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Abstract: 

DADS and digitoxin-DADS, were synthesized by the Department of 

Chemistry, McMaster University, as potential Na+,K+-ATPase based 

heart imaging agents. In order to develop these ligands into 

radiopharmaceuticals, it was necessary to examine whether they 

would localize in the heart in a manner similar ta the 

digitalis. 

Gamma-ray scintigraphy vas used to visualize the 

myocardium. Biodistribution study using guinea pigs yielded a 

heart/blood ratio of 0.57820.036 at 10 minutes after the 

injection. The administration of ouabain decreased it to 

0.347+0.039. The results of Na+, K+-ATPase binding assays 

suggested that bath ligands bind to the same binding sites on 

the enzyme as M e  digitalis. B, values of 2.55*10"(~) and 

2.76*10'(~) and KD values of 1.49+104(~) and 4.71*10~(84) for 

digitoxigenin-DADS and digitoxin-DADS, respectiveiy, w e r e  

obtained. Non-specific binding was very significant fort both 

ligands, This study showed that vc-chelated digitalis 
- 

derivatives have the potential to k developed into 

radiopharmaceuticals for imaging the myocardium in heart 

diseases. 
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1. O Introduction 

Sodium,potassiui-ATPase regulates the sodium and potassium 

concentration gradient across the ce11 membrane(1). It plays an 

important sole in myocardial function and its distribution can 

be influenced by physiological or pathological states(2-4). 

Digitalis has been the most important drug used to treat 

congestive heart failure, atrial flutter and atrial fibrillation 

(5) for hundreds of years. These drugs bind to the Na+, K*-ATPase 

and act by inhibiting the Na+,K+-~TPase. However, the narrov 

therapeutic index has limited the application of M e  cardiac 

glycosides and cardiac toxicity from these druqs can be life- 

threatening- 

The use of Na+,K+-ATPase imaging agents based on cardiac 

glycosides may provide direct information about the interaction 

between these drugs and the enzyme in the myocardium. Such 

information m a y  be useful in digitalis therapy. In addition, 

these scanning agents may be clinically valuable in providing a 

measurement of the distribution of Na+,K+-ATPase in the 

m y o c a r d i u m .  The active transport of Na* and K+ across the 

membrane by the Na+,K*-ATPase is essential for excitability and 

contractility(6). Also, a correlation between the concentration 

of Na+,K+-ATPase and the ejection fraction in the human 

m y o c a r - d i u m  was f ound(7) . 
.-- 

Technetium-99m is the most widely used radioisotope in 

nuclear medicine due to its favourable physical properties. Two 

Vc-chelating ligands derived from the classic cardiac 
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glycoside, digitoxigenin-DADS and digitoxin-DADS, were 

synthesized by the Chemistry Department, HcMaster University, as 

potential radiopharmaceuticals for imaging the Na+,K+-ATPase. 

It was suggested that they could be used to visualize the heart 

if labelled with -ce In order to develop these v c  chelates 

into radiopharmaceuticals, it was first necessary ta examine 

whether they would localize in the heart in a manner similar to 

a classic cardiac glycoside. 

This thesis examines, first, whether these ligands 

localized in the heart muscle using gamma-scintigraphy and 

biodistribution studies. Second, the mechanism of the up-take 

of these ligands in the heart vas examined using in vitro Na+,K+- 

ATPase binding assay. Based on the results of the studies, the 

potential clinical usefulness of these ligands as Na+,K+-~~pase 

based cardiac imaging agents was evaluated. 

1.1 Cardiac Glvcosides 

Cardiac glycosides are an important group of drugs used 

clinically to treat congestive heart failure and its associated 

edema(7) . They have k e n  used as medications as well as poisons 
since 1500 B.C. by utilizing their cardiotonic and toxic 

effects(7). Most cardiac glycosides are obtained from natural 

source3, with Digitalis purpurea (f oxglove) and Digitalis lanata 

being the most important (7) . Because of the substantial 

toxicity and very narrow therapeutic index (the minimum toxic 

dose is only two to three times as much as the normal 
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therapeutic dose), extra precautions should always be taken in 

clinical usage (7) . 

i.Chemistry 

There are two major functional groups in the structures of 

cardiac glycosides - the steroid moiety and the sugar moiety. 
The steroid portion is often termed aglycone or "genin". The 

sugar portion is usually composed of one to four monosaccharide 

units. Pharmacological activity resides in the aglycone, vhile 

the particular sugar conjugated to the aglycone influences the 

physicochemical and pharmacokinetic properties of the entire 

cardiac glycoside(8-11). The structure of two of the most 

important digitalis drugs - digoxin and digitoxin - is shovn in 
Figure 1.1. 

The aglycone structure has a very unique W-shape". Xt is 

formed by four carbon rings with A-B and C-D cis and B-C trans 

configuration. This configuration differentiates the cardiac 

glycosides from other steroidal substances. 

There are two major groups of aglycones, the cardenolides 

and bufadienolides. The cardenolides are characterized by an 

a,B-unsaturated 5-membered lactone ring attached to the 17-8 

position. Most therapeutically important glycosides, for 

example, digitoxin and digoxin, are of this group. The other - 
class, bufadienolides, has an a-pyrone six-membered ring at the 

17-0 position. 

The sugar portion is usually found in nature attached to 



Figure 1. I 
The structures of digitoxin and digoxin. 
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the aglycone at the 3-0 position. Where there is more than one 

sugar, the monosaccharides are connected to each other by 8,104 

linkages. The sugar portion has a profound influence on the 

lipophilicity of the glycoside. It also protects the 38-08 on 

the genin from being metabolized to the less active 30-OH 

isomer. During the receptor binding process, the sugar portion 

plays a very important role as well, and this vil1 be discussed 

later. 

ii.Structure and Partition Coefficient 

There can be marked differences between the digitalis 

glycosides in terms of degree of absorption, solubility in 

w a t e r ,  onset and duration of action- These differences in most 

cases result from the variations of the lipophilicity of the 

glycosides. The oil/vater partition coefficient is reduced by 

an increase in the number of hydroxyl groups on the aglycone and 

the number of the sugars conjugated to the 3-8 position. It is 

often observed that even a slight modification of the structure 

can result in a profound change in the partition coefficient. 

For instance, lanatoside C and digoxin differ only by the 

presence of one additional sugar in lanatoside C. However, the 

chloroform/l6S aqueous methanol partition coefficient for the 

two drugs are dramatically different: 16.2 for lanatoside C, - 

81.5 for digoxin (12) , The partition coefficient of digitoxin is 

96.5 compared to 81.5 for digoxin, which has one more hydroxyl 

group in the C-12 position of the aglycone(l2) The partition 
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coefficient of these two drugs may not appear to be very 

different, but the difference in their pharmacokinetic 

characteristics s remarkable, In a study by Smith and 

Haber(l3), the extent of gastrointestinal absorption was 90-1001 

for digitoxin and 55-75% for digoxin. The time of onset of 

action was found to be 15 to 3 0  minutes for digoxin, and 25 to 

120 minutes for digitoxin, T h e  average half-life was 36 hours 

for digoxin, but a much longer 4 to 6 days for digitoxin. 

Digoxin was largely excreted through kidneys, while digitoxin 

was mostly cleared by hepatic metabolism, 

iii.Phamacology(7,14) 

Cardiac glycosides are used clinically to treat congestive 

heart failure. During cardiac failure, the contractility of the 

ventricles decreases, and the direct result is a reduced cardiac 

output. The lowered cardiac output is unable to meet the demand 

of the body. As the situation becomes more severe, the blood 

volume, venous return and end-diastolic volume (preload) al1 

increase. Finally, the heart dilates and associated edema due 

to decreased renal blood flow occurs. 

The cardiac glycoside is able to restore the contractility 

of the myocardium and therefore increases the cardiac output 

(this is called the positive inotropic effect). The heart - 
is reduced (negative chronotropic effect) because of 

rate 

the 

and autonomie reflex, Finally, the heart size is decreased, 

edema is reduced. 



iv.Mechanism of Action 

In spite of continued research, the precise mechanism by 

which cardiac glycosides increase the force of contraction of 

the myocardium is still not completely understood. First 

proposed by Repke and Portius in 1963, the glycosides are now 

known to bind to the Na+, K+-adenosinetriphosphatase (Na+ ,R+- 

ATPase) system in the myocardial ce11 membranes (15) . The 

binding of digitalis ta the Na+,K+-ATPase inhibits the ability 

of the enzyme to actively transport K+ into and Na+ out of the 

cell. The result is the intracellular accumulation of Na+ and 

loss of K+. 

However, how exactly the inhibition of Na+,K+-ATPase is 

translated into the increase of contractility is still in 

debate. It is generally accepted that the accumulated Na+ 

interacts with a ~ a + - ~ a ~ +  exchange system on the membrane. The 

intracellular Na+ is exchanged for extracellular ca2+, which 

results in increased intracellular ca2+ concentration. Calcium 

is essential for the contraction of the myocardium, Therefore 

a positive inotropic effect is exhibited(l6,17), 

v.Metabolism and Elimination 

Digitoxin is extensively metabolized in the liver to a 

varie- of metabolites, including a small amount of digoxin- 
-. 

Approximately 25% of digitoxin is excreted in the bile unchanged 

and is reabsorbed in the small intestine, Digoxin, on the other 

hand, is largely eliminated in unchanged form by both glomemlar 
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filtration and tubular secretion. Biliary excretion of digoxin 

is minimal. 

1.2 N~+.K+-adenosinetri~hos~hatase 

i.Function(l4) 

Na+,K+-ATPase is bound to the ce11 membrane. It maintains 

the concentration gradients of sodium and potassium across the 

membrane. Na+ is kept at higher concentrations in extracellular 

fluid, while K+ is maintained at higher levels inside the cell. 

When a wave of depolarization passes through the heart, there is 

a sudden change in the permeability of the cell membrane. Na+ 

moves into the ce11 by passive diffusion and K+ moves out. After 

the contraction of the myocardium, the process is reversed- 

Na+,K+-AT~ase pumps Na+ out of the ce11 and K' into the ceil 

against the concentration gradients. It is an active transport 

process, thus it requires energy, and the energy is provided by 

the hydrolysis of ATP. Cardiac glycosides are able to inhibit 

the active transport of these ions across the membrane. 

ii-Distribution 

Na+,~+-~Tpase exists in a number of tissues in the body, 

including the heart, brain, kidneys and skeletal muscles. The 

effect-of inhibition of the enzyme by cardiac glycosides is the 

greatest in the heart(l4). The amount of ~a+,~+-ATpase can be 

affected by several physiological or pathological conditions 

such as ischemia (2) , hypothyroidism, hyperthyroidism, diabetes 



mellitus, cardiomyopathy (3) , and aging (4) . 

iii.Species Differences of Na+#-ATPase 

Different species display different wsensitivitiesw to 

cardiac glycosides. Species with higher sensitivity exhibit 

higher ventricular Na+,K+-~TPase content(l8), greater stability 

of the digitalis-ATPase complex(l7), and greater pharmacological 

response to cardiac glycosides (19) . Enzymes prepared f rom 

humans, dogs, and cows are very sensitive. Enzymes prepared 

from rabbits and guinea pigs are less sensitive, and enzymes 

prepared form mice and rats are nearly insensitive(20-23). 

Pharmacological activity of digoxin is found to be very high in 

humans and dogs, moderate in guinea pigs, and very low in rats 

and mice (19) . 
In a study by Fu j ibayashi et al. , %-digoxin vas f ound to 

localize in the myocardium of guinea pigs with a heart to blood 

ratio of 2.92 at 60 minutes after injection(24). Hovever, no 

substantial myocardial accumulation was f ound in mice ( 2 4 )  . This 
agrees with the difierence in digoxin activity observed between 

guinea pigs and mice discussed earlier. 

It should be notad that ouitable animal modale must be 

selected when investigating the characteristics of glycoside- 

N ~ + , K + - A T P ~ s ~  - interaction. The choice should be based on the 

sensitivity to the cardiac glycosides. In this study, rabbits 

were chosen in preliminary imaging studies. The dog was used in 

the final scitigraphic study because of its high sensitivity to 
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the digitalis. Guinea pigs vere used in the biodistribution 

studies based on both technical and financial considerations. 

1.3 Bindina of Cardiac Glvcosides to Na+,K+-ATPase 

LMechanism 

The interaction between the cardiac glycoside and Na+, K'- 

ATPase involves two binding sites: a steroid binding site and a 

sugar binding site (15-17,25-34) . Studies have shown that the 

binding of the steroid moiety to the enzyme occurs f itst ( 3 5 - 3 7 )  . 
This causes a conformational change in the Na+,K+-ATPase, which 

activates the sugar binding site; then the binding of the sugar 

moiety proceeds subsequently. The sugar binding is so strong 

that the binding seems to be almost irreversible. The binding 

of the genin to the steroid binding site initiates the binding 

process, whereas the binding of the sugar moiety increases the 

stability of the substrate-receptor complex through the 

interaction of the 3w-hyc'iroxyl and other functional groups on 

the sugar portion vith the sugar binding site. The aglycones 

alone, because of the lack of the sugar moieties, have louer 

affinities ta the Na+,K+-~Tpase; and therefore, dissociate from 

the enzyme faster. 

In a study by Yoda and Yoda(38), ouabagenin was found to 

have the - same association rate constant as ouabain. This 

suggests that the genin portion is primarily responsible for 

controlling the association rate for binding to Na+,K'-ATPase. 

On the other hand, the dissociation rate of the glycoside is 
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found to depend exclusively on the nature of the sugar 

portion(36) . 

ii.Ionic Effects 

Studies that used the radioactive cardiac glycosides 

digoxin and ouabain(39-42) have shovn that for the binding of 

digitalis to the Na4,K+-ATPase, the presence of certain ligands 

is necessary. The two ionic conditions that can stimulate 

maximal binding are (1) N~+,M++ and ATP; ( 2 ) ~ + +  and Pi (inorganic 

phosphate) (40) , Tor the f irst condition, sodium is not an 

absolute requirement but it increases the binding, while 

potassium decreases the binding. These properties can explain 

the competition between K+ and the cardiac glycoside for the 

N ~ + , K + - A T P ~ ~ ~  activity at the molecular level. For the second 

condition, however, both Na+ and K+ decrease the binding. 

i i i . ~ a + , ~ + - ~ ~ ~ a s e  Binding Assay Using Radiolabelled ~lycosides 

By using radiolabelled cardiac glycosides in the Na+,K+- 

ATPase binding study, useful information can be obtained towards 

an understanding of the binding characteristics of the 

glycosides. 

The binding of digitalis to Na+,K+-ATPase is slow and can 

take up to 2 hours to reach equilibrium, The determination of 

glycoside binding to the enzyme is based on measuring the 

radioactivity of the glycoside-enzyme complex and the unbound 

glycoside. The complex can be separated from the reaction media 
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by centrifugation. The binding is specific and saturable. The 

maximum binding level is proportional to the enzyme - 
proportional to the specific activity of the enzyme using the 

same amount, also to the amount of enzyme using the same 

preparation. 

1.4 Technetium-99m Chemist~ 

In nuclear medicine, technetium-99n ('+Tc) is the most widely 

used radionuclide for diagnostic imaging. Approximately 80% of 

the radiopharmaceuticals used today are vc-labelled compounds. 

Technetiumts favourable radiation and physical properties, half- 

life of 6.02 hours, pure gamma emission ar,d the 0.141 MeV 

radiation energy permit high resolution images without exposing 

patients to excessive radiation doses. In addition, v c  can be 

easily obtained f rom commercially available %O-WC generators . 
A radiopharmaceutical contains two components: a 

radionuclide and a non-radioactive carrier compound. It is the 

carrier compound that determines the localization of the 

radiopharmaceutical in the body. The mechanism of localization 

can be binding to receptors or binding sites, phagocytosis, or 

participation in the physiological or metabolic functions of the 

target organs. 

As - with other transition metals, technetium has multiple 

oxidation states. Al1 oxidation numibers from O to +7 have been 

reported (43) . The v c  eluted from a %!O-generator is in the 

form of sodium pertechnetate(i.e. +7 valence state). 99i*rc0; is 



rather nonreactive and usually does not directly substitute onto 

or be bound by compounds. In order to react with the chelating 

agents, V c ( V I 1 )  has to be reduced to lower oxidation 

states(44). Various reducing agents such as stannous chlotide, 

or ascorbic acid plus ferric chloride have been employed(44) 

Stannous chloride is used most commonly. Another reduction 

technique involves the electrolysis of a mixture of vc-sodium 

pertechnetate and the chelating agent using an anode of 

zirconium and a 5 volt DC potential(44). 

The chemistry of the labelling of WC to various ligands 

can be explained by the formation of metal(-c)-electron donor 

complexes(44). In these systems the ligands donate lone pairs 

of electrons to form coordinate covalent bonds with VC. 

Functional groups such as -OH-, -Cm-, -NH2 and -SH are electron 

donors and can be found in most ligands. When tvo or more donor 

groups from a single molecule form a complex vith one metal 

centre, a chelate is f ormed. 

Several factors can influence the final oxidation state of 

technetium in the vc-ligand complex, such as the nature of 

ligand and reductant, pH and temperature (45) . Various 

techniques such as iodometric titrations, spectroscopy and mass 

spectrometry have been applied to determine the oxidation state 

of in these complexes. It has been shown that in many cases 
- - -  

technetium has the valence state of +5 (46 ) -  Most of these 

complexes were found to be stabilized by 0x0 groups and contain 

oxotechnet ium (-C=O) cores like -cd+, trans-gk.rco,+ and 
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-%O:+. Complexes in which p c  possesses oxidation numbers 

other than +5 have also been reported. For instance. in v c -  

DTPA the oxidation number of VC is suggested to be +4 (44) . 
The coordination number determines the spatial arrangement 

of the complex formed. It is the number of electron donating 

atoms bound to technetium. In +5 valence state, coordination 

number ranges from 5 to 7 .  with one or two of those sites each 

bound to one oxygen atom(46). The +1 and +3 oxidation states 

usually have coordination numbers of six, with the ligands 

placed in an octahedral arrangement. 

1.5 Tetradentate NI& Liaands 

The diamide dimercaptide(N&) compounds are a group of 

tetradentate ligands which are capable of forminq stable 

complexes with v c  in high purity and yield. Numerous 

tetradentate technetium chelating ligands have M e n  synthesized, 

and their chemistry and biodistribution characteristics 

investigated. Most of these ligands were either tested as 

potential renal imaging agents(47,48) or applied for the 

radiolabelling of monoclonal antibodies(48,49). 

Field desorption maso spectrometry(FDMS) and single-crystal 

X-ray structural analysis have been utilized to determine M e  

struct_ures 
-. 

of the tetradentate-technetium complexes 

( 4 7 , 4 8 , 5 0 , 5 1 ) .  It was found that the coordination geometry 

about the Tc of al1 N,S, ligands is square-pyramidal with an yl- 

oxygen atom in the apical position(Figure 1.2). It is a five- 
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coordinate structure in which the Tc is bound to the two 

nitrogen and tvo sulphur a t o m s  to form the p l a ~ a r  base of the 

pyramid, while the oxotechnetium core (~c"d+)  f orms the apex. 

Other potential metal-binding groups, such as the carboxylate 

group present in the tetradentate ligands, do not participate in 

Tc binding. The two most common classes of tetradentate N,S, 

ligands are DADS (diamido disulfur) and DADT(diamin0 dithiol) . 
The general structure of DADS and DADT ligands are shown in 

Figure 1.3. 

1.6 D i c r i t o x i a e n i n - D A D s  and Diuitoxin - DADS 

The therapeutic effect of many pharmaceuticals relies on 

the interaction with specific receptors or binding sites. The 

N~+,K+-ATPase is a specific binding site for the cardiac 

glycosides. Cardiac glycosides labelled with a gamma-emitting 

radionuclide may provide a radiotracer for imaging Na+,K*-ATPase 

containing tissue. The concept of linking a vc-chelate to 

digitalis was therefore proposed. Thus, Dr. R. Maharaj and Dr. 

Zhixian Wang at McMaster University synthesized digitoxigenin- 

DADS and digitoxin-DADS(Figure 1.4 and 1.5). 

As described in Section 1.3 (i) , the binding of the aglycone 
is the first and foremost step for the binding of the cardiac 

glycos-ide to Na*, K*-~Tpase. Both digitoxigenin-DADS-WC and 

digitoxin-DADS-vc contain an intact steroidal structure 

(digitoxigenin). Therefore, unless the DADS portion interferes 

with the binding, it is expected that both ligands vil1 bind to 
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the Na+,K+-~~pase. It is also expected that the digitoxin-DADS- 

WC will have a much greater affinity to Na+,K+-ATPase than the 

digitoxigenin-DADS-vc, since the latter lacks the sugar moiety 

to stabilize the drug-receptor complex. 

In order to verify whether the mechanism of localization of 

these two radiolabelled ligands was the same as that of their 

corresponding cardiac glycosides, N~+,K+-AT~ase binding assays 

were performed. In addition, to determine if the radiolabelled 

cardiac glycosides vould accumulate in the myocardium, 

biodistribution studies and imaging studies were also carried 

out. 



Figure 1.2 
The structure of typicai N,S, Ligands. X rcprescnts various fùndonal grwps. 

- 



\ 
NH S-Z 

DADS 

DADT 

Figure 1.3 
Structures of DADS and DADT ligands. n can be 2 or 3, Z is a protecting group. 



Figure 1.4 
The structure of (A)digitoxigaiin-DADS, .ad (B)digitoorigenin-DADS-'CTc. 



Figure 1.5 
The stnichin of (A)digitoxbDADS, and (B)digitoxin-DADS="7c. 



1.7 Drua-Rec- m e t i c s  ( 52 L 

The kinetics of reversible specific drug-receptor binding 

can be described by the l a w  of mass action as follows: 

where D is the free ligand concentration, R is the free 

receptor concentration, DR is the concentration of the 

d~g-receptor complex, ka is the- association rate constant 

reflecting the rate of the ligand attaching to the receptor 

and k, is the dissociation rate constant reflecting the rate 

of the ligand detaching from the receptor. KA, the overall 

association constant, can be vritten as follows: 

whicb K, is the dissociation constant. % is also equivalent 

the concentration of drug at vhich 50a of the receptors are 

occupied. KA is the index of the affinity of the receptor for 

the drug or vice versa. The larger the KA value, the greater 

quantity of the drug-receptor complex is fonned at 

equilibrium. The maximum . concentration of . binding site is 

equal to the sum of the concentration of the unoccupied 

receptor and the concentration of the mg-receptor complex: 

B,, = CRI + [DR1 (2 )  



Substituting the expression for [RI from eq.(3) into eq.(l) 

gives : 

Rearranging eq. ( 4 )  gives: 

Eq. ( 5 )  is one form of the Langmuir Isotherm equation. 

This equation holds true vhen there is only one d a s s  of 

binding sites, vhich is the case in most drug-receptor 

binding. For drug-protein binding in the plasma, s i n c e  protein 

molecules are very large vhen compared to most drug molecules, 

there may be more than one type of binding site. In this case, 

the total binding is expressed as the sum of the binding of 

each class of binding site. 

Equation (5) can be further tearranged as follows using 

substitute 
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where B=[DRJ and U=[D]. When the amount of receptor-bound 

drug is merely a small fraction of the amount of total drug 

added, the free drug concentration can be substituted by the 

total drug concentration. Eq.(6)then becomes: 

in which [SI is the total substrate concentration. The amount 

of receptor-bound ligand is plotted against [SI, which yields 

a curve showing that as the substrate concentration increases, 

the binding starts to become saturatad. 

The problem of Langmuir Isotherm equation is that it is 

not a linear relationship. This makes it very d i f f i c u l t  to 

determine the values of K, and &. Before the application of 

computers and non-linear regression programs, it vas necessary 

to transform the Langmuir Isotherm equation into a form that 

would yield a linear relationship. The most widely used 

linear transformation is Scatchard Plot(53): 

Thus, a plot of B/U versus B yields a straight line with a 

slope- of -1/K,, a y-intercept of B,/K, and an x-intercept of 

BI&3x O This transformation allows for a more precise 

determination of the kinetic parameters by perfonning linear 

regression on the experimental data. 
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The f olloving is another linear transformation called 

double reciprocal p l o t .  

If we plot 1 / B  versus l / [ S ] ,  the slope is KD/B,, and the 

intercept on the y-axis is 1/B,. The major drawback of this 

transformation is that  the smallest values play a 

disproportionately large role in determining the best-fit line 

because as the concentration of the drug approaches zero the 

points become farther apart. The Scatchard Plot, however, 

does not possess this problem. 

1.8 Cometrtlve RU . . 

The competitive binding involving one ligand and one 

competing substrate(which vil1 be termed as winhibitora in 

this thesis) can be illustrated by the following scheme: 

1 is the free inhibitor concentration. DI represents the 

concentration of inhibitor-receptor complex and the other 

parameters are the same as previously defined. The 

cornpetition will result in the decrease of the apparent 

affinity of the ligand to the receptor since both the ligand 
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and the inhibitor compete for the same binding site. B- 

remains the same, however, because with increasing addition of 

the ligand al1 inhibitors on the receptors can be replaced 

eventually. If only a srna11 fraction of the total  added 

ligand binds to the receptor, the folloving equation can be 

used to describe competitive binding: 

where 1 is the inhibitor concentration, and K, is the 

dissociation constant of the inhibitor-receptor complex. 

As discussed in Section 1.7, eq.(lO)needs to be 

transformed i n t o  a form vhich yields a linear relationship. 

The following transformations vere originally proposed to be 

applied in enzyme kinetics, but they can also be employed in 

the drug-receptor binding kinetics. They will be described 

using receptor binding kinetics parameters in this thesis. 

The most common transformation is the Lineweaver-Burk plot. 

However, i n  order t o  determine the KI value, 1 / B  is plotted 

against 1 as proposed by Dixon(54). 
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The Dixon plot has the same limitation as the 

Lineweaver-Burk plot in t m s  of the precision of estimating 

the parameters. Therefore, Cornish-Bowden has proposed the 

following transformation of eq.(11)(55): 

1.9 Non-linear Rearessioq 

With the advent of computer technology, the estimation of 

kinetic parameters can be perf ormed more accurately using 

non-linear regression curve-fitting programs, Previously, the 

parameters w e r e  estimated by converting the Langmuir Isotherm 

or its derivatives into linear equations. These linear 

transformations, hovever, tend to exaggerate the experimental 

errors . 
The cuve-fitting programs fit a given equation to the 

data. The principle is to minimize the sum of squares by 

testing different values of the kinetic parameters to be 

determined. The estimated values of the parameters obtained 

£rom the linear transformation are entered into the prograin, 

The computer fits the equation to the data in a series of 

iterations until the values of parameters result in the 

minimum sum of squares, The program used in this research was 

Delta Graph by Delta Point Inc. 



2.0  ~ t o r i r l s  and Hatbods 

2.1 Materials 

Digitoxigenin-DADS and digitoxin-DADS were obtained from 

the Department of Chemistry, McMaster University. The purity 

was tested by NKR and mass spectrometry. )H-digitoxin (specific 

activity 19 Ci/mmol, concentration 0.053 bmol/ml) vas purchased 

f rom DuPont (Canada) . Purified Na+,K+-ATPase from porcine 

cerebral cortex vas purchased from Sigma(U.S.). Porcine heart 

homogenate was prepared in the laboratory by the method of 

Lullmann et a1 (56) . VC was obtained in the form of vc-sodium 

pertechnetate by eluting the % O - v c  generators at the 

Radiopharmacy Department of McMaster University Medical Centre. 

Stannous chloride was manufactured by the Radiopharmacy 

Department of McMaster University Hedical Centre. 

2.2 Pre~aration of vc-DADS-~iuitoxiaenin and vc-DADS- 

Disitoxin 

i. labelling 

Digitoxigenin-DADS and digitoxin-DADS were labelled with 

99"Tc by a stannous chloride reduction technique. When eluted 

f rom the generator, technetiuni is in the forn of -CO,'(VII) . 
In order to chelate with the DADS molecule, Tc(V11) has to be 

reduced to Tc(V). To avoid reoxidation of the Tc(V) to Tc(VI1) 

labelling was performed in a nitrogen-filled vial. Digitoxigenin 

-DADS(usual amount 3 pg)  and digitoxin-DADS(usua1 amount 5 pg) 

(both dissolved in propylene glycol) were mixed with Vc0,-(in 
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0.9% NaCl) . Bef ore king added to the mixture, the stock 

SnC1,(2Omg/ml in IN HCl) solution vas diluted to 2 ~<g/ml with 

saline. The relative amount of SnC1,to glycoside-DADS was 1 t o  

l S ( w / w )  for digitoxigenin-DADS, and 1 to 25(w/w) for digitoxin- 

DADS. Normal saline and propylene glycol vere added to bring 

the total volume up ta 1 ml. The proportion of propylene glycol 

to vater in the final preparation vas 1: 1. The specific 

activity was 3333.3 pCi/pg and 2000 pCi/gg for the vc-DADS- 

digitoxigenin and vc-DADS-digitoxin, respectively. The v c -  

DADS-digitoxin preparation used in the canine imaging study had 

a specific activity of 1666.7 pCi/pg. 

ii. Determination of Unbound -coi 

The amount of unbound TcO; in the e>Tc-DADS-digitoxigenin 

and vc-DADS-digitoxin preparation vas determined by paper 

chromatography. Much effort vas expanded in designing an ideal 

chromatography system for determining the labelling efficiency, 

although the final system vas still not completely satisfactory. 

The distribution of the radioactivity on the paper strip vas 

determined by quantitative autoradiography and gamma- 

scintillation counting. Thus, the paper strip was exposed to X- 

ray film for 30 minutes, after which the film vas developed in 

an autpmatic developer. The strip vas cut into 1 cm pieces and 
--. 

the radioactivity determined by a gamma scintillation counter. 

In addition, the location of DAM-glycosides was detected by 

spraying Kedde reagent on the strip bacause this reagent is 
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known to give a colour reaction with al1 aglycones(The 

formulation of Kedde reagent is described in the Appendix) . The 
strips sprayed with Kedde reagent were spotted w i M  0.03 ug of 

DADS-digitoxigenin and 0.65 ug of DADS-digitoxin. DADS- 

glycosides would react with Kedde reagent to give a blue or 

violet colour. The colour normally lasted for one to two heurs. 

The final system used Whatman #1 paper as the stationary 

phase and acetone as the mobile phase. The length of the 

Whatman strip vas 20  cm and the vidth was 2 ci. The starting 

point(origin) and the end point(front) were both 1.5 cm off the 

two ends of the strip. The chromatogram was run in a 100 ml 

graduated cylinder sealed vith Parafilm. After the completion 

of the chromatogram the strip was cut in half. The 

radioactivity of both halves were measured and the top half 

represents the unbound pertechnetate vhile the bottom half 

represents the labelled DADS-glycosides. 

2.3 Pre~aration of P i a  Heart Homoaenate 

Pig heart ventricle was selected for use in the in vitro 

binding studies. The enzyne preparation of pork ventricle is 

very sensitive to the cardiac glycosides and pig heart is 

readily available. The production of cardiac tissue homogenate 

was carried out at 4 OC. A dif f erential centrifugation technique - 
was applied to obtain the enzyme-rich ce11 membrane. The pig 

hearts were obtained from Fearmans Fresh Keat Co-, Burlington, 

Ontario, within three hours after the pigs were killed. Upon 



receiving the fresh pig hearts, the ventricles vere cut, minced, 

and weighed. The tissue was homogenized in 0.32 H sucrose 

solution (20 ml/g, wet weight) for 1 minute in a Waring blender 

at "Lou speedw and followed by 5 strokes in a Potter-Elvehjem 

tissue grinder with a teflon pestle. The tissue suspension vas 

t h m  centrifuged for 12 minutes at 2000 g and the precipitate 

was discarded. The supernatant was once again centrifuged for 

20 minutes at 30,877 g. The pellet was resuspended in 50 BW 

Tris-HC1 buffer pH7.4, at a volume of 4 ml/g vat veight, 

dispensed into lm1 aliquots, and stored at -70°C. 

2.4 Protein Concentration Measurement 

i.Principle 

Protein Assays vere carried out by the method outlined by 

Bradford(57). This technique is a dye-binding assay in which a 

differential colour change of Coomassie Brilliant Blue G-250 

occurs in response to various protein concentrations. The 

binding of the dye to the protein causes a shift in the 

absorbance maximum of the dye from 465 mn (red form) to 595 nm 

(blue form). The absorbance at 595 n m  is measured by a W- 

visible spectrophotometer(Hitachi Mode1 100-60 

Spectrophotometer). Bovine gamma globulin was selected as the 

relative - 
globulin 

employed 

range of 

standard because of the similar properties of gamma 

to the cardiac membrane homogenate(58). Beer's law is 

for quantitative analysis of protein in the linear 

the assay. 



ii.Procedure and Calculation 

Coomassie brilliant blue 6-250 and bovine gamma globulin 

were purchased as a kit from Bio-Rad. The dye reagent was 

prepared by diluting 1 part of Dye Reagent Concentration vith 4 

parts of distilled, deionized water. It vas then filtered 

through a Whatman Il filter to remove particles. Five dilutions 

of a bovine gamma globulin protein standard (original 

concentration 1.41 mg/ml) were also prepared. A 100 11 aliquot 

of each standard and sample solution was mixed with 5 ml of 

diluted dye reagent in a test tube and incubated for at least 5 

minutes at room temperature. The absorbance at 595 nm was 

measured with a spectrophotometer afterwards. The standard 

curve was produced by performing linear regression on absorbance 

versus protein concentration. By interpolating an absorbance 

from the standard curve a protein concentration vas determined. 

2 . 5  Na+,K+-ATPase Bindina Assav 

i . ~ c - ~ A D ~ - ~ l y c o s i d e  Study 

The reaction mixture consisted of vc-DADS-digitoxigenin 

or 99"Pc-DADS-digitoxin preparation (various concentrations) , 
unlabelled DADS-digitoxigenin or DADS-digitoxin (various 

concentrations), ouabain (final concentration lo4 BE), pig heart 

protei-n suspension (final concentration 0.5-0.8 mg protein/mï) 
.-. 

or purif ied Na+,K+-ATPase (0.25 unit or 0 ,025  unit per tube, 1 

unit of enzyme activity - 1  mol inorganic phosphorus released 
from ATP per minute), ATP-Na, (final concentration 2.5 W),  and 
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buf fer (final concentrations 80 mM NaCl, 16 mM MgCl,, 50 mM Tris- 

HC1, final pH 7 , 3 ) ,  in a total volume of 1.5 ml. The 

incubations were carried out in polycarbonate supercentrifuge 

tubes, The reactions were started by the addition of ATP and 

were performed at 37 OC for 2 hours and stopped by cooling the 

tubes on ice. This time period vas considered long enough to 

allow the reaction to reach equilibrium and was determined by a 

control study. To separate the enzyme bound ligand, the tubes 

were centrifuged at 4OC for 20 minutes at 48000 g. After the 

separation, both the supernatant and the precipitate were 

counted with a gamma-counter (Packard Minaxiy Auto-gamma 5000 

series). The radioactivity of the precipitate and the 

supernatant represent the relative amount of enzyme-bound and 

unbound ligand, respectively. 

ii.3~-~igitoxin Study 

In order ta validate the experimental procedure, tritiated 

digitoxin vas used in the binding assay as it is the classical 

Naf, K+-ATP~s~ substrate . The reaction mixture was similar to 

that of the WC-DADS-glycoside binding assay. %-digitoxin 

(final concentration 5.3.10-%) and unlabelled digitoxin (various 

concentrations) were used following the same incubation 

procedure - instead of vc-DADS-glycoside and DMS-glycoside. 

After centrifugation, the supernatant solutions were discaxded 

and the precipitates dissolved in 1 ml of 0 . 2  N NaCl by placing 

the tubes in 100°C water bath for 5 minutes. The solutions were 
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then transferred into scintillation vials containing 10 ml of 

Ecoscint H scintillation fluid and 1 ml of absolute methanol. 

The samples were counted in a liquid scintillation spectrometer 

(LKB 1219 Rackbeta) and a tritium standard (external standard) 

was also measured in order to calculate the counting eff iciency. 

The counting efficiency was determined by dividing the counts 

per minute of the tritium standard by the actual disintegration 

per minute. The counts of the samples were then al1 corrected 

by Ulis counting efficiency. Nonspecific binding was determined 

by adding excessive ouabain into or omitting ATP from the 

reaction mixture. The data were analyzed by Scatchard Plot and 

B, and KD were then determined. 

iii-Competition Study 

This study was carried out in the attempt to show evidence 

of specific binding of DADS-glycosidesto the N~+,K+-ATP~S~. The 

same procedure as the 3~-digitoxin binding study vas followed, 

except that DADS-digitoxigenin or DADS-digitoxin of various 

concentrations was used to substitute unlabelled digitoxin. )H- 

digitoxin concentration was constant at 5.3.10" M and the 

inhibitor concentrations ranged from 1.2*10~~ M to O for 

digitoxigenin-DADS and 1. 3*lo5 M to O for digitoxin-DADS. B- 

and K, values were determined with the Delta Graph non-linear 

regression program by plotting the amount of  bound 

ligand(mole)/purified enzyme(unit) versus inhibitor substrate 

concentration added. 



2.6 Biodistribution Studv 

i.Procedure 

Male guinea pigs weighing approximately 550 to 6OOg were 

anesthetized by isoflurane gas and then administered vc-DADS- 

digitoxin(l00-20OpCi, 0.5m1, 0.75ug) via the penile vein. For 

the inhibition studies, ouabain(0.125mg) was injected 5 minutes 

before the injection of the radioactive ligand. The guinea pigs 

were euthanized by cervical decapitation at 5, 10, 20 and 50 

minutes after injection. Tissue samples were dissected, weighed 

and the radioactivity in each sample was measured by a gamma 

counter(Packard Minaxiy Auto-gamma 5000 series). 

ii.Calculation 

The syringe(f1) used for the injection was weighed 

bef ore ( w i t h  vc-DADS-digitoxin) and af ter the injection to 

provide an accurate measurement of injection volume and 

quantity. An aliquot amount of the same radioactive tracer vas 

put into a 1 litre volumetric flask using another veighed 

syringe (X2)  and the solution was diluted to 1 litre. Three 1 ml 

samples of this dilution were counted as wstandardsmm The 

average counts per minute(cpm) of the standards multiplied by . 

1000 gave the total cpm in the whole flask. The total cpm 

multiplied by the weight of the tracer in f l  syringe divided by - .-- 

the weight of the tracer in #2 syringe gave the amount of 

radioactivity injected into the guinea pig in terms of cpm. 

Tissue accumulation of the vc-DADS-digitoxin vas 
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calculated as the percent injected dose/g of tissue. Because of 

the possible loss of radioactive ligand caused by leaking into 

the surrounding tissue or even outside the body during the IV 

injection, the ratio of radioactivity in the heart and the blooà 

vas also calculated to evaluate the binding of the vc-DADS- 

digitoxin in the myocardium. 

2.7 vc-DADS-~lvcos ide  Scintiara~hic Studv 

i.Study Using New Zealand white Rabbits 

Approximately 1 mCi of either vc-DADS-glycoside 

preparation with a volume of 0.05 ml was injected through the 

marginal ear vein. After administration, images of the 

distribution of radioactivity vere made with a gamma- 

camera(0hio-Nuclear). The rabbits were placed prone on the top 

of the camera-head with the injection site held outside the 

field of view. Because the rabbits were very well trained we 

could immobilize the rabbit without the use of an anaesthetic. 

ii-Study Using a Dog 

A dog weighing approximately 20 kg was anaesthetized with 

nitrous oxide. A saline intravenous infusion line was set up 

through a foreleg vein as the administration route. The dog was 

imaged - in a supine position with the injection site held outside 

the field of view. Scans w e r e  performed with the camera head in 

the anterior or 4 5 O  left anterior oblique position. 5 mCi of 

Vc-DADS-digitoxin preparation in a volume of 0.2 ml vas 
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in jected. The dose of vc-DADS-digitoxin administered was 3 pg. 

The radioactivity distribution was recorded with the Siemens 

PHO/GAMMA LEM camera. Scans were obtained for 30 minutes 

following the injection. 

2 . 8  9 CO.' Lmaaina Us ina a R . 
abbit 

This imaging was performed to obtain in vivo evidence that 

the amounts of pettechnetate in the vc-DADS-glycoside 

preparations were minimal and the labelled compounds did not 

break d o m  within a short period of time after the 

administration. Approximately 1 mCi of -coi vas injected 

through the marginal ear vein. Images were made right after the 

injection and at 30 minutes after. The rabbit was placed in the 

same position as that in the vc-DADS-glycoside imaging studies. 

2.9 Hvdrolvzed 'ATc Imacrina Usina a Rabbit 

Hydrolyzed v c  colloid may be a major by-product in any 

radiopharmaceutical preparationthat involvesthe SnC1,reduction 

technique; therefore it is important to investigate the amount 

of hydrolyzed v c  colloid in the vc-DADS-glycoside 

preparations. Hydrolyzed v c  colloid was made by mixing 

pertechnetate and SnC1, solution together in a nitrogen-filled 

vial. - Approximately 1 mCi of this preparation was injected 

through the marginal ear vein. Scans were performed by the same 

procedure used in the other rabbit scans. 



3.0 Roaulta 

3.1 P a ~ e r  Chromatoara~hv nevelonment 

The final system utilized Whatman fl chromatogram paper as 

the stationary phase and acetone as the mobile phase. An 

example of the distribution of radioactivity on the strip 

visualized by photographie film is shown in Figure 3 A W  It was 

known that in this system the R, values were 1, O and 0.0 for TcO; 

and reduced hydrolyzed technetium, respectively(59). Unbaund 

pertechnetate was seen at the solvent front(& = 1.0), Labelled 

DADS-digitoxigenin appeared to be poorly resolved with a portion 

remaining at the origin and then a streak to a spot just pass & 

0.5. We were unable to get both minimal unstreaked *C-DMS- 

digitoxigenin as well as -CO; separation in any one system. 

Kedde reagent showed violet colour in the bottom(origin) half of 

the strip, indicating the location of the DADS-digitoxigenin. 

The drawback of this system is the risk of the overestimation of 

unbound pertechnetate due to the streaking, In practice, the 

labelling efficiency was measured by cutting the strip in half 

and the radioactivity of the top half(front) represents the 

unbound pertechnetate, The labelling efficiency was about 703: 

to 93%(n=27). Preparations with labelling efficiency lower than 

85% were discarded. The data for DADS-digitoxin was simiïar. 



---- Solvent front 

Product Tc0,- 

Figure 3.1 
Paperchromatogram ~ f ~ T c - D A D S - g l ~ c o s i & r  Accbrr was uscd as t k  mobile phase and 
Whatrnan paper as the stationaq phaçc. 



3.2 Na+.K+-~~pase Rindinu Assav 

In order to determine the mechanism of the binding of the 

9"Tc-DADS-digitoxigenin and the vc-DADs-digitoxin to the 

myocardium, the Na+,K'-ATPase binding assays vere performed. 

Because the Na+,K+-ATPase is the receptor for the cardiac 

glycoside(lS), it is our hypothesis that 'PTc-DADs-digitoxigenin 

and its analogues should also bind to the Na+,K+-ATPase. 

i . 99"rc-DADS-glycoside study 
Both pig heart homogenate and commercially available 

purif ied Na+, K+-ATPase from porcine cerebral cortex were used as 

a source of receptors for the -C labelled glycosides in this 

study. The fraction of the ligand bound to the pig heart 

homogenate(the data of protein concentration determinations are 

shown in Figure 3.2 and 3.3) or the purif ied N~*,K+-ATPase vas 

virtually constant within each individual experiment for al1 

concentrations of both of the ligands(ligure 3.4-3 .8) .  Adding 

various concentrations of ouabain or omitting the ATP from the 

incubation media did not decrease the binding. This made it 

impossible to determine the amount of non-specific binding. 

When both the concentrations of the homogenate and purified 

Na+,K*-~~pase were lowered to one tenth of the original, the 

fracti-on of the bound ligand vas still constant vithin each 

experiment for al1 the concentrations of the ligand and the 

levels of binding were only dropped to 1/3 for the homogenate 

and 1/2 for the purified enzyme(Figure 3.6, 3.8). Al1 of these 
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data did not follov the receptor binding kinetics. Therefore, 

it was meaningless to further conduct any calculations of 

binding affinity or receptor concentration. 

In order to determine w h e t h e r  -c-DADS-digitoxin and 

unlabelled DADS-diqitoxin have the same binding characteristics 

to the N~+,K+-ATPase, a control study vas performed. ln al1 

other Na+,K+-ATPase binding studies, each tube contained the same 

amount of vc-DADS-glycoside preparation and various amounts of 

unlabelled DAM-glycoside. The total concentration of the 

ligand was calculated by adding together the concentrations of 

vc-DADS-glycoside and DADS-glycoside. In this control study, 

however, a high concentration-c-DADS-digitoxfnpreparationwas 

made and diluted to different concentrations in each tube. The 

results were similar to the other studies that the fraction of 

the ligand bound to the enzyme was constant within the 

study(Figure 3.9). This suggested that the vc-DADS-glycoside 

and the unlabelled DADS-glycoside have the same binding 

characteristics. 

Another control study was performed to determine w h e t h e r  

pertechnetate (-CO;) binds to the ~ a + ,  K+-ATPase. The results 

showed that the amount of pertechnetate bound ta the enzyme was 

negligible when compared to the amount of DADS-digitoxin bound 

(Figur-e 3.10). 



Figure 3 -2 
Protein concentration uialysis of Lot 1 prepdon of the pig heart homogrnate. 



Figure 3.3 
Protein concentration analysis of Lot 2 preparation of the pig heart homogenatc. 



Figure 3 -4 
Binding assay of digitoxigenin-DADS to pig kart homogenate(Lot. 1). The reaction mixture 
contain@: 0)Tc-DADS-digito~genin(find Mac. 4.6*1o*M), (iii)uniabeHed 
DADS4gitoxin(viuious concentrations), (îQprotein suspcnsion(finrl conc. approx. 
O. 5 7mg/rnl), @v)ATP(W conc. 2.5 mM), ( v ) b u f f ~ ~  conc. 80 mM NaCi, 16 mM MgC4 
50 mM Tris-Ki, final pH 7.3). 



DADSdi gi tod n Conœntration (M) 

Figure 3 -5 
Bindig assay of digitoxin-DADS to pig heart homogenate(Lot 2). The readon mixture 
contained: (i)-oDADS-diaoh(fina1 conc. 3 -953. IO%$), (ii)uniabelld DADS-digitoxh 
(varioug concentrations), @)protein suspension(finai wnc. approx 0.73mg/rnl), 6v)ATP 
(final conc. 2.5 mM), (v)buffer(final conc. 80 mM NaCi, 16 mM Mg% 50 mM Tris-HCt 
h a i  pH 7.3). 



Figure 3.6 
Binding assay ofdigitoxin-DADS to pig haut homogamtc(Lot 2). The r d o n  mixture 
contained : (i)"rc-DADS-digitoràn(6nsl conc. 4.94.1 O%'), (îii)uniabdled 
DADS=digitoxin(various concentrations), (îiii)ouabain(find conc. 10% or O), (iik)prottein 
suspens"ron(fina1 conc. approx. 0.07 ms/mI), (v)ATP(W conc. 25mM or O), (vi)buffr 
(final conc. 8OmM NaCi, 16 mM MgCL, 50 mM Tris-HCl , niipl pH 7.3). 



Figure 3.7 
Binding assay of digitoxin-DADS to purified Na',E-ATPase. The teaction mixture 
contained: 0)Yc-D~~~-digito>cin(final conc. 4.94*10%), (ii)unlabeiied DADS-digitoh 
(vario~~wncentratiom), (iii)Na+,K+-ATPase(c0nc. 0.25 unit), (iv)ATP(final conc. 2.5 m.), 
(v)buffer(final conc. 80 mM NaCi, 16 mM MgCI, 50 mM Tris-HCl, nnJ pH 7.3). 



IDigtmcii~DADS eDig iWmDADS withoU ATP 

ADigiWrrDADS wilh aiaban 

Figure 3 -8 
Binding assay ofdigitoxh-DADS to purifieci Na+,IC-ATPasc. The d o n  mixture 
containeci: (i)09iT~-DADS=dighoxin(final conc. 4 94. IO%¶), (ii)unlabelled 
DADS-digitoxin(wiws concentrations), (iiii)ouabain(final conc. 10% or O), (iv) 
~a+,IC~~TPasx(wnc. 0.025 unit), (v)ATP(final conc. 2.5 rnM or O), (v)buffêr(final conc. 
80 mM NaCI, 16 rnM M a  50 rnM Tris-HCl, niul pH 7.3). 



~DigiWrbDADS +DigitmhDADS wiümut ATP 

A DigiWrbDADS wih arabain 

Figure 3 -9 
Binding assay of digitoxin-DADS to p d e d  ~a+,K+œ~TPase. The maaion mixture 
containeci: (i)-'T'~~DADS-digitoxh(various concetltrations), (ii)ouabain ( h a i  wnc. 10% 
or O), (Üi)Na+,K'-ATPw(conî. 0.25 unit), (iv)ATP(or none), (v)buSer(finai conc. 80mM 
NaCl, 16 mM MgCb, 50 mM Tris-HCi, nnrl pH 7.3). 



Figure 3.10 
Binding assays of digitoràn-DADS and pcrtcchrietat~cOJ to pig hart homogenate. The 
reactio* mixture containeci: @vc-DADS-digitoxin(finai conc. 4. W 1 O'sM) or 
pertechnetate, (ii)protein suspeiision(W conc. approx. 0.73mglml). (iU)ATP(6nal conc. 2.5 
mM), (ïv)buffer(hai conc. 80 mM NaCi., 16 mM MgCI, 50 mM Tris-HCI, final pH 7.3). 



ii. %-digitoxin study 

The data obtained from the %I-digitoxin binding assay showed 

a tendency, at lower concentrations, for the fraction of the 

ligand bound to the enzyme to decrease as the concentration 

increased, and the binding was inhibited in two cases by the 

addition of high concentrations of ouabain(fina1 concentration 

104n) or the omission of the ATP (Figure 3.11) . The high 

radioactivity accumulation in the pellet at high ligand 

concentrations was probably caused by the precipitation of the 

ligand since the solubility of digitoxin in the reaction mixture 

was poor. Nonspecific binding vas determined as the fraction of 

the ligand bound to the Na+,K+-ATPase when either excess ouabain 

was introduced or ATP was omitted; and the specific binding was 

calculated by subtracting the nonspecific binding from the total 

binding. The amount of nonspecific binding was found ta be 

0.86% of the added ligand. The results were analyzed by 

Scatchard P l o t  and the dissociation constant(KD) was determined 

to be 9.37*104(PI). The B, was found to be 2.0*10"(~). 



I;rn-digitmin +M-GgiWn withait ATP 

A3H-digitoxin with m n  

Figure 3.1 1 
Binding assay of )H-digitoh to purifid Na+,K+-ATPase(average dues). The r d o n  
mixture containeci: O)%-digitoxin(fina1 conc. 5.3 91~%), (ii)digitoxin(vuiws 
wncenfiations), (ii.i)ouabain(final conc. 10% or O), (ïv)Na+,K?-ATPase(wnc. 0.025 unit), 
(v)ATP(final conc. 2.5 mM or O), (vi)bu&rifinal COIIC. 80 mM NaCI, 16 mM MgCI, 50 mM 
Tris-HCI, final pH 7.3). Ligand c o n d o n s  above 1 1 Ohi were not cornpleteiy sotublt . 
Hence the data obtained fiom these concentrations were not reliable. 



Figure 3.12 
Specific bùiding of 'H-digitoxin to purifieci Na+,K+-ATPase(average dues) .  The reaction 
mumire contained: (i)%iigitoxin(6nal conc. 5.3 O%#), (ii)digitoxin(various 
concenfiations), (ïï)ouabain(bal conc. or O), Cv)Na+,K-ATPase(c0~:. 0.025 unit), 
(v)ATP(final conc. 2.5 mM or O), (vi)buffer(W CO=. 80 mM NaCi, 16 m M  Mg% 50 m M  
Tris-HCi, firiP1 pH 7.3). Ligand concentrations above 1 Wl% wen not completely soluble. 
Hence the daîa obtained Corn these conceritrations were not reliable. 



Figure 3.13 
Scatchard anaiysis of 3H-digitoxin bindiig assay. 

- 



iii.)H-digitoxin competition study 

The results obtained from both the studies that used either 

digitoxigenin-DADS or digitoxin-DADS to challenge the receptors 

for the classic cardiac glycoside showed the same binding 

characteristics as those in the %digitoxin study described 

above. The data were analyzed by DeltaGraph curve-fitting 

program. The Langmuir Isotherm equation for cornpetitive binding 

was entered into the program. The amount of receptor-bound 

radioactive tracer(moles/enzyme unit) was plotted against the 

concentration of either digitoxin-DADS or digitoxigenin-DADS. 

The concentration of %-digitorin and the KD value obtained in 

the fH-digitoxin binding assay vere both entered as constants. 

The calculated B, values were 2. SS*~O'(M) and 2. 76+lo4(~) for 

digitoxigenin-DADS and digitoxin-DADS, respectively. The KD 

(i . e. K,) values were 1.49*10"(~) for digitoxigenin-DADS and 

4 .  71*104 (M) for digitoxin-DADS. Non-specif ic binding values were 

found to be 0.70% and 1.052 of the added ligand for 

digitoxigenin-DADS and digitoxin-DADS, respectively. Figure 

3-14 shows the results of the competition assay. 



- H-3 Digitoxin Kd = 9.36- 

1 .OE-09 1 -0E-08 1 -0E-07 1 .OE-06 1 .OE45 1 .OE-04 1 -0E43 
Inhibitor Substrate (i1 (M) 

Figure 3.14 
Cornpetitive binding assay using digitoxigenin-DADS, digitoxin-DADS, Ti-digitoxh and 
purified-Na'JC-AWPse(avage dues). The m o n  mixture containeci: 
(i)3H-digitoxin(final conc. 5.3 1 OPU). (ii)digitoxigenin-D ADS or dïpitoxin-DADS (vanom 
conc.), (iU)Na+.K+-ATPase(conc. 0.025 unit). (iv)ATP(or none), (v)buffer(final conc. 80 m M  
NaCl, 16 mM MgCL, 50 mM Tris-HCi, nnri pH 7.3). 



3.3 Biodistributisn S t u d y  

In the biodistribution studies (Table 3.1) , guinea pigs were 
euthanized at 5, 10, 20 and 50 minutes after the injection of 

vc-DADS-digitoxin preparation. At 10 minutes after the 

administration we were able to obtain the highest heart/blood 

radioactivity ratio. The amounts of radioactivity accumulated 

in the heart at 5 and 10 minutes after the injection were almost 

the sarne, but at 5 minutes post-injection the activity in the 

blood vas relatively high, theref ore resulting in a lower 

heart/blood radioactivity ratio than that of the 10-minute 

study . At 20 minutes after the injection, most of the 

radioactive ligand was already cleared out of the heart. 

Repeated 10-minute experiments yielded a heart/blood ratio 

of 0.578fOW036(n=3). The accumulation of radioactivity in both 

the left and right atrium was consistently about t w i c e  as much 

as in both the left and right ventricle as well as in the 

septum, Radioactivity in the stomach and the thyroid glands was 

found to be relatively low compared with that in the heart. 

High levels of radioactivity were observed in tissues rich in 

blood perfusion such as lung, liver and kidneys. Radioactivity 

in the brain was found to be very low. 

In the inhibition studies, the heart/blood activity ratio 

at 10 minutes post-injection was 0.347+0.039(n=3). This is - 
lower than the ratio obtained in the studies without ouabain. 

The amount of radioactivity in the blood was significantly 

higher with ouabain. However, it stayed at approximately the 
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same level in the heart. Therefore every tissue/blood ratio 

decreased substantially. The accumulation of radioactivity vas 

also higher in most other tissues. 



BIood 
Lung 

Liver 

Spleen 

Kidneys 
Stomach 
Muscle 
Bone 

Thyroid 
B rain 
Left Atrium 

Left Ventricle 
Right Atrium 
Right Venîricle 

Septum 
Rest of Heart 
Totd &art 

Heart/Blood 
Ratio 

5 min. pst-inj. 
%hj. dosdg 

0.772 

0.307 

0.250 

O. 191 

1.246 

O. 145 

0.050 

0.073 

0.285 
0.016 

0.363 

O. 185 

0.357 

0.266 

0.238 

0.282 

0.27 1 

0.351 

10 min. post-inj. 
Y i j .  dosdg 

0.486 

0.391 

0.21 1 

O. 174 

1-33 1 

O. 130 

0.038 

0.07 1 

O. 1 16 

0.0 12 

0.373 

0-181 - 

0.5 15 

0.232 

0.238 

0.294 

0.29 1 

0.598 

20 min. pst-inj. 
%inj.dose/g 

0.402 

0.170 

0.200 

0.067 

1.172 

0.100 

0.026 
0.054 

O. 192 

0.01 1 

0.097 

O. 107 

0.077 

0.118 

O. 124 
0.05 1 

0.067 . 

O. 166 

50 min. pst-inj. 
%inj .dosdg 

O, 198 

0,082 

0.079 

0.070 

1,601 

0.055 

0.016 

0.021 

0.03 5 
0.008 

0.023 
0.049 

0.041 

0.056 

0.056 
0.029 

0.035 

O. 177 

Tabfe 3.1 
The results of the biodistri'bution study h g  vc-DADSdigitoxin and guineci pigs. The best 
hearthlood ratio was obtained at 10 minutes f i er  the injeciton. - 



Biodistriiution Study with and without the truibrient of ouabain(euthani#d 10 minutes 
post-injection) 

Blood 

Lung 
Liver 

Spleen 
Kidneys 
Stomach 
Muscle 
Bone 

Thyroid 
Brain 
Lefl Atrium 
Left Ventricle 
Right Atrium 

Right Ventriclc 

septum 
Rest of Heart 

Total Heart 
Hearü'Blood Ratio 

Table 3.2 

Contd(n0 ouabain) 
%inj.&sdgm of tissue 

0.483 r 0.018 
0.360 0.027 

0.256 0.049 

0.207 r 0.032 
1.358 r 0.036 
0.112 r 0.021 
0.037 0.005 

0.067 0.014 

0.092 0.026 

0.01 1 r 0.002 
0-368 r 0.034 
0.199 0.032 

0.407 0.095 

0.244 0.03 1 

0.240 0.006 

0.294 r 0.03 1 
0.280 r 0.027 
OS78 0.036 

Inhibition(with ouabain) 
%inj.dosdgm of tissue 

0.736 r O. 113 
0.409 r 0.075 
0.369 r 0.033 
0.279 0.033 

1.351 0.170 

0.259 0.002 

0.05s r 0.009 
O. 133 r 0.029 
0-217 0.036 

0-025 a 0.008 
0.3 17 0.046 

0.158 0.079 

0.457 0.068 

0.255 r 0.040 
0.247 r 0.040 
0.267 r 0.01 i 
0.254 0.029 

0.347 k 0.039 

The results of the biodistribution study using ' ? b ~ ~ ~ S - d i g i t o x i n  and guina pigs with 
and without the injection of ouabain. - 



3 . 4  Scintiqra~hic Studies Usina New Zealand White Rabbits 

In the rabbit scans, radioactivity accumulation in the 

heart vas seen(Figure 3.15, 3.16). Background radioactivity in 

the blood appeared at the begiming but dropped significantly 

within the first minute. The mdonut shapew of the myocardium 

was not clearly shom. Because of the lower sensitivity of the 

rabbit heart to the cardiac glycosides, the radioactivity in the 

myocardium cleared much faster than that in the canine study; 20 

minutes after the injection there vas almost no activity left in 

the cardiac muscle in both the vc-DMS-digitoxigenin and the 

vc-DADS-digitoxin studies. There vas also a large amount of 

radioactivity accumulated in the liver and the kidneys. 

To investigate the amount of both -CO,- and hydrolyzed VC 

in the vc-DADS-glycoside preparations as well as their 

influences on the images, scans were performed for each compound 

in rabbits. Figure 3.17 shows the images of the -CO; scans. 

The typical pertechnetate scan will shov thyroid, gastric 

mucosa, salivary glands, and choroid plexus of the brain(45) . 
These organs did not appear in the vc-DADS-glycoside scans; 

therefore it suggested that the amount of -coi was minimal in 

the preparation, and the labelled compounds did not break d o m  

easily in the  body. Figure 3.18 shows the images of hydrolyzed 

v c  colloid scans. Hydrolyzed Tc localises mostly in the liver 

by phagocytosis(46) . In the picture taken 100 seconds after the 
injection, there was signif icant accumulation of radioactivity 

i n  the liver, with some blood pooling in the heart. In the 
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picture taken at 20 minutes after the injection, only the liver 

was showing. These characteristics were consistent with those 

of the typical hydrolyzed ekTc scan, and were very dif ferent from 

those of the DADS-glycoside scans. This suggested that the 

amount of hydrolyzed v c  in the preparations was very low. 

3.5 Scintima~hic Studies Usina a Doq 

In the dog study, a relatively high accumulation of  TC- 

DADS-digitoxin in the myocardiuni was observed(Figure 3.19, 

3.20). The ndonut shapem of the heart was visualized on the 

images especially in the left anterior oblique position. The 

wash-out of radioactivity from the myocardium left enough v c  

for a good visualization of the myocardium after 30 

minutes(1mage made at 20 minutes post-injection was chosen to be 

shown because of its better resolution) . The scan made 

immediately after the injection showed blood pooling in the lung 

area. Two minutes later it decreased significantly. Liver and 

kidney activity were also seen. 



Figure 3.15 
Scintigraphy(anterior view) with vc-DADS-digitoxïgenin in a rabbit. Scan made 100 
seconds f i er  the injection. 



Figure 3.16 
Scintigraphy(anteri0r view) with Vc-DADS-digitoxin in a rabbit. (A) 100 seconds, (B)30 
minutes &er the injection. 
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Figure 3.17 
Scans(anterior view) with %TcO, - in a rabbit. (A)lOO seconds, (B)30 minutes after the 
injection. 



Figure 3.18 
Scans(anterior Mew) with -TcO, in a rabbit. (A) 100 seconds, @)30 Mnutes aAer the 
injection. 



(A) 

Myocardium- 

Figure 3.19 
Scintigraphy(anteri0r view) with -Tc-DADS-digoxin in a dog. (A)1 minute, (B)2 minutes, 
(C)3 minutes, and @)4 minutes afler the injection. 
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Figure 3.20 
ScintigraphyOeft anterior oblique view) with -Tc-DADS-digitoxin in a dog. Scan made 20 
minutes after the injection. 



Whether a ligand is bound to a specific receptor or not can 

be detennined by introducing a known substrate of the receptor 

into the reaction mixture. If the two compete for the same 

binding site, the binding of the ligand will decrease and 

eventually be completely inhibiteci by the excessive addition of 

the substrate due to the displacement of the ligand on the 

receptor by the substrate. High concentrations of ouabain were 

added in the vc-DADS-glycoside binding assays but failed to 

decrease the binding of the two ligands substantially. 

ATP is required for the binding of the cardiac glycosides 

to Na+,K+-A~~ase. ATP is responsible for the Na+,K'-ATPase to 

become phosphorylated to the digitalis binding conformation in 

the presence of Na+ and ~ # + ( 6 0 ) .  However, as in the case of the 

excessive addition of ouabain, the omission of ATP in the 

reaction media did not decrease the overall binding of the WC- 

According to the Langmuir Isotherm equation, the binding of 

a substrate to its specif ic receptor is a saturable process. As  

the amount of ligand increases in the reaction mixture, the 

amount of ligand bound to the receptor will gradually reach a 

plateau, indicating that the binding sites are saturated. In 

other - words, a lower fraction of the ligand vil1 be bound to the 

receptor at higher concentrations of the ligand. The results 

obtained from the -c-DADS-glycoside binding assays showed that 

the fraction of the ligand bound to the pig heart homogenate or 
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the purified N~+,K+-ATP~s~ vas constant vithin each experiment 

for al1 concentrations of either of the tvo ligands. Thus, the 

data could not be interpreted by the Langmuir Isotherm. 

The results of M e  vc-DADS-glycoside study did not suggest 

specific receptor binding. It is impossible to determine the 

mechanism of the cardiac localization of the ligands based on 

these data solely. There c m  be three possible explanations of 

the results. First, the experimental procedure was not valid, 

second, there was a relatively large amount of non-specific 

binding in the enzyme preparations, and third, the ligands did 

not bind to the Na+,K+-ATPase. 

The fact that the same binding characteristics w e r e  

observed in the studies using either pig heart homogenate or 

purified Na+,K'-ATPase suggested the validation of the homogenate 

preparations. In addition, the control experiment (Figure 3.7) 

showed that whether the DADS-glycosides were labelled with v c  

or not did not influence the binding. 

The )H-digitoxin binding assay vas performed to validate the 

experimental procedure. The results f ollowed the Langmuir 

Isotherm equation. Also the addition of 10- ouabain and the 

omission of ATP inhibited the specif ic binding almost 

completely. This validated the experimental procedure. 

%-digitoxin cornpetition studies were carried out in the 

attempt to provide the evidence of specific binding of DADS- 

digitoxigenin and DADS-digitoxin to the Na+,K'-ATPase. 

Decreasing binding of the %-digitoxin corresponding to 
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increasing DADS-glycosides concentration vas observed. 

Moreover, the B, obtained from both the DADS-digitoxigenin and 

DADS-digitoxin studies using curve-fitting program analysis were 

very similar to each other and also to the B, of the %- 

digitoxin binding assay, These observations suggested that the 

DADS-glycosides displaced the %-digitorin off the binding site. 

The DADS-glycosides w e r e  specifically boundto the Na+,K+-ATPase. 

The K,(i. e. Kr) value of the DADS-digitoxin was f ound to be 

about 30 times smaller than that of the DADS-digitoxigenin, The 

binding of the sugar moiety of the classic cardiac glycoside to 

the Na+,K+-ATPase was found to stabilize the whole digitalis- 

enzyme complex and thekefore decrease the dissociation rate 

constant. The data of the competition binding assay suggest 

that this theory holds true for the synthesized ligands as the 

addition of the sugar residue increased the affinity of the 

DADS-digitoxin. 

The K, value of the DADS-digitoxin was also found ta be 

close to that of the digitoxin. It suggested that the DADS 

portion did not interfere vith the binding of the DADS- 

digitoxin. Therefore, it is very likely that the DADS-digitoxin 

behaves the same as digitoxin in terms of specific binding to 

the Na+, K+-ATPase. 

erutinizing the data of Q-digitoxin studies and -Tc-DADS- 

glycoside studies we f ound some interesting f undamental 

differences between them. In the )H-digitoxin studies, the 

maximum overall(specific and non-specific) percentage of the 



ligand bound to the enzyme vas merely 3 to 4%, with the average 

non-specific binding k i n g  approximately 0.8% of the  added 

ligand. However, in the vc-DADS-digitoxin study which used the 

same amount of purif ied ~ a +  , K+-ATPase, the percentages of binding 
ranged from 33% to 41%. This is about 10 times as much as the 

bound fraction in the )II-digitoxin studies. This difference 

along with the constant percentage of binding in the WC-DADS- 

digitoxin study suggested that there vas a massive amount of 

non-specific binding of the vc-DADS-digitoxin. 

The non-specific binding might take place at other sites on 

the ~a+,K+-A~pase, since the enzyme is a large molecule. Also, 

it could result from the binding of the DADS-glycosides to the  

impurities in the enzyme preparations. Even with the commercial 

purified Na+,K+-ATPase, it is impossible to achieve IOOI purity 

of the enzyme. The Na+,K+-ATPase is obtained from tissues which 

are rich in this enzyme and can not be artificially synthesized. 

T h e  purification of the Na+,K+-ATPase is very difficult because 

it is a ce11 membrane-bound enzyme and has not been as yet 

completely solubilized. The preparation, even with high 

specific activity, contains other ce11 contents and proteins. 

T h e s e  could be the sites where the non-specific binding takes 

place .  The amount of the non-specific binding of the vc-DADS- 

glycosides was so massive that the experimental errors of this 

type of binding could be even larger than the total specific 

binding. Therefore very limited information could be obtained 

from the vc-DADS-glycoside bfnding studies and it was no+ 



possible to pexform calculations of binding affinity or receptor 

concentration. 

The heart/blood radioactivity ratios obtained in the 

biodistribution studies in the guinea pig with no ouabain vas 

smaller than 1 and was lower than what we expected. If the 

ratio is smaller than 1, the scintigraphie image will show blood 

pooling rather than the myocardium. The lov heart/blood ratios 

were likely caused by the lower sensitivity of the guinea piges 

heart to the cardiac glycosides. As previously discussed, the 

Na+,K+-ATPase in the guinea pig is less sensitive to the 

digitalis than in human and many other mammals. The low 

heart/blood ratio does not necessarily suggest the absence of 

the specific binding of the DADS-digitoxin to the sarcolemmal 

Free pertechnetate will localize in the stomach and thyroid 

glands as well as in the blood. The relatively low accumulation 

of v c  in these organs suggested that the amount of free 

pertechnetate in the vc-DADS-digitoxin preparations was lov and 

the complex of vc-DADS-digitoxin remained stable in the body. 

The brain is abundant in ~ a + ,  ~+-ATpase (61) . However, it 

exhibited the least uptake of radioactivity in the studies. 

This suggested that vc-DADs-digitoxin may not be able to cross 

the bl-ood-brain-barriet. 

The average heart/blood ratio of the studies with ouabain 

was lower than that of the studies with no ouabain. The 

difference of the ratios was proved to be significant by the 
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student's t-test with 951 of confidence. This along with the 

results of the %-digitoxin competition studies provided some 

evidence that ouabain and the WC-DADS-digitoxin may compete for 

the same binding site on the Na+,K+-ATPase. 

In fact, the decrease of the heart/blood ratios vas mostly 

contributed by the drastic increase of radioactivity in the 

blood. The radioactivity in the heart only àropped very 

slightly. The minimal decrease of heart radioactivity could 

possibly be explained by a large amount of non-specific binding 

of the vc-DADS-digitoxin in the myocardium as suggested in the 

vc-DADS-glycoside binding assays. A large amount of non- 

specific binding could obscure the decrease in the specific 

binding of vc-DADS-glycosides the Na+, K+-ATPase. In addition, 

the blood volume contained in the cardiac tissue would also 

increase the radioactivity in the heart. This could probably 

explain the increase of the radioactivity accumulation in other 

tissues as well. 

T h e  shape of the myocardium could not be clearly identified 

in the rabbit scans. This findings could be due to the small 

s i z e  of the rabbit heart, higher radioactivity in the blood than 

in the heart, or any combination of these factors. As with 

guinea pigs, the ~a+,K'-ATpase in rabbits is not as sensitive to 

digita-lis as that in humans or many other mammals; thus, it was 

, , 

possible that these images 

myocardium. 

T h e  images of the rabbit 

showed blood pool instead of 

scintigraphie studies correlated 
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quite well to the results of the biodistribution studies. As in 

the biodistribution studies, liver contained a large amount of 

radioactivity. There was no detectable isotope uptake in the 

thyroid gland. At 30 minutes after the injection, only the 

kidneys and the bladder were visible on the images. This is 

similar to the results of the biodistribution studies in the 

guinea pig. 

The fact that the liver was seen suggests that the DADS- 

glycosides were cleared out of the body via the same route as 

digitoxin. Unlike digoxin, digitoxin is mostly cleared via the 

sinusoid cells of the liver and then into the common bile duct 

and the gut (13) , and during the scans we were able to observe 

this on the gamma cameraes monitor. There can be two possible 

explanations for the radioactivity accumulation in the kidneys: 

First, The radioactivity was excreted into the urine as either 

unchanged or conjugated WC-DADS-glycoside. This was supported 

by the increasing radioactivity seen in the bladder as time 

passed. Second, the kidneys have an abundant amount of the 

Na+, K+-ATPase (61) , theref ore, some of the ligand could have 

bound to it. 

In the dog study, the "donut shapew of the myocardium was 

visualized on the images especially vhen the camera head was in 

the LAO - 4 5 O  position. This suggests that the radioactivity was 

taken up by the myocardium rather than in the blood pool in the 

lumen, because the cross-sectional density of the myocardium is 

greater out on the edge than in the middle of the heart. Liver 
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act ivi ty  vas seen because digitoxin-analogues are known to be 

eliminated through the hepatobiliary system. 
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5.0 Conclusions 

In this study, both vc-DADS-digitoxigenin and vc-DADS- 

digitoxin bound to the same binding site on the sarcolemmal 

Na+,K'-ATPase as the classic cardiac glycoside in the in vitro 

binding assays. In addition, -c-D~~s-digoxin localized in the 

living heart of the guinea pig and the dog. The addition of 

ouabain inhibited the specific binding of both ligands in in 

vitro studies. However, there vas a significant amount of non- 

specific binding of both ligands in the in vitro binding assays. 

As expected, -c-D~~~-digitoxin has a higher affinity to the 

N~+,K+-ATPase than vc-DADS-digitoxigenin. The solubility of 

the DADS-digitoxigenin was very poor and even with three more 

sugars in the structure the solubility of DADS-digitoxin was not 

increased. Both ligands showed considerable liver localization 

probably due to the hepatic elimination. 

These findings support our hypothesis that both ligands 

bind to the Na+,K+-ATPase in the same manner as the classical 

cardiac glycosides. However, the massive amount of nonspecific 

binding shown in the binding assays may also occur in the living 

heart and therefore limit the usefulness of these ligands as 

~a+,~+-ATpase based imaging agents to provide quantitative 

information on glycoside-N~+,K+-ATP~s~ binding inthemyocardium. 

Moreoyer, the radioactivity in the liver i s undesirable when 

performing cardiac imaging. Digoxin may be the more suitable 

cardiac glycoside precursor when synthesizing the ligands 

because digoxin has less hepatic metabolism and is mainly 
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excreted through the kidneys in unchanged f 0=(7) . This study 

has demonstrated the emergence of a new class of 

radiopharmaceuticals with which to investigate the integrity of 

the N ~ + / K +  pump in the heart muscle. At present, a 

radiopharmaceutical with optimal properties has not yet been 

f ound. An imaging agent with minimal non-specif ic binding and 

liver radioactivity as well as good solubility would be more 

clinically useful. 



Kedde reauent 

This is widely used for spraying developed chromotograms of 

t h e  cardenolides (or glycosides containing cardenolide 

aglycones). This reagent is essentially a modified form of the 

reagents used for the Raymond test. The Kedde reagent may be 

prepared by mixing equal volumes of a 2% solution of 3,5-  

dinitrobenzoic acid in methanol and a Sm70(w/v) aqueous solution 

of potassium hydroxide. It may also be prepared by dissolving 

I gm of 3,s-dinitrobenzoic acid in 100 ml of a 0 . 5  N potassium 

hydroxide solution in 50% methanol. The cardenolides react with 

t h i s  reagent to give a blue or violet colour, which fades in one 

or ~ W O  hours. 
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