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Abstract
Background: Iron plays a key role in biological metabolism as an essential microelement. Excess iron
may cause pathological damage to the body. The purpose of this work is to explore the disorders of
major inflammatory factors and histopathological lesions in the liver of excess-iron-fed sheep. Twenty
German Mutton Merino sheep were randomly divided into 4 groups, control group (CON), iron-excess
group one (IronE1), iron-excess group two (IronE2) and iron-excess group three (IronE3), respectively. Each
group was fed with basal diets supplemented with 50 (CON), 500 (IronE1), 1000 (IronE2), and 1500
(IronE3) mg/kg as ferrous sulfate monohydrate (FeSO4 ·H2O). After 75 days, the liver was removed and
collected. A variety of methods were utilized to detect indicators of sheep liver.
Results: The histopathological damage of liver in sheep was rather severe with the excess of iron.
Hemosiderin deposits were also obviously discovered. The results also showed that the expression of
both protein and mRNA of IL-1β, TNF-α and IFN-γ reduced, but the factors of IL-2, IL-6, NF-κB and TGF-β1
obviously increased in the liver of each iron excess group. Corresponding changes were also discovered
with the addition of iron dosage. The content of inflammatory factors above showed a significant change
with an addition of 1500 mg/kg iron into the basic diet, which indicated that excess iron inhibited the
release of IL-1β, TNF-α and IFN-γ in the sheep liver. The inflammation caused by excess iron extenuated
by reducing the content of these three pro-inflammatory factors. The expression of IL-2, IL-6, NF-κB and
TGF-β1 increased. As pro-inflammatory factors induced inflammation, anti-inflammatory factors also
increased to protect the body from tissue damage.
Conclusions: It can be concluded that excess iron can change the expression of main inflammatory
factors in sheep liver, which will be an instructive significance to the development of medical prospect for
sheep breeding and disease diagnosis.

Introduction
As a basic trace element in the organism, iron is involved in various biological reactions, including blood
oxygen transport of snow globulin, myoglobin synthesis, energy metabolism, DNA synthesis, and various
enzyme reactions[1–4]. It also participates in the activation and regulation of immune system, and the
proliferation and differentiation of immune cells[5]. According to the research announced by National
Research Council (NRC), sheep has the least tolerance to iron compared with other livestock[6].The risk of
toxicosis will increase if maximum dose of iron is provided[7]. Iron is transported to all parts of the body
via blood circulation and widely distributed in sorts of tissues and organs[8].Therefore, excess iron will
cause renal anemia, liver disease, cardiovascular disease, and nerve damage. It can also increase the
susceptibility of certain viruses and bacteria[2, 9]. It has been found that impaired iron metabolism is
related to many liver diseases, especially non-alcoholic fatty liver and acute or chronic liver failure[10]. It
is of vital importance to maintain iron homeostasis in cells, which is the key to cell survival. Oxidative
stress and mitochondrial dysfunction are considered to be important targets of various physiological and
pathological processes to the damage of excess iron to the body[11, 12]. When excess iron is exceeded,
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organs in the body would mainly deposit in the liver, spleen, kidney, and bone marrow Krill oil alleviates
oxidative stress, iron accumulation and fibrosis in the liver and spleen of iron-overload rats[11, 13, 14].
Besides, abnormal accumulation of iron can cause damage to organs, tissue systems and metabolic
disorders[15].
Liver is one of the key organs of the body and regulates the metabolism of carbohydrates, lipids, and
proteins. It is also the center for biotransformation and detoxification of endogenous metabolites[11]. It
plays an important role in synthesis and secretion of bile salts, the absorption of bile salt-dependent
nutrients, and the secretion of metabolites, innate immunity and adaptive immunity included[12].The liver
affects the process of iron metabolism[16]. A variety of iron-related proteins are regulated and expressed
in the liver, such as hepcidin[17, 18]. It has been reported that chronic iron intake significantly increases
the iron content of the liver, causing oxidative stress[13]. Oxidative stress affected by excess iron in liver
cells or Kupffer cells promotes the liver damage. A treatment strategy has been obtained for chronic liver
disease by controlling iron homeostasis[19].
The relationship between iron and immune function has been concerned, particularly in related to the
underlying inflammatory process found in diseases with chronic immune stimulation[17, 20]. The skeletal
muscle produces and releases IL-6, which can increase the concentration of blood hepcidin[7]. P. Huang
has found that IL-6 and TNF-α can promote hepcidin for accelerating iron metabolic homeostasis and
improve the expression of TfR224. They can be inhibited by IL-10 to down-regulate hepcidin. The
expression of STAT3 can be suppressed, then improving iron metabolic homeostasis and inflammatory
anemia symptoms[1]. Iron storage can be promoted in monocytes/macrophages by increasing the
expression of inflammatory factors. Hepcidin affects iron homeostasis, leading to iron excess or iron
deficiency in macrophages under different conditions[7, 8].
The aim of this essay is to state the influence on the sheep liver with excess iron in the diet, affiliated by
major inflammatory factors and histopathological changes. After establishing animal models with
different doses of excess iron treatment, major inflammatory factors in the liver of sheep (IL-1β, IL-2, IL-6,
TNF-α, IFN-γ, TGF-β1) and NF-κB content are attempted to be detected and tissue pathological changes
are required to be observed, which will provide theoretical basis for studying the toxic mechanism of
excess iron and the rational application of iron in sheep feeding and management.

Materials And Methods

Animals and Treatments
Twenty eight-month-old German Mutton Merinorams, weighing approximately 43 kg (Institute of Animal
Science, Academy of Agriculture Science of Heilongjiang Province, China) were used in the study. All the
sheep were randomly divided into four groups: control group (CON), iron-excess group one (IronE1), ironexcess group two (IronE2), and iron-excess group three (IronE3), with five animals each. Supplemental
iron of 50, 500, 1000, and 1500 mg/kg (in the form of FeSO4 ·H2O) was respectively added into the four
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groups. All the sheep were dewormed and vaccinated, reared in individual pens, available to water ad
libitum and fed twice a day at dawn and dusk. No expected or unexpected adverse events happened.
After keeping for 75 days, all the animals of the four groups were bled to death after given a certain dose
of anesthesia without any pain according to the welfare regulations of experimental animals. The liver
was taken immediately and stored at -80°C for the following operations, and the remaining samples were
fixed with 10% formalin and submitted to routine hematoxylin-eosin (HE) staining.

Real-time Quantitative PCR (qPCR) to detect of
inflammatory factors mRNA Expression
Total RNA was extracted from the liver of sheep using Trizol extraction method, and cDNA was
synthesized from 1µg of RNA using iScript cDNA synthesis kit (Bio-Rad, USA). The primers sequences
and amplification fragments sizes of gene for β-actin ( For.: AGATGTGGATCAGCAAGCAG; Rev.:
CCAATCTCATCTCGTTTTCTG), IL-1β (For.: GGAGAATGTGGTGATGGTGACAGC; Rev.:
ATTGGCAATGGCTTCCAGGTCATC), IL-2 (For.: GCACTAACTCTTGCACTCGTTGC; Rev.:
GCATCCTGGAGAGCTTGAGGTTC), IL-6 (For.: ACACTGACATGCTGGAGAAGATGC; Rev.:
GCCGCAGCTACTTCATCCGAATAG), TNF-α (For.: CTGGTGCCTCAGCCTCTTCT; Rev.:
GGGACTGCTCTTCCCTCTGG), IFN-γ (For.: AAGTTCTTGAACGGCAGCTCTGAG; Rev.:
TTGGCGACAGGTCATTCATCACC), NF-κB (For.: TCGAGGTTCGGTTCTACGAGGATG; Rev.:
AACACGGTTACAGGACGCTCAATC), and TGF-β1 (For.: ACTACTACGCCAAGGAGGTCACC; Rev. :
CACAGGTTCAGGCACTGCTTCC) were designed using Oligo Primer Analysis Software (Version 7.0,
Oligo®) according to the genomic and cDNA sequences of sheep and synthesized by Sangon Biotech
(Shanghai, China). Quantitative qPCR was performed on a Roche LightCycler 480II System (Roche,
Switzerland) in a 20µL reaction. PCR was performed with the following protocol: 95°C for 2 min, 46
cycles of 95°C for 10s, annealing at 58.7°C for 30s, extension 72°C for 15s. Fluorescence signal was
detected during annealing extension. β-actin was used as an internal reference control. Experiments
repeated, the 2 −ΔΔCt method was used for calculation and analysis.

Western Blotting to examine NF-κB and TGF-β1 protein
expression
The sample was extracted 0.050g using RIPA Lysis buffer supplemented with protease inhibitor on ice,
then centrifuged at a high speed of 12,000 rpm at 4°C for 20 min. Protein concentration was tested
following the BCA protein assay regarding BSA as a standard to adjust the concentration consistent. The
protein was mixed with 5×SDS PAGE loading buffer at 4 times the volume of the protein solution. The
protein lysate was added to a 15% SDS polyacrylamide gel after the bath was heat-denatured and
proteins were electro-transferred onto a NC membrane (Biotopped, China). Membranes were blocked with
10% skimmed milk for 2 h and incubated with primary antibodies rabbit anti-GPx1 (Bioss, China) and
mouse anti-β-actin mAb (Zisbio, China) over-night. After washing, the membranes were incubated with
secondary horseradish-conjugated anti-rabbit and anti- mouse (Zisbio) antibodies and detected by ECL
system (NCM Biotech, China).
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Measurement of IL-1β、IL-2、IL-6、TNF-α and IFN-γ by using
ELISA
The sample was extracted 0.050g with diluent (PBS PH 7.4) at a weight-to-volume ratio of 1g: 9 mL, lowtemperature grinding and centrifugation. The levels of IL-1β, IL-2, IL-6, TNF-α and IFN-γ in the supernatant
were determined using an enzyme-linked immunosorbent assay (ELISA) kit according to the
manufacturer's instructions (R&D Systems, Minneapolis, MN, USA).

Hematoxylin-Eosin (HE) and Perl Staining for pathological
examination
The sections were prepared by frozen section method. Tissues were cautiously fixed and embedded with
the embedding agent, frozen for 10 minutes, and then sectioned. Serial sections were taken for HE
staining.
Basic operation methods of HE staining were as follows: Sections were deparaffinized in xylene (2× 6
min) and rehydrated by continuous washing in 100%, 95%, 90%, 80%, and 70% ethanol. They were then
stained with hematoxylin (30 s), rinsed with distilled water, rinsed with 0.1% hydrochloric acid in 75%
ethanol, rinsed with tap water for 10 min, stained with eosin for 5 min, and rinsed again with distilled
water. The slides were then dehydrated with 95% and 100% ethanol, dehydrated with xylene (2 × 4 min),
and mounted with coverslips using cedar wood oil.
Prussian blue dye solution was prepared before staining according to the instruction. Only few
differences exist between the steps of two staining. Sections were stained with nuclear fast red for 510min and rehydrated by continuous washing in 100%, 95%, 90%, 80%, and 70% ethanol after rinsing with
distilled water (5s).

Statistical Analysis
All the experimental data was analyzed by SPSS 17.0 software to interpret the differences between the
groups, and GraphPad Prism 8.0 software was used to analyze the result. All the data was expressed in
the form of "mean ± standard deviation".

Results

mRNA expression of inflammatory factors in the liver of
excess-iron-fed sheep
As is shown in Table 1, The expression of IL-1β, TNF-α, IFN-γ of mRNA in sheep liver all decreased with
the addition of iron. The expression of TNF-α in each IronE group was significantly lower than that of the
control group ( p < 0.05, p < 0.01), respectively. The mRNA expression of IL-1β and IFN-γ in IronE2 and
IronE3 was significantly or extremely significantly lower than the control group and IronE1 ( p < 0.05 or p <
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0.01), IronE3 was significantly or extremely significantly lower than IronE2 ( p < 0.05 or p < 0.01), and
IronE1 was not significantly different than that of the control group.
The mRNA expression of IL-2, IL-6, NF-κB, and TGF-β1 all increased with the reduction of iron. IL-2 and IL6 in each iron excess group expressed significantly or extremely more highly than that of the control
group ( p < 0.05 or p < 0.01). IronE2 was significantly or extremely higher than IronE1 ( p < 0.05 or p < 0.01),
while IronE3 varied equally to the both above ( p < 0.05 or p < 0.01). NF-κB and TGF in IronE2 and IronE3
were higher than that of the control group ( p < 0.05 or p < 0.01). All in IronE1 varied less and obviously
lower than the other two groups ( p < 0.05 or p < 0.01). (Fig. 1)
Table 1
Changes of mRNA expression of inflammatory factors in sheep liver with iron excess
Inflammatory factors

CON

IronE1

IronE2

IronE3

IL-1β

1.00 ± 0.000

0.95 ± 0.025

0.88 ± 0.029*

0.20 ± 0.001**

TNF-α

1.00 ± 0.000

0.90 ± 0.078*

0.62 ± 0.050*

0.16 ± 0.040**

IFN-γ

1.00 ± 0.000

0.96 ± 0.047

0.78 ± 0.014*

0.55 ± 0.070**

IL-2

1.00 ± 0.000

24.50 ± 0.111**

27.57 ± 0.518**

32.11 ± 0.006**

IL-6

1.00 ± 0.000

10.3 ± 0.651*

27.83 ± 1.616**

62.03 ± 1.165**

NF-κB

1.00 ± 0.000

1.36 ± 0.518

10.02 ± 0.100**

17.21 ± 0.232**

TGF-β1

1.00 ± 0.000

1.27 ± 0.124

2.16 ± 0.524*

3.85 ± 0.142**

/Groups

Compared with the control group,the values with asterisk differ significantly(with single asterisk, p༜0.05)
or extremely significantly(with double asterisk, p༜0.01), and no significantly (with no asterisk༌p༞0.05).
Figure 1 The changes of inflammatory factors mRNA expression. Data is expressed as mean ± SD of
independent experiments performed in triplicate. Compared with the control group, the asterisk means p <
0.05, double asterisks mean p < 0.01.

Changes of inflammatory factor protein content in the liver
of excess iron-fed sheep
The protein content of IL-1β,TNF-α and IFN-γ in sheep liver decreased with the addition of iron(Table 2). A
significant or extremely significant reduction of IL-1β was observed in IronE2 and IronE3 compared with
the control group and IronE1 ( p < 0.05 or p < 0.01) ; The protein content of both IFN-γ and TNF-α of IronE2
and IronE3 was significantly or extremely significantly lower than the control group (p < 0.05 or p < 0.01),
but just significantly lower than IronE1 ( p < 0.05). All the three inflammatory factors in IronE3 were
significantly lower than that of IronE2 ( p < 0.05)(Fig. 2).
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The protein content of IL-2, IL-6, NF-κB and TGF-β1 in the liver all increased with the addition of excess
iron (TABLE2) (Table 3). The content of IL-2 in IronE1 was obviously higher than that in the control group
( p < 0.05 ), and of which in IronE2 and IronE3 was significantly or extremely significantly higher than the
control group ( p < 0.05 or p < 0.01). No obvious changes of IL-6 were found in IronE2 and IronE3(Fig. 2)
(Fig. 3). The protein content of NF-κB in IronE2 and IL-2 in IronE3 were respectively significantly or
extremely significantly higher than in the control group and IronE1. The NF-κB of IronE3 was significantly
or extremely significantly higher than that of the control group ( p < 0.05 or p < 0.01), but no significant
changes were found in IronE1 and IronE2. Besides, the protein content of TGF-β1 in IronE2 and IronE3
was significantly or extremely significantly higher than in the control group ( p < 0.05 or p < 0.01). (Fig. 4)
Table 2
Changes of protein expression of inflammatory factors in sheep liver with iron excess
Inflammatory
factors

CON

IronE1

IronE2

IronE3

IL-1β

322.67 ± 35.303

301.23 ± 5.303

211.54 ± 8.839*

146.62 ± 5.906**

TNF-α

752.71 ± 4.553

741.61 ± 2.773

726.37 ±
29.161*

611.42 ± 7.425**

IFN-γ

530.58 ± 13.954

518.64 ± 28.614

456.16 ±
19.743*

387.33 ±
22.052**

IL-2

300.30 ± 10.389

350.36 ± 7.129*

389.97 ±
42.295**

424.84 ± 3.565**

IL-6

1308.50 ±
74.247

1392.44 ±
205.448

1508.88 ±
26.622

1886.00 ±
69.905*

/Groups

Table 3
Changes of protein expression of inflammatory factors in sheep liver with iron
excess(Gray value ratio)
Inflammatory factors

CON

IronE1

IronE2

IronE3

NF-κB

1.13 ± 0.020

1.26 ± 0.105

1.31 ± 0.063*

1.35 ± 0.113*

TGF-β1

1.16 ± 0.040

1.26 ± 0.100

1.32 ± 0.074*

1.36 ± 0.035*

/Groups

Pathological changes in sheep liver with excess-iron
feeding
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We could observe that the structure of hepatic lobule was damaged and hard to distinguish with different
degrees of connective tissue hyperplasia in iron-excess groups under a 100-fold microscope (Fig. 5).
Obvious phenomenon such as connective tissue hyperplasia and inflammatory cell infiltration iron was
found in IronE2 and IronE3 with the same magnification as above. Liver cell degeneration and necrosis
were easily found. Cells changed significantly around the liver lobule. Brown-yellow hemosiderin particles
were observed in some part of the perilobular liver cells in IronE3(Fig. 6).

Distribution of hemosiderin in sheep liver after excess-iron
feeding
Hepatic hemosiderin was distributed in peripheral parts of hepatic lobules, spreading into lobules and
gradually decreasing, mainly in hepatocytes and a small amount of reticuloendothelial tissue.
Hemosiderin existed in IronE2 and IronE3 increasing with the overdose of iron. Besides, less hemosiderin
could be seen in IronE3(Fig. 7).

Discussion
Liver is one of the largest organs with diverse functions in the body, which plays vital roles in
detoxification of xenobiotics, digestion, synthesis of plasma proteins, gluconeogenesis, lipid metabolism,
and storage[21]. Iron is the basic element of hemoglobin, some non-heme protein and certain enzymes,
and has important physiological functions. As an essential mental element, iron is also stored in the liver.
Cytokines involved in inflammatory response are inflammatory factors[22]. Proinflammatory factors can
promote autoimmune response and anti-inflammatory factors alleviate inflammation and facilitate tissue
repair[23]. The interaction of the two helps control inflammation, which is the key to the stability of microenvironment[24].

Effect of excess iron on pathological changes of sheep liver
Hemosiderin was obviously distributed in the liver stained with Prussian blue, mainly deposited in the
periphery of the liver lobules after the sheep was given excess iron[25]. Studies have shown that elevated
iron in liver is accompanied by significant fibrosis. Iron also participated in stimulating the induction of
stellate cells, which then transformed into myofibroblasts[26]. We observed connective tissue hyperplasia
in liver of IronE groups, especially in the peripheral part of liver lobules. Connective tissue hyperplasia and
inflammatory cell infiltration could be seen obviously in the portal area of the iron in IronE2 and IronE3. In
the meanwhile, Hemosiderin covered significantly in some of the hepatocytes of perilobules in IronE3,
which further indicated that hemosiderin was mainly distributed in the periphery of the liver lobules.

Effects of heavy metals administrated in the liver
A variety of researches have shown that excessive or metal poisoning of heavy metals such as iron may
cause damage to the function of liver, along with pathological changes. Fordahl S and his team
examined the liver of weaned SD rats which were exposed to hydromanganese (1g Mn/L) for six weeks,
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proved that hydromanganese exposure altered liver metabolites[27]. It has been found that specific
enzymes in the mitochondrial matrix of liver would increase if excessive Cr (VI) was available to the body,
which indicated that Cr could destroy the mitochondria of liver cells, making enzyme to be released in
large quantities[28].Besides, rats exposed to aluminum generated degeneration of hepatocytes, dilated
and congested hepatic sinuses, and disordered the arrangement of hepatocytes, along with focal
necrosis, and hyperplasia of fibrous tissue[29] [30]. Parts of pro-inflammatory factors can regulate the
expression of iron transport and protein storage. For instance, TNF-α can affect the level of hepcidin via
Hjv/BMP/Smad pathway[31]; The autocrine circuit among IL-2 and transferrin and its receptor involves
the proliferation of lymphocytes[32]; IL-1β has an influence on iron homeostasis by affecting the binding
of iron regulatory protein and iron response elements[33].

Effect of excess iron on pro-inflammatory factors in sheep
liver
In this experiment, the expression of both mRNA and protein of IL-1β, TNF-α and IFN-γ decreased and the
content of IL-2 and IL-6 increased in the liver after excess iron was fed with. The change in expression
corresponded to the dose of excess iron. The content of the inflammatory factors mentioned above
showed significant or extremely significant changes ( p < 0.05 or p < 0.01 ), indicating that excess iron can
affect the release of pro-inflammatory factors, and even cause less damage to the body. IL-1β
functionates in inflammation and autoimmune diseases. It can participate in immune regulation and
induce inflammation at a low concentration[34]. In this experiment, the decrease of IL-1β in sheep liver
indicated that excess iron can inhibit the expression and release of IL-1β, and low-expressed IL-1β may
play a role in stimulating immune regulation and inflammation. However, some study found an opposite
perspective in alveolar cells[35]. And the reason for the difference is not clear, so further investigation
would be conducted. Iron can inhibit the activity of IFN-γ through macrophages[9], so macrophages with
excess iron reduce the ability to clear intracellular pathogen infections[36]. In this experiment, excess iron
caused the reduction of IFN-γ indicating that iron has a negative regulatory effect on IFN-γ. Iron can also
inhibit the activity of CD4+[9], and massive production of TNF-α will result in immune imbalance. The
increase in the concentration of iron with addition of TNF-α antagonists will damage Th1, promoting the
proliferation of bacteria, viruses, and causing infection[37]. Excess iron reduced the expression of TNF-α.
Down-regulation of TNF-α caused damage to Th1 and inhibited the release of IFN-γ. IL-2, a cytokine that
stimulates the proliferation of T cells[38], can increase the survival rate of activated T cells and killing the
activity of CD8+. Researches have shown that the activity of T lymphocytes can be stimulated by
increasing the level of IL-2, then prompt CD4+ and CD8+ to produce IL-2, and continue to stimulate T
lymphocytes in a positive feedback manner[39]. In this experiment, excess iron caused a significant or
extremely significant increase in mRNA and protein expression of IL-2 in sheep liver ( p < 0.05 or p < 0.01),
indicating that excess iron may activate T lymphocytes by stimulating increased IL-2 synthesis, promote
inflammation, and promote tissue fibrosis under the synergistic action of other inflammatory factors. IL-6
can promote the proliferation of inflammatory cells and induce the production of acute phase reactive
protein (APP) [40], regarded as a multidirectional inflammatory factor leading to tissue damage and
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enhance local inflammation[41]. In this experiment, we found an increase on the expression of mRNA and
protein of IL-6 and tissue damage from the histopathological results, which indicated that excess iron
could promote the IL-6 expression and release. It has been pointed out that low concentration of TNF can
stimulate macrophages to secrete IL-6 and other inflammatory factors[42]. Therefore, the increase of IL-6
with excess iron can also be affected by the reduction of TNF-α.

Effect of excess iron on anti-inflammatory factors and NFκB in sheep liver
TGF-β1 is one of the key mediators which induce fibrosis and inflammation in various organs. Excess
hydroxyl free radicals generated by iron may be a key factor in the regulation of TGF-β1 and tissue
fibrosis[25]. Iron is considered to be a key molecule in hepatic stellate cell activation and extral cellear
memberma gene expression[19]. In this experiment, excess iron promoted the increase of TGF-β1. It was
the phenomenon that the liver expressed fibrosis,indicating that iron can directly activate TGF-β signaling
to promote fibrosis which can be alleviated by iron chelating agents, then inhibiting TGF-β signaling and
fibrosis formation[43].
As a nuclear transcription factor, the signal transduction mode of NF-κB is a coexistence of positive and
negative feedback regulation under the influence of multiple factors[26]. NF-κB can be activated through
a variety of ways,which was proved by the phenomenon that iron chelating agents attenuate the
activation of NF-κB in Microglia with excess iron provided[44]. In this experiment, the mRNA and protein
content of NF-κB in the liver increased with the addition of excess iron; IronE3 had an increasing
significant or extremely significant trend compared with the control group ( p < 0.05 or p < 0.01), which
indicated that excess iron can increase and stimulate the expression of NF-κB. The reduction of IL-1β and
TNF-α has further confirmed that the activation of NF-κB was more directly or indirectly caused by excess
iron, which in turn stimulated the expression of IL-2 and IL-6, indicating that the increase of which other
factors may affect.

Conclusion
In the experiment, we found the content of IL-1β, IFN-γ, and TNF-α decreased while the content of IL-2, IL6, TGF-β1, and NF-κB increased in the liver after the sheep was provided with excess iron, which was all
corresponded to the dose of excess iron. It could be indicated that excess iron can change the expression
and release of main inflammatory factors in sheep liver. The damage caused by excess iron to the body
can be reduced through the regulation of inflammatory factors. Liver is one of the main organs for iron
deposition. Pathological damage can be observed, including tissue fibrosis, cell necrosis, and
inflammatory cell infiltration. All the findings will be significant to the development of the field of medical
prospect for animal breeding and disease diagnosis.
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Figure 1
The changes of inflammatory factors mRNA expression. Data is expressed as mean ± SD of independent
experiments performed in triplicate. Compared with the control group, the asterisk means p < 0.05, double
asterisks mean p < 0.01.

Figure 2
The changes of inflammatory factors protein expression. Data is expressed as mean ± SD of independent
experiments performed in triplicate. Compared with the control group, the asterisk means p < 0.05, double
asterisks mean p < 0.01.
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Figure 3
The changes of inflammatory factors protein expression(Gray value ratio). Data is expressed as mean ±
SD of independent experiments performed in triplicate. Compared with the control group, the asterisk
means p < 0.05, double asterisks mean p < 0.01.

Figure 4
Changes of NF-κB,TGF-β1 content in liver after iron excess in sheep
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Figure 5
Histopathological disorders of liver with excess iron in sheep(HE ×100)
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Figure 6
Histopathological disorders of liver with excess iron in sheep(HE ×400)
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Figure 7
Distribution of iron deposits in liver with excess iron in sheep(Perl ×200)
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