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induced structural changes in the liver of the
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Abstract

Objectives: The role of alpha-lipoic acid in the amelioration of iron overload-induced hepatic damage remains largely under-
explored. Therefore, this paper aimed at describing the structural effects of alpha-lipoic acid on the liver following iron over-
load in mice.

Methods: After ethical approval, a total of 24 male mice were used. Twenty mice were randomly divided into two groups:
A and B. Group A rats received 50 mg/kg of iron dextran intraperitoneally daily for 49 days, while those in Group B received
a daily oral dose of 100 mg/kg alpha-lipoic acid by gavage in addition to the treatment in Group A. Four mice were used as
normal controls. At the endpoint of the experiment, the livers were harvested and studied for iron deposition, parenchymal
histoarchitecture and hepatocyte densities. Photomicrographs were taken using a digital photomicroscope for morphomet-
ric analysis.

Results: Treatment of mice with iron led to a distortion of the histoarchitecture of the liver which was attenuated with co-admin-
istration of alpha-lipoic acid. Additionally, co-treatment of iron with alpha-lipoic acid resulted in significant lowering of hepatic
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Introduction

Iron overload is a common clinical problem that occurs
in conditions such as hereditary hemochromatosis and
transfusion dependent anaemia including sickle cell dis-
ease and beta thalassemia."” Since the liver is the main
storage site for iron, it is among the key organs to be
adversely affected by iron overload toxicity resulting in
hepatic fibrosis and hepatocellular necrosis."”

Currently, management of iron overload involves
iron chelation therapy and phlebotomy. These modali-
ties however, have several limitations including high
cost, patient incompliance and numerous associated side
effects.”” Furthermore, phlebotomy is contraindicated
in anaemic patients.” Thus, there is need for better
avenues to augment the management of iron overload.
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iron deposition (p<0.001), reduction in leukocyte infiltration and significantly greater hepatocyte densities (p<0.001).
Conclusion: Alpha-lipoic acid considerably attenuates the structural damage in the liver induced by iron overload.
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Alpha-lipoic acid (ALA) is a widely available cheap
but potent antioxidant. It has lately been in use in the
management of diabetic polyneuropathies where it scav-
enges reactive oxygen species (ROS) produced as a result
of glucose auto-oxidation induced by hyperglycemia.” A
tew studies have documented the possible iron chelating
properties of ALA. For instance, Goralska et al."”
showed that treating isolated cultured lens epithelial cells
with ALA significantly lowered the size of the free intra-
cellular iron. In another study by Suh et al.,"" feeding
ALA to aged rats for 2 weeks showed a reversal of the
age-related accumulation of iron in the cerebral cortex.
However, these studies were conducted under conditions
of normal body iron levels. Hitherto, there are hardly
any studies that have investigated the effects of ALA on
the liver following iron overload. This study therefore
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aimed to describe the structural effects of ALA on the
liver of the mouse following iron overload.

Materials and Methods

ALA was supplied by Nature’s Bounty, Inc. (Bohemia,
NY, USA) while iron dextran (Dawafer) was supplied by
Chongqing Fangtong for Dawa Limited (Kenya). The
injections were administered using 30 gauge (BD Micro-
Fine™ Plus; Becton Dickinson and Co., Franklin Lakes,
NJ, USA) insulin syringes and a gavage tube for mice was
used for oral drug administration.

A total of 24 male 8 week old mice (Mus musculis)
were purchased from The Department of Zoology,
University of Nairobi, Kenya. Ethical approval to con-
duct the study was obtained from the Animal Use and
Ethics Committee, Faculty of Veterinary Medicine,
University of Nairobi, Kenya. The handling and care of
the animals were in accordance with the guidelines pro-
vided by the same committee.

Four mice were randomly selected for use as normal
controls. One of the 4 mice selected as controls was used
to show the baseline histomorphology of the liver. The
remaining 20 mice were then randomly divided into two
equal groups: A and B. Group A received a daily intraperi-
toneal (i.p.) injection of 50 mg/kg/day of iron dextran fol-
lowed by daily oral gavage of 0.3 ml of normal saline, while
Group B received a daily i.p. injection of 50 mg/kg/day
iron dextran followed by daily oral gavage of 100
mg/kg/day of ALA. The normal control mice were given
a daily i.p. normal saline (30 pl) followed by daily oral gav-
age of 0.3 ml normal saline. The dose of iron dextran used
was based on the study by Zhang et al.,"* while that of ALA
was based on the studies by Budin et al."” and Ahmadvand
and Jamor."" Three mice from each group were sacrificed
at day 16 and 32 of the experiment while the remaining 4
in each group were sacrificed at day 49.

The livers were harvested en muasse and stored in 10%
formalin. Independent uniform random sampling, as
described by Marcos et al.,"” was used to select 5 random
fragments from each liver for histological processing and
staining with haematoxylin and eosin.

Photomicrographs of the stained sections were taken
using a 12 mega pixel Canon camera mounted on a pho-
tomicroscope.

Estimation of iron deposition was done using the
Cavalieri principle of point counting” and data expressed
as volumetric densities (%). Following the technique
described by Gundersen et al."” and Bancroft and Cook,"”
the selected histological areas were analysed using a super-
imposed 80-point grid on the digital images on a monitor
screen using Image] software (National Institutes of

Health, Bethesda, MD, USA) (Figure 1).

119

Hepatocyte density estimation was done using the
Cavalieri’s principle of point counting."” Using the
Image J software, grid squares were superimposed on the
images then the cells within a square and those crossed
by the inclusion line were counted (Figure 2).

Quantitative data on volumetric densities of iron
deposits and hepatocyte densities was entered into the
Statistical Package for Social Sciences (SPSS for
Windows, version 21.0; SPSS Inc., Chicago, IL, USA)
for analysis. Cell densities were expressed in mm2 while
iron deposition was expressed as a percentage. Kruskal-
Wallis H test was used to compare medians of the quan-
titative data across the various harvesting periods within
each group while Mann-Whitney U test was used to
compare the medians between Group A and B. A p value
<0.05 was considered significant at 95% confidence
interval. Data are presented in photomicrographs and
graphs.

Results

Iron treatment resulted in a progressive increase in the
volumetric densities of the iron deposits from 6.4% at day
16 to 12.03% and 27.26% at days 32 and 49, respectively
(p<0.001). Co-administration of iron with ALA resulted in

Figure 1. The point counting method to estimate the volumetric densi-
ty of the iron deposits. The volume densities of the iron deposits were
calculated by the formula Vv = Pp/Pt, where Vv is the volume density, p
is the component under consideration (iron deposits), Pp is the number
of test points associated with p, and Pt is the total number of points of
the test system. [Color figure can be viewed in the online issue, which is
available at www.anatomy.org.tr]
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significantly lower volumetric densities across all the har-
vesting periods (p<0.001). The percentages in the ALA
group were 3.76%, 7.52% and 15.79% at day 16, 32 and
49, respectively (Figure 3).

Iron treatment resulted in distortion of the normal
hepatic histoarchitecture proportional to the duration of
treatment. There was marked degeneration of hepatocytes
with distortion of the hepatocyte cords. The nuclei of
hepatocytes were enlarged and showed fragmented nucle-
oli. There was also infiltration of deeply basophilic leuko-
cytes around several clusters of large iron deposits.

ALA co-administration resulted in a reduction of the
magnitude of the iron overload induced histoarchitectural
changes as evidenced by the reduction in the sizes and area
of the iron deposits. The cord like arrangement of the
hepatocytes was also preserved with discernible bound-
aries between cells in adjacent cords. The nuclei of hepa-
tocytes showed less enlargement and fragmentation. The
leukocyte infiltrates were also reduced (Figure 4 a—f).

Iron treatment resulted in a progressive decline in the
hepatocyte densities from 1433.33/mm’ at day 16 to
1383.33 and 689.89/mm’” at day 32 and 49 respectively
(p<0.001). Time matched mice treated with iron and
ALA showed higher hepatocyte densities compared with
the mice treated with iron alone (p<0.001). The densities
for the mice treated with iron and ALA were 1572.22,
1583.33 and 1055.56/mm’ at day 16, 32 and 49 respec-
tively (Figure 5).

Discussion

ALA reduced the hepatic iron deposition in a manner
similar to previous studies using related compounds. For
instance, Gao et al.""”
sition on the mouse liver using danshen, an antioxidant
compound. The reduction in iron deposition with ALA
treatment could be attributed to its iron chelating prop-
erties.” This is a similar mechanism to that of deferox-
amine and deferipone, known iron chelators that have
been shown to reduce hepatic iron deposition in mice
liver following iron overload.”” The dithiolane ring in
the chemical structure of ALA confers its ability to bind
redox active elements such as iron.”**” Since generation
of ROS directly correlates with the concentration of free
intracellular iron,”” administration of ALA to iron over-
load patients could help chelate this free intracellular
iron and thus reduce ROS generation and hepatic dam-
age.

reported a reduction in iron depo-

ALA treatment, as with other interventions reported
elsewhere, resulted in a reduction in the parenchymal
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Figure 2. The grids used in the determination of hepatocyte densities.
The unit area for each grid square was 0.0018 mm?. Every second
square on the grid was selected for cell counting and a total of 12 grid
squares per field were considered. The average cellular count/mm? of
the 12 unit areas was then used as the cell density. [Color figure can be
viewed in the online issue, which is available at www.anatomy.org.tr]

1" noted

damage seen with iron overload. Hazra et a
that a flavonoid compound, Katha, was protective
against iron overload induced liver damage, while Sarkar
et al.”” studied the effects of Emblica officinalis, an antiox-
idant, on the mouse liver following iron overload, and
also noted an improvement in the histoarchitecture com-
pared with iron treatment alone. The reduction in
parenchymal damage may be attributed to the antioxi-
dant capacity of ALA which makes it able to scavenge
ROS produced during iron overload.”® Systemic ALA
has been shown to be protective against light induced
oxidative retinal damage, supporting its protective effects
against oxidative damage.”” This is further supported by
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Figure 3. Line graph showing the volumetric densities of the iron
deposits in the mouse liver tissue.
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Figure 4. (a—f) Figure showing the histo-morphological changes in the livers of the control and experimental mice; (a, b) Liver of a normal con-
trol mouse; (c, d) Liver of a mouse treated with iron dextran for 49 days; (e, f) liver of a mouse treated with iron and ALA for 49 days. BD: bile
duct; CV: central vein; I: iron deposits; S: sinusoids; arrows: hepatocyte nuclei; arrowheads: leukocyte infiltrates. Scale bar=150 um. [Color fig-
ure can be viewed in the online issue, which is available at www.anatomy.org.tr]
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Figure 5. Line graph depicting the changes in hepatocyte densities in
the mouse liver tissue.

the works of Rezk and Abdel-Rahman,” who found
ALA to be protective against lead and gamma-irradiation
induced oxidative damage to the lungs and kidneys of
albino rats. Additionally, it is postulated that ALA has
the ability to regenerate other endogenous antioxidants
such as Vitamin C, E and glutathione.””!
biosynthesis of glutathione requires cysteine, an amino
acid which is enhanced by ALA through the acceleration
of the conversion of cystine to cysteine.™

! For instance,

Previous studies have shown that iron overload
induced hepatocellular damage causes hepatic dysfunction
which is alleviated by application of deferoxamine, an iron
chelator."””” Due to its potential iron chelating and antiox-
idant property, ALA could therefore be used to prevent
hepatic cellular damage and subsequent dysfunction in
iron overload conditions.

Conclusion

ALA considerably attenuates the structural damage in
the liver induced by iron overload. We recommend fur-
ther clinical studies to investigate the possible utility of
ALA in the management of iron overload patients.
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