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Abstract—Humic acid is an antioxidant molecule used in agriculture and livestock breeding, as well as in
medicine. Our aim was to investigate the potential renoprotective effects of humic acid in a renal ischemia
reperfusion model. Twenty-one rats were randomly divided into three equal groups. Intraperitoneal serum or
humic acidwas injected at 1, 12, and 24 h. Non-ischemic group Iwas evaluated as sham. The left renal artery
was clamped in serum (group II) and intraperitoneal humic acid (group III) to subject to left renal ischemic
reperfusion procedure. Ischemia and reperfusion time was 60 min for each. Total antioxidant status, total
oxidative status, oxidative stress index, and ischemia-modified albumin levels were analyzed biochemically
from the serum samples. Kidneys were evaluated histopatologically and immunohistochemically.
Biochemical results showed that total oxidative status, ischemia-modified albumin, and oxidative stress
index levels were significantly decreased, but total antioxidant status was increased in the humic acid group
(III) compared with the ischemia group (II) On histopathological examination, renal tubular dilatation,
tubular cell damage and necrosis, dilatation of Bowman’s capsule, hyaline casts, and tubular cell spillage
were decreased in the humic acid group (III) compared with the ischemia group (II). Immunohistochemical
results showed that apoptosis was deteriorated in group III. Renal ischemia reperfusion injury was attenuated
by humic acid administration. These observations indicate that humic acid may have a potential therapeutic
effect on renal ischemia reperfusion injury by preventing oxidative stress.
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INTRODUCTION

Among the causes of renal failure are shock, renal
transplantation, and partial nephrectomy operations lead-
ing to renal ischemia and reperfusion (I/R). Renal tissue
initially experiences hypoxia with ischemia while the situ-
ation becomes more complex with reperfusion. High
amounts of oxygen attack anoxic tissue causing high rates
of reactive oxygen radicals to be released. The free oxygen
radicals accumulating in the kidney cause problems such as

apoptosis and necrosis to occur. In addition, inflammatory
cascade, complement system, and cytokine activations
may occur together with reperfusion. Free oxygen radicals
released by the endothelial, mitochondrial, and parenchy-
mal cells are held responsible for damage caused during
reperfusion. As a result, preventing the release of these free
oxygen radicals has critical importance in I/R injury. There
are many studies in the literature reporting that materials
with antioxidant properties prevent this damage.

Humic acid (HA) is a polyphenolic antioxidant that is
known as a strong free radical scavenger. It is found in
organic structures such as humic acid soil, ocean water,
peat, and coal [1]. It is composed of aromatic rings, phe-
nolic hydroxyl and carboxyl groups, and methoxyl groups
attached to benzene rings. Humic acids have been used for
growth stimulation in plants and as therapeutics in animals
for many years [2]. They have local analgesic properties,
anti-HIVactivity, immunostimulatory, antioxidant, antimi-
crobial, antinflammatory, and antiviral effects [3–7].
Therefore, they also used as pharmacologic agents.
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As far as we know, no published reports are found on
whether HA can protect the kidney from I/R injury. In our
study, we evaluated the efficacy of humic acid in rats with
induced I/R injury model. Evaluation was based on oxida-
tive stress parameters, histopathology, and immunohisto-
chemical results.

MATERIALS AND METHODS

Ethical approval for this experimental study was ob-
tained from the Çanakkale Onsekiz Mart University,
Faculty of Medicine, Animal Research Ethical Committee.

Animals and Treatments

Twenty-one male Wistar albino rats (aged 8–
12 weeks), weighing 280±30 g, were obtained from the
Çanakkale Onsekiz Mart University Experimental
Research Center. The experimental protocols were per-
formed according to the Guide for the Care and Use of
Laboratory Animals (US National Institutes of Health,
revised 1985). All rats were placed in separate cages at
room temperature during the study under standard labora-
tory conditions with a 12-h light/12-h dark cycle. The
animals were kept in standard housing facilities with tem-
perature of 25±1 °C and 45±5 % humidity. The rats were
given ad libitum food and water. Sterile conditions were
provided during surgery.

The rats were randomly divided into three equal groups
(n=7, each). The first group was called the sham group.
Renal ischemia/reperfusion was performed in the second
and third groups. The third group was injected with humic
acid at a dose of 10mg/kg, intraperitoneally. Substanceswere
given at 1, 12, and 24 h before the procedure.

Experimental Protocol

Twenty-oneWistar albino rats were divided into three
groups as follows:

Group I (sham group, n=7): Left kidneys were harvested
without ischemia and substance application.

Group II (serum+I/R group, n=7): Serum was given be-
fore surgery (at 1st, 12th, and 24th hours). After
that, the rats were taken for operation. The left
renal artery was clamped for 60 min and reper-
fused for 60 min. At the end of the operation, the
left kidneys were harvested.

Group III (HA+I/R group, n=7): HA (10 mL/kg dose)
was given before surgery (at 1st, 12th, and

24th hours). The following procedures were
the same as of group II. The left renal artery
was clamped for 60 min and reperfused for
60 min. At the end of the operation, the left
kidneys were harvested.

Surgical Procedure

Before the experimental procedure, body weights of
all animals were recorded. Rats were anesthetized with an
intraperitoneal injection of xylazine (Rompun, Bayer,
Istanbul, Turkey) 5 mg/kg and ketamine hydrochloride
(Ketalar, Eczacıbaşı, Istanbul, Turkey) 50 mg/kg. The ab-
dominal skin was prepared with povidone-iodine. After
skin incision, the left renal artery was located. In the
ischemia group, a tourniquet was applied to the left renal
artery with 3-0 monofilament suture. In the 60th minute,
the tourniquet was opened and reperfusion was allowed for
1 h before left nephrectomy was applied.

In the sham group, the left kidney was located and
immediate nephrectomy was performed. Harvested kid-
neys were put into a formalin solution immediately after-
wards and sent to pathology for histopathological and
immunohistochemical analysis. Blood samples were taken
from the abdominal aorta before nephrectomy. At the end
of surgery, all rats were sacrificed by cervical dislocation.

Biochemical Analyses

Preparation of Blood Samples

The blood samples were placed in anticoagulant tubes
and centrifuged at 5000 rpm for 5 min for analyses of total
antioxidant status (TAS), total oxidant status (TOS) levels,
and at 3500 rpm for 10 min for analyses of ischemia-
modified albumin (IMA) levels following 30-min clotting.
Serum samples were then separated and stored at −80 °C
until examination for biochemical analysis.

Calculation of IMA Levels

All frozen serum samples were mixed thoroughly
after thawing and recentrifuged before measuring. The
levels of serum IMA were analyzed using the rapid and
colorimetric method by the ACB test using Bar-Or’s meth-
od [8]. Patient serum of 200 μL was transferred into glass
tubes and 50 μL of 0.1 % CoCl2·6H2O (Sigma-Aldrich,
MO, USA) was added. After gentle shaking, the mixture
was incubated for 10 min to ensure sufficient cobalt albu-
min binding. Then, 50 μL of 1.5 mg/mL dithiothreitol
(DTT) (Sigma-Aldrich, MO, USA) was added as a

2043Renoprotective Effect of Humic Acid



coloring agent. After 2 min, 1 mL of 0.9 % NaCl was
added. Fifty microliters of distilled water was used instead
of 50 μL of 1.5 mg/mL DTT to obtain a blank without
DTT. Sample absorbencies were analyzed at 470 nm by a
spectrophotometer (Shimadzu UV1601 spectrophotome-
ter, Tokyo, Japan), and the results are noted as absorbance
units (ABSU).

Analysis of Total Antioxidant Status

Serum TAS was measured by using a commercially
available kit (Fully Automated 3rd Generation Total
Antioxidant Status (TAS) ASSAY KIT, product code:
RL0017, REL Assay Diagnostics, Mega Tıp, Gaziantep,
Turkey) developed by Erel [9]. In this measurement, the
principle of this analysis method is based on the oxi-
dation of the 2,20-azino-bis(3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS) molecule to the ABTS molecule
in the presence of hydrogen peroxide. Calibration used
a vitamin E analog as Trolox equivalent. The results
are noted as millimoles of Trolox equivalent per liter
(mmol Trolox equiv/L).

Analysis of Total Oxidant Status

Serum TOS was measured by using a commercially
available kit (Fully Automated Total Oxidant Status (TOS)
ASSAY KIT, product code: RL0024, REL Assay
Diagnostics, Mega Tıp, Gaziantep, Turkey) developed by
Erel [10]. The principle of this method is based on the
oxidation of the ferrous ion-o-dianisidine complex to ferric
ions by the oxidants present in the sample. The density of
the color, which indicates the amount of oxidants in the
sample, was measured by spectrophotometry. In this assay,
hydrogen peroxide was used as calibrator. The results are
noted in terms of micromolar hydrogen peroxide equiva-
lent per liter (lmol H2O2 equiv/L).

Calculation of Oxidative Stress Index

The percent ratio of TOS to TAS gives the oxidative
stress index (OSI). To make the calculation, the unit of
TAS, mmol Trolox equivalent/L, was transformed to μmol
Trolox equivalent/L, and OSI was calculated as follows:
OSI= [(TOS, μmol H2O2 equivalent/L)/(TAS, μmol
Trolox equivalent/L)×100]. OSI value was calculated as
follows: OSI=[(TOS, lmol/L)/(TAS, lmol Trolox equiva-
lent/L)/100].

Blood samples were collected from all subjects after
fasting by venous puncture technique into Vacutainer®
(BD Diagnostics, Plymouth, UK) tubes with no

anticoagulants for biochemical determinations. Serum
samples were obtained after the centrifugation of blood
samples at 4000 rpm for 10 min. Serum samples collected
for IMA were stored at −80 °C until analyses. IMA anal-
yses were completed and OSI was calculated.

Histopathological Assessment

The kidneys were removed from the formalin solu-
tion, embedded in paraffin, sectioned at 3 μm, and stained
with hematoxylin and eosin (H and E). An experienced
nephro-pathologists examined the histological prepara-
tions with a light microscope (Olympus BX51), and pho-
tographs were taken with an Olympus DP72 camera.

While evaluating renal tissues, changes in tubular
dilatation (TD), tubular cell degeneration and necrosis
(TCDN), dilatation of Bowman’s capsule (DBS), tubular
hyaline casts (THC), lymphocytic infiltration of intersti-
tium (LI), and tubular cell spillage (TCS) were investigated
and scored. Scores were no visible change (0), minimal or
slight change (1), moderate change (2), and severe change
(3). At least ten high-power fields (HPFs; magnification,
×400) per section were examined for each sample.

Immunohistochemical Methods

The terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) method, which detects fragmenta-
tion of DNA in the nucleus during apoptotic cell death in
situ, was employed using an apoptosis detection kit (In Situ
Apoptosis Detection Kit, ApopTag, Millipore, USA). All
reagents listed below are from the kit and were prepared
following the manufacturer’s instructions. The sections
were deparaffinized in xylene and rehydrated through a
graded ethanol series. They were then incubated with
20 μg/mL proteinase K for 15 min at room temperature
and rinsed in dH2O. Endogenous peroxidase activity was
inhibited by incubation with 3 % hydrogen peroxide in
PBS at room temperature for 15 min. Sections were then
incubated with equilibration buffer for 10–30 s and then
TdT-enzyme, in a humidified atmosphere at 37 °C, for
60 min. They were subsequently put into pre-warmed
working strength stop/wash buffer at room temperature
for 10 min and incubated with anti-digoxigenin conjugate
for 30 min. Each step was separated by thorough washes in
PBS. Labeling was revealed by applying peroxidase sub-
strate, counter staining was performed using methyl green,
and sections were dehydrated, cleared, and mounted.

TUNEL positive cells/four high-power field (HPF)
cells ratio was used as the index of apoptosis. To count
apoptotic cells, four microscopic fields in each section
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were chosen from hot spots and investigated with ×400
magnification.

Statistical Analysis

Statistical analysis was performed with the Statistical
Package for the Social Sciences (SPSS) version 19.0 for
Windows (SPSS Inc., Chicago, IL, USA). Kruskal–Wallis
and Mann–Whitney U tests were used to compare among
groups. Statistical significance was set at a p value <0.05.

RESULTS

Biochemical Analysis

There was statistically significant difference in
the blood IMA, TAS, TOS, and OSI values found in
all groups when evaluated with the Kruskal–Wallis
test. When each group was compared with itself
using the Mann–Whitney U analysis, a significant
difference was found.

In the sham group, while IMAvalues were 0.588, this
rose to 3.438 in the ischemia group and regressed to 0.6 in
the I/R+HA group (p<0.05).

The TAS value of 1.97 in the sham group reduced to
1.23 in the I/R group and rose to 2.12 in the I/R+HA group
(p<0.05).

The TOS value measured in the ischemia group was
double that of the sham group (22.52 and 12.24). However
after administration of HA, this value returned to values
close to sham levels (14.29) (p<0.05).

The OSI value calculated from the ratio of TOS to
TAS were 6.25, 18.62, and 6.99 in the sham, I/R, and
I/R+HA groups, respectively, and these values were sta-
tistically significant (p<0.05) (Table 1, Fig. 1).

Histopathological and Immunohistochemical
Examination

Hematoxylin–eosin staining showed a high amount
of changes in TD, TCDN, DBS, THC, and TCS observed
in the I/R group compared with that in the sham group.
However, these deteriorations were significantly reduced
in the I/R+HA group (p<0.05) (Fig. 2).

The amounts of cells with apoptosis in four
high-power fields observed with immunohistochemi-
cal staining were 22.8 in the sham group, 251.4 in
the I/R group, and 112.8 in the I/R+HA group
(p<0.05) (Fig. 3) (Table 2).

DISCUSSION

Renal blood flow may reduce in many circum-
stances and is affected by many factors. During is-
chemia, the kidney remains anoxic. In rats with in-
duced renal ischemia, irreversible damage begins

Table 1. Level of Biochemical Oxidant and Antioxidant Parameters in All Groups

IMA (ABSU) TOS (nmol H2O2 equiv/L) TAS (nmol Trolox equiv/L) OSI (arbitrary units)

Sham 0.588±0.041 12.24±1.33 1.97±0.18 6.25±0.95
I/R group 3.438±1.075# 22.52±1.73# 1.23±0.18# 18.62±2.97#

I/R+HA group 0.660±0.030* 14.29±2.39* 2.12±0.48* 6.99±1.95*

All the datas are given as mean±SD
I/R ischemia-reperfusion, HA humic acid, IMA ischemia-modified albumin, TOS total oxidant status, TAS total antioxidant status, OSI oxidative stres index
# p<0.05 vs sham group; *p<0.05 vs I/R group

Fig. 1. Blood IMA, TAS, and TOS levels and calculated OSI value were
found significant.
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after 60 to 90 min. After ischemia, the free oxygen
radicals (ROS) like superoxides, hydrogen peroxide,
and hydroxyl, produced to reduce the amount of
oxygen attacking the reperfused tissue, cause tissue
damage [11]. These compounds bind to the cell
membranes, enter reactions with lipids, proteins, and
nucleic acids, and cause lipid peroxidation leading to
tissue damage. Antioxidant materials clear these rad-
icals endogenously and exogenously. Some of the
molecules working endogenously are superoxide dis-
mutase (SOD), catalase (CAT), and glutathione
(GSH). There are many materials reported in the
literature that have antioxidant efficacy exogenously.

For example, rosmarinic acid, a phenolic com-
pound, has antioxidant efficacy in I/R damage proven
by biochemical and pathologic data [12]. Though
there are many studies on HA, a polyphenolic com-
pound, there is no data found in the literature on the
effect on the kidneys.

In our study, we found that humic acid is effec-
tive to reduce the degree of damage to the kidney

with induced ischemia and reperfusion. TOS and
IMA values, which increase in ischemic situations,
were reduced after administration of the antioxidant.
Additionally, reducing TAS and OSI values linked to
ischemia increased in the group given humic acid.
Histopathological changes linked to ischemia
remained at minimal levels in the group given
antioxidant.

The first studies on IMA were completed to
identify myocardial infarctus in the early period.
Previous studies have shown that cardiac troponine
more sensitively increased before the formation of
irreversible damage linked to cardiac ischemia [8,
13]. There are experimental studies on the increase
in IMA during renal ischemia damage [14]. In our
study, IMA increased in the I/R group and reduced to
values close to the sham group in the group given
antioxidant.

TAS is a parameter the predicts the body’s de-
fense mechanism against oxidative stress. The blood
circulating between cells plays a critical role in

Fig. 2. Hematoxylin–eosin staining of the kidney tissue. (H&E ×20). a Sham group: normal kidney tissue. (yellow and white thick arrows show tubulus and
glomerulus, respectively). b Ischemia group: severe tubular dilatation, tubular cell degeneration and necrosis (TCDN) (red arrows), and dilatation of
Bowman’s capsule (white thick arrows) are shown. c I/R+humic acid group: mild dilatation of Bowman’s capsule (white thick arrows), TCDN (red arrows),
and TD (yellow arrows) are seen.

Fig. 3. Immunohistochemical staining of the three groups. (ApopTag ×20). a Apoptotic cells did not occur in the sham group. b Ischemic tissue has dense
apoptosis. c Apoptotic cells are diminished in antioxidant group.
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transport of these antioxidants and cleaning of free
oxygen radicals (ROS). To maintain redox balance
against oxidative damage, blood carries antioxidant
materials to all areas of the body. Additionally, the
redox reaction is not created by a single antioxidant
but by different compounds formed by antioxidants.
The best example of this situation is ascorbate [15]
formed by glutathione and alpha-tocopherol formed
from ascorbate [16].

It has been observed that not only antioxidant
materials but some medications increase TAS levels.
For example, pioglitazone used in treatment of type 2
diabetes mellitus has been found to increase TAS
levels and statistically reduce tubular necrosis dam-
age in two studies of renal ischemia reperfusion [17,
18]. In our study, in addition to these findings, apo-
ptosis regressed and damage such as TD, THC, HC,
and DBS were observed to be less in the group
given HA.

Just like antioxidant materials, oxidant materials
can be produced endogenously and exogenously. Like
the major sources of ROS, xanthine oxidase,
glycolate oxidase, and monoamine oxidase, oxidase
enzymes can be produced endogenously [19].
Examples of exogenous oxidants are ultraviolet light
and cigarettes [20]. As it is not practical to measure
each of these oxidant materials individually during
oxidative stress, it is appropriate to measure TOS.
Just as TOS increases in situations like ischemia
reperfusion, it may increase in other situations (rheu-
matoid arthritis, tuberculosis) [21, 22].

There is only one paper found in the literature
on the efficacy of humic acid on ischemia reperfu-
sion damage to date. Ozkan et al. investigated the
histopathological and biochemical changes in focal
cerebral ischemia in rat brains [23]. According to
this study, a significant improvement was found in
the group given humic acid, compared to the group

not given it. In our study, we found that humic acid
significantly reduced the damge linked to renal
ischemia.

CONCLUSION

Though humic acid is a material used in many differ-
ent sectors, the number of studies showing its antioxidant
effects is limited. In spite of the fact that our study shows
that humic acid protects the kidneys from oxidative dam-
age, broader clinical studies are required.
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