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United States Government or any agency thereof, or the Regents of the University of
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I. INTRODUCTION

In recent years significant changes have occurred in the field of radio-
pharmacology as it relates-to diagnostic nuclear medicine which now places emphasis
‘on the study of function ahd metabolism rather than on morphology. Two'significaht
developments 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 Second, the development

cépabi]ity of obtaining quantitative distribution data
of radionuclide productiohoand iabe]ing chemistry provides positron emitting radioions
and radiolabeled metabolites such as 20 m carbon-11 or 10 m nitrogen-13 labeled amino
acids or fatty ac1’ds.andv]3NH3,5']2 which are potentially useful for imaging and quan-
titating functional changes in pancreas, myocardium, brain and tumor‘tissues.
Fluorine-18, 110 m ha]f-]ire, appears promising for studying regional myocardial or

13-14

brain glucose metabolism as ]8F—deoxyglucose Other possibly useful positron

11,12,15

emitters are gallium-68, , zinc-62 amino acids]s, iron-52, and rubidium-82 for

17-1 - " . _
7 9. Conventional gamma-emitters for nuclear medicine such as

myocardia1 perfusion
technetium-99m, ga11ium—675 indium-111, iodine-123 and thallium-201 are readi]y
_app]icab]e to gamma-camera imaging but at prosent emissiOn_comooEEouﬁoToqraphy is not
easily accomplished with these isotopes,]gaa]though new concepts might Tead to

practical devices for single photon computed tomography.

This chapter will consfder the important dimension of transbort and how it
relates to the biodistribution of radiolabeled ions and metabolites. Considerable
insight into thetransport‘orocess was obtajned from the recent work of Christensen s
and it is used as a basis'ror'some of the material presented here. An understanding
of the transport process could enable us to impose controlling agents such as hormones,
jons, lipid soluble carriers, or complexing agents to obtain groater selectivity in

uptake of the radiolabel as well as to study the transport procéss itself with

G
.
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appropriate radiomarkers.

II. TRANSPORT

Many factors canuinfluence the transport and thus the biodistribution of the
radiopharmaceutical (radioipns or radiometabolites). 'Some of'tﬁe intérre]ated factors -
to be consideréd are: A) route of administration, B) carrier concenfrations and
complexed or ionic species, C) cell-membrane permeability (extracellular or intra--
cellular accumulation) by a passive or active pfocess and D) ehzyme and hormonal stimu-
lation}or depression and the méfabo]ic 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 resu]tsvof.our'recent work with radiolabeled metabolites such as
amino acids, thioglucose aﬁd folic acid are presented to suggest some approaches to

vary or control the biodi§tribution of radiolabeled compounds.

A. Route of Administration

1. whéther the radiopharmaceutical is administered ora]]y,‘intravenods1y,
interperitoneally or subcutaneously, it must first be.absorbed into the plasma'poo].
From there it can go to thevsite of action, storage, metabolism or excretion™ . The
behavior of the substr&te in-vivo would be dependent on its lipid solubility, i.e.,
jonized or unionized at thé pH of the environment, and whether it was bound to p]asmq

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

cell membrane.

2. In a recent series of experiments we prepared'gngc—1abe1ed folic acid

(gngc—FA) by the electrolytic Sn(II) method and administered the 99mTc-FA by intra-
venous or intraperitoneal ﬁethods 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 wide difference in uptake by the tworseries 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 intrapevitoneally there was 7.45 + 2.56%/g uptake
in the liver and 40.8 + 16.1%/g in the pancreas. The substantial 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 pancreése_uptake. The pancrease/liver

radio at 18h was 3.29 intraperitoneal compared to 0.05 intravenously. Many radio- "

99mTcO4" or 65Zn-thiog]ucose have essentially the same biological

99m

pharamceuticals such as
uptake by either i.p. or i.v. administration. However, in the case of T;-FA in mice
there was significant enhancemént of péncreas 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 wasvprimafily 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 Cdmp]exed or Ionic Traéers-

The transport of metals 1in 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
free", the stability or binding constant for the comp]exing-mo]écu]e and the site of
deposition for the complexing agent.

Zn (II) is important in biochemical processes as evidenced by the i11-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‘stru;ture of the.enzyme
system. As a meta]]oehzyme, Zn is known to accgmu]ate in the islet cells of the
pancreas and in the prostate.

Our studies with positron emitting 622n and the effect of amino acid chelation
‘on the biodistribution of radioactive Zn in animals has shown response to the comp]éxing
16

or chelating specie and to the carrier concentration (1oading dose of Zn). ~. Normal
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rats were injected intrévenous]y with 622h amino acid chelates of alanine, cysteine,
. s _ L. . 372 : :
histidine, tryptqphan, arginine and with [“ZnCIZ. The animals were sacrificed at 1.5

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

62, -histidine, 1.1 for

62

The pancreas/liver concentration ratios were 0.86 for

62 .. _ ‘
Zn-arginine, and 0;92_for 622nC]2. The uptake in prostate was greatest for

SZZn—tryptophan and 62

n-

histidine followed by ZnC12 with prostate/muscle ratios of

5.7, 5.9 and 4.7 respectively.

65

Further studies were done with ZnCl, and 652n4histidine to determine the

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

65

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

Jection in normal rats, Table II1. At the 213 ug Zn (II)/kgvlevél the ratio of

panckeas/]iver'concentrétién was 1.44 at 1.5h compared to a bancreas/]iver concen-
tration ratio of 0.90 ét‘the 30 ug Zn (I1)/kg level or an increase of about 60% at
£ 65

the higher Zn (II) concentfation. In the case o Zn-histidine there was 1.54%/g

uptake in the prostate at the 10/1 molar ratio of histidine to Zn compared to

1.29%/9 at the lower 2/1 molar ratio or a prostate/muscle concentration ratio of

16 These results suggest that carrier Zn (II) saturate

the liver binding sites. Thus, the liver uptake of 652n is lower at the increased

11.0 and 9.21 respectiveiy.

carrier levels of Zn (II)"whi1e 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 thé less stable Zn-arginine was taken up in

the pancreas. This uptake was enhanced by a loading dose of Zn (IT1) which reduced

the uptake in liver.
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.C.  Menbranc Permeabilily, Lxtracellular «d Intracellular Concentrations

1. Alkali and Alkaline earth ions such as Na', k', ca**, and Mn*™* are

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

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

into extracellular intestitial space may penetrate cellular membranes very s]ow]y.22

Substances that penetrate‘the capillary membrane but not the ée]1u1ar membrane
include inorganic ions and non-lipid soluble organic compounds; Cell membranes are
highly selective permeabiTity barriers which (1) regulate cell vd]Umé, maintain
intracellular pH and ionic concentration in a narrow range favofabTe'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 thevinsjde of the cell

and Tow 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 of the cell, but in the case of Ca (II) the concentration is greater on

the outside of the ceH.Z4

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

+ 22-24

tration gradients of Na+ and K. The sodium pump exchanged 3 moles of

20-24

Na+ for 2 moles of"K+ for 1 mole of ATP consumed. Membranes of cells

which utilize a Na+-pump contain adenosine triphosphatase (ATPase).
Ion transport and ATP hydrolysis are closely coupled to conserve ATP
_ _ | N
energy. Hydrolysis of ATP does not occur unless Na+ and K are transported
. 23-26

. o + .+
and.Mg++ is present. The Na® requirement is specific but Rb , Cs , and

. ot
NH4+ can be substituted for K+.24 Tha]1ium'(T]+) can be substituted for K
since it accumulétes in cells by the Na+—pump and as evidenced by the uptake
of ZO]TI in the mydcardium.27’28 Cardiotonic steroids such as digitoxigenin

and ouabain are specific ihhibifors of the Na +K" ATPase pump.23 Thg sodium
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punp is also involved in amino acid transport which will be discussed in a
later section of the chapter. Nutritional deficiency of K+ leads to elevated
Tevels of cationfcﬁémino acids such as arginine and lysine.

b. Transport of Ca++ is also driven by hyrolysis of ATP in the presence
of Mg++, buf the;Ca++—ATPase isvdifferent from thé sodium pump ATPase.23

Calcium homeoétasis in the extracellular compartment is maintained by
a balance in thé_kidneys, blood and bone, While Ca++ hémeostasis.ﬁntrace]]-
ularly is maintainéd by'constanéy of Ca++ concentration iﬁ the serum.20’24’29'
Calcium and phosphafe ions ére interrelated in metabolism, transport and
turnover and they régulate each. | | |

" The pathophysioiogyvof mitochondrial Ca*™ éécumu1ation'indicates'that (1)
in tumor cells there is not only a different transport mechénism for Ca++ but
also for adeniné nucleotide which is characterized by Tow ATPase éctivity ahd
very active Ca’’ transport resulting in decreased phosphory]ation‘and ATP
‘formation; and'(Z) ischemic cell injury inhibfts mitochondrial Cé++ transport
which is a sensitive indicator of cel]ular ischemic injury.30
2. An understanding Qanmino acid transpoft can bé extréme1y useful in the

11 13-

utilization of "~ 'C- and ' “N-labeled amino acids such as alanine, leucine, isoleucine,

valine, tryptophan, 3,4,dihydroxypﬁenyla]anine (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 myocdrdium has

been studied by autoradiography and kinetic studies of the fate of ]4c—1abe1ed

compounds in vitro and 1'n»v1'vo.3]"'36
| Skeletal and myocardial muscle are the major sites for degrading the branched

chain amfno acids. These branchéd chain amino acids are the only essential amino

acids which are oxidized mainly by musc]es.37 It'is believed that these amino acids.

provide a carbon chain for intermediates in theﬂtricarboxylic acid cycle énd that

amino groups released upon degradation of the branched chain amino acids are trans-
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ferred to pyruvate derived from glycolysi: to form alanine, and perhaps g]utamine.38
The fate of alanine and pérhaps glutamine which are produced fn the myocardium, is
fn hepatic g]uconeogenesis.Bz' - :_,, ..

The oxidation of the branched chain amfno acids 1is stimd]ated by the presence
of free fatty acids which inhibit the pyruvate dehydrogenase system-in muscles.
Octanoate can increase thé‘rate of ieucine uptake in the myocardium by a factor of 2.
Oleate and palmitate are less effectfve but all three also reduce the untake of
_a]aniné and pyruvate. This incréase 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. Tne-oxidation of histidine, ornithine, glutamate, and

31

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

‘shown that fatty acids do not result in an increase in the am1no ac1d p001 but on]y
'the oxidation after transport 1nto the cell.

The ability of cells to accumulate amino acids at a higher cdncentration than
the extraceT]u]ar environmént is important in protein synthesis'and it requires an

39

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

90% of free amino acids are in the cellular compartment where the1r concentrations
are under endocrine and metabo11c control and where each amino acid faces compet1t1on
for transport from its ana]og. An amino acid analog at elevated concentration can
cause diversion of transpdrt energy for the maintenance of gradient for other amino
acids as demonstrated in high systemic levels of phenylalanine in pheny1ketonuric

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

methionine in the brain.20

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 D and L tyrosine several times more than

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

However, the concentration of phenylalanine inhibited tyrosine accumu]ation.4o
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D. Enzyme and Hormonal Stimulation or Dep)»ssion and the Metabolic State (Fasting, etc.)

1. If the ce115'6f an organism have essentially simi1ak'metabo]ic processes,
how do they differentiate their functions? The answer to thfs quéstion has at Teast
two differing'viewpoints. The first states that there are different transport
relationsHips in which receptor,sites developing on the surface of certain cells cause
fixation of humoral agents_wﬁich could accentuate or inhibit transpért processes and
allow particular solutes to gain access to those ce]]s.zo A second viéwpoint states

20

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

of‘endocrino]ogic effects on "barriers and agcess“ has been proposed. Hormones act
on cells by entering the surfacé of the cells to modify.anatomic orientation in
plasma membrane and in structural elements of the cell which then modify severaT
enzymatic reactioné simuifaneous1y.4] Transport modification is a general method
in which hormones modify the balance of cellular events.42

" The adenylcyclase of target cells are often activfated in specific response to
the occupation of one or mdre hormonal recognition sites dn the cell surface and
the cyclic AMP released by these systems has an exceedingly wfde range of metabolic
actions. The effects of hormone v1a>p1asma membrane transmitted action which lead
to a modification of tranéport are now widely recognized in endocrino]ogy.zo

Calcium ion homeostasisvis reguiéted by‘endocrine action in which the

parathyroid hormone p]ays 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.]9 Cellular distribution of Ca++ is influenced by

changes in cellular levels of 3, 5, cyclic AMP,_Na+ and HPO4 Thyrocalcitonin blocks

. L+
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 all Na+ dependent transpbrt systems both for sugars and amino acids.43

In a recent experiment with 65Zn—thiog]ucose, we investigated the effect of porcine
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growth hormone (pGH), édmatostatin, insulin, glucose, and fasting state on the uptake
of 652n-thiog]ucosé in miée.44 White mice weighing 15-20g were injectéd intra-
Qenous1y with 34 mg/kg (p.2 ml) of the preparation and sacrificed at 3 hours.

| The uptake of zinc thioglucose was determined in mice following the'intra-v
peritoneal injectfon of 0.5 ml 5% glucose, 0.04 units of aqueous insulin, and 4.4
units of porcine growth ﬁdrmone (pGH) dissolved in 0.5 ml, 5% glucose immediately
after the intravenous administration of the zinc thioglucose. vAh édditional group
~of animals was fasted for 24 hqurs prior to administration of zinc‘thioglucose;

In an‘additional'exﬁeriment twd»intraperitoneal injections of pGH were given,
the first immediate]y'gfterAand the second 1 hour after the intravenous administration
of 652n—thiog]ucose. The tota] 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 1hcfeased uptake in pancreas and decreased uptaké in liver -
to give a pancreas to ljverfratio of 3.10 + 0.30 in controls compaked to 3.78 + 0.33

»for pGH treated mice from fab]e IV.. Similar results were 6btained for pGH-glucose

but not for insulin + g]ucoSe as shown in Table V. The exact mechanism of growth .
hormone effect on membrane permeability and transport of gTucose fs unknown.45

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

injection depends on insu]in.46
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E. Neoplasia and Tranéport

Amino acids are more intensely concnntrated in neoplastic tissue,zo’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 uhder1ying ﬁhe'transport of nutrients was stated as a unifying hypothesis
concerning the natu}e'of malignant growth by Ho]]ey.48 fhe selectivity of growth
control could be by way of transport mechanisms at the cell sﬁrface membfane, which
are in furn reguTated by hOrmongs or growth factors and permit highér concentrations
“of nutrients inside the cell.
F. Carriers for Radiopharmaceutica1 Binding to Mémbrane or Protein Sites

The use of bifunctional molecules for.]abe1ing and localizing radiopharma-

My with 1§(P-benzenediazonium)-

49

ceuticals was proposed by Goodwin in the use of

ethylenediamine-N, N, N', N'-tetraacetic acid {azo-p-EDTA). The covalent metal-

binding molecule forms a link between the 11

In-EDTA che1ate‘aﬁd the protein by
means of a diazo bond. | |

Other studies have been made with radiolabeled liposomes and vesicles to
obtain interaction with éntﬁbodies, antigens or peptide hormones.so'53 Vesicles
or liposomes can be used}to}introduce radiolabels into specffic targets by coupling
other molecules to.their éUrfaces which would act as membrane receptors.. Artiffcia]

125

1ipid vesicles were bound to human ]251-éntthyrog1obu11n'and human I-thyro-

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

52 Whether Tiposomes and vesicles will be an important method

o specificity in vivo.
for transporf specificity to sites of tumors or function remains to be investigated.
III. CONCLUSION |
An understanding of the transport process can help to provide a basis for
the development of radiopharmacology for chemotherapy and diagnosis.  To properly
, evaiuate»and utilize information obtainable by recent advances in instrumentation

and'radiopharmaceutica]svfor 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.n tomography for study of cerebral
hemodynammics and a study of the quantitative potential of dynamic emission computed

54,55

tomography, indicate that a greater understanding of metabolic and transport

processes is possible with nuclear medicine procedures utilizing improved instru-

mentation and radiopharmaceuticals.
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Figure Cintions

Distribution of 9g.mTc-FoHc Acid in mice 4h after i.v. and i.p. admini-

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

PIMre_Folic Acid 19h after i.p. administration in

a monkey, anteriorbviews with and without 99mTc257.

Gamma camera images of

Gamma camera images of 99mTc-F01ic Acid 2.5 and 20h after i.p. admini-

, _
stration in a dog.
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Blood =

Liver

Kidneys

Spleen

Gut & Stomach

Pancreas

Pancreas/
Liver

Total

Tc-99m Folic Acid Distribution in Mice 18h

"TABLE 1

~after i.v. and i.p. Administration

10 mg/kg % £+ S. D.

i.v.(n=5) i.p.(n=4)
12.87 4.02
T+ 1.95 +1.70
3.89 2,48
"+ 0.56 +0.33
0.49 - 0.48
+0.08 +0.28
4.75 4.76
+0.71 +0.4]
0.07 1.13
+0.02 ¥ 0.56
29.37 24,25
+1.97 . +3.2

w/g + S. D.
i.v.(n=5) i.p.(n=4)
1.35 ' 0.69

+0.32 +0.08
9.44 2.50
+2.46 .+ 0.43
12.37 -7.24
+2.72 +1.06
3.55 3.66
+0.50 +2.96
1.77 1.43
+0.42 +0.14
0.49 8.28
+0.14 +3.97
0.05 3.29
+0.02 +0.75

XBL7712-4047



TABLE 1T

Untake of 52Zn-amino acid end chizride in normal rats, %/g, mean of 3-4 (range)

(t-hr) 8icod Liver Kidneys Saleen Pancreas Prostate Yuscle f?_c;:eas ;;gz::te
- Alanire RI-LT c.22 - . 2.74 2.84 ’ 1.35 1.51 .20 - 0.12 £.55 3.33
' : £9.17-0.30)  (1.70-6.39)  (2.02-3.98) - (1.11-1.75} (1.26-1.90) (0.22-C.46)  (0.08-0.19) _
2hr .16 1.26 0.91 RN T+ ' 0.90  ~  0.93 ©0.22 0.71 4.23
{n.12-C.16)" (1.05-1.45) (0.79-1.10) .24) (0.50-1..15) (0.36-1.23) (0.113-0.28)
Cysteine i.5hr g.21 2.20 2.4 1.59 0.66 0.08 " 0.72 2.25
(0.12-0.23) {2.03-2.35) (1.92-2.94) .50) {1.49-1.69) (0.43-0._77) (0.07-0.09)‘
20hr 0.10 0.91 0.7 0.43 1.05 o.n » 0.47 9.55
(0.03-0.11) (0.79-1.07) (0.68-0.86) £.82) {0.27-0.51) (0.81-1.47) (0.09-0.12)
Histidine - 1.3hr 0.30 2.7 3.08 2.32 0.7 0.19 ©o0.85 3.74
(C.29-0.32) (2.32-2.96) (2.74-3.46) 91) (2.18-2.51) (0.54-0.93) {C.18-0.20) .
28hr C.19 1.40 1.30 1.07 1.19 ‘ 0.21 0.76 5.70
{0.16-0.21) {1.30-1.48) (1.01-1.56) .40) {0.98-1.26) (1.02-1.39) (0.19-0.23) ’
Tryptophan 1.S5hr g.21 2.1 2.29 1.58 0.40 0.07 0.75 5.71
' (0.12-0.22) (2.62-2.15) (2.07-2.41) .32) (1.00-2.14) (0.12-0.63) (0.02-0.12)
20hr 0.15 1.19 1.23 0.9% 1.06 7 0.18 0.76 5.39
(0.72-0.21} (1.00-1.43) (0.79-2.02) .53) (0.62-1.15) (1.01-1.11) (0.13-0.25) '
Arginire 1.5hr 0.1 - 2.29 2.43 2.44 0.64 0.14 1.07 . - 4.57
{5.12-0.25) {2.07-2.62) (1.86-3.04) .an (1.78-3.15) (0.38-0.98) (0.12-0.16) -
2%hr ) ool 1.03 C.83 0.66 0.93 0.16 G.64 5.81
NI (§.92-1.15) (0.74-0.30) L56) {0.55-0.77) (0.52-1.38) {0.15-0.17)
Chloride 1.55r C.i6 2.56 3.44 2.46 0.57 0.19 0.92 3.00
10.33-0.59) {2.22-2.90) (3.292-3.52) 7.96) (2.16-2.76) {0.4¢-9.68) ~ {0.19-0.19) : .
20nr 015 1.43 1.10 0.96 0.94 0.20 0.78 ) 4.70
(0.12-0.17) (1.03-1.90) (0.81-1,30) 1.43) (0.55-1.29) (0.78-1.16) {0.12-0.26)

Yano, Y., Budinger, T.F., Cyclctron produced In-62: its possible use in prostate and pancreas scanning as a In-62 .
amino acid chelate, J. Nuc. Med., 18:815-821, 1977, The Society of !iuclear ledicine, New York. : XBL7712-4053
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Table "1
£50C12 Uptabe in Niarmal Rats

mean of 3 animals (range)

/g at }.5h }g at 2t

Organ e Prep. A Prep. & . Prep, A Prep. 8

Bloed 0.17 0.23 0.09 0.10
S (0.15-0.19) - (0.22-0.24) - {0.09-0.10) (0.00.0.1})

Poart 0.45 0.2 0.41 044
. {0.42-0.49) {0.£0-0.644) - (0.27-0.50) (n.43-0.47)

“Lunne 049 0.8 ‘0.5 0:62
{0.51-0.60) (0.52-0.55) {0.50-0.40)  (N.45-0.46)

Liver 2.50 .60 0.8 n.a7
{2.02-3.10) (1.53-1.99) {0.78-0.83) (0.A5%-0.91)

Vidneys 2.07 . 188 n.Nn n.63
- (1.68-2.60) (1.66-2.19) (0.63-0.78)  (0.A1-0.64)

Spleen . 1.13 0.RY 0.68 n.ns
(1.01-1.30) (n.80-G.eR) (0.65-0.67}  0.6%-0.67)

Pancreas 2.25 2.0 0.5 XY
: (2.15-2.35)  (1.99.2.4%) (0.44-0.67)  (0.47 0.61)

Finelote 0.53 0. . 0.87 0t
(0.42-0.71) {(0.63-0 1)) (0.69-0.91)  (n.59.0.90}

fen, TVendc, 0.6

0.26 0.2% n.m
(0.12-0.2) {0.17-0. 24} (0.21-0.27)  {0.18.0.37)

S Pancro

T rwer 0.90 1.44 0.68 C0.62
Wy Praitate !
T ey 312 3.09 9.11 8.00
frep. A W0ug In/kq rat {Avn. wi. 100q)

Prep. R 212 In/hg rat (Ava. wt. 300q)

S n_Mistidine liptate in Hormal Rats

moan of 3 anizals (range)

. /g at 1.5h T/q at 2%
Orijan e Prep A Frep B FPrep. A Fyep B
Blood 0.23 0.23 0.14 0
(0.22.0.24) (0.22-0.23} (0.12-0.16)  (0.12-2.1%)
Heart 0.5R 0.62 0.67 0.66
{0.51-0.62) (0.47-0.70) (0.59-0.78)  (0.67-0./0)
Lunas 0.89 [ 0.1 - 0.
(0.81-0.95) (0.78-0.00) (0.71-0.84)  (0.67-0.R1)
Liver ?.82 2.87 1.4 L
(2.69-2.04) {2.50.3.38) (1,421,813 (1.01-t 40
Kidneys 2.8} ?2.03 0.8 .o
(2.74-2.89)  (2.67-3.12) (0.£9-1.07)  (D.05.1 ")
Splorn 1.37 1.40 0.99 1 AT
: (1.22-1.50) (1.21-1.50) (0.93-1.09)  ().02.0.1)
Panc-eas 3.7 ook o n.an
(3.18.2,23) {2.16-2.67}) {0.67-0,7%)  {(n.or-1.n7)
Prostatn 0.06 a7 1.7a 1,4
o (0.58-0.71) (0.67-0.47) (0.76-1.52)  (1.21-4.F7)
Sem. Vesic. 0.45 n.3% 0.53 n.an
. (0.41-0.50) (0.26-0.47) (0.42-0.74)  (0.36-0.4%)
Mg Panereas 1.3 0.46 . 0.51 0.6%
luy Liver
Tig Peestate 2.47 3.30 9.21 1.0

1/ Blood

Yano, ., kudinaer, 7.7, Cyelotron preda ed fnep2:
Foep. A 2:1 Ristidioe, Sn o P16 aossibie use in prastate avd panee . crauning
as & 2n-&2 aming acid chelate, Jo fepel Medl 1t
10:1 histidine: In  R15-821, 1977, The Society of fuclear Medicine, LY.

XBL77i12-4054

Prep. B



Tab'e TV

: . [
Effect of Growth Hormone on 6JZn-Thioglucose
Distribution in Mice

Control (n=8)

at 3 hours

pGH, 2.5 I.U. x 2 (n=8)

% *+ S.D. %/g * S.D. % + S.D. %/g * S.D.
‘Pancreas 7.27 37.76 10.98 P 41.35
* 0.98 + 5.27 +* 2.22 - * 5.93
Livert 16.68 - 12.58 15.42 10.89 P
+ 1.16 +* 0.33 + 1.83 * 0.65
Blood 2.51 3.03
+ 0.46 * 0.95
Kidneys 3.11. 10.07 : 3.31 9.58
*. 039 + 1.23 + 0.43 + 1.41
Adrenals 0.040 5.50 0.0561 5.98
- *70.005 +1.21 +0.016 * 0.89
Intestines 29.80 12.14 25.25° 9.248
+ 1.91 + 1.89 * 1.52 £ 1.02
Carcass 33.73 37.17%
* 2.59 * 2.14
Total Body 92.96 93.40
+ 3.68 t 4.34
Pancreas/© 3.10 3.78
Liver + 0.30 + 0.33
f P = 0.01L - 0.001
> P < 0.0005 ,
€ Only 7 animals in the control group. One animal was excluded becausa of a
liver tumor. : ' )

o



. ‘. v
Table ¥
5Zn—Thioglucose in Mice, 3 hrs. Z/organ
0.5 ml 40 m units 10—7M pGH
5% D/W ~insulin i. p. +
Control A Control B 24 hrs. fast i. p. i. p. - glucose
a b - ’ b
Pancreas 9.60 7.30 8.68 7.57 9.55 11.44°
+ 1.63 + 0.80 + 1.80 +-0.58 * 1{55 +1.70
Liver 16.35 16.79 17.56 14.94 15.08 15.90
* 0.82 + 0.74 + 2.00 + 0.86 * 1.77 +* 2.59
. ' b , 7b b
Kidneys 3.11 , 3.21 2.91 2.77 2.65 , 2.80
4 0.38 + 0.11 £ 0.34 + 0.32 * 0.35 + 0.42
b
Intestines 34.04 - 30.60 36.88 29.81 29.31 22.48 2
+1.01 -+ 1.38 + 8.80 + 1.38 * 3.43 t 2.44
Pancreas 3.77 3.23 3.84 2.97 3.33 4.41
Liver * 0.65 + 0.15 + 0.61 + 0.33 + 0.23 + 1.48

2p < 0.
bp < 0.

05 (Control A)
05 (Control B)

%4
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