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I. Introduction: 

 

Statement of Problem & Significance 

Previous research has shown the prevalence of cardiac dysfunction in SLE (Systemic 

Lupus Erythematosus) patient mortality.  Libman-Sacks, a non-bacterial endocarditis that 

results from immune complex formation, is believed to be a large contributor to these 

cardiac problems.  Libman-Sacks endocarditis has been observed during numerous 

autopsies and postmortem studies of patients with SLE. There seems to be a link between 

the disease and this particular endocarditis.  However, it is unknown how prevalent 

Libman-Sacks endocarditis is because it is difficult to diagnose (Ménard, GE. 2008).  

The relationship between Libman-Sacks and SLE has mainly been studied 

postmortem in humans (Divate, S. et al, 2006). There is conflicting data on how prevalent 

Libman-Sacks endocarditis is in SLE patients, which led to the idea that more 

experimentation should be done. Since there was not a rat model for Libman-Sacks 

endocarditis in SLE, it would be beneficial to look at this relationship in a rat model. SLE 

has been studied in rats and heart problems, such as cardiac tissue inflammation, have 

been observed (Morioka, T. et al., 1996). The Lewis rat is the model rat for streptococcal 

research involving heart damage. The neuropsychiatric (NP)-SLE Lewis rat model is a rat 

model that demonstrates visible lesions within the brain after tail vein injections of serum 

from SLE patients that are positive for antinuclear antibodies.  Antinuclear antibodies 

(ANA) are autoreactive and are used as a marker for patients with SLE.   

The presence of Libamn-Sacks endocarditis in SLE patients is documented and 

cardiac complications are clearly critical in SLE patients (Y Loh et al, 2008). Steroids 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22M%C3%A9nard%20GE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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which are commonly used to treat SLE can complicate Libman-Sacks.  Therefore, in 

cases where Libman-Sacks is believed to be present, an alternative to steroids should be 

prescribed. 

Further understanding the involvement of different complications could help 

reduce the mortality rate and an animal model for examining the development of the 

disease would be beneficial.  Because echocardiograms often miss the problem, it may be 

necessary to perform more cardiac catheterizations on these patients (Y Loh et al, 2008). 

Lewis rats may be used in the future to determine the benefits of such a procedure.  

 

Hypothesis 

 Control hearts injected with saline should show no signs of Libman-Sacks or 

endocarditis. The antinuclear antibody injected, ANA positive, hearts should present with 

signs of endocarditis, and 3-50% should present with Libman-Sacks endocarditis. There 

may also be slight abnormalities (likely to be endocarditis) in the hearts of the negative 

control rats due to the presence of IgG antibodies in the serum. The fatty acid levels in 

the negative control hearts are expected to fall between the control and ANA positive 

heart levels.   

 

 

 

 



3 

 

II.     Review of Literature 

Endocarditis 

Endocarditis is the infection of the inner lining of the heart. This causes 

inflammation of the inside lining of the heart chambers and valves. The most common 

type is infective endocarditis. This is often referred to as bacterial endocarditis, because 

the agents are usually bacterial, however other organisms (fungal or viral) can also be 

responsible. Immune agents such as white blood cells cannot directly reach valves 

because the valves do not have a dedicated blood supply. When bacteria (or another 

organism) attaches to the valve surface forming vegetation (abnormal growths of tissue 

around the valve), the host immune response is dulled due to the lack of blood supply. 

This can affect treatment as well. Normally, blood flows smoothly through these valves. 

However, if they have been damaged, the risk of bacteria attachment is increased. 

Nonbacterial thrombic endocarditis (NBTE) is mainly found on previously 

undamaged valves. In contrast with infective endocarditis, the vegetations in NBTE are 

small, sterile, and tend to aggregate along the edges of the valve or the cusps. NBTE does 

not cause an inflammation response from the body, unlike infective endocarditis. 

Generally NBTE does not cause many problems on its own, but parts of the vegetations 

may break off and embolize to the heart or brain, or they may serve as a focus where 

bacteria can lodge, thus causing infective endocarditis. 

Another form of sterile endocarditis, which is fairly rare, is termed Libman-Sacks 

endocarditis and this form is thought to be due to the deposition of immune complexes. 

Like NBTE, Libman-Sacks endocarditis involves small vegetations, while infective 
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endocarditis is composed of large vegetations (Pelletier, 2006). These immune complexes 

bring on an inflammation reaction, which helps to differentiate it from NBTE (Pelletier, 

2006). 

 

Libman-Sacks Endocarditis 

Libman-Sacks often presents with mulberry like clusters of verrucae located on the 

valve leaflet near the ring or commissure (Buskila et al, 2000). Any of the valves can be 

involved; however, it occurs mostly on the mitral and aortic valve (Xiushui, 2008). This 

can result in valvular dysfunction leading to cardiac failure (Xiushui, 2008). Other signs 

of Libman-Sacks include adherence of the valve leaflet and chordae to the endocardium, 

lesions, and valvular thickening. 

 

Lupus 

 Lupus is an autoimmune disease that affects many people. The cause of the 

disease is unknown, however, it is believed to be caused by a genetic predisposition for 

the disease along with an environmental factor that activates the disease (Hanger, 2003). 

There is currently no cure for the disease but there are many treatments available to 

suppress the symptoms. Lupus can affect many organ systems and there are various types 

of Lupus. When Lupus affects multiple organs it is known as Systemic Lupus 

Erythematosus (SLE). 
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Systemic Lupus Erythematosus (SLE) 

SLE is one of the diseases referred to as “the great imitators” because its 

symptoms are often mistaken for other diseases. Some common symptoms of SLE are 

fever, fatigue, joint pain, muscle pain, and temporary loss of cognitive abilities. These 

symptoms often point to other diseases and therefore the patient with SLE is 

misdiagnosed. One of the frequent signs of SLE (found in 30-50% of patients) is a 

“butterfly rash”. This dermatological manifestation can be a clear sign of SLE (Hanger, 

2003). SLE and rheumatoid arthritis have been greatly linked do to the presence of 

rheumatoid factor (Czerkinsky et al, 1984). 

 

 Rheumatoid Factor (RF) 

Rheumatoid factor is an autoantibody which combines with IgG (immunoglobulin 

G) to form immune complexes. These immune complexes can trigger different types of 

inflammation-related processes in the body and are found in the sera of patients with a 

number of autoimmune diseases (Czerkinsky et al, 1984). It is believed that IgG-RF 

production can be induced by IgG containing immune complexes. This becomes a 

cumulative process where immune complexes are formed, inflammation occurs, leading 

to a greater build up of immune complexes. This frequently occurs in autoimmune 

diseases, where the continuous production of auto-antibodies overloads the immune 

complex removal system (Brennan et al, 1996). 
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Cardiac Involvement 

Patients with SLE may present with cardiac manifestations that often include 

inflammation of heart tissues, problems with the heart valves, and eventually 

cardiovascular disease. Cardiovascular disease is a large contributor in the death of 

patients with SLE (Dixon et al, 1984). It is reported that 15-50% of patients with SLE 

suffer from cardiac complications (Brice et al, 2005). In SLE patients there is often a 

thickening of the valve leaflets and dysfunction in the mitral valve leading to mitral 

regurgitation. 

 

Role of Libman-Sacks in SLE 

Problems from inflammation occur in the pericardium, myocardium and 

endocardium. In patients suffering from cardiac involvement, up to 78% report 

myocardial dysfunction and 55% report pericardial involvement (Y Loh et al, 2007). The 

endocarditis usually found in SLE patients is Libman-Sacks, however, there is conflicting 

data on the prevalence of Libman-Sacks endocarditis in SLE patients. One study found 

that all seven of their SLE patients had symptoms compatible with Libman-Sacks (Brice 

et al, 2005). In another study, 27 of the 35 SLE patients showed cardiac dysfunction 

while only one of the cases showed signs of Libman-Sacks (Divate et al, 2006). 
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Diagnosis and Treatment 

 Libman-Sacks is difficult to diagnose clinically and is often missed during an 

echocardiograph (Fernández-Dueñas, J. et al, 2005). Instead, it is often observed 

postmortem. Some studies have shown that death resulting from a complication such as 

renal failure can actually be instigated by Libman-Sacks (Divate et al, 2006). It is really 

not understood how much of a role cardiac problems resulting from Libman-Sacks 

endocarditis plays in SLE patient mortality. There is no specific treatment for Libman-

Sacks. If problems with the mitral valve are noticed during a cardiac catheterization, a 

valve replacement may significantly increase the patient’s chances for survival. A 

common treatment for SLE is steroids however steroids can further complicate Libman-

Sacks and lead to hypertension and heart failure.  
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III. Materials and Methods 

 

Rat Injections 

 

 The rats used were Lewis females 3-6 months in age. Five control rats were 

injected (tail vein injection) with 250µl of saline. Before the injection, blood was drawn. 

Each of the rats were marked (in order to differentiate them), weighed three times, and 

those weights were then averaged. They were then put into a holder for blood withdraw, a 

blood pressure reading, the saline injection, and then a second blood pressure reading. 

The blood samples were then centrifuged, the plasma was then removed, and the samples 

were placed in the -80C freezer. This was done at time zero then once every other week 

for four weeks and the animals were then sacrificed. Seven NP-SLE rats (injected with 

ANA positive SLE serum) and five ANA negative serum injected controls were used. 

Rats were injected with 250µl of the respective serum (the same protocol described for 

the control rats was used) and after four weeks they were sacrificed.  

 

Preparation of ANA Solution 

 

First, 400µl milli-Q water was filtered using untrafree-MC (microporous 

centrifugal filter unit) and was added to three microcentrifuge filters. These were spun 

for 20 min at 2000xg and 22˚C in refrigerated centrifuge (using protocol 20). Briefly, 

tubes were balanced. The wash from the insert cup and microcentrifuge tube was 

removed. Then, 400 µl ANA positive serum (MBL-BION) was added to each insert cup 

and spun as before; the bottom liquid was discarded. 50µl sterile saline was added to the 

insert cup and spun as before; the bottom liquid was discarded. This step was repeated 
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by again adding 50µl sterile saline and spinning as before; the bottom liquid was 

discarded. 30µl sterile saline was then added and spun as before; the bottom liquid was 

discarded. This step was repeated. The ANA solution was split into 5 tubes (200 µl 

each), 100 µl saline was added to each tube, and mixed by vortexing. 

 

Sacrifice and Organ Removal 

 At the end of the one month of ANA serum injected rats and control rats were 

euthanized using carbon dioxide or injected with Inactin 100 mg/kg IP and/or exposed to 

halothane in mineral oil in a fume hood using a nose cone.  A hind limb pull test was 

performed to ensure the animal was sufficiently anesthetized.  A small gage needle was 

inserted into either the left ventricle or through the aorta toward the carotid.  Saline 

followed by 4% paraformaldehyde solution was injected through the needle using a 

gravity feed perfusion system prior to harvesting of the organs.  After perfusion, the 

animal was decapitated. Negative serum injected rats were anesthetized using carbon 

dioxide and thoracotomies were preformed. For the negative control hearts, a butterfly 

needle was placed into the descending aorta and saline was used to perfuse the heart. For 

the control and ANA positive hearts, a left ventricle perfusion was performed. All hearts 

were placed into separate vials in a sucrose solution and were stored in a -80C freezer. 

The head was decapitated using a guillotine and the brain was removed and stored in a 

vial containing 4% paraformaldehyde at ~4C. All protocols for tissue harvesting were 

approved through Ball State University Animal Care & Use. 
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Heart Dissection 

 Vials containing the hearts were removed from the -80C freezer and placed on 

ice. After the sucrose solution had melted, the hearts were removed from the vial using a 

spatula. A syringe was filled with PBS and attached to a butterfly needle which was 

placed into the aorta. The heart was then perfused. Excess fluid was removed with 

kimwipes and the heart was placed on a weighing boat and the weight was recorded. The 

heart was then placed on the dissecting table and a picture was taken with a Sony DSC-

T200 Cybershot camera with 8.1 Megapixels at 5x zoom. When the heart was not being 

used, it remained on a weighting boat on ice to keep the tissue cool. The heart was then 

dissected using a scalpel starting from the apex along the sides of both ventricles ending 

approximately just before the atria. A razor blade was then used to cut off a portion of the 

heart containing the apex. The apex was put into a vial containing enough sucrose 

solution to cover it and was quick-frozen using liquid nitrogen. A picture was taken to 

observe the ventricular wall thickness. A razor blade was used to cut off a portion of the 

tissue containing the ventricles, ending just before the atria. More sucrose was poured in 

the vial and this tissue sample of the ventricles was added and quick-frozen with liquid 

nitrogen. The valves were then examined for signs of verrucae. Pictures were taken and if 

needed, the valves were examined with 5x 0.25 NA CP-Achromat magnification objected 

using a microscope. More sucrose was then added to the vial and the tissue was quick-

frozen. The vial was immediately placed into a -80C freezer. 
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Preparing Oil Red O Stock Stain 

First, 0.5 g of powder oil red O (CI 26125) was mixed with 100.0 ml of isopropanol. 

The dye was dissolved in the isopropanol, using the very gentle heat of a water bath.  

This was the stock stain. 

  

Preparing Oil Red O Working Solution 

Working solution was prepared using 30 ml of the stock stain diluted with 20 ml 

of distilled water, and allowed to stand for 10 minutes. It was then filtered into a Coplin 

jar and covered immediately.  Stain was made up fresh from the stock solution each time. 

 

Slide Preparation Protocol  

Glass slides were rinsed with ethanol two times and were laid down flat to dry on 

a clean paper sheet. Poly-D-lysine solution was prepared in a medium size beaker by 

mixing 860 µl of Poly-D-lysine, 8.14 ml of filtered H2O and1.0 ml of 8:1 PBS. The 

solution was then gently swirled. Three large drops were added to each slide. The drops 

were connected creating a thin covering. Approximately 0.5 ml was used per slide. The 

slides were laid down to dry on a clean flat sheet.  Plastic wrap covering was placed 

above the slides to prevent dust from collecting.  The plastic wrap was not allowed to 

touch slides and the slides stayed there to dry. Once the slides were completely dry, they 

were rinsed with double distilled water and laid flat on a clean sheet to dry. The Coplin 

jar was also rinsed with double distilled water and allowed to dry. The slides were labeled 

to correspond with the tissue samples and were placed in the Coplin jar for storage. 
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Slicing w/ Cryostat Protocol 

 

The tissue samples were kept on ice until the sucrose solution began to thaw. The 

Cryostat was cleaned of debris, making sure dust was removed from outside of the 

machine. Molds were created by placing masking tape around the edge of the bottom 

cylinder of the stage, with the sticky side out. Enough OTC to cover the bottom was 

placed into the mold (on the stage) creating a small platform. The mold was placed into 

the cryostat and allowed to freeze. Tissue samples from the tube were placed in a weigh 

boat and a spatula was used to separate sucrose from the tissue layers. 

The mold/stage was removed from the cryostat. The mold and OTC only was 

placed into the cryostat and was smoothed until flat. A large drop of OTC was placed 

onto the mount stage. The tissue layer was placed onto the stage and pushed down. It was 

allowed to sit and freeze on the freezing platform. The stage was placed back into the 

cryostat and moved to the appropriate area and flattened out. Debris was removed with a 

paintbrush. The paintbrush was then used to gently pull down sections of tissue. When 

the desired slice was made, the slice was picked up by placing a prepared slide face down 

onto the sections of tissue. The slide was removed and then fixed in paraformaldehyde. 

This procedure was followed for all heart specimens. 

 

 

 

 

Fixing slide in paraformaldehyde  
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One jar of slides was taken and allowed to thaw for five to ten minutes. One slide, 

at a time, was removed and approximately 0.5mL of 4% paraformaldehyde was added to 

each slide (covering all tissue) using a plastic transfer pipette. When all slides had been 

covered, they were placed into the Coplin jar and onto the rocker and allowed to sit for 

one hour. The jar was removed from the rocker and the slides were removed. The excess 

paraformaldehyde was gently tapped off by letting it slide down onto the surgical sheet 

(or kimwipe). Each slide was covered with PBS 1x (wash) and placed on the rocker for 

five minutes.  

 

Staining with Oil Red O 

The jar was removed from the rocker and the slides were removed. They were 

rinsed with 60% isopropanol. Using a plastic transfer pipette, Oil Red O was added into 

the top of the slides (making sure all the tissue was covered). The slides were placed back 

into the Coplin jar and put on a rocker for 15 minutes. The slides were removed and then 

rinsed with 60% isopropanol. The excess solution was gently tapped off the slides. The 

slides were placed into a container that prevented accumulating dust and debris.  

 

Permanent Set w/ DABCO  

Excess Oil Red O was removed by gently tapping the slide onto a piece of tissue 

paper (kimwipe). Each tissue sample was covered with DABCO, using approximately 

200 µl per slide. Using forceps, a cover slip was picked up and placed onto the top of the 

tissue sample.  The corners of cover slip were gently pressed down (avoiding the areas 

where the tissue was to keep from scratching.) This was repeated until all tissue samples 
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were covered. Using clear nail polish, the slides were sealed by brushing over the areas 

where the cover slips met and along the side where the cover slip touched the slide. The 

slides were placed into the slide box and this was repeated until all slides had been set. 

 

Microscope Setup  

The slide was placed onto the stage. The lens/camera bar was pushed in and the 

camera was turned on. The selected tissue sample was focused on and an open field 

picture using a 10x 0.25 NA CP-Achromat objective was taken. When all imaging was 

completed, the slides were placed back into the slide box and pictures from the camera 

were downloaded to the computer for analysis. 

 

Analysis  

 Pictures of heart slices were analyzed using Image Pro 6 software. Each picture 

taken of slices obtained for ANA positive injected rat hearts, negative serum injected rat 

hearts and saline control injected rat hearts was examined for red intensity.  A square 

section of equivalent size was selected on each picture and the level of red was analyzed 

on a scale from 0 to 256.  The mean red intensity for each section was used for statistical 

analysis. 

 

 

 

 

IV. Results 
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All control hearts (saline injected) were negative for endocarditis. The hearts 

appeared healthy and not enlarged (Figure 1 and 2) and the valves were normal (Figure 

3). The control fatty acid stain (Figure 4) showed low levels of red in comparison to the 

ANA positive hearts (an overall average mean, values from Image Pro 6, red intensity of 

78.7 as compared to 128.9 respectively, Figure 5) and the negative control results fell 

between those two values (100.9 average mean red intensity, Figure 6). All seven of the 

ANA positive hearts showed signs of endocarditis (Chart 1) due to the increased 

ventricular thickening in the ANA positive hearts in relation to the control hearts (Figures 

7 and 8).  

During visual observations while dissecting the hearts there was a large amount of 

fat surrounding the atria of the ANA positive hearts (Figure 9) in comparison to the 

control heart (Figure 1) and the negative control heart (Figure 10). The heart also seemed 

to be enlarged and the left ventricles were much thicker (Figure 7). However, when 

analysis was done, the values for heart to body weight ratio were not statistically 

significant (Table 6).  

There was a significant difference in fatty acid level. The fatty acid level was 

highest for all ANA hearts in the atria (with a mean average of 131.3) and lowest in the 

apex samples (averaging 125.5). One of the seven ANA positive hearts presented with the 

verrucae clusters and thus Libman-Sacks endocarditis, making 14.83% of the ANA 

positive hearts, positive for Libman-Sacks endocarditis (Chart 2). There were 

characteristic clusters of verrucae along the edge of the aortic valve (Figure 11).  
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The valves of the negative control were negative for Libman-Sacks and clusters of 

verrucae were not present (Figure 12). The negative control atria had a slightly higher 

concentration of fat than the control hearts (104.7 and 82.9 respectively), however it was 

lower than the concentration found in the ANA positive hearts (Figures 1, 9, 10). Single 

factor ANOVAs were performed to determine if there was a difference between control, 

negative control, and ANA positive hearts. The p-value found from an ANOVA of the 

fatty acid stain between the control and the ANA positive hearts was 0.000253, thus it 

was statically significant (Table 4). The p-value found from an ANOVA of the fatty acid 

stain between the control and the negative hearts was 0.036891, thus it was also 

significant at p<0.05 (Table 5). Finally, the p-value found from an ANOVA of the fatty 

acid stain between the negative control and the ANA positive hearts was 0.000452, thus it 

was statically significant (Table 6). 

 

 

 

 

 

 

 

 

 

 

 



17 

 

V. Discussion  

 

Observation of Valves 

All the control valves appeared to be in good condition and were negative for 

signs of Libman-Sacks endocarditis (Figure 8). The ANA positive valves showed signs of 

fat around the valves and fat content appeared higher around the atria, for all hearts, in 

general. One of the ANA hearts was positive for Libman-Sacks endocarditis due to the 

verrucae that were found along the edges of the valves. The negative control valves 

presented with more fat around the atria (the atrial fatty acid average was 104.7) than the 

control valves (the atrial fatty acid average was 82.9) but not as much fat as the ANA 

positive valves (the atrial fatty acid average was 131.3). This is likely due to the affects of 

IgG in the serum on the valve.  

The Lewis rat responds to a foreign protein (antibody) with an increase in 

circulating immune complexes (Kasp E et al, 1992).  These complexes are actually 

formed due to the rats own immune response against the human serum antigen.  The IgG 

antibody in the human serum, as well as the rat-anti-human IgG complex, has negative 

effects on the valves, leaving small fat deposits (Palinski T et al, 2001). The buildup of 

these complexes along the valves can be detrimental due to the inadequate blood supply 

to the valves of the heart. However, the damage due to IgG alone was not as significant as 

the damage done by the ANA positive serum. This is consistent with the findings of Kasp 

et al 1992 where circulating immune complex levels rose earlier with an autoreactive 

antigen than those against a nonreactive antigen. Not only was there a greater build up of 

fat around the valves and the atria in general, but Libman-Sacks was observed. The ANA 
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compounds these affects creating promoting the formation of complexes. Because of the 

increase in autoreactive complexes, there can also be an increased response by the body; 

which creates more build up.  

 

Heart to Body Weight Ratio 

There was a difference in the heart to body ratio between the three groups, 

however when analysis was done, the values were not statistically significant (Table 6). 

This could be because the heart to body weight ratio is very low to begin with, making 

the minute difference not significant statistically.  

 

Fatty-Acid Stain 

There was a significant difference between the amount of fat in the hearts between 

the three groups. This difference is due in part to the IgG present in the human serum. 

The difference between the ANA positive and the negative control was also significant. 

Therefore, an increase in fat in the heart may be due to the presence of ANA in the 

positive serum. The p-value found from an ANOVA of the fatty acid stain between the 

control and ANA positive hearts was 0.000253 (Table 4). 
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VI. Conclusion & Future Study Directions 

The purpose of this study was to determine the correlation between Libman-Sacks 

endocarditis in SLE patients. There was a significant increase in the fatty acid content 

within the ANA positive hearts. The ventricular walls also showed thickening. These are 

signs of endocarditis that occur prior to the formation of the characteristic Libman-Sacks 

verrucae.  Libman-Sacks presented in one of the ANA positive hearts. This shows that the 

Lewis rat model for NP-SLE develops Libman-Sacks similarly to what is observed in 

SLE patients.  

If Libman-Sacks is prevalent in SLE patients, then doctors should be vigilant for 

this endocarditis in their SLE patients. If an echocardiogram does not show the presence 

of the verrucae, but the doctor suspects its occurrence, then the patient should be referred 

to a cardiologist for further examination. A cardiac catheritization would find these 

verrucae when an echocradiogram cannot.  

If heart problems, such as mitral valve regurgitation (which occurs with Libman-

Sacks) is present in an SLE patient, the use of steroids to treat SLE may not be the best 

option especially if the patient already has circulatory or cardiac problems (such as high 

blood pressure or cholesterol). This is because the lesions in Libman-Sacks initially start 

as accumulations of immune complexes and mononuclear cells forming fibrous caps with 

lipids found in the blood stream (Xiushui, 2008 & Burke et al, 2000).   

In the future, a similar study should be done on NP-Lewis rats including a larger 

n-value in order to get a more accurate percentage for the development of Libman-Sacks 

in SLE-positive specimens.  However, this research provides evidence of Libman-Sacks 

in a rat model and provides a new model in which to future examine this condition. 
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VII. Tables and Figures 

    

   

 

 

 

 

Figure 1: Control heart prior to dissection. 

The control hearts were harvested and 

store in a sucrose solution at -80°C until 

use. They were thawed and weighted prior 

to dissection. Pictures were taken with a 

Sony DSC-T200 Cybershot camera with 

8.1 Megapixels at 5x zoom. 

 

Figure 2: Control heart dissected to reveal 

valves.  After weighing, a scalpel was used to 

dissect the hearts. They were cut along both 

ventricles up to the atria. The valves were then 

exposed. Pictures were taken with a Sony DSC-

T200 Cybershot camera with 8.1 Megapixels at 

5x zoom. 

 Figure 3: Aortic valve of control heart. After the 

exposure of the valves, they were looked at under a 

NA CP-Achromat objective using a light microscope 

with external illumination and a DSC-S75 Cybershot 

camera. Dark spots are from dust on the microscope 

lens.  
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Figure 4: Fatty acid stain of control 

heart atria.  The slide stained with 

Oil Red O. The fatty acid content 

was observed using 10x 0.25 NA 

CP-Achromat magnification under 

a light microscope. Pictures were 

taken with a Cybershot DSC-S75 

camera and the levels were 

assessed using Image Pro 6 

software.  Fatty acid deposits are 

not visible in the sample. 

Figure 5: Fatty acid stain of ANA 

positive heart atria (aortic valve is 

visible in the left corner).The ANA 

heart sections were sliced using a 

cryostat to create slides. The slides 

were then stained with Oil Red O. 

Notice the high fatty acid content 

observed using 10x 0.25 NA CP-

Achromat magnification under a 

light microscope. Pictures were 

taken with a Cybershot DSC-S75 

and the levels were assessed using 

Image Pro 6. 

 

Figure 6: Fatty acid stain of 

ventricle of a negative control 

heart.  The negative control 

heart sections were sliced and 

slides were then stained with 

Oil Red O. The fatty acid 

content was observed using 10x 

0.25 NA CP-Achromat 

magnification under a light 

microscope. Pictures were taken 

and the levels were assessed 

using Image Pro 6 software. 
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Figure 9: ANA positive heart prior to 

dissection.  An ANA injected rat heart 

store at -80°C was thawed and weighted 

prior to dissection. The picture of the 

ANA heart above was taken with a Sony 

DSC-T200 Cybershot camera with 8.1 

Megapixels at 5x zoom.  Notice the 

apparent increase in fatty tissue deposits. 

 

Figure 10: Negative control heart prior 

to dissection.  The negative control heart 

above was stored at -80°C and thawed 

before weighting.  Prior to dissection 

pictures were taken with a Sony DSC-

T200 Cybershot camera with 8.1 

Megapixels at 5x zoom.  The heart 

displays some fatty tissue deposits. 

 

Figure 7: ANA Positive ventricular thickness. 

During dissection the hearts were cut along both 

ventricles. The apex and then the ventricle 

sections were then sliced using a razor blade. 

The ventricles were then examined for 

ventricular thickness. Pictures were taken with a 

Sony DSC-T200 Cybershot camera at 5x zoom. 

Figure 8: Control heart ventricular 

thickness. During dissection the hearts 

were cut along both ventricles. The 

apex and then the ventricle sections 

were sliced using a razor blade. The 

ventricles could were examined for 

ventricular thickness. Pictures were 

taken with the Cybershot; see Figure 7. 
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Statistical Analysis 

 

 

 

Figure 11: ANA  Positive heart valve under magnification showing 

signs (verrucae) of Libman-Sacks endocarditis.  After the exposure of 

the valves, the picture was taken with a Cybershot DSC-S75 under a 5x 

0.25 NA CP-Achromat objective using a light microscope using the 

same procedure as in figure 3. The presence of Libman-Sacks was 

clearly visable during dissection. An advisor then took the heart section 

and observed the valves under the microscope for confirmation. 

 

Figure 12: Negative control papillary muscles and  

chordae tendineae of mitral valve.  After the exposure of the 

valves, the picture was taken using a Cybershot DSC-S75 through 

a 5x 0.25 NA CP-Achromat object with external lighting and a 

light microscope. There were no signs of Libman-Sacks 

endocarditis. 
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Table 1: ANA & Control Heart Fatty Acid Level Averages  

ANA 

Average   

Control 

Average   

122.3884   85.98328   

120.3905   66.83552   

122.4158   52.11058   

122.5369   104.4686   

146.3783   84.01041   

145.3369       

122.5369     T-test 0.002413 

     

 

Table 2: ANA & Negative Control Heart Fatty Acid Level Averages 
 

ANA Average 
 

Negative 

Control   

122.3884  98.83649   

120.3905  98.62646   

122.4158  105.9432   

122.5369  101.941   

146.3783  100.8912   

145.3369      

122.5369    T-test 0.000523 

 

Table 3: Control & Negative Control Fatty Acid Level Heart Averages 

 

Control Average  Negative Control   

85.98328  98.83649   

66.83552  98.62646   

52.11058  105.9432   

104.4686  101.941   

84.01041  100.8912 T-test 0.036891 

 

All values are significant at .05%. 
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Table 4: ANOVA for Fatty Acid Stain of Control vs ANA Positive 

Fatty Acid Stain 

ANOVA       

Source of 

Variation SS df MS F P-value F crit 

Between Groups 7342.252 1 7342.252 30.50993 0.000253 4.964603 

Within Groups 2406.513 10 240.6513       

              

Total 9748.765 11         

 

Table 5: ANOVA for Fatty Acid Stain of Control vs Negative Control 

Fatty Acid Stain       

ANOVA       

Source of 

Variation SS df MS F P-value F crit 

Between Groups 1273.06 1 1273.06 6.254405 0.036891 5.317655 

Within Groups 1628.369 8 203.5461       

              

Total 2901.429 9         

 

Table 6: ANOVA for Fatty Acid Stain of Negative Control vs ANA Positive 

Fatty Acid Stain       

ANOVA       

Source of 

Variation SS df MS F P-value F crit 

Between Groups 2222.95 1 2222.95 26.18859 0.000452 4.964603 

Within Groups 848.8241 10 84.88241       

              

Total 3071.775 11         
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Table 6: ANOVA for Heart to Body Ratio 

Heart to Body 

Ratio 

ANOVA       

Source of 

Variation SS df MS F P-value F crit 

Between 

Groups 8.00411E-08 2 4E-08 1.049469435 0.37611 3.73889 

Within 

Groups 5.33877E-07 14 3.81E-08       

              

Total 6.13918E-07 16         

 

 

 

 

 

 

 

 

 

 

Chart 1: Positive for Endocarditis 
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The hearts were examined for signs of endocarditis. These included thickening of the 

ventricular wall and the presence of increased fatty acid content.  

 

      

Chart 2: Positive for Libman-Sacks Endocarditis 
The valves were examined by and advisor under a light microscope using side 

illumination for the presence of the characteristic verrucae clusters. If the clusters were 

found, the heart was positive for Libman-Sacks. 

 

   

 

VIII. Appendices 

 

Control Hearts

0%

ANA Postive Hearts

100%

Control Hearts

0%

ANA Positive Hearts

14.3%
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Abbreviations  

ANA- Antinuclear antibodies are antibodies that have the capability of binding to certain 

structures within the nucleus of the cells. 

 

DABCO- (1,4-diazabicyclo[2.2.2]octane) is a chemical compound used for mounting 

slides. 

 

IgG- Immunoglobulin G 

 

IgG-RF- when rheumatoid factor combines with IgG to form immune complexes it can 

trigger inflammation related process in the body. 

 

NBTE- Nonbacterial Thrombic Endocarditis  

 

NP-SLE- Neuropsychiatric Systemic Lupus Erythematosus is a model in which 

neuropsychiatric abnormalities occur. 

 

OTC- the generic name of the freezing mediums for embedding tissue. 

 

PBS- phosphate buffer saline 

 

RF- Rheumatoid Factor is an autoantibody. 

 

SLE- Systemic Lupus Erythematosus 

 

Ultrafree-MC- microporous centrifugal filter unit 
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Raw Data 

Image-Pro Values for Fatty-Acid Stain 

Rat 

#       

Mean 

        

Min 

        

Max     Std.Dev 

ANA         

1a-atr 122.5979 69 170 12.99992 

1a-vent 125.3585 48 180 17.04577 

1a-apex 113.2151 18 211 20.35624 

          

1b-atr 125.1817 86 161 9.712553 

1b-vent 122.3671 37 209 20.61662 

1b-apex 120.0619 4 172 11.66901 

          

2a-atr 151.0353 24 255 27.90483 

2a-vent 145.4327 45 245 26.87983 

2a-apex 142.6668 69 226 18.80645 

          

2b-atr 126.3322 38 192 17.75968 

2b-vent 1.24E+02 30 225 25.46359 

2b-apex 116.833 8 241 35.44027 

          

3- atr 145.1713 41 255 25.39854 

3- vent 141.3526 52 238 26.38687 

3--apex 149.4867 67 223 18.03135 

          

4- atr 124.5051 56 174 11.34789 

4-vent 120.034 53 170 15.30831 

4-apex 120.1539 43 213 17.00688 

          

5-atr 124.6065 51 241 18.8636 

5-vent 126.709 46 213 15.37839 

5-apex 115.9318 28 209 21.45348 
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Rat 

#       

Mean 

        

Min 

        

Max     Std.Dev 

Control         

Rat 1- atr 113.2913 25 175 12.42516 

Rat 1-vent 111.4328 39 190 17.65046 

Rat 1-apex 88.68174 48 116 5.424395 

          

Rat 2- atr 84.45341 6 146 15.77958 

Rat 2-vent 83.8205 43 114 6.16741 

Rat 2- apex 83.75732 21 147 13.02727 

          

Rat 3- atr 87.6886 37 123 8.746663 

Rat 3-vent 85.83815 43 120 7.667354 

Rat 3-apex 84.4231 18 144 16.28462 

          

Rat 4- atr 68.31946 14 167 18.5852 

Rat 4-vent 70.98506 6 155 15.38483 

Rat 4-apex 61.20205 8 168 16.09298 

          

Rat 5- atr 60.57723 1 189 21.23812 

Rat 5-vent 44.97893 9 150 15.70426 

Rat 5-apex 50.77558 8 143 18.65372 
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Rat 

#       

Mean 

        

Min 

        

Max     Std.Dev 

Negative 

Control        

Rat 1- atria 102.0907 27 161 12.43187 

Rat 1- vent 98.92567 21 149 12.24534 

Rat 1- apex 96.30956 33 137 8.779625 

          

Rat 2- atria 110.2415 82 138 5.965967 

Rat 2- vent 105.4391 70 135 6.148962 

Rat 2- apex 102.1491 39 147 11.08365 

          

Rat 3- atria 102.1166 14 163 12.24623 

Rat 3- vent 98.22209 5 186 14.84936 

Rat 3- apex 96.17078 20 163 14.21744 

          

Rat 4- atria 101.2035 29 141 8.892645 

Rat 4- vent 98.38822 32 137 10.17841 

Rat 4- apex 96.28766 0 173 22.40778 

          

Rat 5- atria 107.7982 29 173 14.79203 

Rat 5- vent 101.1916 0 165 15.98393 

Rat 5- apex 96.83332 0 168 16.10427 
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Control Fatty Acid Values 

Control         

          

Rat 1       85.98328 

113.2913       66.83552 

111.4328       52.11058 

88.68174       104.4686 

104.4686133 avg     84.01041 

          

Rat 2       78.681678 

84.45341         

83.8205         

83.75732         

84.01041 avg       

          

Rat 3         

87.6886         

85.83815         

84.4231         

85.98328333 avg       

          

Rat 4         

68.31946         

70.98506         

61.20205         

66.83552333 avg       

          

Rat 5         

60.57723         

44.97893         

50.77558         

52.11058 avg       
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ANA Fatty Acid Values 

ANA         

          

Rat 1a     122.3884   

122.5979     120.3905   

125.3585     122.4158   

113.2151     122.5369   

120.3905 avg   146.3783   

      145.3369   

Rat 1b     122.5369   

125.1817         

122.3671     128.8548143 average 

120.0619         

122.5369 avg       

          

Rat 2a         

151.0353         

145.4327         

142.6668         

146.3782667 avg       

          

Rat 2b         

126.3322         

124.00         

116.833         

122.3884 avg       

          

Rat 3         

145.1713         

141.3526         

149.4867         

145.3368667 avg       

          

Rat 4         

124.5051         

120.034         

120.1539         

121.5643333 avg       

          

Rat 5         

124.6065         

126.709         

115.9318         

122.4157667 avg       
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Negative Control Fatty Acid Values 

Neg Control           

        98.83649   

Rat 1       98.62646   

102.0907       105.9432   

98.92567       101.941   

96.30956       99.10864   

99.10864333 average     100.891158 average 

            

Rat 2           

110.2415           

105.4391           

102.1491           

105.9432333 average         

            

Rat 3           

102.1166           

98.22209           

96.17078           

98.83649 average         

            

Rat 4           

101.2035           

98.38822           

96.28766           

98.62646 average         

            

Rat 5           

107.7982           

101.1916           

96.83332           

101.94104 average         
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Control vs ANA Positive 

Anova: Single Factor      

       

Fatty Acid Stain 

SUMMARY       

Groups Count Sum Average Variance   

Column 1 5 393.4084 78.68168 398.2572   

Column 2 7 901.9837 128.8548 135.5806   

       

       

ANOVA       

Source of 

Variation SS df MS F P-value F crit 

Between Groups 7342.252 1 7342.252 30.50993 0.000253 4.964603 

Within Groups 2406.513 10 240.6513       

              

Total 9748.765 11         

       

 

Control vs Negative Control      

Anova: Single Factor      

        

SUMMARY       

Groups Count Sum Average Variance    

Column 1 5 393.4084 78.68168 398.2572    

Column 2 5 506.2384 101.2477 8.835078    

        

        

ANOVA        

Source of 

Variation SS df MS F P-value F crit  

Between 

Groups 1273.06 1 1273.06 6.254405 0.036891 5.317655  

Within 

Groups 1628.369 8 203.5461        

               

Total 2901.429 9          
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Negative Control vs ANA Positive     

Anova: Single Factor      

       

SUMMARY       

Groups Count Sum Average Variance   

Column 1 7 901.9837 128.8548 135.5806   

Column 2 5 506.2384 101.2477 8.835078   

       

Fatty Acid Stain       

ANOVA       

Source of 

Variation SS df MS F P-value F crit 

Between Groups 2222.95 1 2222.95 26.18859 0.000452 4.964603 

Within Groups 848.8241 10 84.88241       

              

Total 3071.775 11         

 

 

 

 

 

 

 

 

 

 

 

ANOVA: Results from Minitab 

The results of a ANOVA statistical test performed at 10:24 on 26-JUN-2009 
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 Source of     Sum of       d.f.    Mean         F 

 Variation     Squares              Squares 

 

  between      7501.          2     3750.        21.50     

  error        2442.         14     174.4     

  total        9943.         16 

The probability of this result, assuming the null hypothesis, is 0.000  

 

 
Group A: Number of items= 7 

120. 122. 122. 123. 123. 145. 146.  

Mean = 129.  

95% confidence interval for Mean: 118.1 thru 139.6  

Standard Deviation = 11.6  

Hi = 146. Low = 120.  

Median = 123.  

Average Absolute Deviation from Median = 7.01  

 
Group B: Number of items= 5 

98.6 98.8 101. 102. 106.  

Mean = 101.  

95% confidence interval for Mean: 88.58 thru 113.9  

Standard Deviation = 2.97  

Hi = 106. Low = 98.6  

Median = 101.  

Average Absolute Deviation from Median = 2.08  

 
Group C: Number of items= 5 

52.1 66.8 84.0 86.0 104.  

Mean = 78.7  

95% confidence interval for Mean: 66.01 thru 91.35  

Standard Deviation = 20.0  

Hi = 104. Low = 52.1  

Median = 84.0  

Average Absolute Deviation from Median = 14.3  

Rat Heart to Weight Ratio 

Rat Rat Weight Heart Weight Ratio Weight  

Control Rat 1 204.8 0.6353 0.003102  
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Control Rat 2 208.5 0.6547 0.00314   

Control Rat 3 239.8 0.7153 0.002983  

Control Rat 4 214.6 0.7094 0.003306  

Control Rat 5 222.1 0.7026 0.003163  

      0.0031388 average 

         

ANA + Rat 1a 249.7 0.7921 0.003324  

ANA + Rat 1b 241.63 0.8267 0.003421  

ANA + Rat 2a 256.6 0.7377 0.002875  

ANA + Rat 2b 238.63 0.8511 0.003567  

ANA + Rat 3 246.3 0.7747 0.003145  

ANA + Rat 4 238.3 0.7778 0.003264  

ANA + Rat 5 243.6 0.7756 0.003184  

      0.003254286 average 

         

Neg Control Rat 1 252.9 0.8293 0.003279  

Neg Control Rat 2 250.2 0.8078 0.003208  

Neg Control Rat 3 250.8 0.735 0.002931  

Neg Control Rat 4 256 0.7178 0.002804  

Neg Control Rat 5 286 0.935 0.003269  

      0.0030982 average 

     

 

Anova: Single Factor       

       

Heart to Body 

Weight SUMMARY       

Groups Count Sum Average Variance   

Column 1 5 0.015694 0.003139 1.35427E-08   

Column 2 7 0.02278 0.003254 4.85466E-08   

Column 3 5 0.015491 0.003098 4.71067E-08   

       

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 8.00411E-08 2 4E-08 1.049469435 0.37611 3.73889 

Within Groups 5.33877E-07 14 3.81E-08       

              

Total 6.13918E-07 16         
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