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Abbreviations 
 
Bsc   Bonescan 
CGP   Circulating granulocyte pool 
cm   Centimeter 
COPD   Chronic obstructive pulmonary disease 
CRT   Cathode-ray tube 
DDFT   Deep digital flexor tendon 
DJD   Degenerative joint disease (osteoarthritis/osteoarthrosis) 
ECF   Extracellular fluid 
e.g.   Exempli gratia („for example“) 
EIPH   Exercise-induced pulmonary haemorrhage 
ELAM-1  Endothelial leucocyte adhesion molecule-1 
ERC   Equine Research Centre (Guelph) Inc. 
Gbq   Gigabecquerel 
HIG   Human Immunoglobulin 
H2O2   Hydrogen peroxide 
HMPAO  Hexamethylpropylene amine oxime 
HOCl   Hypochlorus acid 
ICAM-1  Intercellular adhesion molecule-1 
111In                 Indium-111 
keV   Kiloelectron-volt 
kg   Kilogramme 
mCi   Millicurie 
mg   Milligramme 
MGP   Marginating granulocyte pool 
ml   Milliliter 
�l   Microliter 
99Mo   Molybdenum-99 
MSM   Methylsulphonylmethane 
99mTc-MDP  Technetium-99m methylene diphosphonate 
99mTc-IDP  Technetium-99m imidodiphosphate 
99mTc-HDP  Technetium-99m hydroxymethylene diphosphonate 
NADPH  Nicotinamide adenine dinucleotide phosphate ( reduced ) 
nd   not done 
O2

-   Superoxide anion 
OVC   Ontario Veterinary College and Teaching Hospital 
PAF   Platelet activating factor 
PMN   Polymorphonuclear cells 
PMT   Photomultiplier tubes 
rpm   respiration per minute 
RBC   Red blood cells 
SD   Standard deviation 
SSEA-1  Stage-specific embryonic antigen-1 
99mTc               Metastable technetium-99 
TPR   Vital signs: Temperature - Pulse - Respiration 
WBC   White blood cells 
WBV   Whole blood volume 
 
 



 
 
 
1 INTRODUCTION 
 
Different nuclear medicine techniques have been investigated to study inflammatory processes. In 
a lot of cases the diagnosis is obvious, based on clinical history and physical examination, but in 
some cases it is more difficult as the symptoms are non-specific, for example recurrent fever as the 
only indication, or a diagnosis cannot be established with other currently available diagnostic 
modalities. 
The early diagnosis of an inflammatory process allows early treatment and may prevent further 
complications. Before treatment is started one has to know about location and nature of the 
process. Nuclear medicine, a diagnostic tool with high sensitivity, has shown to be able to reveal 
the presence of inflammation and has been used in human as well as in veterinary medicine. 
Radiolabelling of white blood cells is still the golden standard for diagnosing inflammatory 
processes scintigraphically. The radiation emanating from the radiolabelled leucocytes allows to 
obtain an image of the leucocytes’ distribution in inflamed or infected tissue using the gamma 
camera. 
The radiopharmaceuticals presently used require the collection of a blood sample from the animal, 
separating the white blood cells, radiolabelling the white blood cells and then the injection back 
into the donor. This process is cumbersome and complex and may lead to loss of cell integrity. 
 
The purpose of the investigations, that are subject of  this thesis, is to make a contribution to and 
to facilitate the use of nuclear scintigraphy in soft tissue inflammation/infection imaging in equine 
medicine. The new pharmaceutical Tekappran, presented in a kit format, can be labelled with 
technetium-99m (Tc99m) and is then injected intravenously into the patient. After injection it 
targets receptors on neutrophils and monocytes/macrophages, permitting scintigraphs to be 
obtained in order to assist with the diagnosis of inflammatory and infectious processes involving 
soft tissues. While already in the investigational process in human trials these studies are 
performed in order to carry out preliminary observations in horses examining the biological 
activity and clearance rate of radiolabelled Tekappran in the horse and to assess the potential of 
Tc99m-Tekappran for imaging sites of soft tissue inflammation/infection in the equine patient. 
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2 REVIEW OF THE LITERATURE 
 
2.1 The History of Nuclear Medicine  
 
 
1896   The French physicist Henry Becquerel discovers the radioactivity of uranium shortly    
         after the German physicist Wilhelm Conrad Roentgen has discovered the x-rays           
         (Hermann 1998). 
 
1898  Maria Sklodowska and her husband-to-be Pierre Curie find that beside uranium also   
          thorium, polonium and radium release radiation (Hermann 1998). 
 
          Within the following twenty years Max Planck, Albert Einstein , Ernest Rutherford    
          and Niels Bohr elaborate the fundamentals of nuclear physics (Hermann 1998). 
 
1923   The Hungarian George de Hevesy is the first one who uses a radioactive indicator for  
            a biological examination: he investigates the lead uptake of a plant by measuring the 
 radioactive lead accumulation (Hermann 1998).  
 
1927   The first circulation studies are carried out by H. L. Blumgart and S. Weiss (Hermann 
            1998). 
 
1931   Ernest O. Lawrence constructs the first cyclotron that allows acceleration of particles 
  in a way that the energy is sufficient for a nuclear reaction (Hermann 1998). 
 
1934   Artificial radioactivity is discovered by Marie Curie’s daughter Irene Curie and her      
           husband Frederic Joliot: they treat aluminum foil with polonium rays and show that     
          the radiation continues to exist even when the active polonium is removed; their             
         chemical analyses result in the discovery that the irradiated aluminum turns into               
        phosphorus-30 (Hermann 1998). 
 
1936   Initial therapy trials using radioisotopes: J. Lawrence treats a patient suffering from     
            leukaemia with phosphorus-32 (Hermann 1998). 
 
1937 Iodide-128 is used for the first time in thyroid gland examinations by Hertz, Roberts   

and Evans but is shortly after that replaced by iodide-131, produced by Livingood  and 
Seaborg, for its longer half-life period (Hermann 1998). 

 
1938   Segre and Seaborg produce technetium-99m (Hermann 1998). 
 
           The modern era of nuclear medicine begins after World War II as only now the             
            general use of reactor-produced radioisotopes is possible (Hermann 1998). 
 
1940   The use of radionuclides as a diagnostic tool in haematology begins with the work of  
           Hahn and Hevesy. They measure blood volume in a rabbit by labelling the animal’s      
          erythrocytes with radioactive phosphorus (Lewis and Bayly 1986).                                 
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1947   Kallmann uses the ability of certain crystals to absorb gamma-rays and to emit the       
            absorbed energy as flashes of light. These light flashes, scintillations, get transformed   
           and intensified by a photomultiplier (Hermann 1998).  

The thallium-activated sodium iodide crystal, developed by Hofstadter, appears to be  
            the most sensitive detector (Hermann 1998).   
 
1951    The American physicist Benedict Cassen invents the so-called rectilinear scanner        
            which for the first time allows to produce imaging of the distribution of radioactivity    
           (Hermann 1998). 
 
1958    Introduction of the scintillation camera (gamma camera) by Hal O. Anger (Hermann   
            1998).   
 
1960    The process of radiolabelling blood cells is first mentioned by Mauer and Athens et    
           al. (Mauer et al. 1960). 
 
1976    McAfee and Thakur  introduce the use of 111-Indium-oxine labelled leucocytes and    
            platelets in human medicine (McAfee and Thakur 1976). 
 
1977    Gottlieb Ueltschi from Switzerland introduces bone-scintigraphy as a diagnostic tool  
             in equine orthopaedics (Weaver 1995). 
 
1986    The development of 99mTc-HMPAO- labelled leucocytes for the detection of              
             inflammatory processes is first described by Peters et al (Peters et al. 1986). 
 
1987    Michael W. O’Callaghan presents ventilation imaging and perfusion studies with       
              horses regarding exercise-induced pulmonary haemorrhage (EIPH). 
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2.2 Principle of Scintigraphy as a Method 
 
Nuclear scintigraphy has become a very useful tool for diagnostic processes in certain medical 
issues. According to Ueltschi (1980, 1987a,b) scintigraphy is a special method of proof for 
gamma-rays. By using external detectors distribution and metabolism of the incorporated 
radioactive compound can be observed and shown two-dimensionally (Ueltschi 1987a,b). 
There are basically two causes of increased tissue uptake: 

 
1. Inflammation - which causes increased blood flow to the damaged tissue 
2. Increased activity of cells, bone forming cells in the case of bone seeking                   

           radiopharmaceuticals showing bone remodelling processes 
                (King and Mansmann 1997).  
 
The fundamentals of this tracer technique is the chemically and biologically homogeneous 
behaviour of stable and radioactive isotopes of one element (Tempel 1983).  
 
2.2.1 Tracer Technique and Diagnostic Use of Nuclear Medicine 
 
Types of atoms, nuclides, whose nuclei contain the same amount of protons and a different 
amount of neutrons, are called isotopes. One element consists of a natural mixture of isotopes 
(Tempel 1983). Only about 20% of all known nuclides are stable. The rest, the unstable isotopes,  
release energy in the form of ionizing radiation until a stable status is reached. This unstable status 
is based on an energetic imbalance of the nuclei following a relatively energetic surplus, a not 
balanced ratio of the nucleus components, respectively. By changing its charge, i.e. changing the 
atomic number / number of protons, and by changing its mass, i.e. changing the mass number / 
quantity of protons and neutrons, the atomic nucleus changes into a different one. This 
spontaneous transformation of the nucleus by emitting energy in the form of ionizing radiation is 
called natural radioactivity. Isotopes can also be created artificially by bombardment of stable 
nuclei with different kinds of nucleons. The released  energy is either emitted as kinetic energy of 
the emitted particle (corpuscular-, alpha- or beta-radiation)  or in the form of massless 
electromagnetic radiation (x-rays or (-rays) ( Feine u. Zum Winkel 1970, Ueltschi 1980, Tempel 
1983, Hermann 1998 ). The radiation, emitted by radioactive substance, is recordable by simple 
but exact physical measurements (Ueltschi 1980).  
Fundamental for diagnostic and therapy in nuclear medicine is the tracer principle first expounded 
by the Hungarian physicist George de Hevesy ,who won the Nobel prize for his pioneering work 
with isotopes as tracers in 1943, a technique, that allows one to observe metabolic processes in 
vivo after application of a very small amount of radiolabelled substance (Hermann 1998). Tracers 
are the radioactive isotopes in a natural mixture of isotopes of one element. By detecting the 
radioactivity from these radionuclides one is able to detect what is happening to the stable form of 
the element, since atoms of the radionuclide are in every respect representative of atoms of that 
element, until they undergo radioactive decay (Bayly 1986). From their emitted radiation, 
conclusions can be drawn for the behaviour of the complete isotope-mixture (Ueltschi 1980). The 
tracer is either added to a reactive compound mixture in vitro or incorporated into the living 
organism. The smallest possible amounts of radioactive substance are used in order not to 
influence the reaction of interest or the metabolism as such. In this way certain chemical or 
biochemical reactions, markable structures as well as physiological and pathological metabolic 
processes, can be illustrated sensitively, time-dependent and quantitatively (Tempel 1983).  By 
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using a tracer it is important to ensure that it does not cause any pharmacodynamic or toxic 
effects. These requirements are only met if carrier free               
radiopharmaceuticals, which means substances without any traces of inactive isotopes,  with a 
highly specific activity are used (Hermann 1998).  
 
2.2.1.1 Criteria for the choice of a radionuclide 
 
There are more than 1000 radionuclides that can be produced artificially in a reactor or a 
cyclotron, but only a few are appropriate for the use in nuclear medicine because of their physical 
and chemical properties. Basic requirements for the diagnostic use of a radionuclide are: a low 
radiation dose to patient and staff, a reasonable and sufficient manufacturing practicability, 
gamma-energy which is in a suitable range for the measuring instruments and biochemical 
properties which allow the labelling of pharmaceuticals (Hermann 1998).  
The radiation dose to the patient is dependent on the physical and effective half-life of the isotope, 
respectively, the type of radiation and the radiation energy. From the point of view of radiation 
protection preferable radionuclides would be the ones with a very short half-life (< 1h). But as the 
duration of the examination and the transportability as well as the storage life of the radionuclide 
have to be considered, ultra-short living nuclides are not suitable for routine utilization. As a rule 
of thumb the proposed examination should be terminated within one half- life (Hermann 1998). 
For the scintillation camera gamma-radiation emitting isotopes with energies of about 100 - 400 
keV are used, as the gamma rays should be able to penetrate the patient’s body effectively but 
must not be too high in energy as they have to be detectable by present day nuclear- medicine 
instrumentation (Chandra 1982). Whenever the radionuclide can be produced by using a generator 
there are no problems concerning transportation or storage. Today, the most important 
radioisotope produced by a generator is the 99mTc-pertechnetate (99mTcO4).  
113mIn, 132J, 87mSr, 68Ga and 137mBa only play a subordinate part in routine diagnostics (Hermann 
1998).  
 
2.2.1.2 The radiopharmaceutical 
 
In nuclear medicine radionuclides are rarely used in their simplest chemical form. Instead, they are 
incorporated in a variety of chemical compounds which may be of interest because of their 
favourable biochemical, physiologic or metabolic properties. A chemical compound tagged with a 
radionuclide and prepared in a form suitable for patient use is known as a radiopharmaceutical. A 
radiopharmaceutical is used to obtain diagnostic information rather than to produce therapeutic 
results. It is usually administered in tracer quantities in a single dose and produces no 
pharmacologic effects. Besides being nontoxic in the desired amounts the choice of the 
biochemical or pharmaceutical substance in a radiopharmaceutical is dictated by the requirement 
that it be distributed or localized in the desired organ or compartment and that the uptake by that 
organ (or part of the organ) in a normal condition differs substantially from uptake in a 
pathological condition (Chandra  1982). 
Today many of the radiopharmaceuticals are produced on the scene using kits. Kits, which have to 
be sterile and apyrogenic, contain all the desired chemicals premixed and held together in a 
lyophilized state under an inert atmosphere (nitrogen gas) (Chandra 1982). Kits that are used 
today generally contain a complex binding agent as well as a stannous(II)-salt with reducing 
properties. By adding the generator eluate the applicable radiopharmaceutical is created and ready 
for use (Hermann 1998). Three parameters - labelling efficiency, in-vitro stability and in-vivo 
stability - are important considerations in the selection of a kit (Chandra 1982).  
Labelling efficiency is defined as the percentage of total radioactivity present in the kit which is 
tagged to the appropriate molecule or compound. For most kits currently in use in nuclear 
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medicine, labelling efficiencies under optimum conditions are in excess of 90%, sometimes even  
reaching as high as 99%.  
 
The in-vitro stability of a labelled compound determines the time it can be stored on the shelf 
without significant deterioration. 
The in-vivo stability of a labelled compound determines how closely the distribution of the 
radiolabelled compound in the biological system parallels that of the unlabelled compound at least 
for the duration of the study. 
Depending on the question the radiopharmaceutical is administered orally, intra arterially, 
intravenously, subcutaneously or per inhalation. Most common, however, is the intravenous 
application.  
Today a lot of different radiopharmaceuticals with affinities to certain organs, organ systems or 
illness processes are known. 
 
2.2.1.3 Diagnostic findings 
 
Scintigraphy does not provide information about the nature of lesions, which means scintigraphy is 
not a very specific diagnostic tool. But scintigraphy provides a high sensitivity for processes in the 
body that show increased blood flow and/or cell activity, e.g. osteoblastic activity in the case of 
bone remodelling, due to traumatic incidences (O’Callaghan 1991). 
Other procedures, such as radiography and ultrasonography, are needed to complete the missing 
specificity and to make a definite diagnosis  (King and  Mansmann 1997).  
 
Pathological changes appear in different ways: either as a concentration of the indicator in the 
focus of disease, so-called „hot spot“, as a missing or decreased uptake of radioactivity in the 
focus of disease, so-called „cold spot“, or in showing abnormal function or changed 
pharmacokinetic behaviour (Ueltschi 1980). 
Not all „hot spots“ are abnormal. The skeleton of young animals, for example, normally shows a 
higher uptake of bone-seeking radioactive markers and produces a darker („hotter“) image than 
that of adults due to increased blood supply and a higher rate of bone formation (Matin 1988). 
This is particularly evident in the physes and epiphyses of long bones in young growing animals 
(Metcalf  et al. 1989). But even in adults the ends of long bones have more blood supply than the 
shafts which leads to retention of more radioactive marker in the major joints (Charles 1980, Lamb 
and Koblik 1988). 
 
In scintigraphic techniques that use radiolabelled leucocytes, on the other hand, one has to 
consider a general accumulation of reinjected radiolabelled cells in certain organs, especially when 
those organs represent the site of interest. Different authors have described a long-term retention 
of reinjected radiolabelled cells in the lung tissue of horses (Koblik et al. 1985, Käppeler 1991) 
and also a common accumulation of cells in liver and spleen (Butson et al. 1995, Koblik et al. 
1985). 
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2.2.2 Uses in Horses      
 
Scintigraphy as a diagnostic tool in equine orthopaedics was first mentioned by Professor Gottlieb 
Ueltschi in Switzerland more than 20 years ago (Ueltschi 1977). 
Nuclear scintigraphy has been used as a technique to identify the site(s) of obscure or multiple 
limb lameness, back pain, and incomplete fractures in horses. It can sometimes identify bone 
lesions before they are visible on radiographs (Keegan et al. 1993, Pleasant et al. 1992). 
Scintigraphy provides also a way to monitor healing of a lesion over time (Pleasant et al. 1992, 
Koblik et al. 1988, Keegan et al. 1993). Once a lesion has healed, the uptake in the area returns to 
normal (Devous and Twardock 1984).  
All four legs and the back can be scanned in one session, if necessary, and abnormal areas that 
were not found during physical examination or gait evaluation may be identified. 
For orthopaedic purposes, typically both forelegs or both hindlegs are scanned at the same time. It 
is important for both the normal and the abnormal leg to be imaged. This way, any increased or 
suspicious uptake of the radionuclide in the lame leg can be compared with the uptake in the other 
leg. This is particularly important in horses less than 4 years old because their active physes can 
easily be misdiagnosed as an abnormal site. Bilateral lesions can be misleading in horses of any 
age. Correct interpretation of bone and soft tissue scans requires training, experience, and a 
thorough physical examination. (King and Mansmann 1997) 
 
Besides the use in orthopaedics nuclear scintigraphy has also been used for pulmonary ventilation 
and perfusion studies, using 81mKrypton (Amis et al. 1984) or 99mTechnetium (O’Callaghan et 
al.1987, Ueltschi and Jäggin 1996, Votion 1997), while looking for information about EIPH, 
COPD and other pulmonary diseases. 
Nuclear angiography has been used to measure cardiac output (Koblik et al. 1985a) or to evaluate 
intra thoracic pathology (Hornof et al. 1982). Theodorakis et al. have described liver scintigraphy 
in ponies (1982), a method that is more likely to be used in dogs. 
 
The use of nuclear scintigraphy for imaging inflammatory processes in the horse was first 
described by Koblik et al. in 1985 (b), who evaluated the imaging process of an abdominal abscess 
using 111Indium-labelled autologous leucocytes. 111Indium was later replaced by 99mTechnetium-
HMPAO, introduced by Peters (1986) and furthermore studied in the horse by Käppeler (1991), 
Butson et al. (1995), East et al.(1998) and Boswell et al. (1999). A recently published case report 
describes the use of 99mTc-HMPAO-labelled leucocytes in a horse with recurring pyrexia (Gawda 
and Stickan 2000). 
 
2.2.3 Measuring Instrumentation 
 
The type of measuring instruments depends on the purpose of the used radiopharmaceutical and 
on type and energy of the emitted radiation. For in vivo examinations it is necessary that the 
radiation offers a sufficient penetration ability with the smallest dose for the patient. The  
measuring instruments used are the „scanner“, a mobile measuring instrument, or the stationary 
gamma-camera, the Anger-camera (Ueltschi 1980, Tempel 1983). In veterinary medicine the 
stationary gamma-camera has  proven to be the most favourable instrument. Contrary to the 
scanner neither the camera nor the patient have to be moved while measuring. In addition the 
gamma-camera has more efficient radiation detectors and a larger field of view. That means the 
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presentation of the activity distribution is possible within seconds or minutes without general 
anaesthesia (Johnston et al. 1986). By using the gamma-camera images can be produced so fast 
that studies on dynamic functional processes are possible  (Barber and Roberts 1983). 
 
2.2.3.1 The Anger Scintillation Camera 
 
The most common nuclear medicine studies image the distribution of a radiopharmaceutical in the 
body with a scintillation or gamma camera. A scintillation camera may be stationary or mobile, 
that is, capable of being brought to the patient. It can be designed as a scanning camera that can 
image the entire body by moving from head to toe. It can also be designed to rotate 360E around 
the body and, combined with an interfaced dedicated computer, reconstruct tomographic images 
in any plane  (transaxial, coronal, sagittal) using emitted (-rays (single-photon emission computed 
tomography/ SPECT) or positrons (positron emission computed tomography/ PET) (Alazraki and 
Mishkin 1988). The scintillation camera consists of a detector head and a display console. The 
detector head of the Anger camera, named for its inventor, Hal Anger, contains a thallium-
activated sodium iodide [NaI(Tl)] crystal in a single thin slab of a fixed diameter that can be 25 to 
52.5 cm and a fixed thickness that can be 0.63 to 1.9 cm (Alazraki and Mishkin 1988). Other 
scintillation imaging devices use multiple small crystals.  
In the gamma camera, the scintillation crystal absorbs the (-rays and emits the absorbed energy as 
a flash or shortly spaced series of flashes of light, scintillations, proportional in brightness to the 
energy absorbed. Coupled to the crystal is an array of photomultiplier tubes (PMT’s) that convert 
the light flashes originating from the crystal to electronic pulses. An electronic computing circuit 
sums the outputs of the PMT and assigns an x-y spatial coordinate to the detected (-ray according 
to the contribution to the total signal from each PMT in the array. This is translated into voltages 
applied to the horizontal and vertical plates of a cathode-ray tube (CRT). These voltages position 
the CRT beam. When it is turned on by detection of an appropriate energy-level pulse, it produces 
a light flash at a location on the CRT corresponding to the location of interaction of the (-ray in 
the crystal. The entire process, from the detection of the (-ray to the appearance of the light flash 
on the CRT, requires only ~ 10 -5 sec. An open-shuttered camera records the separate CRT flashes 
as dots on film and produces an image of many flashes integrated over a period of time ranging 
from a fraction of a second to several minutes. Within the limits of motion, artifacts and other 
factors contributing to image degradation, the more counts, or dots, accumulated, the brighter and 
more detailed the image produced. The degree of film darkening on the image reflects body 
activity as modified by CRT intensity and camera settings (Alazraki and Mishkin 1988). 
Gamma-rays emitted from the imaged organ travel radially outward in all directions. A lead or 
tungsten collimator consisting of a single slab of metal shields the entire crystal. Either many small 
holes arranged in a parallel, slanted, converging, or diverging array or a single pinhole in the 
collimator permit the passage of only those (-rays that are travelling in a direction parallel to the 
collimator holes, or, in the case of the pinhole collimator , within the angle subtended by the 
pinhole, through to the crystal. Thus, (-ray scintillation imaging is an inefficient process. Only a 
very small fraction of the emitted (-rays can be used to produce an image ( Alazraki and Mishkin 
1988). 
The data from the camera head may be in either digital or analog form. Analog data may be readily 
converted to digital form and then stored in a suitable matrix in a computer. Reconstruction of the 
image from data stored in the computer permits quantitative spatial analysis of the data used to 
form the image. For example, count rate changes in a particular region may be determined and 
related to a physiologic  process (Alazraki and Mishkin 1988).      
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2.2.4 The Technetium Tc-99m Generator 
 
Radionuclide generators consist of a chromatographic column onto which the longer living parent 
nuclide, e.g. with the Technetium Tc-99m generator it is molybdenum Mo-99, is fixed. The 
daughter- nuclide, which can be produced by radioactive decay of a shorter half-life, can be eluted 
repeatedly by using a solvent. The eluate, which is injected or used for radiolabelling immediately, 
has to be sterile and apyrogenic. The modern radionuclide generators use an elution technique in 
which by the use of an evacuated eluate vial the solvent is siphoned through the generator-column 
and collected in a vessel. The eluate output depends on the eluate amount and the point of time of 
obtaining the eluate. The reproduction of the daughter nuclide is dependent on the half-life 
following an exponential time-rule. After one half-life about half of the available radioactivity is 
produced, after two half-lives it is three quarters and after three half-lives it is seven eighth of it. 
With the most 99mTc-generators the eluate output comes to 90+/_ 10 % concerning the 
molybdenum Mo-99 activity (Hermann 1998). 
In our case the Technetium Tc-99m Generator consists of a lead- shielded glass column containing 
specially processed alumina onto which fission produced molybdenum Mo-99, the parent nuclide 
of 99mTc, is adsorbed. Sterile, apyrogenic solutions of sodium pertechnetate Tc-99m in 
physiological saline are obtained by periodic aseptic elution of the generator. The amount of 
technetium Tc-99m obtained in an elution is a function of the potency of the generator as well as 
the time interval since the previous elution (Merck Frosst Canada Ltd 1989).  
 
 

 
Figure 1: Pho/Gamma IV scintillation camera system used at the Equine Research Centre   
                  (Guelph) Inc. 
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2.3.  Use in Localizing Soft Tissue Inflammation 
 

2.3.1 Labelling of Leucocytes 
 
As leucocytes migrate rapidly and in increased numbers to the site of onset of inflammation their 
labelling with radioisotopes has proven to be a helpful diagnostic tool in evaluating inflammation 
processes (Chianelli et al. 1997).  
Important in human medicine is the use of this technique for detection, assessment of distribution 
(Scholmerich et al. 1988), extent and activity (Saverymuttu et al. 1983b) as well as quantification 
(Giaffer et al. 1993) of  inflammatory bowel disease, for intra-abdominal sepsis, osteomyelitis and 
pyrexia of unknown origin (Weaver 1995). Using radiolabelled leukocytes abdominal abscesses 
have been located in humans (Segal et al. 1976, Saverymuttu et al. 1983a) and horses (Koblik et 
al. 1985b). They have also been used in the diagnosis of dental disease in horses (Boswell et al. 
1999), and in a recent study the reason for a recurring pyrexia in a horse could be determined by 
locating a pneumonic focus in lung tissue using 99mTc-HMPAO-labelled leukocytes (Gawda and 
Stickan 2000). 
 
The radiolabelling of blood cells was first mentioned in 1960 by studies of Mauer, Athens et al.. 
However, at this time the radionuclides that were available were poor gamma-emitters and the 
detectors were not yet able to offer adequate imaging but could only be used for surface counting. 
With the development of the gamma camera the search for radionuclides that could be used for a 
stable blood cell labelling began, a search for radionuclides with the necessary physical properties 
(e.g. adequate half-life, gamma-ray emitters) that allowed proper imaging (Peters 1995).  
In 1976 McAfee and Thakur introduced the use of 111-Indium-oxine labelled leucocytes and 
platelets in human medicine. Ten years later the development of 99mTc-hexamethylpropylene 
amine oxime  (HMPAO) labelled leucocytes was described by Peters et al. (1986). 111-Indium 
compounds and the 99mTc-HMPAO are the two most popular agents for leucocyte labelling at 
the moment (Peters 1995). The radiochemical principle of labelling blood cells is the development 
of a lipophilic complex (e.g. 111-Indium oxine or 99mTc-HMPAO), consisting of chelating agent 
and radionuclide, that is able to penetrate cell membranes and remain firmly bound to intracellular 
receptors (Peters 1995). In this complex the lipophilic chelating agent, e.g. the oxine in 111-
Indium oxine, functions as a transporter for the isotope, e.g. the 111-Indium in 111-Indium oxine, 
 into the cell (Peters 1994). 
 With the conventional radiopharmaceuticals it is necessary to draw a blood sample and separate 
the cells of interest in reasonable pure numbers before exposure to the complex in vitro (Frier 
1994) but not to separate them from plasma in the interests of cell integrity and subsequent 
function  (Saverymuttu et al. 1983c). For the separation of certain cell types a combination of 
sedimentation and differential centrifugation is necessary (Frier 1994). After this process of blood 
handling and labelling the radionuclide is ready to be injected back into the blood donor.  
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2.3.2 Alternative Agents for Imaging Inflammation 
 
Because of the cumbersome process of radiolabelling autologous blood, there has been an intense 
search recently for alternative ‘off-the shelf ‘ agents for imaging inflammation. 
 
2.3.2.1 Three-Phase Scintigraphy 
 
Different tissues can be targeted by using specific radionuclides and „carrier“ particles, and by 
timing the examination for maximum tissue uptake. 
Bone scintigraphy can be divided into three consecutive phases (Maurer et al. 1983, Rupani et al. 
1985). Phase I, the „vascular“ phase, shows a nuclear angiogram for about 30 seconds after 
injection, while the radioisotope is still predominantly in large blood vessels. In phase II, the „soft 
tissue“ phase, the isotope is mainly apparent in the capillary bed and ECF. Phase II lasts until a 
bone image is discernible and in most horses persists for 10 - 20 minutes (Lamb and Koblik 1988). 
In phase III „bone“ images are obtained 2 - 4 hours after the injection of the radiopharmaceutical. 
At this time bone is the tissue that contributes most to the scan image, whereas the activity in 
blood and soft tissue surrounding the bone has decreased (Charles 1980, Hughes 1985). 
 
For the investigation of inflammatory processes around bones a helpful but nonspecific (Hermann 
1998) method is the performance of three-phase scintigraphy using bone-seeking 
radiopharmaceuticals.  
This is always helpful, when it is necessary to distinguish between bone and soft-tissue 
inflammation or to find out whether bone injury is complicated by soft tissue inflammation. 
Beside the increase in skeletal mineral metabolism one considers also the increase in blood flow, 
which is an important indication for acute inflammation, when comparing the images obtained in 
the different bone scan phases. In this way, hyperaemia in inflamed soft tissue, indicated by tracer 
distribution, can be visualized in relation to bone activity in the later phase, indicating extent and 
severity of the inflammation (Metcalf 1985).  
 
2.3.2.2 Gallium-67 
 
67Gallium-citrate was used for the first time in 1969 for the diagnosis of Hodgkin’s disease in man. 
Since then it has been used for diagnoses of inflammation, infection and different skeletal disorders 
(Edwards and Hayes 1969, Halpern and Hagan 1980, Wassie et al.1994). 
Immediately following its injection Gallium-67, as an analogue of iron, binds to transferrin and the 
metal-protein complex diffuses passively through the compromised endothelium of the abnormal 
tissue. The metal is subsequently bound locally by macrophages and bacteria, and products of their 
metabolic activity. Although 67Gallium is of high efficacy for imaging inflammation, its 
nonspecificity and inferior imaging properties compared to 111Indium- and 99mTechnetium-labelled 
compounds have mainly supplanted it from the market (Peters 1994). On the other hand 
67Gallium-citrate is still supposed to be one of the very few radiopharmaceuticals used for the 
detection of chronic inflammatory processes (Kao et al. 1993, Sulavic et al. 1993) and is the 
screening technique of choice in immunocompromised patients as its high sensitivity can reveal the 
presence of neoplasms and connective tissue disease (Chianelli et al. 1997). 
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2.3.2.3 Polyclonal Human Immunoglobulin 
 
Labelled polyclonal immunoglobulin has been proven to be useful for example in inflammatory 
arthritis (Rubin and Fischman 1994) and  chronic osteomyelitis (Sciuk et al. 1991).  
The mechanism of action has not been completely clarified, but it is assumed to be partly non-
specific, due to increased vascular permeability (Morrel et al. 1989), and partly specific, due to 
binding to the Fc receptor expressed by infiltrating cells (Fischman et al. 1990).They obviously 
also accumulate in sites of infection by specific binding to bacteria (Calame et al. 1991).  
Both 99mTc-HIG and 111In-HIG are used radiopharmaceuticals, of which the 111In-HIG shows the 
better imaging characteristics (Chianelli et al. 1997). 111In-HIG can be successfully used in many 
diseases with a diagnostic accuracy comparable to that of radiolabelled white blood cells,  
although the target-to-background ratio is according to Peters (1995) not as high as with labelled 
leucocytes. In certain pathological conditions, it is suggestive to use polyclonal HIG instead of 
labelled leucocytes, especially when the facilities for labelling are not available or the clinical 
condition of the patient does not allow the withdrawal of WBC, as in agranulocytic patients 
(Chianelli et al. 1997).  
                                                       
2.3.2.4 Anti- Granulocyte Monoclonal Antibodies 
 
Hermann (1998) describes the use of 99mTc-labelled Fab- fragments of monoclonal antibodies as 
an often unerring and relatively simple method of leucocyte scintigraphy. He emphasizes that this 
method can be used without the critical part of cell separation of the patient’s blood. 
Becker et al. (1994) makes obvious the fact that radiolabelled monoclonal antibodies to 
granulocytes unfortunately largely target bone marrow where the majority of myeloid cells is 
located. Only 30% of the intravenously injected antibodies are found in the circulation, equally 
distributed between circulating granulocytes and free in the plasma (Chianelli et al. 1997). 
Good results using radiolabelled monoclonal antibodies were obtained in the study of vascular 
graft infections, prosthetic vascular heart infection and lung abscesses (Becker et al. 1994). A new 
monoclonal antibody (SSEA-1) has been used for the diagnosis of inflammatory processes, 
binding with a high affinity mostly to neutrophils (Thakur et al. 1996). 
However, according to Becker et al. (1994) the loss of most of the injected antibodies leads to a 
high incidence of nonspecificity in comparison to other methods. 
        
2.3.2.5 Chemotactic Peptides 
 
Chemotactic peptides that attract leucocytes during inflammatory processes can also be 
radiolabelled but are still experimental at the moment (Fischman et al. 1994, van der Laken et al. 
1998).   
One well-known, small chemotactic peptide, N-formyl-methionyl-leucyl-phenylalanine (fMLP), is 
produced by bacteria. It binds with high affinity to a specific receptor expressed on the surface 
membrane of granulocytes, upregulates expression of adhesion molecules and increases vascular 
permeability (Roitt 1994). It is rather toxic in that it induces a severe granulocytopaenia (Chianelli 
et al. 1997). Following studies showed already minor granulocytopaenic effects with good 
accumulation in experimental abscesses in rats and rabbits (Babich et al. 1993). 
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2.3.2.6 Monoclonal Antibodies Targeting Activated Endothelium 
 
A fairly new approach has been to target activated endothelium with radiolabelled monoclonal 
antibodies recognising adhesion molecules subserving leucocyte migration (Jamar et al. 1995). 
Adhesion molecules, like ICAM-1 and E-selectin, for example, promote the migration of 
leucocytes into inflamed tissue and are hyper-expressed during the immune process (Shimizu et al. 
1992). Some of these specific monoclonal antibodies have been used for the diagnosis of graft 
rejection in animal models (Bellen et al. 1994) and in an animal model of arthritis (Keelan et al. 
1994).  
An advantage of this procedure is the easy access of the antibody to the target antigen that is 
expressed on the external side of the vessel. The antibody, therefore, does not need to migrate into 
the inflamed tissue, which could improve the sensitivity of this technique. 
Monoclonal antibodies targeting activated endothelium are expected to be useful for the diagnosis 
of fever of unknown origin (Chianelli et al. 1997).    
 
2.3.2.7  99mTc-labelled Nanocolloids 
 
A different concept of imaging inflammation was described by De Schrijver in 1987: 
He labelled colloids in the size of less than 80 nm, derived from albumin,  with technetium-99m. 
Those nanocolloids are taken up by the cells of the reticuloendothelial system (RES) and are 
rapidly cleared from the circulation. They are lysosomally degraded by the cells of the RES and 
excreted through the bowel and the kidneys. They leak into inflamed tissues non-specifically, due 
to increased vascular permeability, and accumulate following phagocytosis by macrophages 
(Schrijver et al. 1987). The technique is not expensive and easy to perform(Käppeler 1991). 
Radiolabelled nanocolloids have been used for the study of osteomyelitis, rheumatoid arthritis and 
renal graft rejection (Streule et al. 1988, Liberatore et al. 1992, Frick et al. 1976, Massengill et al. 
1992). A disadvantage of this method is the physiologic accumulation in liver, spleen and bone 
marrow, organs with fenestrated capillary endothelium, as well as in neoplastic tissues or 
traumatized capillary endothelium (Käppeler 1991).  
 
2.3.2.8 Radiolabelled Tuftsin antagonist 
 
Tuftsin is a natural occurring and biologically active tetrapeptide (L-Thr-L-Lys-L-Pro-L-Arg) that 
stimulates all known functions of phagocytic cells, in particular granulocytes and 
macrophages/monocytes (Najjar et al.1986). The tetrapeptide tuftsin is part of a carrier molecule, 
OHXNRNLQLQ� D OHXNRSKLOLF �-globulin fraction, that comprises about 2 -�� RI WKH WRWDO VHUXP �-
globulin (Najjar et al.1986, Fridkin and Gottlieb 1981). Tuftsin has been chemically synthesized 
(Nishioka et al.1972, Nishioka et al.1973) and is commercially available (Najjar et al.1986). 
Tuftsin receptors are found on granulocytes and macrophages/monocytes, the target cells of 
tuftsin (Chianelli et al.1997) and are therefore an attractive target for inflammation imaging. 
However, rather than employing tuftsin or tuftsin agonists, in creating a potential diagnostic agent 
for imaging inflammation, it was considered preferable to use an antagonist to avoid eliciting 
biological activity (Background information Resolution Pharmaceuticals Inc). A variety of tuftsin- 
and tuftsin antagonist-analogs have been investigated, on the one hand for structure function on 
the other hand to identify agents with therapeutic potential. The antagonist Tekappran, of which 
biological activity and imaging potential in horses are investigated in this study, has shown in 
previous studies to be  a potent inhibitor of tuftsin and to have a fourfold greater receptor affinity 
than tuftsin (Background information Resolution Pharmaceuticals Inc). 
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2.4 The Inflammatory Process 
 
2.4.1 Fundamentals 
 
Inflammation is a reaction of the vascular tissue towards internal or external insults. Immediately 
following an insult to the tissue is a transient period of vasoconstriction, presumably under the 
influence of catecholamines, which serves to limit the amount of haemorrhage into the wound and 
blood loss after injury (Stashak 1991). This reaction is then followed by vasodilatation with 
increased blood flow, increased vascular permeability and extravasation of fluids, proteins and 
cellular particles into the accompanying soft tissue. A resultant relative haemoconcentration and 
increased viscosity of the blood can then be observed, a fact that is responsible for slowing the 
circulation of the affected area down. This situation allows stasis of erythrocytes and platelets and 
margination of leucocytes to occur. Once attached to the vascular endothelium they migrate into 
the extravascular space (Pascoe and Knottenbelt 1999). The clinical signs of this process, the so-
called classical symptoms of acute inflammation are rubor (redness), tumor (oedema), calor 
(hotness), dolor (pain) and functio laesa (impaired function)(Chianelli et al. 1997).   
 
The cells involved in the acute inflammatory process are largely delivered to the site via the 
circulation. They include the granulocytes (neutrophils, eosinophils and basophils), mast cells, 
monocytes and lymphocytes. Neutrophils and monocytes identify and attack noxious particles such 
as foreign matter and bacteria, removing them by phagocytosis.  
While mononuclear cells (lymphocytes, plasma cells and macrophages) are the characteristic cells 
of chronic inflammation (Fantone and Ward, sited in Rubin and Farber 1994), the neutrophil is the 
predominant cell in acute inflammation particularly when bacterial infection is present (Pascoe and 
Knottenbelt 1999). 
 
2.4.2 The Granulocytes 
 
Depending on the breed and the age there are normally 6000 - 9000 white blood cells per 
microliter in the horses blood (Knickel et al.1996). Of these cells granulocytes  
(polymorphonuclear leucocytes, PMNs) are the most numerous: 60 - 80 % (Knickel et al.1996). 
All granulocytes have cytoplasmic granules that contain biologically active substances involved in 
inflammatory and allergic reactions. 
 
The basophils’ granules contain mainly histamine and heparin, which is released when activated by 
a histamine-releasing factor secreted by T-lymphocytes. 
This gives them the function of being essential for immediate-type hypersensitivity reactions, 
ranging from mild urticaria and rhinitis to severe anaphylactic shock (Ganong 1999). 
Basophils embody only about 1% of all leucocytes (Ganong 1999). 
The eosinophils, representing up to 4% in the white blood cell pool, are  responsible for attacking 
parasites and take part in allergic diseases, for which they produce Leukotriene C4 and PAF 
(Ganong 1999). 
They are mainly situated in the mucosa of the respiratory, lower urinary, and gastrointestinal 
tracts. 
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2.4.2.1 The Neutrophil 
 
The neutrophils contain various antibacterial factors, divided into two groups: the oxygen-
dependent and the oxygen-independent agents (Trowbridge and Emling 1997). Three 
morphologically and biochemically distinguishable types of granules are involved in the process of 
oxygen-independent bacterial killing (Fantone and Ward, sited in Rubin and Farber 1994). These 
granules display a wide spectrum of enzymes. 
 
Table 1: Spectrum of enzymes located in neutrophil granules (Trowbridge and Emling 1997) 
 
Bacterial permeability-        -          A cationic protein that activates phospholipase, thus producing  increased      
increasing protein                           permeability  of bacterial membranes due to phospholipid  breakdown 
Lysozyme   -          a cationic enzyme that attacks bacterial cell walls 
Kallikrein   -          cleaves kininogen to form bradykinin  
Plasminogen   -          generates plasmin 
Acid hydrolases                -          degrade bacteria and debris in phagocytic vacuole 
Neutral proteases   
Elastase                 -          attacks bacterial cell walls and can degrade the basement membrane of  vessels       
                                                   and thereby increase vascular permeability  
Gelatinase   -          degrades collagen as well as fibronectin 
Collagenase   -          degrades collagen 
Cathepsin G   -          Chymotrypsin-like activity, has antibacterial and antifungal activity 
Cationic proteins                -          increase vascular permeability chemotactic for monocytes , inhibit    
                            movement of neutrophils and eosinophils 
Lactoferrin   -          a chelator of iron that thus competes with bacteria for iron, which is  required         
                                                  for growth by many bacteria; it also enhances production of oxygen derived                  
                                            hydroxyl radicals that can kill bacteria 
Defensins   -          small cationic polypeptides that are cytotoxic to certain microorganisms 

 
The oxygen-dependent killing system of the neutrophils is represented by the cell membrane bound 
enzyme NADPH oxidase, that produces toxic oxygen metabolites. Activation of NADPH oxidase 
leads to an increase of O2  uptake and metabolism in the neutrophil („respiratory burst“) that results 
in production of oxygen-derived free radicals, the superoxide anions (O2

-), that kill bacteria and 
fungi. Two molecules of O2

- interact spontaneously to produce hydrogen peroxide (H2O2), another 
toxic oxygen metabolite, especially when converted into hypochlorous acid (HOCl) in the presence 
of the enzyme H2O2-halide-myeloperoxidase. (Trowbridge and Emling 1997). 
 
Neutrophils also release thromboxanes, being vasoconstrictors and platelet- aggregating agents, 
leukotrienes, that increase vascular permeability and attract more neutrophils to the site, as well as 
other prostaglandins that exert a moderate anti-inflammatory effect (Ganong 1999).  
 
Neutrophils have an average half-life in the circulation of 6 hours (Ganong 1999). After maturation 
in the bone marrow they are distributed between two pools, the circulating (CGP) and the 
marginating (MGP) granulocyte pool (Mauer et al. 1960 , Athens et al. 1960). The marginating 
pool consists of neutrophils marginating along vascular endothelium. The circulating pool contains 
all neutrophils that are free in the blood. 
In horses, as well as dogs and calves, these two pools are of equal size (Thomson 1988). 
Epinephrin  or physical exercise can produce a shift towards the circulating pool, without increasing 
the total number of blood granulocytes (Athens et al. 1960).  
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In acute inflammation neutrophils are the first leucocytes to emerge from the vessels in significant 
numbers. Following stasis of the blood in postcapillary venules and the „rouleaux“ formation of red 
blood cells along these sites, leucocytes move to the periphery of the venule, which is called 
leucocyte margination. The following process of adhesion to the endothelial surface is mediated 
by specific adhesion molecules on the surface of endothelial cells, as there are for example 
endothelial leucocyte adhesion molecule-1 (ELAM-1) or intercellular adhesion molecule-1 (ICAM-
1). 
After adherence, neutrophils start with emigration out of the venule using their pseudopods and 
amoeboid movement. Emigration as well as the following migration through the tissue are due to 
chemotaxis with the complement-dependent agent C5a and the complement-independent agent 
Leukotrien B4 (LTB4) being chemotactic factors for neutrophils. Chemotactic factors bind to 
specific receptors on the neutrophil plasma membrane, resulting in an influx of calcium ions and the 
conversion of a proesterase to esterase within the cell. Following is the flowing of the cell 
protoplasm in the direction of the source of the chemotactic factor, which is the inflammation site. 
As soon as there is no longer a concentration gradient of the chemotactic factor the neutrophil 
stops migrating. This keeps the neutrophils in the centre of the inflammatory locus and 
phagocytosis can take place  (Trowbridge and Emling 1997). 
 
After having entered the walls of the capillaries by diapedesis the neutrophils enter tissues and do 
not return into the bloodstream. There is continual movement of neutrophils across mucous 
membranes and into other tissues (Thomson 1988) and many of the neutrophils that leave the 
circulation enter the gastrointestinal tract and are lost from the body (Ganong 1999). 
 
Neutrophils not only express specific receptors for complement system components, arachidonic 
acid metabolites (e.g. leukotriene B4) and low molecular-weight chemotactic peptides (cytokines), 
but also for the Fc portion of IgG and IgM molecules (Fantone and Ward, sited in Rubin and 
Farber 1994), the principle of the mechanism of Tekappran.  
Tuftsin, a tetrapeptide derived from the Fc portion of the IgG molecule, promotes phagocytosis 
and chemotaxis of macrophages and neutrophils by binding to the tuftsin-receptor on the cell 
surface (Chianelli et al. 1997). 
 
2.4.3 Monocytes and Macrophages 
 
Monocytes enter the blood from the bone marrow and circulate for about 72 hours before they 
enter the tissues and become tissue macrophages (Ganong 1999). They represent only about 4% of 
all leucocytes in the horses blood (Knickel et al. 1996).  
Macrophages are especially important in chronic inflammation of all organs and body structures. 
Their contribution to the inflammatory process is the use of their phagocytic and secretory 
properties, which includes the production of bioactive substances, as there is plasminogen 
activation factor, collagenase, interleukin-1, tumour necrosis factor and complement. The 
phagocytic process is nonspecific so that particles are ingested and eliminated without 
discrimination. 
Activated macrophages produce oxygen molecules, free radicals, and eicosanoids, including 
prostaglandins and thromboxanes and are an intermediary in the development of humoral response 
(antibody production) as they carry and present antigens to T-Lymphocytes  (Pascoe and 
Knottenbelt 1999). As well as granulocytes, monocytes and macrophages have special receptors 
for different agents exposed on their cell surface, including tuftsin-receptors.  
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2.4.4 Lymphocytes 
 
After birth lymphocytes are formed mainly in the lymph nodes, thymus and spleen from precursor 
cells out of the bone marrow. They enter the bloodstream for the most part via the lymphatics. 
Ninety-eight percent, however, remain in the lymphoid organs until needed (Ganong 1999). 
Lymphocytes are in charge of identification of foreign antigens. The B-cells recognize the antigen 
and produce antibody forming T-cells. The T-Lymphocytes also recognize antigen and proliferate 
in response to specific antigens. Lymphocytes, together with monocytes/macrophages, are the 
predominant cells of chronic inflammation.       
 
2.4.5 Tuftsin 
 
About 30 years ago Andreas Constantopoulos and Victor Najjar discovered the existence of 
WXIWVLQ� DQ ROLJRSHSWLGH� WKDW LV SDUW RI WKH )F SRUWLRQ RI WKH �-globulin G, leucokinin 
(Constantopoulos and Najjar 1972). 
Meanwhile it was shown that tuftsin is a biologically active entity, that gains its full activity after 
being separated from the carrier molecule by two different enzymes (Najjar 1983). Tuftsin- 
endocarboxypeptidase, which is situated in the spleen, cleaves the bond at the carboxyterminal of 
tuftsin. After binding of the carrier molecule, leucokinin, to the tuftsin receptors on neutrophils and 
monocytes/macrophages has taken place, the cell membrane enzyme leukokininase separates tuftsin 
completely and it gains its full biological activity (Najjar 1983). Tuftsin, that consists of the 
aminoacid sequence Threonine (Thr) - Lysine (Lys) - Proline (Pro) - Arginine (Arg), has different 
immunologic functions. It plays a role in stimulation of the motility of neutrophils, the activation of 
immunogenic functions, stimulation of bactericidal activity and stimulation of the tumoricidal 
activity of the macrophage (Najjar 1983). 
All these effects can be inhibited by tuftsin antagonists. Different tuftsin analogues and tuftsin 
antagonist-analogues are known. One of the latter is the pentapeptide Thr - Lys - Pro - Pro - Arg, 
the principle item of Tekappran. It binds at the same receptor site on neutrophils and 
monocytes/macrophages as tuftsin without the stimulatory effects that tuftsin provides.  
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Fig. 2: Tuftsin - pathway to biological activity (Najjar 1983):  
Leukokinin circulates through the spleen  and is acted upon by tuftsin-endocarboxypeptidase, which cleaves the Arg-Glu 
bond at the carboxyterminal of tuftsin. The nicked molecule, still held together by disulfide bonds (----), reenters the 
circulation. At this point, tuftsin is still covalently bound to this carrier leukokinin at its aminoterminal threonine. Finally, 
the carrier molecule binds to specific receptors on the outer membrane of a neutrophil, monocyte, or macrophage where 
tuftsin is released by the membrane enzyme leukokininase, which cleaves the Lys-Thr bond. 
Tuftsin is fully active only as the tetrapeptide. If it is not set free from the parent carrier leukokinin, it remains inactive. 
Such a situation exists when the spleen is removed. In this case, the carrier leukokinin can still bind to the specific 
receptors at the cell membrane, but tuftsin cannot be released. Consequently, it remains inactive and no stimulation of 
phagocytosis above basal levels can occur. 
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2.5 Soft Tissue Inflammatory/Infectious Injuries in the Horse 
 
There are certain soft tissue inflammatory/infectious disorders, that happen to be common problems 
in the horse. The following ones have been chosen as objects of this study. 
 
2.5.1 Soft Tissue Injuries of Tendons and Ligaments 
 
2.5.1.1 Tenosynovitis 
 
Tenosynovitis is the inflammation of a tendon sheath. The inflammation causes effusion within the 
tendon sheath and might be accompanied by heat and pain in the acute case. Tenosynovitis can be 
the result of strain and inflammation of the tendon sheath itself (primary tenosynovitis) or can be a 
result of tendonitis or desmitis, of inflamed structures that are located within the tendon sheath 
(secondary tenosynovitis). Tenosynovitis may be caused by strain due to overextension, for 
example, or by a puncture wound causing infection (septic inflammation) of the tendon sheath. 
The lameness that occurs with tenosynovitis is, depending on the involved structure, mild to 
moderate ( grade 1 - 3 of 5). Pain, heat or lameness show an active process of inflammation. Cases 
with chronic tenosynovitis often do not show all those signs any more. (King and Mansmann 1997) 
The diagnosis of tenosynovitis is based on history and signs of inflammation (effusion, heat and 
pain), as well as on ultrasonographic examination. With ultrasonography one can detect structure 
changes of tendons and ligaments as well as debris or adhesions within the tendon sheath fluid. 
(King and Mansmann 1997) 
 
The treatment of tenosynovitis, which most commonly occurs at the back of the fetlock, but also 
over the front of the carpus or the back of the hocks, includes confinement, hand-walking, anti-
inflammatory therapy and bandaging. (King and Mansmann 1997) 
 
2.5.1.2 Desmitis of the suspensory ligament 
 
Injury of the suspensory ligament or its branches is called suspensory desmitis. The suspensory 
ligament originates at the proximal end on the back of the third metacarpal/metatarsal bone and 
attaches with its branches onto the proximal sesamoid bones . It runs in between the cannon bone 
and the deep digital flexor tendon. Extreme loading forces on the fetlock with overstretching of the 
suspensory ligament can cause fibre damage at the origin, the body or the branches. A complete 
separation of the ligament from the attached bone is called an avulsion and is often combined with 
the separation of a bone fragment. Bone remodelling processes, e.g. loss of bone density or new 
bone production, can be seen with damage to the suspensory ligament. Suspensory desmitis is 
likely to develop with excessive load on the fetlock supporting structures, for example with horses 
racing on tracks with tight turns or steep slopes as well as with polo ponies, that make sharp turns 
at speed.(King and Mansmann 1997) 
 
The diagnosis of suspensory desmitis is based on clinical signs, as there are thickening of the 
branches, heat, pain during palpation and mild to moderate lameness (grade 1 - 3 of 5). 
Avulsion fractures from the surface of the sesamoid bones may show increased pain during 
pressure over the sesamoid bones. Local anaesthesia of the suspensory ligament head and 
ultrasound are helpful in diagnosing suspensory desmitis, radiography may be helpful in cases of 
avulsion fracture and with accompanying splint bone fractures. Nuclear scintigraphy is used  
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for pinpointing the site of injury, where the bone structures have been stressed (King and 
Mansmann 1997), as well as for discovering increased radioisotope uptake during the soft tissue 
phase about 20 minutes after injection of the radiopharmaceutical (Palmer, sited in Robinson 1997). 
 
The treatment of suspensory desmitis includes rest from work, anti-inflammatory therapy, hand 
walking and bandaging. The rest period will be longer in cases where ultrasonography showed fibre 
disruption or where radiographs show bone damage.(King and Mansmann 1997)  
 
2.5.2 Foot Injuries 
 
2.5.2.1 Foot abscess / Hoof wall separation 
 
An abscess is an accumulation of pus in a demarcated area, consisting of tissue fluid, white blood 
cells, cell debris and bacteria. In the foot it is commonly located either subsolar or in behind the 
hoof wall. Due to the fact that accumulation of fluid cannot expand as limited by the hard surface 
of sole and wall, hoof abscesses cause pain and severe, often acute lameness. 
Solar abscesses commonly develop following puncture wounds or infection of a sole bruise. Hoof 
wall abscesses, the most common type of foot abscesses, develop when dirt and bacteria enter an 
area of separation at the white line, forming a tract that advances toward the coronary band, often 
breaking through at the coronet spontaneously. In both cases the lower leg might be affected by the 
inflammatory process and may show heat and swelling (King and Mansmann 1997). It is not 
uncommon that foot abscesses accompany laminitis (Eustace 1992).  
 
The diagnosis of foot abscesses is based on clinical signs and response to the hoof tester. With both 
types of foot abscesses moderate to severe lameness is seen, with the horse standing with just the 
toe touching the ground or the foot lifted off the ground. The affected foot might feel warmer than 
the other foot with the digital pulse being stronger. A puncture wound may be visible underneath 
the sole or an area of separation at the white line may be obvious. Horses usually respond with a 
strong pain reaction to the hoof tester, used over the affected area. A small exploratory hole may 
already reveal  pus oozing from the hole (King and Mansmann 1997).   
 
Treatment of the subsolar abscess involves draining the pus by opening the exploratory hole up to 
about 6 mm. Poultice of the foot for a few days helps completing the drainage and prevents from 
contamination with dirt. With hoof wall abscesses it might not be enough to poultice the foot. 
Some cases require opening up the entire tract beneath the hoof wall to prevent reinfection (King 
and Mansmann 1997).  
 
2.5.2.2 Laminitis 
 
Laminitis is an inflammation of the laminae within the hoof. Hoof wall and the laminar corium are 
tightly connected via interdigitation of the complex system of primary and secondary laminae. 
Damage to the laminae causes breakdown of this tight connection and the underlying distal phalanx 
separates from the hoof wall, leading to rotation and distal displacement of the pedal bone. 
Different pathophysiologic mechanisms, e.g. vasoconstriction within the digit, microthrombosis, 
perivascular edema, arteriovenous shunting of blood at the level of the coronary band and 
venoconstriction, are thought to produce hypoperfusion of the digit leading to ischemia, edema and 
necrosis of the laminae (Baxter, sited in Robinson 1997). At the stage of lack of blood 
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flow to the digit, laminitis is not yet an inflammatory process, which develops as soon as the 
internal lining of blood vessels become damaged and the cells lining the blood capillaries swell and 
separate, allowing blood fluid and cells to emigrate into adjacent tissues (Eustace 1992).  
Different factors are known to predispose a horse to laminitis. Obesity, ingestion of a toxic amount 
of grain, ingestion of large amounts of cold water by an overheated horse, endometritis and severe 
systemic infections of mares post partum, trauma to the foot due to concussion to the foot from 
hard work or fast work on hard surface, bad or irregular foot dressing, drugs, in particular drugs of 
the corticosteroid group, stress and pituitary tumours are well known factors that may result in the 
development of laminitis (Adams 1974, Eustace 1992). 
 
Depending on the stage of laminitis, if acute, subacute, refractory or chronic, diagnosis is 
commonly based on clinical findings, performance of nerve blocks and radiography.  
Clinical findings reveal severe lameness, obvious when walked on hard surface, increased digital 
pulse and heat over the hoof wall. When the toe is compressed with hoof testers, pain is evoked. 
The condition is more commonly seen in the front feet, but may occur in all four feet. A typical 
attitude of the affected horse is standing with rear feet carried up farther forward to help take more 
weight off the forefeet, which are extended anteriorly. If all four feet are affected, horses may be 
recumbent. With acute laminitis, pain alleviates with an abaxial sesamoid or low palmar-plantar 
nerve block, whereas with chronic laminitis horses tend to improve with a palmar digital nerve 
block (Baxter, sited in Robinson 1997). Radiographs are helpful with the diagnosis as soon as they 
reveal rotation and/or distal displacement of the distal phalanx within the hoof wall, signs of 
chronic laminitis. Radiographs should be taken as soon as possible in the progress of disease, as 
early images serve as a baseline for subsequent radiographs (Eustace 1992, Baxter, sited in 
Robinson 1997). 
 
Therapy of laminitis includes prevention of predispositions as are mentioned above, administration 
of non-steroidal anti-inflammatory drugs and anticoagulants, e.g. acetylsalicylic acid, as well as 
vasodilatatory drugs. Appropriate shoeing might be helpful in certain cases, especially when frog 
support is considered in order to prevent sinking of the distal phalanx (Eustace 1992). 
 
2.5.2.3 Puncture Wounds of the Foot 
 
Different objects may produce puncture wounds of the foot. Quite common is this incident when 
horses step into nails. The severity of damage depends very much on the location of injury. 
Puncture wounds in the middle third of the frog are most serious because puncture of the navicular 
bone and bursa, the deep digital flexor tendon, the distal interphalangeal joint, and the digital 
tendon sheath is possible (Bathe and Greet, sited in Robinson 1997). Puncture wounds of the sole 
may also cause osteitis, fracture or necrosis of the third phalanx or of the digital cushion (Adams 
1974). 
Lameness may not be evident until infection has caused a pododermatitis and it is not unusual that 
puncture wounds of the foot cause distention of the flexor tendon sheath above the fetlock joint 
(Adams 1974). But lameness may also be severe immediately after the accident (Bathe and Greet, 
sited in Robinson 1997). Thorough examination of the sole, looking for the puncture wound, its 
site, direction and depth, is part of the diagnostic process, as well as using the hoof testers, that will 
cause pain over the affected area. Radiographs should be taken to determine damage to bony 
structures (Adams 1974). Ultrasonographic examination as well as gamma scintigraphy using 
radiolabelled leucocytes have been used to show soft tissue involvement and occult sepsis,  
respectively (Bathe and Greet, sited in Robinson 1997). 
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The treatment includes drainage of the wound by widening the lesion and opening it into the 
sensitive laminae, keeping the area clean and prevention of tetanus. The foot should be bandaged 
thoroughly. (Adams 1974) 
 
2.5.3 Injuries Involving Joint and/or Bone Tissue 
 
2.5.3.1 Arthritis/Osteoarthritis 
 
Arthritis is a term used for any affliction of the joint, whereas osteoarthritis, which is also known as 
degenerative joint disease, is used specifically for the progressive and permanent deterioration of 
articular cartilage. Trauma, developmental factors and infection are the three different causes of 
arthritis (McIlwraith and Trotter 1996).  For the equine osteoarthritis three categories of etiologic 
theories have been proposed by Howell et al. in 1992: Physical forces and biomaterial failure of 
articular cartilage, 2. Failure of articular chondrocyte responses to insult, 3. Cartilage changes as a 
secondary process to bony remodelling, synovial responses, micro fractures, vascular changes and 
other extracartilaginous factors.  
In the horse most joint diseases, commonly caused by acute joint overload with osteochondral 
fragmentation, by wear and tear phenomenon or caused by trauma, show consistently present 
inflammation (Raker et al.1966, McIlwraith and Vachon 1988). Synovitis, an inflammation of the 
synovial membrane, and capsulitis are common initial changes in the joints, associated with 
repeated trauma (McIlwraith 1982, McIlwraith and Van Sickle 1981), with following consequences 
for physiology and pathophysiology of the joint. Synovial injury can affect diffusion across the 
synovial membrane and the metabolism of the synoviocyte (Evans 1992). Mechanically damaged 
synoviocytes are likely to release degradative enzymes and cytokines, that are able to affect 
articular cartilage (McIlwraith and Trotter 1996) as well as a lowered oxygen tension in the joint 
due to high intraarticular pressure can cause the production of oxygen-derived free radicals, that 
are able to damage cellular and matrix macromolecules (Levick 1990, Allen et al.1989).  
Beside the fact that synovitis often is the initial factor for joint changes, synovitis also occurs 
secondarily, following the presence of cartilage wear particles and the cellular release of 
prostaglandin E2, cytokines and metalloproteases (Evans et al.1982).  
 
The diagnosis of arthritis/ osteoarthritis is based on the clinical examination, diagnostic anaesthesia 
(nerve and joint blocks), imaging techniques, diagnostic arthroscopy and by synovial fluid analysis. 
The clinical examination includes observation of lameness, palpation of heat, joint effusion and/or 
pain, and determining the range of joint motion. Common imaging techniques are radiography, 
computed tomography (CT), magnetic resonance imaging (MRI), nuclear medicine and 
ultrasonography. Nuclear medicine uses common radioactive compounds for bone scanning and 
increased uptake by or near joints during the delayed (bone) phase has been related to DJD, various 
enthesopathies, juxtaarticular bone sclerosis, and septic arthritis (McIlwraith and Trotter 1996). 
 
The treatment of arthritis/ osteoarthritis includes rest, exercise and physical therapy programs, as 
well as the administration of nonsteroidal anti-inflammatory drugs, intra-articular corticosteroids, 
the use of hyaluronic acid and polysulfated glucosaminoglycan. Surgical treatment is indicated in 
some cases (McIlwraith and Trotter 1996). 
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2.5.3.2 Sesamoiditis 
 
Sesamoiditis is defined as a local inflammation of the proximal sesamoid bones at the site of 
ligament attachment, the enthesis, which usually affects the attachment of the suspensory ligament 
on the abaxial surface of the proximal sesamoid bones. The sesamoid bones are associated with the 
fetlock joint by their articular surfaces, which conform to the distal end of the third 
metacarpal/metatarsal bone, and the suspensory apparatus through ligamentous attachments. 
Osteoarthritis of the fetlock joint may result in osteophyte formation at the apical and basilar 
aspects of the sesamoid bones. This should not be confused with sesamoiditis. Sesamoiditis usually 
develops in performance horses and is a performance-limiting injury.(Hardy, sited in Robinson 
1997) 
 
The diagnosis of sesamoiditis is based on the clinical examination, local anaesthesia and 
radiography. The clinical examination shows lameness especially during hard training and 
abatement with rest. The grade of lameness in affected horses is usually mild (1 - 2 of 5), although 
more severe after work. Thickening of soft tissue around the fetlock may appear, but without joint 
effusion. Local anaesthesia of the medial and lateral palmar nerves usually show improvement of 
the lameness. Radiographs may reveal lytic and proliferative changes on the abaxial surface of the 
sesamoid bones at the suspensory ligament insertion.(Hardy, sited in Robinson 1997) 
 
Treatment of sesamoiditis includes long rest periods of 6 to 12 months, non steroidal anti-
inflammatory drugs, careful trimming and shoeing and topical sweat bandages to control edema and 
inflammation. Pin firing and cryosurgery have been discussed but have not been objectively 
investigated.(Hardy, sited in Robinson 1997)  
 
2.5.3.3 Navicular Syndrome 
 
Navicular syndrome is a complex of diseases or injuries involving the navicular bone, its suspending 
ligaments, its blood supply, the coffin joint, navicular bursa and deep digital flexor tendon. The 
pathogenesis is not known, but likely multi factorial (Turner, sited in Robinson, 3rd edition). 
The prevalence is high among performance horses with a breed predisposition in Quarter horses, 
Thoroughbreds and Warmbloods (Turner, sited in Robinson, 3rd edition).  
Navicular disease has been described as an inheritable disease resulting from upright conformation 
and a weak navicular bone. Concussion supports the development of the problem. Especially 
horses that do hard work, for example racing, cutting, calf-roping or barrel-racing, are typically 
affected. Work on hard surface increases the likelihood of disease. Also puncture wounds of the 
navicular bursa can cause navicular syndrome. (Adams 1974) 
Navicular Syndrome is mainly a forelimb problem, the hindlimbs are not commonly involved.  
The diagnosis of navicular syndrome is based on history and clinical signs. It can be devided into 
gait abnormalities, response to diagnostic tests and response to local anaesthesia (Turner, sited in 
Robinson, 3rd edition). Signs of the presence of the disease may be intermittent lameness that 
decreases as soon as the horse is rested and is usually more noticeable after heavy work (Adams 
1974). Both front feet are usually involved with one foot showing more lameness than the other. It 
may not be until a diagnostic nerve block (palmar digital nerve block) has been used that lameness 
appears to be present on the opposite foot (Adams 1974). During movement the horse tends to 
land on the toe to avoid concussion to the heel area. The navicular bone underlies the  
middle third of the frog and the horse attempts to prevent pressure on this area. Diagnostic tests 
include hoof tester examination, wedge test and flexion test (Turner, sited in Robinson, 3rd 
edition). 
 



 
 30 

Typical radiological changes, that are not necessarily pathognomonic, show marginal osteophytes, 
bone remodelling, enlarged synovial fossae, cysts and flexor cortex changes (Turner, sited in 
Robinson, 3rd edition). Gamma scintigraphy has been used to establish the site of active lesions in 
horses without any apparent radiographic lesions (Knottenbelt and Pascoe 1994).  
The prognosis of navicular syndrome is unfavourable in all cases, but careful farriery may prevent 
its progression and may even improve some cases (Knottenbelt and Pascoe 1994).  
Corrective shoeing that consists of raising the heels, frog support in the form of a bar across the 
centre third of the frog and of rolling the toe, may relieve pain temporarily. Medicinal therapy 
involves anti-inflammatory, analgesic drugs and vasoactive drugs (Turner, sited in Robinson, 3rd 
edition). Very often posterior digital neurectomy is the only way of achieving permanent relief, 
with neuroma formation, rupture of the deep digital flexor tendon, regeneration of the posterior 
digital nerves and incomplete desensitization of the heel, being possible complications (Adams 
1974). 
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3 MATERIALS AND METHODS  
 
Two different aspects, divided into phase I and phase II, were part of this investigation. The first 
phase was chosen in order to investigate the biological activity of radiolabelled Tekappran in the 
horse by determining the clearance from the blood and the excretion via urine and faeces as well as 
to investigate safety and tolerance in the horse. This study part is also called the pharmacokinetic 
study. The second phase was set up in order to assess the potential of radiolabelled Tekappran for 
imaging infectious/ inflammatory processes in the horse as a diagnostic aid in equine medicine. 
The studies commenced in January 2000  and were completed in December 2000.  
 
3.1 Radiopharmaceutical 
 
Tekappran is a small bifunctional peptidic chelate designed as a radiopharmaceutical to provide 
rapid imaging of inflammation and infection. It consists of a tripeptide N3S chelator (dmGly-Ser-
Cys(Acm)) which binds Technetium pertechnetate [Tc-99m]O tightly, losing the acetamidomethyl 
(Acm) group in the process of labelling. The chelator is  linked by a glycine residue to the 
pentapeptide (Thr-Lys-Pro-Pro-Arg) tuftsin antagonist which targets a receptor exclusive to 
neutrophils and monocytes / macrophages. 
A kit formulation has been developed which can be easily radiolabelled with 99mTc-sodium 
pertechnetate in the nuclear pharmacy. 
In the studies each kit for the preparation of Tc99m-Tekappran was supplied as a sterile non-
pyrogenic lyophilized powder consisting of a 10 ml reaction vial containing: 
 

        2.0 mg of dmGly-Ser-Cys(Acm)-Gly-Thr-Lys-Pro-Pro-Arg 
          30  mg of sodium gluconate and 

        0.2 mg stannous chloride ( Resolution Pharmaceuticals Inc., Mississauga, ON ). 
 
The kit is prepared following manufacturer’s directions with 3.7 Gbq ( 100 mCi ) Tc99m sodium 
pertechnetate (Nycomed Amersham Canada Ltd., Oakville, ON). 
The chemical structure of Tekappran and the Tc99m Complex is illustrated: 
 
 
Fig. 3: Chemical structure of                                        Fig. 4: Chemical structure of                 
          Tekappran                                                                      radiolabelled Tekappran 
 
 

 
3.2. Probationers 
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The first phase study involved six healthy adult mares. Breeds, ages and weights of the horses are 
summarized in table 2.  Mares were selected as they are more readily catheterized for urine 
collection. All horses were maintained on regular feeding. Exercise was restricted on the day of the 
study, as the horses were kept in  radioisolation stalls for 24 hrs following injection. The first four 
horses involved belonged to the Equine Research Centre (Guelph) Inc., the other two horses were 
loaned for the study. As part of the pre-study screening, a general physical examination was 
conducted in order to pronounce the horses healthy, before they entered the study. Any horse 
entering the study had to be free of the exclusion criteria mentioned in table 4. 
 
Table 2: Group of healthy mares involved in the pharmacokinetic study (phase I) 
 
Horses (ID-No.) 

 
Breed 

 
Age 

 
Weight (kg) 

 
Sex 

 
        RN01 

 
Thoroughbred 

 
  7 years 

 
518  

 
Mare 

 
        FR02 

 
Thoroughbred 

 
10 years  

 
520 

 
Mare 

 
        BE04 

 
Standardbred X 

 
  5 years 

 
484 

 
Mare 

 
        GE05  

 
Quarter horse X 

 
  6 years 

 
545 

 
Mare 

 
        SG08 

 
Arab X 

 
10 years 

 
356 

 
Mare 

 
         II09 

 
Arab 

 
  5 years 

 
323 

 
Mare 

 
The second phase study involved 15 clinical cases provided by veterinary practitioners. Signalment 
and suspected diagnosis of the horses that were selected to be imaged were collected and are listed 
in table 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3: Horses with soft tissue inflammation/ infection as participants in the imaging           
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           part of the study (phase II) 
 
Horse (ID) 

 
Breed 

 
Age 

 
Weight (kg) 

 
Sex 

 
Susp. Diagn.* 

 
DY03 

 
Hanoverian 

 
14 years 

 
598 

 
Gelding 

 
suspensory 
desmitis + DJD + 
tarsal sheath 
inflamm. of both 
hind legs (group 
1 + 3) 

 
WY06 

 
Rheinlander 

 
10 years 

 
620 

 
Gelding 

 
suspensory 
desmitis of left 
front leg 
(group 1) 

 
BF07 

 
Trakehner 

 
6 years 

 
566 

 
Mare 

 
sesamoiditis with 
suspensory 
desmitis + 
fetlock inflamm. 
of left hind leg 
(group 1+ 3) 

 
DY210 

 
Thoroughbred 

 
8 years 

 
468 

 
Gelding 

 
navicular 
syndrome front  
feet  (group 3)  

 
JR11 

 
Oldenburger 

 
8 years 

 
625 

 
Gelding 

 
sesamoiditis 
with suspensory 
desmitis of right 
front foot + DJD 
of hocks 
(group 1+ 3) 

 
BR12 

 
Thoroughbred 

 
4 years 

 
459 

 
Mare 

 
laminitis       
(left front > right 
front) 
(group 2) 

 
SG14 

 
Arab X 

 
10 years 

 
356 

 
Mare 

 
bowed tendon in 
right front leg + 
soft tissue injury 
of left hind leg 
after wire injury 
(group 1) 

 
CR15 

 
Thoroughbred 

 
1 year 

 
350 

 
Colt 

 
juvenile 
osteoarthritis of  
tarsal joints  in 
left hind leg 
(group 3)  

 
PY17 

 
Thoroughbred 

 
10 years 

 
545 

 
Gelding 

 
inflamed soft 
tissue structure 
left hock (grp.1) 

 
MA18 

 
Thoroughbred 

 
18 years 

 
505 

 
Mare 

 
bowed tendon in 
right hind leg 
(group 1) 

 
Table 3, continued from page 33: 
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Horse (ID) Breed Age Weight (kg) Sex Susp.Diagn.* 
 
AY19 

 
Thoroughbred 

 
11 years 

 
534 

 
Mare 

 
soft tissue injury 
 after accident 
medial on mid  
right tibia 
(group 4) 

 
BP21 

 
Arab-Welsh 

 
18 years 

 
361 

 
Mare 

 
laminitis (right 
front > left front) 
(group 2) 

 
HA22 

 
Trakehner 

 
13 years 

 
480 

 
Mare 

 
laminitis in both 
front feet,  
(group2) 

 
SN23 

 
Standardbred 

 
6 years 

 
435 

 
Gelding 

 
bowed tendon in 
right front leg 
(group 1) 

 
SF24 

 
Thoroughbred 

 
7 years 

 
555 kg 

 
Gelding 

 
local infection 
after hoof wall 
separation in 
outside right 
hind heel area 
(group 2) 

* Suspected Diagnosis after clinical examination  
  
Any horse participating in the study had to be free of the exclusion criteria mentioned in  
table 4. 
Before the horses got selected as eligible cases for the study, the veterinarians were asked to fill in 
a prepared screening form, showing history and diagnostic procedure as well as the resulting 
diagnosis, that had to be one out of the four groups mentioned in table 7. 

 
Figure 5: Sedative and radiopharmaceutical are injected via an intravenous catheter 
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Table 4: Exclusion criteria for horses of phase I and II 
 
1. Horse has received any investigational drug, product or device within three month prior to    
       admission to study. 
 
2. Horse has received a radionuclide with gamma-ray photoelectric energies in the range of       
    technetium-99m, within 10 half-lives prior to admission to study. 
 
3. Horse has known abnormal renal or liver function. 
 
4. Horse has known allergies to peptides. 
 
5. Horse has any disease or condition that might compromise haematopoietic, renal or hepatic   
    function.  
 
6. Horses that have had biopsy samples or arthrocentesis samples within one week of study. 
 
7. Female horse is pregnant. 
 
8. For the first six horses enrolled, the horse must not be on medications which might be           
     considered to interfere with the measurement of vital signs. 
 
9. Horse has undergone a surgical procedure of the suspected area within 8 weeks prior to        
     admission to study. 

 
 
 
 
3.3 Instrumentation 
 
� Blood, urine and faeces samples were counted in a shielded 3 inch x 3 inch NaI[Tl] well 

detector connected to a Canberra Series 30 multichannel analyser (Canberra-Packard 
Canada, Mississauga, Ontario). 

� Before the horse was released from the study the radiation dose rate was measured at the 
skin surface of the horse behind the right and left elbows using a Bicron micro rem survey 
meter (Bicron Corporation, Newbury, Ohio, USA).  

� For creation of a standard solution the activity of a 0.25 ml sample out of the stock 
Tc99m-Tekappran solution for each trial was measured using a radionuclide calibrator 
Model AtomlabTM 100 (Biodex Medical Systems Inc., Shirley, New York, USA) prior to 
dilution of the sample in 1000 ml of water. 

� The scintigraphic imaging studies were performed using a Pho/ Gamma IV scintillation 
camera system, fitted with a low-energy all-purpose (LEAP) collimator. 

             The acquisition matrix size was 128 byte x 128 byte. Analyses of the digitized computer   
           images were performed. 
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Figure 6: NaI [Tl] well detector (left) connected to a Canberra Series 30 multichannel     
                    analyser 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Radionuclide calibrator Model AtomlabTM  100 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: The Bicron micro rem survey meter for dose rate measurements at the skin     
                     surface 
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3.4 Study Protocol 
   
3.4.1 Phase I: Pharmacokinetic Study of Tc99m-Tekappran 
 
For the estimation of radiation exposure the half-life is a critical value beside type and energy of a 
radioisotope (Hermann 1998). The half-life in general is considered the time after which the 
activity of radioactive material has decreased to 50 % of its initial value. In nuclear medicine the 
half-life of a radiopharmaceutical is expressed as the effective half-life (Te), which is a combination 
of the biological half-life (Tb) and the physical half-life (TR).  
The biological half-life (Tb) is the time in which biological processes eliminate half of the 
pharmaceutical from an organ or compartment of the body, whereas the physical half-life (TR) 
describes the time required for half of the initial activity of a radioisotope to decay (Hermann 
1998).  The relationship between Te, Tb and TR is expressed with the following equation: 
 

Te = (TR x Tb) / (TR + Tb)                     (equation 1) 
 
Tb may vary with time because radiopharmacokinetics are influenced by health, nutritional status 
and age of the patient (Castronovo et al. 1977, Rudd et al. 1979). When there is observational 
data that can be approximated by a single compartment 1st order linear kinetic model, Te can be 
determined as following (Riddolls et al. 1995): 
 

Te  OQ ���e                                        (equation 2) 
 
7KH HIIHFWLYH GHFD\ FRQVWDQW ��e) characterizes the shape of a natural exponential function. 
The time-course of radioactivity in the compartment can then be described by a function of the 
form: 
 
                                    A(t) = A0exp(-�et)                            (equation 3) 
 
The radioactivity in the compartment at time zero is A0. The values of A0 DQG �e are computed 
from experimental data (i.e. measurements of A(t)). 
 
 
Table 5: Abbreviations 
 
Tb              Biological half-life 
TR              Physical half-life 
Te              Effective half-life 
�e              Effective decay constant 
A(t)          Activity at time t 
A0             Activity at time t = 0 
Tblood         Blood clearance half-life 
�blood          Blood clearance constant 
Turine          Effective half-life for urinary activity concentration 
�urine          Effective decay constant for urinary activity concentration 
Tfaeces         Effective half-life for faecal activity concentration 
�faeces         Effective decay constant for faecal activity concentration 
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3.4.1.1 Proceedings 
 
Two different aspects were looked at while conducting the pharmacokinetic study of Tc99m-
Tekappran in the mature horse:  
1. the biological characteristics of Tc99m-Tekappran, evaluating the clearance from the blood      
and the excretion of the radiopharmaceutical via urine and faeces  
2. safety and tolerance regarding the horse  
 
Biological characteristics 
 
For the investigation of the biological characteristics a urinary catheter (Foley®, 8.0 mm x 42 cm) 
was placed into the horse’s bladder to facilitate the collection of urine in 18 cm x 33 cm plastic 
freezer bags. Intravenous catheters (Milacath®, 2.1 mm x 13.3 cm) were inserted into each jugular 
vein for administration of the radiopharmaceutical and drawing of blood samples, respectively. 
Faeces were obtained by collection off the ground as well as by rectal collection, in order to 
receive accumulated samples for each collection point of time. Blood, urine and faeces samples 
were collected as follows and levels of radioactivity were assessed to identify the uptake and 
clearance of isotope from the horses. Clearance rate constants were assessed from these data. 
 
a) Blood samples were drawn via the left i.v. catheter, which got flushed with heparinized sodium 
chloride (1 unit/ml) after placement as well as in between blood sample drawings. The first blood 
sample was obtained before the radiopharmaceutical injection for creation of a blank for blood 
activity measurements. 
The following blood samples were drawn at 5, 10, 15, 20, 30, 40, 50 and 60 min and 2, 4, 8 and 
24 hrs after injection of the radiopharmaceutical and injected into heparinized tubes. 
b) Urine samples were collected into the plastic freezer bags that were changed at each collection 
point of time. The first urine sample was obtained before the radiopharmaceutical injection in 
order to create a blank for urine activity measurements. Urine samples were collected every 30 
min from the time of injection up to 8 h post injection and one sample at 24 h post injection. 
c) The first faecal sample was collected before the radiopharmaceutical injection for creation of a 
blank for faeces activity measurements. Following faecal material was collected at 1, 2, 4, 6, 8 and 
24 hrs. The faecal material of each sample got weighed and a solution was prepared using 3ml of 
water per 1 g of faeces. Two 0.5 ml samples were drawn for each collection point of time. 
 
Before counting a standard solution was prepared for each trial by diluting a known activity 0.25 
ml aliquot of the Tc99m-Tekappran stock solution to 1000 ml with water. The analyser was 
calibrated using a 0.5 ml sample of this solution as the reference source. The counting efficiencies 
(cpm/Bq) derived from the trial-specific reference sources were used to convert count rate data 
into activity values. Measured Tc-99m radioactivities were expressed in becquerels (Bq). Blood, 
urine and faeces samples were counted after the collection of samples was completed. The 
reference source and faeces samples were counted on the day of the start of each trial and the 
mean count rate of samples 1 + 2 of each collection point of time was taken into consideration for 
the statistical analysis. The reference source and blood samples were counted one day after the 
study start, the reference source and urine samples were counted on the second day to eliminate 
corrections for counting system dead time. 
The value chosen for the physical half-life (TR) of Tc-99m was 6.02 h (Lederer et al. 1987).  
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Safety and Tolerance 
 
Safety and tolerance of radiolabelled Tekappran, concerning the horse, were assessed by 
monitoring vital signs, clinical laboratory measurements and adverse events. Vital signs (body 
temperature, pulse rate and respiratory rate) were measured prior to radiopharmaceutical injection 
as well as at 5 min, 30 min, 4hrs (clinical cases)/ 8 hrs (pharmacokinetic study) and at 24 hrs post 
injection. Blood samples for clinical laboratory measurements (a complete blood count and an 
equine profile) were obtained before radiopharmaceutical injection and at 30 min, 4 hrs and at 24 
hrs post injection. Adverse events were monitored for 24 hrs following injection. 
 
3.4.1.2 Data analysis 
 
Data analyses proceeded as follows, with reference to the investigations of Riddolls et al 1995: 
 
1) Count rate data for all blood, urine and faeces samples were obtained by counting 0.5 ml 
samples of blood, urine and faeces collections from each horse including the blank count rate of 
the sample taken prior to injection of the radiopharmaceutical in each case. The counting time was 
one minute per sample. All count rate data were transformed into activity values after subtracting 
the appropriate blank count rate. 
 
2) Blood sample activity concentrations (kBq/ml) were decay corrected from counting time to 
collection time. Blood samples at collection times less than or equal to 60 min were selected to 
determine the blood clearance half-life. Regression analysis of data was performed to estimate the 
EORRG FOHDUDQFH FRQVWDQW ��blood, min-1). The blood clearance half-life (Tblood, min) was calculated 
using equation 2. 
 
3) Urine sample activity concentrations (kBq/ml) were decay corrected from the counting time to 
a reference time defined as the midpoint of the collection interval for the particular bag. The urine 
activity concentration data was plotted as a function of time. Regression analysis of the data was 
XVHG WR FRPSXWH WKH PHDQ HIIHFWLYH GHFD\ FRQVWDQW ��urine,  min-1 (Sigma Plot, Jandel, San Rafael, 
California, USA). The effective half-life (Turine) of Tc99m-Tekappran urine activity concentration 
in the horse was then calculated using equation 2. This information was used to extrapolate the 
time at which the urine activity concentration would return to the concentration measured with the 
blank. 
 
4) Faeces sample activity concentrations (kBq/ml) were decay corrected from counting time to 
collection time. The mean value of the two faeces samples from each point of time of collection 
was taken into consideration. The faeces activity concentration data was plotted as a function of 
time.   
 
5) The percentage of the administered activity excreted in the urine at 2, 4 and 8 h was estimated 
for each horse after summing the radioactivity in all of the individual urine collections. 
 
6) The percentage of the administered activity excreted in the faeces at 2, 4 and 8 h was estimated 
for each horse after summing the radioactivity in all of the individual faeces collections (mean 
value of the two samples taken at each point of time). 
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3.4.2 Phase II: Scintigraphic imaging potential of Tc99m-Tekappran  
 
For the imaging part of the study horses were chosen that had been diagnosed by veterinarians 
with having one of the following diseases out of four groups mentioned in table 6. For the pre-
study screening for the selection of horses screening sheets were handed out to the veterinarians 
and filled out in order to provide standardized information about history and previous examination 
results of the particular case. 
Eligible cases were horses out of one of the following groups: 
 
Table 7: Inclusion criteria for the imaging study 
 
Horses must have one of the following clinical diagnoses suggesting a high probability of: 
 
1. Soft tissue injury of tendons or ligaments 
 
2. Inflammatory/Infectious foot injury (foot abscess / laminitis) 
 
3. Degenerative joint disease / Inflammation associated with osteoarthritic changes in the          
    carpus, tarsus, fetlock, sesamoid bone or navicular bone area. 
 
4. Inflammatory/Infectious processes of other organs (lung abscesses, abdominal abscesses,      
     lymph node abscesses, abdominal ulcers, tooth root infections et al.)  

 
As a requirement for a horse to enter the study clinical examination and diagnostic techniques, 
such as nerve blocks, x-rays, ultrasound  and bone scans, respectively, were performed, depending 
on the problem, in order to support the suspected diagnosis with a known reference diagnostic aid. 
Use of concomitant medication was at the discretion of the veterinarian and anti-inflammatory 
drugs, in particular, were avoided for at least one week prior to the start of the study for each 
horse. Any medication taken by the horse during the period from screening visit to the final study 
visit were recorded.  
Exclusion criteria for a horse to participate in any part of the study are mentioned in table 4. 
 
The horses arrived at the Equine Research Centre (Guelph) Inc. in the afternoon before the day of 
the study to give them time to get used to the environment. They were housed in a radioisolation 
stall and remained there until 24 hrs after injection.  
On the day of scintigraphic imaging an intravenous catheter was placed into a jugular vein and the 
horses were sedated with 0.4 mg /kg Xylazine (MTC Pharmaceuticals, Cambridge, ON) prior to 
Tekappran administration. They were then given a single intravenous injection of approximately 
2.8 GBq (75 mCi) Tc-99m Tekappran via the i.v. catheter.  
The acquisition was performed on a gamma camera, equipped with a low energy all purpose     
(LEAP) collimator and on computer using 128 x 128 byte matrix. Scintigraphs of the normal and 
contralateral clinical site were obtained for 80,000 counts or 5 minutes. Blood pool images were 
acquired on both film and computer starting five minutes post injection. Delayed images were 
taken immediately after the blood pool images out to 30 minutes, 30 to 60 minutes, 90 to 120 
minutes and 210 to 240 minutes. With the images produced at 90 to 120 minutes and later, the 
focus was on the suspected area only, due to the narrow time-frame. 
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4 RESULTS 
 
Within a year 21 horses participated in the study in order to evaluate the applicability of Tc99m-
Tekappran in horses. Six of those horses, healthy adult mares, were part of the pharmacokinetic 
study, phase I. Fifteen horses participated as probationers in the imaging study, phase II, that 
assessed the potential of Tc99m-Tekappran for imaging sites of active inflammation/ infection. 
The results of both study phases are described in the following. 
 
4.1 Results of the pharmacokinetic study (Phase I) 
 
The signalment of the six healthy horses that participated in this study part is summarized in  
table 1. 
Radioactivity and biological data are shown in table 8 and table 9 a, b and c, respectively.  
 

 
                            Table 8: Radioactivity data 

 
 

Horse 

 
Radioactivity of 

Tc99m/Tekappran-
Kit (laboratory) 

Gbq (mCi) 

 
Dose administered 

Gbq (mCi) 
 

 
RN01 

 
3.45    (93) 

 
2.46   (66.4) 

 
FR02 

 
3.50    (94) 

 
2.49   (67.2) 

 
BE04 

 
4.05  (109) 

 
3.10   (83.7) 

 
GE05 

 
4.28  (115) 

 
3.14   (84.8) 

 
SG08 

 
3.55    (95) 

 
2.68   (72.4) 

 
II09 

 
3.74  (100) 

 
2.62   (70.7) 

 
Mean ± 2SD 

 
3.76 ± 0.67 
(101.00 ± 18.11) 

 
2.75 ± 0.60 
(74.2 ± 16.20)   

     Table 8: The activity administered to the horse is lower than the radioactivity of  
                   Tc99m that is added to the kit in the laboratory. This is due in part to decay of  
                   the isotope with the time delay between reconstitution of the kit and the time  
                   necessary for the chemical reaction and quality control procedures. 
 
The whole-blood clearance curves indicate that 99mTc-Tekappran was cleared from the blood 
with a value of Tblood= 33.25 ± 6.66 min. Four hours post injection a mean of 1.52 % of the 
administered dose was present in the whole blood volume (Table 9a). 
 
The approximate mean cumulative dose excreted in the urine was 30.10 ± 4.52 % at 2 h post 
injection of the radiopharmaceutical, 34.82 ± 3.90 % at 4 h post injection and 36.48 ± 4.80 % at 8 
h post injection. 
The curves of the mean cumulative percent radioactivity excreted in the urine show an effective 
half-life of Turine= 1.27 ± 0.52 h , calculated from the values of five horses. It was not possible to 
collect sequential urine samples from one of the six horses (BE04), due to lack of urine at time of 
collection (Table 9b). 
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The approximate cumulative dose excreted in the faeces was 0.11 ± 0.28 % at 2 h post injection of 
the radiopharmaceutical, 0.96 ± 3.84 % at 4 h post injection and 1.37 ± 3.80 % at 8 h post 
injection.  
Faecal excretion of the radiopharmaceutical was minimal with 1.37% at 8h post injection. There 
was also considerable inter animal variation in faecal excretion (Table 9c). 
 
After the first two horses, RN01 and FR02, with faeces samples at 1h, 2h, 4h, 8h and 24h, it was 
decided to add a sample at 6h post drug administration for the following horses to  facilitate 
handling of the amount of material between the 4h and 8h sample (Table 12). 
 
 
Table 9a: Biological data related to radioactivity in the blood 
 

 
Horse 

 
Blood clearance 

half-life 
(Tblood)(min) 

 
Dose in whole blood 
volume (WBV) at 4h 
             (%) 

 
RN01 

 
32.05 

 
0.4 

 
FR02 

 
36.52 

 
0.4 

 
BE04 

 
33.51 

 
1.07 

 
GE05 

 
27.95 

 
0.84 

 
SG08 

 
28.85 

 
0.92 

 
II09 

 
34.63 

 
5.50 

 
Mean ± 2SD 

 
33.25 ± 6.66 

 
1.52 ± 3.94 

 
 
 
Table 9b: Biological data related to radioactivity in the urine 
 
 
Horse 

 
Urinary 

excretion 
rate (ml/min) 

 
Effective half-life 

(Turine)(h) 

 
       Approximate cumulative % dose       
                           excreted at 
        2h                    4h                  8h 

 
RN01 

 
4.48 ± 2.1 

 
1.09 

 
28.37 

 
32.27 

 
33.31 

 
FR02 

 
6.43 ± 2.02 

 
1.17 

 
30.02 

 
33.96 

 
35.06 

 
GE05 

 
4.22 ± 7.0 

 
1.74 

 
33.65 

 
37.05 

 
38.95 

 
SG08 

 
1.52 ± 1.32 

 
1.18 

 
30.52 

 
36.47 

 
38.68 

 
II09 

 
3.58 ± 2.34 

 
1.19 

 
27.94 

 
34.33 

 
36.41 

 
Mean±2SD 

 
4.05 ± 3.54 

 
1.27 ± 0.52 

 
30.10 ± 4.52 

 
34.82 ± 3.90  

 
36.48 ± 4.80 
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Table 9c: Biological data related to radioactivity in the faeces 
 

Horse 
 

Approximate cummulative % dose excreted at 
        2h                           4h                          8h 

 
RN01 

 
0.16 

 
0.22 

 
0.36 

 
FR02 

 
0 

 
4.88 

 
4.97 

 
BE04 

 
0.06 

 
0.10 

 
0.27 

 
GE05 

 
0.02 

 
0.02 

 
0.11 

 
SG08 

 
0.37 

 
0.37 

 
0.43 

 
II09 

 
0.03 

 
0.18 

 
2.02 

 
Mean ± 2SD 

 
0.11 ± 0.28 

 
0.96 ± 3.84 

 
1.37 ± 3.80 

 
 
 
 
 
 
Table 10, according to Figure 9: Cumulative Percent Dose Remaining in Whole Blood          
                                                    Volume after Injection of 99mTc-Tekappran 
 
Time(min) 

 
Horse 

 
 
 

 
     RN01 
       (%) 

 
      FR02 
       (%) 

 
     BE04 
       (%) 

 
     GE05 
       (%) 

 
    SG08 
      (%) 

 
       II09 
       (%) 

 
          5 
        10 
        15 
        20 
        30 
        40 
        50 
        60 
      120 
      240 
      480 

 
      20.22 
      16.89 
      15.14 
      13.11 
      10.17 
        9.16 
        7.13 
        5.91 
        1.78 
        0.40 
        0.12 

 
      22.74 
      14.97 
      13.11 
      11.31 
      10.95 
        9.18 
        8.82 
        5.88 
        2.15 
        0.40 
        0.11 

 
      34.45 
      27.20 
      22.25 
      20.51 
      17.29 
      14.31 
      11.83 
      10.17 
        4.50 
        1.07 
        0.28     
  

 
      34.04 
      25.59 
      22.16 
      19.50 
      14.95 
      11.50 
        9.92 
        8.17 
        3.15 
        0.84 
        0.15  

 
      42.42 
      19.71 
      17.37 
      15.41 
      13.01 
      10.85 
        9.38 
        7.93 
        3.36 
        0.92 
        0.26  

 
     22.06 
     18.36 
     16.20 
     14.22 
     12.00 
       9.86 
       8.19 
       7.10 
          --* 
       5.50 
       0.97 

*The data point for the blood sample at 210 minutes for the horse II09 was not used for              
statistical analysis due to the evidence of cross contamination.  
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Table 11, according to Figure 10: Cumulative Percent Dose Excreted in Urine after              
                                                       injection of 99mTc-Tekappran 
 
Time(min) 

 
Horse 

 
 

 
       RN01 
        (%) 

 
       FR02 
        (%) 

 
       GE05 
         (%) 

 
       SG08 
         (%) 

 
         II09 
         (%) 

 
           30 
           60 
           90 
         120 
         150 
         180 
         210 
         240 
         270 
         300 
         330 
         360 
         390 
         420 
         450 
         480  

 
         9.99 
       14.32 
       24.74 
       28.37 
       30.06 
       31.11 
       31.76 
       32.27 
       32.52 
       32.74 
       32.91 
       33.04 
       33.13 
       33.20 
       33.26 
       33.31 

 
       14.69 
       23.38 
       27.26 
       30.02 
       31.75 
       32.81 
       33.48 
       33.96 
       34.24 
       34.45 
       34.62 
       34.74 
       34.83 
       34.91 
       34.99 
       35.06 

 
        17.46 
        26.01 
        30.25 
        33.65 
        36.30 
        36.56 
        36.61 
        37.05 
        37.92 
        38.01 
        38.08 
        38.63 
        38.67 
        38.79 
        38.88 
        38.95 

 
          9.43 
        17.19 
        23.22 
        30.52 
        33.32 
        34.78 
        36.08 
        36.47 
        37.22 
        37.41 
        37.95 
        38.16 
        38.26 
        38.47 
        38.60 
        38.68  

 
        9.06    
       18.85 
       23.98 
       27.94 
       30.29 
       32.15 
       33.45 
       34.33 
       34.76 
       35.25 
       35.57 
       35.82 
       36.05 
       36.19 
       36.31 
       36.41  

Table 11 and Figure 10: It was not possible to collect sufficient urine samples from horse BE04 
to meet the study protocol. The data from this horse was excluded from this table/figure.              
 
 
Table 12, according to Figure 11: Cumulative Percent Dose Excreted in Faeces after             
                                                      Injection of Tc-99mTekappran 
 
Time(min) 

 
Horse 

 
 

 
     RN01 
       (%) 

 
    FR02 
      (%) 

 
     BE04 
       (%) 

 
     GE05 
        (%) 

 
     SG08 
       (%) 

 
      II09 
       (%) 

 
          60 
        120 
        240 
        360 
        480 

 
     0.129 
     0.163 
     0.215 
        -- 
     0.361 

 
     0.000 
     0.000 
     4.883 
        -- 
     4.971 

 
      0.018 
      0.063 
      0.099 
      0.200* 
      0.272 

 
      0.019 
      0.019 
      0.019 
      0.058* 
      0.111 

 
       0.002 
       0.368 
       0.374 
       0.433* 
       0.468 

 
      0.009 
      0.034 
      0.180 
      1.954* 
      2.019 

*  Additional samples collected above the necessary time points as per study protocol 
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4.2 Results of the imaging study (Phase II) 
 
The signalment of the 15 horses examined, including the site of interest, are summarized in table 2. 
History, suspected diagnosis, based on clinical findings, and diagnostic aids, treatment, as well as 
findings of the scans obtained after administration of 99mTc-Tekappran are listed on the following 
pages. The horses of the imaging study were divided into the following categories: 
 
Group 1: tendon and ligament injuries: 8 horses  
Group 2: foot injuries: 4 horses 
Group 3: osteoarthritis and problems involving the sesamoid bone and navicular bone area:  
               5 horses ( three of them mentioned in group 1, combined problem)  
Group 4: inflammatory problems of different locations other than group 1 - 3: 1 horse 
 
All fifteen cases were horses with subacute to chronic problems with a problem history of three 
weeks and longer. Most horses were presented with non-infectious inflammatory problems. Only 
the horse with a painful hoof wall separation had a local infection at the injury site. 
 
In six of the eight horses diagnosed with a tendon or ligament problem, by clinical examination 
and/or ultrasonographic imaging, the scintigraphic images confirmed the diagnosis. In two of the 
eight horses the images did not specifically identify the particular lesion, but increased activity in 
the area of the lesion and in more than one leg could be seen, possibly because the lesion (bowed 
tendon in both cases) was overlapped by accompanying  inflammatory  processes.  
All three horses, that had been clinically diagnosed with laminitis, showed an increased activity in 
the affected area compared to normal feet. Only in one of those three cases did radiographs show 
significant rotation of the coffin bones of both front feet.  
In one case that was affected by a local hoof wall separation, the clinically diagnosed process 
could be shown on the scintigraphic images.   
In one horse with navicular syndrome Tekappran images revealed increased activity in the affected 
area, that was visible on bonescan and radiographs as well. 
Two horses out of group 3, with a history of sesamoiditis, were also part of group 1, as 
suspensory desmitis at the insertion on the proximal sesamoid bones was clinically suspected and 
visible on ultrasonographic images in one horse. The sesamoid bones themselves did not show up 
on the scintigraphic images, but the area above, where the ligaments attach, showed increased 
uptake of 99mTc-Tekappran.     
In a young horse, of which radiographs and bonescan showed juvenile osteoarthritis, increased 
activity was found in the same area on the Tekappran images. However, in contrast to other 
lesions, the changes were most apparent in later images, close to 4 hours post injection. 
One horse, in group 4, was diagnosed with a three week old haematoma. Ultrasound showed 
reorganization of the process already and scintigraphic images using 99mTc-Tekappran did not 
reveal increased activity in the affected area. A confirmatory diagnosis could not be made and the 
diagnosis was left open. 
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No.1: DY03 
14-year old chestnut Hanoverian gelding, weight: 598 kg, use: dressage 
History: : since August 1996 (bonescan) chronic lameness,  degree: 1/5, originally heat, swelling 
and pain as signs of inflammation (not any more), hock DJD supposed to be managed (may be still 
present) 
Suspected Diagnosis.: Suspensory desmitis + DJD of hocks + tarsal sheath inflammation      
                                 of  both hind legs 
Treatment: cryotherapy four month ago, acupuncture frequently (not recently), Cosequin® via 
feed, Hyonate®/Adequan® before horseshows 
 
Nerve block: distal tarsal block (joint block) positive 
X-rays        : August 1996: not significant 
Bsc.           : August 1996 : „DJD of the tarsometatarsal joint bilaterally, more severe in the           
               right. Possible avulsion injury of the origin of the suspensory ligament bilaterally.            
          However, the pattern and extent of both soft tissue and bone phase activity are not              
         typical of a proximal suspensory desmitis or avulsion injury.  
                     Diagnosis: Osteoarthritis tarsal joint „(report OVC)  
Ultrasound  : set taken before bonescan in 1996: no significance 
                      set taken on 02/Jun/1998: right hind: tears in suspensory ligament close to bone 
                      set taken recently: right hind: distended tarsal sheath with fluid, fibrosis in                
                suspensory ligament, enlarged right hind susp. lig (part affected not clear) 
 
Tekappran: 
 
7 - 38 min: 1. Right hock: Moderate increased activity in high suspensory lig. +  mild in ligament  
(First set)                          in Mt region 
                  2. Left hock : Mild increased uptake plantaromedial in high suspensory lig. and            
                                    diffusely in ligament in Mt region  
                  3. Left metatarsus: Mild increased activity in dorsolateral aspect level of small             
                                             joints, approximately lateral branch of M.peroneus tertius 
 
43 - 70 min: 1. Right hock: Mild increased uptake in high suspensory lig. + extending into prox.  
(Second set)                       Mt region 
                    2. Left hock:   Moderate increased uptake in high suspensory lig., also moderate        
                                        increased activity in distolateral level of small tarsal joints  
 
73 - 118 min:  1. Right hock: Mild diffuse increased uptake in high suspensory lig. 
(Third set)       2. Left hock: Moderate increased uptake in high suspensory + distolateral  
see Fig.12a+b                       (as before)   
 
 210-268 min: 1. Left hock: mild diffuse increased uptake in dorsal aspect of tarsus + mild       
(Forth set)                             increased uptake persistent in distolateral aspect (as before) 
 
There was evidence of horse movement in some of the scans ! 
 
Diagnosis: Bilateral suspensory desmitis of rear limbs [diffuse] + left distolateral                   
                insertional desmitis [tarsus] 
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No.2: WY06 
10-year old chestnut Rheinlander gelding, weight: 620 kg, use: dressage 
History:  lame for six months on left front, degree: 3/5 in the beginning, now 1/5 (ERC) 
Suspected Diagnosis: Suspensory injury of left front  leg 
Treatment: antiinflammatories for the first three month (MSM), controlled exercise 
 
Nerve block: head of suspensory ligament positive 
ultrasound  : hypoechoic lesion in suspensory body at 2A (= prox.half of middle third) 
 
Tekappran:     
 
8 - 28 min:       1. Right carpus: Subtle to equivocal increased activity in high suspensory lig.  
(First set)         2. Left carpus: Mild increased activity in proximal suspensory region (focal  
                                                 to multifocal)  
34 - 55 min:     1. Right carpus: Subtle increased uptake in high suspensory lig.  
(Second set)     2. Left carpus: Mild increased activity in high suspensory  
see Fig.13a+b  
 
60 - 77 min:     1. Right carpus: Mild focal increased activity in high suspensory 
(Third set)        2. Left carpus: Mild increased activity in high suspensory 
 
118 - 140 min:   no significant uptake was observed  
(Forth set) 
 
208 - 238 min:  1. Left carpus: Mild increased activity in palmar aspect carpus (higher than      
(Fifth set)                                  previous)  
   
There was evidence of horse movement in some of the scans ! 
 
 
Diagnosis: High suspensory desmitis left front (about prox. 1/3) 
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No.3: BF07 
6-year old grey Trakehner mare, weight: 566 kg, use: eventing 
History:  for 6 months lame on the left hind leg, degree: 2/5 at the moment 
Suspected Diagnosis: Sesamoiditis + fetlock inflammation of the left hind (soft tissue injury) 
  
Treatment: antiinflammatories (several weeks previously), rest 
 
Nerve block: low volar positive 
X-rays:          left hind fetlock: enlarged vascular channels in medial + lateral sesamoids                 
                (lat > med, but pretty similar) 
Ultrasound:   suspensory desmitis, medial branch              
 
Tekappran: 
 
5 - 34 min: 1. Right hind foot: Subtle increased uptake in plantar coronary band + sole heel 
(First set)    2. Right hind fetlock: subtle to mild increased uptake prox. to sesamoids 
                   3. Left hind fetlock: subtle/mild increased uptake prox. to sesamoids  
                   4. Left metatarsus: Mild stripe with increased activity at plantar distal 2/3 Mt              
                                                to level of sesamoid bones (in plane of susp. lig.) and moderate      
                                              focal increased uptake at level of suspensory bone 
 
40 - 66 min: 1. Right hind foot: Very subtle increased uptake (decreased intensity since  
(Second set)                                previous set (5 - 34 min.), same level/ location 
                     2. Right hind fetlock: subtle to mild increased uptake prox. to sesamoids 
                     3. Left metatarsus: same as previous set (5 - 34 min.), stripe in region of                   
                                               suspensory with same location and intensity, and same                   
                                           findings (incl. location + intensity) as previously seen in                   
                                      region of sesamoid bones            
 
69 - 98 min: 1. Left hind fetlock: Mild increased activity in suspensory branch region  
(Third set)    2. Left metatarsus: Persistent visualization of stripe in suspensory lig. but activity   
see Fig.14a+b                            in region of sesamoid bones equal to right hind 
 
205 - 243 min: 1. Left hind fetlock: Mild increased uptake in suspensory region (similar intensity/  
(Forth set)                                      location as 69 - 98 min.)   
    
509 - 544 min:     no significant uptake was observed 
(Fifth set) 
 
 
Diagnosis: Mild or chronic suspensory desmitis, bilateral low, with prox. extension in left     
                hind 
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No.4: JR11 
8-year old grey Oldenburger gelding, weight: 625 kg, use: eventing 
History:  since the last competitive season (eventing), for one year now, unlevel during 
competition, but not lame enough to block; degree: 1/5, pain  
Suspected Diagnosis: Hock DJD of both hind legs, he has had fetlock problems with 
sesamoiditis of the right front  previously, right front might still be affected. 
Treatment: antiinflammatories initially, single Dexamethasone injections before shows  
 
X-rays: right fore fetlocks: enlarged vascular channels med > lat sesamoids    
Bsc: bilateral fore sesamoiditis, equivocal evidence high suspensory disease bilateral (hind              
 limbs) 
 
Tekappran: 
 
10 - 33 min:      1. Right front fetlock: Well defined, moderate increased uptake in suspensory    
(First set)                                             branch region 
see Fig.15a+b   2. Left front fetlock: equivocal increased uptake in suspensory branch 
                           3. Right hock: Equivocal to mild increased uptake in small joints 
                    
36 - 57 min:  1. Right front fetlock: Moderate more diffuse increased activity in susp.branch     
(Second set)  2. Left front fetlock: Mild increased uptake in suspensory branch +  
                                                         slightly more palmar + distal to sesamoids  
                                                        (short cruciate lig. distal sesamoid region) 
                      3. Right hock: Subtle increased uptake in small joints 
 
60 - 73 min:  1. Right front fetlock: minimal increased uptake in area of suspensory branches +  
(Third set)                                        dorsal Mcp (metacarpophalangeal) joint pouch (seems to       
                                                     be normal distribution) 
                     2. Left front fetlock: minimal increasec uptake in area of suspensory branch              
                                                  + Mcp joint pouch ( seems to be normal distribution)   
 
94 - 114 min:     no significant uptake was observed 
(Forth set)           
 
269 - 298 min:   no significant uptake was observed 
(Fifth set)    
 
 
Diagnosis: Right front suspensory branch desmitis 
                  {sesamoiditis: visible on x-rays and bonescan, not on Tekappran-images} 
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No.5: BR12 
4-year old bay Thoroughbred mare, weight: 459 kg, use: research 
History: donated to the ERC six months ago as racehorse from the track, history of colics and off 
in the rear end, 3 colics since then, four months ago abscess in left front foot, two weeks later sore 
in both front feet, pulled shoes, Vet exam: poor conformation of toes (left front > right), laminitic 
rings on left front, intermittent lame 4/5 to 1/5 (at that time), sunken coronary band of left front 
Suspected Diagnosis: Laminitis (left front) 
 
X-rays: 
Three months ago: 1. abnormal foot - pastern alignment bilaterally 
                               2. Very subtle: mild osteophytes dorsoprox. right front P1,± left front 
                               3. Chronic smooth periostitis mid + prox. diaphysis MC2 bilaterally 
                               4. Bilateral carpal arthritis L > R 
Now:      1.Right front: increased size vascular channels P3 consistent with pedal osteitis,              
                                  mild convexity dorsal P3, thin sole, no rotation 
               2. Left front: solar margin fracture, pedal osteitis, thin sole, no rotation   
 
Bsc:      Bilateral fore pedal osteitis + associated soft tissue inflammation 
             + bilateral Mc2 periostitis (cannot exclude healing fracture) 
 
Tekappran: 
 
10 - 54 min:  1. Right front foot: Mild increased activity in dorsal aspect of foot (toe) 
(First set)      2. Left front foot: Moderate increased uptake in dorsal + palmar foot (lamina +         
                                              sole) 
                      3. Right metacarpus: Mild increased uptake in region of splint in mid metacarpus 
 
65 - 120 min:  1. Right front foot: Mild increased uptake in lamina  
(Second set)   2. Left front foot: Mild increased activity in lamina, especially palmar process    see 
Fig.16a+b                             region 
                       3. Left metacarpus: Mild focal increased uptake palmar proximal (region of            
                                                   splint?) 
  
175 - 230 min:   no significant uptake was observed 
(Third set) 
 
Images < 150 min. appear reasonable, after that image quality decreases somewhat patient 
dependent, lower limb easier to acquire without motion (all times) 
 
 
Diagnosis: bilateral pedal osteitis/laminitis without rotation, bilateral forelimb splint            
             disease ( probably interference) 
                  ( forelimbs with mild bilateral carpal arthritis → bonescan) 
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No.6: DY210: 
8-year old chestnut Thoroughbred gelding, weight: 468 kg, use: pleasure 
History: stepped on tack (nail) in February 1999, nail went through apex of the frog of the right 
front foot, 3/5 unsound since, painful 
Suspected Diagnosis: after bonescan and radiographs Navicular syndrome of both front feet 
 
X-rays:  Marginal osteophytes, bone remodelling and enlarged vascular channels on both               
        front navicular bones (R > L) 
Nerve blocks: PD (digital palmar): positive, coffin joint: negative 
Bsc:       Right fore navicular disease with associated soft tissue inflammation, equivocal  
               to mild similar in left fore with palmar process pedal osteitis left front  
 
Tekappran: 
 
10 - 34 min:        1. Right front foot: Mild to moderate increased activity stripe in navicular      
(First set)                                            region 
see Fig.17a+b     2. Left front foot: Mild/ moderate increased activity stripe in navicular region 
 
38 - 60 min:     1. Right front foot: Moderate increased activity in navicular region 
(Second set)     2. Left front foot: Mild to moderate increased uptake in navicular region 
 
63 -72 min:      1. Right front foot: Moderate increased uptake in navicular region 
(Third set)        2. Left front foot: Moderate increased uptake in navicular region 
 
205-220 min:    1.Right front foot: Mild to equivocal increased uptake in navicular region 
(Forth set) 
 
Diagnosis: Bilateral fore navicular degeneration {bursa or ligament activity} 
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No.7: SG14  
10-year old dark bay Arabian X mare, weight:356 kg, use: endurance 
History:  bowed tendon during endurance ride on Sunday 18/06/2000 of right front leg, lameness 
degree 1/5, heat and swelling, one week old wire cut on the back of the left metatarsus and 
swelling of the full metatarsal length with increased skin temperature 
Suspected Diagnosis: ruptured tendon fibres (Bowed tendon) of a digital flexor tendon of the     
                     right front leg + soft tissue injury of left hind  leg (metatarsus) due to wire cut 
Treatment: bowed tendon: comfrey (shredded leaves) locally on leg and aconite (drops) locally 
on gums for 5 days, then poultice (Antiflogestin) on both front legs + mineral ice on right front + 
cool cast (calamine + glycerin) on right front for the following 8 days (discontinued for the study) 
and continuing, laser therapy, 
for left hind injury: Antiflogestin for one day  
 
Ultrasound: 3D: right front: torn fibres of the deep digital flexor tendon (central) in a length          
                      of 1cm, ~2-3 cm proximal of the sesamoid bones, medial 
                           left front: deep digital flexor tendon tears, located towards the site of the            
                                        superficial flexor tendon in a length of 3 cm, 2-5 cm proximal                 
                                  of the sesamoid bones 
                           left hind: 10 cm image obtained of the plantar mid-metatarsus, proximal              
                                     tendon tissue visible surrounded by fluid pockets, no tendon damage         
                                   visible, distal part mainly fluid pockets, tendons not visible 
 
Tekappran: 
 
10 - 48 min:     1. Right metacarpus: Mild linear increased uptake medial aspect Mc (not really    
(First set)                                         visible on lateral views) 
see Fig.18+b   2. Right metatarsus: Locally diffuse moderate increased uptake in plane of              
                                                   suspensory / flexor tendons mid distal Mt 
                        3. Left metatarsus: Locally diffuse moderate increased uptake in mid distal Mt, 
                                                       plane of suspensory/ flexor tendons 
53 - 80 min:     1. Right metacarpus: Previous activity subtle on medial aspect Mc 
(Second set)     2. Right metatarsus : mild locally diffuse increased uptake mid Mt plane of            
                                                      tendons or suspensory 
                         3. Left metatarsus: locally diffuse moderate increased uptake mid to mid- 
                                                       distally Mt, tendon/ suspensory region 
83 -113 min:      1. Right metatarsus: subtle increased uptake mid plantar Mt (plane of tendons/  
(Third set)                                          susp.lig.) 
see Fig.18c+d    2. Left metatarsus: mild diffuse increased uptake plantar mid metatarsus  
                                                         (plane of suspensory or tendons) 
189 -233 min:  1. Left metatarsus: subtle increased uptake mid/ slightly lateral aspect Mt +       
(Forth set)                                       as before 
 
Diagnosis: Bilateral rear abnormal tendons mid metatarsus, bilateral fore fetlock focal         
             increased activity proximal to sesamoids ( could be suspensory insertions or              
        palmaroproximal fetlock joint pouch effusion / synovitis) 
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No.8: CR15 
1-year old bay Thoroughbred colt, weight: 350 kg, use: young horse 
History:  for four months lame (2/5) in left hind leg, stifle joint intermittent swollen with heat and 
pain, foot suspected to be affected as well, no swelling present at ERC, still lame 
Suspected Diagnosis: after bonescan and radiographs: Juvenile osteoarthritis both hocks 
 
Nerve block: basi-sesamoid nerve block (BSNB): positive 
X-rays:(left tarsus): 1. Moderate subchondral erosion + sclerosis, with narrow joint distal              
                                 intertarsal joint 
                                2. Mild enthetic osteophyte tarsometatarsal joint with mild similar  
                                     lesion in subchondral bone  
Bsc:  Left tarsal remodelling consistent with juvenile arthritis - eqiuivocal similar changes in           
 right tarsus 
 
Tekappran: 
 
10 - 36 min:   1. Right hind foot: Increased uptake on plantar aspect distal interphalangeal joint  
(First set)                                     + plantar navicular region / P2 
 
41 - 63 min:   1. Right hind foot: Mild increased uptake in area of navicular bone / nav. soft     
(Second set)                                  tissue 
                       2. Right hock: Equivocal to mild increased activity at level of small tarsal joints 
                       3. Left hock: ± mild increased activity at level of small tarsal joints 
 
66 - 93 min:    1. Right hock: Mild increased activity in small tarsal joints 
(Third set)       2. Left hock: Mild increased activity in small tarsal joints 
    
216 - 243 min:  Change in tarsi most apparent here: 
(Forth set)           1. Right hock: mild increased activity in small tarsal joints (dorsal aspect) 
see Fig.19a+b     2. Left hock: mild increased uptake in dorsal aspect of small tarsal joints 
                            3. Mild increased uptake in area of femorotibial / femoropatellar joint 
 
 
Diagnosis: Bilateral distal tarsal arthritis 
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No.9: PY17 
10-year old bay Thoroughbred gelding, weight: 545 kg, use: eventing - elite level 
History:  for one year off in left hind: stringhalt action at canter chronically, becoming affected in 
all three gaits recently, degree: 2/5, heat, swelling and pain over left medial tarsus 
Suspected Diagnosis: Soft tissue injury of left hock  
Treatment: acupuncture (sacrosciatic joint: positive response), glucosaminoglycanes orally daily 
 
Thermography: heat over cunean tendon, left medial tarsus, and cold spots at nerve root                
                     areas in sacrum 
X-rays: mild (subtle) sclerotic „V“ or „J“ Mt3, enthetic osteophytes dorsoprox. lat. Mt3,               
         mild remodelling head Mt4 
Bsc:   1. Remodelling of proximal Mt3 + distoplantar aspect of distal row tarsal bones, incl.T4      
           (cannot specify exact location due to obliquity on plantar images left tarsus)  
           2. Right Mt2 periostitis (± healing fracture) 
 
Tekappran: 
 
10 - 34 min:       1. Right hock: Subtle increased uptake in medial aspect talus  
(First set)            2. Left hock: Moderate increased uptake in distolateral aspect 
see Fig.20a+b 
 
37 - 62 min:       1. Right hock: Mild increased activity in medial aspect talus  
(Second set)       2. Left hock: Moderate increased activity distolateral aspect  
 
65 - 105 min:     1.Right hock: Motion 
(Third set)          2. Left hock: Moderate increased uptake distolateral tarsus  
 
210 - 240 min:   1. Right hock: Moderate increased uptake medial aspect talus 
(Forth set)      
 
There was evidence of horse movement in some of the scans ! 
 
 
Diagnosis: Left hind M. Peroneus tertius insertional desmitis (cannot entirely exclude collat. 
                   lig.)        
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No.11: AY19 
11-year old grey Thoroughbred mare, weight: 534 kg, use:eventing (elite) 
History:  during jumping exercise horse fell into oxer and got hit by an upjumping pole, 
development of fist-size haematoma medio-dorsal on mid right tibia (gaskin), lameness degree: 
3/5, haematoma had decreased to a chicken egg size on the day of arrival at ERC, three weeks 
after accident, but still hot and painful, lameness (2/5) still evident 
Suspected Diagnosis: Soft tissue injury, esp. muscle fibre injury, of right gaskin (thigh),       
                                  DJD hocks 
Treatment: initially ice, DMSO, Butazone, Banamine, Chymotrypsin, Cortisone, nothing now 
 
Ultrasound: 4 days after accident: muscle fibre damage, haematoma in medial right mid tibia          
               2.5 weeks later, on day of study: resolving haematoma, chicken egg size, on dorso-        
               medial mid tibia 
X-rays: 1. Very subtle subchondral irregularity in tarsometatarsal + distal intertarsal joints  
             2. No abnormal findings in right tibia 
Bsc:      1. Considering history right tibial periostitis 
             2. Mild right tarsal DJD (arthritis) + left tarsal arthritis (different location + cannot            
            exclude high suspensory or other ligament) 
 
Tekappran: 
 
7 - 43 min:   1. Left hind foot: subtle increased uptake heel of sole  
(First set)     2. Left metatarsus/hock: mild to moderate increased uptake at level of                   
                                                         tarsometatarsal (TMT), distal intertarsal (DIT) and ±            
                                                        proximal intertarsal (PIT) joint  
                      3. Right tibia: focal photopenic area in vein traversing gaskin with mild increased     
                                         uptake caudal to photopenic area 
47 - 100 min: 1. Left hind foot: subtle increased uptake heel of sole 
(Second set)    2. Left metatarsus/hock: Mild to moderate increased uptake at level of TMT, DIT  
                                                              ± PIT joints ( increased from previous time) 
                       3. Right tibia: Mild increased activity in area of DDFT or gastrocnemius m.,           
                     length of tibia + cranial cortex or cranialis tibialis/ peroneus tertius region    
102 - 124 min: 1.Left metatarsus/hocks: mild increased uptake dorsal to or dorsal aspect of  
(Third set).                                               small  tarsal joints 
                         2. Right tibia: Mild increased uptake in soft tissues caudal aspect of gaskin as       
                                            previously seen 
 
209 - 257 min:  1. Left metatarsus/hock: Mild increased uptake at level of dorsal aspect small   
(Forth set) .                                               tarsal joints 
                          2. Right tibia: Mild increased uptake focal mid cranial gaskin + in soft tissues       
                                            (linear) caudal aspect gaskin to calcaneus  
 
Diagnosis: open 
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No.12: BP21 
18-year old grey Arab-Welsh pony mare, weight: 361 kg, use: pleasure 
History:  pony foundered a few months ago for the first time, was put onto Butazone and diet was 
changed, pony lost a good amount of weight, got light exercise until new founder attack 2.5 
weeks ago, careful placement of both front feet in the walk, lame especially on right front in the 
trot (3/5), on day of arrival at ERC both front feet showed increased heat around coronary band 
and upper hoof wall, strong digital pulse on both feet, hoof tester positive over medial part of 
middle third of right front sole 
Suspected Diagnosis: Laminitis in both fore feet 
Treatment: Butazone, for five days, last time in the morning prior to study day, Shoeing 
 
Nerve block: BSNB positive (basi-sesamoid nerve block positive), as soon as right front                
                 was  blocked, left foot appeared to be lame 
X-rays:          No rotation visible on both fore feet 
 
Tekappran: 
 
10 - 28 min:     1. Right fore foot: Mild to moderate increased uptake lamina + coronary band 
(First set)         2. Left fore foot: Mild to moderate increased uptake lamina + caudal region           
                                                of navicular bone + coronary band  
 
32 - 48 min:     1. Right fore foot: Mild increased activity in lamina + sole + coronary band 
(Second set)      2. Left fore foot: Mild increased activity in lamina, sole + region navicular bone  
see Fig 22a+b                              + coronary band        
 
60 - 78 min:      1. Right fore foot: Increased activity coronary band 
(Third set)        2. Left fore foot: Mild increased activity of lamina + navicular region +                  
                                                coronary band 
 
91 - 106 min:    1. Right fore foot: Increased activity coronary band 
(Forth set)           2. Left fore foot: Mild increased activity in region of navicular bone +  coronary 
                                                     band 
 
190 - 215 min:  1.Right fore foot:  Mild/moderate persistent coronary 
(Fifth set)          2. Left fore foot: same as right front 
 
 
Diagnosis:  Laminitis in both fore feet 
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No.13: HA22 
13-year old bay Trakehner mare, weight:  480 kg, use: leisure 
History:  chronic (4 weeks) intermittent lame on both front feet, left front more affected, lameness 
especially obvious on soft ground, on Butazone medication at the moment ~ almost pain-free, 
history of foot abscesses, one broke recently (LF), still draining, suspect of more 
Suspected Diagnosis: Laminitis in both fore feet 
Treatment: Butazolidin , poultice with Animalintex 
 
X-rays:  Few degrees palmar rotation of both front coffin bones 
Bsc:      Bilateral moderately severe laminitis ± pedal osteitis forefeet (focally severe left front        
       dorsodistally - may indicate abscess or osteomyelitis 
 
Tekappran: 
 
10 -47 min.: 1. Right front foot: Moderate increased uptake lamina 
(First set)     2. Left front foot: Moderate increased uptake lamina 
                     3. Left front fetlock:  Mild increased uptake palmar pouch or susp. branches             
                          
53 - 98 min:       1. Right fore foot: Mild increased uptake lamina + coronary + navicular region 
(Second set)       2. Left front foot: Mild increased uptake lamina + coronary + navicular region 
see Fig.23a+b   3. Left front fetlock: Mild increased uptake as before  
 
108 - 120 min: 1. Right front foot: increased coronary activity, significant decrease of lamina   
(Third set)                                       activity (barely visible) 
                         2. Left front foot: increased coronary activity, lamina as in right front 
 
 
       NOTE: on all palmar views focal increased activity in central P3 is visible 
 
 
Diagnosis: Laminitis in both front feet 
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No.14: SN23 
6-year old Standardbred gelding, weight: 435 kg, use: racing 
History: right front lameness in trot, diagnosed one week prior to study: bowed tendon of right 
front forelimb, flexor sheath pathology of left forelimb 
Suspected Diagnosis: Bowed tendon of right front leg 
 
Ultrasound: right front: 12 mm diameter tear in deep digital flexor tendon at the junction of  the 
distal and middle third of the metacarpus. Left front hyperechoic regions of both superficial and 
deep digital flexor tendons at the level of the digital sheath, likely due to  previous injury. Excess 
fluid present in the tendon sheath. 
 
Tekappran: 
 
5 - 23 min: 1. Left front fetlock: Mild / moderate increased activity in plane of digital sheath 
(First set)   2. Right metacarpus: moderate diffuse increased uptake in plane of palmar flexor         
                                               tendon which extends into fetlock 
 
30 - 60 min:         1. Left front foot/pastern: Moderate increased activity in plane of distal aspect   
(Second set)                                                of digital sheath 
see Fig.24a+b     2. Right front fetlock + metacarpus: Moderate diffuse increased activity in  
                                                                                       plane of palmar flexor tendon  
                            3. Left front fetlock: Moderate increased activity in plane of digital sheath  
 
60 - 120 min:  1. Left front fetlock: Moderate increased uptake in plane of digital sheath but     
(Third set)                                        greater activity in medial aspect 
                        2. Right metacarpus: Mild increased activity same area as previous but                   
                                                     decreased activity compared to previous images  
 
160 - 183 min:   1. Right metacarpus: can see shape change „bowed“ appearance in palmar       
(Forth set)                                           metacarpus but no increased activity in tendon at this          
                                                        time 
                           2. Left front fetlock/ metacarpus: moderate increased activity in plane of             
                                                                            digital sheath in fetlock region                  
 
 
Diagnosis: Diffuse metacarpal flexor tendinitis in right front 
                   Digital sheath effusion of unknown etiology in left front 
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No.15: SF24 
7-year old chestnut Thoroughbred gelding, weight: 555 kg, use: jumping 
History:  heat of right hind foot over a period of three weeks, lameness degree: 2/5, noticeable 
pulse in right hind foot but no sensitivity to hoof testers, old bowed tendon in left metacarpal 
region 
Suspected Diagnosis: Hoof wall separation outside right hind heel area  
 
Tekappran: 
 
5 - 47 min:         1. Right hind foot/ pastern: Moderate to marked increased activity in lamina +  
(First set)                                                      locally diffuse increased activity in heel - lateral     
see Fig.25a+b                                               aspect, + in caudal coronary band  
                           2. Left hind foot/pastern: subtle to mild increased activity of lamina in plantar     
                                                                sole + navicular area 
                            3. Left metacarpus: focal moderate increased activity in plane of mid                  
                            metacarpal flexor tendons 
 
49 - 63 min: 1. Right hind foot/pastern: Moderate to marked focal increased activity in lateral  
(Second set)                                            heel  
                     2. Left hind foot/pastern: Mild increased activity in lamina, plantar 
                     3. Left metacarpus: same as previous (a little more locally diffuse) 
 
100 - 125 min:    1. Right hind foot/pastern: Moderate to marked increased uptake lateral heel 
(Third set) 
 
184 - 198 min:    1. Right hind foot/pastern: Very mild persistent increased activity same area 
(Forth set) 
 
Diagnosis: Right hind focal traumatic laminitis (hoof wall tear) 
                   Incidental: Left mid metacarpus tendinitis 
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Safety and Tolerance 
 
There were no clinical signs (body temperature, pulse and respiration rate) or clinical laboratory 
blood measurements that raised safety or tolerance concerns that necessitated the discontinuation 
of the study. The increased respiratory rate in four horses (DY03, SG08, II09, AY19) and the 
increased pulse rate in one horse (PY17) that were noticed after administration of 99mTc-
Tekappran as well as a decrease of the haematocrit and haemoglobin values in all six horses of the 
pharmacokinetic study, are described in the following. 
 
No radiation dose rate readings could be obtained 24 h post drug administration and before the 
horses were released from the study. The dose rate measurements were taken on the skin surface 
behind the left and right elbow, according to the method of Riddolls et al. (1996).  
 
4.3 Adverse Events 
 
Out of the eighteen horses that participated in the Tekappran study, five horses showed changes 
of vital signs after injection of 99mTc-Tekappran. Those changes were considered adverse events 
and were recorded. 
The adverse reactions that occurred were an increased respiratory rate at 5 minutes post injection 
in four horses and an increased pulse rate 5 minutes post injection in one horse. 
 
 
     Table 13: Adverse Event: Increased respiratory rate� 

 
       
ID 

 
 Respiratory rate at time ... injection 
     pre             5 min. post    30 min. post    4h/8h post      24h post 

 
    DY03 

 
       28 

 
       60* 

 
       20* 

 
     16* / --  
  

 
      16 

 
    SG08 

 
       16 

 
       52 

 
       32 

 
      -- / 16 

 
      28 

 
     II09 

 
       24 

 
       60 

 
       40 

 
      -- / 24  

 
      24 

 
    AY19 

 
       16 

 
       60 

 
       16* 

 
      12* / -- 

 
      16 

      �for complete data collection regarding respiratory rate values see table 13 in Appendix A 
     * horse sedated with Xylazine 
 
The normal respiratory rate of the relaxed adult horse is 8 - 16 respirations per minute. 
 
     Table 14: Adverse Event: Increased pulse rate♦ 

 
 
      ID  

 
                              Pulse rate at time ... injection 
     pre            5 min. post     30 min. post    4h/8h post      24h post 

 
    PY17 

 
      36 

 
       52 

 
       32* 

 
     32* / --  
  

 
      32 

     ♦ for complete data collection regarding pulse rate values see table 14 in Appendix A 
     * horse sedated with Xylazine 
  
The normal pulse rate of the relaxed adult horse is 28 - 40 beats per minute. 
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   Table 15: Adverse Event: Changes in haematocrit values 
 
       
        ID 

 
                                       Haematocrit (%) 
pre injection     30 min. post inj.    4h post inj.       24h post inj. 

 
      RN01 

 
         37 

 
           31 

 
          39 

 
          39 

 
      FR02 

 
         35 

 
           32 

 
          34 

 
          30  

 
      BE04 

 
         35 

 
           33 

 
          31 

 
          32  

 
      GE05 

 
         32 

 
           29 

 
          32 

 
          29  

 
      SG08 

 
         38 

 
           35 

 
          36 

 
          39 

 
       II09 

 
         39 

 
           31 

 
          33 

 
          31 

 
Mean ±  SD     

 
36.00 ± 2.53 

 
31.83 ± 2.04 

 
  ------------------------------------- 

 
Significance 

 
                  p = 0.007 

 
  ------------------------------------- 

  
The normal range for the haematocrit of horses is 32 - 52 % (VITA-TECH Canada Inc.) 
 
After all six horses that participated in the pharmacokinetic study had finished the study, the 
comparison of laboratory results showed a statistically significant (p = 0.007) drop of the 
haematocrit between the blood sample drawn before and 30 minutes after drug administration, The 
test used for those calculations was the paired difference t-test. Haemoglobin values showed a 
similar pattern. 
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5 DISCUSSION 
 
5.1 Discussion of Choice of Probationers 
 
Six healthy adult mares were chosen for Phase I, the Pharmacokinetic Study, of this trial. 
Mares were used because they were more adapt to urinary catheterization and six were required 
for the results to be statistically significant. Healthy adult horses were used in order to have a 
group with similar metabolism and renal function.  
 
Only horses with proven active inflammatory soft tissue injuries were chosen for the imaging part 
of the study. 
 
These horses were divided into four different groups depending on site and type of inflammatory 
soft tissue injury. All horses had been positively diagnosed with an active soft tissue inflammatory 
lesion by means of an accepted diagnostic modality: clinical exam, diagnostic nerve blocks, 
radiography, ultrasound and/or bone scan. As the aim of this study was to investigate if 99mTc-
Tekappran had a potential of identifying inflammatory processes in the horse, the study included 
immature as well as aged horses as well as different types and duration of lesions. 
 
The group of horses that was available for the period of time of the study revealed subacute to 
chronic but active mainly non-septic inflammation. Only one horse with a painful hoof wall 
separation had a septic infection of the lamina at that site. For further investigations it may be of 
interest to study a larger group of horses, to consider a certain age group and certain soft tissue 
problems at different stages.  Further studies of 99mTc-Tekappran used in horses should include 
acute inflammatory problems as well as more cases affected with septic inflammation. 
 
5.2  Discussion of Methods 
 
5.2.1 Discussion of Methods Phase I (pharmacokinetic study) 
 
The metabolic pathways of Tekappran are not known and no attempt was made to analyse 
biochemical behaviour in the horse. Therefore, inferences about the biological half-life of this 
radioactively labelled compound were not derived from equation 1. 
 
The procedures used for this pharmacokinetic study were applied with reference to the methods 
described by Riddolls et al. (1996) for the use of bone-seeking radiopharmaceuticals in the horse. 
 
Inserting intravenous catheters for drug administration and drawing of blood samples, 
respectively, seemed to be the safest way of working with the radioactive agent as well as the 
most comfortable way for the horse.  
Only blood samples taken up to 60 min. post injection were included in the analysis for the 
determination of Tblood, as in the studies of the bone imaging radiopharmaceuticals, although the 
metabolic pathways including recycling processes of the radiopharmaceutical are unknown. In the 
future and with more knowledge about the metabolism of Tekappran this value may be different. 
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Urinary catheters were inserted into the mares’ bladder with ordinary freezer bags attached to the 
outside opening for urine collection. The freezer bags, stable enough to collect urine without 
leakage, were changed every 30 minutes, a time-frame that allowed the collection of an easy to 
handle amount of urine at a time. Unfortunately, with this method it is possible that a catheter gets 
lost due to the increasing weight of collected urine over time. Nevertheless, it seems to be a safe 
method to collect a complete amount of urine that is excreted over a time span of 8 hours. The 
catheters were well tolerated by the mares. 
 
Faeces were collected rectally as well as off the ground in order to obtain accumulated samples up 
to 8h post injection. In order to create a sample that could be easily processed for excretion rate 
evaluations, a solution was prepared, consisting of 3 parts water and 1 part faecal material, mixed 
into an even emulsion. With a pipette two samples of 0.5 ml were obtained from each sample 
source and were counted separately. The mean of both samples for each point of time was used 
for further calculations. A negative aspect of this method is the necessary process of mixing the 
radioactive material, which increases the possibility of  radioactive contamination, as well as a 
possible inaccuracy due to uneven dilution of radioactive material. To prevent contamination, 
protective clothing was worn, and careful handling was practised, knowing also that in rats the 
faecal excretion rate of 99mTc-Tekappran had been minimal. To prevent inaccuracy, two samples 
at different locations were obtained and taken into consideration. The advantage of this method is, 
that the same amount of fluid (0.5 ml) as with the blood and urine samples, was drawn up by a 
pipette and ready to be analysed instead of weighing and analysing small amounts of dry matter. 
 
5.2.2 Discussion of Methods Phase II (imaging study) 
 
As this study was meant to be a preliminary study for the use of 99mTc-Tekappran in horses, the 
imaging study was layed out for showing inflammatory processes that were known to be present 
based on results of clinical examination and common diagnostic aids, such as radiography, 
ultrasonography and scintigraphic bone scanning, depending on the type of problem. The study 
aimed to show, that 99mTc-Tekappran has the potential of discovering those known 
inflammatory/infectious processes in the horse scintigraphically. However, the cases used in this 
study may not represent problems that generally require nuclear scintigraphy as part of the 
diagnostic process. The demand of scintigraphic imaging of soft tissue inflammation in equine 
medicine is there for problems that cannot satisfyingly be detected by the common diagnostic 
imaging procedures. This may be due to the equine anatomy, for example with suspected 
abscesses in abdomen or lung tissue of the adult horse. It also applies to problems, where the 
symptoms are non-specific, for example, fever of unknown origin as the only indication of an 
inflammatory problem and to inflammatory processes in early stages that are not readily shown by 
other diagnostic procedures.  
 
The patients were divided into four general groups in order to show the usefulness of the 
technique in different body parts and tissues. Because the inflammatory problems of the 
probationers were located in the limbs, usually the contra-lateral limb of each case was used as a 
reference for comparison of the affected site with the healthy status. In the case of laminitis and 
navicular syndrome, for example, where both feet were affected in the same way, the images were 
compared to images of feet of a different horse that was not affected with the same disease.  
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Always a problem with imaging inflammation that requires the presence of leucocytes is the 
interference with antiinflammatory medication given prior to the procedure, as the medication 
suppresses the inflammatory reaction and imaging may not be optimal. For this study any 
medication given prior to the study start was recorded and the horse was not given 
antiinflammatory drugs within one week prior to the study. With two horses that were affected 
with laminitis, the treatment with the antiinflammatory drug Phenylbutazone was discontinued only 
24h before study start. However, the inflammatory process was still visible on the scintigraphs of 
those two horses. 
 
The values for counts (max. 80,000 counts) and minutes (max. 5 min.) that were determined to be 
necessary for obtaining one image were chosen after a group of preliminary horses had been 
imaged prior to study start. Images of the not affected side as well as images that were taken four 
hours post drug administration required more time until a reasonable product for comparison and 
interpretation was obtained. In order to decrease the time for obtaining an image it would have 
been helpful to install a highly-sensitive collimator instead of the low-energy all-purpose (LEAP) 
collimator of our equipment. 
 
5.3  Discussion of Results 
 
5.3.1 Discussion of Results Phase I 
 
The metabolic pathways of 99mTc-Tekappran are not known. Also, Tekappran is a metabolically 
different agent from the phosphorus-compounds that are commonly used in bone scintigraphy. 
The excretion pathways of Tekappran in the body can be expected to be different from the other 
radiopharmaceuticals used with horses. The aim of the present study was to examine the 
pharmacokinetics of 99mTc-Tekappran in the horse and to compare and contrast the results that 
have been obtained with the three radiopharmaceuticals 99mTc-MDP, 99mTc-IDP and 99mTc-
HDP that are used for bone scintigraphy in horses (studied by Riddolls and McKee 1999). The 
reason for this study part are safety and tolerance evaluations for the new drug Tekappran in the 
horse, as well as evaluations for safety of horse handlers with respect to radiation exposure. 
Radiation is emitted from the horse administered the radiopharmaceutical and from horse excreta 
in the imaging room or the isolation stall. 
 
Data of this study, using 99mTc-Tekappran with horses, were also compared to data that have 
been obtained with laboratory animals in previous 99mTc-Tekappran studies, which have not been 
published yet. 

 
99mTc-Tekappran is cleared from the horse’s blood with a half-life of Tblood = 33.25 ± 6.66 
minutes which is up to 5 minutes longer than with the bone-seeking radiopharmaceuticals:  
Tblood with 99mTc-MDP = 28.2 ± 1.5, 99mTc-IDP = 29.6 ± 1.1 and 99mTc-HDP = 29.1 ± 1.2 
(Riddolls and McKee 1999). 
 
Generally speaking, especially with respect to safety and tolerance issues, this value is not 
significantly different from the data found with the phosphorus compound-radiopharmaceuticals, 
that are used in equine medicine. 
 
The radioactivity excreted in the urine at 8 h post injection is with 36% of the initial dose lower 
than with 99mTc-MDP = 51%, 99mTc-IDP = 46% and 99mTc-HDP = 38% (Riddolls and McKee 
1999). 
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This also means that with 99mTc-Tekappran a considerable amount of the administered 
radioactive dose is excreted in the urine and will lead to contamination of the environment, the 
imaging room or the isolation stall, as soon as excreted..   
 
Only 1.37 ± 3.80% of the injected dose were excreted in the faeces at 8 h post injection. Two of 
the six horses showed a higher excretion rate of 2.02% and 4.97%, respectively, which may be 
due to the particular metabolism of those horses. The four other horses had a faecal excretion rate 
of less than 0.45% at 8h post injection. Those data show that only a minor amount of administered 
radioactive dose is excreted via the hepatobiliary tract. No data are available about the faecal 
excretion rate after administration of radiolabelled MDP, IDP or HDP. 
 
It is assumed that the remaining and major percentage of the administered radioactive dose is 
emitted from the horse through the body walls. 
 
In previous studies with rats it was found that 39% of  injected 99mTc-Tekappran appeared in the 
urinary bladder 30 minutes after drug administration. As with the horses only a small percentage of 
the injected dose was excreted via the hepatobiliary tract of rats into the faeces.  
 
5.3.2 Discussions of Results  Phase II  
 
In the imaging study 99mTc-Tekappran did show potential as a diagnostic marker. 99mTc-
Tekappran revealed positive results especially with imaging inflammatory tendon and ligament 
problems. This group of injuries was represented by eight out of fifteen horses in this study. In six 
cases (DY03, WY06, BF07, JR11, PY17, SN23) the scintigraphs did confirm the suspected 
diagnosis. In two cases (SG14 and MA18) the scintigraphs showed increased uptake in more 
locations than the suspected site. The horse SG14, an endurance horse, was clinically affected with 
a bowed tendon on the right front leg as well as with a one week old inflammatory reaction due to 
a wire cut on its left hind leg (mid metatarsus). However, all four legs showed increased uptake, 
described as ‘bilateral abnormal tendons of the mid metatarsus’ and ‘bilateral focal increased 
activity proximal to the sesamoid bones of both fore limbs’. It is possible, that this horse, as an 
endurance horse, exhibited signs of inflammation scintigraphically, because tendons get stressed 
during the road work, although no clinical signs were seen on the left front and right hind yet. The 
exact location of the bowed tendon and wire cut, as it was clinically visible, was not specifically 
shown on the scintigraphs. It is possible, however, that the increased uptake of the tendons in all 
four legs covered the particular lesions. A similar reason may be responsible for the results of the 
horse MA18, where a bowed tendon proximal to the right hind fetlock was covered by 
inflammation of the digital tendon sheath („wind puffs“), which was obvious on both hind legs in 
the clinical examination. 
 
In one horse (PY17) the imaging study with 99mTc-Tekappran helped to lead to the conclusion 
that an injury of the Musculus peroneus tertius was the reason for pain in the left hock region. 
Increased uptake  lateral on the left hock, excluded the previously expected bursitis, and local 
treatment of the area lead to pain relief and the ability to compete again. 
 
In three horses with clinically evident laminitis, including two horses that did not show any 
radiological signs of coffin bone rotation, the scintigraphs did show increased uptake. In one case 
with bilateral navicular syndrome, a problem that was detected by bone scintigraphy as well, the 
scintigraphs, that were taken after 99mTc-Tekappran injection, show increased uptake 
proximopalmar  to the navicular bone. 
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Degenerative Joint Disease, that was suspected to be present after clinical examination in four 
cases, was obvious on 99Tc-Tekappran scintigraphs in only one horse in combination with 
juvenile osteoarthritis. This was the only case in this study where delayed images at four hours 
post injection showed the most obvious changes, a phenomenon that had been expected by 
researchers from Tekappran results in human and laboratory animal studies. 
In one horse with a haematoma on its right gaskin the scintigraphs did not show definite changes 
over the suspected area and a final diagnosis was left open. However, in this case ultrasonography 
did show reorganization of the three week old haematoma, which was likely a reason for negative 
scintigraphic results. 
In one horse with a painful hoof wall separation and a likely septic inflammatory process of the 
lamina in a focal area (SF24), the Tekappran images revealed a focal increased uptake of the 
radiopharmaceutical. 
The scintigraphs only revealed mild to moderate uptake in the different problem areas which was 
most likely due to the fact that most horses in the study were affected with subacute to chronic 
inflammatory injuries.  
 
Further investigations are needed to see if a marked uptake of 99mTc-Tekappran is shown with 
acute and/or septic inflammation, where in particular neutrophils, beside monocytes/ macrophages 
the target cells of Tekappran, appear in increased numbers. 
 
The most effective time frame for imaging the inflammatory problems with 99mTc-Tekappran 
appeared to be the first 90 minutes post injection of the radiopharmaceutical. After 90 minutes the 
image quality decreased rapidly with time. An exception seemed to be the osteoarthritic problem, 
where the changes could not be discovered on early images and were most obvious on the image-
set obtained close to 4h post injection. This fact should be investigated in further studies with 
other representatives of osteoarthritic problems. 
 
One significant limitation in this study was the amount of radioactivity injected (only 2.75 GBq 
(74.2 mCi) compared to at least 3.7 GBq (100 mCi) for a bonescan with 99mTc-MDP) with the 
effect that images often take several minutes. It can take 5 minutes to obtain one image. Horse 
movement is unavoidable and makes interpretation of diagnostic material more difficult. There is 
also a loss of time that occurs with images that have to be repeated because of movements.  
 
Compared to previously used radiopharmaceuticals for the use in diagnosing soft tissue 
inflammation with horses, Tekappran reveals positive aspects: 
 
Tekappran is easily prepared in the laboratory. After the kit is radiolabelled with 99mTc-
pertechnetate, the chemical reaction takes 30 minutes until the radiopharmaceutical is ready to be 
injected into the horse. The time frame for stability of the compound of four hours from the time 
when the chemical reaction has taken place is given by the drug provider. This time span usually 
allows the time needed to take the necessary images. 
  
Tekappran’s chemical structure resembles the structure of the tuftsin antagonist which has specific 
affinity to tuftsin receptors on neutrophils and monocytes/macrophages, allows a specific way of 
imaging inflammation as with radiolabelled leucocytes and contrary to labelling procedures with 
colloids or Human Immunoglobulin (Käppler 1991). As described by Käppeler (1991),  the 
procedure of labelling the horse leucocytes with HMPAO ex vivo is not very effective. There are 
deficiencies in the isolation and labelling techniques of equine leucocytes and therefore a 
percentage of the isolated horse leucocytes do not survive the procedure.  
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In addition, the equipment and training of laboratory staff for the preparation of radiolabelled 
leucocytes is very costly. 
 
A complete comparison of the two procedures that use leucocytes as indicators of inflammation, 
Tekappran and HMPAO-labelled leucocytes, is not possible yet, since further studies with a 
different profile of inflammatory injuries still are needed using Tekappran.  
Something we also have not studied yet, and that would be interesting for the knowledge about 
Tekappran in the horse, is the normal distribution of the labelled compound in the different organ 
systems over time. This should be known for the diagnosis of inflammatory processes that are 
located in those organs where leucocytes can be found physiologically and that may be covered by 
those physiological accumulations of white blood cells (e.g. spleen, lymph nodes, bone marrow).  
 
In veterinary medicine costs are a often a limiting factor for the use of therapeutic or diagnostic 
procedures. At the moment the product Tekappran for one horse, although not available yet, 
would be about CAD $ 250.00 and therefore more expensive than the compounds that are used 
for bone scintigraphy. Currently, this price would be slightly lower than the costs for the 
procedure of labelling leucocytes for scintigraphy with soft tissue inflammation.   
 
5.3.3 Discussion of Adverse Events 
 
The normal respiratory rate of the relaxed adult horse is 8 - 16 respirations per minute. 
Physiologically the respiration rate can increase with excitement, stress and increased outside 
temperature. With hard work it can increase up to 100 respirations per minute (Knickel et al. 
1996). 
 
The normal pulse rate of the relaxed adult horse is 28 - 40 beats per minute. Excitement and stress 
can physiologically increase the heart rate. Hard work can increase it up to 220 beats per minute 
(Knickel et al.1996). 
 
None of the five horses with increased respiratory or pulse rate belonged to the Equine Research 
Centre (Guelph) Inc. and they were not used to the environment, staff and the procedures.  
Shortly prior to the injection of 99mTc-Tekappran, the horses that were part of the imaging study, 
were taken out of their box stall into the imaging room, where the machinery attached to the 
gamma camera was already running. The horses often showed excitement by hesitating to enter 
the room, by looking around, sniffing the walls and snorting, a typical behaviour of horses that are 
not familiar with a new situation.  
 
For the horses in the pharmacokinetic study, excitement or stress could be expected especially for 
the first half hour after injection, as three staff members had to enter the box stall and had to 
obtain blood, urine and faecal samples, as well as the measurement of vital signs. 
 
The horses DY03 and AY19 were both part of the imaging study. The severity of the increased 
respiration in both cases (DY03: from 28 to 60 rpm, AY19: from 16 to 60 rpm) was considered 
moderate. The study drug relationship for DY03 was described as „remote“, as the horse seemed 
nervous, whereas it was described „possible“ with AY19, due to the fact that no obvious 
nervousness could be seen at that moment and because the other respiration rates beside the 
increased one at 5 min. post injection were within the normal range of a relaxed horse. 
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AY19 had shown extreme nervousness in the imaging room three days before the Tekappran 
study start. It is possible that the horse had recognised the situation again, did not show extreme 
signs of excitement any more, but an increased respiration rate.   
 
The horses SG08 and II09 were loaned for the pharmacokinetic study and had arrived one day 
prior to the study start. II09 as a purebred Arab and SG08 as a cross between Arab and American 
Saddlebred represented a very excitable individual, that is typical of this breed.  
 
For both horses the increased respiration rate (SG08: from 16 to 52 rpm, II09: from 24 to 60 rpm) 
was considered moderate and the study drug relationship was described as „remote“. 
 
In all four cases the increased respiration rate was considered to be due to excitement/ stress 
related to new environment, staff and the study procedures. 
 
The severity of the increased pulse rate in horse PY17 at 5 min. post injection (from 36 to 52bpm) 
was considered mild and the study drug relationship described as „remote“. The horse PY17 
participated in the imaging study and the increased pulse rate was likely due to excitement or 
stress.  
 
Neither the increased respiratory rate of the four horses (DY03, SG08, II09, AY19) nor the 
increased pulse rate of the one horse (PY17) were considered serious and the symptoms resolved 
within 24 hours post injection. However, from the clinicians’ point of view in particular the 
increased respiratory rate of 60 rpm five minutes post drug injection seems too high for a  horse 
that is just excited because of its surroundings. This aspect should be monitored in further 
investigations, as well. 
 
The decrease of haematocrit and haemoglobin in all six horses of the pharmacokinetic study 
between the first two samples is unexplained. In two out of the six horses the haematocrit had 
recovered after 24 h, in four horses the values were still lower at the 24 h measurement than the 
baseline haematocrit. The changes were not of any clinical relevance in the six horses. The lowest 
measured haematocrit was 29% (GE05). This is marginally below normal values. 
 
Severe anaemia in horses is indicated by a haematocrit less than 10 to 12% (Sellon, sited in 
Robinson 1997) or a blood loss of more than 30% (Collatos, sited in Robinson 1997), which was 
not the case here. A decrease of haemoglobin can be expected with a decrease of the haematocrit 
except in cases of haemolysis (Löfstedt, sited in Robinson 1997). 
 
Reasons for the decrease of haematocrit and haemoglobin values may be blood reactions  in vitro, 
intra vascular coagulation reactions or an uptake of blood cells into certain organs as a sequel to 
drug administration. 
 
All six horses were released from the study without complications. 
 
 
 
 
 
 
 
 



 
 81 

6 CONCLUSION 
 
Although metabolic pathways of Tekappran are unknown, results regarding biological activity and 
clearance rate of 99mTc Tekappran show similarities to the bone-seeking phosphorus compounds, 
99mTc- MDP, 99mTc- IDP and 99mTc- HDP, that are used for bone scintigraphy in horses and 
have been studied in a similar way by Riddolls and McKee (1999). Due to the fact that the amount 
of radioactive isotope (99mTc) that is added to the Tekappran kit, is with about 2.75 Gbq (75 
mCi) less than what is added to the phosphorus compounds (3.7 - 4.0 Gbq; 100 - 150 mCi) used 
with bone scintigraphy, the radiation exposure for people handling the injected horse is less. Also, 
radiation protection can be adapted from precautions that are common practice in bone 
scintigraphy. 
 
Side effects of drug administration, in particular a possible increase of the respiratory rate and a 
decrease of haematocrit and  haemoglobin, were seen and, although not life threatening, should be 
still monitored in further studies.  
 
With this preliminary study it was possible to show the potential of 99mTc Tekappran for imaging 
inflammatory lesions. Further studies should include cases affected with acute and/or septic 
inflammation, where one can expect to visualize an even marked uptake of the agent, due to the 
fact that neutrophils, a main target of Tekappran, are especially part of those types of 
inflammation. Investigations about the normal distribution of Tekappran in the different organ 
systems would be interesting for practical aspects, as well. 
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7 SUMMARY  
 
The study showed that 99mTc-Tekappran is a safe and well tolerated radiopharmaceutical with a 
good potential to image soft tissue inflammation in horses.  
 
Tekappran shows significant promise as a cost effective, safe and  labour-saving alternative to the 
process of radiolabelling white blood cells for imaging soft tissue inflammatory processes in equine 
medicine. It  is easily labelled compared to the procedure of radiolabelling white blood cells. By 
using 99m-technetium as the radioisotope there is also the advantage of being available at all 
registered clinics using 99m-technetium for bone scintigraphy. 
 
With 6 healthy adult mares in the pharmacokinetic study it was shown that 99mTc-Tekappran is 
cleared from the horse’s blood with a mean half-life of 33.25 minutes and is excreted mainly in the 
urine with a mean of 36.48 % eight hours after drug administration. The faecal excretion rate 
shows a mean of 1.37 % at this point of time. 
 
Fifteen clinical cases were examined revealing that subacute to chronic, mainly non-septic 
inflammatory lesions, that had been diagnosed by known diagnostic aids prior to study start, can 
be scintigraphically shown using radiolabelled Tekappran. Chronic lesions of  tendons and 
ligaments showed very good uptake of the radiopharmaceutical. In six of eight cases, affected with 
tendon or ligament problems, the Tekappran images did confirm the existing diagnosis and in all 
three cases that were presented with laminitis  the scintigraphs did reveal the problem. In a horse 
with navicular syndrome increased uptake was seen in the navicular area, and in one case where 
arthritic problems had been found, changes in the joints were visible on the Tekappran images as 
well.  
 
The optimal time-frame for obtaining the scintigraphs appeared to be the first 90 minutes post 
drug administration, except for the cases with arthritic changes, which were most apparent on 
images close to 4h post injection.  
  
The potential of 99mTc-Tekappran for diagnosing acute inflammation as well as septic 
inflammation in horses could not be shown in this study due to the lack of available cases. 
 
All horses that participated in the study were released from the radioisolation stall at the Equine 
Research Centre (Guelph) Inc. 24 hours after administration of the radiopharmaceutical without 
any complications. 
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8 ERWEITERTE ZUSAMMENFASSUNG 
 
Kirsten Frank 
 
Einführung des Radiopharmazeutikums Tekappran zur scintigraphischen Diagnostik von 
entzündlichen Prozessen beim Pferd 
 
Diese Arbeit hatte zum Ziel, das bei Labortieren untersuchte und  bereits in der Humanmedizin 
erprobte und noch im Test sich befindende Radiopharmazeutikum Tekappran in der Anwendung 
am Pferd für die Entzündungsszintigraphie zu untersuchen. Die Idee ist letztlich, es als Alternative 
zur Leukozytenmarkierung, die nach wie vor als „golden standard’ gilt, auf den 
veterinärmedizinischen Markt zu bringen. Tekappran, dessen Name sich aus der 
Aminosäuresequenz, aus der es besteht, ableitet, ist biochemisch betrachtet ein Antagonist zu 
tuftsin, einem zentralen Bestandteil von Leukokinin. Wie der Agonist tuftsin besitzt Tekappran 
Affinität zu Rezeptoren auf neutrophilen Granulozyen und Monozyten/Makrophagen. Während 
der Agonist mit Bindung an den Rezeptor eine Stimulierung und Aktivierung der betroffenen 
weißen Blutkörperchen zum Zwecke der Immunabwehr bewirkt, dient Tekappran allein der 
Markierung der Zellen. Zu einer Zellaktivierung kommt es nicht. 
Die Studie setzte sich zusammen aus einem pharmakokinetischen Teil für das Verständnis der 
Aufnahme, Verteilung und Ausscheidung des Diagnostikums und einem klinischen Teil zwecks 
Beurteilung der Anwendung von Tekappran für die Entzündungsszintigraphie als bildgebendes 
Verfahren beim Pferd. Alle beteiligten Pferde wurden mit einer Dosis von ca. 2,75 GBq (75 mCi) 
99mTc-Tekappran über intravenösen Zugang versehen. Es konnte gezeigt werden, daß 
Tekappran, welches mit 99mTechnetium radioaktiv markiert wird, ein sicheres und gut toleriertes 
Radiopharmazeutikum ist. Es zeigt ein gutes Potential, Weichteilentzündungen beim Pferd bildlich 
darzustellen. 
 
An sechs erwachsenen gesunde Stuten konnte gezeigt werden, daß 99mTc-Tekappran mit einer 
durchschnittlichen Halbwertszeit von 33,25 Minuten aus dem Blutsystem eliminiert wird. Das 
Radiopharmazeutikum wird mit durchschnittlich 36,48 % (kumulativer Wert acht Stunden nach 
Injektion) vorwiegend über die Nieren ausgeschieden. Die Ausscheidung über den Kot ist mit 1,37 
% (kumulativer Wert acht Stunden nach Injektion) nur sehr gering. 
 
An der klinischen Studie waren insgesamt fünfzehn Pferde beteiligt, bis auf einen Jährling alles 
adulte Tiere. Auswahlkriterien für die Selektion waren aktive Entzündungsprozesse, septisch oder 
aseptisch, deren Vorhandensein anhand der klinischen Untersuchung und/oder mindestens eines 
renommierten Verfahrens ( Ultraschall, Knochenszintigraphie, Röntgen) diagnostiziert sein mußte. 
Bei sechs von acht Pferden mit entzündlichen Veränderungen an Bändern und Sehnen konnte das 
Problem szintigraphisch nachvollzogen werden. In den zwei anderen Fällen zeigte die 
Szintigraphie eine vermehrte Aufnahme von radioaktiv markiertem Tekappran nicht nur in den 
klinisch auffälligen Gliedmaßen, sondern auch an klinisch unverdächtigen Gliedmaßen. In drei von 
drei Fällen, die an akuten Hufreheschüben  erkrankt waren, fand die Diagnose Bestätigung auf den 
szintigraphischen Bildern. Bei einem Pferd mit Strahlbein-Syndrom fand sich vermehrte 
Ansammlung von 99mTc-Tekappran im betroffenen Gebiet. Bei einem Pferd  mit juveniler 
Osteoarthritis konnte die Diagnose auf den Szintigraphien bestätigt werden. Ein Pferd war 
betroffen von focaler septischer Huflederhautentzündung nach Hufwandverletung und auch hier 
zeigten die szintigraphischen Bilder Übereinstimmung. Bei einem Pferd blieb die Enddiagnose 
offen. Szintigraphisch konnte die vermutete Entzündung, die sich allerdings sonographisch als 
bereits in Regeneration sich befindend darstellte, nicht eindeutig erkannt werden.  
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Bezüglich des zeitlichen Rahmens, in dem opimale Bildqualität gewonnen wurde, stellten wir fest, 
daß dies innerhalb der ersten 90 Minuten post injectionem der Fall ist. Eine Ausnahme bildete die 
Osteoarthritis, die auf Bildern vier Stunden post injectionem , am besten darstellbar war. 
 
Alle Pferde, die an der Studie teilgenommen hatten, wurden 24 Stunden nach Injektion von 
99mTc-Tekappran nach komplikationslosem Verlauf aus der Radioisolierbox des Equine Research 
Centre (Guelph) Inc. an die Eigentümer entlassen.   
 
Anmerkung: Tekappran ist derzeit weder im nordamerikanischen noch im europäischen Raum 
erhältlich. 
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12 APPENDIX 
 
Appendix A 
 
Table 16: Respiratory rate values of probationers (phase I and II) 

 
        
        ID 

 
                              Respiratory rate at time ... injection 
      pre                5 min. post     30 min. post      4h / 8h post        24h post 

 
     RN01 

 
       28 

 
        36 

 
         28 

 
         40 

 
        28 

 
     FR02 

 
       20 

 
        20 

 
         16 

 
         28 

 
        12 

 
     DY03 

 
       28 

 
        60* 

 
         20* 

 
         16*     

 
        16 

 
     BE04 

 
       40 

 
        32  

 
         36 

 
         40 

 
        16 

 
     GE05 

 
       16 

 
        16 

 
         20 

 
         16 

 
        12 

 
     WY06  

 
       32 

 
        16* 

 
         12* 

 
          8* 

 
        16 

 
     BF07 

 
       16 

 
        16* 

 
         12* 

 
         12 

 
        12 

 
     SG08 

 
       16 

 
        52 

 
         32 

 
         16 

 
        28 

 
      II09 

 
       24 

 
        60 

 
         40 

 
         24 

 
        24 

 
    DY210 

 
       16 

 
        16 

 
          9* 

 
         20* 

 
        20 

 
      JR11 

 
       40 

 
        20 

 
         12* 

 
         12 

 
        12 

 
     BR12 

 
       20 

 
        20 

 
         12* 

 
         16 

 
        12 

 
     SG14 

 
       28 

 
        32 

 
         12* 

 
         12* 

 
        32 

 
     CR15 

 
       28 

 
        28 

 
         12* 

 
         12* 

 
        28 

 
     PY17 

 
       24 

 
        20 

 
         24* 

 
           8* 

 
        24 

 
     MA18 

 
       36 

 
        20 

 
         16* 

 
          28* 

 
        28 

 
     AY19 

 
       16 

 
        60 

 
         16* 

 
          12* 

 
        16 

 
     BP21 

 
       20 

 
        24 

 
         16* 

 
          12* 

 
        20 

 
     HA22 

 
       nd 

 
        nd 

 
         nd 

 
          nd 

 
        nd 

 
     SN23 

 
       nd 

 
        nd 

 
         nd 

 
          nd 

 
        nd 

 
     SF24 

 
       nd 

 
        nd 

 
         nd 

 
          nd 

 
        nd 

* horse sedated with Xylazine 
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Table 17: Pulse rate values of probationers (phase I and II) 

 
        
        ID 

 
                              Pulse rate at time ... injection 
      pre                5 min. post     30 min. post      4h / 8h post        24h 
post 

 
     RN01 

 
       40         

 
         40 

 
         44 

 
        44 

 
        36 

 
     FR02 

 
       36  

 
         36 

 
         40    

 
        40 

 
        32 

 
     DY03 

 
       56 

 
         32* 

 
         28* 

 
        28* 

 
        40 

 
     BE04 

 
       40 

 
         36 

 
         40 

 
        36 

 
        32 

 
     GE05 

 
       44 

 
         36 

 
         36 

 
        40 

 
        32 

 
     WY06  

 
       36 

 
         36* 

 
         28* 

 
        24* 

 
        40 

 
     BF07 

 
       36 

 
         36* 

 
         36* 

 
        36 

 
        36 

 
     SG08 

 
       44 

 
         44 

 
         36 

 
        36 

 
        40 

 
      II09 

 
       52 

 
         32 

 
         32 

 
        36 

 
        36 

 
    DY210 

 
       48 

 
         40 

 
         32* 

 
        40* 

 
        36 

 
      JR11 

 
       40 

 
         32 

 
         28* 

 
        20 

 
        32 

 
     BR12 

 
       44 

 
         28 

 
         32* 

 
        40 

 
        32 

 
     SG14 

 
       36 

 
         44 

 
         32* 

 
        36* 

 
        32 

 
     CR15 

 
       32 

 
         44 

 
         32* 

 
        36* 

 
        36 

 
     PY17 

 
       36 

 
         52 

 
         32* 

 
        32* 

 
        32 

 
     MA18 

 
       64 

 
         56 

 
         36* 

 
        36* 

 
        36 

 
     AY19 

 
       36 

 
         36 

 
         32* 

 
        32* 

 
        32 

 
     BP21 

 
       32 

 
         40 

 
         32* 

 
        32* 

 
        28 

 
     HA22 

 
       nd 

 
         nd 

 
         nd 

 
        nd 

 
        nd 

 
     SN23 

 
       nd 

 
         nd 

 
         nd 

 
        nd 

 
        nd 

 
     SF24 

 
       nd 

 
         nd 

 
         nd 

 
        nd 

 
        nd        
  

* horse sedated with Xylazine 
 
The horses HA22, SN23 and SF24 were monitored throughout the whole study regarding signs of 
adverse events, but no measurements were taken at certain points of time.  
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Appendix B 
 

TEKAPPRAN STUDY 
 

PHYSICAL EXAMINATION - PHASE I -  
 
 
 
 

Horse’s Name:________________________________________________________________ 
Horse’s Owner:_________________________________________________________________ 
Signalment:       ________________________________________________________________ 
Sex:                _____Mare_______________________________________________________ 
Birth date:       ________________________________________________________________ 
Weight (kg):    _________________________________________________________________ 
 
 
Temperature: _____________________________________________________( 37.5 - 38.0 °C) 
Pulse:___________________________________________________________( 28 - 40 / Min) 
Respiratory Rate (relaxed): ____________________________________________( 8 - 16 / Min) 
 Reflex cough:______________________________________________________________( 1) 
Eyes: _____________________________________________________________( bright, clear) 
Lymph nodes (mandibular): ______________________________( no heat or swelling, movable) 
Mucous Membranes: _________________________________________________( pink, moist) 
Capillary Refill: ________________________________________________________( 0 - 2 sec) 
Jugular Refill: _________________________________________________________( 1 - 2 sec) 
Skin Pinch: __________________________________________________________( 0 - 1.5 sec) 
Heart Rate (relaxed):________________________________________________( 28 - 40 / Min) 
Gut Sounds: ____________________________________________________________( normal) 
Joints/Legs: __________________________________________________( no heat or swelling) 
Walk/Trot:______________________________________________________________( sound) 
Wounds/Saddle/Girth: ____________________________________________( no visible marks) 
Attitude: ____________________________________________________( bright / eats / drinks) 
 
Result: Healthy mare  �   Not healthy  � ____________________________________________ 
 
 
Date of Examination:___________________            
Examiner: ___________________________ 
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 TEKAPPRAN STUDY  
-Pharmacokinetic study- 

FLOW CHART and DATA COLLECTION SHEETS   
 
 

Date: 
Horse’s Name: 
Horse’s Weight: 
Estimated whole blood volume (86.5 ml/kg for mares) =                ml 
Relevant Clinical Information: healthy mare 

 
PRE INJECTION 
 
Radiopharmaceutical 
  
Kit activity: 
Tc99m-Tekappran labelling efficiency: 
Activity injected: 
Standard prepared: 0.25 ml of labelled Tekappran in 1,000 ml of water, take a 0.5 ml sample 
Calibration activity: 
 
Animal Preparation 
 
Pre blood sample drawn into heparinized tube: 
IV catheter placed into right jugular vein for radiopharmaceutical administration: 
IV catheter placed into left jugular vein for drawing blood samples: 
Urinary catheter inserted: 
Faecal collection prepared: 
 
Horse is put into radioisolation stall and the radiopharmaceutical is administered via the 
catheter, inserted into the right jugular vein. 
 
Blood sample collection   (heparinized tubes - draw up small amount of blood into syringe, 
then draw up 8 ml into another syringe and carefully inject this into heparinized tube. Finally 
flush catheter with heparinized saline solution). 
 
Blood hematology and Blood chemistry: 
EDTA tube for hematology, tube with no additive (red top) for chemistry 
 
 
 
TIME OF INJECTION (T=0): 
 
 

 
POST INJECTION 
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Urinary sample collection 
 

Pre urine sample (obtained when urinary catheter is inserted) [background]: 
Time post injection                    Actual time post injection Volume (ml) 

T=   30 min: 
T=   60 min: 
T=   90 min: 
T= 120 min:   
T= 150 min: 
T= 180 min: 
T= 210 min: 
T= 240 min:   
T= 270 min: 
T= 300 min: 
T= 330 min: 
T= 360 min: 
T= 390 min: 
T= 420 min: 
T= 450 min: 
T= 480 min: 
T=1440min: 

 
 

 
 
 
 
Faeces sample collection 
Preparation: 3ml water/1g faeces, mix a solution, draw 2 samples à 0.5 ml 

Pre faeces sample (collected before radiopharmaceutical injection) [background]: 
Time post injection  Actual time post injection  Volume (ml)         

  T=   1 h 
T=   2 h 
T=   4 h 
T=   6 h 
T=   8 h 
T= 24 h 
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Radiation monitoring (bilateral) 
Sites: immediately behind the right and left elbows at the skin surface 

Pre injection [background]: 
Time post injection 

Left   Right 
T= 60 min: 
T=   2 h: 
T=   4 h: 
T=   8 h: 
T= 24 h: 

 
 
 
 
RESULTS 
 
Blood: 
Standard: 
Time post injection  Time collected Time counted  Counts/minute 
      0 min 
      5 min  
    10 min 
    15 min 
    20 min 
    30 min 
    40 min 
    50 min 
    60 min 
  120 min 
  240 min 
  480 min  
1440 min 

*Counting time is 60 seconds 
*Volume of samples counted is 0.5 ml. 
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Urine:  
Standard: 
Time post injection  Time collected Time counted  Counts/minute 
      0 min 
    30 min 
    60 min 
    90 min 
  120 min 
  150 min 
  180 min 
  210 min 
  240 min 
  270 min 
  300 min 
  330 min 
  360 min 
  390 min 
  420 min 
  450 min 
  480 min  
1440 min 
                                   *Counting time is 60 seconds 

*Volume of samples counted is 0.5 ml. 
 
 
 
 
Faeces: 
Standard: 
Time post injection  Time collected Time counted  Counts/minute 
  0 h 
  1 h 
  2 h 
  4 h 
  6 h 
  8 h 
  8 h (accumulated) 
24 h  
 

*Counting time is 60 seconds 
*Volume of samples counted is 0.5 ml.  
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Sample Schedule 
Horse:                                         Date: 
Time of injection (T= 0): 
 
Time   Blood   Urine                  Faeces  TPR 

              (2 samples)         
   pre-injection       X    (3x)*     X           X      X   
                                                                                                                                                 
  
     5  Min     X   (2x)         X 
 
   10  Min     X 
 
   15  Min     X 
 
   20  Min     X 
 
   30  Min     X   (3x)*     X       X 
 
   40  Min     X 
 
   50  Min     X 
 
   60  Min (1h)        X      X           X     
 
   90  Min           X 
 
  120 Min (2h)       X   (2x)     X           X     
 
  150 Min           X 
 
  180 Min (3h)           X    
 
  210 Min            X 
 
  240 Min (4h)       X   (3x)*          X           X      
 
  270 Min           X 
 
  300 Min (5h)        X 
 
  330 Min           X 
 
  360 Min (6h)        X           X      
 
  390 Min        X 
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            Blood              Urine             Faeces           TPR 

 
  420 Min (7h)       X 
 
  450 Min       X 
 
  480 Min (8h)        X     X       X           X 

 
1440 Min (24h)    X  (3x)*    X       X           X  
 
 
 
 

* = incl. sample for hematology (1x) and chemistry (1x) 
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Protocol No. AIS 0100-T01       Subject Number ________ 
                         Subject Initials   ________  
 

SCREENING FORM 
 
Date: ____/____/____  Screened by: _________________________ 

dd   mm   yy 
 
DEMOGRAPHY 
 
Name of Horse:    _______________________     Veterinarian:    _________________________ 

Owner:    _______________________ 

Telephone:    _______________________ 

Address:      _______________________________________________________________ 

                             ______________________________________________________________ 

 

Birth Date:         ____/____/____ (dd/mm/yy)      Sex:        �    Male     �    Female         

Breed:                _______________________      Signalment*:    __________________________ 

Use:                   _______________________      *defined as the colouring & markings 

 

MEDICAL HISTORY  

Known Disease:                   � Soft Tissue Injury (tendons and/or ligaments)        Date of Diagnosis: 
(check all that apply)          � Foot Injury (foot abscesses and/or laminitis)     ____/____/____ (dd/mm/yy)       
                                        � Degenerative joint disease 
                                              � Other (lung, abdominal abscesses, abdominal        Specify:_____________ 
                                                     ulcers, lymph node, tooth root infection) 
 
Duration of Disease:             __________________________________________________________________ 

Surgical History:               Type of Surgery:______________________________________________________ 

                                             Date of 

Surgery:______________________________________________________ 

 

VITALS  

              Pulse:    _______________ bpm                      Temperature:       ______________°C  

   Respiratory Rate:  ______________ rpm  
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Protocol No. AIS 0100-T01       Subject Number ________ 
                         Subject Initials   ________  
 

SCREENING FORM (Continued)  
 
GENERAL EXAMINATION  
Suspected Disease:   � Soft Tissue Injury (tendons and/or ligaments) 
(check all that apply)   � Foot Injury (foot abscesses and/or laminitis) 

  � Degenerative joint disease 
  � Other (lung, abdominal abscesses, abdominal        Specify:______________ 

                                               ulcers, lymph node, tooth root infection)  
 
Suspected Duration:         _______________________________________________________________ 

Any other Comments:    ________________________________________________________________ 

  ________________________________________________________________ 

  ________________________________________________________________ 

 

SPECIAL EXAMINATION  

LAMENESS                     Legs affected:_____________________________ Degree:_______________ 

        Signs of Inflammation:        � Heat    � Swelling        � Pain 
Other Tests Performed: 

(check all that apply)           � Nerve block        � Radiographs        � Ultrasound 

Other Diagnostic Aid:          _____________________________________________________________ 

Treatment:                             

_____________________________________________________________ 

Comments:                         (Include site of block +)___________________________________________ 

OTHER BODY 
SYSTEMS                       Organs affected:____________________________Degree:_______________ 

                                          Diagnostic Procedure Used:________________________________________ 

       ______________________________________________________________ 

       ______________________________________________________________ 
Other Tests Performed: 

(check all that apply)         � Blood Work    � Radiographs � Ultrasound        � Endoscopy  

Treatment:         ______________________________________________________________ 

Comments:         ______________________________________________________________ 

       ______________________________________________________________ 

       ______________________________________________________________ 
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Erklärung  

 

 

Hiermit erkläre ich, daß ich die Dissertation Application of the New Radiopharmaceutical 

Tekappran to Aid in Diagnosing Inflammation of Soft Tissue in Horses using Scintigraphic 

Imaging selbständig verfaßt habe. Bei der Anfertigung wurden folgende Hilfen Dritter in 

Anspruch genommen: 

 

1. Sharyn McKee war verantwortlich für die statistische Analyse von Daten. 

2. Lawrence Riddolls oblag als nuklearmedizinischem Techniker die Aufgabe der Anfertigung       

des zu injizierenden Radiopharmazeutikums im Labor, die Injektion des Diagnostiums sowie      

die Kameraführung.  

3. Sharon Wooton war als Helferin an der Betreuung der Pferde vor, während und nach der           

Untersuchung mitbeteiligt. 

4. Das Projektprotokoll mit Plan zum Versuchsablauf habe ich gemeinsam mit Linda Liu erstellt,    

  die maßgeblich an der Entwicklung von Tekappran beteiligt war. 

5. Dr. Lisa Neuwirth, Professorin für Radiologie an der tierärztlichen Fakultät der Universität       

Georgia, interpretierte das szintigraphische Bildmaterial.  

 

Ich habe keine entgeltliche Hilfe von Vermittlungs- bzw. Beratungsdiensten (Promotionsberater 

oder anderer Personen) in Anspruch genommen. Niemand hat von mir unmittelbar oder mittelbar 

entgeltliche Leistungen für Arbeiten erhalten, die im Zusammenhang mit dem Inhalt der 

vorgelegten Dissertation stehen. 

 

Ich habe die Dissertation an folgender Institution angefertigt: 

Equine Research Centre (Guelph) Inc., 50 McGilvray St, Guelph, Ontario,  

Canada N1G2W1 

 

Die Dissertation wurde bisher nicht für eine Prüfung oder Promotion oder für einen ähnlichen 

Zweck zur Beurteilung eingereicht. 

 

Ich versichere, daß ich die vorstehenden Angaben nach bestem Wissen vollständig und der 

Wahrheit entsprechend gemacht habe. 

 

........................................................................................................ 
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