
BASIC SCIENCES

Technetium-99mgalactosyl-neoglycoalbumin([Tc@1GA),a labeledanalogligandto the
hepatocyte-specificreceptor,hepaticbirdng protein(HBP),was preparedandtestedfor
labelingyield,stability,bio@stribution,toxicity,anddosimeUy.The ligandwas synthesizedby
the covalentcouplingof a carbohy&atebifunctionalreagent,2-imlno-2-ethyloxymethyl-1-
thiogalactose,to humanserumalbumin.Testingin mice andrabbitsrevealedthe productto
be nontoxicandapyrogenic.Technetiumlabelingyieldsin excessof 95% , by the
*ctrolytic method,dki not alter the molecularwelghtprofileof the neoglycoalbumin.The
NGA-boundactivity remainedstablefor at least4 hr. Biodistrlbutionstudiesin rabbits
demonstratedthe liveras the singlefocus of tracer uptake.Dosimetrywas basedon kinetic
studiesin threebaboons.Absorbeddosesto liver, small Intesline,urinarybladderwall, and
uteruswere 0.089, 0.28, 0.56, and0.88 red/mCi, respectively.Totalbody,lensof the eye,
redmarrow,ovailes,andtesteswere lessthan0.06 red/mCi. Highliver specfficftyimparted
by receptorbindingcombinedwith high labeling @4eld,stability,acceptabledos@nefry,and
safetyprovide[Tc@'JGAwith the attributesrequiredfor routineclinicalassessmentof
hepatocytefunction.
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e have proposed the use ofhepatic binding protein
(HBP) (1) as the target for functional imaging of the
liver (2). This receptor, which resides only at the cell
surface of hepatocytes, selectively binds galactose
terminated glycoproteins for transport to hepatic
lysosomes (3).

Although we successfully used asialoceruloplasmin
to deliver radioactivity to HBP (4), routine use in hu
mans would be inevitably limited due to a variety of
practical considerations. Native HBP ligands require
enzymatic treatment. Moreover, clinical experience
with the parent molecules, plasma glycoproteins, was
sparse. We concluded that a more clinically acceptable
radiopharmaceutical would be achieved by modifica
tion of a more appropriate protein. Thus, instead of
removing terminal sialic acid groups to expose the HBP
substrate, galactose, a synthetic analog was obtained by
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attaching the galactosyl unit to human serum albumin
(HSA). The resulting compound is galactosyl-neogly
coalbumin (NGA).

We have reported (5) affinity-dependent and dose
dependent uptake of technetium-jabeled NGA in ani
mal models. These two properties satisfy the criterion
ofkinetic sensitivity (6) to receptor affinity and concen
tration, and thus indicate that in vivo measurements of
these biochemical parameters may be obtained from
[Tc]NGA uptake data.

In this paper we present data pertaining to the classi
cal criteria for radiopharmaceutical quality: high label
ing yield and stability, safety, high organ specificity,
and acceptable dosimetry.

MATERIALS AND METHODS

Radiopharmaceutical preparation
Ofthe many methods available for the attachment of

sugars to proteins, amidination using 2-imino-2-meth
oxyethyl-l-thioglycosides (7) was chosen. This reagent
is specific for primary amino groups, and the coupling
can be carried out at a mild pH (7). Also, the PKa'Sof e
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amines and imino hydrogens are similar (8). This main
tains the charge distribution within the macromolecule
and thus minimizes alteration in tertiary structure of
the modified protein (9). Significant alteration in the
conformation of the protein backbone could result in
reticuloendothelial uptake. The amidine bond (9) and
thioesters (10) are stable under acidic conditions which
are required for technetium labeling through the dcc
trolytic method. Thioesters are also resistant to plasma
and membrane glycosidases (11). Thus, the resulting
ligand should be stable in vivo.

We selected HSA as the protein backbone for a
variety of reasons. First, and most significant is its
availability at a low cost in a sterile apyrogenic form.
Second, the product is also heat-treated against the
possibility of transmitting the hepatitis virus. Third, its
high molecular weight minimizes glomerular filtration
and interstitial diffusion from the vasculature. Fourth,
a variety of techniques exist by which this protein can
be labeled with technetium-99m (99mTc). Thus, al
though we initiated the development of [Tc]NGA with
the electrolytic method, we anticipate the use of an
â€œinstantâ€•kit based on chemical reduction. Lastly, la
beledHSA wasdesignedfor imagingvascularstruc
tures. As a result, [Tc]HSA is stable in vivo, and re
mains in the vasculature for an extended period of time.
Thus, during the course of a [Tc]NGA imaging study
one could expect the labeled HSA to serve as a neutral
carrier for the receptor substrate, galactose.

Beginning with galactose 1 and bromine in acetic
anhydride 2,3,4,6-tetra-O-acetyl-ct-D-galactopyrano
syl bromide 3 was produced through the method de
scribed by BÃ¡rczai-Martos (12). After crystallization
(â€”20Â°C,8 hr) and filtration compound 3 was reacted
with thiourea in acetone (13) to yield 2-S-(2,3,4,6-
tetra-O-acetyl-f3-D-galactopyranosyl)-2-thiopseu
dourea hydrobromide 4. Following the procedure out
lined by Lee (7), cyanomethyl-2,3,4,6-tetra-O-acetyl
$-D-galactopyranoside 5 was synthesized. This product
was twice recrystallized and then decolorized to remove
any hydrophobic chromophore which could bind to
albumin and possibly produce a toxicologic effect or a
decrease in the technetium labeling yield. Compound 5,
the most stable in the reaction sequence, was chosen as
the point of storage (â€”20Â°C,for at least 5 yr).

Preparation of sterile apyrogenic neoglycoalbumin
required aseptic technique during the last four steps.
This included: (a) formation ofthe coupling reagent (7)
2-imino-2-methoxyethyl-l -thio-fi-D-galactopyrano
side 6 (IME-thiogalactose), (b) rotary evaporation of
the product and recovery into aqueous buffer, (c) cou
pling of IME-thiogalactose to HSA, and (d) diafiltra
tion of the resulting neoglycoalbumin to remove un
reacted coupling reagent.

Aqueous solutions were prepared using USP irriga

tion solutions*. The diafiltration systemt, metal, teflon

parts, and plasticware were thoroughly washed in de
tergent* solution of glass-distilled water, rinsed with
irrigation water, air-dried, and then gas-sterilized.
Glassware was acid-cleaned prior to the above proce
dure. The diafiltration system without the ultrafiltra
tion membrane was assembled in a chromatographic
cold box. A gas-sterilized 0.2 z filter housed in a stain
less steel holder was placed between the ultrafiltration
system and the pressure source, a regulated (30 psi)
nitrogen gas cylinder. The ultrafiltration membrane1
was immersed for 30 mm in a beaker containing a
stirred solution of Clorox (O.0l%)@.

After measurement of IME-thiogalactose (14), the
methanol was removed by way of rotary evaporation
under reduced pressure. The resulting solid was then
resolubilized by the addition of freshly prepared
Clark's borate buffer (pH 8.6, 0.2M). Carbohydrate
density of the neoglycoalbumin, the number of galac
tose units per albumin molecule, was controlled by the
molar ratio ofthe starting reagents (6), IME-thiogalac
tose and HSA. Thus, based on the IME-thiogalactose
yield and the desired carbohydrate density, an amount
of HSA** was added to the reaction mixture, which
was then allowed to incubate at room temperature for 3
hr. During this time, the membrane and ultrafiltration
were sequentially treated with the following solutions:
(a) 1M phosphoric acid, 25Â°C,30 mm, (b) 0.05N
sodium hydroxide, 80Â°C,60 mm, and (c) four changes
of 80Â°Cwater, 15 mm each. After installation of the
membrane, the neoglycoalbumin solution was trans
ferred via a 0.2 i filter to the ultrafiltration cell, and
immediately dialyzed against five exchange volumes of
isotonic saline; after which the solution was concentrat
ed to 12% (w/v), then transferred to a sterile multidose
vial by way of a 0.45 is filter. Samples were retained for
analysis of carbohydrate density (15), albumin concen
tration (am 4 X lO4M'cm@, 280 nm), sterility
(USP 71) and apyrogenicity (USP 85 and 151). The
ultrafiltration membrane was aseptically removed,
placed working-side down on a blood agar plate, and
tested for sterility.

Labeling and quality control
The electrolytic method developed by Benjamin (16)

was used to label galactosyl-neoglycoalbumin with
99mTc The protocol described by Dworkin (17) for the
closed-system preparation of [Tc]HSA was utilized
with the following modifications. Electrolysis cells were
constructed using 10 ml multidose vials. Acid solution
was not added to the electrolysis cells prior to steriliza
tion. The reactants were added in the following se
quence: (a) 3 ml saline, pH 1.2, (b) NGA, 25 mg, and
(c) [99mTc]pertechnetate** in 2 ml isotonic saline con
taming the desired amount of radioactivity. Prior to
application of current (50 mA), the cell was purged
with nitrogen for 10 mm. Neutralization ofthe product
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FIGURE 1
Reaction scheme for synthesis of galactosyl-neoglycoalbumin (NGA).Reaction sequence from 5 to NGA,and separation
of 6 from NGA were carried out under sterile apyrogenic conditions

was accomplished with 0.6 ml of bicarbonate buffer
(17).

Two forms of radiochemical quality control were
used. Electrophoresis (250 V, 20 mm) was carried out
on polyacetate stripstt (2 X 25 cm) in barbital buffer
(pH 8.6, 25Â°C)tt.Strips were scanned with a collimat
ed sodium iodide detector (18). High performance liq
uid chromatography (HPLC) was performed immedi
ately, and 10 hr after labeling using a TSK-3000SW
column (7.5 X 300 mm)11 eluted isocratically (1.0
ml/min) with isotonic saline. The eluate was monitored
with an ultraviolet detector at 254 nm and a sodium
iodide scintillation detector.

Testing for acute and subacute toxicity
Two acute toxicity studies were performed using

mice. The first study utilized three groups of female
BALB/c mice@ 25 g). Twelve mice were injected with
0.4 ml of 25% (w/v) HSA**, and another 12 were
injected with 0.4 ml isotonic saline. Seven mice were
injected with 0.4 ml of an NGA preparation averaging
21 galactose groups per HSA molecule (NGA-2 1). The
concentration of the NGA dose was adjusted such that
each mouse received 10 mg NGA-21 per kg of body
weight. This dose represented 200 times the scaled

human dose (0.05 mg/kg). The second acute toxicity
study used two groups of male Swiss/Webster mice
(@@@s25g). Six mice were administered 0.3 ml saline. An
additional 24 mice were injected with 7.5 mg of NGA
44 in a volume of 0.3 ml. This dose exceeded the scaled
human dose by 5,000-fold. All animals were observed
over the 24-hr period after injection.

Testing for acute toxicity was also carried out in ten
rabbits (New Zealand White, five female, five male,

@ kg), at 700 times the scaled human dose. A control
group of five animals (two female, three male) received
saline injections of equal volume (0.2 ml). Prior to
injection, each animal was sedated with 0.5 ml thora
zinc subcutaneously. Blood samples (12 ml) were ob
tamed from the central auricular artery for complete
blood count (CBC) and serum analysis (SMA). The
urinary bladder was tapped percutaneously for a un
nalysis sample. Saline on NGA was then injected in the
posterior marginal ear vein. Each rabbit was observed
for any evidence of malaise, anorexia, depression (poor
posture, droopy ears), lethargy or dyspnea. Food and
water intake, and weight were also monitored. Twenty
four hours after injection, each rabbit was sedated for
CBC and SMA collection, anesthetized (200 mg ket
amine i.m.) and exsanguinated by cardiac puncture.
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FIGURE 2
HPLCof HSAandNGA.Couplingof galactose to HSAdid not
after the molecular weight distribution of the protein. The
smallpeaks(A)are lgG,trimeriÃ³anddimericalbumin.Peak
B is monomeric albumin, C and D are stabilizers, caprolic

acidandacetyltryptophan

Urinary bladder was sampled, and the following tissues
were necropsied and fixed in 10% formalin solution:
enteric lymph node and bone marrow smears, liver,
heart, spleen, gallbladder, kidneys, lungs, colon, ileum,
stomach, brain, eyes, urinary bladder, lymph node,
gonad, muscle, bone, and injection site (pinna). Stu
dent's t-test was Used to compare control and test
groups for significant alterations in CBC, SMA, and
urine values.

Testing for subacute toxicity was performed in rab
bits in the following manner. On 14 consecutive days at
24 hr intervals, three groups of five animals received
either five or 50 times the expected administered dose
per kg or isotonic saline. Prior to injection, blood and
urine samples were obtained as previously described.
Samples were also obtained on the seventh and four
teenth day of the study at which each animal was killed
and the necropsies performed as described above. All
injections were in the marginal ear vein. Food and

water intake were monitored daily. Statistical analyses
were performed using least squares linear regression to
determine if there was correlation between dose levels
and blood or urine parameters.

Biodistribution studies
New Zealand White rabbits (68â€”73days, 1.9â€”2.2

kg) were used to measure the tissue distribution of

[Tc]NGA-2l (0.05 mg/kg) and [â€˜25I]HSA11at 3 and
60 mm. One female and one male were used at each
point. The animals were fasted during the 24-hr period
prior to the study. Animals under anesthesia (xylazine,
5 mg/kg i.m.; ketamine, 50 mg/kg i.m.) were injected
in the marginal earvein.The [â€˜25I]HSA(column-pun
fled; 2.5 X 75 cm, G-200) dose (â€œ.â€˜0.1 iCi) was admin
istered immediately after the [Tc]NGA. At the mdi
cated time the animals were killed (T@6l***, 0.3
ml/kg) and blood was sampled through cardiac punc
ture. Vessels leading to the liver were clamped; the
organ was then removed, weighed, and homogenized.
With the exception of muscle and bone, organs were
removed whole and dispensed into plastic sample vials.
Samples and dose standards were assayed for 99mTc
activity using a 100â€”200keV window and 1251activity
(10 days after the study) using a 20-40 keV window.
Calculation of total blood volume was based on 125!
activity of the blood samples. Muscle and bone were
assumed to constitute 40 and 10%of total body weight
(19).

Three baboons (Papio cynocephalus) were studied
twice (1 wk apart) with [Tc]NGA-21 . Each animal
received 0.05 mg/kg. Computer acquisitionttt of the
gamma camera data was initiated during administra
tion of the radiopharmaceutical. Digital images (64 X
64 pixels) were acquired in byte mode at a rate of eight
frames per mm. At 3 mm postinjection, â€˜@â€˜lml of blood
was sampled, and placed in a preweighed plastic tube.
Computer acquisition was halted 1 hr after injection.

The blood sample and a dose standard were assayed
for radioactivity (100-200 keY window). Time -activi
ty curves for the blood and liver were generated by
selecting regions-of-interest around the heart and
lungs, and the left lobe of the liver. Based on the follow
ing assumptions, liver and blood time-activity curves
were scaled to percentage of injected dose: (a) the total
blood volume of each baboon was 7% of body weight
(20), (b) blood volume within each liver was â€˜@â€˜.â€˜l5%of
total blood volume, and (c) at the time of the blood
sample (3 mm P1), all [Tc]NGA not residing within the
blood was bound to hepatocytes. The first is a standard
and reasonable assumption when calculating percent of
injected dose within the blood of a healthy subject.
Error contributed by the second assumption is small in
the presence of active hepatocyte clearance. For exam
plc, if at 3 mm postinjection 20%of the 99mTcactivity is
within the blood, 15%of this value will reside within the
liver. Three percent of the [Tc]NGA dose is small
compared to the 80% which is bound to the hepatocyte
receptor. The third assumption was validated by the
rabbit biodistribution studies.

Dosimefry calcWations
Calculation of the radiation absorbed doses to a hu

man resulting from an i.v. administration of

TSK-3000SW
icc 1mm saline

@ I@J@ L

NGA

UC
(Ii
.0
L
0
(1)
@0

HSA
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Radiopharmaceuticalpreparation

[99mTc]NGA were based upon rabbit biodistribution
and baboon biokinetic data, and the MIRD tables (21).
A three compartment model, similar to the parent
daughter decay scheme of a radioisotope generator
system, was used to quantitate the time-activity data
obtained from the baboon studies. This model assumes
irreversible binding of [TcJNGA by the receptor. The
magnitude of the association constant for [Tc]NGA
binding, l0@M', (6) permits this assumption. The
solution to this model is attributed to Bateman (22).
Correcting for radioactive decay by multiplication of
the Bateman Equations by e@t gives

ABL(t) = ABL(0)exp[â€”(k)+ X)t]

ABL(O)kI
ALI(t) = k1 â€”k2

A@(t)= ABL(O)[ex@[_Xt]

â€” k2exp[â€”(k1 + X)tâ€” k1exp[â€”(k2 + X)t]

k2â€”k1

Where at time t, ABL(t), ALI(t), and Ap(t) represent
99mTc activity in blood, liver, and deposition sites of
labeled metabolic product. Integration from time zero
to infinity yields the cumulated activity within each
organ: ABL(@),ALI(@), and Ap(c@).

- ABL(O)

ABL(cx) k1 + A

- ABL(0)kl I 1 1

ALl(c@)= k2â€”k1 Lk1+x k2+A

I k2 _____I 1 k1+Ak2+A
A@(cx)ABL(O)L@ k2â€”

Parameters k1 and k2 were obtained from liver time
activity data (decay-corrected) of each baboon study
by standard curve-fitting techniques (23). The mean of
each parameter and Afor 99mTc(0. 12 hrâ€”')were then
substituted into Eqs. (4)â€”(6)to calculate the mean
cumulated activity within the blood and liver [ABL(@),
A11(cx)], and the mean cumulated activity associated
with metabolic product [Ap(cx)J. Based on the 60 mm
rabbit biodistribution data, the small intestine and un
nary bladder were selected as the deposition sites of
the labeled metabolic product. The cumulated activity
within each organ (A@i(co), ABLADC(@)) was
calculated based on Eqs. (7) and (8).

As1(@) = f1A@(co)

ABLADc(@)=f1A@(co)

ELECTROPHORESIS: Tc-NGA

(I)
F-
z
D
0
U

FIGURE 3
Quality control of [Tc]NGA. Electrophoresis on polyacetate
strips (250V, 20 mm, 25Â°C)can separate reduced unbound
technetium (origin), [Tc]NGA (A), and unboundpertechne
tate (B)whichappeared4â€”6hr after labeling

x [exp[â€”(k1+ X)t] â€”exp[â€”(k2+ A)t]]

(1)

(2)

(3)

DISTANCE

(4)

(5)
Fractions, f1 and f2, represent the relative distribution
of activity between the two organs. Activity within the
blood was considered equivalent to the total-body
source; thus, ATB(@) was set equal to ABL(@). Using 5-

(6) Factors, S(rk rh), for 99mTc (21), and cumulated

activities, Ah(co), from the four source organs, the ab
sorbed radiation doses, 13(rk), to liver, small intestine,
urinary bladder wall, total body, red marrow, ovaries,
uterus, and testes were calculated using

13(rk) =@ AhS(rk 4â€”rh) X 1,000 (rad/mCi).

RESULTS

Starting with 100 g ofgalactose 1, 80 g of compound
(7) 5 could be obtained after repeated recrystalization. The

average number of galactose groups per albumin mole
(8) cule (Gal/HSA) could be preselected to within 20% by
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Tc-NGA Quality Control thiogalactose solution with five exchange volumes of
normal saline required â€œ@.â€˜20hr. An additional 5 hr was
required to concentrate the solution to a final concen
tration of 12%. Routine protein recovery from this
process was 90%.

All NGA preparations and ultrafiltration mem
branes passed sterility (USP 71) and pyrogen (USP 85,

USP 151) testing. One NGA solution (13%, 37
gal/HSA) passed USP 71 and USP 151 testing after 3
yr of refrigerated storage. Gel filtration/HPLC re
vealed minor differences between the absorbance pro
files of the starting reagent, HSA, and the product,
NGA. The difference was a slight increase in dimenic
NGA (peak A, Fig. 2), and eluation volume of the
product. Preparations ofhigh carbohydrate density, for
example NGA-37, exhibited a 5% increase relative to
HSA monomer (peak B, Fig. 2).

Technetium labeling

Labeling of NGA with technetium by way of the
electrolytic method produced a technetium-NGA label
without formation of aggregates or protein polymers.
The labeling yield of the first 100 products as measured
by HPLC ranged from 92-99%. The majority of label
ing yields were in excess of 96%, which was selected as
the minimum value for an acceptable product. The
product was stable for at least 4 hr. The radiochromato
graphic scans of Fig. 3 are the result of polyacetate
electrophoresis of the [Tc]NGA-2l used for the rabbit
biodistribution study, and are representative of electro

phoresis quality control at 1 and 6 hr after labeling.
After 4 to 6 hr. a peak representing unbound pertechne
tate would appear 6.2 cm from the origin.

Technetium-NGA quality control using TSK-3000
HPLC showed a similar pattern with regard to label

TSK- 3000SW
1cc/mm saline

10hours

lB

1 hour

U
C
Cu

L
0U).0 U)

4-,
C

U

Elution Volum@z
FIGURE 4
HPLCqualitycontrolof [Tc]NGA.Radioactivityandabsor
bance (254 nm) profiles at 1hr revealed high labeling yields
and minimum afteration of molecular weight distribution
(see Fig. 2). Ten hours after labeling, unbound pertechen
tate appeared(PeakC). Peak B representsmonomeric
[Tc]NGA.Polymeric[Tc]NGAelutedat A

using the following linear relationship: Gal/HSA 4.5
+ 0.12 X IME/HSA. Where, IME/HSA represents
the molar ratio of compound 6 to HSA. Seven lots of
NGA were prepared using the diafiltration system, the
solution volumes ranged from 80 to 180 ml. Diafiltra
tion in the cold (5Â°C) of 150 ml of a NGA/IME

100TC-NGA KINETICS: BABOON
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FIGURES
[Tc]NGAkineticsin two baboonsusingNGA-21at doseof 0.05mgperkg of bodyweight.Twostudiesrepresenting
highest (open symbols, baboon #2) and lowest (closed symbols, baboon #3) metabolic activity are illustrated (D) Liver;
(@)Liver;(0) Blood;(â€¢)Blood
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stability (Fig. 4). Unbound pertechnetate would appear
(peak C, Fig. 4) 6 to 8 hr after labeling. Absorbance and
radioactivity profiles indicated that the technetium
preferentially bound to the NGA monomer; @â€˜-â€˜90%of
the protein existed as NGA monomer, but more than
95% of the activity eluted with the monomeric peak.

Biological safety
No abnormal behavior was observed during the 24-

hr period after acute injection of NGA into mice or
rabbits. Statistical analysis of blood and urine parame
tens resulting from the acute (500X) injections into
rabbits found no significant (p < 0.1) differences be
tween control (saline injection) and test (NGA injec
lion) animals. Prior to injection, however, statistically
significant differences between control and test groups
existed for three parameters.

1. The plasma protein level of the control group
(6.85 Â±0.34 g/dl) was higher than the test group
(6.10 Â±0.29 g/dl) (p < 0.005).

2. The mean corpuscular volume of the control
group (70.0 Â±2.0 ml) was higher than the test
group (66.2 Â±3.5 ml) (p < 0.05).

3. The specific gravity of the urine for the control
group (1.033 Â±0.006) was higher than that of the
test animals (1.025 Â±0.007) (p < 0.025).

Subacute toxicity data of Days 1 and 7 revealed no
statistically significant (p < 0.1) correlations between
NGA dose and any blood or urine parameter. On the
fourteenth day, statistically significant correlations
were found between heterophils and dose level (hetero
phils = 66.23 cells + dose X 0.59 cells/mI; r â€”0.66,df
= 10, p < 0.05), lymphocytes and dose level (lympho

cytes = 30.0 cells + dose X 0.59 cell/mI; r 0.60, df
10, p < 0.02). Histologic examination of bone marrow
aspirates and lymph node smears revealed no evidence
of toxicity of pathologic significance. Complete details
of these studies have been submitted with a Notice of
Claimed Investigational Exemption for a New Drug.@8

Biodistribution and dosimetry
Absolute and scaled (per gram of tissue) uptakes for

1251 and 99mTc activities are listed in Table 1 . At 3 mm

postinjection, the 99mTcactivity in the liver and blood
summed to within 10%of the injected dose. The signifi
cant features of this data in regard to dosimetry are the
following.

1. At 3 mm after [TcJNGA injection only the liver
contained more 99mTcthan 125!activity.

2. At 60 mm only five organs, kidneys, urinary blad

den and urine, small intestine, gallbladder, and
thyroid, contained more 99mTc than 125!.The lat
ter two organs, gallbladder and thyroid, held less
than 1%of the 99mTcdose.

3. The femur (representing blood-forming tissue),

eyes, and gonads contained less than 1% of the
99mTcdose at the 3 and 60-mm time points.

4. At 60 mm 99mTc in the GI tract (small intestine,
gallbladder, and large intestine) was roughly
equal to the activity within the kidney, urinary
bladder wall, and urine.

Liver uptake in normal baboons peaked within 12 to
15 mm after injection. At this time the activity within
the liver represented 80 to 90% of the injected dose. The
rate of hepatic metabolism for each baboon varied
between each study. Figure 5 displays liver and heart/
lung time-activity curves from baboons which exhibited
the highest and lowest metabolic activity. Values for
kinetic parameters, representing the rates of hepatic
extraction, k1, and metabolism, k2, and absorbed doses
resulting from similar kinetics in humans are listed in
Table 2. Mean values for k1 (12.8 Â±3.1 hr') and k2
(0.442 d: 0.3 13 hr') were used to calculate a mean
absorbed radiation dose to a human with normal hepat
ic function (Table 2). The calculations assumed that
the metabolic products of [TcJNGA were equally dis
tnibuted between the urinary and GI tracts (f1 and 1'2
equal 0.5). The mean absorbed radiation doses in units
of rad/mCi were: liver, 0.089; small intestine 0.28;
urinary bladder wall, 0.56; total body, 0.019; red mar
row 0.025; ovaries, 0.064; uterus, 0.088; and testes,
0.019. Because the biodistnibution data at 3 and 60 mm
demonstrated a lack of active [Tc]NGA uptake by the
eyes, the mean absorbed radiation dose for the lens of
the eye was considered to be equal to the total-body
dose.

DISCUSSION

Technetium labeling

Since [Tc]NGA was intended as a hepatocyte-spe
cific radiopharmaceutical, the labeling procedure
could not yield colloidal products which would localize
to reticuloendothelial cells. Size-exclusion chromatog
raphy was a sensitive measure of polymer formation.
However, because macroaggregates of NGA and col
loidal material could not pass through the column and
thus be detected, we augmented our quality control
with electrophoresis. These procedures indicated that
although the electrolytic method could routinely pro
duce a labeled product free of [TcJNGA polymers,
colloidal contaminants would result when the first elu
tion of a new technetium generator was used. Also,
maximum labeling yields were obtained when the vial
containing the labeling reactants were purged with ni
trogen for at least 10 mm.

Biological safety
We have presented the criterion of â€œkineticsensitivi

tyâ€•in regard to the performance of functional imaging
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AbsorbedradiationdosetRate

constant' (hr1)(rad/mCi)s@uUrinary bladderRedBaboon
k1 k2Liverintestinewall marrowOvariesUterusTestes1

17. 0.300.120.260.51 0.0240.0580.0810.0181
12. 0.360.100.270.53 0.0250.0610.0860.0182
9.0 0.480.0830.280.56 0.0250.0640.0900.0192
10. 0.960.0500.310.62 0.0270.0710.100.0203
14. 0.540.0770.290.58 0.0260.0660.100.0193
15. 0.0120.360.0460.068 0.0150.0110.0140.0093Means
12.8 0.4420.0890.280.56 0.0250.0640.0880.019Â±s.d.
3.1 0.313â€”â€”â€” â€”â€”â€”â€”.

A = 0.115hr1.t

values based on k1 and k2 fromeach study,0r meansof k1andk2;totalbody,andlensof eye equaled0.019rad/mCi.tk1andk2only.

TABLE 2
HumanDosimetry

agents (6). This concept states that ifa physiochemical
parameter is to be estimated from in vivo time-activity
data, the parameter must control the shape of the time
activity curve. A parameter controls the uptake of trac
er ifa change in the parameter's value alters the kinetic
data. Our in vivo studies (5) of [Tc]NGA kinetics
demonstrated that the shape of liver time-activity
curves were dependent upon the molar dose of
[Tc]NGA. Thus, the [Tc]NGA time-activity data was
sensitive to the concentration of receptor when an ap
propriate amount of ligand was injected. In addition,
kinetic simulations (24) indicated that in vivo estimates
of receptor concentration will require that at least 10%
of the receptors be occupied by the radioligand. Our
toxicity studies demonstrated a high margin of safety;
the 10% ligand-to-receptor ratio, which translates to
7.4 X l0-'@ mole NGA per body weight (0.05 mg

NGA/kg), could be exceeded by a factor of 700 in a
single dose without adverse effects in rabbits or mice.

Biodistnibution and dosimetry
Biodistnibution studies in rabbits and baboons dem

onstrated that the liver was the only tissue which selec
tively accumulated [Tc]NGA. Low uptake values for
tissues other than liver correlated with rabbit (5) and
baboon imaging in which only the liver was visualized
at 20 mm postinjection. Besides producing excellent
images, uptake resulting from accumulation by a single
organ simplifies the analysis of [Tc]NGA kinetics.
First, the number of compartments within the kinetic
model is minimized. Second, at early times during the
uptake phase of [Tc]NGA, time-activity curves repre
senting blood and liver will sum to the amount injected.
This property will allow conservation of mass (mole of
NGA) during simulation of early time points of the
kinetic model. As a result, it will be possible to approxi
mate the amount of [Tc]NGA in the liver at a given
time by sampling activity within the blood at that time.

Use of standard kinetic techniques for determination of
tracer distribution volume (25) would then permit scal
ing of liver time-activity curves to percentage of the
[Tc]NGA dose.

As indicated by the liver time-activity curves (Fig.
5), there was a slow but variable degree of metabolism.
The low rate of exit from the liver will provide ample
time to acquire dynamic images. Hepatic metabolism
of [Tc]NGA significantly diminishes the absorbed dose
to the liver when compared to [Tc]sulfur colloid (0.34
rad/mCi) (26). Our calculations did not include unina
tion, which occurring at 4 hr intervals would substan
tially diminish the absorbed dose to the gonads and
bladder wall. The gallbladder of the baboon with the
highest metabolic rate constant, k2, was faintly visual
ized 65 mm after injection. We do not anticipate, how
ever, that gallbladder or GI activity will impair static
liver images which will be acquired between 20 to 40
mmpostinjection.

Significance
Technetium-galactosyl-neoglycoalbumin is the first

technetium-based radiopharmaceutical which exhibits
in vivo receptor-binding properties (5). The availability
of 99mTcand its compatibility with standard imaging
instrumentation will permit the use of this receptor
binding radiotracer on a routine basis. Moreover, by
utilizing the receptor properties of NGA-HBP binding,
it will be possible to optimize the extraction of physio
logic information from time-activity data (24) by
chemical manipulation of the synthetic ligand (6).
Thus, [Tc}NGA offers an opportunity to combine
chemical and engineering techniques to the design of an
optimized functional imaging agent.
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FOOTNOTES

â€˜pTravenol, Deerfield, IL.

t Amicon, 202; Danvers, MA.

t VestalLaboratories,1-StrokeVes-Phene,St.Louis,MO.
IAmicon,YM-30;Danvers,MA.
I TheCloroxCorporation,Oakland,CA.
** Cutter Laboratories, Plasbumin 25, Berkeley, CA.

ttGelmanSciences, Ann Arbor, MI.
flSquibbDiagnostics,Minitec,NewBrunswick,NJ.
Â§1BeckmanInstruments,Irvine,CA.
11 Mallinckrodt, St. Louis, MO.

*** Taylor Pharmacal, Decatur, IL.

ttt ADAC Laboratories, DPS-2200; San Jose, CA.

u* IND 26,065, Food and Drug Administration, Rockville,

MD.
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