human
blood and lipid peroxidation in human plasma.14,15

Based on the association of oxidative stress and liver
fibrosis, we explored the antioxidant effect of EDTA
and its impact in gene expression and the activity of
antioxidant enzymes, as well as its effect on the
regression of exacerbated ECM accumulation and
mRNA expression of pro-inflammatory cytokines in
CCl4-induced liver fibrosis.

Methods
Animals
Male Wistar rats were rendered cirrhotic by chronic
administration of CCl4 during 8 weeks, in an animal
model that closely resembles human hepatic cirrhosis
induced by alcohol abuse or chronic infection with
hepatitis C virus. Briefly, animals weighing 80 g
received three intraperitoneal (i.p.) doses per week of
CCl4 and mineral oil mix (200 μl) in a ratio of 1:6
for the first week, 1:5 for the second week, 1:4 for
the third week, and 1:3 for the fourth through 8
weeks as was reported previously16 (Fig. 1A).
Normal rats were pair-fed and injected with vehicle
only. All animal studies were performed in accordance
with University of Guadalajara’s animal guidelines
and technical specifications for the production, care,
and use of laboratory animals NOM-062-ZOO-
1999.17 Five male rats were used for each group.

EDTA administration
First, a dose–response curve was carried out to find
out the therapeutic and lethal dose of EDTA. Liver
fibrosis was established in rats using CCl4 during
8 weeks. Then, EDTA at 60, 120, and 240 mg/kg
(Fig. 1B) was administered via i.p.18 three times per
week during 3 weeks. During this period, CCl4 admin-
istration continued. EDTA and CCl4 were adminis-
tered on alternate days. The therapeutic dose was
evaluated by determining reversion of liver fibrosis
and mortality at the end of the experiment. EDTA at
60 mg/kg was found to be non-toxic in fibrotic rats
and improved liver histology as observed in sections
stained with Masson trichromic stain. For the next
experiments, the therapeutic EDTA dosage (60 mg/
kg) was selected for treatment groups. Two protocols
were performed: (1) preventive, where EDTA and
CCl4 were administered during 11 weeks, three times
per week on alternate days (preventive EDTA
group); and (2) therapeutic, where EDTA and CCl4
were administered for 3 weeks, three times per week
on alternate days, after liver fibrosis was established
through 8 weeks of treatment with intraperitoneal
CCl4 (therapeutic EDTA group Fig. 1A). Evaluated
parameters in serum of all groups were: coagulation
tests, lipid peroxidation, and Cp activity. SOD and
Cat activities as well as mRNA expression of trans-
forming growth factor beta (TGF-beta1), alpha1(I)
procollagen gene (alpha1 Col I), tumor necrosis
factor alpha (TNF-alpha), Interleukin-6 (IL-6), and
SOD were analyzed in liver extracts.

Histopathological analysis
Hepatic sections were randomly taken from the right,
median, and left lobes of rat livers in each experimen-
tal group and immediately fixed by immersion in 4%
paraformaldehyde diluted in phosphate saline buffer,

Figure 1 (A) Experimental design. Male Wistar rats were
rendered cirrhotic by chronic intraperitoneal administration
of CCl4. Animals weighing 80 g received three doses i.p. per
week of CCl4 and mineral oil in a ratio of 1:6 for the first week,
1:5 for the second week, 1:4 for the third week, and 1:3 for the
fourth to the 8th week. Fibrotic animals were treated with
three different concentrations of EDTA to determine the
lethal dose from 9th–11th week (dose/response curve).
Additionally, two treatment protocols were performed:
(1) preventive; where EDTA and CCl4 were administered for
11 weeks; and (2) therapeutic; where EDTA and CCl4 were
administered for 3 weeks after liver fibrosis was established
(detailed information is provided in the methods section).
(B) The therapeutic dose of EDTA was determined by
administering 60, 120, and 240 mg EDTA/kg in deionized
water. Lethal doses (120 and 240 mg/kg) and therapeutic
dose (60 mg/kg) were determined.

González-Cuevas et al. EDTA induces antioxidant and anti-inflammatory activities in experimental liver fibrosis

Redox Report 2011 VOL. 16 NO. 2 63



dehydrated in graded ethyl alcohol, and embedded in
paraffin. Sections (5 mm thick) were stained with
Masson’s trichrome stain technique. Then, 20
random fields from each liver section were analyzed
with light-microscopy (×20) using a computer-assisted
morphometric analyzer (Image Proplus, Bethesda,
MD, USA). The percentage of liver tissue affected
by fibrosis was determined calculating the ratio of con-
nective tissue to the whole area of the liver.

Coagulation tests
Bloodwas collected via heart puncture in animals from
each group under ether anesthesia as scheduled in test
tubes containing 0.129 M buffered sodium citrate sol-
ution (VACUTAINER Systems, Becton Dickinson,
Franklin Lakes, NJ, USA). The samples were centri-
fuged at 1500× g for 10 minutes to obtain plasma.
Prothrombin time (PT) and thromboplastin partial
time (PTT) were measured using a coagulometer ST4
(Diagnostica Stago, Asnieres Sur Seine, France).

Lipid peroxidation assay
Lipid peroxidation was determined according to the
modified method of Callaway.19 Hundred milligrams
of hepatic tissue from each experimental group were
homogenized in 1 ml of buffer solution (150 mM
KCl, 5 mM Tris, pH 7.4); 100 μl of supernatants
were added to 10 nM ferrous sulfate and were incu-
bated at 37°C for 10 minutes. Following that, 100 ml
of 20 mM sodium dodecyl sulfate (SDS) and 750 ml
of 20% (w/v) trichloroacetic acid were added and
centrifuged at 10 000× g for 15 minutes at 4°C. The
protein-free supernatant (500 μl) was removed from
each tube and 0.5 ml aliquots of 0.8% (w/v) thiobarbi-
turic acid were added, and incubated for 30 minutes at
95°C. After cooling (5 minutes), thiobarbituric acid
reactive substance (TBARS) complexes were read at
532 nm. The TBARS concentration was calculated
from a standard curve using a molar extinction coeffi-
cient of malondialdehyde (MDA). The final result is
presented as nmol of MDA/mg of protein.

Zymography for biological activity of Cp, SOD,
and Cat
Liver tissue (400 mg) was minced in 700 μl of protein
extraction buffer, containing 96 mM Tris-HCl, pH
6.8, and 13.6 v/v glycerol. The homogenate was cen-
trifuged at 12 000× g for 5 minutes at 4°C in a micro-
tube to remove particulate matter and the supernatant
was transferred to a clean tube and stored at −70°C.
The protein concentration of each extract was
measured according to Bradford.20

Cp activity was detected using 500 μg of total protein
from serum, which then was loaded onto a 9.54%
sodium dodecyl sulpfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) gel. After electrophoresis, SDS
was removed from the gel by incubation in 2.5% (v/v)

Triton X-100 at 4°C with gentle shaking. The gel was
washed with distilled water to remove detergent and
incubated at 37°C for 12 hours in a developing buffer
containing 100 ml of 40 mM acetate buffer, pH 5.5,
and 100 mg of O-dianisidine. Activity was detected as
stained brown bands on a clear background.21

SOD activity was analyzed using 500 μg of total
protein applied to a 13.5% SDS-PAGE gel and used
as a developing buffer, a mixture containing 10 mM
potassium phosphate buffer, pH 7.5; 0.1 mM ribofla-
vin, and 2 mM O-dianisidine. Incubation took place
in the dark for 30 minutes at room temperature with
agitation. Following incubation, the gels were rinsed
with deionized water and exposed to daylight for
5–10 minutes at 25°C.22,23 Stained brown bands are
representative areas detecting antioxidant activity.
Activities in the gel slabs were quantified (relative
units area). Cat activity was determined using 150 μg
of total protein which were electrophoresed on 9.5%
SDS-PAGE and developed using buffer containing a
mixture of 15 ml 60 mM Na-thiosulfate, 35 ml 3%
H2O2 (Sol. A), and 50 ml 90 mM potassium iodide
and 250 ml of glacial acetic acid (Sol. B). Sol. A was
quickly mixed before pouring it onto the gel; this
was then incubated for 30 seconds. After that, Sol. A
was drained, and Sol. B added. Following incubation,
the gels were rinsed and placed in deionized water.
This is a negative staining assay; hence, Cat activity
results in achromatic spots on a dark background.21

Activity in the gel slabs was quantified (all tests of
zymography were measured and represented in relative
units area using an image analyzer system Kodak 1D
3.5 image analyzer).

Gene expression of antioxidant enzymes and
pro-inflammatory cytokines
RNAwas isolated from liver homogenates of different
rat groups with Trizol reagent (Invitrogen, Carlsbad,
CA, USA). Two micrograms of total RNAwere incu-
bated with 1 U of ribonuclease-free deoxyribonuclease
I at 37°C for 30 minutes, and the reaction was termi-
nated by the addition of 50 mmol/L EDTA and
heating at 75°C for 10 minutes. Samples were incu-
bated with 0.5 mg of oligo (dT) primer at 70°C for
10 minutes and subjected to 100 U of Moloney
murine leukemia virus reverse transcriptase (RT) for
50 minutes at 37°C. After incubation, samples were
stored at −70°C. Two microliters of cDNAwere sub-
jected to real-time PCR using a Rotor Gene
Thermocycler RG-3000-instrument (Corbett
Research, Sydney, Australia) under the following con-
ditions: 1 cycle of 50°C (2 minutes), 1 cycle of 95°C (10
minutes), and 40 cycles of 95°C (30 seconds) and 60°C
(40 seconds). The total reaction was made in 10 μl con-
taining 2 μl of cDNA, 1× of Universal PCR Master
Mix (Applied Biosystems, Carlsbad, NJ, USA) and
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1× of final concentration of primers and TaqMan
probes. Specific probes designed to align with TNF-
alpha, IL-6 TGF-beta1, and alpha1 Col I rat
mRNAs were acquired from Applied Biosystems,
NJ, USA. Gene amplification was normalized
against 18S rRNA expression. Relative quantification
by the 2−ΔΔCT method was carried out comparing to
the control group as internal calibrator.24,25

Statistical analysis
Normally distributed data were analyzed using one-
way analysis of variance (ANOVA). Then, Dunnett’s
post hoc test was used for determination of statistical
significance. Significance was defined as a P value
<0.05. Results are shown as the mean± standard
deviation of the mean. For real-time PCR exper-
iments, results are shown as the 2−ΔΔCT value± SD,
but this standard deviation was calculated as: s=
√s (18S)

2 + s(Target gene)
2 , according to the Applied

Biosystems user bulletin.

Results
Standardization of dose/response curve for
EDTA
Fibrotic animals were treated with three different con-
centrations of EDTA in order to determine the lethal
dose following international guidelines for C-7 risk
assessment of toxicity.26 At the same time, all surviv-
ing animals were evaluated for liver fibrosis staging
by using a computer-assisted image analyzer. To this
purpose, animals reaching 8 weeks of CCl4 treatment
were administered 60, 120, and 240 mg/kg EDTA
from the 9th to the 11th week along with three
weekly injections of CCl4 on alternate days. As indi-
cated in Fig. 1B, animals undergoing the 120 and
240 mg/kg EDTA dosing showed a significant
degree of mortality. On the other hand, all rats given
60 mg/kg survived and had a substantial fibrosis
regression (20%) as compared with fibrotic controls
(Figs 2A, B). This therapeutic dose correlated with
previous evidence reported in clinical protocols.27

These results highlight the relevance of EDTA in indu-
cing regression of liver fibrosis.

Coagulation tests
Fig. 3A shows PTT and PT for normal rats and for the
different groups of fibrotic animals treated or not with
EDTA. It is clear that there were no significant differ-
ences between fibrotic and EDTA-treated animals.

Lipid peroxidation
In Fig. 3B, an 18% decrease in lipid peroxidation was
observed in fibrotic animals treated with EDTA
(60 mg/kg) in the preventive EDTA group and a sig-
nificant diminution of 22% in the therapeutic EDTA
group with respect to fibrotic controls.

Determination of biological activity for Cp, SOD,
and Cat
As described in previous studies, Cp is an acute phase
protein present in high amounts in liver acute injury,
which diminishes as CCl4 damage advances
(Fig. 3C).28 In this experimental assay, Cp did not
show an important variation at the second week of
CCl4 plus EDTA (60 mg/kg) treatment with respect
to fibrotic and normal controls (Fig. 3D).
Nevertheless, Cp functional activity was increased by
30% in the presence of EDTA treatment at the 6th
week in comparison with the fibrotic group
(Fig. 3E). In the same way, Cp activity was increased
by 20% in preventive EDTA group in the 11th week
(Fig. 3F). The therapeutic effect of EDTA treatment
is evident in fibrotic animals that were treated with
EDTA (60 mg/kg) in a preventive fashion (Fig. 3F).
SOD activity increased significantly (50%) in the
liver from animals of the preventive group in compari-
son with non-EDTA-treated animals at the end of the
regimen (Fig. 4A). Fig. 4C depicts an increase in fibro-
tic animals in Cat activity as compared with normal
rats, suggesting a compensation mechanism induced
by CCl4 injury. EDTA treatment did not induce a
further increase in Cat in fibrotic animals, but did
not induce a down-regulation of this enzyme either.

Gene expression by real-time PCR
The effect of EDTA treatment on SOD gene
expression was not evident (Fig. 4B). The mRNA
for TNF-alpha decreased significantly in preventive
and therapeutic group (55 and 58%, respectively
Fig. 5A). Similarly, IL-6 mRNA decreased in thera-
peutic and in preventive EDTA groups with a decre-
ment of 52 and 48%, respectively (Fig. 5B). Analysis
of mRNA for an important profibrogenic protein
(TGF-beta1) shows a 48% decrease in the therapeutic
EDTA group. A similar decrement (52%) was found in
preventive EDTA group (Fig. 5C). Regarding the
expression of alpha1 Col I, a molecule of immediate
response to TGF-beta1 action, a decrease was also
found in both the therapeutic EDTA group (36%)
and the preventive EDTA group (60%) (Fig. 5D).

Discussion
Intraperitoneal administration of CCl4 to rats is
associated with the generation of pro-oxidant agents
(ROI), production of pro-inflammatory cytokines,
and ECM accumulation in the liver parenchyma.29

As we have shown, these characteristics of hepatic
damage were reduced with EDTA therapy. The mech-
anism through which EDTA exerts its therapeutic
effect is presumably through its antioxidant activity,
as we demonstrated in this study. There is limited
information about the antioxidant effect of EDTA
in vivo. Recently, it has been described that intravenous
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EDTA chelation therapy is able to decrease the oxi-
dative DNA damage in total human blood and lipid
peroxidation in human plasma.14,15 Additionally, it
has been demonstrated that EDTA shows a protective
effect in platelets in which peroxidation of lipids was
stimulated by UV light.30 The reported protective
effect of EDTA on lipid peroxidation was reproduced
in the model of experimental liver fibrosis that we
used; there was a diminution of 22% in lipid peroxi-
dation in fibrotic animals treated with EDTA in
relation to the cognate control groups (Fig. 3B).
Decrease in lipid peroxidation supposes an increased

efficiency against damage, as reflected in reduced

accumulation of ECM and in limited expression of
pro-inflammatory and pro-fibrotic cytokines that is
shown in Figs 2 and 5. Application of EDTA to CCl4
injured rats caused an important diminution of gene
expression of pro-inflammatory molecules activated
by reactive oxygen species (ROS) such as TNF-alpha
and IL-6 (Fig. 5A), as well as profibrogenic molecules
that respond to pro-oxidant stimuli, i.e TGF-beta1
and alpha1 Col I (Figs 5C, D). The potential beneficial
effects of reduced production of pro-inflammatory and
pro-fibrotic cytokines and limited ROS generation
include inhibition of hepatic stellate cell activation/
collagen production, an effect that is reflected in

Figure 2 (A) Fibrosis stage determination. Representative images (×20) of liver sections stained with Masson trichrome from
normal, fibrotic, and EDTA-treated rats at different concentrations (60, 120, and 240 mg/kg) (B) Morphometric analysis of liver
section photographs using a computerized image analyzer showed that EDTA treatment at 60 mg/kg reduced by 20% the
accumulation of ECM proteins. EDTA therapy with doses of 120 and 240 mg/kg increased ECM accumulation. Values are
the mean± standard deviation of five rats per group. Asterisks indicate values significantly different (*P≤ 0.05).
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limited liver fibrosis as we observed with a therapeutic
dose of EDTA in our experiment (Fig. 2). Other antiox-
idants in addition to EDTA have also been shown to
inhibit TNF-alpha, IL-6, and IL-8 in liver diseases.31,32

Further evidence of the diminution in liver damage
with EDTA therapy is the change in Cp activity. It has
been established that a diminution of its antioxidant
activity is correlated with hepatic damage.33 In the
Cp activity curve that we observed, Cp activity

diminished gradually until reaching hardly detectable
serum levels concomitantly with damage and time of
insult in CCl4-treated animals (Fig. 3C).
Surprisingly, EDTA treatment groups maintained Cp
levels even in the presence of continued CCl4 adminis-
tration (Fig. 3D). As the time of intoxication
advanced, Cp activity increased in the EDTA-treated
group (62%) (Fig. 3E). This result suggests a stimulus
of EDTA on Cp activity as a protective effect vs.

Figure 3 Coagulation times, lipid oxidation (MDA), and ceruloplasmin curve. (A) Coagulation times of different treated groups.
PTT and PT were analyzed. There were no significant differences between fibrotic and EDTA-treated animals. (B) Lipid
peroxidation measurement by the MDA technique. Significant decrease in lipid peroxidation was observed in fibrotic animals
treated with EDTA (60 mg/kg) in the preventive and therapeutic EDTA groups with respect to fibrotic control. (C) Activity of Cp at
2, 6, and 11 weeks of CCl4 treatment. Cp activity diminished gradually in serum concomitantly with time of CCl4 insult. (D) Activity
of Cp at 2 weeks of CCl4 intoxication with or without concomitant administration of EDTA (60 mg/kg). EDTA treatment groups
maintained Cp activity even in the presence of a continued administration of CCl4. (E) Activity of Cp at 6 weeks of CCl4
intoxication with or without concomitant administration of EDTA (60 mg/kg). As the time of intoxication advanced, Cp activity
increased in the EDTA-treated group (62%). (F) Cp activity in therapeutic and preventive groups. EDTA treatment is associated
with increased Cp activity. The Cp activity in the normal EDTA group was not statistically different with respect to the normal
group in all assays (data not shown). Cp activity was determined by zymography assay. Activities in the gel slabs were quantified
(relative units area) using an image analyzer system (Kodak 1D 3.5 image analyzer). Values are the mean± standard deviation of
the mean of five rats per group. Asterisks indicate values significantly different (*P≤ 0.05).
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oxidative stress, correlating with the previous
reports,34,35 which demonstrated Cp’s capacity to
inhibit lipid peroxidation. In the same way, the Cp
antioxidant activity during the last period of damage
remained increased, suggesting a protective function
during liver chronic damage (Fig. 3F). It has been pre-
viously demonstrated that antioxidants can prevent
CCl4 toxicity, particularly hepatotoxicity, by inhibit-
ing lipid peroxidation and increasing activities of anti-
oxidant enzymes.36,37 In this scenario, the application
of EDTA to CCl4 injured rats increases not only the
antioxidant activity of Cp, but also the SOD enzy-
matic activity as shown in Figs 4A–C. SOD activity
transforms and eliminates pro-oxidative elements.
EDTA can enhance the antioxidant activity of SOD
independent of its gene expression, since the
enzyme’s mRNA did not change (Fig. 4B). In this
metabolic order of elimination of the free radicals,

Cat is responsible of transmutation of hydrogen per-
oxide to water and oxygen. Here, Cat responded to
CCl4 insult in the intoxicated animal groups by an
increased activity, and remained high in cirrhotic
animals treated with EDTA (Fig. 4C). It seems that
the increase in Cat activity is independent of EDTA.
CAT is activated by free radicals and generation of
H2O2 groups in such a way that its activity is enhanced
after the onset of damage.33 The findings in lipid per-
oxidation and antioxidant activity associated with the
expression of pro-fibrotic and pro-inflammatory cyto-
kines, together, suggest that the EDTA therapy pro-
motes the cellular antioxidant systems and limits the
generation of pro-oxidative elements and in conse-
quence diminishes the liver injury.

Finally, a principal concern about EDTA therapy
is that addition of a calcium chelator like EDTA
might induce a decrement of procoagulation capacity.

Figure 4 Activity and gene expression of superoxide-dismutase and activity of catalase. Both analyzes were realized in liver
tissues of each experimental group. In graphic (A) SOD and (C) Cat activities were analyzed by zymography. Bands of antioxidant
activity and their densitometric analysis are presented. The SOD and Cat activities in the normal EDTA group were not
statistically different from the normal group (data not shown). EDTA treatment did not modify Cat activity, while it increased
the SODactivity. Graphic (B) represents the gene expression of SODdetermined by real-time PCR. Gene expression analysis was
realized by real-time PCR using TaqMan probes (Applied Biosystems). The housekeeping gene 18S was used to normalize
the measurement. Activities in the gel slabs from zymographies were quantified (relative units area) using an image analyzer
system (Kodak 1D 3.5 image analyzer). Values are the mean± standard deviation of the mean of five rats per group. Asterisks
indicate values significantly different (*P≤ 0.05).
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EDTA concentration in the extracellular space is suffi-
cient for chelation of metallic-ionic elements, but does
not reach the minimal concentrations within platelets
necessary to affect their function, as we showed here
(Fig. 3A). EDTA chelates the large pool of freely
diffusible calcium ions in the plasma, and also chelates
the free iron in the blood without affecting coagulation
function.38 Furthermore, EDTA has a short lifespan
and is eliminated in 12–14 hours.39

In conclusion, EDTA has been used in diverse clini-
cal protocols in pathologies that present exacerbated
production of free radicals, mainly cardiovascular dis-
eases. We have presented the analysis of some aspects
of pro-inflammatory and pro-oxidant molecules
involved in the development of experimental liver
fibrosis. According to this model, in vivo EDTA use
suggests a modification of homeostatic systems
through an antioxidant effect. Taken altogether, our
results suggest an anti-inflammatory and antioxidant
profile stimulated by the application of EDTA
in vivo in experimental hepatic fibrosis.
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