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ABSTRACT

Background: Hyperthyroidism is a condition associated with oxidative damage of liver. Omega-3 fatty acids are effective in
various medical conditions due to antioxidant, anti-inflammatory, anti-apoptotic and anti-fibrotic activities.

Aim of the work: Here we evaluate the potential effects of omega-3 fatty acids on experimentally induced hyperthyroidism.
Materials and methods: Thirty adult male rats were divided equally into 3 groups; Control group (G1) received saline.
Hyperthyroid (GII) received L-thyroxine group 0.1ug/g/day intraperitoneal for 6 weeks. L-thyroxine+Omega-3 group (GIII)
received L-thyoxine as previous group then 12% of eicosapentaenoic acid (EPA), and 18% of docosahexaenoic acid (DHA)
for 4 weeks (from 3rd to 6th weeks). Blood samples were taken for detection of liver enzymes, serum T3 and TSH. Liver
samples were taken for light and electron microscopic examination. Immunohistochemical staining of CD68, Caspase 3 and
proliferating cell nuclear antigen (PCNA) were done.

Results: L-thyroxine over dose decreased TSH, increased serum T3 and liver enzymes (ALT &AST). Also, it induced patches
of cytoplasmic vacuolation, dense nuclei, vascular congestion and significant increase of collagen fibers. Electron microscopic
changes revealed rarified cytoplasm and mitochondria with destructed cristae in most hepatocytes, . Significant increase of
caspase3 and CD68 immunoexpression and significant decrease of (PCNA) immunoexpression were noticed. Concomitant
treatment with omega 3 showed decreased liver enzymes and T3. Improvement of most morphological alterations in the
hepatocytes was observed. Significant decrease of collagen fibers, caspase 3 and CD68 immunoexpression was observed and
significant increase of PCNA immunoexpression.

Conclusion: Combined treatment with omega 3 ameliorated most of L. thyroxine induced liver changes and serological
parameters.
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INTRODUCTION cells including hyperthyroidism cases!®). The possible
mechanism between hyperthyroidism and hepatic
The liver has important functions in human body dysfunction is unclear®. Previous study has found that the
including lipids and carbohydrates metabolism, harmful reactive oxygen species (ROS) production was
production of hormones and clotting factors, and stimulated by excess thyroid hormones!'”. Recent studies
detoxification'2. Hormones of thyroid gland have an reported that oxidative stress and mitochondrial oxygen
important role in development and growth of almost body consumption increased in hyperthyroid rat liver!'". It has
tissues and organ system!! including liver by controlling been found that antioxidants like vitamin E and curcumin,
normal hepatic function,structure and normal bilirubin had a protective role against L-thyroxine induced hepatic
metabolism™>!. Hyperthyroidism is a condition associated dysfunction and oxidative stress!!?. Treatments that can
with overproduction and secretion of thyroid hormones, protect liver function and prevent hepatic damage are still
which causes thyrotoxicosis with oxidative damage of rare as most clinical treatment of hyperthyroidism induced
liverl®,so liver dysfunction is reported in 37% to 77.9% hepatic damage is mainly to control clinical symptoms of
of patients with hyperthyroidism of previous studies!”. In hyperthyroidism!™. So, new treatments discovery which
addition abnormalities of biochemical markers of liver has the property of both hepatoprotective and antithyroid
as the alanine aminotransferase (ALT) and aspartate efficacy will be very helpful.
aminotransferase (AST) levels (transaminases) usually
are associated with inflammation and/or injury to liver Omega-3 polyunsaturated fatty acids (PUFAs) are long
Personal non-commercial use only. JMH copyright © 2018. All rights reserved DOI: 10.21608/jmh.2019.7186.1045
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chain PUFAs found in marine sources as shrimp, fish,
mussel, oyster,¥), nuts and sesame seeds!'¥, flax seed and
vegetable oils such as soybean, canola and olive!'s. It has
been found that the benefits of Omega-3 (PUFAs) could
be due to reduction in the production of pro-inflammatory
cytokines, act as antioxidant and immune system
protection'). The protective health effects of omega-3
fatty acids were described first in the Greenland Eskimos
who consumed a high seafood diet and had low rates of
coronary heart disease, asthma, type 1 diabetes mellitus,
and multiple sclerosis!'”. Also, the beneficial health effects
of omega-3 fatty acids include cancer, inflammatory bowel
disease, rheumatoid arthritis, and psoriasis!'®l.

AIM OF THE WORK

Owing to insufficient research work done to evaluate
hyperthyroidism related liver damage. The present work
aimed at investigating the possible protective role of omega
3 on L thyroxine overdose induced hepatic structural and
functional changes in adult male albino in relation to
different immunohistochemical markers.

MATERIALS AND METHODS

1) Experimental design:

Adult male Wister Albino rats weighing 180 — 200
gm were used for this study. Animals were housed in
clean capacious cages (4 rats per cage) in Animal House
of Faculty of Medicine, Assiut University. They will be
maintained on a natural 12:12-h light-dark cycle in well
aerated room, temperature (25 + 5 °C), food (standard
rat pellets) and water available ad libitum. Before the
experiment, the animals will be habituated to handling and
the testing environments for four days. The experimental
procedures were carried out according to “Guidelines of
Experiments on Animals” at Faculty of Medicine, Assiut
University, Egypt.

* Animal groups

30 rats in the present study were randomly divided into
the following groups:

Group I: 10 rats served as control group and received
saline.

Group II: 10 rats served as Hyperthyroid treated group
received L-thyroxine at a dose of 0.1ug/g/day (Sigma-
Aldrich, USA) intraperitoneal for 6 weeks!'”!

Group III: 10 rats are considered as hyperthyroid
as group II then received omega 3 after confirming
hyperthyroidism by serological tests had been established
at the end of the second week for 4 weeks. They were
fed a chow diet and supplemented daily with 3.0 g/kg
animal weight of an oral compound containing 12% of

(eicosapentaenoic acid )EPA and 18% of (docosahexaenoic
acid)DHAP,

At the end of the experiment, the animals were
anesthetized with an intraperitoneal injection of thiopental
sodium (50 mg/kg). Liver specimens were subjected to the
following studies:

light microscopic study: The liver specimens were
fixed in 10% neutral formalin and processed to get
paraffin sections (Spum) stained with haematoxylin and
Eosin(Hx&E), Masson’s trichrome and PAS 12!

Immunohistochemistry

After fixation in 10% neutral formalin for 2 days,
dehydration, clearing and embedding. Paraffin sections
were cut at 4 um and stained with modified avidin-biotin
peroxidase technique. Sections were deparaffinized
and rehydrated. Then, slides were incubated in 0.3%
H202 for 10 minutes to abolish endogenous peroxidase
activity. The tissue sections were incubated overnight at
room temperature with the following primary antibodies:
anti-caspase-3 [mouse monoclonal antibody (Lab Vision,
Fremont, CA USA), antiprimary antibodies to proliferating
cell nuclear antigen (PCNA) (Clone PC 10; Dako Denmark
A/S, Glostrup, Denmark) and monoclonal mouse anti-
CD68 for detection of macrophages(Sigma-Aldrich Inc., St
Louis, MO, USA) at dilutions of 1/100-400, then washed
with PBS and incubated with biotinylated secondary
antibodies and then with avidin-biotin enzyme complex.
The immunoreactivity was visualized

using 3, 30- diaminobenzidine hydrogen peroxide as a
chromogen.

The sections were finally counterstained with Mayer’s
hematoxylin.

Negative control slides were done with omission
of the primary antibodies using non immunized goat
sera. Positive controls were done for all antibodies used
respectively (tonsil, skin and tonsil ).

E.M. Study: Animals from each group were perfused
intracardially with 4% cold glutaraldehyde in cacodylate
buffer (PH7.4). Specimens (1mm) size were taken from
liver and processed. Ultrathin section (500A) were cut
form the selected areas in semithin section, and studied
with transmission electron microscope. JEOL (J.E.M.-100
CXII) and photographed at 80 K.V in Assiut University /
Electron Microscope Unit?*?

Morphometric study
Three non overlapped fields in each of five sections of

each of 3 rats from each group were used for measuring
the following:
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1. The number of positive PCNA immunostained
nuclei were counted in 3 nonoverlapping fields in
each section X400

2. The number of positive CD68 immunostained
cells were counted in 3 nonoverlapping fields in
each section X400

3. The area %of distribution of collagen fibers in 3
Mallory trichrome stained nonoverlapping sections
(X100)

All morphometric studies were done by using image
J which is a Java based open source image processing
package.

Statistical analysis

The morphometric data, expressed as mean +SD, of
each group were statistically analyzed using SPSS (version
16; SAS Institute Inc., Cary, North Carolina, USA). The
independent ANOVA test was used to compare the animal
groups. P value less than 0.05 was considered significan*!.

Serological Study

Measurement of serum triiodo-L-thyronine (T3) and
thyroid stimulating hormone (TSH):

Enzyme-linked immunosorbent assays (ELISA)
commercial kits (BioSource, Belgium, Europe) were used
to measure the levels of both T3 and TSH in the serum
of the three rat groups, following the instructions attached
with each kit.

Measurement of serum alanine transaminase (ALT)
and aspartate transaminase aminotransferase (AST):

The serum levels both ALT and AST were assayed using
commercial kits (Chema, Italy) using the manufacturer's
instructions to determine their enzymatic activities with a
spectrophotometric technique by the Olympus AU-2700
auto analyzer and presented as IU/L.

RESULTS

A. Histological results
Light microscopic results:

Light microscopic examination of H&E stained sections
of group I (control group) showed hepatocytes arranged
in cords radiating from the central vein (Fig.1.a). They
were polyhedral in shape with granular cytoplasm and
vesicular large nuclei, liver cords were separated by blood
sinusoids (Fig.1b). Examination of group II (L. thyroxine
treated group) showed that liver changes were noted in
the form of patches of cellular degeneration through the

lobules (Fig.1c). Some of altered cells showed dense
nuclei and vacuolated cytoplasm, others lost their nuclei
(Fig.1c). There were patches of mononuclear cellular
infiltrations (Fig.1d ). Congestion were observed in blood
vessels (Fig.1c). In group III (L- thyroxine +Omega3
treated group), after administration of Omega-3 exhibited
reduction in hepatic changes. Most of hepatocytes regained
their nearly normal structure (Fig.le).

Masson'strichrom  stained sections of control group
showed few collagenous fibers around the central vein
(Fig.2a). While in (L- thyroxine treated) there was an
extensive amount of collagen fibers around the central veins
(Fig.2b) and in the portal areas. In group III, few collagen
fibers were observed around the central vein (Fig.2c) and
at portal tracts. Statistically, there was significant increase
of collagen

area % in (L. thyroxine treated group) compared to
control group and a significant decrease in (L.thyroxine
+omega3 treated group) compared to group II (Fig.2d).

PAS stained sections of control group revealed that the
cytoplasm of most of hepatocytes had a strong reaction
(Fig.3a). L-treated group showed weak PAS reaction in
multiple hepatocytes (Fig.3b). While after treatment with
omega 3(group III), a strong PAS reaction could be seen in
most of hepatocytes compared to group II (Fig.3c).

Immunohistochemistry

Immunostainning for CD68 of control group showed
few +ve Kupfer cells scattered in the sinusoidal walls
(Fig.4a). InL.thyroxine treated group , there was an increase
in the scattered immunostained CD68 +ve cells(Fig.4b).
While in L. Thyroxine +omega3 treated group , there was
few scattered CD68+ve cells(Fig.4c). Immunostaining for
cleaved caspase-3 of control group showed few scattered
cells in the liver lobule (Fig. 4d). In L. thyroxine treated
group, there was a numerous caspase 3 +ve cells(Fig. 4e).
After treatment with omega3, there was fewer caspase
3 positive cells (Fig. 4f). Immunostaining for PCNA of
control group showed multiple immunostained +ve cells
(Fig.4g). In L. thyroxine treated group, there was marked
decrease in PCNA+ve cells (Fig.4h) While after treatment
with omeg3 there was multiple PCNA +ve cells (Fig.41).
Statistically there was significant increase of CD68 +ve
cells in L. thyroxine treated group compared to control and
significant decrease after treatment with omega3 compared
to groupll (Fig. 4j). Also there was significant decrease in
PCNA +ve cells in L.thyroxine treated group compared to
control and a significant increase in immunostained cells in
group III compared to group II (Fig.4k).

Electron microscopic examination of hepatocytes of
control group showed large rounded euchromatic nuclei
with prominent nucleoli. The cellular organelles were
uniformly distributed throughout the cytoplasm. Numerous
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mitochondria, cisternae of rough endoplasmic reticulum, Increase in serum T3 and decrease in serum TSH
lipid droplets and numerous smooth endoplsmic reticulum levels were significantly observed after administration of
were noted (Fig.5.a). Examination of L. thyroxine treated L-thyroxine compared to the control group. After omega-3
group revealed appearance of many electron lucent administration, serum analysis of these hormones revealed
areas of the rarified cytoplasm and mitochondria with significant decrease in T3 and a significant increase in TSH
destructed cristae. The nuclei were variable in size and levels when compared to hyperthyroid group. Meanwhile,
showed peripheral localization of heterochromatin clumps the level of T3 was significantly higher and the level of
(Fig.5b). TSH was significantly lower in hyperthyroid omega-3
treated than the control (Table 1 & Hitogram 1,2). serum
Examination of group III revealed most of hepatocytes levels of both ALT and AST were significantly higher in
regained their normal structure, however few electron- hyperthyroid animals when compared to control. Omega-3
lucent areas were observed in the cytoplasm .The treatment to hyperthyroid rats resulted in significant
mitochondria seemed to be normal and apparent regular reduction of both ALT and AST in comparison with
arrangement of rough endoplasmic reticulum (Fig.5c&d). hyperthyroid rats. The levels of both ALT and AST were
insignificant in hyperthyroid omega-3 treated group when

B. Serological results compared with control group (Table 2 & Histogram 3).

Table 1: Serum levels of triiodo-L-thyronine level (T3) and thyroid stimulating hormone (TSH)

Control Hyperthyroid Omega-3 treated
T3 (ng/dL) 61.79 £5.76 356.31 +£16.39 * 271.08 £ 13.76*#
TSH (nIU/mL) 0.186 = 0.02 0.061 £0.01* 0.055 £ 0.02%#

Note: Data are presented as means + SD (n = 8 in each group).
* Statistically significant when compared to control group.
# Statistically significant when compared to hyperthyroid group.
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Histogram 1: Serum levels of T3 in different groups
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Histogram 2: Serum levels of TSH in different groups

Table 2: Serum Levels of alanine transaminase (ALT), aspartate transaminase (AST)

Control Hyperthyroid Omega-3 treated
ALT (U/L) 59.13+£7.56 135.70 + 15.33* 62.77 +9.26#
AST (U/L) 131.09 £20.51 253.66 + 18.84* 136.24 £ 17.60#

Note: Data are presented as means + SD (n = 8 in each group).
* Statistically significant when compared to control group.
# Statistically significant when compared to hyperthyroid group.
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Histogram 3: Serum levels of ALT&AST in different groups
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Table 3: Levels of collagen area% & No. of CD68+ve cells and PCNA +ve cells/field in different groups

control L thyroxine L.thyroxinetOmega3 P.value
treated
Collagen area% 7.07+ .83 20.36+ .65° 10.05+.7220 .003
No. of CD68+ve cells 5+.83 15+1,30? 7+1.0%0 .002
No. of PCNA +ve cells 99+7.2 46+4.32 79+4.200 .000

Statistical significant difference (P < 0.05)

Mean+SD

:Significant difference from control control

®: Significant difference from control and L.thyroxine treated group

Fig. 1: Photomicrographs of liver sections (a) Control group; showing hepatocytes (H) radiating from the central vein H&Ex100. (b) Showing
hepatocytes with e vesicular nuclei(N),some are binucleated (1) separated with sinusoids(s), (*) central vein, H&Ex400.(c) L.thyroxine
treated group showing hepatocytes with vacuolated cytoplasm(H), dilated blood vessel (V) H&E x100. (d) L.thyroxine treated group showing
hepatocytes with patches of cellular infilteration(arrow head) H&E x400 (e)L.thyroxine+omega3 treated group showing ; regular arrangement

of cellular cords, separated with blood sinusoids(s) H&E x100
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Data are presented as mean = SD (n = 8 rats in each group).
* Significantly different vs. control group (P < 0.05).
# Significantly different vs. L thyroxine treated group (P < 0.05).

Fig. 2: Photomicrographs of liver sections(a) Control group showing: few collagen fibers around the central vein(double arrows). (b) L.
thyroxine treated group showing: extensive amount of collagen fibers (double arrows). (¢ ) L.thyroxine+omega3 treated group showing few
collagen fibers around the central vein(double arrows) Masson trichrome x100.(d)Collagen % area showing statistically significant increase
of collagen area in L. thyroxine treated group compared to control and significant decrease in omega3 treated group compared to L. thyroxine
treated group.
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Fig. 3: Photomicrographs of liver sections (a) Control group showing: strong PAS reaction in most of hepatocytes ( wavy arrow)x100. (b)
L. thyroxine treated group showing, weak PAS reaction in multiple hepatocytes (wavy arrow)x100. (c) L.thyroxine+omega3 treated group
showing strong PAS reaction in multiple hepatocytes(wavy arrow) x100.
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Data are presented as mean + SD (n = 8 rats in each group).

* Significantly different vs. control group (P < 0.05).
# Significantly different vs. L.thyroxine treated group (P < 0.05).

No of PCNA
immunopositive cells
feld

Data are presented as mean = SD (n = 8 rats in each group).

* Significantly different vs. control group (P <0.05).
# Significantly different vs. L.thyroxine treated group (P < 0.05).

Fig. 4: Immunohistochemical stained liver sections(a) Control group showing few CD68 +ve cells in the sinusoidal walls(wavy arrows). (b)
L thyroxine treated group showing multiple scattered CD68 +ve cells (wavy arrows). (c) L. thyroxine + omega 3 treated group showing few
CD68 +ve cells (wavy arrows)x100. (d) Control group showing few caspase3 +ve cells in the hepatocytes (wavy arrow)x100. ( ¢) L thyroxine
treated group showing numerous caspase 3 +ve cells(wavy arrows)x100.(f) L.thyroxine +omega3 treated group showing fewer caspase3 +ve
cells (wavy arrows)x100.(g) Control group showing multiple PCNA +ve cells (wavy arrows)x100. (h) L.thyroxine treated group showing
few PCNA +ve cells (wavy arrows) x100.(i) L.thyroxine+omeg3 treated group showing multiple PCNA +ve cells (wavy arrows)x100. (j)
Showing significant difference increase number of CD68 +ve cells in L. thyroxine treared group compared to control and significant decrease
of +ve cells in L-thyroxine +omega 3 treated group. (k) Showing significant decrease of number of PCNA +ve cells in L.thyroxine treated
group compared to control and significant increase of +ve cells in L.thyroxine +omega3 treated group.
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Fig. 5: Electron micrographs of liver sections(a) Control section showing large euchromatic nuclei(N) with prominent nucleoli. Numerous

mitochondria(m), rER, SER and lipid droplets(L) can be seen x3600. (b) L.thyroxine treated section showing rarified cytoplasm with electron

lucent areas(*) and few mitochondria (m)x7200. (c) L-thyroxine +omega3 treated group showing nucleus (N)with more condensed chromatin
(*)x3600. (d) Showing apparently normal (rER) and mitochondria(m) x7200.

DISCUSSION

Thyroid hormones have an important implication on
the liver structure and functions so serious liver changes
resulted from imbalance of the thyroid hormones either in
hyperthyroid or hypothyroid states!?. In the present study,
we investigated the effects of omega3 fatty acids on L-
thyroxine induced hyperthyroidism and subsequent altered
liver histological changes with their possible antioxidant
effects in a dose 3 g/kg/day.

In the present work, administration of L-thyroxine

intraperitoneally for six weeks led to histological
liver changes. Light microscopic examination showed
disorganized hepatic architecture with degeneration
in the hepatocytes, vascular dilatation, congestion,
and mononuclear cell infiltration. Ultra structurally;
the cytoplasm of the hepatocytes contained multiple
cytoplasmic vacuoles or cytoplasmic rarefaction. These
findings were in agreement with some studies which
examined the relation between thyroid and liver diseases!>®!

Observed multiple vacuoles in the cytoplasm of the
hepatocytes could be explained accumulation of toxic
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metabolites which caused damage of the cell membrane
which led to hydropic degeneration . The protein content
was watered down and the cell was less stained™”.

In a previous study, inflammatory cellular infiltrations
were exhibited between hepatocytes due to movement of
fluids and leukocytes from the blood into the extravascular
tissue as a reaction of microcirculation in inflammatory
conditions. High levels of prostaglandins (PGs) synthesis
that induces smooth muscle relaxation with subsequent
sinusoidal dilatation, while congestion might be due to loss
of fluid from the blood and the vessels got engorged with
RBCsP,

Intense production of reactive oxygen species (ROS) and
reactive nitrogen species (RNS), leading to the condition
of oxidative stress which is involved in the pathogenesis of
many human diseases might attributed to thyroid hormones
(THs) that stimulate the metabolism of cells and tissues,
regulating the consumption of oxygen. However, and
increasing aerobic metabolism in mitochondria?®!. ROS
induces damage on proteins, membrane lipids, and DNA.

Our results showed significant elevation of the thyroid
hormones that stimulate the metabolism of cells and
tissues and subsequent hepatic glycogenlysisP” resulting
in reduction in the glycogen content of hepatocytes. Also
significant increase in the collagen deposition was also
observed after induction of hyperthyroidism as receptors
of THs in the liver were reported to have a role in liver
fibrogenesis. Excess T3 enhanced transforming growth
factor (TGF) - induced collagen I gene expression which
explained regression of hepatic fibrosis in Hypothyroid
state®!!. Another explanation of increase liver fibrosis
might result also from activation of stellate cells by
ROS with subsequent increased collagen synthesis and
fibrogenesis®?.

Significant increase in the CD68+ve cells were
observed after administration of L-thyroxine compared
to control. Similarly?* cited that Phagocytic cells of the
liver, the von Kupffer cells were affected by thyroxyine
which were activated or their density increased by both
foreign and natural substances. Also hepatocytes are being
degraded at a higher rate in the thyroxine treated livers
than in the control group. There was a close association
between Fibrosis and increased Kupffer cells, in which
fibrogenic and inflammarory mediators stimulated Kupffer
cells with subsequent stellate cells activation and apoptosis
of hepatocytes**.

Increased ROS accompanied with an enhanced
inflammatory response may be the cause of the histological
distortion of hepatic architecture. The increased pro-
inflammatory mediators led to hepatocytic cell death
pathways through caspase activation which in agreement
with Assaei R. etal 201453, This suggestion was proved in
our study by significant increase in caspase 3 expression

in hyperthyroid rats compared to control. Moreover,
excess THs has been found to activate the production of
TNF- andIL-1 led to increased defensive responses in
parenchymal cells with activation of apoptosis. But these
defensive responses could result in decreased cellular
proliferation and death of cells by necrosis which was
observed in our study by significant decrease in PCNA
immunostained cells compared to control which indicates
severe liver degeneration.

Our liver histological changes due to hyperthyroidism
was documented by significant increase in the liver enzymes
ALT and AST serum levels in hyperthyroid animals
compared to control which indicated altered liver changes.
Also,the important sign for improvement of altered liver
changes after treatment with omega3 was the significant
decrease of liver enzymes. Improvement of ALT and AST
serum levels was an indicator about regression of cellular
and tissue degeneration!*®!,

Our histological results revealed that most of
hepatocytes were regenerated and apparently normal
after addition of omega3. As omega-3 fatty acids was
reported that are enriched in EPA and DHA which have
anti-inflammatory, antioxidant, antiapoptotic effects and
regulate cell deathl*”!

Omega3 fatty acids performed a hepatoprotective
effect through incorporation to cell membranes of all
tissues and affected the important cellular functions as
modulation of inflammation and synthesis of signaling
molecules related to cell growth. Also they were reported
to activate endogenous defense mechanisms and accelerate
regeneration injured organelles specially mitochondrial**-31,

In the present study significant reduction of collagen
deposition was observed after administration of omega
compared to control. The ability of omega-3 to increase
glycogen con-tent and decrease fibrous tissue might be
caused by the associated decrease in the level of THs.

Zeng, yang et al. 201749 cited that omega3 can
suppress TGFB1-induced fibroblast activation at a dose
and time dependent manner. Additionally®*" revealed that
omega -3 PUFAs down-regulate the expression of pro-
fibrogenic genes in activated HSCs(hepatic stellate cells)
and fibrotic liver. This antifibrotic activity proved through
inducing degradation of their transcriptional regulator;
Yes-associated protein (YAP) in a proteasome dependent
manner.

Liver improvement could be explained by the ability
of omega 3 fatty acids to attenuate oxidative stress and
regulation of inflammatory pathways as omega-3 was
considered as an important precursor for resolvins and
protectins which are lipid-derived modulators of cell
inflammatory processes. Resolvin and protectins are very
important factors for regulation the number and activity
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of Kupffer cells as they stimulate macrophage switching
from the pro-inflammatory M1 phenotype to the anti-
inflammatory M2 phenotype. So Macrophages have a role
both in liver fibrogenesis and fibrinolysis by acquiring
different phenotypes!*?.

Our study demonstrated significant decrease in the
immunostained caspase 3 positive cells after treatment with
omega3. Similarly, Sinha,Khare etal.2009!! attributed
the antiapoptotic effect of omega 3 on mitochondrial
pathway via maintaining the anti-apoptotic balance of
Bcl-2 family proteins in degenerating neurons in perinatal
hypothyroidism model .

In addition Cetrullo,Tantini.etal 201244 arrtibuted the
antiapoptotic effect of omega3 fatty acids due to their to
counteract the main biochemical markers of apoptosis such
as the activation of caspases and the DNA fragmentation.

A significant increase in PCNA expression in
hepatocytes nuclei after concomitant treatement with
omega3 fatty acid which can explain by their antioxidant
role. Simmilarly Uygur,Aktas et al. 2014"! found
increased PCNA in rat testis following treatement with
omega-3 fatty acids due to decreased doxorubicin-induced
oxidative damage.

Conclusion: From the previous obtained anti-oxidant,
anti-inflammatory, anti-apoptotic =~ and  proliferating
activities of omega3 fatty acids we can conclude that the
omega-3 fatty acids may ameliorate L thyroxine overdose.
So; the nutrient content of a diet may improve the potential
negative effect of hyperthyroidism. Also they were
considered an important hepatoprotective supplementation
agents to hyperthyroid patients.
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