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ABSTRACT  
 
 

Rheumatoid arthritis is an incurable autoimmune disease that causes inflammation in the joints 

that progresses and destroys its architecture. If left untreated this disease can spread to organs in the 

body and loss of movement due to joint damage can result in a substantially reduced quality of life. 

Treatment serves to alleviate symptoms and slow the progression of this disease but can cause a range of 

side effects.  

In this thesis a tested magnetic nanocomposite carrier is coupled with methotrexate, a proven 

therapeutic agent for rheumatoid arthritis and used as a targeted drug delivery system to treat 

experimental rheumatoid arthritis. A magnet was used as a targeting mechanism to draw drug carriers to 

afflicted joints of collagen-induced arthritis in the murine model. Results show that use of the magnet 

yielded statistical improvement compared to treatment without a targeting mechanism. Overall paw 

scores and paw thicknesses showed lower measurements in mice treated with use of magnet than mice 

treated without. The data showed a noticeable difference that can be stated with a 95% confidence 

interval that use of targeted delivery systems prove effective.  
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CHAPTER 1 

1 INTRODUCTION 

 

In the United States alone, one in five adults is diagnosed with some form of arthritis [1] which 

affects both adults and children and has many different types. Osteoarthritis is the most common form 

while others include rheumatoid arthritis (RA), gout, fibromyalgia and more. Arthritis affects both young 

and old but about two thirds of those afflicted are people aged under 65 and is more common in women 

than men. Approximately one in 250 children is afflicted with arthritis [2]. 

RA is a common form of chronic arthritis afflicting about 1% of the world’s population [3] where 

it attacks synovial joints and lead to erosion of the cartilage and bone of the afflicted joint. There is no 

established cause for RA but it is classified as an autoimmune disease since the condition stems from the 

immune system [4]. Rheumatoid arthritis is a form of inflammatory arthritis and occurs when the body’s 

immune system attacks the synovium or joint lining which leads to joint damage and other painful 

symptoms. Given that RA stems from the immune system, it can also cause fever, feeling of fatigue and 

sufferers may also be vulnerable to other health problems such as anemia and heart or lung problems. 

Rheumatoid arthritis is a symmetrical disease and often times this helps doctors distinguish it from other 

forms or arthritic diseases [5]. 

 Symptoms of RA may be difficult to detect as it tends to start with stiff or aching joints which can 

easily be dismissed. As it progresses, joint becomes swollen and feel warm which is indicative of signs of 

inflammation. In addition to physical symptoms, blood tests can be utilized to detect RA. Detection of 

anemia, rheumatoid factors, and antibodies to cyclic citrullinated peptides would confirm presence of the 

disease. 

For early diagnosis of RA, anti-citrullinated protein antibodies (ACPA) play an important role. 

Presence of ACPA is detected by testing for anti-cyclic citrullinated peptides (anti-CCP) which is then 
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identified into two groups, anti-CCP(+) and anti-CCP(-). Both expression of the anti-CCP are associated 

with different progression and are therefore important to identify so that treatment can be administered 

appropriately. The presence of ACPA has been associated with a more severe progression of RA leading 

to bone erosions [6]. Upon diagnosis, early aggressive treatment can help prolong the health of the joints. 

There are suggestions that indicate there is a specific timeframe between onset and progression where 

treatment is most effective [7]. 

 A study at Dana-Farber Cancer Institute explored the idea of preventing the development of 

arthritis by disabling the T cell. The study conducted did this by infusing CD8+ transmembrane 

glycoproteins with T regulatory cells and injecting it into mice. The CD8+T cells inhibit the cascading 

effects of the inflammation by regulating over expressed cytokines that initiate the inflammation process. 

The study was successful in preventing development of arthritis in mouse model and may be the next 

step in addressing autoimmune diseases [8].  
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CHAPTER 2 

2 LITERATURE REVIEW 

 

2.1 Disease Pathology 

RA first begins as an inflammation within the joints and as symptoms like pain and swelling of 

the joints become more apparent, the joint becomes impaired and daily activities become difficult. 

Mobility of the joint becomes limited and ultimately leading to restrictive physical movement. This 

disease causes synovitis, an inflammation of the synovial membrane, where the CD4+ T cell, B cells and 

macrophages attack the synovial cells leading to hyperplasia [9]. The disease begins when T cells, a type 

of lymphocyte, are triggered due to an immune response. These are followed by the activation of B cells, 

macrophages, and pro inflammatory cytokines such as interleukin and growth factors such as tumor 

necrosis factor [10,11].  

As the disease progresses, synovitis occurs where the synovial lining thickens and the joint swells 

as the number of fibroblasts and macrophages increase. The T cells induce tumor necrosis factor, TNF-α, 

macrophages, and cytokines such as interleukin 1 and 6 (IL-1, IL-6) [3]. Pro inflammatory cytokines 

continue to proliferate the synovial lining leading to pannus formation that in turn invades the articular 

surface. As this occurs, metalloproteinase is produced in addition to proteolytic enzymes which works to 

degrade the articular matrix causing further damage [12].  

Cartilage often degenerates with RA and because the tissue in cartilage lack neural connections 

and vascularization, it’s capability to repair itself is limited [13]. Lesions and damage left unrepaired will 

slowly form scar tissue forming weak biochemical and mechanical strength further impeding actual 

healing. This causes local architectural shift resulting in deformities that are commonly associated with 

RA.  
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2.2 Treatments 

Treatment of arthritis depends on the cause and many factors including the severity and the 

lifestyle of the person afflicted with the disease. In cases of osteoarthritis and rheumatoid arthritis, the 

disease cannot be cured and the treatments work to reduce the symptoms and discomfort. Prescription 

medication is usually employed with the target of seeking remission of the ailment. This includes 

biological response modifiers (biologics), corticosteroids, inhibitors, disease modifying anti rheumatic 

drugs (DMARD's), nonsteroidal anti-inflammatory drugs (NSAID), and immunosuppressants.  

NSAID works by inhibiting cyclooxygenase (COX) enzymes, COX-1 and COX-2, which prevents 

formation of prostaglandins. NSAID can be selective or non-selective where it can inhibit one of both 

COX-1 and COX-2. COX-1 is present in most tissues and work to maintain a normal stomach lining while 

COX-2 is present at inflammation sites. Selective NSAID can target COX-2 and inhibit the formation of 

inflammatory mediators while minimizing side effects involving the gastrointestinal tract. Though 

effective, this class of drugs has been known to have severe side effects such as risk of cardiovascular 

problems and is now regulated closely [10,14].  

Corticosteroids are used to treat autoimmune forms of arthritis and works by suppressing the 

immune system. It is a more common treatment for osteoarthritis where the medication is injected into 

the joints. Since this is a form of steroid, it also comes with a list of side effects.  Immunosuppresant are 

for more extreme cases of RA when other medications have been explored and deemed an insufficient 

method of treatment [10].  

More traditional drugs used to treat autoimmune arthritis are disease modifying anti rheumatic 

drugs that work to delay the progression of the disease. DMARD includes biologic and non-biologic 

agents. Methotrexate falls in the category of non-biologics and has shown promising effects in reducing 

the progression of RA, while other drugs include gold salts, penicillamine, sulfasalazine, and 

hydroxychloroquine [15]. DMARD biologic agents work by modulating activity of TNF, blocking 

http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0000171/
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interleukin-1 (IL-1), or interfering with cell functions. Biologics are proteins that have been genetically 

engineered to inhibit certain immune system processes associated with inflammation [10]. Review of 

studies show that administering DMARD early in disease progression makes the treatment more effective 

leading to a milder expression of the disease. Early aggressive treatment can result in a prolonged 

remission and while studies show additional benefits by dosing with DMARD and anti-TNF treatments, 

the latter does not share the same prolonged benefits [7].  

Surgical methods may also be employed as a means of treatment to alleviate pain and to help the 

patients regain mobility. Some include joint replacement, adjusting the tension of the tendons around the 

joint, or removing diseased bone. Researchers are also studying various methods to treat RA such as 

genetic therapies [16], inhibitors that could reduce inflammation by limiting immune system functions, 

and experimental drugs. 

Cortisone is a form of glucocorticoid that was used to combat RA. It was first used in the late 

1940’s and was effective at low doses. Glucocorticoids are a class of steroidal hormones that work by 

activating cytoplasmic receptors that interrupt gene expressions for activator and nuclear factors. This in 

turn isolated gene expression of proinflammatory proteins such as IL-1, IL-2, IL-6, IL-8, TNF-α, 

histocompatibility complexes, and also COX-2 enzymes. When prednisolone and cortisone was marketed 

in the 1950’s, there were no specific instructions accompanying its release and thus an overuse of the 

drugs caused an outburst of side effects. The high dose and prolonged exposure to the drugs lead to side 

effects that became the marker of glucocorticoids. In the 1990’s studies were finally conducted and 

concluded that at controlled low doses, prednisolone was effective in limiting inflammation, improving 

overall function, and limiting the bone damage when prescribed to the patient early in RA onset [17].  

Treating RA requires a combination of symptom relief to help with pain, reduction of swelling, 

and improving the function of the joint that is being treated. Patients are typically encouraged to make 

changes to their lifestyle instead of depending solely on the treatment that is being administered. Slow 
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moving low impact exercises such as tai chi and various methods of relaxation as well as meditation are 

encouraged. Physical exercises helps the body maintain and improve its function while meditation or 

relaxation can help the mind cope with the emotional effects of having arthritis.  

2.3 Methotrexate (MTX) 

MTX (also known as amethopterin) is a non-biologic DMARD that functions as an anti-

metabolite and an anti-folate drug. As an anti-metabolite it works by inhibiting metabolism in cells and as 

an anti-folate, it inhibits/interfere with the body’s ability in the use of folic acid. MTX works by combining 

these two effects and inhibiting the metabolism of folic acid.  Without folic acid and its derivatives cell 

synthesis and cell growth become difficult and the hyperplasia (rapid cell regeneration) can be slowed or 

halted. Therefore, MTX is not recommended for expecting women or couples who are planning a family 

as both men and women would be affected [18]. 

MTX is a common drug used in treatment of cancer and is very toxic. It can be taken orally or 

administered via injections. Oftentimes, patients prescribed with MTX are also required to take folic acid 

supplements to help counteract its effects. Use of MTX can lead to low white and red blood cell count 

causing the patient to have a weakened immune system and more susceptible to infections. It can also 

cause fatigue and dizziness as well as abdominal pain and liver damage.  

In 2008, studies at Singapore general hospital published a case report on treatment with MTX and 

its associated side effects. As mentioned above, MTX is a very potent drug and is typically administered 

in low doses. In this report, a dose of 7.5 to 15 mg was administered per week and occasionally in tandem 

with a cytokine inhibitor. The report also cites a separate study where a low dose treatment is less 

harmful to older patients but could still result in haematological toxicity resulting in pancytopenia (blood 

cell deficiency). However it is suggested that supplements could aid in preventing such conditions [19]. 

Another study lists the common side effects of low dose MTX to be gastrointestinal toxicity that 

could lead to anorexia, nausea, stomatitis, and diarrhea. Again it is stated that with folic acid 
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supplements, the positive effects of MTX may be harnessed with reduced side effects [20]. It has a half-life 

of 3-15 hours depending on the dose administered and approximately half of it may be excreted. 

 A study to consider the mortality rate of patients on MTX was also done with information 

obtained from the Wichita Arthritis Center.  In the 1240 patients that visited the center, 191 patients died 

in follow up visits, though only approximately half of the visitors were treated with MTX. The 

researchers used a Cox proportional hazards model and with a 95% confidence interval determined that 

the mortality ratio for MTX use versus no MTX use was 0.4, comparatively more significant to other 

disease modifying anti rheumatic drugs [21].   

MTX has been shown to inhibit proliferation of synovial fibroblasts as well as causing apoptosis 

making it a suitable drug for treating RA. Though MTX is quickly eliminated by the kidney, coupling it 

with albumin helps prolong its half-life. Demand of albumin in the inflammation site allows albumin to 

act as a carrier for the MTX as it is drawn and metabolized by the inflammatory cells. The study done 

showed that MTX coupled with albumin was more effective at preventing arthritis development in 

collagen induced mice [22].  

2.4 Biomaterials  

Biomaterials have become popular in treating many ailments. Its versatility can be adjusted to 

accommodate the methods of therapies used when treating different diseases. In the case of joints, when 

the articular cartilage is damaged, it is unlikely that it will repair on its own. This is a major problem in 

arthritis and a lot of times, operations are conducted to implant material that will aid in lubrication of the 

joint. From a biomaterial standpoint, tissue engineering can be used to combat this situation. 

Chondrocytes can be transplanted to the affected area and potentially help in regeneration of the hyaline 

cartilage. In order to achieve this, a chitosan based polysaccharide hydrogel was considered as an option 

for a cell carrier in a study [23].  
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Chitosan is derived from chitin which is obtained from exoskeletons of crustaceans or seashells. 

This substance is water soluble as well as positively charged which allows it to adhere and bind to 

negatively charged surfaces and thus can greatly aid in transporting polar drugs across membranes. It is 

biocompatible as well as biodegradable which make it a suitable candidate as a biomaterial. It is derived 

from chitin by means of deacetylation. It can be used as a carrier for controlled drug delivery where it can 

be modified chemically with a variety of procedures to prepare it for its different methods of drug 

delivery. Its preparations are being studied as a potential and promising biomaterial for controlled drug 

delivery [24]. 

Hyaluronic acid is a glycosaminoglycan that has a large molecular weight. It is also known as 

hyaluron which is found in the synovial fluid and responsible for the viscosity and subsequently its 

lubrication properties. A study suggests that sulfated hyaluronic acid holds anti-inflammatory properties 

that can be injected directly to the point of irritation. It is also suggested that it has anticoagulant 

properties as well as inhibiting cell adhesion which might be beneficial in preventing or reducing pannus 

formation [25]. 

Hydrogels are another upcoming biomaterial that can aid in treating arthritis. They can be used 

as a drug carrier or enzyme carrier and injected to the site of interest. They can also be used as temporary 

shock absorbers while slowly releasing the therapeutic agent. A study has adopted hydrogels as a means 

for drug delivery for the drug MTX. An injectable hydrogel was developed and was injected in solution 

form that would rapidly turn to gel on site. It was found that concentrations of MTX locally were lower 

than if MTX were to be administered directly making this process a potential option for localized 

controlled drug delivery [26]. 

A new study at Brigham and Women’s Hospital has developed an injectable gel that reacts to the 

presence of certain enzymes associated to inflammation. In the presence of these enzymes, the gel acts as 

a triggered release in releasing the therapeutic agent. The purpose for the development was to be able to 
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employ a method of drug delivery that would not leave debris locally and agitate the inflammation or 

have the therapeutic agent continually released even when it’s not needed. With an enzyme triggered 

release, the gel would degrade only when inflammation occurs. Preliminary studies show that the gel 

was able to remain stable for two months under normal joint function of mice. This technology is not 

confined to treating arthritis but potentially useful in localized treatments of other diseases [27]. 

2.5 Magnetic Nanoparticles 

Some challenges with current treatments are that they are nonspecific and highly toxic. Unless 

they are targeted the body is subject to the toxicity of the drug. By encapsulating the therapeutic agent in 

a drug delivery system (DDS) and using it as a carrier, we are able to target the region to which the drug 

is intended, thus focusing the treatment to the inflamed region without exposing the rest of body to the 

detrimental effects of the drug. 

A case study of chemotherapy was considered and it was noted that passive diffusion in the 

bodily function could lead to rapid internalization of the therapeutic agent used. In this event, this would 

lead to the tumor cells expelling the drug and indirectly gaining resistance. This became a challenge 

because the over expression of the transporter enzymes from the adenosine triphosphate family would 

remove the therapeutic agent from the plasma membrane of cancerous cells. The overall efficacy of the 

drug then becomes hard to maintain at effective concentrations [28]. 

By using nanoparticles (NP) the therapeutic agent is internalized within a carrier, such as is the 

case in this study. Due to the size and nature of the particles, the transporter mechanism is bypassed 

allowing the particles to effectively diffuse within the cytoplasm of the cells, increasing its overall 

effectiveness [28,30]. The size of the NP allows it to move within capillaries and provides a camouflage 

against macrophages. The half-life of the drug increases when it is coupled with a carrier, increasing its 

efficacy, and allowing for a targeted delivery [28].  
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Magnetite cultured on human lung cells show that there are no significant toxicity resulting from 

the material [29]. Magnetic properties of such a nanostructure were investigated to determine that it was 

indeed capable of being targeted. The magnetite particles in the study were synthesized using the 

coprecipitation method and two surfactants, sodium oleate and polyethylene glycol (PEG) was applied to 

prevent agglomeration and improve stability, respectively. Morphology, characterization, and 

composition of the poly(D,L-lactide-co-glycolide) acid (PLGA) nanospheres were obtained using electron 

microscopy and infrared spectroscopy and compared to PEG magnetite particles. The magnetic 

properties of the nanospheres were measured with a superconducting quantum interference device and 

while the PLGA coated sphere showed a reduced saturation magnetization of ~0.8 mT compared to PEG 

magnetite spheres at 3.4 mT, it was considered sufficient for targeting purposes [30].  

In a study, a nanoparticle consisting of a non-steroidal anti-inflammatory drug coupled with a 

magnetic iron core and a polymeric shell of ethylcellulose was developed. The drug used had a short 

shelf life and required a frequent dosing in order for it to be effective. With high frequency of dosing, the 

overall result could yield severe side effects with a small benefit. In using nanoparticles, the researchers 

hope to develop it for parenteral administration with lowered side effects and increased drug 

effectiveness [31]. The study considers two methods in fabricating these particles, one with inclusion of 

the particles during suspension/emulsion phase while the second to allow surface adsorption of the drug 

onto premade nanocomposite particles. Figure 1 shows the transmission electron micrograph of the 

iron/polymer particles.  
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Figure 1 - TEM image of nanocomposite. Scale indicates 400nm [31]. 

Drug release rate of the particles developed was conducted and results were in favor of the emulsion 

process rather than the surface adsorption process. The addition of the drug during the emulsion phase 

yielded high concentrations of the drug and also a better release rate. Figure 2 shows the release rate of 

the drug where ● represents release from the polymer shell and ▴ represent release from the 

nanocomposite particle. The latter shows a more gradual release over time though in the first few hours 

of the release, they are on par. The adsorption process yielded a peak release around 20 hours while the 

emulsion process provided a longer release without a ‘tapering off’ that is exhibited by the polymer 

release particle.   

 

Figure 2 - Drug release rate of entrapped diclofenac sodium from nanoparticles with respect to incubation 
time [31]. 

 
This controlled release over a longer period of time can reduce dosing and clearly defines the more 

superior processing in this type of drug carrier synthesis. It shows that this method is effective and 

efficient in drug delivery. Targeted delivery is becoming more and more recognized since it allows the 
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treatment to be localized to the afflicted area. Conventional treatments involve ingesting the drug which 

affects other parts of the body instead of just the illness to be treated. Higher concentrations are typically 

needed to achieve potency and thus can lead to greater toxicity in the body. With a localized treatment, 

its effects are controlled to one area and a lower dose can be used. Overall side effects are reduced due to 

the localization as well as reduced dosage. With growing studies and experiments in controlled drug 

delivery, the drugs administered are released gradually over a period of time. This enables the treatment 

to continually work without frequent administration and since it is constantly working, the potency can 

be adjusted to the minimal effective level, thus emphasizing benefits and minimizing side effects. 

In this approach, we have combined several of these factors. The magnetic nanoparticle that is 

encapsulated in this DDS allows it to be a targetable carrier. Albumin is a plasma protein that acts as a 

transport protein that regulates blood osmotic pressure as well as nutrient content. With onset of 

inflammation albumin becomes a valuable resource as it is metabolized for nitrogen and energy making it 

a desired protein after onset of arthritis [28,32]. PLGA a copolymer allows for a controlled release of the 

housed drug and thus allowing a more localized treatment without toxicity effects of the therapeutic 

drug. 

Figure 3 shows the schematic of the magnetic nanoparticle. To encapsulate the drug carriers a 

biodegradable and non-toxic polymer is desired. PLGA, a copolymer that is biocompatible possesses a 

range of physical and chemical properties making it a desirable matrix for a nanocomposite sphere. The 

DDS synthesized in this thesis resembles the morphology shown. The high molecular weight of the 

PLGA allows it to degrade slowly giving the desired effect of a controlled release as it degrades by 

hydrolysis [33]. During encapsulation the therapeutic agent and magnetic particles are weaved into the 

matrix of the polymer. When administered, the particle undergoes an initial release of drug that is 

encapsulated on the outer most layers. As the copolymer swells with fluid from its surrounding 

environment, it gradually releases the therapeutic agent giving it the characteristic time release 
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properties. In this study a magnet was applied to the targeted area to navigate the nano spheres prior to 

its degradation.  

 

Figure 3 - Illustration of the morphology of magnetic nanocomposite sphere [34]. 

Previous studies have been conducted with this design and fluorescence was added to track the location 

of the nanoparticles [32]. In vivo studies proved successful and the same marker is used in this research. 

A preliminary study has been conducted to determine the formulation to use for synthesizing the DDS 

for treatment of arthritis. Due to the demand of albumin in inflammatory regions, it allows the albumin to 

act as a secondary target in addition to the magnetic nanoparticles. In the study conducted, the content of 

PLGA and albumin was varied to determine the optimal ratio of constituents. It was observed that the 

size of the particles decreased with increasing percentage of albumin [35]. The formulation in this thesis 

utilizes the information gathered from the previous study with minor alterations. This thesis serves to 

further consider the application of the developed magnetic targeted drug delivery system.  
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CHAPTER 3 

3 MATERIALS AND METHODS 

 

3.1 Animals  

Twenty female DBA/1 mice were purchased from the Jackson Laboratory from Bar Harbor, 

Maine for this study. Common mouse models for chronic autoimmune disease are either antigen-induced 

arthritis or collagen-induced arthritis (CIA) [36]. In this study arthritis was induced with type II collagen 

which can result in erosive arthritis [12]. Disease progression of CIA mouse models share many 

similarities to rheumatoid arthritis in humans and can exhibit remission in cases of polychondritis [37]. 

Though there is not a clear definition of remission in rheumatoid arthritis, for the purpose of this study, 

the disease is considered in remission if there are no obvious signs of symptoms [38].  

Mice were housed in groups of five, in four separate cages. Ear tags were used to identify the 

mice and appropriate handling procedures were employed to abide by established protocols and to 

prevent any cross contamination in the study. All mice were fed a combination of laboratory rodent diet 

(5001) and mouse diet (5015) and water. Surfaces were wiped down with germicidal detergent before and 

after the handling of mice to prevent any growth or transmission of bacteria. Animals were monitored 

daily for overall health at the Biology Department of Wichita State University. Weight of the mice was 

taken at weekly intervals when the study was started. Additional physical parameters were recorded 

with the onset of arthritis.  

3.2 Drug Delivery System 

The DDS used for this study was synthesized in the Mechanical Engineering Department of 

Wichita State University. Appropriate protocols and procedures were adhered to when handling 

chemicals and the NP.  
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Magnetite particles were synthesized using a chemical co-precipitation method. 1 g of iron (II) 

ferrous chloride was dissolved in 25 ml of 2M hydrochloric acid and combined with a solution of 1.6 g of 

iron (III) ferric chloride dissolved in 100 ml 2M hydrochloric acid. This solution was agitated with a 

magnetic bar in a beaker for 10 minutes after which 25 ml of the solution was transferred to a separate 

beaker. This was stirred vigorously while 6 ml of 30% ammonium hydroxide was added drop wise into 

the acidic solution. Care was taken to add the base slowly so that the particles formed would be smaller. 

The nucleation of the NP was observed with the formation of a black precipitate. When the reaction was 

complete, a strong magnet was placed under the beaker to collect the particles. This was allowed to rest 

for approximately 30 minutes. Once collected the supernatant was decanted and the particles were rinsed 

with deionized water to halt further nucleation [39]. The acid-base neutralization process was repeated 

until all acid solution was consumed. All the precipitate was gathered and washed at least twice with 

deionized water and allowed to dry in a beaker covered lightly with a paper towel to prevent any debris 

from contaminating the particles. Once the particles were dry, they were broken up using a glass rod and 

transferred to a mortar and pestle to be ground prior to storage. The resultant particles were then stored 

until needed for use in preparation of drug delivery carriers. Using this process, the particle size of the 

magnetite formed ranges from 5 nm to 30 nm [35]. 

To synthesize the magnetic drug delivery system or drug carriers, magnetite nanoparticles 

(Fe3O4) were combined with the therapeutic agent methotrexate hydrate (MTX), albumin from human 

serum (96-99%), poly(D,L-lactide-co-glycolide) (mw 7000-17000) and 1,6-diphenyl-1,3,5-hexatriene 

(DPH), where all chemicals were purchased from Sigma-Aldrich. Petroleum ether and Paraffin oil used 

were also purchased from Sigma-Aldrich, Hexanes Optima from Fisher Scientific, Acetonitrile from Acros 

Organics, and Span-80 from Fluka. Table 1 shows the formulation used for four batches of DDS that were 

synthesized and used in this study. An initial composition, Batch 1, was synthesized based on previously 

established formulation from other drug carrier studies but was adjusted to include a higher 
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concentration of MTX and use of a fluorescence (DPH) marker in subsequent batches. A single batch of 

DDS had a theoretical yield of 0.0625 g. For this study, the procedures were adjusted for a theoretical 

yield of 0.3125 g; five times the original formulation. Adjustments were made to ensure proper ratios 

were used when scaling up the procedure.  

TABLE 1 

  1 COMPOSITION OF DDS SYNTHESIZED 

 

To begin, Fe3O4 particles were sonicated for 15 minutes in 25 ml of acetonitrile. An ultrasonic rod 

sonicator shown in Figure 4 was used for this process which served to disperse the Fe3O4 particles.  A 

setting of 90% power at 4 sec pulse and rest intervals was used. Once the step was complete, the solution 

was inspected visually to ensure that the magnetite particles have dispersed and that there were no 

agglomerates. If agglomerates were present, the solution was sonicated in increments of 5 minutes until 

the solution looked uniform and was then labeled as solution A. 

PLGA, MTX, albumin, and DPH were added to solution A and sonicated in an iced water bath 

for 10 minutes. There was no power adjustment on the instrument but the temperature was set to 10°C in 

addition to ice in the bath to help decrease the temperature quickly. While the solution was in the water 

bath, a secondary set up shown in Figure 5, was prepared. 100 ml of paraffin oil and 0.5 ml of Span 80 

was added to a dispersant glass. The lip of the dispersant glass was wrapped with aluminum foil to 

prevent the solution from overflowing and minimized any splashing when the agitation was in progress. 

This mixture was agitated with an overhead mixer for 10 minutes to allow the oil to emulsify. 

Drug Composition( by weight) Batch 1 Batch 2-4
PLGA 30% 29.75%

Albumin 40% 34.75%
MTX 20% 24.75%
Fe3O4 10% 9.75%
DPH - 1.00%
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Figure 4 - Vibra-Cell ultrasonic processor. 

 

Figure 5 - Dispersant glass enveloped in Styrofoam with an overhead mixer in place. 
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When both the oil emulsion and solution A was ready, using a mechanical pipette, solution A was added 

drop wise into the oil emulsion. The solution was added slowly with controlled uniform droplets to 

ensure proper dispersion and fewer agglomerates in the final product. Since this process took time, care 

was taken to constantly mix solution A to ensure that particles did not settle at the bottom of the flask. 

Once all of solution A had been added to the emulsion, the overhead mixer was set to a speed of 10,000 

rpm and allowed to agitate for a minimum of 1.5 hours over an ice bath.  

During this agitation process, the emulsion would get warm so an ice bath was used to prevent 

the temperature from getting too high. There was a concern that heat may alter the albumin present. A 

short study conducted revealed inconclusive results, but the precautions were kept in place as prevention 

in order to not introduce additional factors or unknowns into the study. Once the agitation phase was 

completed, the contents were poured into centrifuge tubes to be cleaned. Alternately they would be 

refrigerated overnight if cleaning was not done immediately. To begin cleaning, the mixture was 

centrifuged at 17,000 rpm at 10°C for 20 minutes. This process allowed the particles that had formed to be 

separated from the emulsion. The oil suspension was then decanted and discarded using proper waste 

procedures. 100 ml of Hexane and 5 ml of Petroleum Ether were mixed together and used to rinse the 

centrifuged precipitate. A pulsing vortex mixer shown in Figure 6 was used to break up the larger 

particles and to ensure minimal agglomerates. When there were non-uniform agglomerates present, the 

centrifuge tubes were sonicated in a water bath for 30 seconds. After this step, the tubes were centrifuged 

again following the initial parameters. This wash method was repeated three times using a clean Hexane 

and Petroleum Ether mixture for every rinse. The procedure was repeated twice more with hexane only 

giving the particles a total of five rinse cycles. Once the wash cycle was complete, a solution of 100 ml of 

Hexane and 5 ml of Carbon Tetrachloride (CCL4) was prepared. This was added to the decanted particles 

and mixed with the pulsing vortex mixer. 
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Figure 6 - Pulsing vortex mixer. 

The filtration system similar to that shown in Figure 7 was set up and a Millipore filter paper of 0.2 

micron was used. The vacuum pump was started and the filter paper was wet with the Hexane and CCL4 

solution prior to filtering. The washed particles were carefully transferred onto the filter paper using a 

plastic 1 ml disposable pipette. Care was taken to pipette the particles to the center of the filter paper to 

minimize loss where the particles may adhere to the side of the apparatus. After all particles have been 

transferred to the filter, the set up was allowed to run for an additional 10 minutes to aid in drying the 

particles. During this time, waste was properly disposed of and used apparatus were cleaned. The 

particles were then kept with the filter paper in a petri dish and sealed with paraffin wax paper and 

refrigerated for a minimum of 24 hours to allow any residual solvent to evaporate. Where possible, it was 

placed in a vacuum chamber to aid in eliminating solvent. After this duration, the particles were carefully 

harvested and placed in a vial. The vial was wrapped in foil and labeled with the date of manufacture, lab 
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operator initials, and therapeutic agent used. The foil was used to minimize and protect against light and 

UV exposure that may degrade the fluorescence properties of DPH.  

 

Figure 7 - Set up of vacuum filtration system [40]. 

All apparatus used when harvesting the dried particles were sanitized with alcohol or exposed to UV 

light to prevent any contamination to the end product. The DDS was stored in a dry cool place as 

moisture would encourage clumping making the DDS harder to portion when it was needed for 

treatment. In this case, they were stored in the refrigerator in a sealed bag with a desiccant as shown in 

Figure 8 until used to help prolong shelf life. The DDS was stored in powder form until needed. Prior to 

administration, the drug was prepared by dissolving a measured amount in Phosphate Buffer Saline 

(PBS) solution. Excessive agitation or use of the vortex mixer on the particles during treatment 

preparation was avoided and was limited to 60 seconds of water bath sonication. There was a concern of 

inducing a fake release of the DDS if the mixing procedures were too aggressive. No study was done to 

prove or disprove this concern. 
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Figure 8 - Storage of fabricated drug carriers. 

There was concern of bacterial contamination but it was assumed that if general precautions were taken, 

the potency of MTX in the drug would suffice in eliminating any bacteria. Instruments and tools used 

that come in contact with the drug was still properly sanitized with alcohol or exposed to UV light. 

Samples were sent for SEM imaging to determine the size of the resultant particles. A drug release profile 

was also conducted to determine the release rate of the DDS and allow for dosage adjustments where 

needed.  

3.3 Induction of Arthritis 

All mice were about 8 weeks old when they were immunized with type II collagen. Arthritis was 

induced with an intradermal injection of 100 ml of Bovine collagen II with Freund’s complete adjuvant 

(FCA) at the base of the tail. FCA helps prolong the lifetime of the antigen, increasing irritability and 

incidence of developing arthritis [42]. Mice were observed carefully after 2 weeks of immunization. The 

peak of the reaction was anticipated to be around 28 to 35 days [37]. A progressive, inflammatory arthritis 

developed in the immunized animals, which was characterized by erythema and edema, where the 

affected paw could swell up to twice its original size.  

Mice were weighed weekly and paws measured three times a week upon onset of arthritis. 

Weight was taken by placing the mice in a covered plastic container resting on a digital scale. The 
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thickness of the paws and ankles were measured using a spring loaded dial micrometer by the same 

operator throughout the study to reduce operator error. A scoring index shown in Table 2 [41] was used 

to keep track of the progression of joint distortion and spondylitis in addition to the measurements of 

paw thickness. A measurement of 1.7 mm was considered to be a paw of normal thickness. The 

appearance of a swollen paw was recorded with a score of 1 to indicate onset of arthritis. Treatment was 

administered upon detection of arthritis in one or both rear paws. Each mouse was treated at individual 

time schedules as soon as onset of arthritis was detected. Mice with rear paw arthritis were treated while 

those with front paw arthritis only, were kept as an untreated group. In the event that both rear paws 

developed arthritis, the left rear paw was treated with use of a magnet. The other afflicted limbs within 

the same mouse were taken as a control to study the effects of the use of the magnet versus treatment 

without a magnet.  

TABLE 2 

  2 SCORING INDEX USED TO DETERMINE PROGRESSION OF DISEASE IN MICE 

  

3.4 Treatment and Schedule 

Prior to use the DDS particles were measured based on dosage of MTX to be administered and 

subsequently dissolved in a PBS solution. This was then sonicated in an iced water bath for 60 seconds to 

disperse the particles. The DDS was prepared as close to time of use as possible and was kept over ice if it 

was not used immediately. Upon detection of arthritis in the rear paws, the mice were treated according 

Score # Disease Progression
0 Normal
1 Swollen paw (indicates onset of CIA)
2 Reduced swelling; limited phalanges 

movement, slight toe-in
3 Very limited or no carpal or tarsal 

joint movement
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to the following schedule. Treatment was done over a span of 2 weeks with 6 doses administered every 

other day (except over the weekend) with a dose equivalent to 1 mg of MTX/mice.  

Prior to administering treatment, the mice were first anesthetized with 90 mg/kg of ketamine and 

10 mg/kg of xylazine via intraperitoneal injection. DDS prepared was then administered via 

intraperitoneal injection and a magnet was glued on the rear left paw (if both paw developed arthritis) 

using Vetbond, a tissue adhesive. If only the right rear paw developed arthritis, then the magnet was 

adhered to that paw. The magnet was allowed to stay on the paw until it spontaneously released or was 

physically removed by the end of the business day to prevent the mice from ingesting it.  

After the end of the treatment schedule, the mice were monitored for an additional six weeks. 

Changes in weight, behavior, overall activity, and physical appearance were monitored. No post 

treatment was established at this point. After the six weeks, mice were sacrificed at the same time based 

on the schedule of the last mouse treated in the study. This was done with an overdose of pentobarbital 

administered via intraperitoneal injection. The spleen, select organs, and all four limbs below the 

knee/elbow were harvested.  

3.5 MTT Assay for Determining DDS Release Rates 

To consider the cytotoxicity and obtain release rates of the DDS, MTT assay was done to study 

cell proliferation of 3T3 cells under a given concentration of the therapeutic MNP over time. To prepare 

the medium used the following were combined, FCS Bovine Serum, Dulbecco's Modification of Eagle’s 

Medium (DMEM), Penicilin Streptomycin, and L-glutamine. All of which is to aid and accelerate cell 

growth and also to prevent bacterial growth. 

The cells were sub-cultured from the parent containers to allow for better growth. To do this, the 

parent culture was first removed from the incubating chamber. The medium present in the container was 

disposed of after gently shaking the container to remove any dead or lose cells. PBS was then used to 

wash the cells once through to clean off any remaining dead cells, medium, or serum. A mixture of PBS 
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and Trypsin was added to dislodge the cells from the container surface without use of physical force. This 

was incubated at 37°C for three minutes to allow Trypsin to hydrolyze protein and separate the cells. The 

solution was then neutralized by adding an excess of medium after the detachment has been verified 

with a microscope. A small sample of this culture was extracted and diluted with PBS solution and then 

stained with Trypan Blue. A count using a hemocytometer was done to determine the concentration of 

cells and the desired amount was extracted and cultured in the new flask. 3T3 cells were cultured in a 96-

well plate at a concentration of 20, 000 cells per well and incubated at 37°C overnight. 

To obtain the various concentration of drug release, the DDS was dissolved in DMEM medium in 

a small centrifuge tube using a concentration of 10mg/ml. This was agitated physically (by shaking) and 

then incubated at 37°C overnight. On the second day, the sample was centrifuged and the resulting 

supernatant collected and stored in the refrigerator. Medium was then added to the centrifuged container 

and physically agitated again to mix it and allowed to rest in the incubator. This process was repeated 

and the supernatant collected for day one, three, five, and seven.  

When the cultured cells and collected supernatant were ready, the supernatant was pipetted into 

the first column of the wells and diluted at a 1:2 ratio in subsequent columns and incubated at 37°C for 6 

days. After 6 days, the fluid suspension in the wells was decanted carefully without disturbing the 

cultured cells at the bottom of the plate. 20 µl of 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium 

bromide (MTT) was then added to each of the 96 wells and allowed to rest, incubated at 37°C. After 6 

hours, the suspension was again removed and 10% of Sodium Dodecyl Sulfate was added and 

absorbance values were measured for the plate. 

3.6 Histology and Micro Computed Tomography 

Harvested paws were subjected to micro computed tomography (Micro CT) scans to image the 

structure of the paws and to observe damage or remodeling that may have occurred. This was done prior 

to being sent for histological sectioning. Harvested organs from select mice and paws for all the mice 



25 
 

were sent for histological sections that were stained with hematoxylin and eosin (HE Stain). These slides 

were then reviewed and assessed based on the scoring system of Table 3 [41]. No formal scoring was 

used during the review of Micro CT scans. Images were reviewed for overall morphology of limb, signs 

of remodeling and damage of the disease. Figure 9 and Figure 10 shows the skeletal anatomy of the front 

and rear paws, respectively. The anatomy was used to aid in understanding the Micro CT scans and the 

structure of the paw. 
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TABLE 3 

  3SCORING USED FOR HISTOPATHOLOGY OF ARTHRITIS OBSERVED IN MICE PAWS. 

 

Score Description
Synovitis will be scored by the thickness of the synovial membrane:

0 less than 3 cells thick
1 3 – 5 cells thick
2 6 – 10 cells thick
3 10 – 20 cells thick
4 20 – 30 cells thick
5 beyond 30 cells thick

Pannus formation will be scored as follows:
0 No pannus formation
1 Microvillus present
2 Clear pannus attachment
3 Marked pannus attachment
4 Joint space filled by pannus
5 Extensive pannus proliferation

Marginal erosions will be scored as follows:
0 No erosions visible
1 Minor indentation in area of capsular attachment
2 Clear erosions of cartilage
3 Erosions extend into subcondral bone 
4 Major erosion of bone and cartilage
5 Loss of visible cartilage and major bone loss

Architectural changes will be scored as follows:
0 Normal joint architecture
1 Edematous (swollen with an excessive accumulation of fluid) changes
2 Minor sublaxation of articulating surfaces
3 Major sublaxation of articulating surfaces
4 Loss of joint landmarks
5 Complete fibrosis and collagen bridging

The overall score will reflect:
0 Classical normal joint appearance
1 Minor changes; consistent with remission; may be clinically normal
2 Moderate inflammatory disease
3 Major inflammatory disease
4 Destructive, erosive arthritis
5 Destructive, erosive arthritis with major bone remodeling
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Figure 9 - Anatomy of front mouse paw [43]. 

. 

 

Figure 10 - Anatomy of the rear mouse paw [43]. 
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3.7 Statistical Methods 

A paired 2 sample T test was used to evaluate the data in the study. This test was considered 

most suitable for detecting significance in dataset with small differences. A paired test was used since the 

sample size for the nominal variables were the same and corresponded to each other. The measured 

variable was the paw score with the nominal variables categorized as treated and untreated paws of the 

studied mice [44]. The paw scores were determined using the scoring index in Table 2 and was analyzed 

using Microsoft Excel. An assumption for this analysis is that the differences in the average paw score 

between the treated and untreated paws for each mouse over the duration of the experimental treatment 

are close to a normal distribution. The null hypothesis is that the mean difference of the paired 

observation is zero and hence, 00 : dH µ µ= . The t statistic can then be expressed as  
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where d  is the mean difference of scores of the treated and untreated sample, 0µ is the population 

difference hypothesized to be zero, ds is the standard deviation, n is the number of mice with both treated 

and untreated paw scores, and d is the difference of scores of the treated and untreated sample. If the 
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calculated t statistic is larger than the calculated t critical it will be concluded that there is a significant 

difference in the data and the null will be rejected [45]. 
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CHAPTER 4 

4 RESULTS AND DISCUSSION 

 

4.1 Arthritic Development 

Mice developed arthritis at different periods of the study; earliest being 31 days after 

immunization and latest being 112 days after immunization. All but one mouse developed arthritis 

during this study. Front and rear paws developed arthritis at various times after the immunization and 

disease onset and progression were recorded in a spreadsheet. For example, mouse 580 developed 

arthritis in its left front paw ten days after both its rear paws. The onset of arthritis was indicated by 

erythema and edema of the paw shown in Figure 11 and the progression was documented using the 

scoring index detailed in Table 2. A sample of the assessment form used to track the overall progression 

of the mice paws is shown in Appendix A. The appearance, mobility of the joints, and individual 

phalanges were assessed when recording the scores for the progression of the disease. The thickness of 

the metacarpal and metatarsal were measured to track swelling. 

     

 (a) (b) 

Figure 11 – Observed erythema and edema in (a) right front and (b) right rear paw. 
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Figure 12 shows an arthritic limb of the mouse. Swelling and inflammation was present in the right rear 

paw and ankle but it was also observed that all other paws appear normal. As previously mentioned, the 

disease manifests at different periods and each paw develops it at individual time. There was a 

significant size difference in the afflicted paws and mice that suffered this degree of the disease were 

observed to have impaired movement.   Figure 13 shows another image of a mouse at the onset of 

arthritis in the right front paw.  

 

Figure 12 - Arthritis inflicted right rear paw. 
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Figure 13 - Mouse 580, treated – Visible swelling in paws. 

Table 4 summarizes the date and day of onset of CIA from when the mice were immunized on September 

24th. Corresponding mouse ID, treated paw, and treatment schedule are also presented. Several mice were 

not treated and the reason for not doing so is recorded within the table. For all graphs, analysis, and 

discussion, mice 577, 583 and 587 were labeled as normal. Mouse 583 did not develop arthritis while 

mouse 587 had a late onset of arthritis in the left front paw several days before the mice were scheduled 

to be sacrificed. Mouse 577 was observed to have swelling and inflammation in the left front paw but 

after nine days, there were no observable signs of arthritis in any of the paws. For the remaining duration 

of the study, no additional signs of CIA symptoms were observed in these three mice.  
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TABLE 4  

  4TABLE INDICATING DATES OF CIA ONSET, DOSAGE, AND SCHEDULE OF TREATMENT 

 

Note: * indicates that dosage was reduced to half of the initial amount used. This was done on the 4th to the 6th 
scheduled treatment.  

  

Mouse # Onset date Day of Onset Paw treated Dosage Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
577 11/29/10 66
578 11/24/10 61 LR 0.4ml of 10mg/ml* 11/24 11/26 11/29 12/1 12/3 12/6
579 10/25/10 31 LR 0.4ml of 10mg/ml 10/29 11/1 11/3 11/5 11/8 11/10
580 10/27/10 33 LR 0.4ml of 10mg/ml 11/1 11/3 11/5 11/8 11/10 11/12
581 11/15/10 52 RR 0.4ml of 10mg/ml 11/17 11/19 11/22 11/24 11/26 Exp
582 11/12/10 49
583 -
584 11/22/10 59 LR 0.4ml of 10mg/ml* 11/24 11/26 11/29 12/1 12/3 12/6
585 11/01/10 38 RR 0.4ml of 10mg/ml 11/22 11/24 11/26
586 11/08/10 45
587 01/14/11 112
588 10/25/10 31 LR 0.2ml of 10mg/ml 11/29 12/1 12/3 12/6 12/8 12/10
589 10/25/10 31 LR 0.4ml of 10mg/ml 11/1 11/3 11/5 11/8 11/10 11/12
590 11/01/10 38 RR 0.4ml of 10mg/ml 11/1 11/3 11/5 11/8 11/10 11/12
591 10/29/10 35 LR 0.4ml of 10mg/ml 11/17 11/19 11/22 11/24 11/26 Exp
592 12/13/10 80
593 11/15/10 52
594 11/15/10 52
595 11/17/10 54
596 11/05/10 42 RR 0.4ml of 10mg/ml* 11/24 11/26 11/29 12/1 12/3 12/6

Onset of CIA for 9 days only

Late onset of CIA on rear paw, 12/24
Late onset of CIA on rear paw, 11/29
Late onset of CIA on rear paw, 12/24

Late onset of CIA on rear paw, 1/5

No onset of CIA on rear paw
Did not develop CIA

Late onset of CIA
Late onset of CIA on rear paw, 12/6
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4.2 Treatment with DDS and Observations 

Treatment with DDS was started as soon as onset in one or both rear paws was observed. 

Procedures discussed in Section 3.4 were used. Figure 14 shows the magnet that was carefully adhered on 

the paw of the mice with Vetbond using a pair of forceps. Magnets were held on for a couple minutes 

until the adhesive dried and mice were placed in individual cages as shown in Figure 15 until they 

awoken or until the magnet released spontaneously from the paw. Treatment schedule for the mice were 

recorded in Table 4. 

 

Figure 14 - Image shows the adhesion of a magnet to the base of the paw of a treated mouse. 
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Figure 15 - Mice resting in cages after administration of treatment. 

4.2.1 During Treatment 

Treated mice were monitored for any change in weight, behavior, and physical appearance. 

Figure 16 shows hair loss which was not uncommon in some of the treated mice. There were incidences 

where the untreated or healthier mice attacked the treated/weaker mice. It was assumed that this was an 

act of dominance but because there were no fatal wounds, the occurrences were not recorded.  

 

Figure 16 – Mouse 593 - Treated mice exhibit hair loss, indicated by arrows. 
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Figure 17 shows the average weight measurements of the mice in three categories, treated, untreated, and 

normal mice. The X-axis indicates the weight of the mice at the end of every week. Initial weight at 0 

weeks is the measure of the weight of the mice before the onset of arthritis. For normal mice, this was the 

weight measured at time of immunization. The plot shows weight trends over the duration of the study 

which was 16 weeks. Weight loss was observed in the treated group, likely due to the effects of the MTX 

and the difficulty in moving around the cage due to the disease. Food pellets were placed at the bottom of 

the cage shortly after onset and treatment of arthritis to facilitate feeding. Untreated mice did not show a 

significant change in weight but a slight decrease in weight was noted and seemed to have gradually 

increased towards the end of the study. Normal mice, represented by three mice were observed to have a 

gradual weight gain. Standard error bars on the normal plot is larger due to fewer data points in the 

average.  

 

Figure 17 - Plot of weight of mice during the period of treatment. Error bars represents standard error.  
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Figure 18 shows the percent weight lost or gained by each individual mouse. During treatment two mice, 

581 and 591 expired before the study was completed. The weight loss shown for 581 and 591 was due to 

the detrimental effects of the DDS. Batch 3 of the synthesized drug carrier was suspected to be 

contaminated during the fabrication process and having agglomerated particles. During administration 

of treatment, the prepared DDS from Batch 3 was observed to have more particles settle in the syringe 

compared to other prepared batches.  Three mice, 581, 585, and 591, were treated with this batch of DDS. 

Mouse 581 and 591 expired after receiving the fifth dose while mouse 585 exhibited signs of poor health 

such as unkempt fur, slow movement, and substantially reduced activity.  

After 581 and 591 expired, treatment for 585 was ceased while other mice that were still on the 

treatment schedule received a reduced dosage based on overall physical appearance and behavior. Other 

treated mice exhibited similar signs of poor health that were due to MTX toxicity but were within 

anticipated parameters. After the third treatment, most mice had reduced activity. Excrements were 

noticed to be slightly darker compared to that from the non-treated mice. A total of eleven mice were 

treated, six untreated, and three were considered normal. 
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Figure 18 - Change in weight of the mice expressed in % weight lost or gained. 

Figure 19 shows the average paw thickness measurements of the mice. Measurements were taken every 

other day after onset of arthritis and values plotted show measurement over a period of eight weeks; two 

weeks of treatment and six weeks of post treatment observation.. Plot includes only mice that were 

afflicted with the disease. Paws that were treated with use of DDS and magnet resulted in smaller paw 

thickness compared to paws that did not have a magnet adhered to it. The use of the magnet may have 

drawn more DDS and subsequently more therapeutic agent to the treated paw resulting in reduced 

inflammation, indicated by the smaller measurements. DDS only treated mice show larger measurements 

compared to non-treated mice due to a smaller sample size of the latter category and may indicate that 

unless MTX is targeted, its effect may not be as potent giving little effect to the CIA in the mouse paws.  
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Figure 19 - Paw thickness of mice for the duration of treatment. Error bars represents standard error. 

The general downward trend in the plots in Figure 19 can be attributed to the progression of arthritis or 

remission from the treatment. It was observed that in the initial stages of CIA there was swelling and 

inflammation and as this subsides, joint mobility becomes limited as the disease progressed. The use of 

the paws then became limited and the phalanges were observed to be closed with slight toe-in. Treated 

mice did not seem to exhibit the same limited movement but only reduction in swelling.  

The paw thickness is closely tied to the paw scores plotted in Figure 20. Day 1 of the plot 

corresponds to the first day that treatment was administered except for the non-treated mice which 

denotes the first day of arthritis onset. For both Figure 19 and Figure 20, treated mice with ‘DDS and 

magnet’ refer to the paw of the mice that was treated with the DDS and had the magnet attached to the 

paw. The plot of ‘DDS only’ is a measurement of the other paws of the same mice (front or rear opposite 

paw) that did not have magnets attached. Paws with magnets attached show a significant size reduction 
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with the treatment. By examining individual mouse paw score data, it was observed that scores for 

untreated mice continued to increase indicating the progression of the disease but there were mice that 

exhibited signs of temporary remission. Treated mice show a combination of remission in magnet and 

DDS treated paw, progression of disease in other limbs, and return of CIA signs after a period of time. 

General scores however, were lower in the magnet and DDS treated group, as was seen in Figure 19.  

Data in Figure 20 shows the paw scores of the studied mice over the span of 65 days starting from 

the day the first mice displayed signs of swelling and inflammation in its paws. Scoring was determined 

following the guide on Table 2 and was done by one operator to avoid subjective error. It can be observed 

mice treated with DDS had a lower progression of the disease and when compared with use of a magnet 

to target the delivery, the paws exhibited slower progression. Upon completion of the six doses, mice 

showed increase in activity as well as resumed grooming habits. Over the course of the six weeks post 

treatment, mice showed improvement from the disease but by the end of the study, most, if not all 

showed signs of severe arthritis. It is believed that there was a remission phase where the disease was 

dormant in some limbs (especially treated limbs) and resurfaced after treatment was complete. At the end 

of the 65 day plot, scores of non-treated mice is shown to be lower compared to DDS-only treated mice. 

This is due to the smaller number of appendages scored resulting in a lower overall average. 
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Figure 20 - Plot of the change in paw scores after initial onset of arthritis. 

4.3 Histology  

Histological sections of all four limbs for all the mice in the study were reviewed and were scored 

according to the scoring system detailed in Table 3. The result of the review is listed in Appendix B. 

Figure 21 and Figure 22 shows the architecture of a normal joint. The arrows in Figure 21 point to a clear 

tidemark between the bone and cartilage and in a normal joint the synovial membrane is two to three 

cells thick. Mouse 596 was treated in the right rear paw but the left rear paw did not develop arthritis. 

Figure 22 shows the global architecture of the distal carpals of a normal limb. 
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Figure 21 – Treated mouse, HE staining, 100X – Left rear ankle of mouse 596. 

 

Figure 22 - Treated mouse, HE staining, 50X - Right front paw of mouse 581 (expired). 
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Figure 23 and Figure 24 shows the architecture of a limb with destructive arthritis. The bone has been 

eroded away and proliferated by pannus formation and there is sublaxation of the articulating surfaces. 

Though the paws were treated, the histological slides still indicated signs of major inflammatory disease 

in the limbs. Unfortunately, there was no MCT scan of this paw to compare the overall architecture of the 

paw. Figure 25 shows fibrosis and collagen bridging of the distal carpals of mouse 580. The MCT scan for 

this limb also indicates bone loss in the distal carpals. The global scoring for the histological section of all 

paws for mouse 580 indicates a severe inflammatory disease but from the MCT scan, not all phalanges 

and metatarsals look damaged by arthritis (see Figure 32 (a)). This conflict in data will be further 

addressed in Chapter 4. Figure 26 shows a paw treated with DDS and a magnet where global architecture 

is still distinguishable but signs of disease progression are also visible. There is appearance of synotivits, 

pannus attachment, and also bone erosion. 

 

Figure 23 - Treated mouse, HE staining, 40X - Right rear paw of mouse 591. 
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Figure 24 – Treated mouse, HE staining, 100X - Image of right rear paw of mouse 591. 

 

Figure 25 - Treated mouse, HE staining, 50X - Right front paw of mouse 580. 



45 
 

 

Figure 26 - Treated mouse, HE Staining, 50X - Left rear paw of mouse 588. 

Figure 27 shows the liver cells of mouse 581. The DDS can be seen and are marked by the yellow arrows. 

Overall liver cells appear healthy. Though the DDS can be seen in the liver, there were not any visible 

traces within the paws. This is also the case for all the other histological paw slides reviewed. Close 

inspection of all the slides may enable identification of some particles but the non-uniformity of the 

architecture of the paws’ histological slides makes it difficult to ascertain its presence. There were 

instances where particles resembling that of MNP would be visible in the slides, but upon closer 

inspection were ruled out as foreign debris. Better fluorescence marking may aid in the detection of the 

DDS carriers. The reticuloendothelial system is a mono nuclear phagocyte system that is part of the 

immune system and the macrophages that traffic therein function to rid the body of foreign particles. 

Upon encapsulation the macrophages accumulate in the lymph nodes and spleen [28]. The travel of MNP 

in the body was not able to be clearly documented, so MNP accumulation in these organs was not clearly 

verifiable or otherwise observable. Excessive accumulation of the MNP would indicate that the delivery 
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was not successful and that the particles were engulfed by white blood cells which may lead to 

inflammation in the lymph nodes and spleen, causing additional health problems.  

 

Figure 27 – Treated mouse, HE staining, 200X - Liver cells and DDS which are marked by the 
yellow markers. 

 
Histological sections were also done on the heart, kidney, liver, lungs, and spleen of several mice.  

The images from the slides were not very conclusive as they were not very clear but Figure 28 shows 

what looks to be MNP/DDS presence in the spleen indicated by the lighter shades that is scattered light in 

the dark-field image. This was fairly consistent in the four separate spleens observed. The liver and 

kidney show similar luminescence but was lighter. Slides of the lung and heart showed isolated particles 

some of which were fairly bright when observed in dark-field imaging. Figure 29 and Figure 30 show the 

heart and liver of the mice. In the case of the spleen and heart, darker ‘shadows’ were visible in the bright 

field images, and viewing them under dark field yielded images with some luminesce which may have 

resulted from the fluorescence marker, DPH. The liver however did not show any signs that there were 

foreign particles present. This may be due to the layer of cells that were being observed where the particle 

resided below what was seen but the florescence strong enough to show through in the dark-field 
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imaging.  There is also a chance that the light in the dark-field images are scattered by artifacts within the 

slides, and are therefore considered inconclusive but still presented.  

            

 (a) (b) 

Figure 28 - Spleen, 20X - (a) bright-field and (b) dark-field. 

            

(42) (b) 

Figure 29 – Heart, 20X – (a) bright-field and (b) dark-field. 

            

(42) (b) 

Figure 30 – Liver, 20X – (a) bright-field, no dark particles observed and (b) dark-field. 



48 
 

4.4 MCT Scan 

After the duration of treatment and monitoring was concluded and the mice sacrificed, all four 

paws of the mice were subjected to micro computed tomography scan prior to histological sectioning. A 

Scanco Viva CT40 was used and the paws were scanned at an energy level of 70 kVp, using 114 µA and 

integration time of 200 ms. For visualizing bones, the threshold was 220. Only a sampling of the scans 

obtained is discussed in this section.   

Figure 31 shows the paws of mouse 583 that was recorded to not exhibit onset of arthritis. 

However, Figure 31 (a) shows some erosion in the carpals (indicated by the arrow) and both Figure 31 (a) 

and (b) show some signs of bone erosion in the metacarpal. The right rear paw appears normal without 

any signs of erosion or remodeling.  

       

 (a) (b) (c) 

Figure 31 – Paws of non-treated mouse, 583 – (a) left front paw, (b) left rear paw, (c) right rear paw. 

Figure 32 shows the rear paws of mouse 580 that developed rear paw arthritis at the same time but only 

the left rear paw had a magnet adhered to it when treatment was administered. Comparing Figure 32 (a) 
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and Figure 32 (b) it is observed that the right paw shows further progression of the disease than the left 

paw. Though bone erosion is present in both metatarsal and phalanges of the paw the right paw exhibits 

a more severe case. Bone remodeling is also visible in the metatarsal in the right paw indicative of the 

later stages of the disease. 

   

(a) (b) 

Figure 32 – Treated, mouse 580 - (a) left rear paw and (b) right rear paw. Bone erosion is indicated by the 
arrows. 

 
Mouse 588 was treated in the left rear paw with a magnet. By the end of the study, the front paws had a 

score of three while the rear paws had a score of two, referencing Table 2. From Figure 33 the slight toe in 

of the paw can be observed. There are signs of bone erosion in the ulna and radius but not much 

observed in the metacarpal and phalanges. 
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 (a) (b) 

Figure 33 –Treated, mouse 588 – (a) right front paw and (b) left front paw. Bone erosion is indicated by 
the arrows.  

 
Both rear paws in Figure 34 show some bone erosion. Mouse 588 is the last mice scheduled for treatment 

and the paw appears relatively undamaged compared to paws in other mice. Though only the left rear 

paw was treated with a magnet, there does not seem to be a significant difference in the paws unlike 

mouse 580 in Figure 32. The paw scores recorded were also similar. 

Figure 35 shows the paws of an untreated mouse that developed arthritis in the rear paws much 

later in the study. Bone erosion in the untreated paws appears to be more severe than those that are 

treated with MTX, as was expected. Figure 36 shows a severe case of the disease where major bone 

erosion can be observed in metacarpal and phalanges. The CT scan images only bone and not collagen 

but fibrosis and collagen bridging is likely to have occurred leading to the distal carpals fusing thus 

limiting overall movement.   
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(a) (b) 

Figure 34 - Treated, mouse 588 - (a) left rear paw (b) right rear paw. Bone erosion is indicated by the 
arrows. 

 

         

(a) (b) 

Figure 35 - Non-treated, mouse 593 - (a) left rear paw and (b) right rear paw. Bone erosion is indicated by 
the arrows. 
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Figure 36 - Treated, mouse 590 - Right front paw. Bone erosion is indicated by the arrows. 

4.5 MTT Assay Results and DDS Imaging 

Figure 37 through Figure 39 shows microscope and SEM imaging of the synthesized DDS. The 

particles do not appear to be spherical as anticipated and ranges from 50 nm to 100 microns. Samples 

imaged with the microscope were taken directly from the vial where the DDS was stored. The sample for 

the SEM was obtained from the filter paper on the petri dish that held the DDS for drying prior to 

storage. It is possible that the particles imaged via SEM were larger because it agglomerated with 

moisture, but the lack of textured morphology does not suggest that to be the case. As previously 

mentioned, occasional agglomeration during treatment presented a problem and this may have been the 

source.  
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Figure 37 - Dark-field imaging of DDS at 100X. 

 

Figure 38 – Dark-field imaging with green filter of dry DDS at 200X. 
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Figure 39 - SEM images of DDS at 250X. 

Figure 40 shows the result of the MTT assay conducted to study cell proliferation at various 

concentrations of the DDS. High absorbance values indicate high cell activity and vice versa. From the 

data it can be concluded that cell proliferation is low for DDS concentrations for approximately seven 

days. On the seventh day of release, the lower concentrations of the DDS no longer impede cell 

proliferation and absorbance values increases to levels close to the control, the medium. The supernatant 

for day 5 was contaminated and molded so there was no reading available for day 5. A secondary release 

rate was conducted and the data is presented in Table 5 and Figure 41. The release rate sampling for the 

second assay was more robust supporting the results from the initial assay. Cells begin to proliferate 

normally at low concentrations of DDS release at day 5. The potency of the DDS can be observed to 

gradually decrease at days 7 and 10 at low concentrations. This indicates that after seven days, cells 

continue to proliferate normally and we can conclude that the DDS in this study has a release rate of 

approximately six to seven days. 
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Figure 40 – Absorbance value plotted against concentration levels of DDS. 

TABLE 5 

  5ABSORBANCE VALUES FOR 96-WELL PLATE 

 

Note: Values are averages of two replicates done in two 96-well plates. 
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particle before release day1 release day3 release day7 release Ave of medium

Concentration (ug/ml) 500 250 125 62.5 31.3 15.6 7.8 3.9 2.0 1.0 0.5 medium
Fresh particle 0.27 0.36 0.36 0.31 0.29 0.27 0.34 0.35 0.38 0.38 0.36 1.42
day 0 0.46 0.37 0.28 0.31 0.33 0.33 0.37 0.40 0.42 0.43 0.36 1.32
Day 1 0.38 0.31 0.27 0.31 0.32 0.34 0.30 0.37 0.41 0.41 0.45 1.30
Day 3 0.49 0.48 0.46 0.47 0.46 0.46 0.43 0.45 0.55 0.53 0.54 1.33
Day 5 0.49 0.44 0.49 0.49 0.43 0.43 0.51 0.50 0.59 0.91 1.22 1.40
Day 7 0.50 0.45 0.41 0.39 0.36 0.38 0.53 1.00 1.11 1.02 1.10 1.39
Day 10 0.53 0.45 0.44 0.49 0.68 1.01 1.03 0.95 1.02 1.04 1.16 1.41
Medium 1.40 1.44 1.29 1.35 1.33 1.28 1.35 1.32 1.40 1.40 1.40 1.38
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Figure 41 -Absorbance value plotted against concentration levels of DDS #2. 

4.6 Statistical data 

 The assumption of this test is that the differences of average scores between treated and 

untreated paw is close to a normal distribution. Difference of scores was computed by subtracting the 

untreated from the treated category. Using an Excel Visual Basic based statistical analysis tool, data from 

Table 6 was analyzed, using absolute values of the computed difference. An observed significance level 

for the dataset was 0.454. This indicates that 45.4% of the time, the calculated difference should fall within 

a normal distribution. From the analysis the calculated t-statistics is 3.280 (absolute value), larger than the 

calculated one-tail t critical value of 1.833. The probability of obtaining a calculated t statistic smaller than 

the t critical value is 0.0048. In the event of the two tail test, the probability of getting a t calculated 

(absolute value) smaller than t critical is 0.0095.  
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It can then be stated that Tcalc>tcrit , at α = 0.01 (99% confidence level) and the null hypothesis, 

00 : dH µ µ= should be rejected. The analysis indicates that there is a difference in the scores of the 

treated and untreated paws. Since the computed t statistics is a negative value, it can be observed that the 

treated paw resulted in lower paw scores indicating that the treatment with use of magnet is significant.  

TABLE 6 

6AVERAGE PAW SCORES AND THEIR DIFFERENCES 

 

TABLE 7 

7PAIRED T- TEST ANALYSIS OF AVERAGE PAW SCORES 

 

  

Treated Untreated
578 1.000 1.643 -0.643
579 0.709 1.282 -0.573
580 1.810 1.553 0.257
584 1.000 2.172 -1.172
585 1.067 1.444 -0.377
588 0.684 1.738 -1.055
589 0.937 1.599 -0.662
590 0.544 0.720 -0.176
591 1.000 0.939 0.061
596 0.548 2.160 -1.612

Average Paw Score
Differencemouse #

Variable 1 Variable 2
Mean 0.9299 1.5251
Variance 0.1347 0.2160
Observations 10 10
Hypothesized Mean Di 0
df 9
t Stat -3.2797
P(T<=t) one-tail 0.0048
t Critical one-tail 1.8331
P(T<=t) two-tail 0.0095
t Critical two-tail 2.2622
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CHAPTER 4 

5 CHALLENGES AND CONSIDERATIONS 

 

The fabrication of the magnetic nanoparticles took place in a lab where there were a lot of 

components that may not necessarily be friendly to the human body. A lot of the chemicals present were 

likely to be toxic to the human body. Precautions were taken to ensure that the final DDS synthesized 

were sterilized but occasional contamination occurs. In this study, one of four batches of DDS fabricated 

was contaminated and this was not discovered until the DDS were prepared and used. Sterilization 

precautions should continually be taken to ensure that the fabricated DDS are not contaminated by lab 

reagents or bacterium.  

There were several instances where the DDS were too large and clogged the syringe. The DDS in 

this study was introduced via intraperitoneal injection and was anticipated to travel to the appendages 

where the therapeutic agent would take effect. Figure 42 shows a mouse with the MNP accumulated in 

the abdominal cavity. This was sent for histological sectioning to obtain a better look of the particles and 

its interactions. Figure 43 shows the particle at a magnification of 100X where the NP is clearly visible and 

may be attached to the diaphragm muscles of the mouse.  It is not a desired effect of the study and may 

have been caused by the larger particles present in the synthesized DDS. More rigorous control of particle 

size during synthesis may help with morphology and overall size. During treatment one of the challenges 

during drug administration was the tendency of the particle to settle on one side of the syringe. Batch 3 of 

the drug clogged the syringe during the first round of administration and the prepared sample had to be 

discarded because of concerns that the size of the particles would be detrimental to the mice.  
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Figure 42 - DDS visible in abdominal cavity. 

 

Figure 43 - HE stain, 100X - Nano particles. 
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Particle size is paramount in this study and more steps should be taken to control it. During DDS 

synthesis, the particles formed a sheet when drying on the filter paper. When the particles were harvested 

for storage, they were broken up with a razor. The drying process could have modified the overall 

morphology of the particles [46] and a grinding step should have been put in place to obtain more 

controlled particle size. It was not a concern if the DDS agglomerated at this stage because it was 

expected to disperse when dissolved in PBS solution. The obstruction in the needle may stem from the 

DDS size or perhaps from the agglomeration during harvest. For future studies, an additional step should 

be taken to control the size of the final product during harvest as well as during synthesis. Grinding and 

sieving could aid in obtaining more uniform nanospheres. Spherical particles tend to be more stable than 

irregularly shaped particles as they do not have free edges for chipping or attrition [46]. If smaller particle 

size can be achieved and uniformity controlled, this will allow better blending with other therapeutic 

agents as well as increase solubility because of its higher surface area. However, with the increased 

solubility, release rates may decrease and smaller particles are more likely to agglomerate which may 

present new problems.  

Once the DDS has performed its function, there is not a known or anticipated method of 

elimination of the MNP carriers from the circulatory system. The liver may filter these particles but it is 

unknown if the particles will be expelled or if it will agglomerate in the organ. The small size may also 

allow it to pass through the liver undetected [28]. 

There was difficulty in producing a batch of DDS with proper fluorescence markers. This would 

have greatly aided in discovering and tracking the progression of the particles and where they were 

concentrated. Some possibilities that lead to it in this study may be the fact that the fluorescence used was 

not a new purchase. Though it was still within its date of expiry, general handling of it may have caused 

it to be less potent and may have degraded its properties.  
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Some histological slides reviewed and scored did not resemble the severity noticed in the MCT 

scans.  This could be due to the lack of a global representation in a slide but can be observed in an MCT 

scan. The slides enable a close study of the architecture and condition of the section from which it was cut 

but the results in Appendix B should not be taken as a conclusive condition of the paw given that it only 

represent a segment of it. MCT scans should be done on paws of mice should this study be repeated in 

order to obtain a clear understanding of the condition of the limb. A scoring system may be established to 

aid in representing the various stages of disease progression. Both histological slides and MCT scans 

should be compared and studied to observe the overall condition of the paw. 

Nanotechnology has gained popularity with its versatility in applications in various industries 

because of its physical and chemical characteristics. Its use spans from everyday applications such as 

cosmetics, household chemicals, additives in polymers, to electronics, environmental remediation, and 

the medical field. As technology grows for methods of fabrication, characterization, and demand of use, 

this field will continue to grow. While it provides many benefits in its uses the overall environmental 

effect has yet to be fully assessed. Depending on factors such as quantity released [47], physical and 

chemical properties, composition, and an array or other parameters the effects to the environment will 

vary. Figure 44 shows a diagram that considers the various components of the life cycle of nanomaterials 

and the overall impact. These materials can be introduced to the environment in several ways and from 

there be transported or transformed either by the environment through weathering or chemical 

interactions with the ecology. In the case of treatment, the nanomaterials are introduced directly to 

animals and humans. Effects of the waste generated during production of these particles and the 

degradability of the materials after application should be assessed and minimized where possible.  
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Figure 44 – Risk assessment of the nanomaterial life cycle [47]. 
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CHAPTER 5 

6 CONCLUSION 

 

The purpose of this study was to consider the use of magnetically targeted drug delivery system 

to treat collagen induced arthritis. Out of 20 mice immunized, 17 developed arthritis, 2 developed 

arthritis very late in the study, and 11 were treated, while 2 mice expired prior to the full duration of the 

study. Mice were treated with a dose of 1 mg of MTX/mice at the beginning of the study and were later 

reduced to 0.5 mg of MTX/mice due to the toxicity of the drug. The drug release profile indicated that the 

release was over the span of five to seven days. Close monitoring of the weight, paw thickness, and 

arthritic scoring index indicated that mice treated with targeted DDS showed slower signs of arthritic 

progression compared to paws treated without a targeting device. Review of the histological slides 

provided insight on the effects of arthritis and where some of the DDS may have travelled while in the 

circulatory system of the mice. Traces of DDS were observed to be present in the liver and possibly 

kidney and spleen.  

Comparison of MCT scan indicated the mice treated with use of magnet show slower disease 

progression. Microscope and SEM imaging shows a variation in particle size but if properly processed, 

the DDS are well below 100 nm. Barring some challenges and improvements, drug encapsulated 

magnetic nano particle carriers together with use of magnet as a targeting device, greatly improves the 

condition of paw afflicted with CIA. Statistical analysis further supports the data that magnetically 

targeted DDS is more effective in treating CIA than non-targeted methods.  
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CHAPTER 6 

7 FUTURE STUDY 

 

A shelf life was not established for the DDS used in this study, though the proposed methods 

may be considered. Allow one batch of fabricated DDS to be stored over the duration of 6 months. At 

every 2 months, a drug release profile may be run and if there is a change, it can be considered that 

certain components in the drug has changed or deteriorated; therefore, altering its properties. The storage 

and sampling duration may be adjusted to be shorter or longer based on results obtained. 

Based on the challenges experienced during this study, several improvement and investigations 

can be made to improve the process and outcome. Morphology and size of the particles need to be better 

controlled to allow for easier administration during treatment. Along with this, DDS dosing may be 

reduced given that the release rate of the DDS was shown to be from six to seven days. A proposed 

treatment dosage of 0.5 mg of MTX/mice treated twice a week may be considered for future studies. 

Surface functionality to reduce agglomeration or adding enzyme affinity could help treatment efficacy. 

Use of ultrasonic devices for dispersion needs to be considered to see if it produces any sort of false 

release.  

The growing field of biotechnology has also developed agents that target inflammatory 

cytokines. Anti-TNF therapies coupled with MTX show additional improvements to symptoms of 

arthritis and aid in slowing the progression of the disease [48]. As with most therapeutic agents, there are 

toxicity issues but a study of a combination of MTX with anti-TNF treatment can be considered.  

In cases where the disease is more severe, a treatment composed of the DDS combined in a 

suspension that serves as a viscosupplement may aid in treatment while the drug works to treat 

inflammation and release agents for repair or temporary relief. This may help improve mobility, even if 

temporary and reduce pain caused by inflammation in the joints. This can also be done in a two phase 
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method where the suspension can first be administered to provide a bed or some gel region that can be 

infused with the DDS and control the release rate of the drug as the suspension dissipates over time. The 

effects of the remnants of the DDS should definitely be considered. Whether the particles are expelled or 

agglomerated should be studied. Improved fluorescence marking will aid in detection of DDS tracking 

and where it may agglomerate. By fine tuning the various components of this study, a more thorough 

understanding of the treatment process can be established and steps to making it a treatment, be more 

realized.  
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APPENDIX A 

10 SAMPLE OF MURINE ARTHRITIS ASSESMENT FORM 

 

.

Experiment:  MTX drug delivery system
CII injected date:

Mouse Number: 578

Onset Date: Onset Day: 61

Arthritis Index:

Day Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Date 11/24 11/25 11/26 11/27 11/28 11/29 11/30 12/1 12/2 12/3 12/4 12/5 12/6 12/7 12/8 12/9 12/10 12/11 12/12 12/13 12/14 12/15 12/16 12/17
RF 1 1 1 1 1 2 2 1 2 2 2 2 2 2 2 2 0 0 0 0 0 0 0 2
LF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LR 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

#paws 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1
tot score 2 2 2 2 2 3 3 2 3 2 2 2 2 2 2 2 0 0 0 0 0 0 0 2

Weight
RFP 22 24 25 23 23 19 18 18 19 20
LFP 17 18 17 17 17 17 16 17 18 18
RRP 17 17 17 16 17 15 15 15 15 15
LRP 22 20 20 18 17 16 16 15 16 17
RRA 25 25 26 26 25 26 22
LRA 26 25 24 24 25 25 23

Murine Arthritis Assessment Form

9/24/2010

11/24/2010
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APPENDIX B 

11 RESULT OF HISTOPATHOLOGY SCORING BASED ON SLIDE REVIEW  

Paw ID Synovitis Pannus Erosions Architect Overall 
LR 577 0 0 0 0 0 
RR 577 0 0 0 0 0 
LF 577 1 1 1 1 1 
RF 577 2 1 1 1 2 
RF 578 0 0 0 0 0 
LF 578 2 0 0 0 1 
RR 578 0 0 0 0 0 
LR 578 1 0 0 0 0 
LR 579 4 3 4 3 3.5 
RF 579 2 1 2 1 2 
LF 579 0 0 0 0 0 
RR 579 3 2 3 2 2.5 
RF 580 5 4 5 5 5 
LF 580 4 4 5 5 5 
RR 580 5 5 5 5 5 
LR 580 5 5 5 5 5 
LR 581 0 0 0 0 0 
RR 581 1 1 1 1 1 
LF 581 0 0 0 0 0 
RF 581 1 1 1 1 1 
RF 582 3 3 3 3 3 
LF 582 2 0 0 0 1 
RR 582 0 0 0 0 0 
LR 582 0 0 0 0 0 
LF 584 2 2 2 3 2 
RF 584 1 0 0 0.5 0.5 
RR 584 2 2 2 2 2 
LR 584 0 1 0 0 0 
RF 585 3 3 3 4 3.5 
LF 585 3 3 3 3 3 
RR 585 4 4 3 3 3.5 
LR 585 3 3 3 3 3 
LF 586 4 4 4 5 5 
RF 586 2 2 2 2 2 
RR 586 3 2 3 2 2 
LR 586 4 4 4 4 4 
LF 587 1 1 1 0 1 
RR 587 0 0 0 0 0 
LR 587 0 0 0 0 0 
RF 587 1 1 2 1 1 
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APPENDIX B (continued) 

Paw ID Synovitis Pannus Erosions Architect Overall 
RF 588 2 2 2 2 2 
LF 588 0 0 0 0 0 
RR 588 3 3.5 4 4 4 
LR 588 3 2 3.5 2.5 3 
RR 589 2 2 2 3 2 
RF 589 3 4 3 3 3 
LF 589 2 3 4 3 3 
LR 589 3 2.5 3 2 2 
RF 590 2 5 4 4 4 
RR 590 2 2 2 2 2 
LF 590 1 0 1 0 1 
LR 590 2 2 3 3 2.5 
LF 591 5 5 5 5 5 
RR 591 4 4.5 5 4 4.5 
LR 591 4 3.5 3.5 2.5 3 
RF 591 5 5 5 5 5 
LF 592 2 3 3 3 3 
RF 592 3.5 3 3 3 3 
RR 592 3 3 3 3 3 
LR 592 2 2 3 2 2 
LF 593 3 3 4 4 3.5 
RR 593 2 3 3 2 3 
LR 593 2 3.5 3 2 2 
RF 593 2 3.5 3 3 3 
LF 594 0 0 0 0 0 
LR 594 3 3 3 3 3 
RF 594 1 1 1 1 1 
RR 594 2 2 2 2 2 
RR 595 4 3 2 2 2 
LR 595 0 0 0 0 0 
LF 595 0 0 0 0 0 
RF 595 2 3.5 4 3.5 4 
LR 596 0 0 0 0 0 
RF 596 0 0 0 0 0 
LF 596 4 4 4 5 5 
RR 596 4 4 4 4 4 
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