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Abstract:  
 
 
The Role of Hepcidin in Murine Models of Iron Overload and  
Intestinal Inflammation 
Kyra Swatko  
Briarcliff High School, Briarcliff Manor, NY, 10510 
Teacher: Mrs. Melissa Carnahan/ Mentors: Dr. James Collins and Shireen Flores, 
University of Florida  
 
Iron is an essential metal that requires proper regulation in both animals and humans. 
Hepcidin, a peptide hormone secreted by the liver, is the main regulator of iron. 
Mutations to hepcidin can, however, lead to a variety of iron-loading disorders, such as 
Hereditary Hemochromatosis, which causes improperly regulated iron to be stored in 
vital organs. When iron is regulated improperly, it also creates inflammation in the 
intestines. To study the link between hereditary hemochromatosis and inflammatory 
diseases such as inflammatory bowel disease, the iron absorption of rats was studied 
under different experimental conditions. A few were given ddH2O, while the rest were 
given a treated water, including DSS, a chemical that induces inflammation. The amount 
of iron stored in the livers, spleens and kidneys was observed along with the degree of 
intestinal inflammation in the rats. Each organ yielded different results regarding iron 
storage. The females of the DSS group exhibited the most iron loading in the liver while 
the females of the ddH2O group exhibited the most iron loading in the spleen. 
Alternatively, all groups exhibited high amounts of iron loading in the kidneys. The 
degree of inflammation was higher for the male rats in the DSS group. The results 
suggest that the mechanisms for iron storage during hepcidin knockout and intestinal 
inflammation conditions differ depending on the sex of the animal as well as the organ  
being studied.  
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Introduction:  

Role and Regulation of Iron:  

As an important metal on Earth and in physiology, iron plays a vital role in 

animals and humans. Iron does not have an excretory mechanism from body systems, so 

it requires careful regulation. Such regulation takes place in the iron absorption pathway, 

which is found inside the small intestine. One critical function of the pathway is to 

control the levels of iron by the use of the peptide hormone, hepcidin. It signals the body 

to absorb more iron if stores are low, or to prohibit iron absorption during periods of iron 

overload. Proper function of hepcidin is crucial, with any mutations or deletions causing 

debilitating disorders such as hereditary hemochromatosis (HH), iron deficiency anemia 

(IDA) or anemia of inflammation & chronic disease (AI/ACD) . In this study, we look for 

the link between the deletion of hepcidin genes from rat models and the effect it has on 

both HH and AI/ACD.  

 The main role of iron is to transport oxygen from the lungs to the body tissues in 

the form of hemoglobin, an iron-rich protein found in red blood cells (8). Another role of 

iron is to control growth and differentiation in cells as well as to regulate energy 

metabolism (2). Iron can be found in two different forms: heme iron and non-heme iron. 

Heme iron is derived from hemoproteins such as hemoglobin and myoglobin, that are 

usually found in meats. It has limited solubility but can become soluble after interaction 

with dietary components (1). After heme iron enters the enterocytes, or intestinal cells, 

iron is later released for absorption. Non-heme iron is found in both plants and meats 

(1,2). This form is also highly insoluble (2). Both forms are present in the intestinal 

lumen during absorption.  
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Transport of Iron through the Iron Absorption Pathway:   

 Besides the two forms of iron, the metal can exist in two different oxidation 

states: Ferrous (Fe2+) or Ferric (Fe3+). Heme iron is mostly found as ferrous while non-

heme iron is mostly ferric. Since Fe3+ is the oxidized form of the metal, it needs to be 

reduced to Fe2+ before it can be transported into the enterocyte. In order for the iron to be 

reduced, a brush-border membrane ferrireductase called duodenal cytochrome b 

(DCYTB) uses electron transfer to reduce Fe3+ to Fe2+ (2). Once non-heme iron becomes 

ferrous, it can be transported into the enterocyte by divalent metal transporter 1 (DMT1) 

(1,2). Conversely, heme iron is transported into the cell by heme carrier protein 1(HCP1). 

It can be stored in the cell as heme iron, but can also be broken down by heme 

oxygenase, which releases free ferric iron into the enterocyte. If the incoming iron 

requires storage, it is stored in the form of a protein, ferritin (1). If the ferrous iron needs 

to be exported into the bloodstream, it is done so by ferroportin (FPN) (1,2). But before it 

can be transported, the ferrous iron needs to be oxidized and this is accomplished with the 

ferrioxidase, hephaestin (HEPH) (2), which is found on the basolateral membrane of the 

cell. The iron (as Fe3+), which has now entered the bloodstream, is used for the main 

functions of oxygen transport, cell growth and energy metabolism, as discussed before. 

The ferric iron from heme is needed for binding to transferrin, which distributes iron 

throughout the body via the bloodstream (2).   

 The iron absorption pathway, however, requires different amounts of iron to be 

absorbed depending on internal conditions. The regulator of iron absorption is hepcidin, a 

peptide hormone that is secreted by hepatocytes, or liver cells (4). Hepcidin is 
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synthesized in response to iron levels and inflammation of tissues. Synthesis is decreased 

in response to erythropoiesis, the production of red blood cells (4). Hepcidin regulates 

iron levels by internalizing and degrading cell-surface FPN, thus blocking iron from 

being released from the basolateral membrane of the cell (6). If there is an increase in 

hepcidin production, the amount of iron transport molecules, such as transferrin, decrease 

because less iron requires transport (5). As a result of its function, hepcidin is a negative 

regulator of iron absorption (4).  

 

Role of Hepcidin in the Iron Absorption Pathway:  

 Hepcidin itself is regulated by multiple molecules such as High Fe (HFE), 

hemojuvelin (HJV) and transferrin receptor 2 (TfR2) (4). Knowing that hepcidin keeps 

the iron absorption pathway, and subsequently the human body, running smoothly, then 

any changes to hepcidin or the genes that code for it can have negative effects. The 

diseases related to malfunctioning hepcidin genes and proteins are referred to as iron-

loading disorders, whether they deal with an abundance or lack of stored iron. Hereditary 

Hemochromatosis (HH), deals with mutations to hepcidin genes. If mutated, low levels of 

hepcidin are secreted even though there is still an abundance of iron. Therefore, the body 

is experiencing a hepcidin deficiency and iron is being regulated inappropriately (10). 

There are multiple types of HH, each stemming from a different mutation.  

 

Iron-loading Diseases:  

 There are four different types of HH: types 1, 2, 3 or 4. The different types are 

classified by age of onset, genetic cause and mode of inheritance. Type 1 HH is the most 
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common form and begins during adulthood. It affects about 1 million people in the U.S. 

and results from a mutation in the HFE gene.  Type 2 is also known as juvenile 

hemochromatosis because it is a juvenile-onset disorder. Iron accumulation will start 

earlier on in life and can affect puberty in teens. Mutations in either the HFE2 or HAMP 

genes can cause the disorder (11). Alternatively, some congenital defects can prevent 

hemojuvelin synthesis and can be yet another cause of juvenile HH (1). Type 3 usually 

begins before the age of 30 and can be caused by mutations to the TfR2 gene. Lastly, 

type 4, also known as ferroportin disease begins during adulthood. Type 4 is also 

categorized by a mutation to the SLC40A1 gene (11). This disorder has 2 differing 

phenotypes: loss-of-function and gain-of-function. The loss-of-function mutation results 

in decreased cellular iron exportation, iron accumulation in macrophages and high ferritin 

levels. The gain-of-function mutations prevent internalization and degradation of FPN. 

This results in more iron being transported into the plasma, increased iron absorption, 

high transferrin saturation and iron deposition in tissues. Type 4 is considered to be 

hepcidin-resistant (10). The symptoms for all four types of HH are similar. The increase 

of iron in the body has direct, damaging effects on organs where the excess iron is stored, 

such as the liver, heart and pancreas. Early symptoms of HH include fatigue and joint 

pain. Later symptoms include arthritis, liver disease and diabetes (11).  

 Diseases resulting from opposite functions of HH are iron level-related anemias. 

When red blood cells cannot respond normally to iron efficiently, they also cannot 

respond to erythropoietin, a hormone secreted by the kidneys that increases the rate of red 

blood cell production. These abnormal functions lead to decreased amounts of red blood 

cells, thus creating anemic conditions (8). The most prevalent type of iron disorder is iron 
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deficiency anemia, or IDA. Unlike the forms of HH where hepcidin levels are low, in 

IDA levels of hepcidin are high (5). Controlled levels of iron and hepcidin are 

specifically needed for efficient erythropoiesis. When iron stores in the body become 

depleted, the iron-deficient erythrocytes have a shorter lifespan due to their fragility. This 

delicacy can cause reticuloendothelial cells, a type of phagocytic cell involved in the 

immune system, to be broken down at a faster rate (6). This ineffective erythropoiesis is 

an attempt by the body to increase iron absorption (2). Additionally, another symptom of 

IDA is a negative change in hemoglobin synthesis (6). Functional iron deficiency differs 

from IDA because it occurs when levels of iron in the body are normal, but heme iron 

cannot be synthesized. The microcytic or hypochromic erythrocytes can form, described 

as smaller red blood cells or red blood cells with a paler color, respectively (7).  

 Lastly, a third type of anemia, anemia of inflammation /chronic disease (AI/ACD) 

is caused by long-term illnesses and infections. It can also be caused by abnormal 

activation of the immune system. Unlike IDA, where iron stores are low, in AI/ACD, 

they are usually normal or even higher than normal. This is because the disease causing 

the anemia is interfering with iron absorption and storage. Cytokines from infectious or 

inflammatory diseases also interfere with the body’s usage of iron, as well as the 

production of erythropoietin (8).  

 These diseases are important to our study because HH is the result of deleted 

hepcidin genes, but we are looking for how AI/ACD affects hepcidin knockout (KO) rats 

and how they can represent IBD through their created condition of inflammation. 

Specifically, with our research we hope to find a potential link between hepcidin and its 

effects on anemia of inflammation in murine models. This research is significant because 
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it is hypothesized that rats are a better murine animal than rmice for modeling human 

intestinal conditions.  

 

Research Questions and Hypotheses:  

For this experiment, we hope to further analyze the link between intestinal 

inflammation and either increased or decreased iron absorption. Therefore, our research 

question for this experiment is: How does intestinal inflammation affect iron absorption 

in the presence or absence of hepcidin?  

With this research question, we came up with two hypotheses explaining potential 

outcomes. Our hypotheses follow below:  

H0: Absence of hepcidin will not affect iron absorption in response to increasing amounts 

of dietary iron and will not improve anemia of inflammation.  

H1: Absence of hepcidin will improve iron absorption in response to increasing amounts 

of dietary iron and will improve anemia of inflammation.  

We hypothesize that by using hepcidin KO rats, iron absorption will increase. 

This increase will be the result of genetic mutations and the created condition of 

inflammation which we are using to model inflammatory bowel disease (IBD).  

 

Methods:  

Procedures and Materials:  

In this study, we use rats instead of mice as an alternative murine model to test if 

they are a more accurate model for human inflammatory conditions. Four trials were 

completed using the Sprague Dawley strain of Rattus norvegicus, while alternating 
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between using wildtype or knockout rats and using two different types of water. For this 

experiment, we were focused on trial #4, Hepcidin KO and administration of DSS water 

(Figure 1). 

 

Figure 1: Chart showing the four different trials for this experiment, alternating between using hepcidin KO or wildtype 
rats and the two types of water, ddH2O or DSS.  
 

For trial #4, we used 10 rats. In other trials, both wildtype and hepcidin knockout 

(KO) rats were used. In the weeks leading up to the experiment, rats were housed no 

more than 2 per cage in standard, static shoe box cages with pine bedding and maintained 

on a normal pellet diet (Envigo Teklad Global Diet #2918) with ad libitum access to food 

and water. Cages and food were changed bi-weekly. Water was changed weekly. All 

animals were observed daily by University of Florida Animal Care Service technicians.  

Before administering the water to the rats, we tested percentages of Dextran 

Sodium Sulfate (DSS, mol. wt. 40,000; ICN Biochemicals Inc, CA) to find one that 

would yield optimal results. If too much DSS was present in the water, the condition of 

inflammation in the rats would be too severe, and would not yield usable data for the 

experiment. If too little DSS was present, then there would not be any evidence of 

inflammation, which is needed to conduct the experiment.  

We then created the two different types of water: DSS and ddH2O. The DSS 

water contained 3.5% DSS. (This percentage was reached through trial and error of 

different percentages). The regular water was double distilled (giving it the name ddH2O) 

so no trace elements, such as iron, could potentially be detected when analyzing the rats.  
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Four rats were given the regular water (as controls), while the other 6 were given 

the DSS water. Each type of water was given to the rats for 7 days. The regular water 

bottles were filled to 400 mL on the first day, and were not refilled during the time period 

(except for cases of leakage where the water level dropped significantly). The DSS water 

bottles were filled to 150 mL on the first day, and were refilled whenever the water level 

dropped below 120 mL. The amount of water consumed for each rat was recorded daily. 

Other data collected daily from observing the rats were the amount of food consumed and 

their change in weight. Stool samples for each rat were also analyzed daily to observe the 

extent of inflammation caused by the DSS water in the experimental group of rats and the 

inflammation was ranked on a scale of 1 to 4. After 7 days of data recording, the rats 

were then sacrificed. Laboratory protocol includes anesthetization via CO2 and cervical 

dislocation. The following organs were obtained from each rat: liver, kidney and spleen. 

The organs from the rats were then analyzed in four different subgroups: ddH2O female, 

DSS female, ddH2O male and DSS male.  

 

Methods for Analysis of Data: 

To analyze how much iron was loaded in each organ as a result of missing 

hepcidin genes or in combination with intestinal inflammation, the amount of non-heme 

iron was recorded. This process was first started by digesting the different tissues using 

an acid solution to help precipitate iron and to break up ferritin. While the tissues 

incubated, the iron reference solution was created, combining a Fisher Iron reference 

solution and the acid solution. The iron reference solution was also used to create a 

standard curve to which the iron levels in the samples would be compared to. The 
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samples of each of the three organs were then added to the individual wells of the well 

plate along with the reference solution and a working chromogen reagent. Using Gen5 

software, the samples were compared to the standard curve to determine the amount of 

non-heme iron. Statistical analysis was then completed to compare the values for the four 

groups of the experiment.  

 To determine the extent of inflammation caused by the administration of DSS 

water, two types of histological analysis were completed for the tissues. The first analysis 

was completed by using H&E (hematoxylin and eosin) staining. Parts of each of the 

organs were preserved in wax and prepped onto slides for staining. Each slide was first 

washed with ethylene to remove the wax and prepare for the rehydration of the tissue. 

Using solutions with decreasing percentages of ethanol (100%, 95% and 75%) and 

distilled water, the tissues are made more receptive to the dyes. Hematoxylin (blue dye) is 

used to help visualize the individual cells of the tissue. It can be determined if the tissue 

was inflamed by the shape of the cells. If they are circular, then there is inflammation; 

they are normal if the cells are oval shaped. After slides were rinsed with water, a second 

dye, eosin, was used to visualize the extent and areas of inflammation. The dye starts as 

pink and then stains red on the tissue. A common sign of inflammation was a thick band 

of red cells on the tissues. Once both dyes were applied, the cells were dehydrated using 

the increasing percentages of the ethanol solutions. Slides were finally rinsed in ethylene 

and were mounted with cover slides for observation.  

 The second histological analysis used was Perls staining. The slides were prepped 

in the same procedure as the ones for H&E, but there were two slices per slide for Perls. 

The slides were stained with Perls Prussian blue dye, which is used to visualize iron 
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stores. The top tissue was rinsed with water while the bottom was dyed with additional 

reagents to change the color of the stain (blue vs black). The slides were rinsed and then 

dyed with neutral red. Slides were rinsed, dehydrated, soaked in xylene and mounted. 

The two tissues were then analyzed differently. The blue cells indicate iron in the tissues, 

while the black cells show the exact location of iron. The saturation of these two dyes can 

also indicate the amount of that was loaded in the organs as a result of the experimental 

conditions. Sample pictures of both stains are included in the results section.  

 

Results:  

Pre-Sacrifice:  

As part of the beginning stage of the trial (before 

sacrifices), we recorded the average daily water and 

food consumption for each group of animals. Data for 

the entire experiment was broken up into four groups: 

ddH2O Male, ddH2O Female, DSS Male and DSS 

Female. For water consumption, there was no significant 

difference between ddH2O and DSS or male and female 

as shown in Figure 2.  

Although the two groups were administered different water, the average was the 

same for all four groups. For food consumption, the male groups on average consumed 

more food over the 7 days than the females as shown in Figure 3. The ddH2O male group 

overall consumed the most food.  

Figure 2: Graph showing the Daily Average 
Water Consumption for each of the four groups. 
There are no significant differences of note 
between the groups.  
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Another factor that was recorded when 

observing the rats over the time period was the change 

in body weight. This was important to record because 

animals exposed to DSS usually lose weight as a result 

of the created condition of inflammation. Body weight 

was recorded either by male or female, not by the 

group they were a part of. The data for the change in  

weight is shown in Figure 4 for both male and female.  

 

On average, the males were heavier than the  

female rats. To observe whether or not the  

administration of DSS had a significant effect on the 

rats, percent body weight loss was calculated as 

shown in Figure 5. There were no significant 

decreases in weight, but it was also recorded that 

some of the rats did gain weight, as shown by the 

Figure 3: Graph showing the Average Food 
Consumption for each of the four groups. It is 
noted that the grams of food consumed per day 
are higher for the two male groups, with the 
ddH2O group consuming the most overall.  
 

Figure 5: Graph showing Percent Body Weight 
Loss for each of the four groups. Data points 
below the dashed line indicate weight gain, as 
seen for the ddH2O males.  

Figure 4 (below): Two graphs showing Body Weight for the male and female rats. The male rats were overall 
about 50 to 100 g heavier. The green triangles on the men’s graph shows an outlier in the data.  
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negative loss of weight (below the dashed line on the graph). The ddH2O males were the 

only group to have had noticeable negative changes in percent body weight loss, which 

signifies weight gain.  

 

Post-Sacrifice: 

 After sacrificing the rats, the organs were 

harvested for several types of analysis. Colon length was 

one of the factors that was recorded for each of the four 

groups as shown in Figure 6. Using statistical analysis, it 

was determined that the difference between the colon 

length for the ddH2O and DSS females was significant. 

(For the all of the statistical analysis for this experiment,  

we used a P value of < 0.05). Our P value for the females 

 was 0.0423, therefore showing an important difference  

between the two groups.  

To analyze the amount of iron stored in the 

tissues as a result of inflammation and the missing 

hepcidin genes, the amount of non-heme iron was 

recorded for three different tissues; liver, spleen and 

kidney. Since all the rats used in this study were 

hepcidin KOs, even the rats given ddH2O water will 

have some amount of iron already stored in tissues.  

The most significant data was from the analysis  

Figure 6: Graph showing Colon Length 
for each of the four groups. DSS females 
had the shortest colons, while the length 
for the other 3 groups were similar.  

Figure 7: Graph showing µg Fe/g Non-
heme iron in the liver for each of the 
four groups. From the graph, it is 
shown that the DSS females had the 
most iron stored in the liver overall, a 
result of inflammation.  
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of non-heme iron levels in the liver, as shown in Figure 7. All of the male rats had less 

than 1,000 grams, regardless of the water that was administered to them. The most 

significant difference was between the ddH2O and DSS female iron levels. While the 

ddH2O females had around 400 µg Fe/g Liver, the DSS females had approximately 

between 1300 and 1800 µg Fe/g Liver. This shows that the inflammation in the female 

DSS rats was significantly higher than in the male DSS rats. Additionally, the differences 

between the female rats were statistically significant because the P value for the two 

groups was 0.0060, which is lower than the standard P 

value of 0.05 used in our analysis. 

 

The second most significant data from the 

analysis of non-heme iron levels was in the spleen, as 

shown in Figure 8. The male rat data showed a little 

more variance between the groups than in the analysis 

of the liver. However, the levels of iron in the spleen were 

still low, neither group exceeded 500 µg Fe/g spleen. The 

female data however did not follow the same pattern as 

the liver data above. The ddH2O female data showed the 

most storage of iron in the spleen tissues, rather than the DSS group. While the DSS 

females had approximately between 100 and 200 µg Fe/g spleen, the ddH2O females had 

approximately between 750 and 1100 µg Fe/g spleen. This difference is statistically 

significant because the P value for the two groups was 0.0034, which is dramatically 

Figure 8: Graph showing µg Fe/g Non-
heme iron in the spleen for each of the 
four groups. From the graph, it is 
shown that the ddH2O females stored 
the most iron compared to the other 
three groups.  
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lower than the standard P value of 0.05 used in our data analysis. This difference is unlike 

what was hypothesized and will be further discussed.  

The last tissue that was analyzed as part of this 

experiment were the kidneys. There were no differences 

of statistical importance in this section of the data, 

however, it is still important to include as a comparison 

for the liver and spleen data. The data for the non-heme 

iron stored in the kidney tissues is shown in Figure 9.  

Although the comparison between ddH2O and DSS for  

either male or female was not significant, it should be  

noted that the levels of iron in the kidney for the DSS males 

was the lowest of the four groups with between 

approximately 100 and 110 µg/ Fe g kidney. Compared to 

the other two tissues studied, the kidneys had the least 

amount of iron stored in them.  

The last part of the data focused on the disease 

activity index (DAI) of this experiment, with the disease 

being intestinal inflammation. DAI is ranked on a scale of 

1-4, a cumulative ranking that includes weight loss,  

the degree of the stool consistency and the degree  

of bleeding in the rats. Figures 10 and 11 show these  

results, divided by male and female for the DSS rats only, 

since the ddH2O rats showed no inflammation as the 

Figure 9: Graph showing µg Fe/g Non-
heme iron in the kidneys for each of the 
four groups. From the graph, it is shown 
that the values for all of the groups were 
high, suggesting that iron loading in the 
kidneys was not impacted significantly  
by inflammation.   

Figure 10 (above): Graph showing the progression 
of the Disease Activity Index for the DSS males. 
The most significant increase was shown between 
days 5 and 6.  
 
Figure 11 (below): Graph showing the progression 
of the Disease Activity Index for the DSS females. 
The most significant increases were shown 
between days 4, 5 and 6. 



Swatko 20 
 

 

control group. For the male rats, over the first 5 days the progression of inflammation 

was gradual. The largest increase in the degree of inflammation was between days 5 and 

6. The male rats did not score higher than a 3 on the scale, indicating that inflammation 

was moderate, but enough to affect iron absorption. Overall, the degree of inflammation 

for the females was less than for the males. There was a gradual increase over the first 3 

days, followed by an unexpected drop between days 3 and 4. Following the drop, 

inflammation progressed quickly from day 5 to day 6, almost doubling in severity. 

In addition to statistical analysis, staining of 

tissues was completed to visualize the degree of 

inflammation and the iron storage in tissues. The two 

staining techniques used were H&E (hematoxylin and 

eosin) and Perls. A sample of spleen was stained, with 

the red color indicating the inflamed areas of the tissue 

as shown in Figure 12. The red is interspersed with 

the patches of blue on the tissue.  

Figures 13 and 14 shows two different images 

of Perls staining for liver and spleen, respectively. The dark blue (liver) and black 

(spleen) areas of the image show where iron was stored and the red shows inflammation. 

These three images are a small sample of the multiple slides and tissues that were  

stained for analysis.  

 

 

 

Figure 12: An image of a cross-section of inflamed 
spleen stained using the H&E technique. The red areas 
of the image show where the tissue was inflamed as a 
result of DSS. 

Figure 13 (left): An image 
of a cross-section of an 
inflamed liver stained 
using Perls technique. The 
red areas show 
inflammation and the blue 
shows the location of the 
stored iron.  
 
Figure 14 (right): An 
image of a cross section of 
an inflamed spleen stained 
using Perls technique. The 
red areas show 
inflammation and the black 
shows the location of the 
stored iron.  
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Discussion:  

In the pre-sacrifice data, it is shown that there were little differences between the 

four groups regarding the amount of water consumed. The ddH2O males consumed the 

most food, followed by the DSS males, ddH2O females and DSS females. The average 

body weight was higher for the males over the 7-day duration of the experiment, perhaps 

as a result of more food being consumed by the male rats. The weight gain signified by 

the negative body weight loss for the ddH2O males can also be a result of higher food 

consumption than the females. The DSS males did not show either a weight gain or loss. 

It is possible that the expected effect of the DSS (weight loss) was counteracted by the 

high food consumption.  

In the post-sacrifice data, the colon lengths of the females were of statistical 

importance. The ddH2O females had longer colons, but the colons were about the same 

length as those of both male groups. The statistical significance may have been a result of 

the administration of DSS and the creation of intestinal inflammation. The most 

important finding of the three non-heme iron analyses was from the spleen analysis. 

Although it was hypothesized that the DSS groups would exhibit more iron loading than 

the ddH2O groups, the µg Fe/g spleen levels for the ddH2O females were the highest 

overall. This means that little iron is actually stored in the spleen when the rats 

experience inflammation. It is also interesting to note that only females load the iron in 

spleens as hepcidin KOs, but not the males. The non-heme iron analysis of the liver 

yielded different results than the spleen. The ddH2O female group had low levels of iron, 

while the DSS female group had the highest. The ddH2O female levels were similar to 



Swatko 22 
 

 

the levels for both male groups, all of which were below 1,000 µg Fe/g Liver. The 

difference between the female groups was also statistically significant. This data, 

however, partially supports our hypothesis that more iron would be stored during 

conditions of inflammation while the spleen data does not. The data for non-heme iron in 

the kidneys was not as significant as the liver and spleen, but also is partially 

contradictory to our hypothesis. The levels of iron stored in the ddH2O groups were high, 

meaning that iron is stored in these tissues without the presence of inflammation. 

However, in the DSS groups, the females had a range of data, from approximately 90 

to140 µg/Fe g kidney. This shows that either iron levels for the kidneys remained high in 

the presence of inflammation, or dropped as a result of inflammation. The latter 

conclusion could also be used to support the lowered iron levels for the male DSS group, 

which exhibited between 100 and 110 µg/ Fe g kidney. When compared to the other two 

tissues analyzed, the kidneys had the highest iron overall, suggesting that iron is stored in 

this organ before the created condition of inflammation. The last component of the post-

sacrifice data focused on the degree activity index. From this data, we can conclude that 

the DSS did in fact create inflamed conditions because both DSS groups had increases in 

their inflammation score. Neither group earned a score above 2, which means that 

inflammation was moderate on the 1 to 4 scale that was used. The males had overall more 

inflammation than the females, however this did not affect iron storage in males as 

mentioned above. It is possible that if the percentage of DSS used was increased, the 

inflammation would score higher, but the 3.5% used in this experiment did yield solid 

results.  
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Conclusion:  

 From the data presented above, we can state that our hypothesis was partially 

proven. For this experiment, we hypothesized that iron absorption would be increased in 

inflamed rat models. The data for the non-heme iron analysis of the liver for the females 

agreed with this statement. The DSS females had the most iron out of the four groups. 

The differences between the two sexes of rats is something that should be studied further 

because of the effect it had on the results. The spleen and kidney data, however, did not 

support the hypothesis because iron loading for these organs was not affected by 

inflammation. In the spleen data, only the ddH2O female loaded iron in the spleen, while 

none of the other three groups did. This also highlights the point about the differences 

between the male and female groups. With the kidney data, it was shown that iron was 

stored in three groups, all except the DSS male, suggesting that iron loading decreased in 

the presence of inflammation in male rats. Future research could work to find the link 

between how the sex of the rat affects how it loads iron in an inflamed hepcidin KO 

condition. With this research, we hope to be able to apply our findings to further advance 

studies of human HH and IBD. However, further studies are warranted to determine the 

relationship between hepcidin knockout conditions, intestinal inflamed conditions and the 

sex of the animal for iron loading in vital organs.   
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