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ABSTRACT OF THE DISCLOSURE 

Radiopharmaceuticals and method are provided for 

scintigraphic evaluation of the liver. The radiopharmaceu-

ticals comprisè a radionuclide (technetium) labeled neoglyco-

protein which provides for specific binding of the radio-

pharmaceutical to hepatocytes and allows for accurate deter-

mination of rates of binding and release of Tc-99m to and 

from the liver. The observed rates may then be used to 

determine diseased states, conveniently using an appropriate 

algorithm for the calculation. 
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This invention relates to diagnostic pharmaceu-
ticals useful in diagnosing liver disease. 

Diagnostic radiopharmaceuticals have been devel-
oped which have affinity of either the polygonal or reticu-

5 loendothelial cell of the liver. Iodinated rose bengal was 
a common hepatocyte impaging agent but suffered from having 
a long nuclear half-life and high energy nuclear emissions. 
More recently technetium labeled hepatobiliary imaging 
agents have been developed but suffer from having short 

10 hepatocyte residence times and rapid excretion into the 
biliary tract. Among their shortcomings for liver imaging 
are visualization of the gall bladder and upper duodenum 
after maximal liver concentration is achieved, inability to 
obtain multiple views of the liver, wide patient variation 

15 in urinary excretion and reduced hepatic extraction and de-
layed biliary excretion in jaundiced patients. 

The most common agent for clinical scintigraphic 
evaluation in the liver is Tc-99m-sulfur colloid (Tc-SC), 
which while finding wide use, lacks hepatic specificity and 

20 therefore has an inadequate ability to differentiate hepatic 
disease states. 

Krantz et al.. Biochemistry 15_ 3963 (1976) de-
scribes a preparation of neoglycoproteins, particularly 
«-amylase, hens egg lysozyme and bovine serum albumin with 

25 D-galactose and D-glucose. Vera, Krohn and Stadalnik pre-
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sented a paper entitled "Radioligands that Bind to Cell-
Specific Receptors: Hepatic Binding Protein Ligands for 
Hepatic Scintigraphy," at the proceedings of the Second 
International Symposium on Radiopharmaceuticals, March 19-
22, 1969 which describes the use of technetium-99m-galactosy1 
neoglycoalbumin for use as a radiopharmaceutical for hepato-
cyte binding. U.S. Patent No. 4,010,251 reports the use 
of an asialoglycoprotein for visualizing liver and evaluating 
biliary function. Patents of interests describing the use 
of technetium-99m as a medical diagnostic radionuclide are 
U.S. Patents Nos. 4,126,669; 4,104,366; 4,094,965; 3,872,226; 
and 3,466,361. 

The invention provides radiopharmaceuticals and 
methods are provided for clinical scintigraphic evaluation 
of the liver employing a nonimmunogenic synthetic neoglyco-
protein Tc-99m conjugate (Tc-99m NGP), particularly neogly-
coalbumin Tc—99 conjugate (Te—99m NGA) as the radiopharma-
ceutical. The compounds employed are specific for hepato-
cyte binding and allow for the determination of hemodynamic 
parameters, hepatocyte mass and hepatocyte metabolism. By 
determining the rate of binding and release of Tc-99m, the 
rates can be analyzed and related to liver disease states. 
Particularly, with an appropriate algorithm, the results 
can be correlated with various diseases of the liver. 

Compositions and method are provided for 
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evaluating the presence of liver disease states by clinical 
scintigraphy. As a radiopharmaceutical, a product of the 
radionuclide Tc-99m and a synthetic neoglycoprotein, 
particularly neoglycoalbumin, is employed. The radio-
pharmaceutical is specific for hepatocytes, so that binding 
of the radiopharmaceutical to the liver can be directly 
related to hepatocyte mass, rather than reticuloendothelial 
cell agents, which primarily localize proportional to blood 
flow. By analysis of the rate of binding and release of the 
Tc-99m conveniently employing a computer program, the data 
can be correlated with lever disease states. 
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Of particular clinical interest in studying the 

liver are such diseases as cirrhosis, hepatoma, metastasis, 
or other disease involving liver cellular function. Know-
ledge of a radiopharmaceutical's behavior at the cellular 

5 level is critical for proper accurate diagnostic interpreta-
tion and therapeutic management.. The ideal radiopharmaceuti-
cal should allow for separation of the tracer kinetics into 
three phases: The hemodynamic phase would allow assessment 
of blood flow and vascularity. The binding phase would 

10 permit measurement of regional viability of the target cells 
based on chemical kinetic analysis. The release phase result-
ing from cellular metabolism and exocytosis of the tracer 
labeled products would provide additional physiologic and 
anatomic information. 

15 The neoglycoproteins employed for the radiophar-
maceutical which can provide the above information will be~ 
prepared synthetically from either naturally occurring or 
synthetic proteins. The proteins will generally be from 
about 20,000 to 500,000 molecular weight, more usually from 

20 about 30,000 to 150,000 molecular weight. They will be 
characterized by being substantially nonimmunogenic and 
having negligible biochemical affinity for receptor sites or 
physiological compartments other than hepatocytes, that is, 
they should not diffuse rapidly into extravascular or inter-

25 stitial spaces or be rapidly excreted in the urine. Particu-
larly applicable is human serum albumin although other pro-
teins may be used, as well as some synthetic polypeptides 
such as polylysine. 

The saccharides which are employed for modifying 
30 the protein may be mono- or polysaccharides, usually mono-

hexoses, terminating in either D-galactose or D-glucose, 
particularly D-galactose. Conventional means can be employed 
for conjugating the sugars to the protein. Of particular 
interest is a method described by Lee et al., Biochemistry 15 

35 3956 (1976) employing a thiopseudourea. The number of sugars 
may be varied widely, generally being at least about one per 
20,000 molecular weight and usually not more than about one 
per 500 molecular weight, more usually not more than about 
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one per 1,0 00 molecular weight. For albumin, there will 
normally be at least about 5 sugar groups, and not more than 
about 4 0 sugar groups, usually being from about 5 to 30 
sugar groups. 

5 When more galactose groups are coupled to the 
protein it increases the binding rate constant, k^, for the 
NGP/receptor interaction. 

An alternative to labeling the neoglycoprotein 
with Tc-99m directly is to attach a chelating agent to the 

10 protein. A number of chelating agents are described by 
Sundberg et al., J. of Med. Chem. 17, 1304 (1974). These 
include polyaminocarboxylate chelating agents, e.g. 
ethylenediaminetetraacetic acid. Chelating agents other 
than those employed by Sundberg include phosphonates (Costanovo 

15 et al., Article entitled "The Phosphate Moiety: Labeling 
9 9m 

with Tc(Sn) After Synthetic Attachment to Diverse Bio-
logical Compounds," 1975). The phosphonate may be coupled 
to the protein by means of a succinimide ester. 

The number of chelating groups introduced will be 
20 at least stoichiometric with the number of neoglycoprotein 

molecules coupled and may be up to about 5 or more times 
molar excess. 

The neoglycoprotein may be combined with Tc-99m by 
conventional means. The most common methods for reducing 

25 TcO^~ employ stannous ions as described by Eckelman et al., 
J. Nucl. Med. 12, 707 (1971) or the electrolytic method 
described by Benjamin, International Journal of Applied 
Radiation and Isotopes, 20_ 187 (1969) . The particular 
method of reducing the technetium and binding it to the 

30 neoglycoprotein is not a critical element of the subject 
invention. The amount of Tc-99m will generally vary from 
about 1 to lOOmCi per milligram of neoglycoprotein, more 
usually from about 30 to 60mCi/mg. 

For in vivo scintigraphic analysis, the neoglyco-
35 protein is combined with pertechnetate in appropriate propor-
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tions, and the pertechnetate reduced to Tc-99m to become 
bound to the neoglycoprotein. Other materials may be in-
cluded which are pharmaceutically acceptable and do not 
interfere with diagnostic functions. These may include 

5 saline solutions, other sodium salts, acceptable buffers, or 
the like. Aseptic techniques and sterile, non-pyrogenic 
ingredients and containers are used at all times. After 
performing the reduction, the product may be sterilized if 
desired by passing through a biological filter of about 

10 0.22M pore size. 
The neoglycoprotein can be conveniently provided in 

combination with sufficient stannous salt e.g. stannous 
chloride, that when combined with TcO^~ -99m, the resulting 
product will have the desired amount of reduced technetium-

15 99m. Usually, at least stoichiometric amounts of the stan-
nous salt will be employed and up to about 50mol percent 
excess. The amount of Tc-99m which becomes bound to the 
neoglycoprotein will vary due to the requirements for speci-
fic radioactivity. The Tc-99m will vary as to its activity 

20 concentration and the desired concentration of Tc-99m at the 
imaging site may also vary. Therefore, only general limita-
tions as to the amount of reductant can be provided. 

For administration, the product is injected asepti-
cally into the blood stream, i.e. intravenously, the dosage 

25 range being between about 10 to lSOpCi/kg of body weight, 
usually being under about 50(jCi/kg body weight. 

In evaluating the parameters involving the radio-
pharmaceutical the radionuclide monitoring need not be limi-
ted to the liver, but may also include or be substituted by 

30 monitoring of the urinary bladder, the precordium or carotid 
artery. As to one or more of these regions one would monitor 
at least one of the following factors: rate of uptake of the 
radionuclide; radioactive emissions; and radionuclide re-
lease. In this manner one follows the rate at which the 

35 radiopharmaceutical is transferred to a particular site, the 
binding capacity of the site and the rate of metabolism of 
the radiopharmaceutical. 
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The subject compounds demonstrate a number of 
desirable attributes for a radiopharmaceutical for hepa-tic 
imaging. First, their binding constants to hepatic binding 
protein (HBP) are lower than the hepatic blood flow so that 

5 membrane binding and not delivery by blood flow is the rate 
limiting step in the localization process. Second, the 
molecular processing of the subject compounds follows the 
scheme of delivery to the hepatic sinusoids, with binding of 
the subject compounds to the membrane receptor (HBP) at the 

10 rate km*[RP]'[HBP] (RP intends a radiopharmaceutical in 
accordance with the subject invention), where third, the 
RP-HBP complex will transfer the RP to lysosomes by 
endocytosis, resulting in catabolism of the substrate with 
subsequent release of the Tc-99m into the blood where it will 

15 be rapidly extracted by glomerular filtration. 
The following mathematical equations are based on a 

model treating extrahepatic blood as compartment 1, hepatic 
blood as compartment 2, and hepatocyte as compartment 

20 A1(0) 

30 

injection 
A \ 

2 3 
\ « \ k m 

where Q = blood flow; V^ = compartment i volume; A^ = com-
partment i activity. If a region of interest is selected 

25 over a given lesion, the compartimentai model predicts the 
following time activity equations resulting from the hepatic 
uptake of the Tc-99m-gal or glu NGP compound of the subject 
invention. 

d A 2 ^ Q A 2 Q A 1 

d A 2 Q A 1 Q A 2 
= ~ ~ + kmA3 - kb [HBP] A2 

1 2 

3 5 = V 1 ® ^ A2 - kmA3 

A1(0) = A1(t) + A2(t) + A3(t) 
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Liver activity = A2(t) + Ag(t) 
Precordial activity = A ^ t ) 

A computer fit of the measured hepatic uptake of 
the radiopharmaceutical with the above equations will yield a 

5 numerical solution to the kinetic parameters. When each 
curve is a response to a single set of alterations in model 
parameters governed by the properties of that disease state, 
a kinetic evaluation of each curve will lead to a unique 
predicted diagnosis. This can be achieved by determining the 

10 parameters for a number of individuals having particular 
diseased states which have been diagnosed by means other than 
the subject assay and relating the resulting parameters to 
the diagnosed diseased state. 

The following examples are offered by way of illus-
15 tration and not by way of limitation. 

EXPERIMENTAL 
The following describes the preparation of sterile 

non-pyrogenic Tc-99m-galactosyl neoglycoalbumin (Tc-99m-gal 
NGA) . 

20 2-Imino-2-methoxyethyl-l-thio-a-D-galactoside 
(prepared as described by Lee et al. Biochemistry 15 3956 
(1976) IME-thiogalactose) was combined with a 20mg/ml solu-
tion of human serum albumin (HSA) in 0.25M Clark's borate 
buffer, pH8.5, in appropriate ratio to provide the desired 

25 sugar/albumin molar ratio. The solution was incubated at 
37°C for lhr. followed by transferring the solution under a 
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laminar flow hood employing standard aseptic technique into a 
sterilized dialysis tube utilizing a disposable 0.22M mem-
brane. The reaction mixture is dialyzed against 0.15M in-
jectable saline overnight. Employing a 0.22M filter, 25mg 

5 aliquots of the dialysis product are placed into sterile 20cc 
multidose vials, which are immediately lyophilized. The 
product (NGA) may then be analyzed for galactose units cou-
pled per protein molecule. 

In varying the mole ratio charged to the reaction 
10 mixture of iME-thiogalactose to albumin from about 10-600:1, 

the ratio of molecules of galactose conjugated to molecules 
of albumin varied from about 5 to 30. 

Using aseptic technique, the lyophilized NGA is 
reconstituted by the addition of 2.5ml of 0.15M NaCl/HCl, 

15 pH1.3, followed by the addition of a predetermined volume 
Tc-99m-pertechnetate in normal saline solution. If the 
volume is greater than 0.5ml, the pH of the solution is 
checked and readjusted to pH1.3 with dilute acid. After 
purging the vial with nitrogen for lOmins., two one inch 

20 lenths of zirconium having been previously cleaned in acid 
are introduced as electrodes and connected to a constant 
power supply. The vial is inverted to immerse the electrodes 
and swirled to effect agitation of the solution. A constant 
current of lOOma is then applied to the cell for 42secs., the 

25 electrodes removed and the solution allowed to stand for 
30min. at room temperature while purging with nitrogen. The 
pH is then adjusted to neutrality by aseptic addition of 1ml 
solution of bicarbonate. 

The solution may then be filtered through a sterile 
30 0.22n membrane, followed by polyacetate electrophoresis at 

250 volts to analytically separate the reduced Tc~99m, 
Tc-99m-NGA and pertechnetate. The yield of Tc-99m-NGA is 
>95% and the product can be used without further 
purification. 

35 Following the above procedure, a product was ob-
tained having 20 galactose residues per HSA macromolecule. 
The product was found to show no aggregation or colloid 
formation. Based on the results with chromatography with 
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polyacrylamide P-300 Bio Gel the product would not localize 
in the liver by binding to reticuloendothelial cells. 

The product was injected i.v. into the ears of 
several normal rabbits at a dosage of 0.05-0.5mg/l.0-2.OmCi 

5 for 2.5-3.0kg rabbits. Blood samples were taken and the 
percent activity which was protein bound and blood clearance 
determined. Scintiphotos were taken to determine liver 
uptake kinetics. The blood clearance and liver uptake were 
plotted against time, and followed the anticipated kinetic 

10 equations described above. 
The results can be regarded solely as a result of 

hepatocellular function. The Tc-99m-gal NGA exhibited 4-6% 
of the injected dose in the urinary bladder immediately 
following injection. Within 10min. this number started to 

15 rise as labeled lysosomal products were extracted from the 
blood by glomerular filtration. Removal of the urine from 
rabbits after 30min. showed this activity to be approximately 
15% of the injected dose. In all of the in vivo rabbit 
trials, the Tc-99m-gal NGA showed a small degree of GI activ-

20 ity but in each experiment where the gall bladder was removed 
at 60min, it was found to contain no radioactivity. 

Based on the observed results, the products of this 
invention have the features needed for successful cell speci-
fic receptor based imaging of the liver. The radiopharma-

25 ceutical can be synthesized to produce the desired receptor 
affinity and its labeling is rapid, efficient and produces a 
ligand of high purity. The in vivo'behavior is specific for 
the hepatocyte membrane and its uptake rate can be tailored 
to optimize the functional evaluation of the vascular, recep-

30 tor binding, and metabolic dynamics. 
Although the foregoing invention has been described 

in some detail by way of illustration and example for pur-
poses of clarity of understanding, it will be obvious that 
certain changes and modifications may be practiced within the 

35 scope of the appended claims. 

*TRADE MARK 
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The embodiments of the invention in which an 

exculsive property or privilege is claimed are defined as 

follows :-

1. A composition of matter comprising a galactosyl 

or glucosyl substituted serum albumin, having from about 5 

to 4 0 galactosyl or glucosyl groups, combined with a reductant 

for pertechnetate sufficient to provide Tc-99m in an amount 

of from about 1 to 100mCi/mg albumin. 

2. A composition of matter according to claim 1, 

wherein said reductant is a stannous salt and said com-

position is galactosyl substituted. 

# 
l« 
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