Biointerface Research in Applied Chemistry
Open-Access Journal (ISSN: 2069-5837)
Article
Volume 13, Issue 5, 2023, 487
https://doi.org/10.33263/BRIAC135.487

Aging and the Liver: Mitochondrial Dysfunctions and the
Impact of Humic Biological Add

Olga Dyomshyna @, Galyna Ushakova 1®  Lilia Stepchenko 2®

1 Oles Honchar Dnipro National University, 72 Gagarin ave., Dnipro 49010, Ukraine; d.olga.1970@gmail.com (O.D.);
ushakova_g@ukr.net (G.U.);
2 Dnipro State Agrarian-Economic University, 25 Sergey Efremov str., Dnipro 49027, Ukraine; stepchenko2@gmail.com
(L.-M.);
*  Correspondence: d.olga.1970@gmail.com; (G.U.);
Scopus Author ID 7004018560
Received: 6.09.2022; Accepted: 19.10.2022; Published: 6.01.2023

Abstract: The pro-antioxidant balance in the whole liver and its mitochondria fraction under
physiologically late aging gerbils and impact with bioactive additives Humilid was studied. Thirty-six
male Mongolian gerbils were randomly divided into six groups: 6-, 24-, 30-, 36-, 39-month-old, and 6-
month-old animals with Humilid drinking water (5 mg/kg weight for 14 days). Obtained data show that
metabolic changes with aging provoke the disbalance of the antioxidant system via the decreased
activity of catalase in the liver. The sequence of events of reduction of catalase activity, accumulation
of toxic peroxide metabolites, and inhibition of superoxide dismutase (SOD) activity were observed in
the liver mitochondria under aging. Showed that catalase activity is higher at 24 months old among the
investigated antioxidative components of the liver mitochondria. At 39-months-old of age, on the
contrary, a decrease in catalase activity is accompanied by an increase in the concentration of
cytochrome C. Therefore, the obtained results may indicate various compensatory reactions that are
involved in the antioxidant protection of the liver of animals in critical periods of life. Furthermore, the
positive preventive impact of Humilid on liver metabolism under aging was shown.
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1. Introduction

The problem of aging is one that always has interested humans. However, despite the
numerous ongoing studies, scientists do not have a clear answer to the question: "What is
aging?" Substantial knowledge about this phenomenon has accrued for decades, which has
allowed the creation of the so-called "aging theory." Mitochondrial and free radical theories
are recognized as the most popular and vital [1-3]. The mitochondrial theory embodies more
approaches, including that of free radicals. Mitochondria are the primary consumers of oxygen
in the cell.

Nevertheless, the establishment of a significant number of active forms, including
oxygen free radicals, accompanies the combined processes of redox reactions of the respiratory
chain and the formation of energy in the form of ATP [4,5]. Under normal conditions, such
aggressive compounds are detoxicated by the antioxidant system (AOS) components [6-8]. A
decrease in AOS efficiency causes a disbalance in the energy supply processes to the cell,
premature aging, and death.
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Cell aging results from accumulating damaged, oxidized molecules impairing
supramolecular structures. The most sensitive organelles to the excessive number of TBA-
active products are mitochondria [9]. Oxidative stress provokes the aging of mitochondria,
reducing their ability to carry out autophagy/mitophagy [10-13], leading to cell aging and tissue
degeneration [14,15].

In contrast to the prooxidant system in the cell, evolutionary forms of protection against
the excessive formation of aggressive compounds that support oxidative-reducing equilibrium
are formed. The balance between peroxide oxidation, on the one hand, and the AOS, on the
other, is a prerequisite for maintaining normal cell function [16]. Disbalance of the AOS
function leads to the excessive accumulation of active forms of oxygen, changes in cellular
metabolism and damage to cell membranes, and the appearance of oxidized proteins.
Furthermore, lipid peroxidation provokes the development of mutagenic and cytotoxic
compounds [17,18]. The aging process in humans and animals is accompanied, on the one
hand, by changes in the generation of active forms of oxygen (AFO) in the cytoplasm. On the
other, significant shifts in the AOS, in particular, decreased activity of its enzyme chain,
increased activity, and the role of the individual non-enzymatic representatives of the system
are the main characteristic of aging [19-21]. Various drugs with active antioxidant substances
are used to prevent oxidative stress from developing with age [22]. The antioxidant properties
of biologically active additives with humic acids, such as Humilid, were discussed previously
[23-27].

The enantiostasis in the liver is an important condition for functioning in a highly
organized organism under a physiological state. Blood protein synthesis, energy metabolism,
and the elimination of toxic metabolites depend on the liver. All functions require a significant
amount of energy produced in mitochondria, the effectiveness of which depends on the
integrity of the external and internal membranes. Oxidizing processes, which prevail during
aging, lead to a violation of all processes mates [28,29]. Nevertheless, life expectancy has
increased significantly due to improved living standards and advances in technology and
medicine. Every year in the world, an increasing number of long-living people are registered,
but the phenomenon of longevity is not sufficiently investigated [13].

Moreover, experimental studies on aging have been described mostly in animals not
older than 25 months [9,30]. The main task of our study was to establish changes in the
antioxidant protection and biochemical parameters of the functional activity of the liver for
long-living gerbils. Therefore, this work aimed to identify the oxidant/antioxidant balance in
the liver and its mitochondria at physiologically aging gerbils and test of humic acids impact
it.

2. Materials and Methods

2.1. Experimental animals.

The experiment was carried out on 36 male gerbils (Mongolian Gerbilia, Meriones
Unguiculatus, Milne-Edwards, 1867) of different ages, with an average weight of 63-83 g kept
under standard vivarium conditions with a full-fledged diet of feeding. Manipulations on
animals were carried out following the rules laid by the "European Convention for the
Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes"”
(Strasbourg, 2010) [31] and the Law of Ukraine "On Protection of Animals from Cruel
Treatment™ (2006) [32].
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2.2. Study groups.

The animals were divided into 6 experimental groups (n=6):

1 — 6-months-old animals, the age of puberty gerbils (control group, to which other
groups were compared;

2 — 24 months, the maximum age at which gerbils live;

3, 4 — 30 and 36 months, every 6 months of late life;

5 — 39 months, the maximum age that was presented in experiment;

6 — 6-months-old with Humilid in drinking water (5 mg/kg weight for 14 days) animals.

2.3 Drug

Humilid was obtained from Khristyeva Problem Laboratory of Humic Substances,
Dnipro State Agrarian and Economic University (Dnipro, Ukraine). The general characteristics
of Humilid are present in Table 1.

Table 1. General characteristics of Humilid.

. Value for specifications U 15.7-00493675 004
Characteristics 2009 (in Ukpraine) Laboratory test
General view Viscous fluid Viscous fluid
Color Dark-brown Dark-brown
Smell Specific Specific
pH 12 114
Dry matter 11% 14,8 %
Organic substances 9% 10,6 %
Humic acids and their salts in organic substances | 50 % 58,4 %
Pathogenic microorganisms CFU /dm?® CFU /dm?

not presented not presented

2.3. Sampling.

The animals were weighed and anesthetized (thiopental 60 mg/kg, Kyowa Kirin Ltd,
UK) at the end of the experiment. The liver was removed, washed in saline, and used for further
studies.

2.4. Obtaining a mitochondrial fraction.

The mitochondrial fractions of the liver (1 g) were obtained by differential
centrifugation in the following buffer medium: 250 mM sucrose, 1 mM EDTA, 10 mM Tris-
HCI; pH 7.4 at 0-3 °C; 2 MM MgCI2 [33]. The homogenate of the liver was centrifuged at 740
g in 10 ml of medium for 5 minutes at 0-2 °C to remove the cellular fragments and isolate the
nuclear fraction. The resulting supernatant was used to determine the biochemical parameters
and to obtain the mitochondrial fraction. The supernatant was centrifuged at 740 g for 5 minutes
at 0-2 °C. For the purification of the mitochondria, the supernatant was centrifuged twice at
9000 g for 10 min. The supernatant containing the plasma membrane, lysosomes, microsomes,
and cytosol was discarded. The collected pellet, including the mitochondria, was rearranged to
10 ml in the medium for further centrifugation at 10000 g for 10 minutes. The sediment
containing the mitochondria was suspended in a buffer with 0.25 M sucrose-free of EDTA and
again centrifuged at 10000 g for 10 min. The procedure was repeated twice, and the dense
sediment of mitochondria was thoroughly suspended in a pipette containing 0.4-0.5 ml of 0.25
M sucrose. The suspension of mitochondria was immediately used for studies.
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2.5. Enzyme assays.

The concentration of total protein, aspartate aminotransferase activity (AST, EC
2.6.1.1), alanine aminotransferase (ALT, EC 2.6.1.2), lactate dehydrogenase (LDH, EC
1.1.1.27), y-glutamyltransferase (GTP, EC 2.3.2.2), and alkaline phosphatase (ALP, EC
3.1.3.1) was determined with standard laboratory test kits (PZ CORMAY S.A., Lomianki,
Poland) according to [34], using the manufacturer's protocol. The activity of catalase (CT, EC
1.11.1.6) was determined by the ability of hydrogen peroxide to form a stable colored complex
with molybdenum salts [35] and was expressed in pcat/mg protein in all the investigated
fractions. The activity of superoxide dismutase (SOD, EC 1.15.1.1) was evaluated as the ability
of the enzyme to inhibit quercetin oxidation [36] and was expressed in conventional units
(c.u./mg protein). The enzyme activity that was able to induce quercetin inhibition by 50 % per
1 mg tissue protein was taken as a unit. The concentration of cytochrome C was estimated
based on its ability to restore sodium dithionate [37].

2.6. MDA concentration.

The concentration of MDA was determined by the contents of the colored complex
formed by the reaction with two molecules of thiobarbituric acid (TBA) in an acid medium
[38]. The amount of MDA was expressed as pmol of TBA-active products per mg protein.

2.7. Statistical analysis.

Results were statistically analyzed using the one-factor dispersion analysis ANOVA.
For all statistical calculations, the significance was considered as the value of P < 0.05. A
correlation was calculated with Pearson’s coefficient.

3. Results and Discussion

3.1. The prooxidant-antioxidant status of the liver and its mitochondria at physiological
aging.

The main prooxidants in the cells are oxidized products, including malonic dialdehyde
(MDA), formed from organic molecules damage. Table 2 shows the analyses of prooxidant-
antioxidant status in the liver and its mitochondria of gerbils at different ages, indicating the
increased level of prooxidant products during physiological aging.

It is known that the sexual maturity of gerbils reaches the age of 6 months, and the life
expectancy mostly does not exceed 24 months. The increased concentration of MDA in 37%
of the liver of 24-month-old gerbils, on 99% of 36-month-old gerbils, and in 58% of 39-month-
old gerbils compared with 6-month-old animals was shown.

Table 2. The compounds of the pro/antioxidant system of the liver of gerbils in physiological aging, n=6.

Experimental group, age (months)
Parameters 6 o4 l 30 | 36 l 39
The liver
MDA, umol/ mg protein 2.19+0.46 3.01+£0.17* 252 +£0.10 4.36 £ 0.25* 3.47+0.21*
Catalase, pukat/mg protein 4.28 +0.47 3.49 +£0.69 3.06 +0.48* 4.04 £0.50 3.2+ 0.56*
SOD, c.u./mg protein 6.31+1.40 9.94 +2.10* 13.70 + 1.10* 8.13 £0.66 3.93+£0.41*
Cytochrome C, pg/g tissue 3.69 £0.43 4.14 £0.32 3.83+£0.28 3.88 +0.38 2.53+0.21
The mitochondrial fraction derived from the liver
MDA, pmol/mg protein | 6434034 | 15.99+2.52* | 12.04+0.81* | 12.32+176* | 26.83+4.32*
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Experimental

roup, age (months)

Parameters 6 24 30 36 39

Catalase, pkat/mg protein 7.44 +0,57 1445+2.09* | 886+1.3 8.95+1.78 7.04+0.81
SOD, c.u./mg protein 12.17+1.18 8.22 +1.24* 10.8 +3.01 7.31+1.79* 4.92 +0.28*
Cytochrome C, pg/g tissue 7.25+0.87 6.95+1.01 6.97 £1.08 5.57 £0.61* 13.22 £ 0.13*

Note: In this and the next tables: * — P < 0,05 significantly different from the 6-month-old animals

At the same time, in the mitochondrial fraction of experimental animals' livers,
significant changes were observed in the direction of increased concentrations of oxidized
products. The quantity of MDA increased 3-fold in 24-month-old compared to 6-month-old
mature gerbils (Table 2). At later lifetimes (30-36 months), these products decreased 2-fold,
though exceeding the value of 6-month-old animals, suggesting an exciting oxidative state in
the mitochondria of the liver of gerbils during late aging. Usually, the average life expectancy
of gerbils is 24 months. Animals over 24 months can be considered long-living. Upon
examining the 39-month-old animals, an irreversible 4.5-fold increase in the concentration of
oxidized products was observed compared with 6-month-old and a 2-fold increase compared
to 30-36 months-old animals. The obtained results confirm the fundamental proposition that
mitochondria are one of the primary sources of oxidized products. The formation of excessive
amounts of oxidized metabolites in the mitochondria indicates the duality of this phenomenon:
MDA can be both a consequence and a cause of processes that lead to the aging of the organism
and the liver particularly (Table 2).

An enzyme that can be referred simultaneously to as the high molecular antioxidant
component (converts the super oxygen molecule into a less toxic peroxide of hydrogen) and
the factor of prooxidant system (contributes to the excessive formation of hydrogen peroxide,
which is one of the main factors of oxidative stress) is superoxide dismutase (SOD). In our
experiments, increased SOD activity was detected in the liver of aged gerbils (Table 2).

The gradual increase of SOD activity on 57% in 24-month-old animals compared to the
6-month-old was shown. However, the peak activity (117%) was registered at the age of 30
months animals. The SOD activity tended to decrease until 39 months old and was just 62%
referred to 6-month-old rodents. Such changes in SOD activity in the liver of gerbils could be
related to the difference in the amount of substrate available to this enzyme. Perhaps, the ability
of the mitochondria to absorb the oxygen molecule and its accumulation in the cytosol is
reduced under aging, which, in turn, leads to the transformation of oxygen to superoxide. This
assumption was confirmed by decreased activity of SOD in the mitochondrial fraction, both at
the age of 24 and 30 months, compared to the 6-month-old animals.

Thus, the stable higher level of prooxidant products in the liver under physiological
aging may be associated with increased permeability of the cell membrane of the hepatocytes.

The evolutionarily formed networks of protection against the excessive formation of
aggressive compounds maintain an oxidation-reduction balance. The basis of the antioxidant
system is macromolecular and low molecular weight compounds with high ability and
sensitivity. Thus, the enzyme catalase is already active even at low concentrations of hydrogen
peroxide [2,25]. The universal enzyme catalase effectively converts toxic hydrogen peroxide
into water and molecular oxygen. The reacted oxygen molecule can be reused in the respiratory
chain to provide the IV cytochrome oxidase complex (aa3) function. This reaction of oxygen
regeneration in mitochondria is lower than in peroxisomes, where catalase activity is the
highest in a cell [39]. However, it provides an additional level of oxygen in mitochondria.

The catalase activity in the liver of gerbils varies insignificantly with age (Table 2):
decrease from 24 months until 30 months of age, and increases to 36 months compared to the
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6-month-old gerbils. It is, presumably, associated with the activation of cellular adaptation to
new conditions of existence. However, at the age of 39 months, there was a decrease in the
activity of catalase noted during aging. The correlation analysis between the catalase activity
in the liver of gerbils and its mitochondrial fraction showed positive relationships of high
degree significance at the age of 6 months (r = 0.75, P <0.05) and negative relationships at age
39 months (r = — 0.85, P <0.01). That is, in adulthood, the system of antioxidant protection
with the participation of catalase is equally active both in the cytosol and in the mitochondria.
The cytosolic protection systems of the liver of long-living animals are depleting with age. At
the same time, the pro/antioxidant balance in the liver has supported by mitochondrial catalase.

Correlation analyses of the activity of catalase and the amount of MDA revealed
positive relationships, with a high degree of significance in the liver mitochondrial fraction
also: for 30-months-old gerbils (r = 0.93, P <0.001), 36-months-old (r = 0.9, P <0.001) and 39-
months-old (r = 0.7, P <0.05), that reflects an induced adaptive reaction of antioxidant system
of mitochondria under aging. The positive high-level significance between the amounts of
activity of catalase and SOD in the liver of 36-months-age gerbils (r = 0.93, P <0.001) was
shown with an increased level of MDA. This suggests a decrease in catalase activity that leads
to the accumulation of peroxide metabolites and inhibition of SOD activity.

The lowest index of SOD activity in the mitochondria registered at the age of 39 months
(a 2.5-fold decrease in activity) compared with 6-month-old animals. This fact can be explained
by the reduced ability of mitochondria to use oxygen in the respiratory chain with age and
reduced energy processes, as indicated by a 4-fold increase in MDA in the mitochondrial
fraction of the liver of 39-months-old gerbils compared to 6-months-old animals (Table 2).

Cytochrome C has many functions as a nuclear-coded mitochondrial protein that
provides vital and apoptotic cell processes [40]. The presence of this protein in the respiratory
chain is decisive in the aerobic production of energy [41]. Cytochrome C also acts as cardiolipin
peroxidase [42] and kinase (four sites of phosphorylation have been identified) [9,43,44]. The
phosphorylated form of cytochrome C is indispensable in regulating the interconnection of the
electron transport system and oxidative phosphorylation [43] and contains an excessive
formation of oxidative products due to its antioxidant properties. Thus, an oxidized form of
cytochrome C can convert superoxide anion to molecular oxygen more efficiently than SOD.
It acts as a processor for hydrogen peroxide [45], and unlike superoxide, it is processed as a
reducing agent and an oxidized form of cytochrome C. Therefore, this protein is a marker of
the effectiveness of the antioxidant system of mitochondria.

In 6 to 24 months gerbils, the concentration of cytochrome C in the mitochondria
decreased slightly (Table 2). However, in the liver, it increased by 12%, indicating the possible
induction of apoptotic processes in old gerbils. The lowest concentration of cytochrome C in
liver mitochondria was observed at the age of 36 months. That is, in adulthood, the system of
antioxidant protection with the participation of catalase is equally active both in the cytosol
and in the mitochondria. The cytosolic protection systems of the liver of long-living animals
are depleting with age. At the same time, the pro/antioxidant balance in the liver has supported
by mitochondrial catalase. However, the question of a significant 2-fold increase in the
concentration of cytochrome C in the mitochondrial fraction in 39-months-age animals remains
open.

Correlation analyses of the amount of cytochrome C and the SOD activity showed an
established positive relationship with high-level significance (r = 0.94, P <0.001) in 24 months
old gerbils. Namely, both proteins act as functional agonists at this age by their ability to
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convert the anion superoxide [45]. At 39 months of life, the correlation coefficient changed to
negative (r=-0.83, P <0.01) in the mitochondrial fraction. Consequently, at an older age, the
main role in the biotransformation of anion superoxide in mitochondria lies in cytochrome C.
This mechanism likely provides mitochondria with oxygen molecules under hypoxic
conditions. At the same time, a negative relationship high-level of significance between the
activity of catalase and the amount of cytochrome C (r = —0.87, P <0,001) and (r =—-0.99, P
<0,001) was established in the mitochondrial fraction of 24- and 39-months-old gerbils,
respectively. However, it should be noted that at the age of 24 months old, an increase in
catalase activity is accompanied by a decrease in the concentration of cytochrome C. At 39-
months-old of age, on the contrary, a decrease in catalase activity is accompanied by an
increase in the concentration of cytochrome C (Table 2). Both proteins participate in the
antioxidant protection of the cell. Therefore, the obtained results may indicate various
compensatory reactions that are involved in the antioxidant protection of the liver of animals
in critical periods of life.

3.2. The mitochondrial and cytosolic aminotransferases in the liver in physiological aging.

Aspartate aminotransferase enzyme plays a critical role in the metabolic activity of
mitochondria [2,25,46,47]. It ensures the operation of such essential pathways in the liver as
the malate-aspartate shuttle mechanism, the urea cycle, and the carbonaceous crack of aspartic
acid oxaloacetate is an important substrate of the tricarboxylic acid cycle. There are two
aspartate aminotransferase isoforms: mitochondrial (m-AST) and cytosolic (c-AST). However,
in standard terms, the highest activity is characteristic of the m-AST [2]. Physiological aging
caused changes in the main markers of liver status, including mitochondrial aspartate
aminotransferase and alanine aminotransferase (Figure 1).

Significant changes in the activity of m-AST were established with aging (Figure 1).
The activity of m-AST at the age of 24 months, which is a turning point in the life of gerbils,
decreased 2-fold compared to 6-month-old animals. This fact may indicate an increase in the
permeability of the mitochondrial membrane. At 30 months, the regeneration of the regularity
of the activity of m-AST increased 1.5-fold compared with the group of 6-month-old animals,
indicating the stimulation of the functional activity of mitochondria.

401 *

N Bl m-AST
L
30- = m-ALT
) s
>
3
B 204 *
o
;\c *
oD * *
10 ﬂ ﬂ '
0- T |rI T 'I T
6 24 30 36 39
months

Figure 1. The activity of aspartate aminotransferase and alanine aminotransferase in the mitochondrial fractions
derived from the liver of gerbils in aging. Values are represented as mean £ SEM (n=6); * —P < 0.05 vs. 6-
month-old animals.
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Also, such changes in the activity of m-AST for 6 months, from the age of 24 months
to 30 months of life, indicate the adaptive processes occurring in the liver of gerbils. During
the next 9 months of the life of these animals, there was a decrease in the activity of m-AST.
Thus, we can conclude that 24 months and 36 months are the critical and vulnerable ages for
the liver mitochondria of gerbils.

There are two isoforms, c-ALT, and m-ALT, for alanine aminotransferase also.
However, the highest activity was detected for the c-ALT isoform, unlike aspartate
aminotransferase.

The activity of m-ALT had a different tendency from its counterpart (Figure 1). At the
age of 24 months, there was a significant 2-fold decrease. During the next 6 months of life,
there was twice the increase compared with 6-month-old animals. At 36 months, the activity
level reached that of 6-month-old animals. However, at 39 months, the activity of m-ALT
increased by almost 3-fold compared to 6-month-old animals. Consequently, the peaks of m-
ALT activity at the age of 30 and 39 months may indicate an increase in substrate
concentration.

In the experiment, a wave-like effect of changes in the values of the De Ritis ratio in
the cytosolic fraction of the liver was established. Thus, in 6-month-old animals, it was 0.67;
in 24-month-old animals, it was 2.3; 30-month-old - 0.82; 36-month-old - 3.85; and in the
oldest animals, 39-month-old - 2.25. Rodents are able to live up to 24 months of age in nature.
That is, for most individuals of the population, this is a critical age in which important
indicators of homeostasis change. In animals that lived to the age of 30 months, the De Ritis
ratio reached the norm. That is, took place that stabilized nitrogen metabolism in the liver with
AST and ALT involved. This phenomenon was observed against the background of a
proportional decrease in the activity of both enzymes, which is associated with the slowing
down of synthetic processes in aging animals. There is a significant predominance of AST
activity at the age of 36 and 39 months. Maybe a compensatory mechanism that ensures
nitrogen exchange in aging cells. And also the intensification of the removal of the products of
the destruction of nitrogen-containing compounds.

3.3. The lactate dehydrogenase, y-glutamyltransferase, and alkaline phosphatase activity in
the aging liver.

Catabolic and anabolic processes of carbon exchange simultaneously occur in the cells
with the enzyme lactate dehydrogenase (LDH), which defines the direction of these processes
in an aerobic or anaerobic way. The accumulation of one of the LDH products, lactate, leads
to acidosis of the cell. LDH activity is determined as an independent prognostic biomarker for
different diseases and high physical activity [48]. The physiological aging is caused by changes
in the activity of lactate dehydrogenase, y-glutamyltransferase, and alkaline phosphatase of the
liver (Table 3).

Our results showed (Table 3) a 2.5-fold prevalence of lactate dehydrogenase-related
activity of pyruvate (LDHpyruvate) over lactate dehydrogenase-related activity of lactate
(LDHlactate) in the liver of 6 months old gerbils. The significant transformations of activity
belong to LDHpyruvate with liver aging. Thus, upon reaching 24 months, LDHpyruvate
activity is increased 1.5-fold, while at the same time, LDHIactate activity remains at the level
of 6-month-old animals. This fact indicates a decreased intensity of gluconeogenesis and
increased lactate content in the liver at this age. One of the regulators of lactate dehydrogenase
activity is the ratio of NAD+/NADH.
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Table 3. The activity of lactate dehydrogenase, y-glutamyltransferase, and alkaline phosphatase in the aging
liver of gerbils, n=6.

Experimental group, age (months)
Parameters 6 24 ‘ 30 ‘ 36 ‘ 39
The liver
LDHiactate, U/Kg tissue 12143+0.44 | 121.07+0.38 112.14£0.15 189.63 £0.16* | 152.43 + 0.66*
LDHpyruvate, U/kg tissue | 259.83 £6.88 | 328.20 £9.23* | 303.59 +7.67* | 269.85+5.26 226.09 £5.77
GTP, 1U/ kg tissue 22.58 £1.92 22.77+2.36 25.19+1.59 28.56 +0.33 27.41+1.86
ALP, U/ kg tissue 89.6 +2.27 87.31+1.56 117.86 £ 1.05* | 128.66 + 0.22* | 153.47 +1.23*
The mitochondrial fraction derived from the liver
LDHpyruvaee, U/kg tissue | 6.35+0.44 | 218+0.38* | 151+0.15* | 1.46+0.16* | 5.41+0.66

The activity of LDH in the liver is directed towards the formation of pyruvate by an
increase in the concentration of NADH. The main source of NADH in the liver is the NAD-
dependent glyceraldehyde-3-phosphate dehydrogenase. Therefore, the activation of
LDHpyruvate indicates the reduction of glycolysis effectiveness, in particular, its second stage.

The gradual reduction of LDHpyruvate to the level observed in 6-month-old animals
was shown at the age of 39 months in the liver of gerbils. These changes indicate the direction
of metabolic processes occurring with age.

A mechanism for reducing the activity of enzymes by binding the soluble fraction to
subcellular structures is known. The binding pathway for LDH is the fixation on the
mitochondrial membrane [48]. Our experiments showed a significant 3-fold reduction of
LDHpyruvate activity in the mitochondrial fraction from 24-month-old animals, maintained at
that level up to the 36-month-old (Table 3). The comparison with the data on the activity of
LDHpyruvate in the liver occurs an age-related decrease in the ability of the mitochondria to
regulate the concentration of free and bound forms of enzymes. At 39 months, the activity of
LDHpyruvate increased 2.5-fold compared to animals aged 24-36 months but was still lower
than in 6-month-old rodents. It may indicate a decrease in the ability of mitochondria to convert
pyruvate and its transformation either to lactate, with the participation of LDH or alanine with
involvement of ALT (Fig. 1), whose activity was elevated in the mitochondrial fraction of the
liver of gerbils at this age.

Prime biochemical parameters of the state of liver tissue include y-glutamyltransferase
(GTP) and alkaline phosphatase (ALP). Both enzymes characterize the functional state of the
hepatobiliary system [49,50]. The highest concentration of enzymes is observed in hepatocytes
located in the area of the liver triad. Therefore, any changes in the activity of GTP and ALP
may indicate changes in the ability of the liver to form and excrete bile. It is known that ALP
activity increases during hepatocarcinogenesis [51]. Previous studies observed a significant
increase in ALP activity in the blood during lung carcinogenesis. During metastases, the level
of alkaline phosphatase can increase earlier than acid phosphatase.

A slight fluctuation of GTP activity in the liver and an increase of 1.3-fold in the blood
of 30-months-old and 2-folds of 36-39-months-old compared to 6-months-old animals was
observed (Table 3). Correlation analysis of the activity of this enzyme in the liver and blood
showed a negative relationship high degree of significance (r = —0.88, P <0.01). Most likely,
the unpredictable changes in GTP activity in the liver of the older gerbils are associated with
an increase in the permeability of the hepatocyte membrane, especially those located in the
hepatobiliary triad, increasing its activity in the blood.

At the same time, the tendency of ALP activity to significantly change with age was
observed (Table 3). Thus, increased alkaline phosphatase activity was observed in the liver of
https://biointerfaceresearch.com/ 90f14
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24-month-old gerbils and older, and by the age of 39 months, approximately 2-fold increases
were recorded in the animals compared to 6-month-old gerbils. Such changes may suggest the
degeneration of the liver with age, damage to the oxidative-reducing balance in the liver, and
decreased ability to carry out excretory processes.

3.4. Impact of Humilid on the prooxidant-antioxidant status of the liver.

Humilid is a nutritious, biologically active additive that contains humic substances. It
is a highly heterogeneous group of acidic macromolecules (molecular weight 1000 to more
than 300000) that bear no physical resemblance to the organic compounds of living organisms.
Humic materials are believed to form through the oxidative degradation of organic tissues to
relatively recalcitrant monomers, followed by polymerizing these monomeric substances into
high molecular weight compounds [52]. Soil organic matter and both humic and fulvic acids
have been shown to have a high affinity for oxidized products. Humic acids and their salts in
organic substances were represented as 50-58% in the applicated Humilid (see table 1). Long-
term studies of the properties of Humilid have proven its powerful biological effect on both
plant and animal organisms [2,23,25,53]. The impact of Humilid on the main indicators of liver
pro-oxidation and the high molecular weight components of the superoxide dismutase and
catalase antioxidant system was shown (Table 4).

Table 4. Low and high molecular weight components of the pro/antioxidant system of the liver of 6-month-old
gerbils under the effect of Humilid, n=6.

Experimental group 6-month-old
Parameters Control | Humilid
The liver
MDA, pmol/ mg protein 2.19+0.46 1.89+0.29
Catalase, pukat/mg protein 4.28 +0.47 7.99+0.67 *
SOD, c.u./mg protein 6.31+1.40 7.13+0.49
Cytochrome C, pg/g tissue 3.69+043 3.56 £0.39
The mitochondrial fraction derived from the liver
MDA, umol/mg protein 6.43+0.34 4.08+0.79 *
Catalase, pkat/mg protein 6.49 £0,11 7.37+£047
SOD, c.u./mg protein 12.17+£1.18 11.84+1.29
Cytochrome C, pg/g tissue 7.25+0.87 9.38+1.09*

The activation of protective mechanisms in the liver of adult animals under Humilid
application was established due to the stimulation of catalase by 86%. Moreover, the increased
cytochrome C concentration in the mitochondrial fraction derived from the liver by almost 30%
was also noted under the Humilid effect. This fact may indicate the stimulation of the
respiratory chain with the simultaneous intensification of the cell's energy supply under the
impact of Humilid.

3.5. Impact of Humilid on the aminotransferases of liver

The mechanism of transamination is adopted due to total protein and amino acids
metabolism in aging. Results of changes in the activity of aspartate and alanine
aminotransferase in the liver of 6-month-old gerbils with the preventive application of Humilid
were shown (Figure 2). In addition, the positive impact of Humilid in drinking water (5 mg/kg
weight for 14 days) for 6-month gerbils was noted.
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Figure 2. The total activity of aspartate (AST) and alanine (ALT) aminotransferases and mitochondrial aspartate
(m-AST) aminotransferase in the liver of gerbils. Values are represented as mean + SEM (n=6); * — P < 0.05 vs.
6-month-old animals.

The activity of ALT increased by 37% under the stabile activity of AST after the
influence of Humilid to 6-month-old gerbils was registered (Figure 2). The activation of the
glucose-alanine cycle and transamination reactions occur under the action of humic substances
in the liver. Increased activity of AST in mitochondria was shown at 22% under Humilid
application, while AST activity in the liver did not change. These facts may indicate the
regulatory activity of humic substances to cell behavior previously described [2,23,25] and
note the integrity of the mitochondrial membrane under the Humilid effect. The absence of
toxicity of humic substances to mitochondria was evidenced by the stability of the cytochrome
C concentration in the liver (Table 4).

4. Conclusions

The obtained results conclude that inhibiting the protective antioxidant system induces
the aging liver. That leads to a decrease in liver function. The chief antioxidant enzymes of the
liver in long-living animals are mitochondrial catalase, and cytochrome C. Preventive support
by Humilid can save the stability of the antioxidant system and prolong the function of the liver
in the adult.
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