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I. INTRODUCTION 

In recent years significant change~:' have occurred in the field of radio

pharmacology as it relates to diagnostic nuclear medicine which now places emphasis 

011 the study of functi0n and metabolism rather than on morphology. Two significant 

de vel oprnents have resulted in the increased capability and interest in studying and 

quantitating metabolic function. First, improved multi-detector positron cameras can "' 

provide better resolution and transverse section reconstruction tomography with the 
. 1-4 

capability of obtaining quantitative distribution data . Second, the development 

of radionuclide production and labeling chemistry provides positron emitting radio.ions 

and radiolabeled metabolites such as 20m carbon-11 or 10m nitrogen-13 labeled amino 

acids or fatty acids and 13NH 3 , 5- 12 which are potentially useful for imaging and quan ... 

tit a ting function a 1 changes in pancreas·, myocardi urn, brain and tumor tissues. 

Fluorine-18, 110m half life, appears promising for studying regional myocardial or 

b . 1 b 1 . 18 1 13-14 bl f . ra1n g ucose meta o 1sm as F-deoxyg ucose Other possi y use ul pos1tron 

emitters are gallium-68, 11 •12 •15 , zinc-62 amino acids 16 , iron-52, and rubidium-82 for 

, 17-19 myocardial perfus10n Conventional gamna-emitters fo1· nuclear medicine such as 

technetium-99m, gallium-67, indium-111, iodine-123 and thalliurn-201 are readily 

applicable to gamma-camera in1aging butut present emission col'lputed tomo(jraphy is not 

easily accomplished with these isotopes, 19aalthough new concepts might lead to 

practical devices for single photon computed tomography. 

This chapter will consider the important dimension of transport and how it 

relates to the biodistribution of radiolabeled ions and metabolites. Considerable 

insight into the transport process was obtained from the recent work of Christensen
20

, 

and it is used as a basis for some of the material presented here. An understanding 

of the transport process could enable us to impose controlling agents such as hormones, 

ions, lipid soluble carriers, or complexing agents to obtain greater selectivity in 

uptake of the radiolabel as well as to study the transport process itself with 
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appropriate radiomarkers. 

II. TRANSPORT 

Many factors can influence the transport and thus the biodistribution of the 

radiopharmaceutical (radioions or radiometabolites). Some of the interrelated factors 

to be considered are: A) route of administration, B) carrier concentrations and 

complexed or ionic species, C) cell-membrane permeability (extracellular or intra

cellular accumulation) by a passive or active process arrd D) enzyme and hormonal stimu

lation or depression and the metabolic state, i.e. fasting, etc. An understanding of 

the transport process could provide selective and enhanced movement of the agent into 

cells of specific tissue such as bone, brain, kidneys, liver, marrow, myocardium, 

pancreas, prostate and tumors. 

Some of the results of our recent work with radiolabeled metabolites such as 

amino acids, thioglucose and folic acid are presented to suggest some approaches to 

vary or control the biodi~tribution of radiolabeled compounds. 

A. Route of Administration 

1. Whether the radiopharmaceutical is administered orally, intravenously, 

interperitoneally or subcutaneously, it must first be absorbed into the plasma pool. 

From there it can go to the site of action, storage, metabolism or excretion 21 . The 

behavior of the substrate in-vivo \vould be dependent on its lipid solubility, i.e., 

ionized or unionized at the pH of the environment, and whether it was bound to plasma 

protein. Protein bound molecules and ionized molecules cannot readily permeate the 

cell membrane. 

'" 2. In a recent series of experiments v;e prepared 99mTc-labeled folic acid 

(99mTc-FA) by the electrolytic Sn(II) method and administered the 99111Tc-FA by intra-

venous or intraperitoneal methods into normal mice and sacrificed the animals at 

4h and 18h. The results are shown in Figure 1 and Table I respectively. There was 

a \vide difference in uptake by the two1series of mice. When given intravenously there 

was 22.4 ~ 9.6%/g uptake in the liver and 1.27 ~ 0.36%/g in the pancreas at 4h. On 
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the other hand when administered intrape1 itoneally there v1as 7.45 + 2.56%/g uptake 

in the liver and 40.8 + 16.1%/g in the pancreas. The s~bstantial increase in pancreas/ 

liver ratio to 5.36 from 0.07 by the intraperitoneal as compared to the intravenous 

method suggests a possible approach to enhancing pancrease uptake. The pancrease/liver 

radio at l8h was 3.29 intraperitoneal compared to 0.05 intravenously. Many radio- ·., 

pharamceuticals such as 99mTc04- or 65zn-thioglucose have essentially the same biological 

uptake by either i.p. or i.v. administration. However, in the case of 99mTc-FA in mice 

there was significant enhancement of pancreas uptake and depression of liver uptake 

by the intraperitoneal route. There appears to be a species variability in these 

results. In monkeys and dogs the uptake was primarily in gall bladder and intestinal 

tract as shown in Figures 2 and 3. This distribution was more apparent when administered 

intraperitoneally, while uptake in the liver was more pronounced when given intravenously. 

Further studies will be needed to determine the significance of these results to human 

studies. 

B. Carrier Effects and Complexed or Ionic Tracers 

The transport of metals in vivo as a cationic specie or as a complexed molecule 

is determined by the concentration of the metal ion, i.e., carrier added or "carrier 

fl~ee", the stability or binding constant for the complexing molecule and the site of 

deposition for the complexing agent. 

Zn (II) is important in biochemical processes as evidenced by the ill-effects 

of zinc deficiency and the great amounts. of zinc found in the normal body. Zinc is 

incorporated into many enzymes to activate and to maintain the structure of the enzyme 

system. As a metalloenzyme, Zn is known to accumulate in the islet cells of the 

pancreas and in the prostate. 

Our studies with positron emitting 62 zn and the effect of amino acid chelation 

on the biodistribution of radioactive Zn in animals has shown response to the complexing 
16 

or chelating specie and to the carrier concentration (~oading dose of Zn). . Normal 
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rats were injected intravenously with 62z· amino acid chelates of alanine, cysteine, 

histidine, tryptophan, arginine and with r<~zncl 2 . The animals were sacri.ficed at 1.5 

and 20h and the uptake determined in various tissues as shown in Table II. 

The pancreas/liver concentration ratios were 0.86 for 62zn-histidine, 1.1 for 
62z · · d o 92 f 62z 1 .n-arg1n1ne, an . or nC 

2
. 

histid·ine followed by 62zn-tryptophan 

5.7, 5.9 and 4.7 respectively. 

The uptake in prostate was greatest for 62zn-

and ~ 2znc1 2 with prostate/muscle ratios of 

Further studies were done with 65znc1 2 and 65zn~histidine to determine the 

effects of increased amounts of carrier· Zn (II) and molar ratios of histidine to 

Zn (II) on the in vivo distribition of 65 zn at 1.5 and 23h after intravenous in-

jection in normal rats, Table III. At the 213 ~g Zn (II)/kgleve1 the ratio of 

pancreas/liver concentr~tion was 1.44 at l.Sh compared to a pancreas/liver concen-

tration ratio of 0.90 at the 30 ~g Zn (II)/kg level or an increase of about 60% at 

the higher Zn (II) concentration. In ~he case of 65zn-histidine there was 1.54%/g 

uptake in the prostate at the 10/l molar ratio of histidine to Zn compared to 

1.29%/g at the lower 2/l molar ratio or a prostate/muscle concentration ratio of 

11.0 and 9.21 respectively. 16 These results suggest that carrier Zn (II) saturate 

the liver binding sites. Thus, the liver uptake of 65 zn is lower at the increased 

carrier levels of Zn (II) while the pancreas uptake is relatively unchanged. In 

the case of the increased molar ratio of histidine to Zn (II) Which gave a 20% 

increase in the prostate to muscle concentration, there was a 23% decrease in the 

pancreas uptake. The results in Tables II and III are related to the stability 

constants of the Zn-amino acid chelates which are (log k): 9.5 alanine, 7.3 arginine, 

18.6 cysteine, 12.9 histidine, and 9.3 tryptophan. The more stable Zn-histidine 

was transported to the prostate while the less stable Zn-arginirie was taken up in 

the pancreas. This uptake v1as enhanced by a loading dose of Zn (II) which reduced 

the uptake in liver. 
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C. Mer11lJr·ane Perrncabi I i Ly, [xtraccllular ,. •d Intracellular Concentrations 

1. A 1 ka 1 i + + ++ ++ and Alkaline earth ions such as Na , K, Ca , and Mn are 

involved in passive and active transport across cell membranes. Plasma memorane 

of the cells are different than capillary membranes. Material that diffuses readily 

into extracellular intestitial space may penetrate cellular membranes very slowly. 22 

Substances that penetrate the capillary membrane but not the cellular membrane 

include inorganic ions and non-lipid soluble organic compounds. Cell membranes are 

highly selective permeability barriers which (1) regulate cell volume, maintain 

intracellular pH and ionic concentration .in a narrow range favorable for enzyme 

activity, (2) extract and concentrate metabolic fuels and building blocks and extrude 

toxic substances and ("3) generate ionic gradients for excitability of nerves and 

muscle. 23 

In animal cells the concentration·of K+ is high on the inside of the cell 

and low on the outside. This situation is reversed in the case of Na+. 23- 25 In the 

case of Mn (II) the concentration is greater on the inside of the cell than on the 

outside o'f the cell, but in the case of Ca (II) the concentration is greater on 

the outside of the ce11. 24 

a. Metabolic energy is utilized by the sodium pump to maintain concen

tration ~radients of Na+ and K+. 22- 24 The sodium pump exchanged 3 moles of 

Na+ for 2 moles of K+ for 1 mole of ATP consumed. 20- 24 Membranes of cells 

which utilize a Na+-pump contain adenosine triphosphatase (ATPase) .. 

Ion transport and ATP hydrolysis are closely coupled to conserve ATP 
+ + energy. Hydrolysis of ATP does not occur unless Na and K are transported 

++ 
and ~1g 

+ NH4 can 

is present. 23- 26 The Na+ requirement is specific but Rb+,' Cs+, and 

be substituted for K+. 24 Thallium (Tl+) can be substituted for K+ 

+ since it accumulc:tes in cells by the Na -pump and as evidenced by the uptake 

of 201 Tl in the myocardiurn. 27 , 28 Cardiotonic steroids such as digitoxigenin 

and ouabain are specific inhibitors of the Na++K+ ATPase pump. 23 The sodium 

( 

" 

.. 
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pump is also involved in amino aci(l transport which will be discussed in a 

later section of the chapter. Nutritional deficiency of K+ leads to elevated 

levels of cationic amino acids such as arginine and lysine. 

b T t f C ++ . 1 . b . ranspor · o a 1s a so dr1ven y hyrolysis of ATP in the presence 

of Mg++, but the Ca++_ATPase is different from the sodium pump ATPase. 23 

Calcium homeostasis in the extracellular compartment is maintained by 

a balance in th~ kidneys, blood and bone, while Ca++ h~meostasis intracell

ularly is maintained by·constancy of Ca++ concentration in the serum. 20 •24 •29 

Calcium and phosphate ions are interrelated in metabolism, transport and 

turnover and they regulate each. 

The pathophysiology of mitochondrial Ca++ a~cumulation indicates that (1) 

in tumor cells there is not only a different transport mechanism for Ca++ but 

also for adenine nucleotide which is characterized by low ATPase activity and 
. '. ++ 

very act1ve Ca transport resulting in decreased phosphorylation and ATP 
++ formation; and (2) ischemic cell injury inhibits mitochondrial Ca transport 

which is a sensitive indicator of cellular ischemic injury. 30 

2. An understanding of.amino acid transport can be extremely useful in the 

utilization of 11 c and 13N~~abeled amino acids such as alanine, leucine, isoleucine, 

valine, tryptophan, 3,4,dihydroxyphenylalanine (DOPA) and glutamic or the decar-

boxylated glutamine to study the function of pancreas, heart or brain. 

The distribution and relative uptake of amino acids in the myocardium has 

been studied by autoradiography and kinetic studies of the fate of 14c-labeled 

d . . d . . 31.:. 36 compoun s 1n v1tro an 1n v1vo. 

Skeletal and myocardial .muscle are the major sites for degrading the branched 

chain amino acids. These branched chain amino acids are the only es~ential amino 
37 acids v.,rhich are oxidized mainly by muscles. It is believed that these amino acids, 

provide a carbon chain for intermediates in the tricarboxylic acid cycle and that 

amino groups released upon degradation of the branched chain amino acids are trans-
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ferrcd to pyruvate~ derived from glycolysi~ to form alanine, and perhaps glutamine. 38 

The fate of alanine and perhaps glutamine i·thich are JJroduced in the myocardium, is 

. I . 1 . 32 1 n 1epa t 1 c g uconeogenes 1 s. . ·- .. 

The oxidation of the branched chain amino acids is stimulated by the presence 

of free fatty acids which inhibit the pyruvate dehydrogenase system in muscles. 

Octanoate can increase the rate of leucine uptake in the myocardium by a factor of 2. 

Oleate and palmitat,e are less effective but all three also reduce the uptake of 

alanine and pyruvate. This increase in incorporation of the branched chain amino 

acids by the presence of fatty·acids appears to be a well established phenomenon in 

rat myocardial tissues. The oxidation of histidine, ornithine, glutamate, and 

threonine is not affected by adding fatty acids to the perfusate. 31 It was also 

shown that fatty acids do not result in an increase in the amino acid pool but only 

the oxidation after transport into the cell. 

The ability of cells to accumulate amino acids at a higher concentration than 

the extracellular environment is important in protein synthesis and it requires an 

energy-producing mechanism for transport against a concentration gradient. 39 Over 

90% of free amino acids are in the cellular compartment where their concentrations 

are under endocrine and metabolic control and where each amino acid faces competition 

for transport from its analog. An amino acid analog at elevated concentration can 

cause diversion of transport energy for the maintenance of gradient for other amino 

acids as demonstrated in high systemic levels of phenylalanine in phenylketonuric 

patients which leads to depressed tissue levels of leucine, isoleucine, valine, and 

I . . . h b . 20 met110n1ne 1n t e ra1n. 

The presence of glucose except at high concentration does not inhibit transport 

of amino acids. This suggests a separate mechanism for active transport of amino 

acids and carbohydrates. 39 

Brain slices of rats accumulated both 0 and L tyrosine several times more than 

the surrounding medium while L-tryptophan but not the D-isomer was concentrated. 

. h' . 1 t' 40 
However, the concentration of phenylalan1ne in 1bited tyros1ne accumu a 1on. 

·J 

• 

• 
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D. Enzyme and Hormonal Stimulation or Dep' ·~ssion and the Metabolic State (Fasting, etc.) 

l. If the cells of an organism hav• essentially similar metabolic processes, 

how do they differentiate their functions? The answer to this question has at least 

two differing viewpoints. The first states that there are different transport 

relationsh"i~s in which receptor.sites developing on the surface of certain cells cause 

fixation of humoral agents 1-1hich could accentuate or inhibit transport processes and 

allow particular solutes to gain access to those cells. 20 A second viewpoint states 

that the targets of hormoneaction are enzymes and enzymatic reactions. 20 The concept 

of endocrinologic effects on "barriers and access" has been proposed. Hormones act 

on cells by entering the surface of the cells to modify anatomic orientation in 

plasma membrane and in structural elements of the cell which then modify several 

enzymatic reactions simultaneously. 41 Transport modification is a general method 

in v1hich hormones modify the balance of cellular events. 42 

The adenylcyclase of target cells are often activiated in specific response to 

the occupation of one or more hormonal recognition sites on the cell surface and 

the cyclic AMP released by these systems has an exceedingly wide range of metabolic 

actions. The effects of hormone via plasma membrane transmitted action which lead 

to a modification of transport are now widely recognized in endocrinology.
20 

Calcium ion homeostasis is regulated by endocrine action in which the 
++ 

parathyroid hormone plays a major role. The parathyroid hormone regulates Ca 

resorption from kidney tubules and Ca++ resorption from bone which stimulates Ca++ 

uptake by cells of the bone. 19 Cellular distribution of Ca++ is influenced by 

changes in cellular levels of 3, 5, cyclic AMP, Na+ and HPo;. Thyrocalcitonin blocks 

bone mobilization induced by cyclic AMP and appears to stimulate Ca++ exodus from 

bone. 20 

2. Hormonal action effects transport into and out of cells and secretions 

across epithelial membranes. Sensitivity to simulation by insulin might be a 

property of . + . d . 'd 43 all Na dependent transport systems both for sugars an. am1no ac1 s. 

In a recent experiment with 65zn-thioglucose, we investigated the effect of porcine 
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grO\·Jth hormone (pGH), somatostatin, insul :'1, glucose, and fasting state on the uptake 

of 65zn-thioglucose in mice. 44 White mic~ weighing 15-20g were injected intra

venously with 34 mg/kg (p.2 ml) of the preparation and sacrificed at 3 hours. 

The uptake of zinc thioglucose \'las determined in mice following the intra-

peritoneal injection of 0.5 ml 5% glucose, 0.04 units of aqueous insulin, and 4.4 

units of porcine growth hormone (pGH) dissolved in 0.5 ml, 5% glucose immediately 

after the intravenous administration of the zinc thioglucose. An additional group 

of animals was fasted for 24 hours prior to administratinn of zinc thioglucose~ 

In an additional experiment two intraperitoneal injections of pGH were given, 

the first immediately after and the second 1 hour after the intravenous administration 

of 65zn-thioglucose. The total dose of pGH was 5.0 international'units. These 

results are shown in Table IV and V. The effect of pGH on the distribution of 

Zn-thioglucose reflects increased uptake in pancreas and decreased uptake in liver 

to give a pancreas to liver ratio of 3.10! 0.30 in controls compared to 3.78! 0.33 

for pGH treated mice from Table IV. Similar results were obtained for pGH-glucose 

but not for insulin + glucose as shown in Table V. The exact mechanism of growth 

hormone effect on membrane permeability and transport of glucose is unknown. 45 

Some evidence implies that the transport-prompting activity of a single growth hormone 

. . t. d d . 1 . 46 lnJec 10n epen s on 1nsu 1n. 

• 
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E. Neoplasia and Transport 

Amino aci~s are more intensely conc0ntrated in neoplastic tissue, 20 ,47 

possibly due to some fundamental changes in membrane function at the basic level 

of energy transduction .. 'The concept of neoplastic disease arising from membrane 

changes underlying the transport of nutrients was stated as a unifying hypothesis 

concerning the natu.re of nialignant growth by Holley. 48 The selectivity of growth 

control could be by way of transport mechanisms at the cell surface membrane, which 

are in turn regulated by hormones or gr01<1th factors and permit higher concentrations 

of nutrients inside the cell. 

F. Carriers for Radiopharmaceutical Binding to Membrane or Protein Sites 

The use of bifunctional molecules for labeling and localizing radiopharma

ceuticals was proposed by Goodwin in the use of 111 In with 1-(P-benzenediazoni~m)

ethylenediamine-N, N, N•, N•-tetraacetic acid (azo-~-EDTA). 49 The covalent metal

binding molecule forms a link between the 111 In-EDTA chelate a~d the protein by 

means of a diazo bond. 

Other studies have been made with radiolabeled liposomes and vesicles to 

obtain interaction with antibodies, antigens or peptide hormones. 50- 53 Vesicles 

or liposomes can be used to introduce radiolabels into specific targets by coupling 

other molecules to their surfaces which would act as membrane receptors. Artificial 

lipid vesicles \</ere bound to human 125 !-antthyroglobulin and human 125I-thyro

tropin; the addition of a specific antibody or hormone to the vesicles might confer 

"f' 't . . 52 G specl lCl y ln VlVO. Whether liposomes and vesicles will be an important method 

,. for transport specificity to sites of tumors or fun'ction t·e111ains to be investigated. 

• 
II I. CONCLUSION 

An understanding of the transport process can help to provide a basis for 

the development of radiopharmacology for chemotherapy and diagnosis. To properly 

evaluate- and utilize information obtainable by recent advances in instrumentation 

and radiopharn1aceuticals for the study of function and biochemistry in vivo, it is 

necessary to consider the transport process in body fluids and intracellular space. 
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Recent studies using dynamic emissi.m tomography for study of cerebral 

hernodyna111ics and a study of the quantitat·i,,;e potential of dynamic emission computed 

tomography, 54 •55 indicate that a greater understanding of metabolic and transport 

processes is possible with nuclear medicine procedures utilizing improved instru

mentation and radiopharmaceuticals. 

J 
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Figure C;;ptions 

l. Distribution of 99mTc-Folic Acid in mice 4h after i.v. and i.p. admini

stration. Percent injected dose/gram tissue plotted on log scale. 

2. Gamma camera images of 99111Tc-Folic Acid 19h after i.p. administration in 

a monkey, anterior views with and without 99mrc 2s7. 

3. Gamma camera images of 99mTc-Folic Acid 2.5 and 20h after i.p. admini-
I 

stration in a dog. 
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. TA£3LE 1 

Tc-99m Folic Acid Distribution in Mice 18h 

after i.v. and i.p. Administration 

_lQ_ mgjkg % ±. s. D. "/../g ±. s. D. 
\) 

i.v:Tn=5) i. p. (n=4 r i.v.(n=5) i. p. {n=4) 

Blood l. 35 0.69 
+ 0.32 + 0.08 

I, 

Liver 12.87 4.02 9.44. 2.50 
+ 1. 95 + l. 70 + 2.46 + 0.43 - -

Kidneys 3.89 2A8 12.37 7.24 
+ 0.56 + 0.33 + 2.72 + 1.06 - -

Spleen 0.49 0.48 3.55 3.66 
+ 0.08 + 0.28 + 0.50 + 2.96 

Gut & Stomach 4.75 4.76 1.77 1.43 
+ 0.71 + 0.41. + 0.42 + 0.14 
--· -

Pancreas 0.07 1.13 0.49 8.2B 
+ 0.02 + 0.56 + 0. 14 + 3.97 - -

Pancreas/ 0.05 3.29 
Liver + - 0.02 + 0. 75 

Total 29.37 24.25 
+ 1.97 + 3.12 

XBL7712-4047 



i .. ·.sL: 11 

Uota~e of 52 Zn-a~ino acid and ch1~r!de In n~r~al rats, =;g, ~ean of 3-4 (range) 

( t-hr) S1cod Liver Kidneys S:Jieen Pancreas· Prostate ~usc1e 

A1dn~r.e 1 .·5~r C.22 2.74 2.84 1. ;5 1. 51 o.co 0.12 

r::;. :7-0.3:J) ( 1. 70-4.39) (2.02-3.94) (J.:1-i.75) (1.24-1.90) (0.2:0-C.46) (0.08-0.19) 

2C:~r 0. 14 1. 26 0.91 ~. 10 0.90 0. 93 0.22 

{0.12-G.16)' (1.05-1.45) (0.79-1.10) (O.}i-1.24) ro. so-L15I (0. 36-1.2~) (0.13-0.28) 

Cysteine i. 5hr 0.2i 2.20 2.41 1.27 l. 59 0.66 O.O!.t 

(0. :3-0.23) (2.03-2.35) (1.92-2.94) ( 1 . 1-l- 1. 50) (1.49-1.69) (0.43-0. 77) (0.07-0.09) 

ZOhr 0.10 0.91 0.74 0.74 0.43 l. OS 0.11 

(0.83-0.11) (0. 79-1.:)7) (0.68-0.86) (0.56-0.62) (0.27-0.51) (0.81-1.47) (0.09-0.12) 

Histidine 1. 5hr 0.30 2.71 3.08 1. 45 2.32 0. 71 0.19 

(0.2'1-0.32) (2.32-2.96) (2. 74-3.46) (l.Cl-~.91) (2.18-2.51) (0.54-0.93) (0.18-0.20) 

2Chr 0.19 1. 40 1. 30 1.21 l. 07 1.19 0.21 

(0. 16-0.21) ( 1. 30-1.48) (1.01-1.56) ( 1.15-1 .40) (0. 98-1. 26) ( 1. 02- 1 . 39) (0.19-0.23) 

Trypto~han 1.5hr 0.21 2.11 2.29 1. 22 1. 58 0.40 0.07 

(0. 13-G.22) (2.03-2.15) (2.07-2.41) (1.07-1.32) (1.CC-2.14) (0.10-0.63) (0.02-0.12) 

2Ghr 0.15 1. 19 1. 23 1.10 0.91 1.06 0.18 

(0.: 2-Q. 21) (1.00-1.48) (0.79-2.02) (~. 79-1. 51) (0.62-1.15) (1 .01-1.11) (0.13-0.25) 

;.,rgir.i:-:e 1. 5hr 0.19 2.23 2.43 1. 52 2.44 0.64 0.14 

(8.1~-~.25) (2.C7-2.62) (1.86~3.04) (1.19-1.81) (1. 78-3.15) (0.39-0.98) (0.12-0.16) 

2C'1r 0:.:2 ! . ~·3 C.83 c. ?3 0.66 0.93 0.16 

~ ·J. : :. ·~ . i 3) {C.?2-I. i6) (0. 7~-0.90) 'Q.,:.:?-.:. ~5) (0.59-0.77} (0. 52-1. 38} (0.15-0.17) 

Chloride 1. 5hr c. ~6 2. o6 3.44 1. 78 2.46 0.57 0.19 

\0.35-0.59) (2.~2-2.'?0) (3.2~-3.52) (1.53-:.~ol (2.16-2.76) (0.-'C:-0.68) (0.19-0.19) 

20hr 0.15 1. 43 1.10 1.13 0.96 0.94 0.20 

(0.12-0.17) ( 1.03-1. 90) (0.81-1.30) (0.£5-1.4-+) (0.55-1.29) (0.78-1.16) (0.12-0.26) 

Yano, Y., Budinger, T.F., Cyclotron produced Zn-62: its ~ossible use in prosta·te and pancreas scanning as a Zn-62 
am 1no acid coelate, J. ~luc. r-:ed., 18:815-e21, 1977, The Society of tl~dear tledicine, New York. 

~ \ 

Pancreas Prostate 
L~v'?r r·hJsc le 

0.55 3.33 

0.71 4.23 

0.72 8.25 

0.47 9.55 

0.85 3.74 

0.76 5.70 

0. 75 5. 71 

0.76 5.89 

1.07 4.57 

0.64 5.81 

0.92 3.00 

0.78 4.70 

XBL7712-4053 

(~ 

N 
0 



• 

BloC"rl 

'lunf'1'· 

hnt.l.•l•• 

.. :!•1 l'.p~c ·,,: ''• 

':/ .. I!Hrt· 

~.t'J r,,..,,,lt~_ 

~/9 l,\lno•J 

Ql'tjo1n 

Rloorl 

ll('~ l"t 

ltrllfl\ 

ll\lf'l" 

t:idflryo; 

$p11"f'll 

rdn( • •• ,,-, 

f'r'f'\t.>;t~ 

)f""· Vco; i( 

'h r'.•nll'•'•l'· 

;/;l ltl{('J' 

-:-,:, l'··i'"-!,1!1" 

'-19 t:1110rl 

1'11'[1 " 

... 

T.lhl·· ; l 

mean of 3 anim.1h (rangr.) 

0.17 O.IJ Q.09 
(0. 15-0. 19) (0.7.'-0.14) (0.0?-0.10) 

0. -1~) 0 ·11 0.41 
(0.'7-0.49) (0. '0·0. ~~) (0. t7-0. SO) 

n. !,-.q 0. ~· 1 · 0. S4 
(0. ~~fl-O. (.Q) (CJ. 5~-". ~.\) 10. 50-0.!.0) 

I. SO 1 . ~.r, o.~Q 

(7. .0?··3.10) ( 1. ~.).I . '>9) (0. 7~-0.81) 

1.07 1.1!. 1
1 0. 71 

(1.6R-I. r.o) ( 1.66-i. 19) (0.61-0. /8) 

1.13 0. AJ 0. f.~ 
l(1 .01-1. 10) (n. nn-C·."·"l (0.65-0.67) 

( .75 1.1·1 0. 54 
(2. 15-1. 35) ( 1. 00.1.4:.) (0.44-0.~7) 

0. ~.J 0.11 O.fl.? 
(Q.47-0.II) (0.61·""-.11 (o. r.o.o. 9;1) 

(1_1(, 0. ,'(· 0.1~ 
(0. 1~-0.1) (0. 17-0 . .1!\) (0.11-0.17) 

·-. -----------

0.90 \.44 O.fi8 

3, II 3.09 9.11 

~-~l~_!~~-s-~_i1_i~_r __ ~:P~-,~~ in tl(lrrlal_F•t_ls_ 

~An of 3 &ni~·.lls (rartgc) 

'19_atLSh ''9 

0.10 
(0.00-0. II) 

O.H 
(0.4)-0.41) 

0.'9 
(0.4~-o. ~·'·I 

0.117 
(O.Ro-0.91) 

.o.r,J 
(O.f>i -0.64) 

n.r.~ 

0.6~ .. 0.67) 

0. 54 
(0. 4~ ~.<1) 

n f>.o 
(f).~)'). 0.110) 

n. _,n 
(0. IR·O .. 17) 

0.6? 

8.00 

''· 7 'h 
_ Prrr:.~------ _r,·_rr. n .. . _ r_rrr._ fl. ___ 'Y"P· _:; 

Q.?J 
(0.11-0.14) 

0. SR 
(0. '>1-0.61) 

0. R? 
(0.81-095) 

1. R1 

1'-""·Z·"41 
I. A.\ 

(2. 14-2 .89) 

1..11 
(I .:!2-1.~) 

3. 70 
( 3.111-.1.13) 

0.(·'· 
(0. SA-O. il) 

0.•lS 
(0.41-0.SO) 

... --------·-

I. 13 

2 .fl7 

o.n 0.14 n. 1·1 
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(0. (,7- (1_ ~7) (0. lf.-1. !,')) (I .• ~ 1 - I .r; l 

('l . 3 ~· 0. 5.1 0.11!. 
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,,~ t~ l•1-~Z Antin() ac:1oi cht•l-'t", ,;, ~I•Jt. ~1-·.t. l~t: 
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Pancreas 

Livert 

Blood 

Kidneys 

Adrenals 

Tal·: e IV 

F~ffect of Growth 1-lormo,,c on 65 zn-'l'hioglucose 
Distribution in Mice at 3 hours 

Control (n=8) pGH, 2.5 

% :t S.D. %/g :t S.D. % + 
0 - S.D. 

7.27 37.76 10.98 h 
:t 0.98 :!: 5.27 ± 2.22 

16.68 12.58 15.42 
:!: Li6 ±. 0.33 ± 1.83 

2~51 

:t 0.46 

3.11 10.07 3.31 
:!:. 039 ± 1.23 ± 0.43 

0.040 5.50 0.056" 

I.U. 

:!: 0.005 :!: 1.21 :!:0.016 

Intestines 

Carcass 

Total Body 

Pancreas/ c 
Liver 

a P = 0.01- 0.001 
b p < 0.0005 

29.80 
:!: 1. 91 

33.73 
± 2.59 

92.96 
± 3.68 

12.14 25.25 h 
:!: 1.89 ± 1.52 

37.17a 
± 2.14 

93.40 
± 4.34 

3.10 
:!: 0.30 

X 2 (n=8) 

%/g :t S.D. 

41.35 
± 5.93 

10.89 h 
± 0.65 

3.03 
± 0.95 

9.58 
± 1.41 

5.98 
:!: 0.89 

9.24a 
± 1.02 

3. 78 A 

:!: 0.33 

c Only 7 animals in the control group. One animal was excluded because of a 
liver tumor. 
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Control A 

Pancreas 9.60 
:!: 1. 63 

Live= 16.35 
:!: 0.82 

Kidneys 3.11 
± 0. 38 

Intestines 34. 0!1 

± 1.01 

Pancreas 3. 77 
Liver :t 0.65 

a P < 0. 05 (Control A) 
b P -z 0. 05 (Control 13) 

v 

Table V 

65zn-Tl1ioglucose in Mice, 3 hrs. %/organ ± S.D. 

. -7 
0.5 ml 40 m units 10 M pGH 
5% D/H insulin i. p. + 

Control B 24 hrs. fast i. p. _ i. p. ______ _-_glucose 
a b · b 

7.30 8.68 7.57 9.55 ll.G~ 

± 0.80 ± 1.80 ± 0.58 ± 1.55 ± 1.70 

16.79 17.56 14.94 15.08 15.90 
± 0.74 ± 2.00 ± 0.86 ± 1. 77 :t 2.59 

3.21 2. 91 b 2. 77 b 2.65b 2.80 
± 0.11 :t 0.34 ± 0. 32 ± 0.35 ± 0.42 

30.60 36.88 29.81 29.31 22.48 ab 
± 1.38 ± 8.80 ± 1.38 ± 3.43 t 2.44 

3.23 3.84 2.97 3.33 4.41 
± 0.15 ±. 0. 61 ± 0.33 ± 0. 23 ± 1.48 

N 
v.a 



24 

Tc-99m Folic Acid 4hr Mice I.V. vs I.P. 
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Dog I.P. 
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