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Iron storage disease is a significant concern for avian coI1ections in zoos and in 

certain species of pet birds. In this thesis, the clinical applicability of the oral iron 

chelator defenprone to treat iron overload was evaluated in avian species. After inducing 

experimental hemosiderosis in two avian models, the White Leghorn chicken and the 

domestic pigeon, a combined pharmacokinetic and clinical trial was carried out. 

Deferiprone is rapidly absorbed from the avian gastrointestinal tract, with peak plasma 

concentrations of the dmg in iron-loaded chickens (48.65 t 13.75 pg/mL) and pigeons 

(22.23 t 13.75 ug/mL) reached approximately one hour after administration of an oral 

dose of 5 O m g k g .  The dmg has a large apparent volume of distribution in the chicken 

and the pigeon, and the elimination half-life of approximately three hours in both species 

is longer than in studied marnmals. As measured by hepatic iron concentrations at the 

end of the snidy, deferiprone eliminated experimentally-induced hemosiderosis in a 30 

day treatment period. Administration of  the dmg Ieads to a dose-dependent increase in 

iron excretion in both species of birds. Potential complications associated with 

deferiprone therapy in birds are zinc deficiency and weight loss, and possible mortality, 

especially as iron stores are depleted. Deferiprone is a promising orally active iron 

cheIator for the treatment of iron overload in birds. Further clinical studies in affected 

species are needed to determine the most effective way to use this dmg while rninimizing 

the side effects associated with its administration. 
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CHAPTER 1: LITERATURE REVIEW 

Iron storage leading to disease (hemochromatosis), is a pathological condition that 

has been documented in a number of exotic and domestic animal species, as well as in 

people. Various avian species are affected by this condition, most notably some species 

of mynahs and starlings (Farnily Stumidae), toucans (Family Ramphastidae), birds of 

paradise (Family Paradisaeidae) and hombills (Family Bucerotidae) (Randel1 et al., 198 1; 

Gosselin and Krarner, 1983; Spalding et al., 1986; Morris et al., ! 989; Worrell, 199 1 a; 

Loomis and Wright, 1993; Comelissen et al., 1995). It has been reported sporadically ir. 

other species of birds (Brayton, 1992; Dierenfeld et al., 1994; Wilson, 1991; Rupiper and 

Read, 1996; Lumeij, 1997; Lowenstine and Munson, 1999; Cork, 2000; Garner et al.. 

2000). Iron overload also has been documented in horses, cattle. rhinoceroses, tapirs, 

lemurs, h i t  bats, bongos, hyraxes, rnarmosets and tamarins, and Afghan pikas (Rehg et 

al., 1978; Spelman et al., 1989; Pearson et al., 1994; Crawshaw et al., 1995; Smith et al., 

1995; Gottdenker et al., 1998; Lowenstine and Munson, 1999; Paglia and Demis, 1999; 

Paglia et al., 2000). 

The disease is characterized by excessive accumulation of iron in parenchyrnal 

organs, especially the liver. and occasionally h e m  and spleen, with associated functional 

or morphological tissue damage. When pathological changes are not evident, the term 

hemosiderosis or hemochrornatocytosis is used. Although there is considerable debate 

on whether the term hemochromatosis should be used only to describe the primary 

disease in hurnans, most literature in veterinary medicine uses it as defined here 

(Lowenstine and Munson, 1999; Cork, 2000). 



IRON PHYSIOLOGY 

Al1 living organisms require iron for a wide variety of metabolic processes. At 

the molecular level it  plays an important role in oxidation and reduction reactions, owing 

to its ability to cycle easily benteen the ferrous (F?) and femc ( ~ e ) - )  valence state 

(Fairbanks, 1994; Brittenham et al., 1997; Smith, 1997; Andrews, 1999). This alIows it 

to participate in enzyrnatic processes (e-g. RNA reductase), oxidative metaboiism (e-g. 

cytochrome Pdso), and in oxygen transport (e-g. hemoglobin and myoglobin) (Jacobs. 

1977; Brittenham et al., 1997; Lowenstine and Munson, 1999). Iron is aIso an 

important çomponent of chromatophores in the red and black-pigmented feathers of birds 

(Klasing. 1998). However, iron is also a potent toxin; thus, al1 living organisms have 

evolved specialized proteins for iron uptake. transport, utilization, and storage (Aisen and 

Brown, 1977; Harrison, 1977; Brittenharn, 1994; Fairbanks, 1994; Smith, 1997; 

Brittenham et al., 1998). 

Normal regulation of iron in the body ensures that adequate but not excessive 

arnounts of the metal are present. Iron balance is unusual, however, in that there is no 

physiological route for the excretion of excessive arnounts, therefore necessitating tight 

regulation of uptake (FairSanks, 1994; Smith et al., 1995; Lowenstine and Munson, 

1999). Ingested inorganic femc iron is solubilized in the glandular stomach of 

rnammals, and in the proventriculus and ventriculus in birds, by the action of 

hydrochloric acid (Fairbanks, 1994; Klasing, 1998). This creates a proton rich solution. 

which passes into the duodenum (Andrews, 1 999). 



Ln mamrnals, ascorbic acid, sugars and amino acids can form low molecular 

weight iron chelates, which promote iron absorption. Ascorbic acid also increases the 

reductior, of ferric iron to the more bioavailable ferrous form (Spelman et al., 1989; 

Fairbanks, 1994; Crawshaw et al., 1995). Ascorbic acid has the same effect in chickens, 

and probably in birds generalIy (Cornelissen et al., 1995; Klasing, 1998). However. in 

one study in pigeons, there was no significant effect of ascorbic acid on the degree of 

hepatic iron storage (Domestein et al., 1992). Tannins and other polyphenols, 

phosphates, ingested alkaline clays, antacid preparations, phytates, albumin, rnilk, and 

soy proteins are know-n to decrease iron absorption (Spelman et al., 1989; Fairbanks, 

1994; Klasing, 1998; Cork, 2000). 

Iron absorption c m  occur throughout the intestinal tract, but is most efficient in 

the duodenum in mamrnals, and in the duodenum and jejunum of birds (Brittenham et al.. 

1998: Klasing. 1998; Andrews, 1999). Femc iron is converted to the ferrous form by the 

enzymatic action of bmsh border femc reductases (Andrews, 1999, Andrews et al., 

1999). The ferrous ion is then transported across the apical ce11 membrane by a ferrous 

iron transport protein known as divalent metal transporter 1 (DMT1; formerly Nramp2, 

DCTI). In addition to iron transport, this protein also c m  transport a wide vanety of 

divalent metal ions, including cobalt, copper, zinc, cadmium, lead and zinc (Brittenham 

et al., 1998; Andrews, 1999; Andrews et al., 1999; Kushner, 1999; Brittenham et al., 

2000; Roy and Enns, 2000). Heme iron is absorbed intact without release from the heme 

moiety, utilizing a poorly characterized transport rnechanism distinct frorn ionic iron 

(Fairbanks. 1994; Andrews, 1999; Andrews et al., 1999; Kushner, 1999). 



In the duodenal &nterocytes, iron is bound to cytosolic proteins, low molecular 

weight iron carriers, or both (Brittenham et al., 1998). It then is incorporated into fenitin 

for storage within the enterocyte or is transported across the basolateral membrane into 

the pIasma. The factor determining whether or not iron will be transported across the 

basolateral membrane is thought to be a physiological "set-point" established in the 

duodenal epithelial crypt cells. Ferritin-bound iron remains in the enterocyte, and 

represents an important mechanism for iron loss when the senescent cells are sloughed 

into the gastrointestinal tract during nomal epithelial turnover (Brittenhzm et al-: 1998; 

Andrews et al., 1999; Brittenham et al., 2000; Roy and EMS, 2000). 

Three mechanisms for regulation of enteric absorption of iron have been 

hypothesized (Fairbanks, 1994; Andrews, 1999; Roy and Enns, 2000). The first is the 

dietary regulator, which is modulated by the recent intake of dietary iron. For several 

days afier a large oral bolus of iron, the absorptive cells are resistant to iron uptake, likely 

due to the accumulation of intracellular iron which signals to the enterocyte that the "set- 

point" has been reached. This is referred to as a "mucosal bIock in iron uptake", and 

may occur even in the presence of a systemic iron deficiency (Fairbanks, 1994; Andrews, 

1999; Andrews et aI., 1999). 

The second rnechanism of iron regulation is the stores regulator, which responds 

to the total amount of body iron. When iron is depleted in body stores such as the liver 

and skeletal muscle, the stores regulator is capable of increasing the amount absorbed by 

the enterocytes by two- to three-told (Andrews, 1999; Roy and Enns, 2000). Although 

the rnolecular details of this regulation are still poorly defined, a soluble component is 

hypothesized, as it must signal between the liver or skeletal muscle, and the intestine at 



the level o f  csrpt ce11 metaboIic prograrnming, in response to plasma transfemn 

saturation (Andrews et al., 1999; Brittenharn et al., 2000). Proposed candidate molecules 

are serum femtin and transferrin (Roy and EMS, 2000). 

The erythropoietic regulator is the third regulatory mechanism proposed. This 

mechanism does not respond to body iron status; rather it modulates iron absorption in 

response to the erythropoietic demands of the organism (Fairbanks, 1994; Andrews, 

1999; Roy and EMS, 2000). This regulator has a greater capacity to increase iron 

absorption than the stores regulator, and can up-regulate iron absorption as marrow 

requirements increase, even in individuals with normal to elevated body iron stores 

(Andrews, 1999; Roy and Enns, 2000). It is the imbalance between the rate of 

erythropoiesis in the bone marrow and its iron supply, rather than an increase in 

erythropoiesis alone, which induces the iron absorption (Roy and EMS, 2000). The 

erythropoietic regulator is hypothesized to be a soluble molecule carried in plasma fiorn 

the erythroid marrow to the intestine (Andrews, 1999; Roy and Enns, 2000). 

Acute hypoxia aiso may play a role as an iridependent iron regulator that 

increases intestinal iron absorption. Whether this regulatory pathway is tmly distinct 

fiom the erythropoietic regulator is uncertain. The molecular components and signallin; 

pathways involved with this regulatory mechanism remain to be detennined (Andrews. 

1999; Roy and Enns, 2000). 

Transfer of iron fiom the absorptive enterocyte into the plasma involves the 

activity of two multicopper femoxidases, ceruloplasmin in plasma. and the ceruloplasmin- 

like molecule hephaestin, found within enterocytes (Kushner, 1999; Brittenharn et al., 

2000; Roy and EMS, 2000). The basolateral iron transporter, Ferroportin 1 /Ireg 1 IMTP 1 



( F m )  is responsible for the majority of iron transfer to the plasma, and works in concert 

with hephaestin to deliver femc iron to the plasma. It currently is unknown if hephaestin 

functions at the basolateral surface or within the cytoplasm of the enterocyte (Andrews, 

1999; Andrews et al., 1999; Kushner, 1999). A minor pathway also transports iron via a 

ferrous iron transport channei into the plasma, where it is oxidized by cerulopIasrnin to 

the femc state (Kushner, 1999; Roy and Enns, 2000). 

Once in the plasma in a feric state, iron is tightly complexed with a transport 

protein known as transferrin. The transfemn farnily consists of semm trans ferrin, 

ovotransferrin, and lactofemn (Sharma et al., 1998). This protein also is responsible for 

binding iron that is secreted from macrophages afier the degradation of hemoglobin 

(Aisen, 1977; Fairbanks, 1994; Bnttenham et al., 1998; Klasing, 1998). Transferrin has 

hvo binding sites, which are associated with a bicarbonate ion at each end of the 

rnolecule. In mammals, the two binding sites are functionally equivalent. When 

transfemn has no iron bound to either binding site, it  is referred to as apotransferrin; 

when one site is complexed with ~ e " ,  the term monoferric transfemn is used. Difen-ic 

transfemn has iron bound at both sites, and transferrin is saturated in this state. Although 

transfenin exhibits considerable heterogeneity, with at Ieast 19 molecular variants in 

people, al1 appear to be functionally identical (Aisen, 1977; Baldwin, 1993; Fairbanks, 

1994). 

In marnmals, plasma transfemn normally is approximately one third saturated, 

being a mixture of rnonofemc and difemc transferrin (Fairbanks, 1994; PagIia et al., 

2000). Transfemn distributes iron throughout the body to wherever i t  is required. 

Approximately 80 percent is delivered to the erythrocyte precursors in the bone marrow 



for new hemoglobin synthesis, with the remainder being delivered to other cells for 

synthesis of myoglobin, cytochromes, peroxidases or other functional iron-dependent 

enzymes (Fairbanks, 1994; Brittenham et al., 2000). 

Cells that require iron express a transfemn receptor on their surface. Iron-laden 

transferrin binds to the transfemn receptors in clathrin-coated pits on the surface of the 

ceIl, and these complexes are then internalized by endocytosis to fonn specialized 

endosomes (Fairbanks, 1994; Andrews, 1999; Andrews et al., 1999). A proton pump 

decreases the pE within the endosomes, resulting in release of iron fiom transferrin. 

DMTl transports the iron across the endosomal membrane into the cytosol. The 

apotrmsferrin-transferrin receptor complex then is moved to the ceil surface, where it  is 

recycled for further participation in iron uptake (Fairbanks, 1994; Andrews, 1999). 

The iron regulatory proteins, IRPl and IRPZ, coordinate the cellular regulation of 

iron uptake and storase. When cellular iron levels are Iow, IRPs bind to transfemn 

receptor mRNAs that contain an iron responsive element (IRE). This results in 

stabilization of the mRNA, leading to an increased rate of synthesis of transfemn 

receptors for expression on the ce11 surface (Brittenham et al.. 1998; Brittenham et al., 

2000; Roy and Enns, 2000). Femtin production also is reduced by IRP binding to femtin 

rnRNA, leading to repression of translation, thereby augmenting cellular iron availability 

by decreasing iron storage. When cellular iron levels are high, the IRPs have an 

opposite effect, by increasing femtin production and decreasing transfenin receptors 

(Smith, 1997; Brittenharn et al., 2000; Roy and Enns, 2000). 

In erythroid precursor cells, most of the iron is transferred to the mitochondria, 

where it is incorporated into protoporphyrin for the production of heme. More than 90% 



of hemoglobin iron is repeatedly recycled by phagocytosis of old erythrocytes, mainly in 

the liver and spleen (Fairbanks, 1994; Bnttenham et al., 2000). In non-hematopoietic 

organs, such as the liver, iron not required for enzymes is found in association with 

ferritin and hernosiderin, principally in reticuloendothelial cells (Fairbanks, 1994; 

Brittenham et al., 2000; Roy and Enns, 2000). 

Ferritin is the basic iron storage rnolecule, and predominates at normal iron 

levels. The apofemtin protein sheIl is composed of 24 monomers that are arran,oed to 

mress form a nearly spherical structure, with six 0.7 nrn diarneter pores that permit the in, 

and egress of small molecules to the interior of the shell. The ferritin molecule has the 

capacity to hold 4300 iron atoms in the femc oxyhydroxide crystal core, although most 

contain approximateiy 2000 iron atoms (Fairbanks, 1994; Smith, 1997). Hernosiderin, an 

aggregated ferritin partially stripped of its protein component, is formed to store excess 

cellular iron (Harrison, 1977; Fairbanks, 1994; Smith, 1997). 

Very little free iron is present in body fluids. This tight chelation makes iron the 

first limiting nutrient for the replication of bacteria and parasites in tissues; therefore i t  is 

an important component of innate disease resistance (Spelman et al., 1989; 

Kontoghiorghes and Weinberg, 1995; Smith et al., 1995; Klasing, 1998; Lowenstine and 

Munson, 1999; Weinberg, 1999). 



IRON STORAGE DISEASES 

Storage occurs when iron uptake exceeds its utilization. In people, iron overioad 

is cIassified as primary (hereditary hemochrornatosis), or secondary, depending on the 

underlying mechanisrn (Brittenharn et al., 1997; Burtis and Ashwood, 1999). 

Prima- Hemochromatosis 

H e r e d i t q  hemochrornatosis is a common genetic disorder of iron metabolism in 

people (McDonell and Witte, 1997; Bacon et al., 1999; Olynyk et ai., 1999; Brissot et al.. 

2000). Although it was known for some time that the most prevalent f o m  of hereditary 

hemochromatosis was an autosomal recessive disorder, a candidate gene narned HFE. 

associated with chromosome 6,  was not identified until 1996 (Brissot et al. 1999). 

The majority of patients with hemochrornatosis have a substitution of tyrosine for 

cysteine at position 282 (C282Y) of the major histocompatability complex class 1-like 

HFE protein (McDoneI1 et al., 1998; PietrangeIo and Carnaschella, 1998; Brissot et al.. 

1999; Olynyk et al., 1999). This mutation alters the conformation of the HFE protein, 

thus preventing it fî-om forming a heterodimer with beta7-rnicroglobulin. This 

heterodimer is expressed on the surface of many cells, including duodenal crypt cells and 

macrophages (Pietrangelo and Camaschella, 1998; Andrews, 1999; Kushner, 1999). 

Although the exact roIe of HFE is still unknown, the HFE-beta2-microglobulin 

heterodimer binds to the transfemn receptor, reducing its affinity for transferrin at the 

ce11 surface (Brittenham et al., 1998; Kushner, 1999; Bnttenham et al., 2000). 

Absence of functional HFE also results in an inappropriate increase in duodenal 

iron uptake in iron balanced diets, thought to be associated with the establishment of a 



higher labile iron pool in the intestinal crypt cells, resulting in a higher "set-point". 

When the intestinal ce11 differentiates, the high labile iron pool results in up-regulation of 

the protein F/VM to lower the Iabile iron pool. These enterocytes also have lower femtin 

levels and increased apical DMTl expression despite saturated body iron stores 

(Kushner, 1999; Brinenham et al., 2000; Roy and Enns, 2000). 

Approximately one in 250 Caucasians are homozygous for the abnormal gene, 

and about one in nine are carriers (Bacon et al., 1999; Brissot et al., 1999; Olynyk, 1999; 

Blirtis and Ashwood. 1999; Brissot et al., 2000; Brittenham et al., 2000). The mutation in 

HFE accounts for at least 83% of hereditary hemochromatosis cases. A second mutation 

of the HFE gene, a substitution of aspartate for histidine at position 63 (H63D), is present 

in a minority of patients, but its role in the pathogenesis of the disease is unknown 

(Brittenham et al., 1998; Pietrangelo et al., 1999). 

Hereditary hemochromatosis also has been identified in people without known 

pathogenic mutations in the hemochromatosis gene (Pietrangelo et al., 1999). This 

indicates that other genetic and environmental factors affect the phenotypic expression of 

the mutations. As iron metabolism becomes further understood. murations affecting the 

transferrin receptor, transferrin, DMTl, and endosomal or basolateral iron transporters 

may help explain some cases of hereditary hernochromatosis or other disorders of iron 

metabolism (Brittenham et al., 1998; Andrews, 1999; Roy and Enns, 2000). 

Secondary Hemochromatosis 

Secondary hemochromatosis *ses From iron accurnulated as a consequence of 

prolonged excessive dietary iron intake, ineffective erythropoiesis, aceruloplasminemia, 

and multiple blood transfusions. (Fairbanks. 1994; Olivieri et al.. 1995; Brittenham et al.. 



1997; Andrews, 1999; Lowenstine and Munson, 1999; Brissot et al., 2000). Afican 

("Bantu") dietary overload occurs in sub-Saharan Afica in association with long term 

exposure to increased dietary iron, denved largeiy fiom a fermented âlcoholic beverage 

brewed in steel drums, and from steel cooking pots (Fairbanks, 1994; Brittenharn et al.. 

1997). However, recent studies have concluded that dietary iron intake is not solely 

responsible for the increased iron absorption; an unidentified iron-loading gene imparts 

susceptibility in populations of Afican derivation (Brittenham et al., 1997; Andrews, 

1999). In the United States, iron overload has been documented in patients of A,%can 

ancestry, and its relationship to Afncan dietary iron overload is being explored (Warupa 

et al., 1996; Brittenham et al., 1997; Kasvosve et al., 2000). 

Transfusional iron overload is seen in patients that require long-term transfusion 

therapy due to intractable anemia resulting fiom thalassemia, bone m m o w  failure or 

aggressive cancer treatments. Repeated transfusions lead to rapid iron loading, as each 

unit of blood coniains 200 to 250 mg of iron, and there is no physiological route of 

excretion of the excess iron (Brittenham et al., i 997; Andrews, 1999). 

The pattern of iron deposition in pnmary hemochromatosis differs fiom that of 

secondary iron overload. In the former, macrophages are Iow in iron, even though iron 

overload of liver and other parenchymai cells can be profound. With secondary 

hemochromatosis, Kupffer cells and macrophages, as well as the hepatocytes and other 

parenchymal cells, are rich in iron (Fâirbanks, 1994; Brittenham et al., 1998; Andrews, 

1999). 



Iron Overload in Birds 

The rnechanisms involved in the etiology of avian iron storage disease are not 

fûlly understood (Moms et al., 1989; Dierenfeld et al., 1994; Lowenstine and Munson, 

1999; Cork, 2000). Similarities in the hepatic distribution of iron at the histological level 

in people with primary hemochromatosis and in mynahs have led some authors to 

conclude that mynahs, and possibly other susceptible species, may be genetically 

predisposed (Gosselin and k a m e r ,  1983; Ward et al., 1988; Moms et al., 1989). 

Individuals with genetic mutations are not suspected; rather, gene-based differences 

among species in iron metabolism likely exist @orrestein et al., 2000). While chickens 

were found to regulate entera1 iron resorption, birds of paradise were shown to absorb 

90% of their dietary iron even at high levels of intake. Humans, in cornparison. absorb 

only 1-30% (Comelissen et al., 1995; Cnssey et al., 2000). Thus. a mechanism blocking 

mucosal iron uptake may not be present in a11 avian species susceptible to 

hemochromatosis (Gosselin and Kramer, 1983; Dierenfeld et al.. 1994; Cornelissen et ai. 

1995; Cork, 2000). 

The disease occurs predominately in hgivorous and insectivorous birds; 

however, most fruits and insects are a poor dietary source of minerals. Ward et a 

found no correlation between age or duration of captivity, and total liver iron 

concentrations in affected hg ivorous  and insectivorous species. It is likely that 

physiological mechanisms have developed to compensate for a scarcity of dietary iron, 

resulting in iron overioad when standard diets are fed (Klasing, 1998). Recent studies 

indicate that an inadequate regulatory mechanism for iron absorption is present in 



mynahs, as was found earlier in starlings (Domestein et al., 2000). Further studies on the 

iron metabolism in various species of birds are needed to elucidate these mechanisms. 

However, other studies have implicated dietary intake as the direct cause of iron 

overload in sorne avian species considered non-susceptible (Ward et al., 1988; Dorrestein 

et al., 1992; Disrenfeld et al., 1994; Cork et al., 1995; Cork, 2000; Crissey et al., 2000). 

Iron storage can be induced experimentally by dietary iron overload in bird species 

considered non-susceptible. This supports the theory that dietary iron levels may be the 

prime etiological factor in the development of iron storage disease (Dorrestein et al., 

1992; Lumeij. 1997; Lowenstine and Munson, 1999). Iron storage disease is common in 

susceptible species in captivity, but rare in their wild counterparts, although few studies 

have carefùlly examined the livers of the latter (Ward et al., 1988; Dierenfeld et al., 19%; 

Lowenstine and Munson, 1999; Cork, 2000). 

There have been few studies conducted on the nutrient requirements of exotic 

avian species in captivity (Cork, 2000). Most commercial diets have been fonnulated 

based on minerai requirements of poultry, and often they have iron concentration levels 

in the feed ranging Bom 100 to 250 mgkg. This is much higher than the 65 m g k g  

recommended for bird species commonly afflicted by hemochromatosis (Dierenfeld et 

al., 1994; Klasing, 1998; Lowenstine and Munson, 1999). Accidental addition of iron 

during manufacturing, or the addition of supplements or mineral mixes to diets, also may 

increase the iron concentration available for uptake (Gosselin and Kramer, 1983; 

Crawshaw et al., 1995; Klasing, 1998). As well, captive birds ofien do not have access to 

the levels of natural iron-complexing compounds, such as tannins, oxalates or phytates, 

found in the diet of their wild counterparts (Spelrnan et al., 1989; Dierenfeld et al., 1994; 



Lowenstine and  uns son; 1999). The quantitative effects of reducing iron uptake by 

these natural chelators in bird species remains to be determined. 

Hepatic or multisytemic hemosiderosis is a cornmon postmortem finding in many 

avian species, many of which are not insectivores or hgivores  (Wadsworth et al., 1983; 

Ward et al., 1988; Lowenstine and Munson, 1999). Some species, such as flarningos, 

swans, and geese, are particularly prone to developing iron ovedoad associated with 

infections. Iron also may be found in the Kupffer cells and macrophages of the liver and 

spleen when concurrent diseases such as hernolytic anemia, lead toxicity. or starvation 

are present (Brayton, 1992; Cork et al., 1995; Lowenstine and Munson, 1999). 

The stresses of captivity rnay aiso be a contributor to the development of iron 

overload. In mammals, during periods of stress, increased production of lactofeirin 

reduces iron absorption frorn the gastrointestinal tract, and retains iron to a much lower 

pH than other transfemns, while serum transferrin levels are down-regulated to decrease 

transport of iron to the liver. Lactofenin also has antimicrobial and antifungal activity 

(Sharma et al., 1998). Birds do not produce a Functional equivalent of lactofemn, and 

transferrin levels increase in times of stress, thereby simultaneously increasing absorption 

and flux of iron to the liver. This sequestration of iron is an important component of 

disease resistance (Klasing, 1998). 

Regardless of the etiology, hemochromatosis is a devastating disease. In people 

excessive iron accumulation in tissues has been associated with incrsased prevalence of 

infections, neoplasia, hepatopathy, cardiomyopathy, arthropathy, and endocrine and 

neurodegenerative disorders (Kontoghiorghes and Weinberg, 1995; Bnttenharn et al., 



1998; Gottdenker et al., 1998; Andrews, 1999; Weinberg, 1999; Cork, 2000; 

Cunningham-Riddles et al., 2000; Hussain et al., 2000; Walker and Walker, 2000). 

CIinical Findings in Iron Storage Disease 

Birds with iron storage disease may die with no prernonitory signs, or may 

develop non-specific clinical signs such as generalized weakness, dyspnea, chronic 

wasting, cardiomegaly, and abdominal distension due to hepatomegaly and ascites. 

Those afflicted with chonic disease also may develop disturbances in equilibrium, or 

begin feather picking. In severe cases, hepatic encephalopathy may occur. Death usually 

is due to liver or heart failure (Spalding et al., 1986; Morris et al., 1989; Worell, 199 1 a.b; 

Worell 1993; Ritchie et al., 1994; Cornelissen et al., 1995; Lowenstine and Munson, 

1999; Garner et al., 2000). 

At the histological Ievel, stainable iron deposits are found in large amounts within 

the hepatocytes, Kupffer cells, and macrophages in portal triads. When the cellular 

storage capacity of iron is exceeded, oxidative damage ensues caused by generation of 

fiee radicals by femc iron. Single ce11 necrosis of hepatocytes with interstitial fibrosis is a 

consistent finding and inflammation is variably present. Ultimately, hepatic function 

deteriorates as fibrosis or cirrhosis evolves. Hepatocellular carcinomas rnay develop. 

Iron deposits also may be found in the parenchyma of the hem,  lung, endocrine organs, 

tubular epithelium of the kidney, and splenic macrophages (Gosselin and Kramer, 1983; 

Ritchie et al., i994; Jones et al., 1997; McDonelI and Witte, 1997; Brittenham et al., 

1998). 



Diagnostic Strategies in Iron Overload 

Early diagnosis and treatment iron overload in any species is essential, since the 

degee of iron overload has prognostic implications (Moms et al., 1989; Cornelissen et 

al., 1995; McDonell and Witte, 1997; Brittenharn et al., 2000). Birds with subclinical 

disease (hemosiderosis) have no evidence of tissue or organ damage, and with proper 

management the long-tem prognosis is favourable. When hepatic fibrosis or 

cardiome,oaly is present, the prognosis is poor (Gosselin and Kramer, 1983; Ritchie et al.. 

1994;Cornelissen et aI., 1995). 

In humans, the diagnostic strategy for iron storage diseases has changed greatly 

with the discovery of a strong candidate gene for hemochrornatosis. When prirnary 

hemochromatosis is suspected, people can be screened for the presence of the C282Y 

major mutation on chromosome 6 by utilizing a simple blood test (Brittenham et al., 

1998; Brissot et al., 1999; Kushner, 1999; Olynyk et al., 1999). 

Since no such gene has been discovered in birds, a diagnosis is arrived at through 

other investigative modalities, similar to those used in people with iron ovedoad not 

attributable to the genetic mutation (Andrews, 1999; Kusher ,  1999; Brittenham et al., 

2000). Although hepatomegaly rnay be seen radiographicalfy, this is not a specific 

finding for hernochromatosis. Abnormalities in the electrocardiogram usually are seen 

when cardiomyopathy is present; however this is not a consistent finding (Ritchie et al., 

1994). 

In people, iron overload is suspected when transfemn saturation is confirmed on 

two tests to be above 60% in males and 45-50% in fernales. As more transfen-in becomes 



saturated, there is a measurable increase in non-transferrin-bound iron (NTBI), which is 

potentially toxic (Brittenham et al., 1998; Andrews, 1999; Kushner, 1999; 

Kontoghiorghes et al., 2000). In mammals, transferrin saturation averages about 33%, 

while birds typically have higher leveis of saturation up to 80% (Lowenstine and 

Munson, 1999; Paglia et al., 2000). It is questionable whether biochemical tests that 

assess iron metabolism, such as transferrin saturation and senun iron levels, accurately 

reflect iron overload s ta tu  in birds, especially in light of the usuaI high levels of iron in 

most diets (Worrell, 199 1 b; Dorrestein, 1992; WorrelI, 1993; Cornelissen et al., 1995; 

Lumeij, 1997; Cork. 2000). 

In people, and several-mamrnalian species. as hepatic iron stores increase, there 

is a corresponding increase in the level of serum ferritin. However, semm ferritin 

concentration also is increased in most fonns of liver disease, and in inflammatory and 

malignant disorders, which rnay complicate the interpretation of semm femtin Ievel 

(Smith et al., 1995; Brittenham et al., 1998; Lowenstine and Munson, 1999). Semm 

ferritins differ structurally in marnmals, and among avian species, thus limiting the 

usefulness of the human radioimmunoassay in birds (Luxton, 1977; Gonzalez del Bamo 

and Mateo, 1983; Santos-Benito and Mateo, 1983; Dorrestein et al-, 1992; Lowenstine 

and Munson, 1999). However, sorne femtin cross-reactions between closely related 

mammals do occur; human anti-ferritin antibodies will bind ape and Old Worid non- 

human primate ferritin, and horse anti-femtin antibodies will bind black rhinoceros or 

tapir ferritin (Smith et al., 1995; Lowenstine and Munson, 1999; Paglia et al., 2000). The 

same may occur in closely related avian species. Further research on semm ferritins, and 



the development of semm femtin radioirnrnunoassays, is needed for the species of birds 

most commonly afflicted by hemochrornatosis. 

Despite variations in hepatic distribution of iron, liver biopsies are still considered 

the "gold standard" for the diagnosis of iron overload in mosr species, including people 

(McDonell and Witte, 1997; Brittenham et al., 1998; Andrews, 1999; Lowenstine and 

Munson, 1999; Olynyk et al., 1999). The amount of iron in the liver can be quantified by 

a grading system using Perl's staining, atomic absorption spectïophotometry, 

computerized image analysis of histological sections stained with a Perl's stain, or by s- 

ray microanalysis using a scanning electron microscope (Lowenstine and Petrak, 1980; 

Ward et al., 1988; Cork et al., 1995; Cornelissen et al., 1995; Crawshaw et al., 1995). 

Hepatic biopsies also allow for assessment of associated lesions such as fibrosis, and 

cirrhotic or neoplastic changes. Newer non-invasive techniques for assessing hepatic 

and cardiac iron load are being investigated in people; they include magnetic resonance 

imaging (MM), biomagnetic liver susceptometry (BLS), and superconductin; quantum 

interference device (SQUID) biomagnetometry (Nielsen et al., 1 995; Brittenham et al., 

1998; Tondury et al., 1998; Macdonald and Peduto, 2000 a, b). These techniques deserve 

further expIoration in avian species. 

Treatrnent of Iron Overioad 

Once a diagnosis of hemochromatosis is established, therapy rnust be instituted to 

prolong life. In primary hemochromatosis of people, phlebotomy is performed once to 

twice weekly to induce an iron deficiency anemia, which ensures that al1 stored iron is 

mobilized. The removal of one unit of blood (approximately 500 ml) causes the loss of 



200-250 mg of iron. ~a in tenance  of normal iron status then is achieved by periodic 

phlebotomy, with the goal of therapy to keep serum ferritin below 50 pg/L and transferrin 

saturation be!ow 35% (Bnttenharn et al., 1998; Brissot et al., 1998; Brittenham et al., 

2000). 

Phlebotomy also has been used for the treatment of iron overload in domestic 

horses (Pearson et al., 1994), and in miit bats (Crawshaw et al., 1995). This treatrnent 

also has been employed in birds; however, difficulties arise due to the srna11 size of some 

patients, the stress o f  repeated handling, and the uncertainty of the maximum safe volume 

of blood that can be removed at frequent intervals in a potentially compromised patient 

(Morris et al.. 1989; Worrell, i991a; Loomis and Wright, 1993; Lowenstine and Munson, 

1999). 

Iron chelation therapy is used in human patients with transfusional iron overload, 

where phlebotomy is not possible. Deferoxamine (DFO), which is administered 

parenterally, is the most widely used iron chelator. It is the only iron-specific chelation 

agent currently registered for use In North America; however therapy is expensive. 

OralIy adrninistered DFO is not active since it is susceptible to hydrolysis in the acidic 

environment of the stomach (Brittenham et al., 1994; Nielsen et al., 1995; Hoffbrand and 

Wonke, 1997; Olivieri and Brittenham, 1997; Kontoghiorghes et al., 2000). The most 

efficacious administration of DFO is by prolonged subcutaneous and intravenous routes, 

while limited success is achieved with intramuscular administration. In most patients, 

DFO is injected subcutaneously via a portable electronic pump, for eight to twelve hours 

per day, at least five times a week, using a total daily dose of 40-60 mgkg 

(Kontoghiorghes et al., 2000). Often this rigorous regimen leads to poor cornpliance. 



However, a bolus subcutaneous infusion of  DFO may be as effective as prolonged 

administration (Borgna-Pignatti and Cohen, 1997). 

Deferoxamine chelates iron and aluminum on a 1 : 1 molecuIar basis. It c m  bind 

with fkee iron, as well as with iron contained in femtin and hemosiderin, foming the 

stable cornplex ferrioxamine, which is excreted in the urine and feces. Deferoxamine 

does not bind with the iron contained in transferrin, hemoglobin or herne-containing 

enzymes (Hoffbrand and Wonke, 1997; Olivien and Brittenham, 1997; Kontoghiorghes 

et al., 2000). The elimination halr'life of  DFO is 5-10 minutes afier an IV injection and 

60 minutes after an intrarnuscular injection. With continuous subcutaneous infusion, the 

plateau level in plasma is achieved after 4 to 6 hours. Elimination of  deferoxamine, 

ferrioxamine and corresponding metabolites is approximately twice as fast in patients 

with hemochromatosis compared with healthy volunteers (Kontoghiorghes, 1995; CPS, 

2000). AIthough phamacokinetic studies of DFO have not been carried out in birds, 

there have been two case reports of its successfûl use (Loomis and Wright, 1993; 

CorneIissen et aI., 1995). 

Poiential complications of DFO therapy in people include reversible ocular, 

auditory and cerebral neurotoxicity, acute respiratory hypersensitivity-mediated 

reactions, local skin reactions, and pancytopenia. DFO also can cause an increase in zinc. 

copper, sodium and calcium excretion. The nsks of acquiring yersiniosis and 

mucormycosis, as well as other bacterial and fungal infections, are increased while on the 

dmg (Nathan, 1995; Hoffbrand, 1998; Kowdley and Kaplan, 1998; CPS, 2000; 

Kontoghiorghes et al., 2000). Abnormalities in cartilage metabolism, and stunted linear 



growth of long bones due ta dysplastic changes, also have been reported (Olivieri et al., 

1992; Chan et al., 2000). 

The only oral iron-chelating agent that has been investigated extensively is 

deferiprone (1,2-dimethyl-3-hydroxypyrid-4-one; L 1 ; CP20). It was designed to mirnic 

the naturally occurring chelators mirnosine, tropolone and maltol. Currently, it is being 

used in human clinical trials in North Arnerica, and it is licensed for use in Europe and 

Asia. Interim studies report mixed, but generally favourable, results with the dmg 

(Kontoghiorghes et al., 1990a; Agarwal, 1993; al-Refaie and Hoffbrand, 1994; ai-Refaie 

et al., 1995a; Olivieri et al., 1995; Kersten et al., 1996; Olivieri and Brittenham, 1997; 

Cohen and Martin, 1998; Hoffbrand et al., 1998; Olivieri et al., 1998; Tondury et al., 

1998; Addis et al., 1999; Barman-Balfour and Foster, l999; Kontoghiorghes et al., 2000). 

As an oral dru;, patient compliance is higher with deferiprone than with DFO. The daily 

dose of 50-120 mg/k,o is usually divided into two to four aliquots to maximize iron 

excretion, although some patients excrete more iron when given a single high dose. The 

factors involved in this variation in response are unknown (Collins et al., 1994; al-Refaie 

et al., 1995b; Barman-Balfour and Foster, 1999; Kontoghiorghes et al., 2000). 

Deferiprone complexes with iron in a 3 : 1 ratio foming a neutral cornplex. It is 

excreted in the urine in people and in the bile in rats. It chelates iron bound by transfemn, 

femtin, hemosiderin and Free iron. It also can chelate pathological iron deposits from 

intact red blood cells in patients with thalassemia or sickle ce11 anemia (Collins et al., 

1994; Barman-Balfour and Foster, 1999). Deferiprone is absorbed rapidly from the 

stomach and small intestine, with an absorption half-life ranging from 1 to 32 minutes 

(Kontoghiorghes et al., 1 WOb, Matsui et al., 199 1). In people, deferiprone is metabolized 



in the liver predominately (>85%) by glucuroniciation to a conjugate that laclcs chelating 

properties (Barman-Balfour and Foster, 1999). Deferiprone is rapidly eliminated, with a 

mean elimination 'haIf-life of 47 to 143 minutes ir, iron-loaded patients. The half-life kvas 

approximately twice as long in P-thalassemia patients (2.3 hours) than in healthy 

volunteers (1.3 hours). Administration with food did not alter the half-life, only the peak 

concentrations reached by the drug (Matsui et al., 1991; Stobie et al., 1993; Fassos et al.. 

1994; al-Refaie et al., 1995b; Barman-Balfour and Foster, 1999; Kontoghiorghes et al.. 

2000). In studies in normaI or iron-loaded rats, rabbits and dogs, the half-life ranged from 

40 to 100 minutes (Rahman et al., 1992; Fredenburg et al., 1993; Fredenburg et al., 

1996). 

The most serious potential side effect of deferiprone use in human patients is a 

transient neutropenia andior agranulocytosis, which can occur as early as six weeks afier 

the initiation of therapy. This occurs in less than two percent (2%) of patients, and it is 

reversible with discontinuation of therapy. Although deferiprone c m  bind with 

aluminum, copper and zinc, only zinc deficiency has been reported, in one to three 

percent (1-3%) of patient and it c m  be managed with dietary supplementation. Other 

reported side effects are transient musculoskeletal or joint pain ( 15%), and 

gastrointestinal disturbances such as anorexia, nausea or vomiting (up to 30%). The 

mechanisms involved in these side effects are unknown (Agarwal. 1994; aI-Refaie et al., 

1994a,b; Nathan, 1995; Nielsen et al., 1995; Olivieri et al., 1995; Hoffbrand, 1998; 

Kowdiey and Kaplan, 1998; Mazza et al., 1998; Olivien et al., 1998; Tondury et al., 

1998; Barman-Balfour and Foster, 1999; Kontoghiorghes et al., 2000). 

Oral iron chelation therapy with deferiprone has not been reported in birds. 



OBJECTIVES: 

The objectives of this research were to: 

1) Compare the pharmacokinetic properties of deferiprone in iron-loaded 

and non iron-loaded birds, using chickens and pigeons as model 

species. 

Establish dose arnounts and fiequencies for therapeutic and potentiall y 

prophylactic use of defenprone in birds. 

Determine potential side effects associated with administration of 

deferiprone in birds. 

Assess the ability of defenprone administration to decrease hepatic iron 

stores afier the induction of hemosiderosis. 

Quantitatively evaluate iron excretion induced by the drug. 

The research was carried out in the White Leghorn chicken (Gnllus gallus forma 

domestica) and the domestic pigeon (CoZrtmba livia) to allow for cornparisons of its 

effect in species with differing iron metabolism (Ramis and Planas, 1978). White 

Leghorn chickens are a breed in which there is no stainable iron in the Iiver of healthy 

birds on a normal diet, and thus are ideal as an experirnental model for iron loading (Cork 

et al., 1995). Since pigeons develop marked hemosiderosis with experimental oral iron- 

loading, they serve as an applicable model for iron storage disease in mynahs, and likely 

other susceptible avian species (Dorrestein et al., 1992; Lowenstine and Munson, 1999). 



CHAPTER 2: PHARMACOKINETIC DISPOSITION OF THE IRON CHELATOR 

DEFERIPRONE IN THE WHITE LECHOFZN CHICKEN 

(GALLUS GALLUS FORMA DOMESTKA) 

ABSTRACT 

Deferiprone is a bidentate oral iron chelator used for the treatment of transhsional 

iron overload in people. The purpose of this study was to determine the pharmacokinetic 

disposition of deferiprone in the White Leghorn chicken (Gallus gallus forma doniesrica). 

as a mode1 upon which to base therapeutic regimens for the treatment of 

hernochromatosis in avian species. Deferiprone was adrninistered orally as a suspension 

at a single dose of  50 mg/kg to I O  birds that were iron-loaded (IL-DFP) and to 10 non- 

iron-loaded controls (NIL-DFP). AAer a 30-day washout penod, five birds fiom the 

NIL-DFP group also were used for an intravenous study at the sarne dosage to establish 

the bioavailability of deferiprone. Blood was collected at intervals over a 24-hour period, 

analyzed for deferiprone by high performance lipid chromatography, and plasma 

concentration versus time curves were dcveloped. Deferiprone was rapidly absorbed 

from the gastrointestinal tract, achieving maximal plasma concentrations of 48.65 k 13.75 

pg/mL and 36.18 c 15.32 pg/mL in the IL-DFP and NIL-DFP groups respectively, at 

approximately one hour post administration. The maximal plasma concentration for the 

intravenous route was 1 1 1.89 + 74.8 1 pg/mL. Plasma concentrations effective for iron 

chelation were maintained for at Ieast eight hours afier an oral dose. The half-life in the 

IL-DFP group was 2.91 + 0.78 hr, for the NIL-DFP group it was 3.61 k 0.90 hr, and it 

was 2.42 t 0.24 hr for the intravenous route. The mean oral bioavailability was 93%. 

The area under the plasma concentration-time curve (AUC o.z4hr) were 195.96 + 35.38 



pg-hrirnL and 165.56 k 63.85 pg-hr/rnL, and the apparent volumes of distribution were 

2.91 k 0.78 L k g  and 2.02 f 1.06 Lkg,  for the IL-DFP and ML-DFP groups, 

respectively. For the intravenous route, the AUC (&24hr) was 135.44 + 33.72 pg-hr/rnL, 

and the volume of distribution was 1.04 k 0.27 Likg. This study demonstrates thar 

defenprone is well absorbed and widely distributed in the chicken, with a longer half-life 

than reported in studied mamrnals. 

IXTRODUCTIO~ 

As an essential trace element, iron is an important component of many proteins 

that play a key role in the metabolic pathways involved in growth and development of 

living organisms. There is no physiological route for the rapid excretion of excessive 

iron. Since it is toxic. the balance of iron in the body must continually be regulated so as 

to not exceed physiologically adequate amounts (Fairbanks, 1994; Kontoghiorghes et al .. 

2000). Iron storage occurs when uptake of the rnetal exceeds normal iron loss 

(Brittenham et al., 1997; Lowenstine and Munson, 1999). 

Iron storage disease. or hemochromatosis, is charactenzed by excessive 

accumulation of iron in parenchymal organs, especially the liveï, and occasionaIly hean 

and spleen, with associated functional or morphological tissue damzge. When 

pathological changes are not evident, the term hemosiderosis is used. Excessive iron 

accumulation in tissues has been associated with predisposition to infection, neoplasia, 

hepatopathy, cardiomyopathy, arthropathy, and endocrine and neurodegenerative 

disorders (Kontoghiorghes and Weinberg, 1995; Andrews, 1999; Gottdenker et al., 1999; 



Weinberg, 1999; Cork, 2000; Cunningham-Riddles et al., 2000; Walker and WaIker, 

2000). 

Various avian species are affected by this condition, most notably some species of 

mynahs and starlings (Family Stumidae), toucans (Farnily Ramphastidae), birds of 

paradise (Family Paradisaeidae) and hombills (Farnily Bucerotidae) (Randell et al., 198 1 ; 

Gosselin and Krarner, 1983; Spalding et al., 1986; Morris et al., 1989; Worrell, 199 1 a; 

Loomis and Wright, 1993; Cornelissen et al., 1995). It has also been reported 

sporadically in other species of birds (Brayton, 1992; Dierenfeld et al., 1994; WiIson, 

1994; Rupiper and Read, 1996; Lowenstine and Munson, 1999; Cork, 2000; Garner et al., 

2000). 

Once a diagnosis of hemochromatosis has been established, therapy must be 

instituted to prolong life. in primary hemochrornatosis of people, phlebotorny is 

perforrned once or mice weekly to induce an iron deficiency anernia, resulting in the 

mobilization of stored iron (Brittenham et al., 1998; Brissot et al., 2000; Brittenham et al., 

2000). This treatment also has been employed in birds; however, difficulties anse due to 

the srnall size of sorne patients, the stress of repeated handling, and the uncertainty of the 

maximum safe volume of blood that c m  be removed at fiequent intervals in a potentially 

cornpromised patient (Morris et al., 1989; Worrell, 199 1 a; Loomis and Wright, 1993; 

Lowenstine and Munson, 1999). 

Iron chelation therapy is used in human patients with transfusional iron overload, 

where phlebotomy is not possible. Deferiprone (1,2-dimethyl-3-hydroxypyrid-4-one; 

L1; CP20), which is orally active, and deferoxarnine (DFO), which is administered 

parenterally, are the only iron chelators clinically available for treating the disease in 



people (Brinenham et al., 1994; Nielsen et al., 1995; Hoffbrand and Wonke, 1997; 

Olivieri and Britîenham, 1997; Kontoghiorghes et al., 2000). Although no 

pharmacokinetic studies of DFO have been camed out in birds, there have been two case 

reports of its successfbl use (Loomis and Wright, 1993; Cornelissen et al., 1995). 

However, the stress of fiequent handling for daily injections, and the Iack of oral 

efficacy, would preclude the use of DFO in sorne species affected by hemochromatosis. 

Oral chelation therapy with deferiprone has not been reported in birds. 

Defenprone is a bidentate iron ligand (Le. per molecule it has hvo donor atoms 

capable of binding with iron) with a molecular weight of 139. 

CH3 

Figure 2-1 : Structural formula of deferiprone 

It was designed to mimic the naturally occumng cheiators mimosine, tropolone and 

malt01 (al-Refaie et al., 1995b; Barman-Balfour and Foster, 1999; Kontoghiorghes et al., 

2000). Defenprone is a bitter tasting, white, crystalline solid that is very stable at room 

temperature, or in solution at physiological pH. At neutral pH it is sparingly soluble, but 

at acidic pH, such as in the gastric environment, it is highly soluble. Deferiprone is 

rapidly absorbed from the stomach and intestine, via the transcellular pathway, with an 

absorption half-life ranging from 1 to 32 minutes. The dmg is hydrophilic; thus 

deferiprone does not accumulate in lipids such as ceIl membranes or the brain tissue, 

even though it can cross the blood-brain bamer (Kontoghiorghes et al., 1990; Matsui et 



al., 199 1; Travis and Menzies. 1992; Barman-Balfour and Foster, 1999; Kontoghiorghes 

et al., 2000). 

Defenprone binds with iron in a 3: 1 molecular ratio, and forms a neutral complex. 

It chelates free iron, iron stored in ferritin and hemosiderin, and iron bound by transfemn. 

It also can chelate pathological iron deposits within intact red blood cells in patients with 

thalassernia or sickle cell anemia (Collins et al., 1994; Barman-Balfour and Foster, 1999). 

In people. deferiprone is metabolized in the liver, predominately (>85%) by 

glucuronidation to a conjugate that lacks chelating properties. It is excreted in the urine in 

people, and in the bile of rats. (Barman-Balfour and Foster, 1999). 

The purpose of this study was to extend knowledge of the pharmacokinetic 

properties of deferiprone to birds in order to establish its potential as a therapeutic agent 

for hemochromatosis in affected species. We investigated the pharmacokinetic 

disposition and bioavailability of defenprone in the White Leghorn chicken (Gallus 

galZus f. dontesrica), a species that c m  be intravenously iron-loaded, has no stainable iron 

in the liver of healthy birds (Cork et al., 1995), and is large enough for the multiple blood 

collections required for a pharmacokinetic study. Cornparisons of the pharrnacokinetic 

disposition of defenprone were made between non-iron-loaded controls and iron-loaded 

birds after a single oral dose. In addition, the disposition and bioavailâbility were 

determined within non-iron-loaded birds after an intravenous dose. A further objective 

was to investigate the pharmacokinetic disposition within iron-Ioaded birds that had been 

treated orally with deferiprone for 30 days to determine if the pharmacokinetic 

parameters were influenced by duration of therapy or by changes in iron status. 



MATERIALS AND METHODS: 

The research project was approved by the Animal Care Committee at the 

University of Guelph (Animal Utilization Protocol # 99-R149), and the Animal Care, 

Research and Acquisition Committee at the Toronto Zoo (Project # 99-09-02), both of 

which operate under the auspices of the Canadian Council on Animal Care. 

Experimental Design: 

As a prelude to this study, a pilot study to ensure suitable iron-loading and a 

preliminary trial of the phmacolrinetic disposition of deferiprone were canied out in 

White Leghorn chickens (Appendix A). 

Treatment Groups: 

Twenty adult White Leghom hens (Gallus gallus f. donlestica), ranging in weight 

from 1 -3 1 - 1.72 kg, were obtained fiorn the Arkell Research Station at the University of 

Guelph (Guelph, Ontario, Canada, N1 G 2W1) and transported to the Toronto Zoo 

(Scarborough, Ontario, Canada, M1B 5K7) where the research was carried out. Birds 

were randomly assigneci without regard to size to one of two ireatment groups of 10 

(Iron-loaded and Deferiprone Treated [IL-DFP] or Control WL-DFP]), and leg-banded 

for identification. The birds were housed in groups of five in cages measuring 107 cm x 

92 cm x 92 cm with plastic mesh bottoms, and food and water were provided ad libirztnz 

in plastic bowls. Birds were fed a breeder ration prepared at the Arkell Research Station 

(Appendix A). AAer allowing a week for adjustment, the birds were given a physical 

examination, and 1 mL of blood was collected to establish baseline complete blood 

counts and serum chernistry values. The IL-DFP group was iron-Ioaded with iron dextran 

(Ironol 100, P.V.U., J. Webster Laboratones Inc., Victoriaville, Quebec, Canada, G6P 



1B 1) at a dose of 25 mgkg adninistered intravenously in the right jugular vein. This 

iron dextran dose was based on results of the pilot study (Appendix A). The ten birds in 

the NIL-DFP group served as non-iron-loaded controls, and did not receive any 

intravenous iron dextran. 

Drug Administration: 

Oral phase: 

The purpose of this phase of the study was to determine the pharmacokinetic 

disposition of an oral dose of deferiprone (50 mgkg) in iron-loaded and control chickens. 

Seventy-two hours after iron administration a11 birds were weighed, and then anesthetized 

with isoflurane by mask (Aerrane, Janssen Pharrnaceuticals, Toronto, Ontario, Canada, 

M3C lL9). A 24 gauge intravenous catheter (Angiocath, Becton Dickinson, Sandy, Utah, 

U.S.A., 84070) was placed and secured in the left or right media1 metatarsal vein and 

fiushed with 0.5 mL of heparinized saline. 

Birds were fasted for 12 hours before dmg administration and for ttvo hours 

afiemards, but were allowed u~es tnc ted  water intake. Apotex Inc. (Weston, Ontario, 

Canada, M9L 1 T9) generously supplied deferiprone as a pure powder. The appropriate 

dose of 50 mgkg for each bird was suspended in 1 mL of propylene glycol, and then 

gavaged into the crop followed by 1 mL of sterile water. Birds were monitored for sigris 

of acute toxicity for 24 hours following administration of the dmg. 

Iir traveiz ous phase: 

The purpose of this phase was to determine the pharmacokinetic disposition and 

bioavailabi!ity of deferiprone in the control birds after an oral dose of 50 m g k g .  Afier a 



30-day washout period, five birds were randomly selected fiom the NIL-DFP conaol 

group for an intravenous study. These birds were weighed, and then anesthetized with 

isoflurane by mask (Aerrane, Janssen Pharmaceuticals, Toronto, Ontario, Canada, M3C 

lL9). A 24 gauge intravenous catheter (Angiocath, Becton Dickinson, Sandy, Utah, 

U.S.A., 84070) was placed and secured in the lef? or right media1 metatarsal vein, and 

flushed with 0.5 rnL of heparinized saline. 

Birds were fasted for 12 hours before h g  administration and for two hours 

aftenvards, but were ailowed unrestncted water intake. Defenprone powder at a dose of 

50 rng/kg for each bird was dissolved in 1 mL of warm sterile diluent (Benzyl alcohol [ 9  

mg/mL] and stede water - pH 5.5). The catheters were flushed with 1 mL of heparinized 

saline before intravenous administration of the deferiprone solution over a 10 second 

period. This was followed by 2 mL of heparinized saline. 

3 0-Day Post- Treatnz en t phase: 

The IL-DFP group was treated orally twice daily with 50 m g k g  deferiprone for 

30 days. In order to detennine whether duration of treatment or changes in iron status 

induced chaniges to metabolism of the dmg, a study of the phannacokinetic disposition of 

deferiprone was repeated in seven birds. Prior to the administration of deferiprone for the 

study, these birds were given a 60-hour washout penod fiom the last dose on Day 30. 

Approximately 45 hours after the final dose of oral deferiprone, a11 birds were weighed, 

and then anesthetized with isoflurane by mask (Aerrane, Janssen Pharrnaceuticals, 

Toronto, Ontario, Canada, M3C 1L9). A 24 gauge intravenous catheter (Angiocath, 

Becton Dickinson, Sandy, Utah, U.S.A., 84070) was placed and secured in the media1 

metatarsal vein and flushed with 0.5 mL of heparinized saline. 



Birds were fasted for 12 hours before dmg administration and for two hours 

afierwards, but were alIowed unrestncted water intake. Deferiprone at a dose of 50 

mgkg was suspended in 1 mL of propylene glycol. This suspension was then gavaged 

into the crop of  each bird followed by 1 rnL of stenle water. 

Sample ColIection: 

For al1 phases, 700 pL blood samples were coIlected in heparinized syringes 

approximately 20 minutes before and 1 O min, 20 min, 40 min, 1 hr, 1.5 hr, 2 hr, 4 I-rr, 6hr. 

8 hr, 13 hr and 24 hr after administration of deferiprone. Catheters were removed after 

the final blood sample collection at 1440 minutes. The collection times were established 

after a pilot study in chickens to evaluate the pharrnacokinetic disposition of deferiprone 

(Appendix A). To ensure that the sarnple was fiom the circulating blood volume, the first 

50 pL of fluid was discarded to account for the dead-space in the catheter, before 

collection o f  the blood sample. Following sampling, approximately 500 pL of 

heparinized saline was used to flush the catheter. The blood sarnple was transferred 

immediateIy to lithium heparin microtainers (Becton Dickinson, Franklin Lakes, New 

Jersey, U.S.A.) and centrifuged at 3500 rpm (2383 x g) for 30 minutes, within 20 minutes 

of collection. The pIasma was transferred to tinted 2.0 rnL Sarstedt safe-seal microtubes 

(Sarstedt Inc., St. Léonard, Quebec, Canada, H l  P lAS), and stored at -70 OC until the 

assay was carried out. 



Assay Procedure: 

Al1 analyses were performed at the Faculty of Pharmacy, University of Toronto 

(Toronto, Ontario, Canada, M5S 2S2). The plasma samples were assayed for 

defenprone by high-performance liquid chromatography (HPLC) as described by Guo et 

al. (2002) with some modifications, as described below. 

The HPLC system consisted of a Hamilton PRP-1 Peek colurnn (5 pn particle 

size; 150x 4.6 mm; Mandel Scientific Company Ltd., Guelph, Ontario, Canada, N1 G 

4N4) and a Hewleti-Packard 2050 Series HPLC System (Palo Alto, California, U.S.A., 

94304-1 185), comprised of a HP 1050 Series purnp, a HP 1050 Senes auto sarnpler, and 

a HP 1050 Senes Diode-Array detector. The detector was set at a wavelength of 280 nrn 

at ambient temperature. The mobile phase consisted of 9.0 mM potassium phosphate 

dibasic (KH2P04) and 8 mM EDTA (adjusted to pH 7.0) mixed with acetonitrile in a 9 5 5  

v/v ratio, which was degassed and then filtered through a 0.45 pm filter. The flow rate 

was set at 0.8 mL/minute. A computer utilizing the HP ChemStation software 

(Rev.A.06.03, Pa10 Alto, California, U.S.A., 94304-1 185) controlled the HPLC system. 

Isocaffeine (Sigma, St.Louis, Missouri, U.S.A, 63 103) served as the interna1 standard. 

The limit of quantitation for deferiprone in plasma was 0.25 pg/mL. 

The plasma samples were thawed, and each sample was centrifuged to remove 

cryoglobulins. A mixture of 300 pL of the plasma and 1 O pL of isocaffeine stock solution 

was added through an Arnicon centnfkee micropartition device (Millipore Corporation, 

Bedford, Massachusetts, U.S.A., 01730) with a 30,000 molecular weight cut-off. The 

device was cenhifùged using a fixed angle rotor set at 5000 rpm (1  500 x g) for 25 



minutes. The ultrafiltrate (100pL) was then analyzed by HPLC. The retention times for 

deferiprone and isocaffeine were approximately 7 minutes and 12 minutes, respectively. 

A calibration cuve  from a plot of dmg concentration versus area ratio of 

deferiprone and interna1 standards was constructed- Least squared regression analysis 

was then used to calculate deferiprone concentration in the plasma samples. 

Pharmacokinetic and Statistical Analyses: 

The pharmacokinetic disposition of deferiprone in each bird was detemined by 

non-cornpartmental (model-independent) methods with non-linear least squares 

regression analysis (Notari, 1987; Gabrielsson and Weiner, 1997). The following 

pharmacokinetic parameters were calculated (Glossary in Appendix E): 

The area under the plasma concentration-time curve was calculated fiom time O to 

the last time point using the trapezoidal mle (AuCo-,). 

The AUC was calculated to infinity (AuCo,) by adding (AuCo.,) and the quotient 

of  th*? Iast measured plasma concentration over the elimination rate constant (k). 

The elimination rate constant (k) was calculated using the plasma concentrations 

of deferiprone between 240 and 720 minutes. 

BioavailabiIity was determined using AuCo, for the oral dose divided by the 

AUCo4 for the intravenous dose and was expressed as a percentage. 

The elimination half-life was calculated as ln 2/k. 

The maximum plasma concentration (Cmx) was the highest plasma concentration 

meâsured for each bird. The tirne to maximum concentration (t,,,) was the time 

at which Cm,, occurred. 



Total area under the first moment versus time curve (AUMCo-l) was calculated 

using the trapezoidal rule for summation of the product of time' and concentration 

at each time point. 

The AUMC to infinity (AUMCo,) was calculated by adding the AUMCo-, and the 

quotient of the 1 s t  plasma concentration over k'. 

The mean residence time (MRT) was calculated as the quotient of AUMCo, over 

AuCo-,. 

The apparent clearance of deferiprone from the plasma in L/hr (App-CLT) was 

calculated as total dose divided by AuCo, This value was normalized (N.CLT), 

by dividing App.CLT by the weight of the bird. 

The apparent volume of distribution under steady state conditions (App.Vss) \vas 

calculated as a prcduct of MRT and N-CLT. 

Al1 statistics were computed using the SAS statistical software (PC-SAS 8.00, SAS 

Institute Inc., Cary, North Carolina. U.S.A.). A11 data are reported as the mean + S.D. 

Cornparisons between the means of the pharmacokinetic data were determined with the 

general linear model (GLM) least square means procedure with the a priori level of 

sipnificance set at 0.05. In some cases, logarithmic transformations were required to 

riormalize the data distribution to satisfi the assumptions of the model. 



RESULTS 

Oral phase: 

Al1 twenty birds completed the oral study. There were no adverse effects 

associated with oral administration of deferiprone at a dose of 50 mgkg  over a penod of 

24 hours. Approximately three hours after administration, the appearance of mst 

coloured urine was noted. Mear! plasma concentrations over time afier a single oral dose 

administration of deferiprone (50 mgkg)  in both groups are s h o w  in Figures 2-2a and 2- 

2b (Raw data in Appendix B). A surnrnary of the pharmacokinetic data is presented in 

Table 2-1 (Raw data in Appendix B). 

The drug was rapidly absorbed, appearing in the plasma of nine of ten birds in the 

control group and eight of ten in the iron-loaded group at the first collection tirne (ten 

minutes). Maximal plasma concentrations of 48.56 -t 13.75 pJmL and 36.1 S t 15-32 

pgmL (difference not significant) were achieved by the iron-loaded (IL-DFP) and 

control (NIL-DFP) groups respectively, at approximately one hour post administration. 

Drug was still present in very low concentrations at 24 hours. The termina1 half-life of 

2.9 1 + 0.78 hours for the IL-DFP group was shorter than the termina1 half-life of 3.6 1 t 

0.90 hours for the ML-DFP group, although the difference was not statistically 

significant. However, the eIimination rate constant between the two routes of 

administration was statisticaliy significant (F=4.49 p=0.048), with calculated values of 

0.25 + 0.05 hr-' and 0.20 f 0.05 hr-' for the IL-DFP and NIL-DFP groups, respectively. 

Significant differences in the AUC (O-r and O-oc) and the ALMC and Oe) were not 

observed between the two groups, although the means for both AuCo-, and AuCo, were 

larger for the iron-loaded group. There also were no significant differences benveen 



treatment groups in the apparent clearance time or the normalized apparent clearance 

time. A significantly higher apparent volume of distribution was present in the IL-DFP 

group than the ML-DFP group (2.91 k 0.78 Lkg vs. 2.02 + 1.06 Lkg; F=5.53, p=0.030). 
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Figure 2-2a: Mean plasma concentrations (pg/mL k S.D.) venus time (0-6 hours) 

highlighting the absorption and early distribution of deferiprone in iron-loaded (IL-DFP, 

n=l O) and control (ML-DFP, n=10) White leghorn chickens after a single oral dose 

( S O m g k g ) .  
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Figure 2-2b: Mean plasma concentrations (pg/mL f S.D.) versus time (0-21 hours) in 

iron-loaded (IL-DFP, n= 10) and control (NIL-DFP, n=10) White Leghom chickens after 

a single oral dose of deferiprone (50mgkg). 



Table 2-1: Cornparison of pharmacolcinetic parameters after oral administration of a 

single dose of deferiprone (50 mgkg) ta iron-loaded (IL-DFP) and control (NIL-DFP) 

White Leghorn chickens. 

a Mean I S.D. for 10 birds in each group. 

* Significant difference between groups (p value < 0.05). 



Intravenous Study : 

Al1 five birds completed the intravenous study. There were no adverse effects 

associated with intravenous administration of deferiprone at a dose of 50 mgkg. 

Approximately two to three hours after administration, the appearance of mst coloured 

uriile was noted. Plasma concentrations over time cornparhg the oral and intravenous 

routes after a single dose of deferiprone (50 mgkg) are shown in Figures 2-3a and 2-3b 

(Raw data in Appendix B). A surnmary of the pharmacokinetics data is presentêd in 

Table 2-2 (Raw data in Appendix B). 

Mean maximal plasma concentrations achieved by intravenous administration 

were significantly greater (approximately four-fold) compared with the concentrations 

achieved via the oral route in the same birds (1 1 1.89 f 74.8 1 pg/mL versus 15.90 k 13 -7 1 

pg/mL; F=6.39, p=0.035). The intravenous dose of deferiprone was compietely 

eliminated by 24 hours. likeiy cwing to a shorter half-life of 2.42 + 0.23 hours compared 

with 3.22 k 0.81 hours when adrninistered orally in the same birds (difference not 

statistically significant). However, the elimination rate constant of the hvo groups were 

statistically significant (F=7.52, p=O.OX), with calculated values of 0.29 c 0.03 hr-' and 

0.22 + 0.04 hr-' for the intravenous and oral routes respectively. 

The intravenous route also had a significantly shorter MRT compared with the 

oral route (2.70 + 0.25 hours versus 5.32 I 1 .O6 hours; F=29.02, p<0.001). The mean 

oral bioavailability was high at 92.74 k 16.24 %, with a range of 63.68 to 100%. 

Significant differences in the AUC (O-iand 04) were not observed between the two 

groups, although the rneans for both AuCo., and AuCo, were larger for the oral route. 

There also were no significant differences in the apparent clearance time or the 



normalized apparent clearance time between the routes of administration. The apparent 

volume of distribution was higher for the oral route compared with the intravenous roure. 

although the difference was not statistically significant (1 -62 f 1 -03 L k g  and I .04+ 0.27 

Lkg ,  respectively). 

3 0-DUS, Post- Treutm err t Oral Study: 

Only seven birds were included in the study as three birds died dunng the 30-day 

treatment period. The plasma concentrations upon analysis were inconsistent with pnor 

data, possibly due to a laboratory accident, or prolonged storage at the Iab under 

conditions which did not preserve the analyte, during the absence, due to illness, of the 

senior technician. Pharmacokinetic analyses were therefore not performed (Raw data in 

Appendix B). 
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Figure 2-3a: Mean plasma concentrations (pglrnLk S.D.) versus time (0-6 hours) 

highlighting the early distribution after a singIe oral (PO) or intravenous (IV) dose of 

deferiprone (50 mgkg) in non-iron-loaded White Leghorn chickens (n=5). 
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Figure 2-3b: Mean plasma concentrations (pg/mLk S.D.) versus time (0-24 hours) after 

a single oral (PO) or intravenous (IV) dose of deferiprone (50 m g k g )  in non-iron-loadcd 

White Leghorn chickens (n=5). 



Table 2-2: Comparison of pharmacolcinetic parameters after oral or intravenous 

administration of a single dose of deferiprone (50 mgkg)  to control (NIL-DFP) White 

Leghorn chickens. 

a. Mean k S.D. for 5 birds for each route of administration. 

* Signifiant difference between roure of administration @ s 0.05). 



DISCUSSION 

Knowledge of the pharmacokinetic behaviour and bioavailability of a dnig used 

for treatment is of great importance to understand the relationship beween dose and 

efficacy (Dorrestein, 1 99 1 ; Rowland and Tozer, 1995). This study was undertaken to 

determine the pharmacokinetic disposition of deferiprone in an avian model, as the drug 

may have potential in treating hemochromatosis in valuable, and ofien rare or 

endangered, species. Our findings indicate that deferiprone can be administered to White 

Leghom chickens at a dose of 50 mgkg orally or intravenously without any signs of 

acute toxicity. The dmg can be measured in the plasma utilizing HPLC methodology 

designed for human patient studies with the drug. 

Defenprone is rapidly absorbed fiom the gastrointestinal tract in the chicken with 

measurabIe plasma concentrations evident in most birds within 1 O minutes. The maximal 

plasma concentrations of deferiprone in the control and iron-loaded birds (36 pg/mL [260 

pmol121 and 48 ,ug/mL [345 pmol/L] respectively) are similar to that reported by Matsui 

et al. (1 991) (1 7.49 c 2.08 pg/rnL with a 25 mgkg oral dose), but higher than maximal 

concentrations (1 58.8 + 82.9 pmoi/L) reported in people administered deferiprone orally 

at 50 mgkg  (al-Rafaie et al., 199%; Barman-Balfour and Foster, 1999). The maximal 

concentration is also higher than that which has been reported in dogs (24.3-52.4 pg/mL 

at 100 mgkg; Rahman et al., 1992). Maximal concentrations were achieved at 

approximately one hour in the chicken, which is similar to findings in people (Matsui et 

al., 199 1 ; al-Rafaie et al., 1995b; Barman-Balfour and Foster, 1999). 



The mean oral bioavailabi~it~ of  deferiprone in the chicken (93%) is higher than 

that reported in the rabbit (72%; Fredenburg et al., 1993), the rat (60%; Fredenburg et al., 

1996) and the dog (6 1-76%; Rahman et al., 1992). This hi$ bioavailability indicates 

that the drug is well absorbed f?om the intestinal tract, and that the first pass effect or 

hepatic extraction of deferiprone in the chicken is low. To be orally active, a drug must 

overcome the anatomical and physiological barriers of the gastrointestinal tract, and the 

enzyrnatic barriers of the intestines and liver (Rowland and Tozer, 1995). Deferiprone is 

a small molecule (MW 139) with a partition coefficient of 0.2. It is absorbed prirnarily 

by diffusion into the enterocyte (transcellular pathway), thereby utilizing 95% of the 

surface area of the intestines (Travis and Menzies, 1992). However, one study 

investigating the effect of arnino acids on absorption of  deferiprone, suggested that in 

addition to transcellular diffusion, there is a carrier-facilitated pathway (Rahman et al.. 

1993). The details of this pathway remain to be elucidated. 

The unique anatomy of the avian upper digestive tract rnay influence absorption 

of deferiprone. which in people occurs in the stomach and intestine (Barman-Balfour and 

Foster, 1999; Kontoghiorghes et al., 2000). As with other drugs, it is unlikely that 

absorption occurs in the avian crop due to the squamous nature of the epithelium. 

However, the acidic pH of the crop may aid in increasing the solubility of deferiprone 

(Dorrestein and Van Mien, 1988). The formulation of the drug also may influence 

absorption in birds since the storage function and ernptying pattern of the crop may 

decrease the availability of tablet formdations compared with capsules, solutions or 

suspensions. A stable solution progresses rapidly through the crop, esophagus, 

proventriculus and ventriculus, and is available for intestinal absorption within minutes 



after administration, especially in the absence of food (Dorrestein, 1991). In this study, a 

suspension was used, which likely enhanced absorption of the dmg. In addition, the 

peristaltic and retroperistaltic activity of the avian intestinal tract may also serve to 

enhance absorption by increasing surface contact time in the small intestine (Ritchie et al, 

1994). Further studies are needed to establish the site of deferiprone absorption in birds. 

In human patients, administration of deferiprone with food delays the rate of 

absorption ofdeferiprone, but does not affect the extent of absorption (Matsui et al.. 

1991; Barman-Balfour and Foster, 1999). In this study, the birds were fasted to decrease 

potential variability in absorption associated with food administration. However, this 

deserves further study in birds, especially in species with a well-developed crop for food 

storage, as emptying time o f  the crop can range from 3.25 to 19 hours in the domestic 

chicken depending on the amount of grain fed (Dorrestein and Van Miert, 1988). 

Plasma deferiprone concentrations were low but stiIl rneasurable at 24 hours in 

the oral study, while at that time deferiprone concentration in the intravenous study was 

below the detection limit of  the assay. For effective chelation therapy in people, initia1 

concentrations of deferiprone need to exceed 100-100 pmol/L ( 14-28 pg/mL) in plasma 

to remove iron fiom saturated transfenin, and plasma concentrations of 30-50 pmol/L (3- 

7 pg/mLj are necessary to maintain non-transferrin bound iron Ievels below 2 pmoVL 

(Breuer et al., 2000; Kontoghiorghes et al., 2000). Plasma deferiprone concentrations 

remained above 100 pmoVL for 6 hours post oral administration in both the iron-loaded 

and control chickens, and remained above 20 pmol/L for greater than eight, but less than 

12 hours, for both groups. Therefore chelation therapy with deferiprone has potential to 

be effective; however, clinical trials are needed to substantiate this. 



The mean oral elimination half-life for deferiprone was shorter, but not 

significantly different, in the iron-loaded group compared with the control group (2.9 

hours versus 3.6 hours). This half-life is longer than reported in thalassemic patients 

(1 5 2 . 7  hours) and considerably longer than the half-life of 1.2-1 -3 hours in healthy 

hurnan volunteers (Kontoghiorghes et al., 1990; Matsui et al., 199 1 ; Stobie et al., 1993; 

al-Refaie et al., 1995b). In people, the difference in half-life between iron-loaded 

patients and normal subjects has been amibuted to a larger apparent volume of 

distribution in thalassemic patients, associated with substantially more circulating iron 

(Stobie et al., 1993). Our findings are partially consistent with this observation. as the 

apparent volume of distribution was significantly larger in the iron-loaded g o u p  

compared with the control goup (2.91 L k g  versus 2.02 Lkg), however the trend in ha!f- 

life was reversed in our study, due to the greater normalized clearance rate in the control 

group. The apparent volume of distribution is approximately 30x greater than the 

plasma volume and 3x greater than the total body water of healthy White Leghom 

chickens (Ritchie et al., 1994). This extensive volume of distribution, due to low protein 

binding and low ionization, offers great potential for removal of excessive iron stores in 

parenchymal tissues. 

Based on similar time to reach maximal plasma concentrations of deferiprone in 

chickens and people, the longer half-life in the chicken is most likely related to 

elimination of the drug. This is supported by the normalized clearance rate (N.CLT) of 

0.25 f 0.05 L/hr/kg and 0.33 + 0.17 L/hr/kg in iron-loaded and control chickens 

respectively, which is approximately half of the rate of 0.6 k 0.18 L/hr/kg in human 

patients with P-thalassemia (Fassos et al, 1996). Defenprone is metabolized in the liver 



by glucuronidation, being converted to an inactive metabolite (Barman-Balfour and 

Foster, 1999). Although the enzymes involved in phase 1 (oxidation and reduction) and 

phase II (conjugation) are known to exist in the avian liver, the enzymes involved in, and 

the process of glucuronidation, have been poorly described in birds (Dorrestein and Van 

Miert, 1988). One of the enzymes involved in glucuronidation, UDP-glucuronyl 

transferase, has been shown to have low activity in the chicken (Bartlet and Kinnya, 

1976) and the ostrich (Sruuthis camelus) (Amsallem-Holtzman and Ben-Zvi, 1997) 

compared to the rat. Thus a decreased rate of metabolism of deferiprone. due to lower 

glucuronidation activity in the avian liver, may be responsible for the longer half-Iife in 

the White Leghom chicken compared with man. 

In people, deferiprone in an unchanged or iron-bound state, and its glucuronide 

conjugate, are excreted by the kidney (Barman-Balfour and Foster, 1999; Kontoghiorghes 

et al., 2000). This route of excretion also occurs in the chicken, as rust coloured unne 

was noted within three hours of administration of the dmg. The excretion of the 

conjugate is slower than the parent compound, and accumulation of  the glucuronide 

derivative was noted in a patient with impaired renal fùnction (al-Refaie et al, 1995b). 

The glomenilar filtration rate in birds is 2.98 mL/kg/min. while it  is almost twice as fast 

in mammals at 4.8 mL/kg/min (Dorrestein, 1991). This difference in glomerular 

filtration rate may contribute to the longer half-life observed in both the iron-loaded and 

control birds compared to human patients. 

The elimination half-life of defenprone administered intravenously (2.4 hours) 

was shorter compared with the oral route of administration. This indicates that the rate of 

absorption of deferiprone has some influence on the rate of eiimination, but not to the 



extent that the absorption half-life would be longer than the elimination haif-life 

(Rowland and Tozer, 1995). In addition, owing to the fact that the kidneys excrete 

deferiprone, the half-life also may be shorter in the intravenous study due to first pass 

excretion via the renal portal system, as the h g  was administered in the media1 

metatarsal vein. Dmgs administered in the metatarsal veins May be excreted by the renal 

tubules of the kidney on the injection side before entering the general circulation. (Ritchie 

et al, 1994). However, this would be the case only if deferiprone is excreted by the 

tubuiar epithelium, a point that we have been unable to ascertain. Renal extraction of the 

drug would elevate the caIcuIated bioavailability of deferiprone, and may be one reason 

for the significantly higher value seen in the chicken cornpared with mamrnalian species. 

Further stuciies are needed to evaluate the influence of the renal portal system on 

intravenous defenprone kinetics in birds. 

The mean residence time (MRT), the average tirne that introduced molecules 

reside in the body, was approximately half as long for intravenous administration 

compared with oraI administration (2.70 hours versus 5.32 hours). This difference is 

expected with an intravenous bolus; al1 molecules begin their residence at the same rime. 

The MRT for the oral route therefore represents the sum of the MRT for the intravenous 

dose and the mean absorption tirne. Thus, in the White Leghom chicken, the mean 

absorption time for the total dose of deferiprone is approximately 2.62 hours (Rowland 

and Tozer, 1995; Gabrielsson and Weiner, 1997). 

In summary, oral administration of defenprone in the White Leghorn chicken at a 

dosage of 50 mgkg achieves suitable plasma concentration levels for effective iron 

chelation therapy for at least eight hours even in non-iron-loaded controls. Based on its 



half-life, a twice-daily dosage regimen is appropnate, although a single dose of 100 

mgkg  may be as effective (Kontoghiorghes, 2000). However, further studies are needed 

to ensure that the dmg is efficacious at this dosage. The dmg is rapidly absorbed from 

the gastrointestinal tract and has a large apparent volume of distribution. Further 

pharmacokinetic studies of the effect of varied doses, and the cumulative effects of 

multiple dose administration are needed in the chicken, as well as studies in other birds ro 

evaluate interspecies differences. Studies on whether defenprone is excreted entirely by 

the kidneys. or whether fecal excretion occurs in the chicken, are needed. Whether 

defenprone is eliminated by glomerular filtration, or whether tubular excretion occurs in 

birds also needs to be determined. As well, the disposition and elimination of the 

glucuronide metabolite also deserves further study in birds. 



CHAPTER 3: PHARMACOKINETIC DISPOSITION OF THE IRON CHELATOR DEFEFUPROXE 

IN THE DOMESTIC PIGEON (COLUMBA LIVIA) 

ABSTRACT 

Deferiprone is a bidentate oral iron chelator used for the treatrnent of transfusional 

iron overload in people. The drug has potential for the treatment of hernochromatosis in 

birds. The purpose of this study was to determine the pharmacokinetic disposition of 

deferiprone in the domestic pigeon (Colunlba Zivia) and compare the results with a 

previous study in the White Leghom chicken, in order to evaluate the effect of  

interspecies differences related to rnetabolism of  iron and the iron chelator. Deferiprone 

was administered orally as a suspension at a single dose of 50 m g k g  to I O  birds rhat were 

iron-loaded (IL-DFP) and to 10 non-iron-lozded controls (NIL-DFP). Six birds from the 

NIL-DFP group were also administered defenprone intravenously to determine the 

bioavailability of the drug afier a 30-day washout period. In order to evaluate if 

defenprone induces its own metabolism, the pharmacokinetic disposition of the drus also 

was snidied in the IL-DFP group after oral therapy with defenprone at a dosage of 50 

m g k g  twice daily for 30 days. For each phase, blood was collected over a 24-hour 

period at established intervals, and analyzed for deferiprone by HPLC to develop a 

plasma concentration versus time curve. Deferiprone was rapidly absorbed fiom the 

gastrointestinal tract, achieving maximal plasma concentrations of 22.23 + 8.70 pg/mL 

and 21.46 t 8.03 p g m L  in the IL-DFP and NIL-DFP groups respectively, at just over 

one hour post administration. These plasma levels are approximately half of the peak 

concentrations found in the White Leghom chicken at the sarne dose. Plasma 



concentrations effective for iron chelation were maintained for at least eight hours post- 

administration in iron-loaded birds. The half-life in the IL-DFP group was 2.98 k 0.85 

hr, for the NIL-DFP group it was 3.26 I 1.25 hr, and for the intravenous route it was 3.79 

t 1.23 hr. These values are similar to findings in chickens. The half-life after 30 days of 

treatment with deferiprone was 3.42 ir 1.18 hours, thus indicating that the dmg does not 

induce its own metabolism. The oral bioavailability was 44%, which is approximately 

half the bioavailability calculated in the chicken. The oral AUC (O-,, was 1 19.20 k 39.95 

pg-hr/mL for the IL-DFP group, and 102.81 + 30.75 p g - h r / d  for the NIL-DFP group, 

which is approximately 40% lower than the oral AUC (O-,, obsemed in the chicken. The 

apparent volumes of distnbution were 2.19 + 0.89 L/kg and 3.26 k 1.25 L k g  for rhe IL- 

DFP and NIL-DFP groups, respectively. These values are similar to those determined in 

chickens. This study demonstrates that oral absorption of deferiprone is good, and the 

dmg is widely distnbuted in the pigeon, as it is in the chicken, with a half-life that is 

longer than reponed in studied marnmals. Subtle interspecies variations exist between 

chickens and pigeons. Clinical studies are now needed to evaluate the dmg's potential 

for treating avian species affected by hemochromatosis. 



INTRODUCTION 

Iron storage disease has been reported in a number of bird species, although most 

frequently in rnynahs and starlings, toucans, birds of paradise and hornbills (Randell et 

al., 198 1 ; GosseIin and Kramer, 1983; Spalding et al., 1986; Monis et al., 1989; Worrell, 

199 1 a; Loomis and Wright, 1993; Comelissen et al., 1995). The disease has been 

discussed in detail elsewhere (Lowenstine and Munson, 1999; Cork, 2000; Whiteside ei 

al, Chapter 1 )  

Oral chelation therapy with deferiprone has not been reported in birds. However, 

Whiteside et al. (Chapter 2) recentIy studied the pharmacokinetic disposition of the drug 

in the White Leghorn chicken. -As demonstrated in people, rapid absorption fforn the 

gastrointestinal tract was found in the chicken (Whiteside et al, Chapter 2). 

Deferiprone is excreted in the urine in people, and in the bile in rats (Barman- 

Balfour and Foster, 1999). The excretion of the deferiprone-iron complex was evident in 

the urates of the chicken, as the compIex imparts a mst colour to the excreta (Whiteside 

et al., Chapter 2). Deferiprone has been shown to induce its own metabolisrn in human 

hepatocytes in vitro, but this has not been demonstrated consistentIy i r ~  vivo (Matsui et 

al., 199 1 ; al-Refaie et al., 1995b). This remains to be detemined in avian species. 

The purpose of this study was to evaluate interspecies pharmacokinetic 

differences of defenprone, in order to establish its potential as a therapeutic agent for 

hemochrornarosis in affected species. We investigated the pharmacokinetic disposition 

and bioavailability of the dmg in the domestic pigeon (Columba livia), a species with 

initial hepatic iron levels that were higher in this study compared with the chickens used 

in the previous study. In oral iron-Ioading studies, pigeons have been shown to be a 



suitable mode1 for hemochromatosis in affected avian species such as mynahs (Dorrestein 

et al., 1992; Lowenstine and Munson, 1999). Cornparisons of the phannacokinetic 

disposition of deferiprone were made between non-iron-loaded controls and iron-loaded 

birds after a single oral dose. In addition, the disposition and bioavailability were 

detennined within non-iron-loaded birds afier an intravenous dose. A fürther objective 

was to investigate the dmg's disposition in iron-loaded birds that had been treated orally 

with deferiprone for 30 days to evaIuate if the drug induced its own metabolism, or 

whether changes in iron status influenced pharmacokinetic parameters. This study also 

aIlowed for evaluation of interspecies diffcrences compared with the White Leghorn 

chicken. 

MATERIALS AND METHODS: 

The methodology for this study was covered under the same research protocol 

approvals as the chicken study (Whiteside et al., Chapter 2). 

Experimentaf design: 

Treatment Groups: 

Twenty adult domestic king pigeons (Columba fivia) of mixed sex, and ranging in 

bodyweight from 5 17-797 gams, were obtained from Legacy Squab Farms (Elora, 

Ontario, Canada, NOB 1SO) and transported to the Toronto Zoo (Scarborough, Ontario. 

Canada, M 1 B 5K7) where the research was carried out. Birds were randomly assigned to 

one of two equally sized groups (Iron-loaded and Deferiprone Treated [IL-DFP] or 

ControI VIL-DFP]) without regard to apparent gender or size, and were leg-bandeà for 

identification. The birds were housed in groups of five in cages measunng 107 cm x 92 



cm x 92 cm with plastic mesh bottorns, and food and water were provided ad Zibirrint in 

plastic bowls. Birds were fed a commercial pigeon pellet (Purina Pigeon Chow 

Checkers, Agribrands Purina Canada Inc., Woodstock, Ontario, N4S 7x5) and a grain 

mix (#3 Racing mix, Elizabeth Feed Co., Toronto, Ontario, M9K 1 BI). Afier allowing a 

week for adjustment, birds were given a physical examination and 1 mL of blood was 

collected to estabiish baseline cornplete biood counts and serum chemistry values. The 

IL-DFP group was iron-loaded with iron dextran (Ironol 100, P.V.U., J. Webster 

Laboratories Inc., Victoriaville, Quebec, Canada, G6P 1 B 1 ) at a dose of 25 m&= 

intravenously in the right media1 rnetatarsal vein. This iron dextran dose was based on a 

pilot study (Appendix A). The ten birds in the NIL-DFP group served as non-iron-Ioaded 

controls, and did not receive any iron dextran. 

Drug .4drninistration: 

Oral phase: 

Seventy-two hours after iron administration, al1 birds were weighed, and then 

anesthetized with isoflurane by mask (Aerrane, Janssen Pharmaceuticals, Toronto, 

Ontario, Canada). A 24 gauge intravenous catheter (Angiocath, Becton Dickinson, 

Sandy, Utah, U.S.A.) was placed and secured in the left or right ulnar vein, and flushed 

with 0.5 mL of heparinized saline. 

The details of the methods of this phase othenvise were identical to the analogous 

study in the chicken (Whiteside et al., Chapter 2). 

In traver~ ous PIzase: 

After a 30-day washout period, six birds were randomly selected fiom the NIL- 

DFP control group for an intravenous study. These birds were weighed, and then 



anesthetized with isoflurme by mask (Aerrme, Janssen Pharmaceuticais, Toronto, 

Ontario, Canada, M3C 1 L9). A 24 gauge intravenous catheter (Angiocath, Becton 

Dickinson, Sandy, Utah, U.S.A., 84070) was placed and secured in the lefi or right ulnar 

vein, and flushed with 0.5 rnL of heparinized saline. 

The details of the methods of this phase were othenvise identical to the analogous 

study in the chicken (Whiteside et al., Chapter 2). 

3 0-Day Post- Trearrrz etz t Oral Phase: 

This phase was carried out in nine of the 10 birds in the IL-DFP goup,  and was 

identical to the phase camed out in chickens (Whiteside et al, Chapter 2 ) ,  with the 

following modifications. A 24 gauge intravenous catheter (Angiocath, Becton Dickinson. 

Sandy, Utah, U.S.A., 84070) was placed and secured in the nght or left ulnar vein, and 

flushed with 0.5 mL of heparinized saline. The tenth bird was excluded from the study 

due to technical difficulties with catheterization. 

Sample Collection: 

Due to the body weight limitations on the amount of blood that could be 

withdrawn, the groups were divided in half and maintained in this division throughout al1 

studies. Blood sarnples of 700 pL were collected in heparinized syringes at 10, 40, 90, 

240, 480 and 1440 minutes after deferiprone administration for half of the birds, and 

before treatrnent and 20, 60, 120, 360, and 720 minutes after administration of 

deferiprone for the other half of the birds. The collection times were based on those 

established in a pharmacokinetic study of deferiprone in the White Leghorn chicken 



(Whiteside et al., Chapter 2) .  Sample collection was camied out as described by 

Whiteside et al. (Chapter 2) 

Assay Procedure: 

Al1 analyses were performed at the Faculty of Pharmacy, University of Toronto, Toronto. 

Ontario, Canada as previously described by Whiteside et al. (Chapter 2). 

Pharmacokinetic and Statistical Analyses: 

Pharmacokinetic analysis was carried out as described in the chicken (Whiteside 

et al., Chapter 2). AI1 statistics were computed using the SAS statistical sohvare (PC- 

SAS 8.00, S-4s Institute Inc., Cary, North Carolina, U.S.A.). A11 data were reported as 

the mean i: S.D. Cornparisons between the means of the pharrnacokinetic data were 

determined with the mixed model of difference of least square means, allowing for 

covariance analysis, with a priori level of significance set at 0.03. In some cases, 

logarïthmic transformations were required to ncrmalize the data to satisQ the 

assumptions of the model. 

RESULTS 

Oral phase: 

AI1 twenty birds completed the oral study. In the 24 hours post oral drug 

administration, there were no adverse effects associated with administration of 

deferiprone at a dose of 50 mgkg. Approximately three to four hours after drug 

administration, the appearance of mst coloured urine was noted. Mean plasma 

concentrations over time in both groups after a single oral dose of deferiprone (50 mgkg) 

are shown in Figures 3- I a and 3- 1 b (Raw data in Appendix C). 
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Figure 3-la: Mean plasma concentrations (pg/mL f S.D.) versus time (0-6 hours) 

highlighting the absorption and early distribution of deferiprone in iron-loaded (IL-DFP, 

n=10) and control (NIL-DFP, n=10) domestic pigeons after a single oral dose (5Omg/kg). 
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Figure 3-1 b: Mean plasma concentrations (pg/rnL k S.D.) versus time (0-24 hours) in 

iron-loaded (IL-DFP, n=10) and control (NIL-DFP, n=10) domestic pigeons after a single 

oral dose of deferiprone (50mgkg). 



Data from one bird in the IL-DFP group was excluded, as it was an extreme outlier, with 

a half-Iife of 2 1.29 holus (greater than ten standard deviations above the meari of the 

other birds in the IL-DFP group). 

The drug was rapidly absorbed, appearing in the plasma of the five control birds, 

and the five iron-loaded birds, within ten minutes. A summary of the pharmacokinetic 

data is presented in Table 3-1 (Raw data in Appendix C). There were no significant 

differences in any pharmacokinetic parameter between treatment groups. Maximal 

plasma concentrations of 22-33 I 8.70 pg/mL and 21.46 i 8.03 pg/mL were achieved in 

the iron-loaded (IL-DFP) and control (NIL-DFP) groups, respectively at just greater than 

one h o u  post administration. Drug was still present in very low concentrations at 24 

hours. The terminal half-life of 2.98 t 0.85 hours for the IL-DFP g o u p  was shorter than 

the terminal half-life of 3-26 + 1.25 hours for the NIL-DFP group. The NIL-DFP had a 

higher apparent volume of distribution than the IL-DFP goup (3.26 f 1.25 L k g  vs. 2.19 

i 0.89 Lkg). 



Table 3-1 : Cornparison of phamacokinetic parameters after oral administration of a 

single dose of deferiprone (50 mgkg) to iron-loaded (IL-DFP) and control (NIL-DFP) 

domestic pigeons. There are no significant differences in these parameters between 

treatment groups. 

AUC (ug-h/mL) 

AUC (O-=> (p~ .h /mL)  

K (h-') 

Elimination half-life (h) 

cmx (p@mL) 

Tm, (min) 

AUMC (pg- h ' lrn~) 

AUMC to,, (pg.h2:ml) 

MRT (h) 

App.CLT ( L h )  

N-CLT (L/ kg-h) 

App .Vss ( L k g )  

a. Mean f S.D. for 9 birds in the iron-loaded group and 10 birds in the control group. 



Intravenous phase: 

Al1 six birds completed the intravenous study. In two birds, mild drowsiness and 

slight atawia were noted within 20 minutes following intravenous administration of 

deferiprone at a dose of 50 mgkg. This subsided at approxirnately 90 minutes post 

administration. Approximately three hours afier dmg administration, the appearance of 

mst coloured urine was noted. Mean plasma concentrations over time after a single dose 

administration of deferiprone (50 mgkg) orally and intravenously are shown in Figure 3- 

2a and 3-2b (Raw data in Appendix C). 
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Figure 3-2a: Mean plasma concentrations (pg/mLi. S.D.) versus time (0-6 hours) 

highlighting the absorption and early distribution of deferiprone after a single oral (PO) 

or intravenous (IV) dose (50 mgkg)  in non-iron-loaded domestic pigeons (n=6) 
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Figure 3-2b: Mean plasma concentrations (pg/mLf S.D.) versus time (0-24 hours) after 

a single oral (PO) or intravenous (IV) dose of deferiprone (50 mgkg) in non-iron-loaded 

domestic pigeons (n=6) 

A summary of the pharmacokinetic data is presented in Table 3-2 (Raw data in 

Appendix C). Mean maximal plasma concentrations achieved by intravenous 

administration o f  deferiprone were significantly greater (approximately eight-fold) 

compared with the concentrations achieved via the oral route in the same birds ( 1  96.41 5 

49.98 pJmL versus 22.27 f 6.19 pg/mL; t =18.Ol, p < 0.000 1). Deferiprone was still 

detectable in the plasma 24 hours afier intravenous administration. The intravenous 

elimination half-life of 3.79 f 1.23 hours was not significantly greater than the oral 

elimination of half-life of  3.33 k 1.48 hours in the sarne birds. The elimination rate 

constant between the two groups was not statistically different. The intravenous route 



also had a slightly shorter MRT (4.03 + 1.41 hours) compared with the oral route (4.77 i 

1.27 hours). The mean oral bioavailability was moderate at 43.97 + 2 1.15 % with a range 

of 34-71 to 73.58 %. 

Significant differences between the AUC and O-io) were obsewed between the 

two groups (t = 7.78, p<0.0001; t =7.45, p<0.0001), with the means for both AuCo-, and 

AuCo< being significantly larger for the intravenous route (276.83 I 78.98 pg-MmL; 

298.82 i 91.71 p g - h h L )  compared with the oral route (108.12 k 23.91 pg-WmL; 1 1  7-50 

+. 3 1.22 pg-h/mL). The apparent volume of distribution was three-fold higher for the 

oral route than for the intravenous route (7.1 1 f 0.45 L k g  vs. 0.70 + 0.13 L/kg 

respectively; t = -5.99, pc0.000 1 ). The normalized apparent clearance rate was also 

significantly larger for the oral route cornpared with the intravenous route ( t  =-5.21, 

p=0.0002). 



Table 3-2: Cornparison of pharmacokinetic parameters after oral or intravenous 

administration of a single dose of deferiprone (50 mgkg) to non-iron-loaded control 

(NIL-DFP) domestic pigeons. 

a Mean + S.D. for 6 birds for each route of administration. 

* Significant difference between route of administration @ 5 0.05). 



30-Day post-~reatmeni oral Study: 

AI1 nine birds completed the post-treatment study. No adverse effects were noted 

with oraI deferiprone administrztion over the thirty-day treatment period at a dose of 50 

m g k g  turice daily. Approximately three to four hours afier administration, the 

appearance of rust coloured urine was noted. Mean plasma concentrations over time for 

both days afier a single oral dose administration of deferiprone (50 mgkg) are shown in 

Figures 3-3a and 3-3b (Raw data in Appendix C). 
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Figure 3-3a: Mean plasma concentrations (pg/mL k S.D.) versus time (0-6 hours) 

highlighting the absorption and early distribution of deferiprone in iron-loaded (IL-DFP, 

n=9) domestic pigeons afier single oral doses (50mglkg) on Day 1 and Day 30. 
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Figure 3-3a: Mean plasma concentrations (&mL I S.D.) versus time (0-24 hours) in 

iron-loaded (IL-DFP, n=9) domestic pigeons afier single oral doses of deferiprone 

(50mgkg) on Day 1 and Day 30. 

A sumrnary of the phamacokinetic data is presented in Table 3-3 (Raw data in 

Appendix C). There were no significant differences in any of  the calculated 

phmacokinetic parameters between Day 1 and Day 30. The half-life at Day 30 was 

slightly, but not significantly larger, than the half-life or, Day 1 (3.42 I 1.18 hours vs. 

2.93 k 0.89 hours). The MRT was also slightly longer at 5.54 hours compared with 5.08 

hour, as was the apparent volume of distribution (2.63 k 1 .O4 L/kg vs. 2.19 + 0.95 L k g ) .  

The normalized clearance rate was approximately 0.49 L/kg/hr on Day 30 compared with 

0.44 L/kg/hr on Day 1. Data from one bird in the IL-DFP group was excluded, as it was 

an extreme outlier, with a half-life of 2 1.29 hours (greater than ten standard deviations 

above the mean of the other birds in the IL-DFP group). 



Table 3-3: Cornparison of pharmacokinetic parameters after administration of a single 

dose of deferiprone (50 mgkg) on Day 1 and Day 30 to iron-loaded (IL-DFP) domestic 

pigeons. There are no significant differences in any parameter. 

a. Mean I S.D. for 8 birds on Day 1 and 8 birds on Day 30. 



D~scussrorv 

This study in pigeons was undertaken, along with an analogous study in chickens 

(Whiteside et al., Chapter 2), to determine if the pharmacokinetic disposition of 

defenprone varies between different species of birds, as the drug has potential for treating 

hemochromatosis in many valuable, and often rare, avian species in captivity. Pigeons 

were chosen since they normally have higher hepatic iron concentrations, due to different 

iron metabolism compared to chickens (Ramis and Planas, 1978; Lowenstine and 

Munson, 1999). In addition, pigeons have been used as models for hemochromatosis in 

mynahs and other susceptible species, since they can be orally iron-loaded (Dorrestein er 

al., 1992). Our findings indicate that deferiprone c m  be adrninistered to pigeons at a 

single dose of 50 m g k g  orally without any signs of acute toxicity. As with the chicken, 

the drug can be rneasured in the plasma of  pigeons utilizin~ HPLC methodology desiged 

for human patient studies with the drug. 

As was the case in chickens, deferiprone is rapidly absorbed fi-om the 

gastrointestinal tract in pigeons with measurable plasma concentrations detectable in al1 

birds within 1 O minutes. The maximal plasma concentration of approxirnately 22pg/mL 

(158 pmoVL) for both the control and iron-loaded g-oups, achieved with an oral dose of 

50 mgkg, is approxirnately half of the maximal concentration achieved in the White 

Leghorn chicken (Whiteside et al., Chapter 2), but is similar to that reported in people 

(158.8 + 82.9 pmol/L) administered deferiprone orally at 50 m g k g  (al-Rafaie et al., 

1995b; Barman-Balfour and Foster, 1999). The maximal concentration in the pigeon is 

also similar to that reported in the dog (24.3-52.4 pg/mL at 100 mgkg; Rahman et al., 

1992). Maximal concentrations were achieved at just over one hour in the pigeon, which 



is sirnilar to findings in the chicken (Whiteside et al., 2001), and people (Matsui et al., 

199 1 ; al-Rafaie et al., 1995b; Barman-Balfour and Foster, 1999). 

Although the longer interval between sequential b1ood sampies in individual 

birds, imposed by the small size of pigeons, rnay have influenced the determination of 

true peak drug concentrations, the calculated difference in the maximal plasma 

concentrations between the pigeon and the chicken most Iikely reflects the difference in 

bioavailability of defenprone in the two species. The mean oral bioavailability of 

deferiprone in the pigeon is 44%, which is less than half of the mean oral bioavailability 

of 93% in the chicken (Whiteside et al., Chapter 2) .  However, the bioavailability in the 

chicken may be exaggerated, as the intravenous study of deferiprone in this species was 

carried out using the media1 metatarsal vein. When drugs that are eliminated by renal 

tubular excretion are given in the legs, the ipsilateral kidney will excrete drug before i t  

enters the general circulation. This could lower the AUC [omt> if there is a first pass effect 

due to perfusion of the kidney by the renal portal system. 

Since bioavailability is a ratio of AUC co,, values between the extravascular and 

intravascular routes, the AUC values reflect the extent of absorption (Rowland and Tozer, 

1995). The oral AUC (0,) in the pigeon is approximately 60% of the iron-loaded and 

controI AUC (O,, in the chicken (Whiteside et aI, Chapter 2). Using this ratio, the 

corrected bioavailability in the chicken is 73%. The bioavailability of deferiprone in the 

pigeon is lower than that reported in the rabbit (72%; Fredenburg et al., 1993), the rat 

(60%; Fredenburg et al., 1996) and the dog (6 1-76%; Rahman et aI., 1992). 

This lower bioavailability indicates that deferiprone rnay not be as well absorbed fiom 

the pigeon's intestinal tract as in the chicken, possibly due to differences in intestinal 



surface area or small intestine transit time. Altemativeiy, it may indicate that the hepatic 

first pass effect, or hepatic extraction, of deferiprone in the pigeon is higher than in the 

chicken. The same factors that influence gastrointestinal uptake and bioavailability of 

defenprone in the chicken (Whiteside et al, Chapter 2) probably also act in the pi, oeon. 

Plasma defenprone concentrations in pigeons were Iow but still measurable at 24 

hours in both the oral study and intravenous study. For effective chelation therapy in 

people, initial concentrations of deferiprone need to exceed 100-200 p m o K  (14-28 

pJmL) to remove iron h m  saturated transferrin, and plasma concentrations of 20-50 

pmoVL (3-7 pJmL) are necessary to rnaintain non-transfemn bound iron levels below 2 

pmol/L (Breuer et al., 2000; Kontoghiorghes et al., 2000). Plasma defenprone 

concentrations remained above 100 ,urnol./L for between two and four hours post oral 

administration in both the iron-loaded and control groups, and remained above 20 pmol/L 

for greater than eight but less than 12 hours for iron-loaded birds. This is similar to 

findings in chickens, although the time the concentration of deferiprone remained above 

100 pmollL in the plasma of the chickens was six hours (Whiteside et al., Chapter 2). 

The difference between the species is a reflection of the lower bioavailability in the 

pigeon. 

The mean oral elimination half-life for deferiprone in pigeons was shorter, but not 

significantly different, in the iron-loaded group compared with the control group (2.98 

hours versus 3.26 hours), and is virtually identicaI to the mean elimination half-life in the 

chicken (Whiteside et ai., Chapter 2). In people, the difference in half-life between 

thalassemic patients (1 -5-2.7 hours) and healthy volunteers (1.2- 1.3 hours) has been 

attributed to a larger apparent volume of distribution in thalassemic patients, associated 



with substantially more circulating iron (Kontoghiorghes et al., 1990; Matsui et al., 199 1 ; 

Stobie et al., 1993; al-Refaie et al., 2995b). This is not consistent with Our findings in the 

pigeon, as the mean apparent volume of distribution was smaller in the iron-loaded group 

compared with the control group (2.19 L/kg versus 3.26 L/kg), and the half-life of the 

iron-loaded group was marginally shorter than that of the control group- However, the 

degree of iron-loading may be a significant factor, and further studies in pigeons that 

have been chronically iron-loaded to very high levels are needed. 

The apparent volume of distribution is approximately 65x greater than the plasma 

volume and 5x greater than the total body water of healthy domestic pigeons, which is 

slightly Iarger than the apparent volume of distribution in the chicken (Ritchie et al., 

1994; Whiteside et al., Chapter 2). This extensive volume of distribution, due to low 

protein binding of deferiprone and low ionization, offers great potential for removal of 

excessive iron stores in parenchymal tissues. 

Based on a sirnilar time to reach maximal plasma concentrations of defenprone in 

the pigeon compared with people, the longer half-life in the pigeon is most likely related 

to elimination of the dmg. This is supponed by the normalized clearance rate (N.CLT) of 

0.44 t 0.14 L/hr/kg and 0.50 f 0.16 L/hr/kg in iron-loaded and control pi, =cons 

respectively, which is approximately 75% of the rate of 0.6 f 0.18 L/hr/kg in human 

patients with P-thalassemia (Fassos et al, 1996). The NCLT is approximately 1.5 times 

greater in the pigeon compared with the chicken (Whiteside et al., Chapter 2). This may 

reflect greater hepatic metabolism of the drug. 

In marnmals, deferiprone is metabolized in the iiver by glucuronidation, being 

converted to an inactive metabolite (Barman-Balfour and Foster, 1999). The enzymes 



involved in the process of  glucuronide conjugation are poorly described in birds 

(Dorrestein and Van Miert, 1988). Since the half-lives are essentially equal in the pigeon 

and the chicken, a decreased rate of phase II metabolisrn o f  deferiprone, due to lower 

glucuronidation activity in the avian liver, may be responsibIe for the longer half-life in 

both species compared with people. The similar half-life in the chicken and pigeon also 

suggests that these two species have similar glucuronidation abilities. Whether this is 

tme in other species of birds remains to be studied. As well, the lower glomerular 

filtration rate in the avian kidney likely contributes to a longer half-life of deferiprone in 

the pigeon and chicken cornpared to humans (Dorrestein, 199 1 ). 

Two of six pigeons given defenprone intravenously showed clinical signs of 

drowsiness and mild ataxia following administration. As the dmg was dissolved in a 

sterile diluent containing 9 rngIrnL benzyl alcohol, the clinical s i p s  are likely 

attributable to the alcohol, as recovery was complete by 90 minutes post administration. 

Considering the body weight of the pigeon (approximately 600-700 g r a s ) ,  the blood 

alcohol concentration would be 0.12-0.15 mg/mL, which is associated with decreased 

mental status and ataxia in people (Naik and Lawton, 1996). 

The mean elimination half-life of intravenously administered deferiprone (3.79 

hours) was not significantly greater than for the orally administered dmg (3.33 hours) in 

the pigeon. This indicates that the rate of absorption of deferiprone has little influence on 

the rate of elimination in the pigeon, and that e h i n a t i o n  of the drug is the rate-lirniting 

step (Rowland and Tozer, 1995). The longer intravenous half-life in the pigeon 

cornpared with the chicken (2.42 hours) may be associated with the route of 

administration. In the pigeon study, the drug was administered intravenously in the ulnar 



vein while it was adrninistered in the media1 metatarsal vein in the chicken (Whiteside et 

al., 2001). As the oral half-lives were sirnilar in both species, and owing to the fact that 

the kidneys excrete defenprone, the intravenous half-life may have been shortened in the 

chicken study due to the first pass effect of the renal portal system, if the dnig is excreted 

by the renal tubular epithelium (Ritchie et al, 1994). Further studies are needed to 

determine the mechanisms of renal excretion in deferiprone in birds. 

In the pigeon, the mean residence time (MRT) for the intravenous route \vas 

shorter than the oraI route of administration (4.03 hours versus 4.77 hours), as would be 

expected with an intravenous bolus of drug. The MRT for the oral route represents the 

sum of the MRT for the intravenous dose and the mean absorption time. Thus, in the 

pigeon, the mean absorption time for the total dose of deferiprone is approximately 0.75 

hours (Rowland and Tozer, 1995; Gabrielsson and Weiner, 1997). The MRT for the oral 

route in the pigeon is sirnilar to the chicken; however, the MRT for the intravenous route 

is approximately 1 -5 times geater in the pigeon compared with the chicken (Whiteside et 

al., 2001). Since MRT is a reflection of the AUMC and AUC, if we appIy the factor used 

to correct the bioavailability in the chicken the MRT for the intravenous route in the 

chicken would be 3.44 hours, and the mean absorption time would be 1.88 hours. 

Although deferiprone has been shown to induce its own metabolism in vitro 

(Matsui et al., 1991). this has not been a consistent finding in vivo in human patients 

(Matsui et al., 1991; al-Refaie et al., 1995b). It appears that defenprone does not induce 

its own metabolism in the pigeon based on the results of the pharrnacokinetic study 

carried out after 30 days of drug administration. However long t e m  studies are needed 

to confirm this. 



In summary, oral administration of defenprone in the domestic pigeon at a dose of 

50 mgkg achieves suitable plasma concentration levels for effective iron chelation 

therapy for at least eight hours, as it does in the chicken. Based on the half-life of 

deferiprone, a hvice-daily dosage regimen is appropnate, although a single dose of 100 

mzAg may be as effective (Kontoghiorghes, 2000). Clinical studies are needed to ensure 

that the dmg is efficacious at this dose. In both pigeons and chickens, the dm; is rapidly 

absorbed from the gastrointestinal tract and has a large apparent voiume of distribution. 

The oral bioavailability is lower in the pigeon compared with the chicken. The 

sirnilarities in pharmacokinetic disposition of the dmg in the pigeon and chicken suggest 

that the disposition of the drug may be similar in al1 avian species, but pharmacokinetic 

studies in species affected by hemochromatosis are needed to confirrn this. Studies on 

the sites of defenprone absorption in the gastrointestinal tract are needed, as are studies to 

determine if any biliary excretion of the drug occurs in avian species. Whether 

defenprone is eliminated by glornerular filtration, or whether tubular excretion occurs in 

birds needs to be determined. Finally, the disposition and elimination of the glucuronide 

metabolite also deserves further study in birds. 



CMAPTER 4: CLINICAL EVALUATION OF THE ORAL ~ R O N  CHELATOR DEFERIPRONE 1s 

THE WHITE LEGHORN CHICKEN (GALLUS GALLUS F O M A  DOMESTICA) 

A N D  THE DOMESTIC PIGEON (COLUMBA LI VIA) 

ABSTR4CT 

The potential clinical use of the oral iron chelator deferiprone for the treatment of 

iron storage disease in birds requires evaluation. In this study, the efficacy of deferiprone 

to reduce heparic iron stores, its effects on hematological, biochemical, or plasma iron 

parameters, and its potential toxicity during a 30-day treatment period, were investigated 

in a controlled setting using hvo mode1 species, the White Leghorn chicken and the 

domestic pigeon. A second phase of the study investigated defenprone-related iron 

elimination via the excreta. Deferiprone, adrninistered orally at a dose of 50 mgkg hvice 

daily to birds that had been experimentally iron-loaded, significantly reduced hepatic iron 

concentrations compared with iron-loaded and non-iron-loaded controls. There were no 

significant alîerations in hematological or biochemical parameters. In both species, a 

decrease in transfemn saturation was noted. Side effects associated with defenprone 

administration were decreased weight gain and significant decreases in plasma zinc 

concentrations. No mortalities occurred in the pigeons, but there were three deaths in the 

defenprone-treated group of iron-loaded chickens, mosr likely associated with acute 

reduction of iron required for normal enzyrnatic processes. Histological changes 

associated with deferiprone treatment were not noted. Deferiprone caused a dose 

dependent increase in excretion of iron in the excreta at oral doses of 50 mgkg and 75 



mgkg once daily in both species. Deferiprone is a promising orally active iron chelator 

for the treatment of iron overload in birds. 

INTRODUCTION 

Iron storage Ieading to disease (hemochromatosis), is a pathological condition that 

has been documented in a number of exotic and domestic animal species, as well as in 

people. Various avian species are affected by this condition, most notably in some 

species of mynahs and starlings, toucans, birds of paradise and hombiils (Randell et al., 

198 1 ; Spalding et al., 1986; Moms et al., 1989; Worrell, 1 Wlb; Loornis and Wright, 

1993; Comelissen et al., 1995; Lowenstine and Munson, 1999). Hemochromatosis 

implies iron overload with injury to the involved organs, especiaIIy the liver, and 

occasionally hem,  endocrine tissues, and spleen, as manifested by cellular degeneration 

and fibrosis, ofien with associated fùnctional changes (Burtis and Ashwood, 1999). 

Birds with iron storage disease may die with no premonitory s i g s ,  or they rnay 

develop non-specific clinical signs such as generalized weakness, dyspnea, chronic 

wasting, cardiomegaly, and abdominal distension due to hepatomegaly and ascites. 

Those afflicted with chronic disease also rnay develop disturbances in equilibrium, or 

begin feather picking. In severe cases, hepatic encephalopathy rnay occur. Death usually 

is due to liver or heart failure (Spalding et al., 1986; Morris et al., 1989; WorelI, 199 1 a,b; 

Ritchie et al., 1994; Cornelissen et al., 1995; Lowenstine and Munson, 1999; Cork, 

2000). 

The mechanisms involved in the etiology of  avian iron storage disease are not 

fully understood (Moms et al., 1989; Dierenfeld et ai., 1994; Lowenstine and Munson, 



1999; Cork, 2000). Similarities in the hepatic distribution of iron at the histological ievel 

in people with primary hemochromatosis and in mynahs have led some authors to 

conclude that mynahs, and possibly otner susceptible species, may be genetically 

predisposed to iron storage disease (Gosselin and Kramer, 1983; Ward et al., 1988; 

Morris et al., 1989). However, other studies have implicated high dietary intake, relative 

to the pattern of iron metabolisrn, in non-susceptible avian species as the direct cause of 

iron overload in some avian species ( W d  et al., 1988; Dorrestein et al., 1992; 

Dierenfeld et al., 1994; Cork, 2000; C ~ s s e y  et al., 2000; Dorrestein et al., 2000). 

Regardless of its etiology, early diagnosis and treatment of iron storage disease is 

essential, as the degree of iron overload has prognostic implications (Morris et al., 1989; 

Comelissen et al., 1995; McDonell and Witte, 1997; Bnttenham et al., 2000). In people, 

excessive iron accumulation in tissues has been associated with increased prevalence of 

infections, neoplasia, hepatopathy, cardiornyopathy, arthropathy, endocrinopathies, and 

neurodegenerative disorders (Kontoghiorghes and Weinberg, 1995; Brittenham et al., 

1998; Gottdenker et al., 1999; Weinberg, 1999; Cork, 2000; Cunningham-Riddles et al., 

2000; Hussain et al., 2000; Walker and Walker, 2000). Once a diagnosis of excessive 

iron storage is established, therapy must be institured to prolong life. 

In primary hemochromatosis of man, phlebotomy is performed once or twice 

weekly to induce an iron deficiencÿ anemia, which ensures that a11 stored iron is 

mobilized. Maintenance of normal iron status then is achieved by penodic phlebotomy 

(Brittenham et al., 1998; Brissot et al., 2000; Brittenham et al., 2000). This treatment also 

has been employed in birds. However difficulties arise due to the small size of some 

patients, the stress of repeated handling, and the uncertainty of the maximum safe volume 



of blood that can be removed at fiequent intervals in a potentiaIIy compromised patient 

(Moms et al., 1989; Worrell, 1991 a; Loomis and W r i a t ,  1993; Lowenstine and Munson, 

1 999). 

Iron chelation therapy is used in human patients with transfusional iron overluad. 

where phlebotomy is not possible. Deferiprone (I,2-dimethyl-3-hydroxypyrid-4-one, 

L1, CP20), which is orally active, and deferoxarnine (DFO), which is administered 

par enter al!^, are the only iron chelators clinically available for treating the disease in 

people (Brittenharn et al., 1994; Nielsen et al., 1995; Hoffbrand and Wonke, 1997; 

Olivien and Brittenham, 1997; Kontoghiorghes et al., 2000). 

PotentiaI complications'of DFO therapy in humans include ocular, auditory, and 

cerebral neurotoxicity, pancytopenia, acute respiratory hypersensitivity-mediated 

reactions, local skin reactions, and increased prevaience of bacterial and fungal 

infections, such as yersiniosis and rnucormycosis (Nathan, 1995; Hoffbrand, 1998; 

Kowdley and Kaplan, 1998; Kontoghiorghes et al., 2000). Abnormalities in cartilage 

rnetabolism, and stunted linear growth of long bones due to dysplastic changes also have 

been reponed (Olivien et al., 1992; Chan et al., 2000). Although no pharmacokinetic 

studies of DFO have been camed out in birds, there have been two case reporîs of its 

successfd use (Loomis and Wright, 1993; Cornelissen et al., 1995). However, the stress 

of Frequent handling for daily injections, and the lack of oral efficacy, would preclude the 

use of DFO in some species affected by hemochromatosis. 

Deferiprone is a bidentate iron ligand that was designed to rnimic the naturally 

occurring chelators mirnosine, tropolone and malt01 (al-Refaie et al., 1995b; Barman- 

Balfour and Foster, 1999; Kontoghiorghes et al., 2000). Deferiprone binds with iron in a 



3: 1 moIecular ratio, forming a neutral cornplex. It chelates free iron as well as iron 

bound by transferrin, femtin, and hemosiderin. It also can chelate pathologicai iron 

deposits fkom within intact red blood cells in patients with thalassemia or sickle ce11 

anemia (Collins et al., 1994; Barman-Balfour and Foster, 1999). In people, deferiprone is 

metabolized in the liver predominately (>85%) by glucuronidation to a conjugate that 

Iacks chelating properties (Barman-Balfour and Foster, 1999). 

The rnost serious potential side effect of deferiprone use in human patients is a 

transient neutropenia and/or agranulocytosis, which is reversible with discontinuation of 

therapy. Zinc deficiency has also been reported. Other reported side effects are transient 

musculoskeletal or joint pain and gastrointestinal disturbances such as anorexia, nausea 

or vomiting (al-Refaie et al., 1994a,b; Olivieri et al., 1995; Hoffbrand, 1998; Nathan, 

1998; Barman-Balfour and Foster, 1999; Kontoghiorghes et al., 2000). 

The pharmacokinetics of deferiprone recently has been studied in the White 

Leghom chicken and the domestic pigeon, two species with varying iron metabolism 

(Whiteside et al, Chapters 2 and 3). A dosage of 50 mgkg orally maintained plasma 

concentrations at levels required for effective iron chelation for at least eight hours post 

administration in both species. White Leghorn chickens are a breed in which there is no 

stainable iron in the liver of healthy birds, and thus are ideal for an experimental mode1 

for iron-loading studies (Cork et al., 1995). Pigeons that are experimentally orally iron- 

loaded develop rnarked hemosiderosis, and therefore serve as an applicable mode1 for 

iron storage disease in mynahs, and likely other susceptible avian species (Dorrestein et 

al., 1992; Lowenstine and Munson, 1999). 



In this study, we conducted a controlled investigation into the clinical 

applicability of deferiprone in avian species for the treatrnent of iron overload. The 

research was canied out in the White Leghom chicken (Gallus gallus forma donzestica) 

and the domestic pigeon (Columba livia) to allow for comparisons in species with 

differing iron metabolism. The objectives of this study were (1) to evaluate the efficacy 

of deferiprone to decrease hepatic iron stores in the chicken and the pigeon with 

experimentally induced hemosiderosis, (2) to assess for clinical, hematological. 

biochemical, or pathological abnorrnalities associated with drus administration. and (3) to 

quantitatively determine the influence of deferiprone on iron excretion in iron-loaded 

birds. 

MATERIALS AXD METHODS: 

The Animal Care Committee at the University of Guelph, and the Animal Care. 

Research and Acquisition Cornmittee at the Toronto Zoo, both of which operate under the 

auspices of the Canadian Council on Animal Care, approved the research project. 

Experimen ta1 Design: 

30-day oral efficacy and tosicity trial: 

Thirty White adult Leghorn chickens were obtained fiom the Arkell Research 

Station (University of Guelph, Guelph, Ontario, Canada, NI G 2W1), while thirty adult 

domestic king pigeons were obtained from Legacy Squab Farms (Elora, Ontario, Canada, 

NOB 1S0). Birds were transported to the Toronto Zoo (Scarborough, Ontario, Canada, 

M1B SK7) where the research was canied out. The study was first carried out in 

chickens, and then repeated with pigeons. Individuais of both species were 

reproductively mature. 



Upon arrival, the birds were randomly allocated to one of three groups of ten 

birds (Control (NIL-C), Iron-loaded and Deferiprone treated (IL-DFP) or Iron-loaded 

(IL)) independent of weight, size or age, and were leg-banded for identification. The 

birds were housed in groups of five in cages measuring 107 cm x 92 cm x 92 cm with 

plastic mesh floors. Food and water were provided ad libitum in plastic bowls. Afier 

allowing a week for acciirnation, al1 birds were weighed, given a physical examination to 

eliminate obviously diseased birds fkom the study, and bIood was collected to establish 

baseline hematological and biochemical values, plasma iron levels, total iron binding 

capacity (TIBC), unbound iron binding capacity (UIBC), and transferrin saturation levels 

(TS%). 

The birds in the IL-DFP and IL group were administered intravenous iron dextran 

(Ironol 100, P.V.U., J. Webster Laboratories, Victoriaville, Quebec, Canada, G6P 1 G 1 ) 

in the right or lefi medial metatarsal vein at a dose of 25 mgkg, based on a dose derived 

from a pilot study (Appendix A), to induce experimental hemosiderosis. On day 0, the 

IL-DFP group was gavaged with a suspension of deferiprone at a single dose of 50 mgkg 

to determine the pharmacokinetics of the drug (Whiteside et al., Chapters 2 and 3). 

Blood was collected frorn al1 birds in the IL and ML-C groups, equal to thevolurne of 

blood collected from the IL-DFP group for the pharmacokinetic study (8.4 mL in the 

chicken, and 3.2 mL in the pigeon). The following day. twice daily administration of a 

deferiprone suspension (in a 5050 solution of propylene glycol and sterile water) by 

gavage was initiated in the IL group at a dose per administration of 50 mgkg. The IL 

group did not receive any defenprone while the NIL-C group did not receive any iron 



dextran or defenprone; these groups were gavaged daily with the 50:50 solution of 

propylene glycol and sterile water. 

Treatment was carried out twice daily for 30 days in al1 three groups. Animals 

were monitored at Ieast twice daily, with particular care to assess for any potential 

negative reaction afier administration of defenprone. Feed intake was monitored, and 

birds were weighed on a weekly basis to rnonitor body weight and adjust the defenprone 

dose. In the White Leghorn chickens, egg production aIso was monitored. 

Blood was collected weekIy from the same five birds per treatment group, 

randomly selected at the beginning of the trial, for assessment of plasma iron levels, total 

iron binding capacity, and transferrin saturation levels. Biochemical and hematological 

parameters were assessed in these birds at the midpoint and at the end of the treatment 

period. Plasma zinc. copper and magnesium levels were assessed at the endpoint of the 

study. On weeks one and three, 1 .O mL of blood was collected, while on weeks two and 

four 1.5 mL of blood was collected. The blood samples were transferred immediately to 

lithium heparin microtainers (Becton Dickinson, Franklin Lakes, New Jersey, U.S.A., 

0741 7), and centrifiged at 3500 rpm (2383 x g) for 20 minutes within 10 minutes of 

collection to harvest the plasma. The plasma was transferred to Sarstedt safe-seal 1.2 mL 

microtubes (Sarstedt Inc., St. Léonard, Quebec, Canada, H lP  1AS). On weeks hvo and 

four, 0.3 mL of blood was transferred to a separate lithium heparin microtainer and lefi 

un-centrifuged for a complete blood count. Al1 hematology, biochemical analysis, plasma 

iron assays, and plasma trace minerals analysis were performed at the Animal Health 

Laboratory (University of Guelph, Guelph, Ontario, Canada, N 1 G 2W 1). The effects of 

weekly phlebotomy were controlled for using the birds not subjected to blood collection. 



Following a 60-hour washout penod at the end of 30-day treatment period, a 

single dose of deferiprone (50 mgkg) was administered to the IL-DFP group by gavage 

for an endpoint pharmacokinetic study (Whiteside et al., Chapters 2 and 3). Al1 birds in 

the NIL-C and IL groups had blood collected to equal the volume of blood coIIected for 

the pharmacokinetic study (8.4 mL for the chicken and 4.2 rnL for the pigeon). The 

following day, al1 birds in the three groups were euthanized with T-6 1 intravenously 

(Hoescht Canada Inc., Agicultural Division, Regina, Saskatchewan, Canada, S4N 5P7). 

Al1 birds were necropsied, the livers were weighed, and then portions of liver 

from each bird were submitted to the Animal Health Laboratory (University of Guelph, 

Guelph, Ontario, Canada, N1G 2W 1) for quantitative determination of iron stores on a 

dry weight basis (see methodology in Appendix D). Tissue samples (liver, heart, spleen, 

kidney, brain, eye, esophagus, proventriculus. ventnculus, duodenum, pancreas, jejunum, 

cecum (chicken), colon, gonad, trachea, lung. thyroid gland, skeletal muscle and skin) 

were fixed in 10% formalin, embedded in paraffin, sectioned at 4 Fm, and exarnined 

histologically after staining with hematoxylin and eosin (H &E). Liver, h e m  and spleen 

were also evaluated after staining with Perl's Prussian blue iron stain. A grading system 

for iron deposition (Bothwell er al., 1965) was modified as follows to evaluate iron stores 

in the hepatocytes and myocardiocytes: 

O No stainable iron granules 

1 Occasional fine stainable iron granules 

7 - Numerous fine and occasional coarse iron g-ranules in most cells 

3 Numerous fine and coarse iron granules in most cells 



Iron in the reticuloendothelial system (Kupffer ceIls, peïiportal and perivenular 

hepatic macrophages, and splenic macrophages) was graded similarly, except a score of 

"2'' indicated that these ce1Is contained numerous fine and coarse iron granules, while "3" 

represented masses of coarse intracellular iron. 

Deferiprone-induced iron excretion: 

The final phase of the project was to detemine iron levels in the excreta in 

chickens and pigeons before iron-loading, and after iron-loading before and after 

treatment with deferiprone. Six White Leghom chickens were obtained from the Arkeil 

Research Station (University of Guelph, Guelph, Ontario, Canada, N1G 2WI). Six 

domestic king pigeons were obtained from Legacy Squab F m s  (Elora, Ontario, Canada, 

NOB 1 SO). Birds were transported to the Toronto Zoo (Scarborough, Ontario, Canada, 

MIE3 5K7) where the research was canied out. The study was first canied out in 

chickens, and then repeated with pigeons. 

The birds were weighed, identified with leg bands, and housed individually in 

stainless steel cages measuring 61 cm x 61 cm x 69 cm. The floors of these cages were 

slatted so that the excreta would fa11 through ont0 plastic sheets lining the trays, which 

were changed daily. Food and water was provided in plastic bowls ad libirztnz. 

Individual baseline iron excretion levels were determined for each bird by taking the 

mean of the total iron content per kg bodyweight in excreta collected on two consecutive 

days. 

The birds were then iron-loaded with intravenous iron dextran (Ironol 100, 

P.V.U., J. Webster Laboratories, Victoriaville, Quebec, Canada, G6P 1 G 1 ) injected in the 

right or lefi media1 metatarsal vein at a dose of 25 mgkg. Afier allowing 72 hours for 



iron distribution, the excreta were collected fiorn each bird for three days for 

determination of iron concentration in the excreta. Three birds were then gavaged with 

deferiprone orally at a dose of 50 mgkg while the other three birds were gavaged at a 

dose of 75 mgkg for three days. This was reversed for the final three days so the birds 

treated initially at 50 mgkg  received 75 mgkg, and vice versa. During the six days of 

treatrnent, al1 excreta of each bird was collected over the 24-hour penod following 

deferiprone administration to determine iron concentration in the excreta while the dnig 

was being administered 

Excreta fiom each bird on each day were stored in individual plastic bags and 

Frozen at -20 O C  until analysis for iron concentration. Al1 analyses were can-ied out at the 

Animal Health Laboratory (University of Guelph, Guelph, Ontario, Canada, N1 G ZW 1 ) 

(Methodology in Appendix D). Al1 values were reported on a dry weight basis. Total 

iron excretion per kilogram bodyweight was calculated as follows: 

Iron concentration (dry wt) x Excreta (dry wt) x Total daily excreta (wet wt) 
Excreta (wet wt) 

Bodyweight (kg) 

At the conclusion of the study, al1 birds were euthanized with T-6 1 intravenously 

(Hoescht Canada Inc., Agicultural Division, Regina, Saskatchewan, Canada. S4N 5P7). 

Necropsies were carried out on al1 birds. 



S tatistical analyses: 

Al1 statistics were computed using the SAS statistical software (PC-SAS 8.00, 

SAS Institute Inc., Cary, North Carolina, U.S.A.). Al1 data were reported as the rnean + 
S.D. Comparisons between the means of al1 groups for hepatic iron concentration. 

plasma trace mineral analysis. feed intake, and egg production, were detemined with the 

general linear mode1 (GLM) least square means procedure. Comparisons between the 

means of al1 groups for hematological, biochemical and plasma iron parameters were 

detemined with the mixed mode1 of difference of least square means, allowing for 

covariance analysis. The a priori Ievel of significance was set at 0.05. In some cases, 

loganthmic transformations were required to normalize the data to satisS/ the 

assumptions of the models. 

RESULTS 

30-day oral efficacy and toxicity trial: 

No rnortalities occurred in the pigeons, while three chickens died in the 

deferiprone treatment group rnidway through the study on days 16, 17 and 18 of 

treatrnent. These birds were noted on several occasions being picked on by conspecifics. 

In addition there was one chicken death due to camibalism in the NIL-C group at the 

begiming of the study (Day 3). The most clinically significant finding in the deferiprone 

treatment group for both species of birds was the production of nist coloured urine likely 

indicative of excretion of Fe-deferiprone complexes. 

Although there were no significant differences in food intake dunng the study 

there were differences in weight gain in the IL-DFP group compared with the IL and 



NIL-C not treated groups for both species of birds, with the former group losing weight 

during the study compared with the two other groups (Table 4-1; Appendix D -Tables D- 

8 and D-9j. The difference in weight gain in the IL-DFP and control chickens was 

statistically significant (F=3.18 1, p=0.0038). Changes in bodyweight arnong the three 

groups were more pronounced in the chicken compared with the pigeon. Birds being 

treated with deferiprone subjectively did not initiate feeding behaviour as quickly as the 

other two non-treated groups afier the rnorning treatment, while there were no observed 

differences in feeding behaviour among the three groups after the evening treatment. 

Egg production (Appendix D - Table D-14) was significantly decreased @<0.00 1 ) 

in the IL-DFP chicken group (0.3 1 eggshird/day) compared with the IL group (0.78 

eggs/bird/day) or the NIL-C group (0.92 eggs/bird/day). Iron concentrations in chicken 

eggs on a dry weight basis (Appendix D - Table Dl 3) were higher (difference not 

significant) for the IL group (78 i: 1 1.79 pg/grarn of egg) compared with the IL-DFP and 

NIL-C groups (60.67 k 13-01 pg/gram of egg and 61.67 f 12.42 pg/grarn of egg, 

respectively). 

There were no significant alterations in the hematological values among al1 

groups in eirher the chicken or pigeon trial. Deviations from established reference ranges 

for chickens and pigeons (ISIS, Apple Valley, Minnesota, U.S.A., 55 124; Ritchie et al., 

1994) were observed in isolated biochemistry values; they were not significantly different 

arnong the three groups. and were no1 associated with defenprone treatrnent (Appendix D 

- Tables Dl-D4). 



Table 4-1: Mean weekIy change in absolute (grarns t_ S.D.) and percentage (% t S.D.) 

bodyweight in iron-loaded and deferiprone treated (IL-DFP), iron-loaded (IL) and control 

(ML-C) White Leghorn chickens and domestic pigeons. Note the weight loss in the IL- 

DFP treatment group, especially in the White Leghorn chickens. 

- - - - - - - - - --- -  - 

Treatment Group White Leghorn Chicken Domestic Pigeon 

IL-DFP -23.33 * 49.16 grams (n=10)* -2.60 * 8.60 garns (n=10) 

(- 1.48 % * 0.05%) (-0.19% 1 1.31%) 

IL 4.00 * 38.75 grams (n=10) 4.28 + 5.65 grams (n=lO) 
(0.39 * 2.28%) (0.73 * 0.94%) 

NIL-C 30.00 i 14.31 grarns (n=9)* 4.48 s 5.10 grams (n= 1 0) 
(2.00% * 1.00%) (0.74% * 0.85%) 

* Si*mificant difference in weekly change in bodyweight of iron-loaded and deferiprone 

treated chickens (IL-DFP) compared with NIL-C treatment group (p 10.05). 

Plasma zinc levels were significantly lower in both the deferiprone treated chickens 

and pigeons (Table 4-2), while there were no significant differences in plasma copper or 

magnesiurn levels compared to the IL or NIL-C groups (Appendix D - Table D7). 



Table 4-2: Mean plasma zinc levels (mgdl t S.D.) in iron-loaded and defenprone 

treated (IL-DFP), iron-loaded (IL) and control (NIL-C) White Leghom chickens and 

domestic pigeons. Note the lower zinc plasma concentration in the IL-DFP groups. 

Treatrnent Group White Leghorn Chicken Domestic Pigeon 

IL-DFP 0.19 * 0.10 rng/dl "' 0.27 5 0.06 mgdl 

(n=4) (n=5) 

NIL-C 0.3 1 + 0.07 mgldl ' 0.39 + 0.18 mg/dl 
(n-5) (n=5) 

e Significant difference between IL-DFP chickens and NIL-C chickens @=0.0 16) 

6. Significant difference between IL-DFP chickens and IL chickens @=0.01) 

c. Significant difference between IL-DFP pigeons and IL pigeons @=0.0086) 

In the chicken tria!, although differences in plasma iron parameters were not 

significant, there was a decrease in the plasma iron levels and TS% in the IL-DFP group 

cornpared to the IL and NIL-C group, with a corresponding increase in UIBC. No 

significant differences were present benveen the chicken treatment groups with respect to 

TIBC (Table 4-3; Appendix D - Tables D5 and D6). In the pigeon trial, there were no 

significant differences in the plasma iron Ievels or TIBC among the three groups. As 

treatment progressed, the IL-DFP pigeons had lower TS% and increased UIBC cornpared 

with the IL and NIL-C groups. 



Table 4-3: Plasma iron, total iron-binding capacity (TIBC), unbound iron-binding 

capacity (UIBC) and transferrin saturation (TS%) in iron-loaded and defenprone treated 

(IL-DFP), iron-loaded (IL) and non-iron-loaded control (NIL-C) White Leghorn 

chickens and domestic pigeons. Data expressed as rneans to highlight trends over 

treatrnent penod (S.D. not given). No significant differences present for any parameter 

amongst groups. 

White Leghorn Chicken Domestic Pigeon 

Parameter IL-DFP IL NIL-C IL-DFP IL NIL-C 

P. Iron (pmoL/L) 
Week O 
Week 1 
Week 2 
Week 3 
Week 4 

TIBC (pmoVL) 
Week O 
Week 1 
Week 2 
Week 3 
Week 4 

UIBC (pmoL/L) 
Week O 
Week 1 
Week 2 
Week 3 
Week 4 

TS% 
Week O 
Week I 
Week 2 
Week 3 
Week 4 



There was a significant reduction in hepatic iron concentration in the IL-DFP 

groups for both species compared with the IL groups, which were not treated with the 

drug (See Table 4-4; Appendix D - Table D l  0). In the pigeons, the defenprone treated 

group's hepatic iron concentration was even lower than the h'IL-C control group. Blood 

collection did not have a significant influence on endpoint hepatic iron levels in the 

chickens, while only in the NIL-C group was a significant difference observed in the 

pigeons, with lower hepatic iron concentration in the birds which had blood collected on 

a weekly basis (F=2.56; p=0.018). Neither gender of the bird, nor laying status of 

fernales, was a significant confounding variable in either species. 

Tabie 4-4: Cornparison of mean hepatic iron concentrations (pg Fe/grarn liver -dry 

weight + S.D.) in iron-loaded and deferiprone treated (IL-DFP), iron-loaded (IL) and 

non-iron-Ioaded control (NIL-C) White Leghorn Chickens and domestic Pigeons. 

- - - -  

Treatment Group White Leghorn Chicken a Domestic Pigeon " 

IL-DFP 544.10 h 118.06 1303.60 1- 4 17.54 d 

IL 1380.50 + 609.57 b' 6722.50 c 1225.45 d 

NIL-C 547.00 * 87.08 3360.00 * 1496.69 

a. Mean + S.D. for 10 birds of each species per treatment group. 

b. Significant difference behveen IL-DFP and IL treatment groups @<0.000 1 ) 

c. Significant difference between IL and NIL-C treatment groups (p0.0001) 

d. Significant difference between IL-DFP, IL, and NIL-C treatment groups (p<0.0001) 



A sumrnary of the histological grading of Perl's iron stained sections of Iiver, 

heart and spleen is presented in Tables 4-5 a and 4-5b. The individual histological 

grading for both species is sumarized in Appendix D - Tables D 1 1 and D12. The 

hepatocytes in the deferiprone-treated chicken group were fiee of iron, and only scattered 

Kupffer cells and splenic macrophages contained iron highlighted by the Perl's iron stain. 

In the pigeon, deferiprone administration was associated with a marked decrease in 

stainable iron in hepatocytes and in splenic macrophages, and a moderate decrease in iron 

found in Kupffer cells and penvenular and penportal macrophages, compared with iron- 

loaded birds (See Figures 4-1 a, b, c and 4-2 a, b, c). 

No other significant histological differences were noted arnong the three goups. 

There were no histological abnormalities attributable to deferiprone administration in the 

pigeons or in the chickens, including the three chickens that died. One bird died 

overnight with no premonitory signs. The second and third chickens showed sirniIar 

clinical signs a few hours before death; acute onset of weakness, depression and an 

inability to stand. Supportive therapy was unsuccessful. In the third bird, blood was 

collected before death; however no significant abnormalities were detected on a complete 

blood count or biochemical profile. Bacteriological cultures on the Iiver, lung and kidney 

were negative for significant pathogens. As well, the plasma concentration of 

deferiprone was 1 1.19 pg/rnL after six hours post-administration, which falls within the 

normal concentration range for this time period as determined in pharmacokinetic studies 

(Whiteside et al, Chapter 2). 



Table 4-Sa: Summary of histological grading of Perl's Prussian blue stained tissues in 

the three treatment groups, iron-loaded and deferiprone treated (IL-DFP, n=I O), iron- 

loaded (IL, n=10) and non-iron-loaded control (NIL-C, n=10) White Leghorn chickens. 

Each score represents the nurnber of birds in each group that were graded from O to 3 for 

each of the five ce11 populations. 

IL-DFP IL NIL-C 

SCORE 0 1 2  3 O 1 2 3 0 1 2 3  
Cell Population 

Kupffer cells 4 6 0  0 0 3 5 2 8 2 0 0  

PVPP MI$ 9 1 0  O O 5 4 1 1 0 0 0 0  

Hepatocytes I O  O O O 5 4 1 0 1 0 0 0 0  

Spienic M@ 6 4 0  O 1 3 6 0 4 6 0 0  

Myocardiocfles 10 O 0 0 1 0 0 0 O 2 0 0 0 0  

Note: PV- Perivenular (hepatic) PP= Periportal (hepatic) M$=Macrophages 

In hepatocytes and myocardiocytes: 

O No stainable iron granules 

1  Occasional fine stainable iron granules 

2 Numerous fine and occasional coarse iron granules in most cells 

3 Numerous fine and caarse iron granules in most celis 

In reticuloendothelial system (Kupffer cells, periportal and penvenular 

hepatic macrophages, and splenic macrophages): 

O No stainable iron granules 

1  Occasional fine stainable iron granules 

2 Nurnerous fine and coarse iron granules 

3 Masses of coarse iron granules 



Table 4-5b: Summary of histologicaI grading of Perl's Pmssian blue stained tissues in 

the three treatment groups, iron-loaded and deferiprone treated (IL-DFP, n=10), iron- 

loaded (IL, n=10) and non-iron-loaded control (NIL-C, n=10) domestic pigeons. Each 

score represents the number of birds in each group that were graded from O to 3 for each 

of the five ce11 populations. 

IL-DFP IL NIL-C 

SCORE O 1 2 3 O 1 2 3 0 1 2 3  
Ce11 Population 

Kupffer cells 0 6 4  O 0 0  1 9 0 3 6 1  

PV/PP M@ 1 1  7 1 0 0  0 1 0 3 3 2 -  7 

Hepatocytes 1 9  O 0 0 0  1 9 1 3 6 1  

Splenic M$ 3 5 - 3 O 0 0  5 5 1 5 4 0  

Myocardiocytes 9 1 O 0 8 2  0 0 1 0 0 0 0  
-- -- 

Note: PV= Perivenular (hepatic) PP= Periportal (hepatic) M$=Macrophages 

In hepatocytes and myocardiocytes: 

O No stainable iron granules 

1 Occasional fine stainable iron granules 

2 Nurnerous fine and occasional coarse iron granules in most cells 

3 Numerous fine and coarse iron granules in most cells 

In reticuloendothelial systern (Kupffer cells, periportal and penvenular 

hepatic macrophages and splenic macrophages): 

O No stainable iron granules 

1 Occasional fine stainable iron granules 

2 Numerous fine and coarse iron granules 

3 Masses of coarse iron grandes 



Figure 4-1: Light microscopic appearance of histological sections of liver from 

mite Leghom chickens at the end of 30-day treatment trial (original 

magnification 400x). 

(a) Perl's Prussian blue stained histological section of Iiver fiom an iron- 

loaded a d  deferiprone treated (IL-DFP) White Leghom chicken. Note 

the lack of iron in hepatocytes (H), compared with the iron-loaded group 

(IL) in Figure 4- 1 (b). 

(b) Perl's Prussian blue stained histoiogical section of Iiver fiom an iron- 

loaded (IL) White Leghorn chicken. Note the light accumulation of  iron 

in hepatocytes (H) and Kupffer cells (K). 

(c) Perl's Prussian blue stained histoIogical section of liver from a non-iron- 

loaded control (NIL-C) White Leghom chicken. Note the lack of stainable 

iron in hepatocytes (H). 



Figure 4- 1 (a) 

Figure 4- 1 (b) 

Figure 4- 1 ( c )  



Figure 4-2: Light microscopic examination of histological sections of liver fiom 

domestic pigeons at the end of a 30-day treatment trial {original magnification 

400x). 

(a) Perl's Pmssian bIue stained histological section of Iiver fiom an iron- 

loaded-deferiprone treated (IL-DFP) domestic pigeon. Note the very fine 

accumulation of iron in hepatocytes (H) and light accumulation in Kupffer 

cells (K), compared with the iron-loaded group (IL)- Figue 4-2 (b). 

(b) Perl's Prussian bIue stained histological section of liver Erom an iron- 

loaded (IL) domestic pigeon. Note the heavy accumulation of iron in 

hepatocytes (H) and Kupffer celIs (K). 

(c) Perl's Prussian blue stained histological section of liver fiom a non-iron- 

loaded control (NIL-C) domestic pigeon. Note the distribution of iron in 

hepatocytes (H) and Kupffer ceIls (K). 



Figure 4-2 (a) 

Figure 4-2 (b) 

Figure 4-2 (c) 



Deferiprone induced iron excretion: 

In both the chicken and the pigeon, there was no significant difference behveen 

the quantity of  iron in the excreta when the birds were iron replete, or when they were 

iron-loadeci (Appcndix D - Tables Dl 5 and Dl  6) .  A positive reiationship existed 

between dose of deferiprone and the concentration of eliminated iron in the excreta in 

treated birds (Figures 4-3 and 4-4). A single oral dose of 50 mgkg of  deferiprone 

increased the mean total daily iron excretion per kg of bodyweight by 1.84 mg in the 

chicken and 3.52 mg in the pigeon. By increasing the dose of defenprone by 1.5 tirnes to 

75 mgkg  orally once daily, the mean total iron excretion per kg of bodyweight increased 

by more than two-fold in the chicken (5.92 mg) and more than 1.5 fold in the pigeon 

(7.48 mg). Although chickens had a higher background iron excretion in the excreta than 

pigeons, the response to treatment with deferiprone was greater in the pigeon, based on 

the increase in total daily iron excretion per kg of bodyweight. 



DEFERIPRONE 

Figure 4-3: Mean daily total iron excretion in White Leghorn chicken per kg body 

weight (mg Fe k S.D., n=6) before iron-loading (Pre-IL), afier iron-loading (IL) and iron- 

loaded birds treated with deferiprone at 50 mgkg  and 75 m g k g  once daily. 

a. Significant difference @ -0.05) present between total daily iron excretion per kg 

bodyweight before iron loading or treatment (Pre-IL) and after oral dosing with 

deferiprone at 75 mgkg.  

b. Significant difference @ S0.05) present between total daily iron excretion per kg 

bodyweight after iron-loading before treatment (IL) and afier oral dosing with 

deferiprone at 75 m g k g  



DEFERIPRONE 

Figure 4-4: Mean daily total iron excretion in domestic pigeons per kg body weight (mg 

Fe + S.D., n=6) before iron-loading (Pre-IL), afier iron-loading (IL) and iron-Ioaded birds 

treated with deferiprone at 50 m g k g  and 75 mzAg once daily. 

a. Significant difference ( p  50.05) present between total daily iron excretion per kg 

bodyweight before iron loading or treatment (Pre-IL) and after oral dosing with 

defenprone at 75 mgkg.  

b. Significant difference @ 50.05) present between total daily iron excretion per kg 

bodyweight after iron-Ioading before treatment (IL) and after oral dosing with 

defenprone at 75 mgkg 



Drscussloh' 

Hernochromztosis is still a significant problem in zoological institutions, even 

with the advent of low iron diets and the addition of natural iron cheIators such as tannins 

to the diet. In mixed species exhibits, it can be very difficult to regulate iron absorption 

when trying to meet the nutritional needs of the varied species housed together 

(Lowenstine and Munson, 1999; Crissey et al., 2000). Inadvertent addition of iron during 

manufacturing, or the addition of supplements or mineral mixes to diets also may 

increase the iron concentration available for uptake. Birds also can ingest iron fiom soi1 

substrate or via a water source (Gosselin and Krarner, 1983; Crawshaw et al., 1995; 

Klasing, 1998). Hemosiderosis can develop in some species in as little as eight weeks on 

controlled iron diets (Cnssey et al., 2000). 

This study demonstrates the clinical applicability of the orally active iron chelator 

deferiprone for the treatment of iron overload in avian species. In both the White 

Leghom chicken and the domestic pigeon, defenprone, when administered at a dose of 

50 mgkg orally twice daily, eliminated the hernosiderotic state induced by experirnental 

iron-loading within the 30-day treatment period. This was demonstrated by hepatic iron 

concentrarion and histological examination of  the liver. The dmg can be adrninistered 

with food since only the rate, not the extent, of absorption is affected by food 

consumption (Fassos et al., 1994; al-Refaie et al., 1995b; Barman-Balfour and Foster, 

1999; Kontoghiorghes et al., 2000). 

No statistically or biologically significant alterations occurred in the 

hematological and biochemical parameters measured in this study. In human patients, the 



most senous potential side effect of defenprone is a transient neutropenia andor 

agranulocytosis, which can occur as early as six weeks afler the initiation of therapy. 

This occurs in less than two percent (2%) of patients, and it is reversible with 

discontinuation of therapy (Barman-Balfour and Foster, 1999; Kontoghiorghes et al., 

2000). Transient elevations in liver transaminases also have been reported, although 

these elevations sometimes have been attributed to concurrent hepatic disease such as 

hepatitis C (Barman-Balfour and Foster, 1999; Cohen et al., 2000). This snidy may have 

been too short in duration to detect such alterations. Further studies of longer duration 

are needed to seek alterations in hematological or biochemical parameters with chronic 

use of deferiprone. 

Our observations in the iron-loaded (IL) and non-iron-loaded control (NIL-C) 

groups for both White Leghom chickens and domestic pigeons are in agreement with 

others that plasma iron concentrations and transfemn saturation (TS%) are a poor 

indication of total body and hepatic iron status (Worrell, 199 1 b; Dorrestein, 1992; 

Worrell, 1993; Cornelissen et al., 1995; Lumeij, 1997). In chickens, the high plasma iron 

levels are a reflection o f  in-lay starus (Ramis and Planas, 1978). Two pigeons from the 

control group also had elevated plasma iron levels in the last two weeks of the study, 

associated with initiation of oviposition. 

In general, birds typically have higher levels of transferrin saturation (up to 80%) 

compared with mammals (33%) (Lowenstine and Munson, 1999; Paglia et al., 2000). 

However, the decrease in TS% in the IL-DFP groups correlates well with the mechanism 

of action of the dmg, which mobilizes iron from transfemn, as well as fiee iron, and iron 

from femtin and hemosiderin. The increase in UIBC is rnost likely a reflection of the 



formation of  deferiprone-iron complexes. In people, and several mamrnalian species. as 

hepatic iron stores increase. there is a corresponding increase in the level of serum femtin 

(Smith et al., 1995; Brittenharn et al., 1998; Lowenstine and Munson, 1999). Further 

research on semm femtins, and the development of serum ferritin radioimrnunoassays, is 

needed for the species of birds most commoniy afflicted by hemochromatosis. 

Although iron chelation was successfbl, administration of defenprone was not 

without side effects. Deferiprone has a strong affinity for iron, but also binds with zinc, 

copper and alurninum (al-Refaie et al., 1994b; Barman-Balfour and Foster, 1999; 

Kontoghiorghes et al., 2000; Pashalidis and Kontoghiorghes, 2000). There was no 

significant difference in copper levels arnong the three treatrnent groups in either 

chickens or the pigeons; however a significant decrease in plasma zinc levels was noted 

in both species. Zinc is one of the most metabolically active trace minerals; however 

storage pools are small, and zinc deficiency can be induced rapidly in some species of 

animals (Fairbanks, 1994). Decreased appetite, cyclical feeding, and reduced weight gain 

are associated with zinc deficiency, and this could be a plausible explanation for the 

decreased weight gain in the deferiprone treated groups in this study. A similar finding 

of decreased weight gain, despite no significant difference in food intake, was reported in 

deferiprone-treated rats by Gomez et al. (1995). Zinc is also necessary for other 

physiological processes including irnmunocompetence, electrolyte balance, fertility, ce11 

replication and growth, and feathering (King and Keen, 1994; Klasing, 1998). There was 

a significant decrease in egg production in the chickens treated with deferiprone, while 

there was no reproductive activity dunng the study in the pigeons treated with the dmg. 



Zinc levels should be monitored closely while birds are being treated with deferiprone. 

and supplemental dietary zinc may be indicated. 

Gastrointestinal disturbances such as anorexia, nausea, vomiting and diarrhea 

have been reported in human patients on the h g  (al-Refaie et al., 1995a; Hoffbrand et 

al., 1998; Barman-Balfour and Foster, 1999; Kontoghiorghes et al., 2000). Although 

vomiting and diarrhea were not noted in the deferiprone treatrnent groups, the slower 

initiation of feeding activity after the moming treatment may be related to transient 

gastrointestinal upset, especially if the dmg is given in the absence of ingesta in the upper 

gastrointestinal tract. The administration of defex-iprone after food intake rnay offset 

potential gastrointestinal upset in birds. 

There was no evidence of arthropathy in the treated pigeons or chickens, as has 

been reported in up to 39% of human patients in clinical trials (Hoffbrand et al., 1998; 

Barmaq-Balfour and Foster, 1999; Kontoghiorghes et al., 2000). There was also no 

histological evidence of  myositis associated with dnig administration, which was found 

in the guinea pig (Wong et al., 1997), and was suggested as a cause of musculoskeleral 

pain experienced in some patients on àefenprone. Studies of longer duration are needed 

in birds to evaluate if these side effects are associated with chronicity of deferiprone 

treatment. 

No gross or histological abnormalities were present to explain the death of the 

three chickens in the deferiprone-treated group. Septicemia also was ruled out by 

bacteriology, and plasma concentrations of defenprone were within normal limits 

established in the pharmacokinetic study. As no deaths occurred in the pigeon trial, the 

deaths are likely related to low total body iron status in the chicken, which is initially 



much lower than in the pigeon. The degree of iron-loading was found to be protective in 

the guinea pig (Wong et al., 1997), as there was 60% mortality in guinea pigs with less 

than a two-foId increase in normal hepatic iron concentrations that were treated with 

deferiprone orally at 300 rng/kg/day over a 28-day period. 

Iron is an important component of many enzymatic processes in the body, 

including most of the enzymes of the Krebs cycle, cytochrome oxidases, lipooxygenases. 

ribonucleotide reductase, and aromatic hydroxylases (Fairbanks, 1994; Hider, 1995). In 

rats, iron deficiency is associated with impaired cellular respiration ir? skeletal muscle due 

to decreased enzymatic driven mitochondrial activity, and poor work performance 

anributed to decreased activity of muscle a-glycerophosphate dehydrogenase, which 

plays an important electron transport role in aerobic metaboIism. It is also correlated 

with increased levels of phenylpynivic acid, which is linked to disturbances in brain 

hnction (Fairbanks. 1994). Considenng the high oral bioavailability of deferiprone in 

chickens (Whiteside et al., Chapter 2). these metabolic disturbances are a plausible 

explanation for the clinical signs and mortality in the deferiprone treated chickens, due to 

quantitative or functional inhibition of the iron-containing enzymes by the chelator. 

Additional studies in chickens that are chronically iron-loaded to a higher degree are 

needed to confim this. Iron status must be ngorously monitored as cellular iron is 

depleted, to avoid potential toxicity associated with deferiprone. Currently, the most 

accurate way to monitor iron status in birds is through liver biopsies. Further research on 

assessing total body and hepatic iron stores utilizing non-invasive methods such as 

magnetic resonance imaging, quantitative ultrasound or through the development of a 

radioimmunoassay for serum femtins, is needed. 



As in iron-overloaded human patients, deferiprone increased the urinary excretion 

of iron in a dose dependent mamer, although the increased excretion at the higher dose 

(75 rn@g q 24 h) was more than linearly proportional, (Barman-Balfour and Foster, 

1999; Kontogl-uorghes et al., 2000). Daily rnean total iron excretion per kiIograrn 

bodyweight in the pigeon was greater than the chicken, likely reflecting higher total body 

iron stores in the pigeon. In both species of birds, the mean total daily iron excretion was 

greater than in human studies (0.53 rng/day per kg bodyweight; Collins et al., 1994; 

Barman-Balfour and Foster, 1999). The higher plasma concentrations of deferiprone and 

the longer half-life in the chicken and pigeon are most likely responsible for the increased 

iron excretion compared with human patients (Whiteside et al., Chapter 2 and 3). The 

kidney, as in mamrnalian species, excretes the deferiprone-iron complexes, and excretion 

is characterized by the imparting of a rust colour to the urates. 

In conclusion, deferiprone is a promising orally active iron chelator for the 

treatment of iron overload in birds. The drug may have potential for use in preventing 

hemochromatosis; however continua1 use in non-iron-loaded birds is not recornmended 

due to development of zinc deficiency, and potential toxicity associated with inhibition of 

enzymes requiring iron for normal functionality. Further clinical studies in affected 

species are needed to determine the most effective way to use this drug while minimizing 

the side effects associated with administration. 



SUMMARY AND CONCLUSIONS 

The purpose of this thesis was to evaluate the clinical applicability of the oral iron 

chelator deferiprone as a potential therapeutic agent for the treatment of iron storage 

disease in avian species. White Leghorn chickens and domestic pigeons were used as 

mode1 species to allow for cornparisons of the pharmacokinetic disposition and the 

efficacy of  deferiprone in two species with differing iron metabolism. 

Deferiprone is rapidly absorbed from the avian gastrointestinal tract. achieving 

peak plasma concentrations within one hour after oral administration that are higher than 

those reported in people or dogs. The bioavailability of deferiprone was very high in the 

chicken and moderate in the pigeon. The drug has a large apparent volume of 

distribution in both chickens and pigeons, offenng great potential for the removal of 

excessive iron stores in parenchyrnal tissues. The elimination half-life of approximately 

three hours is longer than that reported in mammals. This is most likely due to the 

decreased rate of  clearance of the dnig associated with lower glucuronide conjugation, 

and slower glomemlar filtration rate in avian species, compared with mammals. The 

dmg does not induce its own metabolism, based on similar half-lives at Day 1 and Day 

30 of the study. Deferiprone appears to be eliminated by the kidney in birds, as it is in 

marnmals, based on the presence of a mst colour in the urine Fraction of the excreta in 

treated birds. 

A single oral dose of deferiprone at 50 mgkg resulted in sustained plasma 

concentrations of the drug effective for chelation of body iron for at least eight hours in 

both the chicken and the pigeon. When used at 50 mgkg orally twice daily for 30 days, 

defenprone eliminated the experimentally-induced hemosiderosis in chickens and 



pigeons, as measured by-hepatic iron concentrations and evaluation of Perl's Prussian 

blue stained sections of tissues. Deferiprone induced a dose dependent increase in daily 

mean total iron excretion per kilograrn bodyweight, which in both species was greater 

than in human studies. No drug-associated alterations in biochemicaI or hematological 

parameters occurred in either species. 

Concerns about the safety of deferiprone are raised by the death of three chickens 

(30%) in the deferiprone treatrnent group. AIthough a definitive causal association was 

not found, the deaths are likely attributable to inhibition of enzymes requiring iron for 

normal function. AdditionaI side effects associated with deferiprone use were weight 

loss and zinc deficiency, which were more pronounceci in chickens than pizeons, likel y 

reflective of lower total body iron status in chickens. 

This project indicates the need for further study of deferiprone in birds with 

respect to absorption, metabolism and excretion of the drug. Studies addressing the site 

of deferiprone absorption, as well as whether the drug is eliminated entirely by the 

kidneys, or whether fecal excretion occurs, are needed. Whether defenprone is 

eliminated by gIornerular filtration, or whether tubular excretion occurs in birds also 

needs to be determined. Finally, the disposition and excretion of the glucuronide 

metabolite needs further study. 

The use of deferiprone in birds for the treatment of iron overload is promising, 

however further 

effective way to 

administration. 

clinical studies in affected species are needed to determine the most 

use this drug while minimizing the side effects associated with 
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The Animal Care Cornmittee at the University of Guelph, and the Animal Care, 

Research and Acquisition Comrnittee at the Toronto Zoo, both of which operate under the 

auspices of the Canadian Council on Animal Care, approved the methodology for the 

researc h proj ec t . 

The foIlowing pilot studies were canied out: 

PILOT STUDY 1: EXPERIMENTAL lNDUCTION OF HEMOSIDEROSIS IN THE CHICKEN A N D  

THE PIGEON. 

The purpose of this study was to ensure that both stainable and quantitative iron 

stores were increased with intravenous iron dextran administration, but with no darnage 

to the liver or cardiac muscle. 

Materials and methods: 

Six healthy adult White Leghorn chickens (Gallus gallzrs forma cionzestica) were 

obtained frorn the Arkell Research Station (University of Guelph, Guelph, Ontario, 

Canada, N 1 G 2W1) and transported to the Toronto Zoo (Scarborough, Ontario, Canada, 

MI B 5K7) where the research was canied out. The birds were weighed and then 

identified with leg bands. Birds were housed in pairs in stainless steel cages measuring 

61 cm x 61 cm x 69 cm. Food and water was provided in plastic bowis ad iibitttn~. 

Three birds were randomly setected from the group and iron dextran (Ironol 100, P.V.U., 

J. Webster Laboratories, Victoriaville, Quebec, Canada, G6P 1 B 1) was administered at a 

dose of 25 m g k g  intravenously in the media1 metatarsal vein. The remaining three birds 

did not receive any iron, and served as controls. The birds were monitored for 

immediate adverse reactions afier intravenous iron administration, as well as for signs of 
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acute toxicity for 72 hours post administration. Seventy-two hours post iron dextran 

administration, al1 birds were euthanized with 0.5 mL T-61 intravenously (Hoescht 

Canada Inc ., Agricultural Division, Regina, Saskatchewan, Canada, S4N 9 7 ) .  Al1 birds 

were necropsied, and sections of liver, spleen and heart were fixed in 10% formalin, 

embedded in paraffin, sectioned at 4 Pm, and examined histologically after staining with 

hematoxyIin and eosin (H &E) and Perl's Prussian blue. Iron deposition was graded 

modified from Bothwell et al (1965). Iron stores in the hepatocytes and myocardiocytes 

were saded  as follow: 

O No stainable iron granules 

1 Occasional fine stainable iron granules 

3 - Numerous fine and occasional coarse iron granules in most cells 

3 Numerous fine and coarse iron granules in most ceIls 

Iron in the reticuloendothelial system (Kupffer cells, periportal and perivenular 

hepatic macrophages, and splenic macrophages) was graded similarly, except a score of 

"2" indicated the macrophages contained numerous fine and coarse iron granules, while 

"3" represented masses of coarse intracellular iron. A section of liver from each bird was 

submitted for quantitative rneasurement of iron stores on a dry weight basis. 

A sirnilar study was carried out in six healthy adult domestic pigeons (Colwnba 

Zivia) obtained fiom Legacy Squab Farms (Elora, Ontario, Canada, NOB 1 SO). 



Results: 

Ch ickens : 

No i m e d i a t e  adverse reactions to the intravenous iron dextran were noted, and 

there were no clinical signs of toxicity in the 72 hours post-administration. Induction of 

hemosiderosis was successfûl with a significant (approximately six-fold) increase in 

hepatic iron concentration (Table A- 1). 

No gross or histological abnormalities were present in any bird. In the iron- 

loaded birds, there was no stainable iron in the myocardiocytes. Iron was highlighted by 

the Perl's staining in the Kupffer cells, penportal and perivenular macrophages, splenic 

macrophages, and in hepatocytes. In the control birds, there was no stainable iron in the 

liver, spleen or heart (Table A-2). 

Pigeort s: 

No imrnediate adverse reactions to the intravenous iron dextran were noted, and 

there were no clinical signs of toxicity in the 72 hours post-administration. Induction of 

hemosiderosis was successful with a significant (approximately four-fold) increase in 

hepatic iron concentration (Table A- 1 ). 

No gross or histological abnormalities were present in any bird. In the iron- 

loaded birds, only one had occasional fine stainable iron granules in the myocardiocytes. 

Iron was highlighted by the Perl's staining in the Kupffer cells, penportal and perivenular 

macrophages, splenic macrophages, and in hepatocytes. In the control birds, there was 

stainable iron in the liver and spleen as well, but it was considerably less than in iron- 

loaded birds (Table A-2). 



Table A-1 : Hepatic Iron Concentrations (pg Fe/gram of ber-Dry Weight Basis) in 

White Leghorn chickens and domestic pigeons at 72 hours post iron dextran 

administration. 

Iron-loaded 

Control 

a. Values are means of 3 birds for each status + S.D. 

b. Values are means of 3 birds for each status + S.D. 

c. p c  0.005 for iron-loaded chickens compared with control chickens 

d. p<0.0001 for iron-loaded pigeons compared with control pigeons 

Table A-2: Histological grading of Perl's Prussian Blue stained tissue sections in White 

Leghorn chickens and domestic pigeons. 

Corrtrol Iran-Loaded Cotrtrol Iron-Loaded 

A B C A  B C A B C A B C  

Liver- Hepatocytes 0 0 0 2 2  2 1 2 1 3  3 3 

Kup ffer tells 0 0 0 3 3  3 2 2 1 3  3 3 

Macrophages* O O O 3 2 3 2 2 1 3  3 3 

Hiart O 0 0 0 0  O O O 0 0  1 O 

* = Penportal and penvenular hepatic macrophages 

A, B, and C represent individual birds for each iron status for each species. 



PILOT STUDY 2: PHA&ACOK~NET~C DISPOSITION OF DEFERIPRONE IN THE WHITE 

LEGHORN CHICKEN (GALLUS GALLUS FORMA DOMESTICA) 

The purpose of  this pilot study was to establish whether plasma concentrations of 

deferiprone could be rneasured after an oral dose in birds, utilizing the White Leghom 

chicken, and to detemine the pharmacokinetics disposition o f  deferiprone with 

consideration of iron status. 

Materials and Methods: 

Subjects: 

Six healthy adult White Leghorn chickens (Gallus gallus forma donzestica) were 

obtained fiom the Arkell Research Station (University of  Guelph, Guelph, Ontario, 

Canada, NI G 2W 1 ) and transported to the Toronto Zoo (Scarborough, Ontario, Canada, 

M1B 5K7) where the ïesearch was canied out. Birds were randomly assigned to one of 

two groups (Iron-Loaded or Control) and leg-banded for identification. The birds were 

housed in pairs in stainless steel caging measunng 61 cm x 61 cm x 69 cm, and food and 

water were provided ad libirum. Afier allowing a week for adjustment, the three birds in 

the Blue group were iron-loaded with iron dextran (Ironol 100, P.V.U., J. Webster 

Laboratories Inc., Victoriaville, Quebec, Canada, G6P 1G1) at a dose o f  25 mglkg 

intravenously in the right medial metatarsal vein. The three birds in the Nl i t e  group 

served as non-iron-loaded controls, and did not receive any iron. Seventy-two hours post 

iron administration al1 birds were weighed, and then anesthetized with isoflurane 

(Aerrane, Janssen Pharmaceuticals, Toronto, Ontario, Canada, M3C 1L9). A 24 gauge 

intravenous catheter (Angiocath, Becton Dickinson, Sandy, Utah, U.S.A., 84070) was 

placed and secured in the left media1 metatarsal vein, and flushed with 0.5 mL of 

heparinized saline. 



Drug A dmin istration: 

Birds were fasted fiom 12 hours before dmg administration and for two hours 

afierwards, but were allowed unrestricted water intake. Apotex Inc. (Weston, Ontario, 

M9L I T9) generously supplied deferiprone as a pure powder (L 1 ; 1,2-dimethyl-3- 

hydroxypyrid-4-one). Based on individual bird bodyweight. deferiprone powder was 

weighed out at a dosage of 50 mgkg for each bird and suspended in 1 mL of propylene 

glycol. This suspension was then gavaged into the crop of each bird followed by 1 mL of 

sterile water. Birds were monitored for signs of acute toxicity for 12 hours after 

administration of the drug. 

Sample Col~ectioïr : 

Blood sarnples (700 PL) were collected in heparinized syringes before and 5 min, 

15 min, 30 min, 45 min, 1 hr, 1.5 hr, 2 hr, 4 hr, 8 hr and 34 hr after the administration of 

deferiprone. To ensure that the sample was fiom the circuiating blood volume. the first 

50 pL of fluid was discarded to account for the dead-space in the catheter, before 

collection of the blood sample. Following sampling, approximately 500 pL of 

heparinized saline was used to flush the catheter. The blood sample was transferred to 

lithium heparin microtainers (Becton Dickinson, Franklin Lakes, New Jersey, U.S.A., 

07417), and was centrihged at 3500 rpm (2383 x g) for 30 minutes beginning within 20 

minutes of collection. The pIasrna was transferred to tinted 2.0 mL Sarstedt safe-seal 

microtubes (Sarstedt Inc., St. Léonard, Quebec, Canada, H l  P 1A5), and stored at -70 O C  

until the assay procedure was carried out. 



Assay Procedure: 

Al1 analyses were performed at the Faculty of Pharmacy, University of Toronto 

(Toronto, Ontario, Canada, M5S 2S2). The plasma sarnples were assayed for 

deferiprone by high-performance liquid chromatography (HPLC) as described by Guo et 

al. (200 1 ), with the following modifications. 

The HPLC system consisted of a Hamilton PW-1 Peek colurnn (5 Fm particle 

size; l5Ox 4.6 mm; Mandel Scientific Company Ltd., Guelph, Ontario, Canada, N 1 G 

4N4), and a HewIett-Packard 1050 Series HPLC System (Pa10 Alto, California, U.S.A., 

94204-1 185) which was compnsed of a HP 1050 Series pump, a HP 1050 Series auto 

sampler, and a HP 1050 Series Diode-Array detector. The detector was set at a 

wavelength of 280 m at arnbient temperature. The mobile phase consisted of 9.0 mM 

potassium phosphate dibasic (KHzP04) and 8 rnM EDTA (adjusted to pH 7.0) mixed 

with acetonitrile in a 9 5 5  v h  ratio, which was degassed and then filtered through a 0.45 

Fm filter. The tlow rate was set at 0.8 mliminute. A cornputer utilizing the HP 

ChemStation sohvare (Rev.A.06.03, Pa10 Alto, California, U.S.A.. 94204- 1 185) 

controlled the HPLC system. Isocaffeine (Sigma, St-Louis, Missouri, U.S.A., 63 103) 

sewed as the intemal standard. The lower limit of quantitation for defenprone in plasma 

was 0.25 pg/rnL. 

The plasma sarnples were thawed, and each sarnple was centrifuged to remove 

cryoglobulins. A mixture of 300 pL of the plasma and 10 pL of isocaffeine stock solution 

were added through an Arnicon centrifree micropartition device (Millipore Corporation, 

Bedford, Massachusetts, U.S.A., 01 730) with a 30,000 molecular weight cut-off. The 

device was centrifuged using a fixed angle rotor set at 5000 rpm (1 500 x g) for 25 



minutes. The ultrafiltrate (100pL) was then analyzed by HPLC. The retention time for 

LI and isocaffeine was approximately 7 minutes and 12 minutes respectively. 

A calibration curve fiom a plot of drug concentration versus area ratio of 

deferiprone and interna1 standards was constmcted. The least squared reyession analysis 

kvas then used to calculate defenprone concentration in the plasma sarnples. 

Ph arni acokitz eric art d Statistical A n alyses: 

The pharmacokinetics disposition of deferiprone in each bird was determined by 

non-cornpartmental (model-independent) methods with non-linear least squares 

regression analysis (Notari, 1987; Gabrielsson and Weiner, 1997). The following 

pharrnacokinetic parameters were calculated as folIows: 

The area under the piasma concentration-time curve was calculated fiom time O to 

the last time point using the trapezoidal rule (AuCo-,). 

The AUC was calcdated to infinity (AuCo,) by adding (AUCo,) and the quotient 

of the last rneasured plasma concentration over the elimination rate constant (k). 

The elimination rate constant (k) was calculated using the plasma concentrations 

of  defenprone between 240 and 720 minutes. 

The elimination half-life was calculated as ln 2 k .  

The maximum plasma concentration (C,,) was the highest plasma concentration 

measured for each bird. The time to maximum concentration (t,,,) was the time 

at which Cm, occurred. 

Tota! area under the first moment versus time curve (AUMCo-J was calculated 

using the trapezoidal mle for surnrnation of the product of tirne' and concentration 

at each time point. 
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The AUMC to infinity (AUMCa4) was calculated by adding the A W C 0 - ,  and the 

quotient of the last plasma concentration over k2. 

The mean residence time (MRT) was calcdated as the quotient of AUMCo, over 

AuCoa. 

The apparent clearance of defenprone fYom the plasma in Lihr (AppCLT) was 

calculated as total dose divided by AUCo,. This value was normalized (NCLT), 

by dividing App-CLT by the weight of the bird. 

The apparent volume of distribution under steady state conditions (App-Vss) was 

calculated as a product of MRT and N-CLT. 

AI1 statistics were computed using the SAS statistical software (PC-SAS 8.00, SAS 

Institute Inc., C q ,  North Carolina, U.S.A.). Al1 data were reported as the mean k S.D. 

Cornparisons between the means of the pharmacokinetics data were determined with the 

general linear mode1 (GLM) least square means procedure with the a priori level of 

significance set at 0.05. in some cases, Iogarithmic transformations were required to 

sat ise  the assumptions of the mode1 



There were no adverse effecis associated with oral administration of deferiprone 

at a dose of 50 mg/kg. Approximately three hours afler administration, the appearance of 

rust coloured urine was noted. Plasma concentrations for the NIL-DFP and IL-DFP 

group are surnmarized in Figure A-la and A-lb. A sumrnary of  the pharmacokinetics 

data is presented in Table A-3. The dmg was rapidly absorbed, appearing in the plasma 

at the first collection time ( 5  minutes). There were no significant differences in any 

measured parameter between the iron-loaded 2nd the control birds. Dmg was still in the 

body at 480 minutes (8 hours) post administration. 

Table A-3: Pharmacokinetic parameters in the White Leghom chicken (Gallus gailrcs f. 

donzestica) after oral administration of a single dose of deferiprone (50 mgkg). 



a. Values are mean + S.D. for 3 birds in each group (Iron-loaded and Control) 

-O- NIL-DFP 

+ IL-DFP 

Time (hours) 

Figure A-la: Mean plasma concentrations (pg/mL + S.D.) versus time (0-8 hours) 

highlighting the absorption and distribution phase of  deferiprone in iron-loaded (IL-DFP, 

n=3) and control (NIL-DFP, n=3) White Leghom chickens afier a single oral dose 

(50mg/kg). 

+ NIL-DFP 

+ IL-DFP 

O 4 8 12 16 20 24 

Time (hours) 



Figure A-1 b: Mean plasma concentrations (pg/rnL t S.D.) versus time (0-24 hours) in 

iron-loaded (IL-DFP, n=3) and control (NIL-DFP, n=3) White Leghom chickens afier a 

single oral dose of deferiprone (50mglkg). 



Arkell Research Station Adult Laying Hen Breeder Diet 

Cnide Protein 16.14% 
Metabolisable energy 2857.86 kcalkg 
Cnide fiber 2.27% 
Available phosphorus 0.38 % 
Methionine 0.38% 
Lysine 0.83% 
Tryp top han 0.22% 
Arginine 1.05% 
Leucine 1.46% 
Tyrosine 0.74% 
Glycine 0.94% 
Pantothenic acid 15.55 mgkg 
Choline 1953.25 r n e g  
Thiamine 3.36 mgkg  
Folic acid 1 -78 mgkg 
Chlorine 0.22 % 
Sodium 0.16% 
Iron 0.0 1 % 
Copper 15.1 1 rngkg 
Selenium 1.05 mgkg 
Vitamin B 12 13 .OOpg/kg 

Digestible protein 14.69% 
Cnide fat 4.55 % 
Calcium 3.84% 
Phosphorous 0.44% 
Cystine 0.24% 
Histidine 0.39% 
Threonine 0.70% 
Isoleucine 0.89% 
Phenylalanine 0.87% 
Valine 0.8 1 % 
Vitamin E 1612.65 mgkg  
Niacin 44.28 mgkg  
Ribo flavin 12.52 m=/kg 
B io tin 0.33 m g k g  
Linoleic acid 1.35 % 
Magnesiurn O. 16% 
Potassium 0.80% 
Manganese 63.75 mgkg  
Zinc 80.53 m g k g  
Vitamin A 9554.85 IU/kg 
Xanthophyll 12.85 m ~ k g  

Ingredients: Corn, soybean meaI (48%), limestone, calcium phosphate, Fat (NV), 
Todized salt. DL methionine, vitamin mix #1, mineral mix $2 



APPENDIX B: 
RAW DATA FOR CHAPTER 2 

PH.-\RM.ACOKINETIC DISPOSITION OF THE IRON CHELATOR DEFERIPRONE 
IN THE WHITE LEGHORN CHICKEN 











Figure 8-2: Raw data for pharmacokinetic studies with deferiprone in the white Leghorn Chicken 

Chicken Control (G4) Chicken control (G245) 

Tirne (tirs) Time (hrs) 

TlME (hr) 
0.00 
0.17 
0.33 
O .67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-t) 
k (per hr)  
AUC(o-inf) 
Calc. K (per hr) 
AUCo-tlAUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 1.55 
App.Clt (Cltl F) (Uhr) 
CL W(kg 'h r ) I  
App. Vss (Ukg) 

AUC 
0.000 
0.01 1 
0.393 
2.901 
4.363 
7.206 
7.486 

23.31 1 
13.420 
7.930 
11 .621 
20.236 

98.879 
O. 150 

104.941 

O 942 

4 621 

O. 743 
0.480 

AUMC 
O. O00 
0.002 
0.129 
1 .ô80 
3.651 
9.140 
13.039 
64.296 
62.845 
54.271 
112.674 
308.296 

630.023 
743 207 

7 082 

TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-tlAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClUF) (Uhr) 
CL W(kg *h r ) l  

AUC 
O. O00 
0.01 1 
0.424 
2.570 
3.802 
6.793 
7.083 

22.900 
14.659 
8,550 
11,859 
20.620 

99.271 
O. 153 

104.446 

0.950 

4.523 

0.756 
O 479 

3 396 App. Vss (Ukg) 3.363 

AUMC 
0.000 
0.002 
O. 139 
1.438 
3.221 
8.647 
12.313 
64.591 
69.164 
57.869 
116.023 
304.510 

637.917 
733.781 
7.025 



Figure 8-2: Raw data for pharmacokinetic studies with deferiprone in the white Leghorn Chicken 

Chicken Control (Y44) Chicken Control (GIA) 

TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (0-4) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CIUF) (Uhr) 
CL [ (Wg"hr) l  
App. Vss (Ukg) 

4 8 12 16 20 

Tirne (hrs) 

AUC 
0.000 
2.473 
6.375 
17.274 
18.129 
23.755 
20.659 
65.979 
44.133 
28.150 
29.682 
33.164 

289.774 
0.226 

294.645 

O. 983 

24 

AUMC 
0.000 
0.412 
1.713 
8.914 
14.973 
29.137 
35.937 
184.751 
212.004 
189.727 
272.877 
477.160 

1427.605 
1507 632 

5 117 

TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1 .!iO 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(a-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-t/AUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (ht) 
Half-life (hr) 
Weig ht (kg) 

Time (tirs) 

App.Clt (ClWF) (Uhr) 
CL rvJ(kg*hr)l 
App. Vss (Ukg) 

G11 (mcglni L) 
0.00 
0.00 
28.05 
29.31 
16.21 
15.24 
11.77 
7.75 
4.76 
2.78 
2.1 9 
0.82 

86 

AUC 
0.000 
o. O00 
2.338 
9.560 
7.585 
7.860 
6.751 
19.516 
12.507 
7.539 
9.945 
18.068 

101.668 
O. 156 

106.912 

0.951 

4.441 

AUMC 
0.000 
0.000 
0.779 
4.815 
5.957 
9.765 
11.597 
54.527 
59.549 
50.792 
97.1 O4 

275.721 



Figure 8-2: Raw data for pharmacokinetic studies with deferiprone in the white Leghorn Chicken 

Chicken Control (Y41 5) Chicken Control (Y48) 

O 4 8 12 16 20 24 

Time (hrs) 

TlM E (hr) Y41 5 (mcg1mL) 
0.00 0.00 
0.17 11.58 
0.33 25.98 
0.67 34.81 
1 .O0 33.09 
1.50 24.40 

6 .O0 9.44 
8.00 4.82 
12.00 2.46 
24.00 0.92 

Dose (mg) 77 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per h -0.226 
AUCo-UAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 1.54 
App.Clt (CIVF) (Uhr) 
CL [(L/(kg%r)] 
App. Vss ( U k g )  

AUC 
0.000 
0.965 
3.130 
10.133 
11.317 
14.372 
11.548 
36.377 
24.021 
14.252 
14.547 
20.283 

160.944 
0.226 
165.027 

0.975 

3.064 

0.467 
0.303 
1.612 

AUMC 
o. O00 
O. 161 
O. 882 
5.312 
9.383 
17 422 
20 045 
101.925 
114.956 
95 116 
136,035 
309,874 

811 142 
878.190 
5 321 

O 4 8 12 16 20 24 

Time (tirs) 

TlME (hr) Y48 (mcglmL) 
0.00 0.00 
0.17 30.76 
0.33 46.79 
0.67 48.08 
1 .O0 42.24 
1.50 33.1 9 
2 .O0 30.67 
4.00 19.30 
6.00 11.18 
8.00 5.57 
12.00 2.44 
24.00 1 .O2 

Dose (mg) 7 2 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) -0.260 
AUCo-UAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hi) 
Weight (kg) 143 
App.Clt (CIUF) (Uhr) 
CL [(U(kg*hr)] 
App. Vss (Ukg) 

AUC 
0.000 
2.564 
6.463 
15.813 
15.O53 
18,857 
15.966 
49,975 
30.476 
16.749 
16 023 
20.761 

208.701 
O. 260 
212 629 

O 982 

2.662 

O 339 
O 237 
1114 

AUMC 
0.000 
0.427 
1.727 
7.942 
12.382 
23.005 
27.784 
138.552 
144.255 
11 lq645 
147.689 
322.763 



Figure 6-2: Raw data for pharmacokirietic studies with deferiprone in the white Leghorn Chicken 

Chicken Control (G8) Chicken Control (Y402) 

TlME (hr) 
0.00 
0.1 7 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-t/AUCo-iiif 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CltlF) (Uhr) 
cl- W(kg"r)l 
App. Vss (Ukg) 

8 12 16 20 24 

Time (hrs) 

0 ~ 1 I l ' ( 1 l ' 1 ( L I 1 ,  ( 1 L L 1 ( ' 1 1 <  t ' -' -.' -'- I 

O 4 8 12 16 20 24 

Tirne (hrs) 

G8 (mcglmL) AUC AUMC TlME (hr) Y402 (mcglrnl) AUC AUMC 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o4nf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weig ht (kg) 
App.Clt (ClUF) (1Jhr) 
CL W(kg"r)l 
App. Vss (Ukg) 



Figure 8-2: Raw data for pharmacokinetic studies with deferiprone in the white Leghorn Chicken 

Chicken Control (G235) 

TlME (hr) 
0.00 
0.1 7 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-lifc (hr) 
Weight (kg) 
App.Clt (ClüF) (Uhr) 
CL W ( k g * h r ) I  
App. Vss (Ukg)  

Tirne (hrs) 

AUC 
O O00 
2.243 
4.935 
14 174 
16 560 
19 235 
14 560 
46 077 
30 188 
18 433 
17 604 
16 727 

200 736 
O 257 

202 245 

0.993 

24 

AUMC 
0.000 
0.374 
1 Z ' I  
7.655 
13.630 
23.025 
25.329 
128.471 
144.812 
123,400 
160.025 
228.693 

856.685 
880.651 

4.354 

Chicken control (Y33) 

TlME (hr) 
0.00 
0.17. 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

DOSE! (mg) 
AUC(0-t) 
k (pet hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-tlAUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App,Clt (ClüF) (Uhr) 
CL W(kg"r ) l  
App. Vss (Ukg) 

Timc (hrs) 

AUC 
0.000 
0.027 
1,500 
6.530 
6.844 
10.345 
10.81 O 
32.158 
16.217 
9.189 
13.743 
26.361 

133.723 
0.143 

142.257 

0.940 

4.841 

AUMC 
0.000 
0,004 
0,961 
65.734 
73.373 
114.876 
127.563 
272.803 
91.824 
49.9îO 
99,593 
199.175 

1095.816 
1257.835 

8.842 



Figure 8-2: Raw data for pharmacokinetic studies with defe~iprone in the white Leghorn Chicken 

Chicken iron-loaded (R7) 

- t - 1 - - 7 . - i - 1 1 1  I I  1 . 1  1 - 1  1 1 - , . 1  1 - 7 - 1 ,  I I ,  l , ,  I I  1 ,  

O 4 8 12 16 20 24 

Time (tirs) 

TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6 .O0 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-tlAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClUf) (Uhr) 
CL W(kg"r ) I  
App. Vss (Ukg) 

AUC 
0.000 
4.245 
9.149 
19,690 
16.413 
19.510 
16.784 
47.233 
30.366 
16.972 
15.032 
13.638 

209.031 
0.287 

210.084 

O. 995 

2 416 

O 376 
O 238 
O 914 

AUMC 
O. O00 
0.707 
2.342 
9.857 
13.120 
24.365 
28.712 
132.343 
144.316 
412.923 
136.025 
185.402 

790.113 
806,423 

3.839 

Chicken iron-loaded (RI  1 )  

I I I I 1 ( 1 L 1 1  t "-' ' , 1 . '  ' 1  , A - ,  1-1 1 

O 4 8 12 16 20 24 

Time (hrs) 

TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1 S O  
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-1) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-tlAUCo-inf 
AUMC (0-1) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Welght (kg) 
App.Clt (CIUF) (Uhr) 
CL W ( k c ~ * h r ) l  
App. Vss (Ukg) 

AUC 
0.000 
5.275 
10.663 
18.156 
14.301 
17.263 
13.453 
38.680 
17.771 
8.315 
7.651 
7.172 

158,701 
0.325 

159.666 

0.994 

2.136 

O 457 
0.313 
0.979 

AUMC 
0.000 
0.879 
2.675 
8.512 
11,841 
20.705 
23.465 
102.159 
81.829 
55.776 
68.264 
108.621 

484.726 
499.283 

3.127 



Figure 8-2: Raw data for pharmacokinetic studies with deferiprone in the white Leghorn Chicken 

Chicken iron-loaded (R24) Chicken iron-loaded (RI  8) 

TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6,OO 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-1) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClUF) (Uhr) 
CL w4kg*hr ) l  
App. Vss (Ukg) 

Time (hrs) 

AUC 
0.000 
1.400 
4.672 
14.570 
14.414 
16.702 
14.472 
47.740 
29.101 
16.656 
16 536 
20.223 

196.489 
O 255 

200.319 

0.981 

AUMC 
0.000 
0.233 
1.324 
7.532 
11.740 
20.261 
25.386 
132.119 
137.967 
11 1.689 
151.435 
313.063 

912.749 
973 718 
4.861 

TIME (hi)  
0.00 
0,17 
0.33 
0.67 
1 .O0 
1 -50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-t) 
k (pet hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClUF) (Uhr) 
CL [(L/(kgehr)] 
App. Vss (Ukg) 

Tirne (hrs) 

AUC 
0.000 
2.255 
5.059 
12.535 
14.948 
21,642 
18.121 
53,735 
30.433 
17.043 
18.179 
23.037 

216.907 
0.242 

221.353 

0.980 

AUMC 
0.000 
0.376 
1.311 
6.487 
12.639 
26.448 
31.436 
146,861 
143.208 
114.872 
767.702 
352.461 



Figure 8-2: Raw data for pharmacokinetic studies with deferiprone in the white Leghorn Chicken 

Chicken iron-loaded (RI  0) Chicken iron-loaded (R23) 

TlME (hr) 
0.00 
0.1 7 
0.33 
0.67 
1 .O0 
3.50 

rr 2.00 
Wh 
P 4.00 

6.00 
8.00 
24.00 

Dose (mg) 70 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per h -0.284 
AUCo-t/AUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 1.39 
App.Clt (CltlF) (Uhr) 

CL W(kg*hr ) l  
App. Vss (Ukg) 

AUC 
0.000 
5.824 
11.197 
19.384 
16.054 
20.904 
18.766 
53.306 
27.191 
14.846 
54.636 

AUMC 
0.000 
0.971 
2 762 
9.34 1 
13.175 
25.794 
32.641 
141.343 
128.418 
99. Il4 
668.764 

TlME (hr) R23 (mcglrnL) 
0.00 0.00 
0.1 7 0.66 
0.33 0.66 
0.67 11.78 
1 .O0 34.61 
1 .50 37.64 
2.00 36.24 
4.00 21 .O7 
6.00 14.81 
8.00 7.33 
12.00 3.39 
24.00 0.91 

Dose (mg) 7 1 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (pet hr) -0.235 
AUCo-UAUCo-inf 
AUMC (0-1) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 1.42 
AppClt (ClUF) (Uhr) 

CL C(Wg*hr) l  
App, Vss (Ukg) 

AUC 
0.000 
0.055 
0.111 
2.074 
7.732 
18.062 
18.470 
57.308 
35,881 
22.150 
21.448 
25,822 

AUMC 
0.000 
0.009 
O. O28 
1.346 
7.077 
22.767 
32.235 
156,749 
173.153 
147,569 
198.699 
375,720 



Figure 8-2: Raw data for pharmacokinetic studies with deferiprone in the white Leghorn Chicken 

Chicken iron-loaded (RI 5) Chicken iron-loaded (RI) 

O 4 8 12 16 20 24 

f ime (hm) 

TlME (hr) R15 (mcglrnL) 
0.00 0.00 
0.17 0.00 
0.33 5.32 
O -67 46.95 
1 .O0 44.67 
1.50 41.84 
2.00 33.34 
4.00 21.1 5 
6.00 10.91 
8.00 4.01 
12.00 3.41 
24.00 0.58 

Dose (mg) 76 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) -0.230 
AUCo-tlAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 1.52 
App.Clt (CIUF) (Uhr) 

CL U4kghhr) l  
App. Vss (Ukg) 

AUC 
0.000 
o. O00 
0.444 
8.712 
15.268 
21.627 
18.796 
54.495 
32.069 
14.921 
14.825 
23.937 

AUMC 
0.000 
0.000 
O. 148 
5.512 
12.660 
26,858 
32.362 
151.299 
150.103 
97.536 
145.853 
329.251 

951,582 
992.999 

4.516 

O 4 8 12 16 20 24 

Tirne (hrs) 

TIME (hr) R l  (rncglmL) 
0.00 0.00 
0.17 0.00 
0.33 0.00 
0.67 0.14 
1 .O0 12.32 
1.50 13.83 
2.00 22.55 
4.00 9.80 
6.00 6.61 
8.00 4.77 
12.00 3.12 
24.00 0.78 

Dose (mg) 75 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) -0.141 
AUCo-UAUCo-inf 
AUMC (0-1) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClffF) (Uhr) 
CL W(kghhr) l  
App. Vss (Ukg) 

AUC 
0.000 
0.000 
o. 000 
0.023 
2.075 
6.537 
9.095 

32.353 
16.413 
11,376 
15.770 
23.401 

AUMC 
0.000 
0,000 
0.000 
0.015 
2.068 
8.267 
16.462 
84.314 
78.871 
77.789 
151.110 
337.106 



Figure 8-2: Raw data for pharmacokinetic studies with deferiprone in the white Leghorn Chicken 

C hicken iron-loaded (R8) Chicken iron-loaded (R20) 

TIME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (0-1) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
AppClt (CltlF) (Uhr) 
CL ~ ~ ~ ~ ~ g k h r ) l  
App. Vss (Ukg) 

AUC 
0.000 
1.130 
3.050 
7.819 
8.315 
16.477 
16.935 
50.090 
33.184 
16 861 
16,307 
15.546 

185.716 
O. 284 
186.996 

0.993 

2.4368477 

O 471 
O 269 
1 230 

AUMC 
O. O00 
0.188 
0.828 
3.933 
6.988 
21.465 
28.883 
144.679 
154.607 
ll3.OîO 
148.268 
212.771 

835.632 
855.497 
4.575 

TlME (hr) 
0.00 
0.17. 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CltlF) (Llhr) 
CL [(U(kgklir)] 
App. Vss (Ukg) 

AUC 
0.000 
3.141 
7.183 
15.897 
14.504 
18.633 
16.895 
53.083 
29.651 
16.927 
20.915 
22.520 

219.350 
0.215 
221.467 

0.990 

3 2214637 

O. 352 
0.226 
1 026 

AUMC 
0.000 
O. 523 
1.871 
7.903 
1 1.900 
22.931 
29.492 
145.933 
138.142 
175.884 
193.701 
303.032 

971.312 
1006.557 
4.545 



Figure 8-2: Raw data for pharmacokinetic studies with defcriprone in the white Leghorn Chicken 

Chicken iv dose (G4) Chicken iv dose (G235) 

TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o4nf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClUF) 
CL W(kg*hr)l 
App. Vss (Ukg 

4 8 12 
Time (hrs) 

G4 (mcglmL) 
0.00 

89.64 
60.24 
42.25 
38.24 
27.62 
23.76 
13.68 
5.95 
3.63 
1.39 
0.00 
75 

16 20 

AUC 
0.000 
7.470 
12.490 
l7.082 
13.415 
16.165 
12.845 
37.440 
19,630 
9.580 
1 O. 040 
8.340 

164.797 
0.277 

164.797 

1,000 

AUMC 
0.000 
1.245 
2.91 8 
8.041 
11 .O68 
19.91 8 
22.238 
lO2.24O 
90.420 
64.740 
91.440 
lOO.O8O 

TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 

4 8 12 16 
Time (hrs) 

G235 (mcglmL) 
0.00 

240.98 
55.90 
40.37 
33.19 
25.89 
21.79 
12.99 
5.35 
2.40 
0.93 
0.00 
8 0 

514.347 AUMC (O-t) 
51 4.347 AUMC (O-inf) 

3.121 MRT (hr)  
Half-life (hr) 
Weight (kg) 
App.Clt (CIVF) 
CL W(kg"r)l 
App. Vss (Ukg 

20 24 

AUC 
0.000 

20.082 
24.740 
16.045 
12.260 
14.770 
12 .%?O 
34.780 
18.340 
7.750 
6.660 
5.580 

172.927 
O. 325 

172,927 

1.000 

AUMC 
0.000 
3.347 
4,900 
7.591 
10.017 
18.006 
20.604 
95.540 
84.060 
51.300 
60,720 
66,960 



Figure B-2: Raw data for pharmacokinetic studies with deferiprone in the white Leghorn Chicken 

Chicken iv dose (Y415) 

O 4 8 12 16 20 
Time (t irs)  

TlME (hr) Y41 5 (mcglmL) 
0.00 0.00 
0.17 61.89 
0.33 44.89 
0.67 31.89 
1 .O0 27.19 
1 .50 21.57 
2.00 17.60 
4.00 7.29 
6.00 2.94 
8.00 1.66 
12.00 0.76 
24.00 0.00 

Dose (mg) 78 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-tlAUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weig ht (kg) 1.58 
App.Clt (Cltl F) (Uhr) 
CL [(U(kg*hr)I 
App. Vss (Ukg) 

AUC 
o. O00 
5.158 
8.898 
12.797 
9.847 
12.190 
9.793 

24.890 
10.230 
4.600 
4.840 
4.560 

AUMC 
0.000 
O. 860 
2.107 
6.037 
8.075 
14.886 
16.889 
64.360 
46.800 
30.920 
44.800 
54.720 

Chicken iv dose (Y48) 

O 4 8 12 
Time (tirs) 

TlME (hr) Y48 (mcglmL) 
0.00 0.00 
0.17 1 07 .O6 
0.33 55.01 
0.67 39.28 
1 .O0 30.53 
1.50 25.56 
2.00 20.02 
4.00 9.31 
6,OO 4.53 
8,OO 2.07 
12.00 0.76 
24.00 0.00 

Dose (mg) 66 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (pet hr) -0.313 
AUCo-tl AUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MUT (hr) 
Half-life (hr) 
Weight (kg) 1.32 
App.Clt (ClUF) (Uhr) 
CL W(kg"hr)l 
App. Vss (Llkg) 

AUC 
0.000 
8.922 
13.506 
15.715 
2 1,635 
14.023 
11,395 
29.330 
13.840 
6,600 
5.660 

AUMC 
0.000 
1.487 
3.015 
7.421 
9.453 
17.218 
19.595 
77.280 
64.420 
43.740 
51.360 





Figure 8-2: Raw data for pharmacokinetic studies witti deferiprone in the White Leghorn chicken 

Chicken post treatment (R7) Chicken post treatment (RI  5) 

TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Time (hrs) 

R7 (rncglrnL) 
0.00 
0.00 
5.1 2 
3.03 
6.96 
14.51 
13.72 
4.98 
3.60 
2.02 
1.46 
0.36 

AUC 
0.000 
0.000 
0.427 
1.358 
1.665 
5.368 
7.058 
18.700 
8.580 
5 620 
6 960 
1 O. 920 

AUMC 
0.000 
0.000 
O. 142 
0.621 
1.497 
7.181 
12.301 
47 360 
41.520 
37.760 
67,360 
156.960 

O 

TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 

12.00 
24.00 

4 8 12 16 20 
Tirne (hrs) 

AUC 
o. O00 
0.315 
0.570 
1.760 
3.678 
9.663 
14.118 
46.460 
20.690 
1 O. 070 
12.340 
21.540 

24 

AUMC 
0.000 
0.053 
O. 138 
1 .O03 
3.262 
12.673 
25.225 
121.060 
96.000 
67.320 
120.480 
321.120 



Figure 8-2: Raw data for pharmacokinetic studies with deferiprone in the White Leghorn chickeii 

Chicken post treatment (R20) 

O 4 8 72 
Time (hrs) 

TIME (hr) R20 (mcglmL) 
0.00 2.52 
0.17 3.1 1 
0.33 0.00 
0.67 0.00 
1 .O0 0.19 
1.50 3.71 
2.00 0.00 
4.00 0.88 
6.00 1 ,44 
8.00 1.86 
12.00 0.24 
24.00 0.35 

16 20 

AUC 
o. O00 
0.469 
0.259 
O O00 
O 032 
0.975 
0.928 
0.880 
2.320 
3.300 
4.200 
3.540 

24 

AUMC 
O. O00 
0.043 
0.043 
O. O00 
0.032 
1.439 
1 .XII 
3.520 
12 160 
23 520 
35.520 
67.680 

Chicken post treatment (RI 1) 

O 4 8 12 16 20 24 
Time (hrs) 

TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1 S O  
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

R l l  (mcglmL) 
0,oo 
17.45 
6.96 
35.48 
11.87 
7.79 
7.54 
5.00 
8.08 
5,41 
5.62 
2.24 

AUC 
0.000 
1.454 
2.034 
7.073 
7.892 
4.915 
3.833 
12.540 
13,080 
13,490 
22.060 
47.160 

AUMC 
0.000 
0.242 
0.436 
4.329 
5.921 
5.889 
6.691 
35.080 
68.480 
91,760 

221.440 
727.200 



Figure 8-2: Raw data for pharmacokinetic studies with deferiprorie in the White Leghorn chicken 

Chicken post treatment (R24) Chicken post treatment (R23) 

1 - 7 ~ 1 - 1 - r T T - l - l  1 1  1 - 1  1 1 - 1 - 1  1 )  

12 16 20 24 
Time (tws) 

TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

AUC 
0.000 
0.000 
0.000 
0.013 
0.013 
2.080 
4.810 

21.430 
20.550 
15.550 
19.820 
55.620 

AUMC 
0.000 
0.000 
0.000 
0.009 
0.009 
3.120 
8.580 

63.880 
102.280 
104.320 
193.760 
1018.080 

TlME (hr) 
0.00 
0.17 
0.33 
0,67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

O 4 8 12 16 20 24 
Time (hrs) 

AUC 
0.000 
O. 182 
O. 182 
0.000 
0.000 
2.253 
6.578 
22.780 
8.690 
5.690 
10.000 
17.280 

AUMC 
0.000 
0,030 
0.030 
0.000 
0.000 
3.379 
12.029 
56.520 
41.180 
39.1 O0 
100.160 
233.280 



TlME (hr) 
0.00 
0.17 
0.33 
0.67 
1 .O0 
1.50 
2.00 
4.00 
6.00 
8.00 
12.00 
24.00 

Figure B-2: Raw data for pharmacokinetic studies with deferiprone in the White Leghorn chicken 

Chicken post treatment (R18) 

1- l ' - l  I ' ' ' I ~ ~ 1  1 1  1-r.-1 1  1  1 l  1 1 

4 8 12 16 
Tirne (hrs) 

AUC 
0.000 
O.  463 
O. 879 
2.005 
2.508 
3.985 
4.718 
27.400 
24,720 
12.560 
15 400 
32 280 

-7 

1 1  1 1 . 1  1 1 - 1  

20 24 

AUMC 
0.000 
0.077 
0.216 
1 .O59 
2 118 
4.975 
8.445 
87.700 
11 5.420 
83.940 
150.480 
529.200 



AP PENDIX C: 
RAW DATA FOR CWTER 3 

PHARRIACOKINETIC DISPOSITION OF THE IRON CHELATOR 
DEFERIPRONE IN THE DOMESTIC PIGEON 



Table C-1 : Siiii~iiiary of calciilated plianiiacokiiictic peiniiictess i i i  iroii loaded (IL-DFP) doiiicstic pigeoiis ndiiiiiiistered a sitigle oral 

dose of deferiproiie (50 iiigkg). Each R iiuiiil)cr rcpscsciits aii iiidividiial bird. 

I'ARAMETER 1 1  R12 1114 R15 Rh R7 R8 K9 1110 R13* AVERAGE S.D. 
- -- -- - - - -- - - - 

Dose(rng) -ORAL 33.00 32.00 30.00 41 .O0 35.00 32.00 41.00 32.00 32.00 33.00 34.22 

Weight (kg) 0.66 0.63 0.50 0.81 0.71 0.63 0.82 0.64 0.63 0.68 0.68 

AUC (O-t) ( ~ i g  .hr/inl) 159,80 138.17 73.00 108.10 81.35 102.04 199,13 102.96 108.22 69.51 119.20 39.95 

k (pcr hr) 0.19 0.17 0.33 0,21 0.34 0.28 0.23 0.33 0.18 0.03 0.25 0.07 

AUC (O-m) (pg .hrln~l) 176.26 149.98 74.91 120.1 1 82.32 103.26 200.76 104.08 119.53 195.05 125.69 42.25 

AIICo-tlAIJCo-inf 0.91 0.92 0.97 0.99 0.99 0.99 0.99 0.99 0.91 0.36 0.96 0.04 
* 
a vi AUMC (0 -0  (/i6 .tir2/nil) 572.13 406.81 233.82 433.02 354.87 459.74 876.87 429.83 825.82 343.86 5 10.32 213.33 

AUMC (O-KI) (pg .tir2/inl) 857.62 620.38 262.57 635.50 38 1 .O0 493.52 923.03 460.22 1 160.70 5706.86 643.84 287.70 

MRT (Ii r) 4.87 4.14 3.51 5.29 4.63 4.80 4,60 4.42 9.71 29.26 5.1 1 1.80 

App. C1t (Lltll;) (Lllir) 0.19 0.21 0.40 0.34 0.43 0.3 1 0,20 0.3 1 0.26 O. 17 0.29 0.08 

Norrri. App. Clt (I,/kg.lir)l 0.28 0.33 0.67 0.42 0.60 0.48 0.25 0.48 0.42 0.25 0.44 0,14 

App.Vss (IJkg) 1.38 1.38 2.34 2.20 2.78 2.31 l . i 5  2.12 4-06 7.39 2.19 O .89 

Half-lifc (Iir) 3,70 4.21 2.11 3.37 2.05 2.45 2.97 2.09 3.89 21.29 2.98 0.85 

Cniax (pgliiil) 31.34 34.65 1 4 . 6  1 15.57 16.99 32.81 24.48 11.58 11.98 2 1.30 8.70 

Tniax (niiii) 120.00 60.00 60.00 20.00 90.00 00.00 90.00 10,OO 90.00 20.00 70,OO 36.06 

* R 13 cxcliided froiii dnin  iiiialysis dile to Iinlf-li fe grcater ~Iiiiii 10 S.D. h i i i  iiieaii 











Figure C-2: Raw data for pharniacokinetic studies with deferiprone in the dornestic pigeon 

Pigeon Control (Y70) 

O 4 8 12 16 20 24 
Time (hrs) 

Y70 - 
Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CIUF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

Pigeon Control (Y63) 

Y63 
mcqlmL AUC AUMC T ~ ~ ~ H R S )  mcqlmL AUC 

0.68 0.000 0.00 0.00 0.25 0.00 
32.30 5.496 1,794 0.33 5.00 0.874 
34.1 8 22,160 14.983 1 .O0 7.07 4,024 
27.1 O 30.643 44.1 95 2.00 7.1 6 7.1 19 
6.53 67,258 186.731 6.00 3.76 21.854 
1.83 25.064 183.281 12.00 1.50 15.806 

Y63 
DOS= (rng)T 
AUC(0-t) 
k (per hr) 
AUC(a-inf) 
Calc. K (per hr) 
AUCo-t/AUCo-inf 

430.985 AUMC (04) 
574.981 AUMC (O-inf) 

3.61 1 MRT (hr) 
Half-life (hr) 
Weiglit (kg) 
App.Clt (ClUF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

AUMC 
0.00 
0.278 
2.91 3 
10.701 
73.822 
121.917 



Figure (2-2: Raw data for ptiarmacokinetic stiidies with deferiprone in the domestic pigeon 

Pigeon Control (Y71)) 

100 1 

Pigeon Control (Y64) 

I O 0  I 

Tirne (hrs) 

Y71 
~ i r n e ( ~ ~ ~ )  mcqlmL AUC AUMC 

0.00 0.30 0.00 0.00 
0.33 26.15 4.408 7 ,453 
1 .O0 30.59 18.91 2 13.102 

r-1 2.00 26.01 28.300 41.306 
4 + 6.00 7.85 67.712 1 98.185 

12.00 2.98 32.488 248.648 

Y71 
Dose (mg) 31.900 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) -0.161 
AUCo-UAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 0.638 
App.Clt (ClUF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

Time (hrs) 

Y64 
T ~ ~ G R S )  mcglmL AUC AUMC 

0.00 0.36 0.00 0.00 
0.33 13.57 2.322 0.754 
1 .O0 17.52 10.365 7,348 
2.00 18.21 17.866 26.972 
6.00 6-81 50.041 154.554 
12.00 3.31 30.316 241.588 

Y64 
Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-t/AUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CltlF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 



Figure C-2: Raw data for pharmacokinetic studies with deferiprone in the domestic pigeon 

Pigeon Control (Y66) 

100 -. 1 
Pigeon Control (Y74) 

I O 0  i 

Y66 - 
Tirne (hrs) 

0.00 
0.33 
1 .O0 

C 2.00 
4 
N 6.00 

12.00 

Y66 - 
Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-i nf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CWF) (Uhr) 
App. Clt (Ukglhr) 
App, Vss (Ukg) 

8 12 16 

Time (hrs) 

rnccllmL AUC 
0.25 0.00 
12.09 2.057 
14.70 8.932 
13.92 14.315 
5.60 39.057 
1.59 21.592 

AUMC 
0,oo 

0.672 
6.245 
21.277 
122.943 
158.237 

309.375 
436.91 7 
4.670 

Y74 
~ ime(hrs )  

0.00 
0.17 
0.67 
1.50 
4.00 
8.00 

24.00 
Y74 

Dose ( m g )  
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-tlAUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CIUF) (Uhr) 
App. Clt (UkgJhr) 
App. Vss (Ukg) 

AUC 
0.00 
1.157 
7.793 
14.097 
28.588 
16.675 

17,894 

AUMC 
0.00 

0.193 
3.460 
15.142 
62.659 
82.770 

172.31 8 

336.542 
647.277 

7.440 



Figure C-2: Raw data for pharmacokinetic studies with deferiprone in the domestic pigeon 

Pigeon Control (Y73) Pigeon Control (Y75) 
100 

A 10 
E - 
U 
E l  

- - 1 - l - r l T l l l r ~ r r l l I r l t l 1 t l l t l l l l l )  

O 4 8 12 16 20 24 
0 l l ~ l ~ l t l l l ~ ~ l l ~ T l ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ T ~ ~ ~ ~ ~ ~ 7 ~ ~  

Time (hrs) 
O 4 8 12 16 20 24 

Time (hrs) 

Y73 
~ i m z h r s )  

0.00 
0.17 
0.67 
1 .SO 
4.00 
8.00 

24.00 
Y73 - 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClUF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

AUC 
0.00 
1.408 
9.403 
17.946 
34.645 
13.995 

15.524 

92.922 
0.296 
93.938 

0.989 

2.341 

0.301 
0.532 
1.997 

AUMC 
0.00 
0.235 
4.156 
19.728 
68.71 2 
69.096 

162.720 

324,646 
352.482 

3.752 

Y75 
~ i m e ( h r ç )  

0.00 
0.1 7 
0.67 
1.50 
4.00 
8.00 

24.00 
Y75 

Dose (mg) 
AUC(0-1) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
au Co-t/AUCo-inf 
AUMC (0-1) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CltIF) (Uhr) 
App. Clt (Ukg/hr) 
App. Vss (Ukg) 

AUC 
0.00 
1.190 
7.952 
14.781 
30.187 
16.781 

20.082 

90.973 
0.261 
92.227 

0.986 

2.652 

0.374 
0.542 
2.390 

AUMC 
0,oo 
0.198 
3.51 7 
16.084 
64.681 
84.585 

202.605 



Figure C-2: Raw data for pharmacokinetic studies with deferiprone in the domestic pigeon 

Pigeon Control(67) 

'O0 1 
Pigeon Control (Y65) 

100 1 

O 4 8 12 16 20 24 
Time (hrs) 

Y67 
~ i m G r s )  

0.00 
0.1 7 
0.67 
1.50 
4.00 
8.00 

24.00 
Y 67 - 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-tlAUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClUF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

AUC 
0.00 
1.392 

10.872 
18.437 
30.595 
17.879 

17.277 

96.454 
0.322 

97.162 

0.993 

2.1 51 

0.340 
0.51 5 
1.934 

AUMC 
0.00 
0.232 
5.160 
18.357 
67.793 
86.967 

167.436 

345.945 
365.1 47 

3.758 

Time (hrs) 
0.00 
0.1 7 
0.67 
1.50 
4.00 
6.00 

24.00 
Y65 

Dose ( m g 7  
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-t/AUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClUF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

1 1 1 I I t 1 -  I 1 T r r 1 I - 1  r l  -T-Y--- 1- 1 

8 12 16 20 24 
Time (hrs) 

AUC 
0.00 
1.148 
9.417 

20.534 
42.639 
21.246 
17.562 

112,547 
0.380 

113.312 

0.993 

1.822 

0.275 
0,487 
1.790 

AUMC 
0.00 

O. 191 
4.556 
22.506 
91.204 
100.21 9 

177.730 

396.406 
416.772 

3.678 



Figure C-2: Raw data for pharmacokinetic studies with deferiprorie in the dornestic pigeon 

Pigeon iv dose (Y64) 

IV 64 
Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-tlAUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClWF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

8 12 
Time (hrs) 

16 20 

AUC 
O .O0 

î 6,253 
51.893 
51 .O22 
124.235 
76,504 

319.907 
0.1 53 

367.247 

0.871 

4.517 

0.093 
0.136 
0.730 

24 

AUMC 
0.00 
5.41 8 

30.223 
72.962 
394.372 
589.769 

1092,743 
1969,368 

5.363 

Pigeon iv dose (Y71) 

IV 71 - 
Dose (mg) 
AUCi(0-t) 
k (per hr) 
AUC(o-inf) 
Calc, K (per hr) 
AUCo-tlAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CltlF) (Uhr) 
App. Clt (Llkglhr) 
App. Vss (Ukg) 

AUC 
0.00 
15.526 
46.481 
38,295 
79.01 3 
36.490 

21 5.804 
0.1 89 

231.456 

0.932 

AUMC 
0.00 
5.175 

25.780 
53.447 

231.654 
272.21 1 



Figure C-2: Raw data for pharmacokinetic stirdies with deferiprone in the domestic pigeon 

Pigeon iv dose (Y66) 

Y 66 - 
Time (HRS) 

0.00 
0.33 
1 .O0 
2.00 
6.00 
12.00 

IV 66 
Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-VAUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClUF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

8 12 16 
Time (hrs) 

mcqlmL AUC 
0.00 0.00 

151 .O6 25,177 
56.22 69.094 
35.82 46.022 
15.95 103,535 
7.72 70.984 

20 24 

AUMC 
0.00 
8.392 
35.525 
63.932 
334,638 
564.780 

1 OO7.268 
2299.365 
6.074 

Pigeon iv dose (Y65) 

Y65 . 
7 

Time (hrs) 
0.00 
0.1 7 
0.67 
1 S O  
4.00 
8.00 
24.00 

IV 65 - 
Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-t1AUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CltlF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

8 12 16 

Time (hrs) 

AUC 
0.00 

19.185 
64.586 
19.1 56 
30.530 
17.037 
17.871 

20 24 

AUMC 
O .O0 
3.1 98 
14,279 
18.971 
66.318 
83.754 
179,186 

365.706 
391 .l56 
2.310 



Figure C-2: Raw data for pharmacokirietic studies with deferiprone in the domestic pigeon 

Pigeon iv dose (Y75) 
1000 

O 4 8 12 16 20 24 
Time (hrs) 

AUC 
0.00 

11,584 
50.316 
39.837 
58.81 5 
40.339 
54.890 

AUMC 
0.00 
1.931 
16.168 
38.140 
131 .O25 
21 3.1 34 
488.891 

IV 75 
Dose (mg) 34,950 
AUC(0-t) 255.782 
k (per hr) 0.187 
AUC(o-inf) 257.856 
Calc. K (per hr) 
AUCo-UAUCo-inf O. 992 
AUMC (0-1) 889.288 
AUMC (O-inf) 950.1 56 
MRT (hr) 3.685 
Half-life (hr) 
Weight (kg) 0.699 
App.Clt (CltlF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

Pigeon iv dose (IV67) 

Time (hrs) 

Y67 - 
Time (hrs) 

0.00 
0.17 
0.67 
1.50 
4.00 
8.00 

24.00 

AUC 
0 .O0 
18,333 
75.923 
54.606 
90.267 
68.341 
78.721 

IV 67 
Dose (mg) 34.800 
AUC(0-t) 386.190 
k (per hr) 0.245 
AUC(o-inf) 388.31 2 
Calc. K (per hr) 
AUCo-tlAUCo-inf 0.995 
AUMC (0-1) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CltïF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

AUMC 
0,oo 
3.056 
23.1 15 
52.849 

21 3.058 
347.922 
696.350 



Figure C-2: Raw data for pharmacokinetic studies witti deferiprone iri the domestic pigeon 

Pigeon iron-loaded (R 11) Pigeon iron-loaded (R 12) 

R 11 - 
Time (HRS) 

0.00 
0.33 
1 .O0 
2.00 
6.00 

12.00 

IR 11 
Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Cafc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MUT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClUF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Llkg) 

A 1 - 1  L I l  l ) . . L . . . l . l  

8 12 

Time (hrs) 

AUC 
0.00 

2.120 
11.558 
26.903 
81 595 
37.621 

R 12 - 
AUMC Time (HRS) 

0.00 0.00 
0.678 0.33 
8.846 1 .O0 

42.572 2.00 
238.879 6.00 

IR 12 
Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-t/AUCo-inf 

572.1 30 AUMC (04) 
857.622 AUMC (O-inf) 
4.866 MRT (hr) 

Half-life (hr) 
Weight (kg) 
App.Clt (CltlF) (Uhr) 
App. Clt (Llkglhr) 
App. Vss (Llkg) 

mcqlmL AUC 
0.58 0.00 
3.75 0.722 
34.65 12.802 
30.16 32.407 
5.22 70.754 
1.94 21.485 

AUMC 
0.00 
O ,208 
11.968 
47,487 
183,248 
163,899 



Figure C-2: Raw data for pharmacokinetic studies with deferiprone iii the domestic pigeon 

Pigeon iron-loaded (R 13) 

3 
Pigeon iron-loaded (R 14) 

100 : 4 

'rime (hrs) 

R 13 - 
Time (HRS) mcqlmL AUC AUMC 

0.00 0.28 0.00 0.00 
0.33 1 1.98 2.043 0.665 
1 .O0 8.45 6.810 4.148 
2.00 7.73 8.092 11.957 
6.00 4.97 25.399 90,543 

12.00 4.09 27.165 236.551 

IR 13 - 
Dose (mg) 33.350 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) -0,033 
AUCo-tlAUCo-inf 
AUMC (0-1) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 0.677 
App.Clt (CIUF) (Uhr) 
App. Clt (Ukglhr) 
App, Vss (Ukg) 

Time (hrs) 

R 14 - 
Time (HRS) mcqlmL AUC 

0.00 0.43 0.00 
0.33 10.97 1.900 
1 .O0 14.96 8,643 
2.00 12.17 13.561 
6.00 4.53 33,400 

12.00 0.63 15.492 

IR 14 
Dose (mg) 29.600 
AUC(0-t) 72.996 
k (per hr) 0.329 
AUC(o-inf) 74.908 
Calc. K (per hr) -0.329 
AUCo-üAUCo-inf 0.974 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 0.592 
App.Clt (CltIF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

AUMC 
0.00 
0.609 
6.205 
19.644 
103.079 
104.281 



Figure C-2: Raw data for pharinacokinetic studies with deferiprone ir~ the domestic pigeon 

Pigeon iron-loaded (RI  5) Pigeon iron-loaded (R6) 

R 15 - 
Time (HRS) 

0.00 
0.33 

C 
1 .O0 

00 
O 

2.00 
6.00 
12.00 

IR 15 - 
Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-tIAUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (ClUF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

8 12 16 

Tirne (hrs) 

mcqlmL AUC 
0.36 0.00 
18.61 3.162 
13.87 10.827 
14.92 14.395 
8.49 46.826 
2.47 32.889 

AUMC 
0.ca 
1 .O34 
6.691 
21.855 
161 .598 
241.797 

432.974 
635.265 

5.290 

O 4 8 12 16 2 O 24 

Tirne (hrs) 

R6 
~ i r n z h r ç )  

0.00 
0.1 7 
0.67 
1.50 
4.00 
8.00 
24.00 
IR 6 - 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-tlAUCo-inf 
AUMC (O-t) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.CLt (Cltl F) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

AUC 
0.00 
0.468 
4.423 
11.520 
28.649 
18.484 
17.805 

81.349 
O, 338 
82.31 8 

0.988 

AUMC 
0.00 

0.078 
2.246 
13.088 
65,924 
89.1 18 
184.47 9 



Figure C-2: Raw data for pharmacokinetic studies with deferiprone iii the domestic pigeon 

Pigeon iron-loaded (R 7) Pigeon iron-loaded (R 8) 

R 7 - 
Time (hrs) 

0.00 
0.1 7 

+ 0.67 
00 
+ ? .5O 

4.00 
8.00 

24.00 

IR 7 - 
Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-tlAUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (Clt/F) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

Time (hrs) 

AUC 
0.00 
0.856 
6.407 
13.477 
32.300 
23.396 
25.599 

102.035 
0.283 

103.262 

0.988 

2.450 

0.307 
0.484 
2.31 4 

AUMC 
0.00 
0.143 
2.987 
14,886 
76,090 
1 16.406 
249.224 

459.735 
493.521 

4.779 

Time (hrs) 

IR 8 - 
Dose (mg) 40.750 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) -0.233 
AUCo-tlAUCo-inf 
AUMC (0-1) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CIt/F) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

AUC 
0.00 
1.661 

12,694 
26,519 
60.881 
44.304 
53.073 

AUMC 
0.00 

0.277 
5.971 
29.070 
141.003 
227.243 
473.31 O 



Figure C-2: Raw data for pharrnacokinetic studies with deferiprone in the dornestic pigeon 

Pigeon iron overload (R 9) 
100 g 

Pigeon iron overload (R 10) 
100 

R 9 
~ i r n q h r s )  

0.00 
0.17 
0.67 
1.50 
4.00 
8.00 

24.00 
IR 9 - 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-t/AUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CltIF) (Uhr) 
App. Clt (Ukglhr) 

Time (hrs) 

AUC 
0.00 
2.040 
11.903 
15.244 
28.235 
23.129 
22.406 

AUMC 
0.00 
0.340 
4.875 
14.833 
70.903 
11 1.940 
226.942 

429.833 
460.222 

4.422 

IR 10 - 
Time (hrs) rncqlml 

0.00 0.00 
0.1 7 8.79 
0.67 10.00 
1 .50 11 .58 
4.00 7.75 
8.00 3.80 

24.00 2.02 
IR 10 - 

Dose (mg) 31.500 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) -0.178 
AUCo-UAUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 0.630 
App.Clt (CltlF) (Uhr) 
App. Clt (Ukgihr) 
ADD. Vss Wka)  

Time (hrs) 

AUC 
0.00 
0.733 
4.698 
8.992 

24.168 
23.103 
46.526 

108.220 
0.178 

11 9,530 

0.905 

3.886 

0.264 
0.418 
4.062 App. Vss (Ukg) . . , d l  . .-  

AUMC 
0.00 
0.122 
2.033 
10.016 
60.478 
122.802 
630.370 

825,822 
1 160.697 

9.71 1 



Figure C-2: Raw data for pharmacokinelic studies with deferiprone in the domestic pigeon 

Pigeon Post iron-loaded (R 11) Pigeon Post i ron- loaded (RI 2) 

o-I--l-l-l-r, I l  1 - 1  I l  I l  1 .  1 , 1 ,  1 ,  I l  , 1 1  

O 4 8 12 16 20 24 O 4 8 12 16 20 24 
Time (hrs) Time (hrs) 

POST R 11 
Time (HRS) 

0.00 
0.33 
1 .O0 

C 2.00 
00 
w 6.00 

12.00 

POST R 11 
Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-t/AUCo-inf 
AUMC (04) 
AUMC (O-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CIUF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

POST R 12 
mcqlmL AUC AUMC Time (HRS) mcqlml AUC AUMC 

0.42 0.00 0.00 0.00 0.39 0.00 0.00 
14.62 2.507 0.81 2 0.33 27.91 4.71 7 1.551 
17.22 10.61 4 7.365 1 .O0 30.84 19.586 13.383 
17.51 17.363 26.1 16 2.00 15.86 23.351 31.279 
3.34 41.694 110.121 6.00 3.58 38.884 1 06.444 
0.90 12.714 92.424 12.00 1 .O2 13,813 1 01.228 

POST R 12 
Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-t/AUCo-iiif 

236.838 AUMC (04) 
304.537 AUMC (O-inf) 

3.423 MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CltlF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 



hl ? m e  
Ci CD? 
r- cucu" 



Figure C-2: Raw data for pharmacokinetic studies with deferiprone in the dornestic pigeon 

Pigeon Post iron-loaded (R 6) 
Pigeon Post iron-loaded (R 7) 

E 
P) 

POST R 6 
Time (hrs) 

0.00 
0.1 7 
0.67 
1.50 
4.00 
8.00 

24.00 - 
POST R 6 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-UAUCo-inf 
AUMC (0-1) 
AUMC (o-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CIVF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

8 12 16 

Time (hrs) 

AUC 
0.00 

0.404 
4.51 5 
12.393 
30.876 
21.1 70 

26.645 

96.004 
0.304 

98.998 

0.970 

2.280 

0.339 
O, 505 
3.080 

AUMC 
0.00 
0.067 
2.403 
14.004 
71.829 
1 04,042 

329.685 

522,030 
603.757 
6.099 

POST R 7 
Time (hrs) 

0.00 
0.1 7 
0.67 
1.50 
4.00 
8.00 

24.00 
POST R 7 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-t1AUCo-inf 
AUMC (O-t) 
AUMC (o-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CltlF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

4 8 12 16 

Time (hrs) 

AUC 
0.00 

0.484 
5.584 
14.933 
35.268 
22.984 

24.329 

103,582 
0.308 

105.037 

0.986 

20 24 

AUMC 
0.00 

0.081 
2.996 
1 6.662 
80.712 
11 2.678 

252.026 



Figure C-2: Raw data for pharmacokinetic sludies with deferiprone in the domestic pigeon 

Pigeon Post iron-loaded (R 8) 

Tirne (hrs) 

POST R 8 
Time (hrs) 

0.00 
0.1 7 
0.67 
1.50 
4.00 
8.00 

24.00 
POST R 8 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-üAUCo-inf 
AUMC (04) 
AUMC (o-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
AppClt (ClüF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

AUC 
0.00 
0.643 
5.903 
14.91 8 
34.205 
23.003 

44.842 

123.514 
0.153 

133.71 8 

0.924 

4.528 

0.292 
0.374 
3.046 

AUMC 
0.00 
0.107 
2.971 
16.857 
74,614 
124,357 
558.653 

777.560 
1089.142 

8.145 

Pigeon Post iron-loaded (R 9) 

100 , 

O 4 8 12 16 20 24 
Time (hrs) 

POST IR 9 
Time (hrs) 

0.00 
0.17 
0.67 
1.50 
4.00 
8.00 

24.00 - 
POST R 9 

Dose (mg) 
AUC(0-t) 
k (per hr) 
AUC(o-inf) 
Calc. K (per hr) 
AUCo-VAUCo-inf 
AUMC (O-t) 
AUMC (o-inf) 
MRT (hr) 
Half-life (hr) 
Weight (kg) 
App.Clt (CltlF) (Uhr) 
App. Clt (Ukglhr) 
App. Vss (Ukg) 

AUC 
0.00 

0.248 
4.733 
14.614 
36.643 
28.863 
40.733 

AUMC 
0.00 
0.041 
2.784 
16.379 
86.842 
149.298 

436.055 





APPENDIX D: 
RAW DATA FOR CHAPTER 4 

CLIXICAL EVALUATION OF THE ORAL IRON CHELATOR DEFERIPROXE 
Ir\; T H E  L ~ H I T E  LEGHORN CHICKEN AND DOMESTIC PIGEOX 



Table D-1 a: Hematological values in iron-loaded-deferiprone treated White Leghom 

chickens (IL-DFP), before and 2 and 4 weeks after treament with defenprone orally 

twice daily (50 mgkg) (ND=not done). Each R number represents an individual bird. 

CBC Parameter 

Week O WBC ( 1 0 ~ 1 ~ )  

(Pre-IL) RBC (1 0'*/L) 

Hb ( W )  
HCT (UL) 
MCV (fl) 
MCH (pg) 

MCHC (g/L) 
TS Protein (g/L) 
Heterophil Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophil Count 
Polychrornasia 

Week 2 WBC (1 O~ /L )  

RBC ( 1 0 ~ ~ 1 ~ )  
Hb ( g l u  
HCT (UL) 
MCV (fl) 
MCH (pg) 

MCHC (g/L) 
TS Protein (g/L) 
HeterophiJ Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophil Count 
Potychromasia 

Week 4 WBC ( 1 0 ~ 1 ~ )  

RBC (1 012/~)  
Hb ( g l u  
HCT (UL) 
MCV (fl) 
MCH (pg) 

MCHC (g/L) 
TS Protein (g1L) 
Heterophil Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophil Count 
Polychrornasia 

RED 1 

8 -9 

2.7 
129 
0.3 
111 
48 
430 
67 
6.5 

O 
1.34 
0.89 

O 
0.18 

O 

13.2 

2.7 
8 8 

0.32 
119 
3 3 

275 
ND 

9.37 
O 

3.83 
O 
O 
O 

1-2 

DEAD 

DEAD 
DEAD 
DEAD 
DEAD 
DEAD 
DEAD 
DEAD 
DEAD 
DEAD 
DEAD 
DEAD 
DEAD 
DEAD 
DEAD 

RED I S  

19.8 

2.6 
1 O8 
0.28 
1 O8  
42 
386 
6 1 

1 1.48 
O 

4.75 
2.97 

O 
0.59 

O 

26.3 

2.8 
1 O3 
0.3 
1 O7 
37 

343 
NO 

6.31 
O 

19.73 
O 
O 

0.26 
O 

26.1 

3 
8 9 
0.3 
100 
30 

29 6 
67 

5.74 
O 

17.75 
1.57 
0.26 
0.78 

O 

RED 20 

38.2 

3 
112 
0.34 
113 
37 

329 
53 

3.44 
O 

23.3 
8.79 
0.76 
1-91 

O 

12.6 

3.1 
112 
0.36 
116 
3 6 

31 1 
ND 

4.16 
O 

7.81 
0.13 
0.1 3 
0.38 

O 

45.3 

3.3 
125 
0.38 
115 
3 8 

328 
5 O 
7.7 

O 
33.52 
3.17 

O 
0.91 

O 

RED II RED 8 

45.3 

2.5 
85 

0.26 
1 O4 
34 

327 
60 

23.1 
O 

6.34 
14.95 

O 
0.91 
OCC 

38.5 

3.6 
1 O4 
0.34 
94 
29 

306 
ND 

23.49 
O 

10.01 
4.62 

O 
0.39 

O 

12.1 

3.9 
1 24 
0.38 
97 
3 2 

326 
5 5 

4.48 
O 

5.08 
1.94 
0.24 
0.36 

O 

AVERAGE 

26.1 8 

2.72 
107.40 
0.29 

108.00 
39.60 

365.40 
61.80 
10.59 
0.00 
8 -94 
5.71 
0.1 9 
0.76 
0.00 

22.1 8 

3.16 
102.80 
0.34 

108.80 
33.00 
30 1.80 

ND 
1 -59 

0.00 
9.37 
0.99 
0.03 
0.21 
0.00 

27.83 

3.40 
1 12.67 
0.35 

104.00 
33.33 

31 6.67 
57.33 
5.97 
0.00 
18.78 
2.23 
0.1 7 
0.68 
0.00 



Table D-1 b: Hematological values in iron-loaded m i t e  Leghom chickens (IL), before 

and 2 and 4 weeks afier iron loading. (ND=not done). Each B number represents an 

inaividual bird. 

CBC Parameter BLUE 25 BLUE 37 BLUE 19 BLUE 12 BLUE 18 AVERAG 
Week O WBC (1 o'/L) 

(Pre-IL) RBC (1 012/~) 

Hb ( g U  
HCT (UL) 
MCV (fl) 
MCH ( P a  

MCHC (g/L) 
TS Protein (g/L) 
Heterophil Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophit Count 
Polychromasia 

Week 2 WBC (1 0'1~) 

RBC (1 o"/L) 
Hb (dL) 
HCT (UL) 
MCV (fL) 
M3-î (pg) 

MCHC (g/L) 
TS Protein (g/L) 
Heterophil Count 
Sand Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophil Count 
Polychrornasia 

Week 4 WBC (1 0'1~) 

RBC (1 o"/L) 
Hb (g/L) 
HCT (UL) 
MCV (fL) 
MCH (pg) 

MCHC (g/L) 
TS Protein (g/L) 
Heterophil Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophil Count 
Polychromasia O 



Table D-lc: Hematological vaIues in non-iron-loaded control White Leghorn chickens 

(NIL-C), before and weeks 2 and 4 of the study. o = n o t  done). Each W number 

represents an individual bird. 

CBC Parameter WHi'E 21 WHITE 22 WHiTE 19 WHTE 24 

Week 1 WBC (1 0'1~) 34.6 24.8 42.8 21 -7 

(Pre-IL) RBC (1 O'*/L) 2 -4 2.9 2.6 2.8 
Hb (g/L) 96 88 1 O0 118 
HCT (UL) 0 .26 O .3 0.28 0-31 
MCV (fL) 1 08 1 03 1 08 111 
MCH (Pg 40 30 38 42 

MCHC (g/L) 369 293 357 381 
TS Protein (g/L) ND 74 ND ND 
Heterophil Count 8.65 15.38 6.42 2.6 
Band Heterophils O O O O 

Lymphocyte Count 15.92 8.43 29.96 16.28 
Monocyte Count 7.96 0.99 3.42 2-1 7 
Eosinophil Count 0.35 O 1.28 O 
Basophil Count 1.73 O 1.71 0.65 
Polychrornasia OCC O O O 

Week 2 WBC (10'1~) 

RBC (1 0 '2 /~ )  
Hb (g/L) 
HCT (UL) 
MCV (fl) 
MCH (pg) 

MCHC (gIL) 
TS Protein (giL) 
Heterophil Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophif Count 
Basophil Count 
Polychromasia 

Week 4 WBC (1 o'/L) 

RBC (10'2/~) 
Hb (g/L) 
HCT (UL) 
MCV (fl) 
MCH (pg) 

MCHC (g/L) 
TS Protein (g/L) 
Heterophil Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophil Count 
Polychromasiü 

WHITE 7 

18.7 

2.5 
74 

0.31 
124 
30 

240 
ND 

7.85 
O 

8.23 
1.5 

0.37 
0.75 

O 

AVERAGE 
28.52 

2.64 
95.20 
0.29 

1 10.80 
36.00 
328.00 
74.00 
8.18 
0.00 
15.76 
3.21 
0.40 
0.97 
0.00 



Table D-2a: Hematological values in iron-loaded-defenprone treated domestic pigeons 

(IL-DFP), before and 2 and 4 weeks after treatment with defenprone orally twice daily 

(50 mgkg). Each R number represents an individual bird. 

CBC Pararneter 

Week O W SC (1 0 9 / ~ )  

( P d  L) RBC (10'2/L) 
Hb 
HCT (LIL) 
MCV (fl) 
MCH (pg) 

MCHC (g1L) 
TS Protein (g/L) 
Heterophil Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophil Count 
Polychrornasia 

Week 2 WBC (1 09/~) 

RBC (10"/~) 
Hb (g/L) 
HCT (LfL) 
MCV (fL) 
MCH (pg) 

MCHC (g/L) 
TS Protein (g/L) 
Heterophif Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophil Count 
Polychromasia 

Week 4 WBC (1  OS/^) 
RBC ( 1 0 ~ ~ 1 ~ )  

Hb (g/L) 
HCT (UL) 
MCV (fL) 

MCH (pg) 
MCHC (g/L) 

TS Protein (g/L) 
Heterophil Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophil Count 
Polychrornasia 

RED 6 

19.8 

3 -8 
175 
0.52 
137 
46 
33 6 
31 
10.1 
O 
7.13 
1.78 
O 

0.79 
2-4 

9.1 

3.7 
171 
0.5 
135 
4 6 
342 
34 
5.6 
O 
3.37 
0.09 
O 
0.09 
1-3 

12.6 

3.4 
151 
0.5 
147 
44 
302 
34 
7.06 
0.1 3 
3.91 
1.39 
O 
0.13 
3-5 

RED 7 
16.7 

4 
1 76 
0.51 
128 
44 
345 
38 
7.52 
O 

5.18 
3.34 
O 

0.67 
2-3 

10.9 

3.5 
175 
0.48 
137 
50 
364 
43 
4.91 
O 

5.01 
0.33 
O 

0.65 
1-2 

8.4 

3.6 
162 
0.49 
136 
45 
33 1 
33 
3.53 
0.08 
2.86 
1.6 
O 

0.34 
3-6 

RED 8 
25.6 

3.8 
182 
0.51 
1 34 
48 
357 
47 
18.43 
O 

5.38 
1.79 
O 
O 
4-6 

29 

3.6 
165 
0.51 
142 
46 
324 
40 
1 1 -6 
O 

13.05 
3.77 
O 

0.58 
1 -2 

18.6 

3 -8 
165 
0.53 
139 
43 
31 1 
4 1 
10.6 
O 

6.88 
0.93 
0.1 9 
O 
2-4 

RED 9 

9.3 

3.7 
1 73 
0.49 
132 
47 
353 
39 
5.49 
O 

3.16 
0 -47 
0.09 
O -37 
4-5 

11.5 

3 -4 
159 
0 -47 
138 
47 
338 
40 
3 -5 
O 

6.44 
1 .O4 
0.58 
O 
2-6 

32 

3.5 
156 
0.49 
140 
45 
31 8 
35 
12.8 
O 

1 3.44 
3.52 
2.24 
O 
2-5 

RED I O  AVERAG 





Table D-2c: Hematological values in non-iron-loaded control dornestic pigeons (NIL-C), 

before and weeks 2 and 4 of the study. (ND=not done). Each W number represents an 

individual bird. 

CBC Parameter WHITE 96 WHiE 97 WHITE 98 W H E  99 WHiTE 100 AVERAGE SD 

week O WBC ( 1 0 9 ~ )  

RBC (10'~/l) 

Hb (gn-1 
HCT (UL) 
MCV (a) 
MCl-l (w) 

MCHC (g/L) 
TS Protein (g/L) 
Heterophil Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophil Count 
Polychromasia 

WEEK 2 WBC (1 CI9/L) 

R8C (10'*/~) 
Hb (g/L) 
HCT (UL) 
MCV (fl) 
MCH (w) 

MCHC ( g L )  
TS Protein (glL) 
Heterophil Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophi1 Count 
Poiychromasia 

Week4 WBC(109/L) 

RBC (1 o"/L) 
Hb ( g l u  
HCT (UL) 
MCV (fL) 
MCH (pg) 

MCHC ( g k )  
TS Protein (g/L) 
Heterophil Count 
Band Heterophils 

Lymphocyte Count 
Monocyte Count 
Eosinophil Count 
Basophil Count 
Polvchromasia 

20.3 

3.6 
168 
0.47 
131 
47 
357 
40 
6.5 

O 
10.56 
2.84 
O 

0.41 
1-3 

43.2 

4.1 
1 78 
0.54 
132 
43 
329 
44 

7.35 
O 

33.26 
1.73 
0.86 

O 
3-5 

40.4 

3.8 
1 64 
0.55 
145 
43 
298 
37 
8 .a9 

O 
22.62 
6.46 

O 
2.42 
OCC 



Table D-3a: Plasma biochemistry values in iron-loaded-defenprone treated White 

Leghorn chickens (IL-DFP), before and 2 and 4 weeks after treatrnent with defenprone 

orally twice daily (50 m g k g ) .  Each R number represents an individual bird. 

PARAMETER 
Week O Calcium (mmoVL) 
(Pre-IL) Phos phorus (mmoVL) 

Total Protein ( g L )  
Albumin (g/L) 
Globulin (g/L) 

A:G Ratio 
Glucose (mmoVL) 

Cholesterol (mrnoVL) 
Total Bilirubin (umoVL) 

Gamma-GT (UIL) 
AST (UL)  
CK (UIL) 

Amylase (UIL) 
Lipase (UIL) 

Urie Acid (umoVL) 
LDH (UtL) 

Week2 Calcium(mmol/L) 
Phosphorus (mmoVL) 

Total Protein (g/L) 
Albumin (g1L) 
Globulin (g1L) 

A:G Ratio 
Glucose (mmoLfL) 

Cholesterof (mmoVL) 
Total Bilinibin (umoVL) 

Gamma-GT (UIL) 
AST (UL)  
CK (UIL) 

Amylase (UIL) 
Lipase (UIL) 

Unc Acid (umoVL) 
LDH (UIL) 

Week 4 Calcium (mrnoVL) 
Phosphorus (rnmoVL) 

Total Protein (g/L) 
Albumin (g1L) 
Globulin (g1L) 

A:G Ratio 
Glucose (mmoVL) 

Cholesterol (mmoUL) 
Total Bilirubin (umoVL) 

Gamma-GT (UIL) 
AST (Un) 
CK (UIL) 

Amylase (Un) 
Lipase (UtL) 

Uric Acid (umoVL) 
LDH (UtL) 

RED 1 
7.32 
1.82 
55 
19 
3 6 

0.53 
11.4 
3 -5 

O 
296 
156 
61 0 
299 
55 
148 
436 

3.09 
1.34 
6 5 
16 
4 9 

0.33 
12.7 
7.22 

1 
196 
212 
1001 
295 
19 

1 72 
398 

Dead 
Dead 
Dead 
Dead 
Dead 
Dead 
D ead 
Oead 
Dead 
Dead 
Dead 
Dead 
Dead 
Dead 
Dead 
Dead 

RED 15 RED 20 RED 11 RED 8 
6.32 
1.93 
5 8 
2 1 
3 7 

OS7 
12.2 
2.89 

O 
331 
181 
685 
275 
74 

239 
520 

2.27 
1 .O2 
45 
13 
3 2 

0.41 
13.2 
4.26 

O 
3 5 

285 
3603 
27 1 
17 
123 
467 

Dead 
Dead 
Dead 
D ead 
Dead 
Dead 
Dead 
Deaa 
Dead 
Dead 
Dead 
Dead 
Dead 
Dead 
Daad 
Dead 

AVERAGE SD 



Table D-3b: Plasma biochemistry values in iron-loaded White Leghom chickens (IL), 

before and 2 and 4 weeks after iron-Ioading. Each B number represents an individual 

bird. 

DATE PARAMETER BLUE 25 BLUE 37 8LUE 19 BLUE 12 BLUE 18 AVERAGE SD 
Week O Calcium (rnmoVL) 
(Pre-IL) Phosphoms (mmoVL) 

Total Protein (glL) 
Albumin (g1L) 
Globulin (g1L) 

A G  Ratio 
Glucose (mmoUL) 

Cholesterol (mmoVL) 
Total Bilirubin (umoUL) 

Gamma-GT (UIL) 
AST (Un) 
CK (UIL) 

Amylase (Ult) 
Lipase (UIL) 

L'Ac Acid (umoUL) 
LDH (UIL) 

Week 2 Calcium (mmoUL) 
Phosphorus (mmol1L) 

Total Protein (g/L) 
Albumin (gIL) 
Globulin (giL) 

A:G Ratio 
Glucose (rnrnolIL) 

Cholesterol (rnmoVL) 
Total Bilinibin (umoVL) 

Gamma-GT (UIL) 
AST (UIL) 
CK (UIL) 

Amylase (UIL) 
Lipase (UIL) 

Uric Acid (umoUL) 
LDH (UIL) 

Week 4 Calcium (rnrnoUL) 
Phosphorus (mmoVL) 

Total Protein (g1L) 
Albumin (glL) 
Globulin (g1L) 

A:G Ratio 
Glucose (mmol1L) 

Cholesterol (mmoVL) 
Total Bilimbin (umoVL) 

Gamma-GT (UIL) 
AST (UL) 
CK (UIL) 

Amylase (UIL) 
Lipase (UIL) 

Uric Acid (umoUL) 
LDH (UIL) 



Table D-3c: Plasma biochemistry values in non-iron-loaded-control White Leghom 

chickens (NIL-C), before and weeks 2 and 4 of the study. Each W number represents an 

individual bird. 

PARAMETER WHITE 21 WHiTE 22 WiTE 19 WHITE 24 WiTE 7 AVERAGE SD 
Week O Calcium (mmoVL) 

Phosphoms (mmoVL) 
Total Protein (glL) 

Albumin (glL) 
Globulin (g1L) 

A:G Ratio 
Glucose (mmoK) 

Cholesterol (mmol/L) 
Total Bilinibin (umoK) 

Gamma-GT (UtL) 
AST (UA) 
CK (UL) 

Amylase (UIL) 
Lipase (UIL) 

Uric Acid (umoVL) 
LDH (UIL) 

Week 2 Calcium (mmoUL) 
Phosphonis (mmoVL) 

Total Protein (g/L) 
Albumin (gIL) 
Globulin (g1L) 

A:G Ratio 
Glucose (mmoüL) 

Cholesterol (mmoVL) 
Total Bilimbin (umoVL) 

Gamma-GT (UA) 
AST (U5) 
CK (UL) 

Amylase (UIL) 
Lipase (Un) 

Uric Acid (umoVL) 
LDH (U5) 

Week 4 Calcium (rnmoVL) 
Phosphorus (mmoVL) 

Total Protein (g1L) 
Albumin (gL)  
Globulin (g/L) 

A:G Ratio 
Glucose (mmoVL) 

Cholesterol (mmoUL) 
Total Bilimbin (umoVLj 

Gamma-GT (Un) 
AST (UIL) 
CK (UL) 

Amylase (Un) 
Lipase (UIL) 

Uric Acid (umoüL) 
IDH  (UIL) 



Table D-4a: Plasma biochemistry values in iron-loaded-defenprone treated domestic 

pigeons (IL-DFP), before and 2 and 4 weeks after treatment with deferiprone orally hvice 

daily (50 mgkg). Each R nurnber represents an individual bird. 

BlOCHEMlSTRY 
Week 1 Calcium (mmoüL) 
(Pre-IL) Phosphorus (mmoVL) 

Total Protein (gL)  
Albumin (glL) 
Globulin (g1L) 

A:G Ratio 
Glucose (mmoüL) 

Cholesterol (mmoVL) 
Total Bilirubin (umoVL) 

Gamma-GT (UIL) 
AST (UIL) 
CK (UIL) 

Amylase (UIL) 
Lipase (UL) 

Uric Acid (umoVL) 
LDH (UIL) 

Week 2 Calcium (mmoVL) 
Phosphonis (mmoVL) 

Total Protein (g1L) 
Albumin (g/L) 
Globulin (g1L) 

A:G Ratio 
Glucose (mmoVL) 

Cholesterol (mmoVL) 
Total Bilirubin (umoVL) 

Gamma-GT (UIL) 
AST (UIL) 
CK (UIL) 

Amylase (UIL) 
Lipase (UIL) 

Uric Acid (umoUL) 
LDH (UIL) 

Week 4 Calcium (mmoVL) 
Phosphorus (mmoüL) 

Total Protein (gL)  
Albumin (g/L) 
Globulin (g1L) 

A:G Ratio 
Glucose (mmoVL) 

Cholesterol (mrnoVL) 
Total Bilirubin (umoVL) 

Gamma-GT (UIL) 
AST (UIL) 
CK (UIL) 

Amylase (UIL) 
Lipase (UR) 

Uric Acid (umoVL) 
LDH (UIL) 

RED 6 
2.21 
0.55 
26 
14 
12 

1.17 
17.4 
6.74 

O 
12 
5 8 

365 
693 
22 

344 
3 9 

1.87 
0.49 
2 5 
12 
13 

0.92 
17.1 
7.37 

O 
11 
79 

256 
609 
17 

309 
17 

1.99 
0.77 
2 1 
15 
6 

2.5 
16.3 
6.73 

O 
16 
5 5 

355 
61 8 

O 
238 
3 8 

RED 7 
2-04 
1.12 
3 1 
15 
16 

0.94 
20.7 
7.82 

O 
22 
58 
365 
693 
22 

344 
59 

2.27 
0.98 
32 
16 
16 
1 

16.9 
8 -4 
O 

4 1 
9 5 

Y 94 
821 
26 
259 
25 

2.1 3 
0.62 
24 
16 
8 
2 

16.5 
6.79 

O 
19 
56 

416 
739 

O 
166 
94 

RED 8 
2.39 
0.95 
3 8 
18 
20 
0.9 
16.5 

12-25 
O 

90 
71 

336 
587 
19 

310 
46 

2.24 
0.91 
28 
15 
13 

1-15 
16.2 
8.34 

O 
80 
112 
528 
627 
3 1 

235 
74 

2.24 
0.95 
3 O 
19 
11 

1.73 
16.3 
7.61 

O 
92 
62 
138 
609 
12 
1 52 
36 

RED 9 
2.08 
0.8 
3 1 
16 
15 

1 .O7 
16.3 
8.1 1 

O 
50 
97 
381 
526 
12 

236 
19 

2.14 
0.61 
16 
14 
2 
7 

17.4 
8.96 

O 
30 
8 5 
163 
596 
4 1 

240 
19 

2.05 
0.5 
2 6 
18 
8 

2.25 
16.2 
7.19 

O 
3 7 
66 
159 
61 2 

O 
245 
27 

RED I O  AVERAGE SD 



Table D-4b: Plasma biochemistry values in iron-loaded dornestic pigeons (IL), before 

and 2 and 4 weeks afler iron-loading. Each G number represents an individual bird. 

BIOCHEMISTRY GREEN 38 GREEN 43 GREEN 36 GREEN 33 GREEN 45 AVERAGE SD 
Week 1 Calcium (mmol/L) 
(PreJL) Phos phorus (rnmoVL) 

Total Protein (g/L) 
Albumin (gA) 
Globulin (gL)  

A:G Ratio 
Glucose (mmoVL) 

Chdesteml (mmoK) 
Total Bilinibin (umoUL) 

Gamma-GT (UL) 
AST (UIL) 
CK (UL) 

Amylase (UL) 
Lipase (UA) 

UrÏc Acid (umoVL) 
LDH (Un) 

Week 2 Calcium (mmoVL) 
Phosphonis (mmoUL) 

Total Protein ( g L )  
Aibumin (glL) 
Globulin (gL) 

A:G Ratio 
Glucose (mmoUL) 

Cholesterol (mmolll) 
Total Bilirubin (urnoUL) 

Gamma-GT (UR) 
AST (UL) 
CK (UL) 

Amylase (U/L) 
Lipase (Un) 

Unc Acid (umoVL) 
LDH (UR) 

Week 4 Calcium (mmom) 
Phosphonis (mmoVL) 

Total Protein ( g k )  
Albumin (g/L) 
Globulin (gA) 

AG Ratio 
Glucose (mmoK) 

Cholesterol (mrnolll) 
Total Bilirubin (umoUL) 

Gamma-GT (UA) 
AST (UL) 
CK (UL) 

Amyiase (U/L) 
Lipase (UL) 

Unc Acid (umoVL) 
LDH (Un) 



Table D-4c: Plasma biochemistry values in non-iron-loaded domestic pigeons (NIL-C), 

before and weeks 2 and 4 of the study. Each W number represents an individual bird. 

BlOCHEMlSTRY WiTE 96 WHITE 97 WHITE 98 WHITE 99 WHITE 100 AVERAGE 
Week 1 Calcium (rnmoüi) 

Phasphoms (mmolR) 
Total Protein (gL) 

Albumin ( g L )  
Globulin (gL) 

A G  Ratio 
Glucose (mmolll) 

Cholesterol (mmolll) 
Total Bilinibin (urnoVL) 

Gamma-GT (UL) 
AST (Un) 
CK (UL) 

Amylase (UIL) 
Lipase (UIL) 

UBc Acid (umoK) 
LDH (Un) 

Week 2 Calcium (mmoVL) 
Phos phonis (mmoUL) 

Total Protein (gL) 
Albumin (g/L) 
Globulin (gn) 

AG Ratio 
Glucose (rnmotn) 

Cholesterol (mmoVL) 
Total Bilinibin (umoüL) 

Gamma-GT (UL) 
AST (Un) 
CK (Un) 

Amylase (UIL) 
Lipase (Un) 

unc ~ c i d  (urnoill) 
LDH (Un) 

Week 4 Calcium (mmoüL) 
Phosphonis (mmoVL) 

Total Protein ( g R )  
Aibumin (gIL) 
Globulin (g/L) 

k G  Ratio 
Glucose (mmolll) 

Cholesterol (mmolll) 
Total Bilirubin (umok) 

Gamma-GT (Un) 
AST (Un) 
CK (UR) 

Amylase (UIL) 
Lipase (UIL) 

Uric Acid (urnoVL) 
LDH (U5) 



Table D-Sa: Plasma iron parameters in iron-loaded-deferiprone treated White Leghorn 

chickens (IL-DFP), before and 2 and 4 weeks after treatrnent with defenprone orally 

twice daily (50 mgkg). Each R number represents an individual bird. 

IRON P- 
b l c O  Plasmalron(umd/L) 
( M L )  TlBC(umd/L) 

UIBC (u&) 
O h  Saturation 

k k  1 masrria lron (urnolll) 
TlBC ( U M )  
UIBC ( u W )  

O h  Saturation 

W e k  2 Plasma lron (u&) 
TlBC (u&) 
UIBC ( u M )  
% Saturation 

W k  3 Plasma lron (uWL)  
TIBC (umd/L) 
UlBC (~lmoUL) 
O h  Saturation 

b k  4 Rasma lron (umoUL) 
TlBC (u&) 
UlBC (umoVL) 
% Saturation 

RED 15 
100 
100 

O 
100 

dotted 
dotted 
dotted 
dotted 

85 
85 
O 

100 

65 
65 
O 

100 

55 
67 
12 
82 

RED 11 
22 
129 
1 O7 
17 

dotted 
dotted 
dotted 
dotted 

7 
1 O7 
100 
7 

2 1 
99 
78 
21 

50 
70 
20 
71 

RED 8 
9 1 
91 
O 

100 

14 
84 
70 
17 

16 
98 
82 
16 

dead 
dead 
dead 
dead 

dead 
dead 
dead 
dead 



Table D-Sb: Plasma iron parameters in iron-loaded White Leghorn chickens (IL), before 

and 2 and 4 weeks afier iron-Ioading. Each B number represents an individual bird. 

IRON PARAMETER BLUE 25 BLUE 37 BLUE 19 BLUE 12 BLUE 18 AVERAGE 
Week O Plasma lron (umoVL) 
(Pre-IL) TIBC (umoUL) 

Ul BC (urnoVL) 
'/O Saturation 

Week 1 Plasma lron (unwVL) 
TiBC (umoüL) 
Ul BC (umoüL) 
Oh Saturation 

Week 2 Plasma iron (umoVL) 
TlBC (umoVL) 
UlBC (umon) 
% Saturation 

Week 3 Plasma lron (umoVL) 
TiBC (umoVL) 
UlBC (umoVL) 
O/O Satuztion 

Week 4 Plasma lron (umoVL) 
TiBC (umoVL) 
UIBC (umoUL) 
% Saturation 

93 
93 
O 
100 

clotted 
dotted 
dotted 
dotted 

77 
n 
O 

1 O0 

62 
62 
O 

1 00 

62 
62 
O 

1 O0 

1 O3 
1 O3 

O  
1 O0 

dotted 
dotted 
clotted 
dotted 

78 
78 
O 

100 

79 
79 
O 

1 O 0  

77 
n 
O 

100 



Table D-5c: Plasma iron parameters in non-iron-loaded control White Leghorn chickens 

(NIL-C). before and weeks 2 and 4 of the sîudy. Each W nurnber represents an individual 

v k k 2  Fla3rtaIroci(m) 
Tl= ( u M )  
UIBC (urrd/L) 
%Saturation 

w 3  Flasrralron(umdR) 
TIEC ( u M )  
UIBC (umuL) 
O10 Satufah 



Table D-6a: Plasma iron parameters in iron-loaded-deferiprone eeated domestic pigeons 

(IL-DFP), before and 2 and 4 weeks after treatrnent with defenprone orally twice daily 

(50 mgkg). Each R number represents an individual bird. 

IRON PARAMETER 
Week O Plasma fron (umoVL) 
(Pre-IL) TIBC (umoVL) 

UIBC (umoVL) 
Oh Saturation 

Week 1 Plasma lron (urnoVL) 
TlBC (umoVL) 
UIBC (umoVL) 
% Saturation 

Week 2 Plasma lron (urnoVLj 
TlBC (umoVL) 
UIBC (umoUL) 

Oh Saturation 

Week 3 Plasma lron (umoVL) 
TIBC (umoVL) 
UIBC (umoUL) 
'/O Saturation 

Week 4 Plasma lron (umoVL) 
TlBC (umoVL) 
UIBC (umoUL) 
% Saturation 

RED 6 
16 
21 
5 

76 

19 
24 
5 

79 

19 
24 
5 

79 

19 
30 
11 
64 

19 
27 
8 
70 

RED 7 
16 
32 
16 
50 

20 
30 
I O  
67 

28 
35 
7 

80 

16 
39 
23 
40 

23 
44 
2 1 
52 

RED 8 
3 1 
36 
5 

86 

18 
25 
7 

72 

3 6 
40 
4 
90 

29 
3 9 
10 
74 

3-l 
45 
14 
69 

RED 9 RED 40 AVERAGE 
20 23 21 -20 
23 28 28.00 
3 5 6.80 
87 82 76.20 



Table D-6b: Plasma iron parameters in iron-loaded domestic pigeons (IL), before and 2 

and 4 weeks after iron-loading. Each G nurnber represents an individual bird. 

1RON PARAMHER 
Plasma lron (umoVL) 

TlBC (umüL) 
U l m  (umoVL) 
% Saîuration 

Plasma lron (umoVL) 
nsc (umoVL) 
UlBC (umd/L) 
% Saturation 

Plasma lron (urnoVL) 
TlBC (umol/L) 
UlBC (umoUL) 
% Saturation 

Plasma lron (urnoVL) 
TiBC (umoK) 
UlBC ( u M )  
O h  Saturation 

Plasma lron (umoVL) 
m c  (umoYL) 
UlBC (unrUL) 
O h  Saturation 

GREEN 38 GREEN43 GREEN 36 GREEN 33 GREEN 45 AVEWGE 

* denotes female bird in lay 



Table D-6c: Plasma iron parameters in non-iron-loaded control domestic pigeons (NIL- 

C), before and weeks 2 and 4 of the study. Each W number represents an individual bird. 

IRON P m R  WiTE 96 WîE 97 H I E 9 8  \I\ME 99 WHiTE 100 AVERAGE SD 
Plasma lm (urnoY1) 

TlBC (umVL) 
UIBC (umoVL) 
O h  Saturation 

Plasma lron (umol/L) 
TlBC (umoVL) 
UlBC (umoVL) 
% Saturation 

Plasma lron (umoüL) 
TlBC (umoVL) 
UIBC (umoüL) 
% Saturation 

Plasma lron (umoVL) 
nsc (urnok) 
UIBC (urnoK) 
% Saturation 

Plasma lron (umoK) 
nsc (umofi) 
UIBC (umoVL) 
% Saturation 

* denotes female birds in lay. 



Table D-7a: Plasma zinc, magnesium and copper concentrations at the end of 30 days of 

treatment with deferiprone (50 rng/kg orally twice daily) in iron-loaded deferiprone 

treated (IL-DFP), iron-Ioaded (IL) and non-iron-loaded control (NIL-C) White Leghorn 

chickens. Each R, B and W nurnber represents an individual bird. 

IL-DFP R 1 R 15 R 20 R 11 AVERAGE S.D. 

Zinc (mg/L) 1.2 3.3 1.6 1.5 1.9 0.939 

Magnesium (mg/L) 20 23 19 15 19.25 3.304 

C O P P ~ ~  @%IL) 0.36 0.16 O -22 0.38 0.28 0.107 

IL B 25 B 37 B 19 B 12 B 18 AVERAGE S.D. 

Zinc (mg/L) 2.8 2.9 3.6 3.3 3 -4 3.2 0.339 

Magnesium (mg/L) 2 1 15 2 3 30 30 23.8 6.380 

Copper 0.24 0.68 0.24 0.2 0.3 1 0.334 O. 197 

NIL-C W21 W 2 2  W19 W 2 4  W 7  AVERAGE S.D. 
- -  -- - -- - -- -- 

Zinc (mg/L) 3.3 3 -4 3 .O 3.3 1.9 3.1 0,682 

Magnesium (mg&) 2 1 2 7 24 24 21 23.4 2.510 

Table D-7b: Plasma zinc, magnesiurn and copper concentrations at the end of 30 days of 

treatrnent with deferiprone (50 m g k g  orally twice daily) in iron-loaded deferiprone 

treated (IL-DFP), iron-loaded (IL) and non-iron-loaded control (NIL-C) domestic 

pigeons. Each R, G, and W number represents an individual bird. 

IL-DFP R 6  R 7 - R8 - R 9  - R I 0  AVERAGE S.D. 
- - - - 

Zinc (mg/L) 2 2 -2 3 -5 2.5 3.1 2.66 0.627 

Magnesium (rng/L) 16 15 15 15 17 15.6 0.894 

C O P F  ( m g m  ~ 0 . 3  <0.3 c0.3 c0.3 C0.3 c0.3 

IL G 38 G 43 G 36 G 33 - G45 A V E U G E  S.D. 

Zinc (rng/L) 4.9 8.7 13 4.6 3.4 6.92 3.937 

Magnesium (mg/L) 25 17 19 17 19 19.4 3.286 

C O P P ~ ~  ( m g m  ~ 0 . 3  c0.3 ~ 0 . 3  ~ 0 . 3  ~ 0 . 3  c0.3 

NIL-C W 96 FV 97 W 98 W 99 W 100 AVERAGE S.D. 

Zinc (mg/L) 5.7 6.1 2.6 2.3 2.8 3.9 1.840 

Magnesium (mg/L) 2 3 2 5 15 13 14 18 5.568 



Table D-8: Weekly weiglits and average weekly weiglit cliaiiges in Wliite Lcglioni cliickeiis diiriiip 30-dny treatnieiit period witli 

deferiproiie. Note the weiglit loss in  [lie iron-loaded deferiproiie treatcd groiip (IL-DFP) comj~ared witli tlic iroii-loaded (IL) aiid iion- 

iron loadcd conirol (NIL-C) grocips. (BC=hlood wiis collec~ed froiii group on a wcckly basis). For cacli gsocip, n=lO birds. 

Group IDENTlFlCATlON WEIGHT (kg) WEIGHT (kg) WEIGHT (kg) WEIGHT (kg) 

NIL-C (BC) 

NIL-C 

IL-DFP (BC) 

IL-DFP 

IL 

IL (BC) 

White 21 
White 22 
White 19 
White 24 
While 7 
White 23 
White 4 

White 25 
White 20 
White 16 

Red 1 
Red 15 
Red 20 
Red 11 
Red 8 
Red 18 
Red 24 
Red 10 
Red 7 
Red 23 
Blue 20 
Blue 2 
Blue 43 
Blue 6 

Blue 17 

Week O 
1.56 
1.31 
1.65 
1.55 
1.40 
1.68 
1.50 
1.72 
1 .Tl 
1.45 
1.45 
1 .SI 
1.64 
1.35 
1.68 
1.42 
1.44 
1.41 
1.48 
1.41 

Week 1 
1.55 
1.38 
1.70 
1.61 
1.39 
Dead 
1.55 
1.77 
1.71 
1.50 
1.50 
1.54 
1.65 
1.30 
1.70 
1.41 
1.42 
1.40 
1.50 
1.45 
1.75 
1.61 
1.63 
1.55 
1.44 

Blue 25 1.40 1.41 
Blue 37 1.75 1.73 
Blue 19 1.33 1.38 
81ue 12 1.61 1.67 
Blue 18 1.76 1.75 

Week 2 
1.55 
1.38 
1.70 
1.61 
1.39 
Dead 
1.55 
1.77 
1-71 
1.50 
1.45 
1.56 
1.60 
1.38 
1.45 
1.36 
1.30 
1.38 
1.46 
1.51 
1.75 
1.61 
1.63 
1.55 
1.44 
1.41 
1.73 
1.38 
1.67 
1.75 

Week 3 
1.65 
1.45 
1.70 
1.63 
1-56 
Dead 
1.57 
1.76 
1.65 
1.60 
1.35 
1.51 
1.46 
1.30 
1.30 
1.41 
1.30 
1.28 
1-56 
1.41 
1.75 
1.66 
1 . i l  
1.60 
1-56 
1.53 
1.36 
1,46 
1.72 
1.72 

WEIGHT (kg) 
Week 4 

1.70 
1.50 
1.72 
1.68 
1,60 

Dead 
1.60 
1.75 
1-78 
1,6O 
Dead 
1.55 
1.34 
1.30 

Dead 
1.54 
1.40 
Dead 
1.62 
1.38 
1,76 
1.66 
1.67 
1.42 
1 .5î 
1 .fi6 
1.40 
1.48 
1.75 
1.75 

Average Weekly 
Weight Chaiige(kg) 

0.04 
0.05 
0.02 
0.03 
0.05 
Dead 
0.03 
0.01 
0.02 
0.04 
-0.03 
0.01 
-0.08 
-0.01 
-0.13 
0.03 
-0.01 
-0.04 
0.04 
-0.01 
0,02 
0.01 
0.00 
-0.03 
0.01 
0.04 
-0.09 
0.04 
0.04 
0.00 

Average % 
2.21 
3.47 
1 .O5 
2.05 
3.52 
Dead 
1.63 
0.44 
1 .O9 
2.53 
-2.26 
0.68 
-4.85 
-0.84 
-7.95 
2.16 
-0.54 
-3.13 
2.35 
-0.44 
1 .O3 
0.62 
0.19 
-1.51 
0.93 
2.80 
-4.90 
2.73 
2.12 
-0.13 



Table D-9: Weekly weiglits niid nvcrag weekly weiglit clianges in doiiiestic ~iigeoiis diiriiig 30-day treatiiient period witli 

deferiprone. Note the weiglit loss in the iron-loaded deferiprone treated groiip (IL-DFP) conipared witli the iron-loaded (IL) and non- 

iron loaded control (NIL-C) groiips. (BC=blood was collecied froiii groiip on a weckly basis). For ciicli gioup, n=I O hirds. 

Group 

NIL-C 

NIL-C (BC) 

IL-DFP 
w 
O 
\D 

IL-DFP (BC) 

IL (BC) 

IDENTIFICATION WEIGHT (gm) WEIGHT (gm) WEIGHT (gm) WEIGHT (gm) WEIGHT (gm) Average Weekly 

White 25 
White 15 
White 14 
White 6 
White 82 
White 96 
White 97 
White 98 
White 99 
White 100 

Red 11 
Red 12 
Red 13 
Red 14 
Red 15 
Red 6 
Red 7 
Red 8 
Red 9 
Red 10 

Green 42 
Green 30 
Green 34 
Green 40 
Green 39 
Green 38 
Green 43 
Green 36 
Green 33 
Green 45 

Week Q 
606 
599 
731 
61 1 
560 
836 
559 
680 
647 
705 
613 
561 
60 1 
!il 7 
753 
65 1 
607 
797 
GO 7 
61 6 
607 
563 
62 5 
568 
704 
535 
586 
693 
519 
623 

Week 1 
618 
602 
715 
597 
584 
828 
584 
685 
659 
713 
520 
566 
544 
524 
692 
572 
567 
7 80 
555 
575 
616 
573 
640 
57 1 
7 15 
545 
606 
720 
535 
61 9 

Week 2 
64 2 
61 8 
712 
617 
603 
840 
579 
686 
665 
71 9 
543 
57 2 
552 
533 
663 
61 3 
563 
739 
585 
62 1 
616 
573 
643 
574 
725 
552 
602 
725 
538 
635 

Week 3 
639 
616 
710 
61 5 
609 
855 
602 
684 
662 
721 
51 1 
56 1 
534 
52 1 
697 
607 
590 
758 
580 
602 
62 1 
570 
638 
57 O 
74 4 
558 
602 
72 1 
54 3 
627 

Week 4 
639 
616 
710 
61 5 
609 
855 
602 
6 84 
662 
721 
565 
560 
562 
526 
701 
648 
633 
752 
607 
665 
622 
586 
625 
582 
750 
59 1 
599 
695 
544 
600 

Welght Change (gm) 
8.25 
4.25 
-5.25 
1 .O0 
12.25 
4.75 
10.75 
1 .O0 
3.75 
4.00 

-12.00 
-0.25 
-9.75 
2.25 

-1 3.00 
-0.75 
6.50 

-1 1.25 
0.00 
12.25 
3.75 
5.75 
0.00 
3.50 
11.50 
14 .O0 
3.25 
0.50 
6.25 
-5.75 

Average % 
1.35 
0.7 1 
-0.72 
0.18 
2,13 
0.57 
1.90 
0.15 
0.58 
0.56 
-1 -52 
-0.04 
-1.51 
0.44 
-1.65 
0.20 
1.20 
-1.40 
0.16 
2-19 
0.61 
1 .O1 
0.01 
0.62 
1.60 
2.54 
0.56 
0.1 1 
1.19 
-0.91 



Table D10: Hepalic iron coiicenlrntioiis in iroii-loatled dcfciiproiie treatcd (IL-DIT), iro~i-loiided (IL) aiid noii-iron Ioadcd coiitrol 
(NIL-C) White Legliom chickeiis aiid doii~estic pigeons oii a dry weiglit basis (pg Fclgiii of liver). Eacli R, B, G, or W iiuniber 
re~resents ail individual bird. 

Weckly B.C. NO ~ c c k l y  D.C. Mean S .  Mean S.D. Mcaii S.D. 
(a Il) (ail) ( C )  (B.C.) (N.U.C) (N.B.C) 

DOMESTIC PIGEON 
Weekly U.C. No Weckly D.C. Mcan S.D. Mean S.1). Mcan S.D. 

(alb (ail) ( C )  (B . . )  (N.B.C) (N.B.C) 

')Fi' 2710 1570 2680 3060 2100 5320 4090 5070 4610 1510 3363.00 1496.69 2426.00 580.77 4300.00 1580.32 

B.C.= Blood collectctl wcckly N.B.C= No blood collcctcd weckly 



Table D-Il: Histological grading of sections of liver, spleen and heart fforn iron-loaded- 

deferiprone treated (IL-DFP), iron-Ioaded (IL), and non-iron-loaded control (NIL-C) 

White Leghom chickens. Each R B or W nurnber represents an individual bird. 
-- 

IL-DFP Hepatocytes Kupffer cells PV/PP M$ Splenic MI$ Myocardiocytes 

R1 O 1 O I O 

R7 O O O O O 

RS O 1 O 1 O 

R10 O O O O O 
RI1 O 1 O O O 
R15 O O O O O 

RI8 O 1 O I O 

R20 O 1 O O O 

R23 O O O O O 

R24 O 1 1 1 O 
- 

IL Hepatocytes Kupffer ceils PV/PP M$ Splenic M$ Mpcardiocytes 

NIL-C Hepatocytes Kupffer ceils PVIPP M$ Splenic M@ M~ocardioc~tes 

W4 O 1 O 1 O 
W7 O O O 1 O 
W16 O O O 1 O 

W19 O O O O O 
W20 O O O 1 O 
W21 O O O O O 
w 2 2  O O O O O 
W23 O 1 O O O 

W24 O O O 1 O 

W25 O O O 1 O 
- -  -- -- - - - - -- - -- - 

Note: PP=periportal (hepatic) PV=penvenular (hepatic) M$=macrophage 



Table D-12: Histological grading of sections of liver, spleen and heart fkom iron-loaded- 

deferiprone treated (TL-DFP), ion-loaded (IL), and non-iron-Ioaded control (NIL-C) 

domestic pigeons. Each R G , or W nurnber represents an individual bird. 

IL-DFP Hepntocytes Kupffer celk pV/PP M+ Splenic M4 Myocardiocytes 

R6 1 2 2 1 O 

R7 1 2 2 2 O 
R8 1 1 2 1 O 
R9 1 - 7 2 2 O 

RI0 1 1 2 1 O 

RI1 1 - 7 3 1 O 
R12 1 1 1 1 1 

RI3 O 1 O O O 

R14 1 1 2 O O 
RI5 1 1 2 O O 

p. - - --- - - -- 

II., Hepatocytes Kupffer cells PV/PP M@ Splenic M$ Myocardiocytes 

G30 3 3 3 3 O 

G33 3 3 3 3 O 
G34 3 3 3 2 1 
G36 3 3 3 3 O 
G38 3 7 3 3 O 

G39 3 3 3 3 O 

G40 3 3 3 - 7 O 
G42 3 3 3 - 7 O 
G43 - 7 3 3 - 7 O 
G45 3 3 3 - 3 1 

ML-C Hepatocytes Kupffer cells PV/PP M@ Splenic LM$ Myocardiocytes 

W6 2 2 1 2 O 
W14 - 7 2 1 2 O 
W15 - 3 2 3 - 7 O 
W25 3 3 3 1 O 
W82 1 1 O 1 O 
W96 2 2 1 1 O 
W97 O 1 O 1 O 
W98 2 2 2 1 O 
W99 2 - 7 - 7 2 O 

WlOO 1 1 O O O 

Note: PP=periportal (hepatic) PV=perivenular (hepatic) M$=macrophage 



Table D-13: Iron concentration in eggs from iron-loaded deferiprone treated (IL-DFP). 

iron-loaded (IL) and non-iron-loaded control (NIL-C) White Leghorn chickens on day 7 

of study. Concentration given as pg Fe/gram of egg contents (dry weight basis) 

GROUP EGG 1 E G G ~  E G G 3  AVERAGE S.D. 

IL-DFP 74 48 60 60.67 13.01 

IL 75 68 91 78 1 1.79 

NIL-C 75 55 54 61.67 12 -42 

Table D-14: Total group daily egg production for iron-loaded deferiprone treated (IL- 

DFP), iron-loaded (IL) and non-iron-loaded control (NTL-C) White Leghorn chickens on 

Day 20 to Day 27 of study. 

Day Day Day Day Day Day Day Da? Group Bird 
Group 1 2 3 4 5 6 7 8 Av/day Av/day 

-- -- - 

IL-DFP (n=7) 1 2 2 2 3 2 - 7 3 2.14 0.3 1 

IL (n=10) 9 6 9 9 6 6 9 8 7.75 0.78 

NIL-C (n=9) 7 8 9 9 6 8 10 9 8.25 0.92 







ANIMAL HEALTH LABORATORY (UNIVERSITY OF GUELPH) MICROWAVE DIGESTIOX OF 

LIVER AND EXCRETA SAMPLES FOR ATOMIC SPECTROSCOPY 

Accurately weigh (to 3 decimals) 0.5 grarns of h e z e  dried tissue into 120 mL 

Teflon digestion vessel. 

Weigh an additional 0.5 grams of one of the sarnples as a duplicate. 

Accurately weigh 0.5 grarns of fieeze dried MST bovine Iiver and/or NIST 

Oyster Tissue into a Teflon vessel. 

Add 5 mL of concentrated HN03 

Cover with reIief valve disk and allow to stand approximately one hour until 

initial reaction is complete. 

Cap vessel by hand and place capped vessel(s) with venting tube, evenly in the 

microwave turntable. Heat sarnple. Digestion time will Vary with number of 

vesseis. 

When digestion is compIete, turn off turntable, remove from microwave oven, and 

let cool to room temperature in fume hood. 

Release pressure from each vessel by gently pressing the cap nut fonvard to allow 

slow release of the gas (vent tubes still connected). 

Remove vent capping, uncap vessels rlsing the capping station. 

10) Rinse cap and safety valve using NANOpure water into the vessel. 

1 1) Transfer digested analyte fiom vessel into a 25 mL volumetric flask. 

12) Rinse vessel with water and add water to volumetric flask, diluting sample to 25 

ml. Mix well. 

13) Flame atornic absorption spectrometry used for determination of iron 

concentration. Instrument is set to a wavelength of 248.3 nm with a slit width of 

0.2. 



APPENDn E : GLOSSARY OF PHARMACOKINETIC ABBREVIATIONS 

App. Clt: The apparent clearance of deferiprone from the plasma in L/hr. 

App.Vss: The apparent volume of distribution under steady state conditions in Lkg.  

AUC(o,): The area under the plasma concentration-time curve calculated to infinity 

AUC(o-t): The area under the plasma concentration-time curve calculated from time O to 

the last time point using the trapezoidal rule. 

AUMC(o,): Total area under the first moment versus tirne curve calculated from time O 

to infinity. 

AUMC(o-S: Total area under the first moment versus tirne curve calculated fiom tirne O 

to last time point using the trapezoidal rule for surnmation of the product of time2 and 

concentration at each time point. 

Crnax: The maximum plasma concentration measured for each bird in ug/mL. 

Half-life: The elimination half-life of deferiprone expressed in hours 

k: The elirnination rate constant. 

MRT: The mean residence time (MRT) 

Norm. App. Clt: The normalized apparent clearance of defenprone in L/hr/kg. 

Tmax: The time at which the maximum concentration was achieved in minutes. 




