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ABSTRACT

Background: Aimed to investigate in an animal model the efficacy of humic acid by showing
its antioxidant and anti-apoptotic effect comparing with the histopathological and neurological
outcomes for the hypoxic-ischemic brain injury.

Methods: 28 Wistar-Albino rats who were on the 7th postnatal day and weighting between 9
and 19g randomly divided into four groups with developed HIE model under the gas anesthe-
sia. 20mg/kg and 10 mg/kg intraperitoneal HA were given to Group | and Il respectively. Saline
was given to Group lll and the sham group was Group IV. The brain tissues were stained with
cresyl-violet histochemistry for grading neuronal cell injury and caspase immunohistochemistry.
Results: The neuronal cell injury was statistically lower in all neuroanatomical lands in HA treat-
ment groups. The degree of ischemia was significantly smaller in HA groups. Caspase-3 immu-
noreactivity was decreased in the HA groups compared with the saline group. When the groups
were compared, there were no serious neuronal injury in Group .

Conclusions: This is the first study which investigates the role of HA in HIE model. HA reduces
apoptosis and neuronal injury in cerebral tissue of the rats. This findings suggest that HA may
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be viable protective agent against HIE.

Introduction

Hypoxic-ischemic encephalopathy (HIE) is one of the
major leading causes of mortality and morbidity in
children. World wide frequency of HIE may be seen
approximately with a frequency of 1-8 per 1000 neo-
nates in high-income countries and is as high as 26
per 1000 births in underdeveloped countries [1].
Hypoxia and ischemia cause primary neuronal damage
by neuronal necrosis and apoptosis during perinatal
asphyxia [2]. It has been recognized that HIE can
induce a cascade of intracellular events which causes
to cell apoptosis by activation of proapoptotic genes
and caspase-3 [3].

There is still no consensus about medical treatment
options. To date, therapeutic hypothermia is the only
treatment method following perinatal asphyxia [4].
Neuroprotective mechanisms involved are inhibition of
acute metabolic disturbance and inhibition of apop-
totic cell death [5]. Difficulty in the treatment of the

aspyxtic newborn has led to the intensive investiga-
tion of many mediators such as glutamate receptor
antagonists, cyclooxygenase inhibitors, melatonin and
erythropoietin. These agents are expected to be sup-
ported by further studies [6].

Humic acid (HA) is a high polyphenolic substance
which is used effectively in veterinary and agriculture.
It contains multiple carboxylic acid side chains and
complex structure of polyaromatic and heterocyclic
chemicals [7]. It is an active substance which are used
in prophylaxis and as therapeutical drug in veterinary
in Europe [8]. HA is administered as anti-inflammatory,
anti-bacterial, anti-ulserogenic and anti-allergic fea-
tures [9]. HA has antioxidant features through phenol,
carboxyl acid and quinone in its structure. HA reduces
in the activity of antioxidant systems in human
cells [10].

In asphyxia, if the energy need is not met, there is
a shift from aerobic metabolism to anaerobic metabol-
ism, leading to an accerelation of glycolysis and an
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increase in lactate production. These changes cause a
decrease in ATP concentration, which leads to loss of
cell membrane potential and leads to cell death.
Another important mechanism in asphyxia is excitoxic-
ity in neuronal damage. The increase in extracellular
glutamate level leads to cell death by stimulating glu-
tamate receptors [11].

To our knowledge, the efficacy of HA in HIE has not
been evaluated in the literature. Therefore in this
study, we aimed to investigate in an animal model the
efficacy of HA by showing its antioxidant and anti-
apoptotic effect comparing with the histopathological
and neurological outcomes.

Materials and methods
Experimental procedure

This present study was approved by the Aegean
University =~ Animal  Experiments  Local  Ethics
Committee in Izmir (approval number 2019-011).
There were 28 Wistar-Albino rats in total amount of
male and female between each group. Study group
consist of the rats who were on the 7th postnatal
day and weighting between 9 and 19g. Due to the
presence of Wistar Albino strain in Aegean University
Faculty of Medicine Experimental Animals Laboratory
and compatibility with the literature, this type was
preferred as a subject. All animals were kept at con-
trolled temperature (21°C—23°C) and 12h light 12h
dark condition.

For the anesthesia application, the subjects were
placed in the glass lantern with sections where the
anesthetic gas could enter and exit, and anesthesia
would be performed by giving the system a 2.5%
concentration of halo in 100% O,. The gas mixture
from the halothane vaporizer was kept constant by
monitoring it on the anesthetic gas monitor
(Anesthesia Gas Monitoring 1304, Denmark). For the
surgical procedure, when the experimental animal
was removed from the glass lantern, the maintenance
of anesthesia was achieved with a mask and con-
nector adapted to the mouth and nose of the sub-
ject. Oxygen and halothane levels were kept constant
by monitoring them on the anesthetic gas monitor.
For the experimental model of HIE, the skin of the
head of the rat was shaved and then prepared with
poviodone-iodine. In the supine position with a mid-
line neck incision, as Kocher's thyroidectomy incision,
the left common carotid arteries were presented. The
left carotid artery was identified after dissection and
was ligated with a 6/0 silk suture under the micro-
scope. After confirming that there was no pulsation

in the carotid artery under the microscope, the inci-
sion site was sutured. Anesthetic gas intake was
stopped and the animal was awakened. The experi-
mental animal was left with his mother for 2h for
compilation and feeding.

After a 1-2h recovery period animals were placed
in a trasparent fiberglas chamber and exposed to a
continuous flow of 8% oxygen and 92% nitrogen for
2.5h to induce systemic hypoxia.

28 Wistar-albino rats were randomly divided into
four groups as follows:

e Group 1 (n=7, HA 20mg/kg): The group with
developed HIE model and given intraperitoneal HA
20 mg/kg

e Group 2 (n=7, HA 10mg/kg): The group with
developed HIE model and given intraperitoneal HA
10 mg/kg

e Group 3 (n=7, Control group): The group that
developed the HIE model and will be given 0.3 ml
intraperitoneal saline

e Group 4 (n=7, Sham group): The group that no
intervention was done

Humic acid injection was done immediately after
HIE procedure in HA groups (group 1 and 2).
Following a reoxygenation period in the room air
pups were sacrificated. For the sacrification procedure,
under gase anesthesia all rats were decapitated. The
brain tissues were obtained for the pathological evalu-
ation and brain weights were noted.

Histopathological evaluation

Pathological analysis held at Dokuz Eylul University
Schoool of Medicine Department of Histology and
Pathology. Pathological specimens were extracted
after the sacrification of the rats. Brain samples
extracted from the trauma applied region and put in a
formalin solution of 10%. Histological assessments
were conducted by investigators blinded to the
groups/treatments

The brains were removed whole and stored in 4%
formaldehyde for one week post-fixation. The cerebral
hemispheres were cut into coronal (5mm) blocks
through defined neuroanatomical landmarks and
underwent tissue processing [12]. The slides for
microscopy were prepared from each block using
6 um-thick sections, and stained with cresyl violet
histochemistry for grading of neuronal cell injury and
caspase immunohistochemistry.



Histopathological ische-
mic injury

The histopathological grading was used to assess the
severity of neuronal cell injury in the parietal cortex,
hippocampus (in the pyramidal layer of sector CA1
and extending into the stratum oriens and stratum
radiatum), and prefrontal cortex semi-quantitatively.
The viable and injured cells were counted in an ocular
field. The grading system of Hoque et al. [13] was
modified as follows: a Grade of 0 described no detect-
able hypoxic ischemic damage; Grade 1<10% neu-
rons injured; Grade 2, 20-30%; Grade 3, 40-60% and
Grade 4 >75%. In each specimen, the neurons were
counted in 8 neighboring, non-overlapping ocular
fields of 400x magnification.

Viable neurons were typically large cells with large,
round and pale nuclei. The nucleus contained one or
more, well defined nucleoli and was surrounded by a
rim of slightly darker cytoplasm. In contrast, the cells
with ischemic injury had nuclear hyperchromasia and
pyknosis, loss of nucleoli as well as cytoplasmic shrink-
age and microvacuolation. The neurons were distin-
guished  from  neighboring cells by  strict
morphological criteria.

grading of hypoxic

Caspase immunohistochemistry and assessment
of positivity

For immunohistochemical analyses 5p thick sections
were used. In brief, the deparaffinization procedure
was accomplished in xylene for 1h. Rehydration was
done in 100%, 95%, 80% and 70% alcohol series for
2min each. After leaving in distilled water for 5min,
the tissues samples were washed in phosphate buffer
solution (PBS) for 10 min and than left in trypsin for
15min. Then the primary antibody (Invitrogen,
Thermo Fisher Scientific, USA) diluted as 1:100 was
applied in an incubator and washed with PBS.
Afterwards the biotinylated secondary antibody was
applied, washed with PBS before incubating with 3.3-
diaminobenzidine tetrahydrochloride (DAB). The whole
procedure was finished after staining the sections with
hematoxylin. Caspase-3 expression was calculated by
counting the positively-stained cells per 10 HPF in the
parietal cortex, hippocampus and prefrontal cortex.

Statistical analysis

SPSS 25.0 (IBM Corporation, Armonk, New York, United
States) program was used to analyze the variables.
The conformity of the univariate data to normal distri-
bution was evaluated with the Shapiro-Wilk and
Shapino-Francia test and variance homogeneity with
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the Levene’s test. One-Way Anova (Robust Test:
Brown-Forsythe) test and Kruskal-Wallis H Tests were
used to compare more than two groups according to
quantitative data, while Dunn’s Test and Tukey HSD
test were used for Post Hoc analysis. In comparison of
categorical variables, Fisher-Freeman-Holton test was
tested by Monte Carlo Simulation technique and col-
umn ratios were compared and expressed according
to Bonferroni corrected p-value results. Quantitative
variables mean £SD in the tables. (standard deviation)
and median (minimum/maximum), while categorical
variables were shown as n (%). Variables were exam-
ined at a 95% confidence level, and p value was con-
sidered as less than 0.05.

Results

The study population consisted of pups 13.7+2.93
(mean£SD) grams (range 9.7-19.4). During the study
period 28 pups included into the trial but 22 puppies
with sufficient sections of tissues were included in the
analysis. No significant differences were observed
between the groups in terms of weight and gender.
The mean body weight of groups was respectively fol-
lows Group 1 was 1646+34g, Group 2 was
148+2.74g, Group 3 was 12.2+1.49g and Group 4
was 11.6+1.33¢.

The defined neuroanatomical landmarks were
shown in Table 1. The count of neuronal damaged
cells was statistically demonstrated in Table 2. The
neuronal cell injury was statistically lower in all neuro-
anatomical lands in HA treatment groups. Grade 3
neuronal damage was not seen in any areas in high
dose HA treatment group. Also in hippocampal region
there were no grade 3 damage in HA groups. Grade 2
and grade 3 damage was statistically higher in no HA
group (Figure 1). Caspase-3 immunoreactivity was
decreased in the HA groups compared with the saline
group (Figure 2). When the groups were compared,
there were no serious neuronal injury in HA with
20 mg/kg/dose group. Grade 3 neuronal injury was
statistically higher in parietofrontal lobe (PFL) and par-
ietal lobe (PL) areas without HA groups.

Caspase-3 expression was calculated by counting
the positively-stained cells in Table 3 and Figure 2.
Neuronal apoptotic cells were higher in no treatment
group and in all neuroanatomical lands (p <0.001).
When the groups were compared, there were statistic-
ally different between the groups. Group 3 had higher
apoptotic cells than the other groups. However apop-
totic index levels were similar between Group 1 and
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Table 1. Neuroanatomical landmarks.

Hippocampus Parietal lobe Parietofrontal lobe
(HO) (PL) (PFL)
Median (Min. / Max.) Median (Min. / Max.) Median (Min. / Max.)
High dose HA, (n=4) | 1.5 (2/1) 1(2/1) 1(1/1)
Low dose HA, (n=6) 1] 2.5 (3/1) 2 (3/2) 1(2/1)
Saline group, (n=6) 1l 3 (3/2) 2.5 (3/2) 1.5 (2/1)
Sham, (n=6) v 0 (0/0) 0(0/0) 0(0/0)
P <0.001 <0.001 <0.001
Multiple Comparisons 1=l 0.239 0.117 0.489
1=l 0.103 0.066 0.299
|—IV 0.094 0.144 0.027
=1l 0.611 0.763 0.699
II—IV 0.001 0.001 0.001
N—IV <0.001 <0.001 <0.001

The bold values are statistically significant.

Table 2. Statistical analysis of groups according to cresyl violet histochemistry for grading of neural
cell injury.

High dose HA Low dose HA Saline group Sham
n (%) n (%) n (%) n (%) P
Parietofrontal lobe (PFL)
Grade 0 0 (0) 0 (0) 0(0) 6 (100)"E€ <0.001
Grade | 2 (50) 1(16.7) 0 (0) 0 (0)
Grade I 2 (50) 2 (33.3) 2 (33.3) 0 (0)
Grade Il 0 (0) 3 (50)*P 4 (66.7)"° 0 (0)
Parietal lobe (PL)
Grade 0 0 (0) 0 (0) 0 (0) 6 (100)AE¢ <0.001
Grade | 3 (75)8P 0 (0) 0 (0) 0 (0)
Grade Il 1(25) 4 (66.7)° 3 (50)° 0 (0)
Grade Il 0 (0) 2 (33.3) 3 (50)° 0 (0)
Hippocampus (HC)
Grade 0 0 (0) 0 (0) 0(0) 6 (100)"8¢ <0.001
Grade | 4 (100)° 4 (66.7)° 3 (50)° 0 (0)
Grade Il 0 (0) 2 (33.3) 3 (50)° 0 (0)
Grade Il 0 (0) 0 (0) 0 (0) 0 (0)

Fisher Freeman Halton Test(Monte Carlo); Post Hoc Test; Bonferroni Correction, ASignificant compared to group 1, BSignificant
compared to group 2, “Significant compared to the untreated group, °Significant compared to sham group; The bold values are
statistically significant.

035

0 | Il 1 0 | Il 1 0 | Il 1

Parietal lobe (PL)

Hippocampus (HC)
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i

Parietofrontal lobe (PFL)

Figure 1. Statistical analysis of groups according to cresyl vio-
let histochemistry for grading of neural cell injury.

Group 2. The degree of ischemia was significantly
smaller in HA groups than the control group.
Caspase-3 immunoreactivity was decreased in the
HA groups compared with the control group
(Figure 2). When the groups were compared, there
were no serious neuronal injury in HA with 20 mg/kg/
dose group. Grade 3 neuronal injury was statistically
higher in PFL and PL areas with no treatment group.

Figure 2. Analysis of groups according to Caspase assay in
neuroanatomical lands.

The photos of injured and noninjured areas were given
in Photos 1-5. Our results demonstrated that HA reduces
apoptosis and neuronal injury in cerebral tissue of the rats.

Discussion

HA is a polyphenolic antioxidant and a strong free
radical scavenger. We aimed to investigate in an



animal model the efficacy of humic acid by showing
its antioxidant and anti-apoptotic effect comparing
with the histopathological and neurological outcomes
for the hypoxic-ischemic brain injury. neuronal injury
and apoptosis in an experimental model of HIE and to
evaluate the effect of humic acid on the neuronal
injury. We showed that HA reduces apoptosis and
neuronal injury in cerebral tissue of the rats.

Table 3. Statistical comparison of groups according to
Caspase assay.

Parietal Parietofrontal
Hippocampus lobe lobe
(HO) (PL) (PFL)
Mean+SD. Mean+SD. Mean+SD.
High dose HA, (n=4) | 1525+1.26 16.75+1.50 18.75+3.30
Low dose HA, (n=6) Il 16.33+151 17.17+£232 16.83+2.04
Saline group, (n=26) LI} 27.83+1.60 26.17+1.83 32.00+237
Sham, (n=6) \% 550+1.76 333+£1.03 6.50£1.52
p <0.001 <0.001 <0.001
Multiple Comparisons |-l 0.712 0.983 0.571
1—Il <0.001 <0.001 <0.001
|—IV <0.001 <0.001 <0.001
-1l <0.001 <0.001 <0.001
I—IV <0.001 <0.001 <0.001
N—Iv <0.001 <0.001 <0.001

Oneway Analysis of Variance (ANOVA) (Robuts Statistic:Brown-Forsythe);
Post Hoc Test: Tukey HSD, SD.: Standard deviation; The bold values are
statistically significant.
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HIE is characterized by condition occurring in
babies born over 35weeks gestational age in which
there is disturbed neurological function. It is known
that HIE is not a single event, it is an evolving process
that can continue for days and weeks [14]. Cerebral
blood flow delivers oxygen and glucose to the fetal
brain and maintains homeostasis and meet cellular
energy demands. A variety of situations may reduce
plasental perfusion and the hypoxia leads to a
decrease in fetal cardiac output. Depending on the
timing of injury, a partial recovery occurs during the
30-60 min after the acute injury [15]. The latent phase
is characterized by oxidative stress, intensive inflam-
mation and activation of apoptosis [16]. This phase is
characterized by initial transient recovery of cerebral
oxidative matabolism. Glutamate excitotoxicity and
mitochondrial dysfunction occur within secondary
damage mechanisms and leads to oxidative stress. The
increase of free oxygen radicals and the intracellular
Ca'?, and activation of apoptotic pathways are the
major events occuring in the second phase of the
neuronal damage. Oxidative stress causes an incease
in oxygen radicals and deficiency of antioxidant
defense mechanisms are shown as a cause of neuronal
injury in HIE [17]. These compounds bind to the cell

Photo 1. Representative photomicrographs of the hippocampus CA1 and prefrontal cortex stained with cresyl violet. (A)
Hippocampus CA1 region 400x magnification showing normal appearance and healthy neurons. (B) Severe ischemic changes in
hippocampus showing neuronal loss, cytoplasmic shrinkage, nuclear condensation and disruption of tissue architecture. (C)
Prefrontal cortex 400x magnification with healthy neuronal cells. (D) Ischemic cells in the prefrontal cortex.
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Photo 2. Coronal section of hippocampus. A: sham group; B: no treatment group; C: low-dose treatment group; D: high-dose
treatment group. Cresyl violet staining x100.

- [ —ro—

Photo 3. Coronal section of parietal cortex. A: sham group; B: no treatment group; C: low-dose treatment group; D: high-dose
treatment group. Cresyl violet staining x100.
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Photo 4. Coronal section of prefrontal cortex. A: sham group; B: no treatment group; C: low-dose treatment group; D: high-dose
treatment group. Cresyl violet staining x100.

-
44 W

Photo 5. Photomicrograph of the brain tissue immunostained for caspase-3. A (hippocampus): non-treatment group, B (hippo-
campus): high dose treatment.
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membranes, enter reactions with lipids, proteins and
cause lipid peroxidation leading to the brain damage.
Antioxidant materials clear free oxygen radicals
endogenously.

HA is commonly used in agriculture industry and
trials to improve ecologic production. It consists of a
group of natural high molecular weight macromole-
cules composed of aromatic rings which has a com-
plex structure in the presence of phenolic, hydroxyl,
phenolic hydroxyl, ketonyl, quinone, carboxyl, carbonyl
and alkoxyl groups [18]. It has been used for growth
stimulation in plants and as therapeutics in animals
for many years [19]. It has local analgesic properties,
immunostimulatory, antioxidant, antimicrobial, antiin-
flammatory and antiviral effects [18]. It has been used
as a pharmacologic agents in clinical trials.

There are many papers on HIE and the other effects
of HA, but there is no data found in the literature. In
our study, we found that HA had a serious effect to
reduce the degree of damage to HIE. Additionally,
histopathological changes linked to HIE remained at
minimal levels in the group given high dose of HA.

Ischemia and reperfusion injury leads to cellular
necrosis and apoptosis. Apoptosis starts later in HIE
than other mechanisms and continues for a longer
time. Therefore, administration of HA during the thera-
peutic window period may be effective in reducing
the injury. The other important mechanism is inflam-
mation triggered by ischemia and reperfusion is usu-
ally associated with the formation of free oxygen
radicals. We speculate that HA may not remove all
free oxygen radials in damaged cells, but reperfusion
injury can be prevented by reducing oxidative stress.
In Akbas trial [20] they investigated the role of HA in
renal ischemia and they found that total antioxidant
status were increased by giving HA. Also in histo-
pathological evaluation they showed that the apop-
tosis were deteriorated in no HA group [20]. The renal
ischemia was attenuated by HA administration. In
adult stroke studies there are many molecules with
antioxidant and antiinflammatory effects in order to
reduce injury. But there is only one paper on the effi-
cacy of HA on adult stroke model [21]. Ozkan et al.
[21], studied in focal cerebral ischemia model. They
showed that cerebral edema, vacuolization, degener-
ation and destruction of neural elements were
reduced by giving HA. According to the their trial, cas-
pase-3 immunoreactivity was decreased in the HA
group. They also found that that cerebral ischemia
was attenuated and they speculated that HA may
have potential therapeutic agent in stroke cases.
Similarly in our study we showed the decrease of

injured neuron levels by HA administration. Also we
compared with two different dose levels but dose lev-
els did not make any sense.

In another experimental model Lasukova et al. [22].
investigated the cardiovascular effects of the HA on
the model of global ischemia. They showed that the
administration of the substances of humic origin
before ischemia reduced reperfusion contracture and
necrotic death of cardiomyocytes. They were hypothe-
sized that HA are mediated via a signaling mechanism
associated with activation of NO synthase. Similarly
Zykova et al. [23] found that the active substances in
HA produced a vasodilating effect and this effect may
be related with the regulation of NO synthesis in car-
diomyocytes. In HIE mechanism, release of NO is
important step of the mitochondrial dysfunction.
Mitochondria also play a role in energy metabolism of
the brain injury. In literature mitochondrial biogenesis
contributes to improved post-ischemic recovery of
brain functions and it releases nuclear transcription
factor-1 which has an important effect of antioxidant
and antiinflammatory effects [24]. However the mech-
anism of HA is still not well-known. Some researchs
showed that HA may induce oxidative DNA damage
and may increase NO synthesis and apoptosis [25,26].
Cheng et al. [27] reported that HA generate super-
oxide anion and reduce glutathione and several anti-
oxidant systems and could induce DNA damage and
apoptosis. In contrast to these findings Kodama et al.
[28] determined the anticancer effect of HA extract on
L1210 leukemia mice model [28]. In another trial, they
showed the antiinflammatory effects of HA aganist to
Trypanosoma brucei infection [29].

Also the anti-inflammatory effects of HA has been
used and tested in literature [30]. The antiinflammatory
effects of humic substances may contribute to the
inhibition of inflammation-related molecules and other
components [30]. It had been evaluated in previous
studies either by blocking adhesion molecules or inhib-
iting the phagocytic stimulants [31]. It is showed that
humic substances causes anti-inflammation by inhibit-
ing the degranulation and adherence of neutrophils
[31]. Goel et al. [32], showed that there was a strong
antiinflammatory effect by reducing paw edema . They
found a relation between HA and blood flow stimulat-
ing effects, that may be related to anti-inflammatory
features [32]. In another trial, the efficacy of HA sub-
stances significantly reduced the paw volume of carra-
geenan-induced edema in rats [33]. In a study
conducted by European Agency for Evaluation of
Medicinal Products (EMEA), protective effects on the
intestinal mucosa, antitoxic and antimicrobial effects



were demonstrated [34]. Also there are a few researchs
on the antiviral effect of HA in invitro trials [35].

Here, we showed the effect of HA on HIE model.
This is the first study which investigates the role of HA
in HIE model. Apoptotic cells were significantly
decreased in the HIE model. Also normal neuronal cell
levels were more common in HA administation group.
This may be related with the reduction of apoptosis
and oxidative stress. This findings suggest that HA
may be a viable protective agent against HIE. HA may
be a new agent in the treatment of HIE, being also
inexpensive and easily available.

In the light of the results of this study, authors are
working on the second phase of the study which
investigates the effect of humic acid on
neurodevelopment.
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