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ABSTRACT 

Determination of the Retention Function 

of 67Ga in Canine. (May 1982) 

Bruce Schoenbucher, B. S. , Texas A&M University 

Chairman of Advisory Committee: Dr. Richard D. Neff 

In an effort to determine the retention function of SIGa in dogs, 

six animals were injected with carrier-free 67Ga citrate, and 

monitored by collection and analysis of excreta and by whole body 

counting. Whole body counting using a single 2" x 2" Nal(TI) 

detector and a single channel analyzer was demonstrated to be a 

viable — not to mention more aesthetically pleasing--method of 

monitoring the retention and excretion of Ga. It was determined 

that the average retention of 67Ga in dogs can be expressed by the 

two component exponential function 

R()0(9)[ — (()()))()] +D))*p[ — ()0()))()] 

Fecal excretion was the primary route of elimination of gallium, 

accounting for 63K of the gallium excreted, during the 12 days of 

observation, Due to the wide variation in gallium retention 

exhibited by the individual dogs, it is recommended that the 

release of animals having undergone clinical di. agnosia for soft 

tissue tumors utilizing Ga be based on observation of individual 

retention functions determined by whole body counting rather than 



on the average value determined in this study. 
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INTRODUCTION 

The practice of nuclear medicine involves the administration 

of radiopharmaceuticals which localize in particular tissues, 

organs, or organ systems enabling the practitioner, through the use 

of sophisticated radiation detection systems, to detect physio- 

logical disorders. Some of the radionuclides will remain in the 

body for an extended period of time. This retention can be des- 

cribed mathematically by an equation referred to as a retention 

function. That which is not retained within the body undergoes 

radioactive decay and biological excretion. 

Since 1969, when it was first observed to concentrate in 

neoplasia (Ed69), carrier-free Ga citrate has been used by 

practitioners of nuclear medicine to image soft tissue tumors 

in human patients. This same technique has been in use since 

1974 (High82) to visualize neoplasia in animals, particularly 

dogs, at the Texas A&M University College of Veterinary Medicine. 

Following intravenous administration, the radionuclide is 

excreted via urine and feces. Excreta from human patients under- 

going nuclear medicine procedures are exempt from state and 

federal radioactive material release limitations (USNRC80; TDH77). 

However, this exemption does not apply to non-human patients such as 

those undergoing nuclear medicine procedures at the veterinary 

1'hi h 1 ill zh f f~HlhPh 



clinic. The excretion limit for releasing an animal to its owner, 

as established by the Radiation Safety Board of Texas A&M University, 

i. s 1 uCi/day. Current practice requires that 24-hour fecal and 

urine samples be periodically collected from dogs which have under- 

gone a gallium scan to determine when their excretion rate falls 

below the limit. This collection and analysis of excreta is a 

rather messy and unpleasant task which leads one to seek viable 

alternative methods. 

Two alternative methods for determining daily excretion rates 

are the differentiation of the retention function with respect to 

time and in vivo monitoring, referred to as whole body counting, of 

the animal. This research will undertake to determine the retention 

function for Ga in canine and will also explore one possible 

in vivo monitoring technique. 



LITERATURE REVIEW 

History 

During toxicological and tissue distribution studies of 

gallium in the late 1940's, Ga was consistently observed to con- 

centrate at sites of osteogenic activity, This lead to the inves- 

tigation of 72Ga as a potential agent for diagnosis and treatment 

of osteogenic sarcoma and metastatic malignancies of osseous tissue, 

However, due primarily to the inefficient detection systems avail- 

able at the time, investigation of 72Ga as a diagnostic tool was 

abandoned by 1952 (Hay78). The short half-life of Ga, 14 hours, 

in comparison to the time to concentrate significantly at the tumor 

site, 2-3 days, necessitated the administration of large amounts of 

the radionuclide in order to deliver the radiation dose to the 

tumor necessary to be of therapeutic value. Because this resulted 

in large total-body irradiation as well as chemical toxicity in the 

patients, the use of Ga as a therapeutic agent was also abandoned 

in the early 1950's (Bruc53). 

Researchers at Oak Ridge National Laboratories, still desiring 

to make use of gallium's bone-seeking properties, shifted their 

attention to Ga. This isotope of gallium has a longer half-life 

and its method of production resulted in a carrier-free* prepara- 

*uCarrier-free" means that the concentration of stable nuclides 
of gallium in the injectate are below spectrographic detection. 
This is in contrast to the production method for 72Ga which results 
in a large concentration of stable nuclides of gallium, referred to 
as carrier, in the in5ectate. 



tion (Brun53a). Despite the advantages over Ga, the lack of posi- 

tive results, again due primarily to inefficient detection systems, 

caused these studies to be abandoned in 1953 (Hay78). 

The development of the rectilinear scanner and the scintil- 

lation camera utilizing Mal(T1) crystal detectors and the continuing 

need for a bone tumor localizing agent lead Edwards and Hayes, in 

1968, to select patients with bone tumors and other malignant dis- 

orders for a clinical trial of carrier-free Ga citrate as a bone 67 

scanning agent. One of the first patients scanned exhibited a 

marked uptake of the radionuclide in inflamed lymph nodes which under 

biopsy showed Hodgkin's disease. To further study this unusual 

occurrence, nine additional patients with soft tissue tumors were 

studied. Only one negative and one questionable scan were found 

among the clinically positive patients (Ed69). Further studies 

showed similar results; in some cases the tumors were not detect- 

able by other clinical methods such as radiography (W170; Lan72; 

Higa72). 

Today, carrier-free 7Ga citrate is commonly used in nuclear 

medicine because of its ability to localize in soft tissue tumors 

and sites of inflammatory disease (Dh78). 

Gallium Kinetics 

The exact mechanism of gallium transport to, and localization 

within, tumors and inflammatory processes is still unknown (Ho78; 

Lar78), even though a large number of studies have been undertaken 



to determine this mechanism. The results of these studies, however, 

have given some insight into the physiology of gallium and 

potential transport and localization mechanisms. Following in] ec- 

tion, gallium binds to serum proteins in mammals to an extent 

greater than 90K (Hart69). Gallium, acting as an iron analog, 

binds to several of the iron binding plasma proteins — principally 

transferrin and other globulins (Ho78). Clearance of gallium from 

the circulating blood occurs rapidly; as much as 70-90K may be 

cleared within the first two hours following intravenous injection 

(Va70; Ge74; Lar78). Intracellular deposition of gallium appears 

to occur in lysosomes or lysosomal like granules within the 

cytoplasm (Sw71; Bro73). Gallium has also been found associated 

with mitochondria (Higa73) and rough endoplasmic reticulum (Lar78). 

In addition to uptake in tumor and inflammatory tissues, uptake of 

gallium is also found in bone (including marrow), kidney, liver, 

spleen, and adrenal tissues (Du50; Brun53a; Ed70; Va70; Sw71; 

Ne72; Lar73). 

Adjunct to the many metabolic studies of gallium were 

observations of whole body retention and excretion patterns in 

several species of mammal. Early gallium toxicology studies 

involving rabbits and dogs using stable nuclides of gallium 

indicated several interesting phenomena. Not only was there 

a noticeable difference in the excretion pattern dependent upon 

the chemical form of the gallium injected, but there was also a 



difference in the excretion pattern which was dependent on the 

method of administration and the amount of gallium administered. 

Rabbits injected subcutaneously with gallium lactate at 90-100 

mg Ga/Kg body weight exhibited a time dependent retention curve 

shown in Fig. 1 (Du49). The curve, determined by collection and 

analysis of both urine and feces, can be described by the two 

component exponential expression 

Urine remained the primary excretory route throughout the 240 hour 

observation period with urine to feces ratios averaging 200:1 

during the first 48 hours; decreasing to ratios averaging 20:1 

thereafter. Urine accounted for 96X of the excreted gallium; 

feces, the remainder — even that may have been due to cross contami- 

nation (Du49). 

gunn et al (Nu51) investigated urinary excretion, already 

shown to be the major excretory route (Du49; Du50), of gallium 

by rabbits, dogs, and humans injected subcutaneously and intra- 

venously with varied doses of stable gallium as gallium citrate, 

Rabbits injected subcutaneously at 45 mg Ga/Kg of body weight 

exhibited a retention curve (Fig. 2) which can be described by 

the expression 

R)D27 7[(p"D)&p)] +D. 

7)p[-()2&DR�)&p)] 

Figures 1-7 and their exponential expressions were derived 
from tabular data presented in the referenced articles. 
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Fig. 1. Retention of gallium in rabbits injected subcutaneously with gallium lactate at a dose of 

90-100 mg/kg body weight (Du49). 
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When rabbits were inJected subcutaneously with much smaller doses, 

5 mg Ga/kg, a greater diversity among individual animals was 

observed. Graphs of these data (Fig. 3) indicate two pairs of 

animals having similar retention functions and two unpaired 

animals. These curves, listed from top to bottom, can be described 

by the expressions 

R( ) 0. 21 exp 

R( ) 
0. 57 exp 

R( ) 0. 87 exp 

(3 3 ) "] ''" '*'[ (pi 9 9 )"'] ~ 

— ( 3 0 9 ) ( 3] 
+ 0 . 23 9 [ 

— ( ) ( )] 

and 

R 0. 93 exp — ( — ) (t) + 0 . 07 exp — ( — ) (t) 
Fln 2% / ln2 

(t) (6 hr) J (108 hr) 

respectively. Rabbits in)ected intravenously at 5 mg Ga/kg 

exhibited a retention (Fig. 4) which can be described by the 

expression 

0 = 0. 00 *9[-(9 9 )(9)] + 0. 92 9[-( )0 )] 

The retention curves for dogs given stable gallium citrate 
intravenously at doses of 5 mg Ga/kg and l mg Ga/kg, shown in 

Fig. 5, can be described by the expressions 

R = 0. 18 exp - ( — )(t) + 0. 82 exp — ( 
/ ln2 i 1 ln 2 

(t) (3. 7 hr ) J (417 hr) )( 3] 
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and 

respectively. 

In general, Norm et al showed that in rabbits and dogs, whole 

body gallium retention was greater when the same dose (mg/kg) was 

administered intravenously rather than subcutaneously; and that when 

the route of injection was held constant, higher doses resulted in 

greater retention. The same dose effect was not observed in 

human patients given gallium citrate intravenously due to widely 

varying excretion rates — 4-43X in 24 hours. This effect may have 

been produced by varying degrees of bone neoplasia in the patients. 

In all three species, excretion of gallium was greatest within 

24 hours of injection; diminishing thereafter. 

Edwards et al (Ed70) reported that human patients injected 

with carrier-free* 67Ga citrate exhibited average whole body 

gallium retentions of 65X at 7 days past I. V. injection, 26X of the 

gallium was excreted in urine and 9X in feces (urine to feces ratio 

of 3:1). Several other studies (Va70; Ne72; Lar73; St78) of human 

tumor patients injected with carrier-free Ga citrate indicate a 

*The mass of the 67Ga present in the injectate is 1. 67 x 
10 9 g/mCi. 
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rapid clearance of gallium (10-30/) via urine within 24 hours of 

injection (I. V. ) with fecal excretion becoming the major excretory 

route 24-48 hours past injection. Whole body retentions of about 

752 at 48 hours and 67X at 7 days past injection were reported. 

watson et al (wa73) studied 67Ga retention in 112 patients 

with various neoplastic diseases. All of the patients had been 

given 2-5 mCi of carrier-free Ga citrate to scan for soft-tissue 67 

tumors. Their study yielded a gallium retention function of 

R 0. 17 exp - ( — ) (t) + 0. 83 exp - ( — ) (t) 
r in2i 1 2 (t) k"" ) J t. 

t"'". ) 
Retention at 24 and 48 hours was higher in this study than in 

previous human studies, but the 7 day retentions are comparable. 

No age related effects on retention could be shown; however, there 

was a noticeable difference in the long-lived component of the 

retention function when separated by sex. Males exhibited a bio- 

logical half-life of 502 hours, whereas 776 hours was observed for 

females. There was also a small difference seen in the biological 

half-life of the short-lived component, but it was not considered 

statistically significant. 

Female mice injected with carrier-free 67Ga citrate (Sw73) 

exhibited a retention curve for gallium, seen in Fig. 6, that can 

be described by 

R = 0. 25 exp — ( — )(t) + 0. 75 exp -( — ) (t) 
/1n 2i 1 I r in2i 

(t) (9 hr) J [ (99 hr) 
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A large number of experiments with rats given Ga as citrate 

and chloride demonstrated that, where administration involved 

carrier gallium, both the percent of gallium excreted and the 

overall urine to feces ratios increased with dose (mg Ga/kg) 

(Brun53b; Brun53a). This same relationship between dose adminis- 

tered and percent excreted was also observed in Ga studies with 

carrier gallium in man (Brun53c). It is interesting to note that 

this is opposite the effect noted in rabbits and dogs mentioned 

earlier. 

In another study (Brun53a), male rats administered intraven- 

ously with carrier-free 67Ga citrate (Fig. 7) exhibited gallium 

retention which can be described by 

R = D39 P[-(I )(t&]+ 061 P[-(& 09& z )( )] 
On the first day post injection, the urine to feces excretion ratio 

was about 2. 5:l. On subsequent days, the ratio shifted to 1:1. 5 

to 1:3. These rats were housed in metabolic cages which permitted 

collection of urine and feces without cross contamination. 

A single component retention curve was reported by Langhammer 

et al (Lan72) for 60 male rats given 8 uCi of carrier-free 67Ga 

citrate intravenously. The biological half-life was 1274 hours. 

In summary, these studies indicate that: (1) gallium retention 

functions can be expressed as two component exponential expressions; 

(2) when gallium is administered in mg/kg body weight quantities 

(in the studies using only stable isotopes of gallium or as a 
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carrier in studies using radioisotopes), urine is the primary 

excretion route; and increased doses yield increased retention 

in rabbits and dogs, but the reverse is observed in rats and 

humans; and (3) when carrier-free 67Ga citrate is administered to 

rats and humans, the short-lived component has a longer biological 

half-life than in the carrier gallium studies; and urine is the 

primary excretory route only foz the first day after which time 

feces becomes the major route. In addition, it is worthwhile to 

note that the early rabbit and dog studies using mg/kg dosages of 

gallium approached or exceeded the lethal dose of gallium for 

these species (LDgp 45 mg Ga/kg and 10-15 mg Ga/kg respectively). 

These dosages' in some cases, produced noticeable changes in kidney 

function — albuminuria and glucosuria — which may also have effected 

urinary excretion of gallium (Mu51). These observations imply that 

retention functions obtained during the carrier and stable gallium 

studies of dogs cannot be applied to the retention of gallium in 

dogs given carrier-free Ga citrate. 

Physical Properties of Ga 

Galliums is cyclotron produced by a Zn (p, 2n) 6 Ga reaction 

on a target enriched in the Zn isotope (Ho78). The resultant 

s7Ga decays by electron capture with a half-lif'e of 78. 1 hours 

to Zn (stable). This decay mode results in a multitude of 

radiations; internal conversion electrons, Auger electrons, x-rays 
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and gamma-rays (Pig. 8). The principal gamma-rays have energies 

of 93. 3, 184. 6 and 300. 2 keV with abundances of 38. 0%%d, 23. 9/ and 

16. 12 respectively (0175). 
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METHODS AND MATERIAL 

Research Subjects 

Three male and three female mixed-breed dogs were selected 

at random from the surgical kennel, Collage of Veterinary Medicine, 

Texas A&M University, and transferred to individual canine metabolic 

cages at the Laboratory Animal Resource and Research Facility. 

During the course of the experiment they were fed daily and allowed 

water ad libitium, Following s period of 5 days, designed to 

acclimate them to the cages and the feeding and handling regime, 

the dogs were injected with carrier-free Ga citrate via a 

forelimb cephalic vain at a dosage of approximately 40 &Ci/kg body 

weight* (Table 1). The activity injected was determined by subtrac- 

ting the activity remaining in the syringe after injection from that 

in the syringe before injection. Dosages were measured using a 

RADX Mark V Isotope Dosecalibrator. 

Retention Determined by Whole Body Counting 

Whole body counting was accomplished by using a 2" x 2" 

NaI(T1) detector and a single channel analyzer. The detector 

system was set at an energy calibration of 60 keV/turn of the 

discriminator threshold and window potentiometers. A standard 

*The vendor of the Ga citrate used in this expriment recom- 
mends a dosage for an adult human (70 kg) of 2-5 mCi (approximately 
30-70 pCi/kg body weight). 



Table 1. physical data on dogs at time of injection with 67Ga citrate 

Dog Sex Weight 
Act. of 

Ga inj. Dose 
Whole Body Counting 

Efficiency 

17. 5 lbs (8. 0 kg) 

11. 8 lbs (5. 4 kg) 

42. 2 lbs (19. 2 kg) 

32. 2 lbs (14. 6 kg) 

26. 0 lbs (11. 8 kg) 

31. 8 lbs (14. 5 kg) 

308 pCi 

230 pCi 

706 pCi 

525 IJCi 

415 pCi 

507 pCi 

38. 5 pCi/kg 38. 6 + 1. 9 CPM/pCi 

42. 6 pCi/kg 39. 2 + 2. 0 CPM/pCi 

36. 8 pCi/kg 30. 3 + 1. 5 CPM/pCi 

36. 0 pCi/kg 31. 8 + 1. 6 CPM/pCi 

35. 2 pCi/kg 35. 7 + 1. 8 CPM/pCi 

35. 0 pCi/kg 35. 5 + 1. 8 CPM/pCi 
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was prepazed by adding 114 uCi of the 67Ga citrate injectate to 

100 ml of water in a 125 ml polyethylene bottle. A gamma-ray 

spectrum was obtained by setting the discriminator window at 

1/10 turn and adjusting the discriminator threshold in 1/10 turn 

increments (Fig. 9). Using the full width at half maximum 

technique (Pz64), the system resolution was determined to be 

17K at 300 keV. Discriminator threshold and window settings of 

4. 1 turns and 1. 6 turns respectively (246-342 keV) were set to 

detect the 300 keV gamma-ray from the Ga foz whole body counting. 

The 67Ga whole body retention of each dog was determined 

daily by suspending the animal in a sling and placing the 

detector laterally 1 meter from the geometric center of the 

animal's torso. Both left lateral and right lateral counts 

were obtained foz each dog and these values were then averaged 

to obtain the daily count rate. In order to determine the 

efficiency of the counting system, taking into account the 

geometry and self-absorption of each individual animal, the 

dogs were counted 30-60 minutes past injection. These values, 

listed in Table 1 (p. 22), were used to convert the count rate 

obtained daily for each dog into units of microcuries. The 

daily whole body retention of Ga thus obtained was corrected 

for decay back to the time of injection in order to calculate 

the fraction of the initial amount of gallium retained as a function 

of time. These mathematical manipulations were accomplished 

using the equation 
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Fig. 9. Ga spectrum obtained with whole body counting system. 
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C +C. 
p (E ) exp (I t) (A ) (I) i(t) J i p i(0) 

T 

where 

W fraction of initial amount of i(t) 
gallium remaining in dog i at 
time t, corrected for decay, as 
determined by whole body counting. 

L 
net left lateral count (counts) i(t) of dog i at time t. 

R 
net right lateral count (counts) i(t) of dog i at time t. 

W 
whole body counting system 
efficiency (CPM/RCi) for dog i. 
total counting time (minutes) 
(left side plus right side). 

activity (uCi) of 7Ga adminis- i(0 tered to dog i at t=0. 

physical half-life (radiological 
P half-life) (inverse hours). 

time from in5ection to whole 
body counting (hours). 

Initially, one minute counts were obtained per side; but, as the 

activity remaining within each animal decreased, the counting 

times were increased to a maximum of five minutes per side. 

Since the animals did not acclimate well to the sling, they 

were tranquilized each day about 30 minutes prior to counting 

with Acepromazine Maleate (injectable) at 0. 25-0. 5 mg/lb body 

weight. 



Retention Determined by Excreta Analysis 

Urine and feces were collected daily at the time of whole 

body counting. The design of the metabolic cages permitted 

separate collection of these excreta although some cross 

contamination was possible. 

Fecal material was placed in a plastic bag and counted 

using the whole body counter and sling. The 125 ml polyethylene 

bottle standard used to determine resolution was also used for 

the "fecal standard" yielding an efficiency (E ) of 43, 1 + 2. 2 

CPM/nCi at 1 meter and 439 + 23 CPM/uCi at 1 foot. Fecal bags 

were initially counted at 1 meter from the detector for 10 minutes; 

however, as the activity in the feces decreased with time, the 

detector was moved to 1 foot from the samples (after t=7 days) 

to increase the count rate. 

Urine was collected at the same time as the feces and the 

total daily urine volume was recorded. A 1 ml sample was 

extracted from the total volume for each dog and placed in an 

8. 5 cc polystyrene culture tube. These 1 ml urine samples were 

counted using a 2" x 2" Nal(T1) well-crystal and a single 

channel analyzer. A "urine standard" was made by diluting 

2. 25 x 10 uCi of Ga citrate to a volume of 1 ml in an 

8. 5 cc culture tube. At 54 keV/turn of the discriminator 

potentiometers ~ the counting system had a 12K resolution at 

300 keV. The discriminator threshold and window were set at 



27 

4. 8 turns and 1. 4 turns respectively (259-335 keV) to detect the 

300 keV Ga gamma-ray. This yielded an efficiency (E ) of 1. 74 + 

0. 03 x 105 CPM/uCi. The daily urine activity for each dog was 

obtained by multiplying the daily urine specific activity (uCi/ml) 

by the total volume collected for that day. 

Both fecal and urine activities were corrected for radioactive 

decay from the time of injection until the time of sample counting, 

and the fraction of the injected gallium excreted during the 

sampling period for each excretion route was calculated by 

F F F-1 
i( ) 

— Ci( ) 
E exp W t A (0) (2) 

and 

v I v U -1 1 f. ( ) Ci( ) 
V. 

( ) 
(E ) exp (1 t") (A. (0)) (3) 

respectively, where 

fF i(t) fraction of injected gallium 
excreted in feces by dog i during 
the sampling period commencing 
at the time the previous sample 
was collected and ending at time 
t, corrected for decay. 

f. = fraction of injected gallium U 

i(t) excreted in urine 

C ) 
= net count rate (CPM) of dog i F 

feces collected at time t. 
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U 

i(t) net count rate (CPM) of 1 ml 
of dog i urine 

i(t) 

F 

= volume (ml) of urinary output 
for dog i during sampling 
period ending at time t. 

~ fecal counting efficiency 
(CPM/uCi). 

= urine counting efficiency 
(CPM/uCi). 

time from injection of gallium 
to time of counting fecal 
sample (hours). 

time from injection of gallium 
to time of counting urine 
sample (hours). 

time, post injection, of sample 
collection (hours). 

The fraction of the initial amount of gallium retained as 

a function of time, determined by excreta analysis, was then cal- 

culated by 

i(t) / i(j) i(j) (4) 

where 

i(t) fraction of initial amount of 
gallium remaining in dog i at 
time t, corrected for decay, 
as determined by excreta analysis. 

i(j) i(j) fraction of injected gallium 
excreted in feces and urine by 
dog i determined by equations 
2 and 3 (p. 27) for the jth 
sample period. 
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= number of samples collected 
between tO and t. 

Calculations of Retention Functions 

Values of F 
~ 

and Fi plotted on semilog graph paper were W 

analyzed using a graphical subtraction technique (Ov60). Retention 

was followed until it demonstrated a "linear" shape on the semi- 

logarithmic plot. The "linear" portion was analyzed using a 

least squares method on the exponential equation of the form 

y = ae after it was transformed into Y = A + BX 

where 

Y ln y 

A ln a 

BX -bx 

Once the equation for the long-lived component of the retention 

curve was solved for slope and intercept, it was used to obtain 

extrapolated values which were subtracted from the experimental 

values of the early portion of the curve. The resultant values 

were plotted and again analyzed using the least squares method 

to obtain the short-lived component of the retention function. + 

The end result of this exercise is a two component mathematical 

expression describing the retention of gallium in each dog as 

*Figures l-7 were obtained by analysis of tabulated data in 
the referenced papers. The retention functions listed as describing 
these curves were derived using this graphical subtraction technique. 
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a function of time. This expression, referred to as a "retention 

function", is written 

Ri(t) a i xp l 
b 

+ 1' exp Xlb 

where 

i(t) 
a si 

a li 

retention of gallium in dog i. 
fraction of injected gallium 
having a biological removal 
constant X bi for dog i (the 
short-livel component). 

fraction of injected gallium 
having a biological removal 
constant Xlbi for dog i (the 
long-lived component). 

Urine to Feces Ratios 

Urine to feces excretion ratios for each dog as a function 

of time of sample collection ware calculated using the expression 

fU 
fU fF i(t) 

i(t) 

fF i(t) 
fU i(t) 

(6) 

where 

t 
U Fl f : f i ~ the urine to fecal ratio for dog 

) i(t) i for the sample period com- 

mencing at the collection of 
the previous sample and ending 
at time t. 

f as determined by eqn. 2 (p. 27). F 
i(t) 
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U 

i(t) = as determined by eqn. 3 (p. 27) . 
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RESULTS 

Minimum Detectable Activity 

The minimum detectable activity (MDA) represents the smallest 

sample activity for which there is a predetermined level of 

confidence that the activity is truly present and not due to the 

Gaussian nature of the counting system background; and, if present 

at this amount, will not be missed due to the Gaussian nature of the 

radioactive decay of the sample. Therefore, at the 95X confidence 

level there is only a 5X chance that a false positive result will be 

recorded for a sample having no acti. vity and an equal chance that 

the presence of activity in the sample will go undetected. This 

limit is calculated using the equation (Har172) 

vs 
tb E 

(7) 

where 

MDA = Minimum Detectable Activity. 

k 4. 66 at 95%%d confidence level. 

C = Background counts, 

tb Background counting time in 
minutes (also sample counting 
time). 

Counting system efficiency. 

The minimum detectable activity (MDA) for whole body counting 
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varied for each dog depending upon the whole body counting 

efficiency listed in Table 1 (p. 22). With room background levels 

of 2000 counts/10 minutes, 10 minute whole body counts had a MDA 

of from 0. 53 pCi to 0. 69 pCi at the 95X confidence level. 

The MDA for the fecal sample counting, at the 95/ confidence 

level, was 0. 48 pCi when counted for 10 minutes at a sample to 

detector distance of 1 meter and 0. 067 pCi when counted for 5 

minutes at a distance of 12 inches. This change in geometry was 

made to maintain good counting statistics as the count rate per 

sample decreased rather than increasing counting times at the 

greater distance. 

Urine samples counted in the well counter for 5 minutes had 

a MDA of 7. 67 x 10 5 pCi/ml at the 95K confidence level. Even 

with the largest daily output of urine of 882 ml, the minimum 

detectable daily urine activity would have been 6. 76 x 10 pCi. 

Retention of Gallium 

Values of F. and F were obtained by applying equations W E 
i(t) i(t) 

1 through 4 to the raw data for each dog and are plotted in 'Figures 

10 through 15 for dogs A through F, respectively. In general, for 

all dogs except dog C, the values of Fi at a particular sample E 
i(t) 

W 
time is higher than of F . This can be accounted for by the fact i(t)' 
that a fraction of the activity in the daily excretion samples 

remained in the cages as surface contamination. In some cases 
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Fig. 10. Retention of gallium by dog A. 
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Fig. 11. Retention of gallium by dog B. 
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Fig, 14. Retention of gallium by dog E. 
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there was also visual evidence that small amounts of urine escaped 

the catch trays under the cages. For each dog, with the exception 

of dogs B and C, the values of F and F at each sample time E W 

are within the error bounds of each other. 

Dog B is the only animal that showed a large difference 
E W 

between the values of Fi ) 
and those of Fi , at each sample time. i(t) 

One explanation for this large difference could have been a loss 

of a large amount of excreta sample during the first day of 

sampling. However, no visible evidence of such a loss was obvious 

at the time of sampling. 

The data for dog C seems to indicate a graph similiar to that 

of the other animals except that it is offset by about 24 hours. 

This could have been brought about by missing the cephalic vein 

during injection of the 67Ga citrate resulting in a (at least 

partial) subcutaneous injection rather than an intravenous one. In 

addition, as noted earlier, dog C is the only subject whose 

F values are less than the F values. This would be E W 

i(t) i(t. ) 
expected if the injection had indeed been subcutaneous rather than 

intravenous. Poor distribution of the 67Ga due to a bolus of 

inj ectate in the forelimb at the time the whole body counting 

efficiency was determined would result in a lower than expected 

value, expressed in CPM/uCi, because the forelimb would be a 

greater distance from the detector than the rest of the animal. 

Figure 16 shows the whole body retention data for dog C 

shifted so that t equals the time of the first. sample rather 
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than time of injection and all values of F are normalized to W 

c(t) 
the value of F for the first example. W 

c(t) 
Dog E became ill during the second day. A large amount of 

vomitus* was found in the cage on day 2 and there was no feces and 

very little urine excreted on day 3. 
W 

Two component exponential retention functions, Ri , based on i(t)' 
the whole body counting data were determined for each dog — using 

the method described earlier — and are listed in Table 2. Also in 

Table 2 is the retention function for dog B based on the excretion 

data R 
( ). The function Ri( ) is plotted for each dog, with the E W 

B(t) i(t) 
exception of dog C, on their respective fractional retention graphs. 

The retention function for the normalized data on dog C is plotted 

in Fig. 16 (p. 40). 

Urine to Feces Ratios 

The ratios of the amount of gallium in the urine to that in 

feces are listed in Table 3. On a daily basis, only 9 out of 73 

sample periods exhibited ratios where urine exceeded feces. Of 

these, two were the first two samples for dog C and one was a sample 

period during which dog E had no fecal excretion. In the 12 days of 

sample collection, 63X of the gallium excreted was excreted in feces 

with the remaining 37X in urine (urine to feces ratio of 1:1. 7). 

eNo radioactivity above what would be expected due to surface 
contamination of the metabolic cage was found in samples of the 
vomitus. 
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Table 2. Gallium retention functions 

R ( & 
0 38 P[-(17 7 6 )(t&] + 0 62 ~ [-(524 6 )(t&] 

414& 
' P[ (20. 64 ) ] ' [ (4164 ) ] 

R = 0. 67 *p[-( )1 &]+ 0. 33 0[-( )(t&] 

8", „, - on, [-( „'", „', ) 1&] + 0 57 . *0 [-(, , '", '„, ) (t&]' 

0 044 *P[-(2 7 4 ) tt&] + 056 *P [-(736 4 ) ( &] 

8 11. 60 *0[ — (23 2 8 )(t&]+ 0. 40 P[ — (574 4 )1t&] 

0 = 0 34 p [-(22 6 „)4 &]+ 0 66 p [-(876 6 ) 1 &] 

R - 0. 45 *p[-( "4 )1 &]+ 0. 51 0[ — (67~6 4 )( &] 

t 
Dog C data normalized to day l values with t PR day l. 0 



Table 3. Ratios of the amount of gallium excreted daily in urine to that in feces 

Dog A 

Ratio 

Dog B 

Day Ratio 

Dog C 

Day Ratio 'F 

Dog D Dog E Dog F 

Day Ratio Day Ratio Day Ratio 

1. 02 
2. 03 
2. 76 
4. 01 
4. 95 
5. 87 
6. 90 
7. 74 
9. 10 

10. 01 
10. 87 
12. 02 

1:1. 2 1. 01 
1:1. 9 2. 00 
1:4. 4 2. 73 
1:3. 4 3. 99 
1:2. 6 4, 93 
1;1. 8 5. 84 
1:1. 1 6. 89 
1:1. 9 7. 73 
1:0. 6 9. 08 
1:1. 3 10. 03 
1:1. 7 10. 85 
1:0. 9 12. 00 

1:1. 8 
1:2. 5 
1:9. 2 
1:9. 9 
1:14 
1:14 e 
1:3. 2 
1:2. 2 
1:3. 7 
1:0. 9 
1:0. 6 
1:5. 1 

1. 01 1:0. 1 
2. 00 1:0. 7 
2. 73 1:1. 3 
4. 00 1;2. 2 

4. 93 1:1. 1 
5. 83 1:3. 1 
6. 89 1:60 * 
7. 73 1:1. 3 
9. 08 1;3. 6 

10. 03 1:2. 0 
10. 85 1:0. 9 
12. 00 1:1. 9 
13. 00 1:1. 2 

1. 01 1:0. 7 

1. 97 1:1. 8 
2. 70 1:2. 5 
3. 98 1:3. 3 
4. 91 1:2. 3 
5. 80 1:3. 6 
6. 87 1:1. 2 

7. 71 1:1. 9 
9. 06 1:1. 4 

10. 01 1:1. 3 
10. 83 1:3. 1 
11. 98 1:1. 0 

1. 01 
1. 96 
2. 69 
3. 99 
4. 90 
5. 79 
6. 87 
7. 71 
9. 05 

10. 00 
10. 82 
11. 98 

1:1. 6 
1:1. 1 

1:15 
1:6. 3 
1:13 * 
1:3. 5 
1:2. 5 
1:2. 2 
1:3. 8 
1:3. 6 
1:2. 2 

1. 01 1:1, 8 
1. 96 1:1. 2 

2. 69 1:2. 2 

4. 00 1:4. 0 
4. 91 1:1. 7 

5. 79 1:1. 8 
6. 88 1:2. 0 
7. 71 1:1. 0 
9. 06 1:1. 1 

10. 01 1:1, 2 

10. 83 1:1. 7 

11 98 1 2 2 

Almost no urine output during sample period. 

No fecal output and little urine output during sample period — dog ill on previous day. 

Day = time of sample collection postinjection in hours divided by 24 hours/day. 
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CONCLUSIONS 

Whole Body Counting vs. Excretion Collection 

The whole body counting method employed in this study is as 

effective as excreta collection in determining whole body retention 

of Ga. In cases where excreta data is lost because the metabolic 

cage fails to catch all of the excreta, whole body counting is more 

accurate than excreta analysis. Care must be taken to ensure that 

the intravenous injection is properly effected since a subcutaneous 

bolus could lead to an inaccurate determination of the counting 

efficiency. 

In an effort to increase count rates and reduce the whole body 

counting time necessary to obtain results with small degrees of 

error, it is recommended that the use of a larger counting window 

be investigated. The energy discriminators may even be set such 

that all three of the major gamma radiations (93. 3, IS4. 6, and 300. 2 

keV) are detected . 

Retention Functions 

The retention function for gallium in dogs can be stated as 

a two component exponential expression. The six dogs observed 

exhibited an average gallium retention function of 
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In order to determine the retention function for 67Ga, the 

gallium retention function must be modified by a term which accounts 

for the radioactive decay of 67Ga. The resultant retention 

function for Ga is expressed as 

or 

R( ) 
- -0. 49 *p[-( ~ 1 „)(t)]+ 0. 51 *p[-(~ D )( )] . 

The wide diversity in retention functions among individuals, 

seen in Table 3 (p. 44), makes it obvious that it would be inappro- 

priate to use a standard retention function if one were trying to 

accurately determine when a particular animal's daily excretion 

rate decreased to 1 pCi/day. Therefore, each animal must be 

periodically monitored to determine its individual retention func- 

tion for this purpose. Once it has been determined that the long- 

lived component is dominating the gallium retention function and 

the values for a , X , a , and Xlbi are ascertained, differenti- 

ation of the 67Ga retention function will permit one to predict the 

day when the dog can be released to its owner. 

A comparison (Pig. 17) of the average retention function deter- 

mined in this study with the results reported by Munn et al 

(Mu51) does not show the great dissimilarity one would expect 
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if one considers the magnitude of difference between the dose of 

gallium administered — 5 mg/kg and 1 mg/kg in the Munn studies vs. 

70 pg/kg in this study. 

With the large variation between individuals within each sex 

and the small size of the sample population, the differences between 

the average retention function for females vs. males in this study 

is not significant. 

Urine to Feces Ratios 

Overall, fecal excretion was the primary route of gallium 

elimination. A general pattern was observed in which the average 

ratio started at about 1:1. 4, increased to about 1:5 on the third 

day, and than decreased to about 1:1. 5 again on the seventh day and 

remained at that value for the remainder of the observation period. 

This is contrary to the excretion patterns seen in animals given 

gallium in mg/kg doses which indicated urinary excretion as the 

primary route of elimination throughout the observation periods. 

The pattern seen in this study even differs from that seen in 

humans given carrier-free Ga citrate which indicated urinary 

excretion as the primary excretory route for the first 24-48 hours. 
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