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Background
[PubMed]

The primary function of the liver is to remove toxins from the body through metabolism
and excretion, and to synthesize complex biologically active substances such as clotting
factors and albumin. Impairment of liver function as a result of hepatitis, infections,
jaundice, cirrhosis, or cancer can lead to a variety of gastrointestinal disorders. The
evaluation of hepatic function is an important parameter in the determination of the
physiological state of the liver, particularly for patients who have been diagnosed with
liver disease for which a hepatectomy or liver transplantation is the treatment of choice
(1). Therefore, determination of the hepatic function is now considered important before
and after a hepatectomy or liver transplantation to predict patient outcome (2).

The asialoglycoprotein receptors (ASGP-R) exist specifically on hepatic cell membranes
and are believed to be necessary for intracellular trafficking and endocytic activity in the
liver. The number of ASGP-R on the hepatocytes of individuals with liver disease is altered
and is thus considered a good indicator for the evaluation of liver function (3, 4).
Technetium [??™Tc]-diethylenetriaminepentaacetic acid-galactosyl-human serum
albumin (*?™MTc-GSA), originally known as 92™Tc-galactosyl-neoglycoalbumin (?2™Tc-
NGA), is an ASGP-R ligand that accumulates specifically in the liver and is used for liver
scintigraphy to determine hepatocyte mass and function (1, 5, 6). “™Tc-GSA is available
as a commercial kit in Japan (www.nmp.co.jp/eng/about/index.html, in English, and
www.nmp.co.jp/index.html, in Japanese). According to Stadalnik and Vera, 2™Tc-GSA
has been available only at one institution in the United States, the University of California,
Davis Medical Center (6).

Synthesis
[PubMed]

The synthesis of *MTc-GSA in the laboratory was described by Kudo et al. (7). Galactose
was derivatized to produce cyanomethyl 2,3,4,6-tetra-O-acetyl-1-thio-p-D-galactose
(CNM-thiogalactose). The CNM-thiogalactose was purified by repeated recrystallization
from dry methanol. It was then re-dissolved in methanol, and sodium methoxide was
added to the solution. This mixture was kept at room temperature for 48 h. The solvent
was evaporated in vacuo at 40°C to obtain 2-imino-2-methoxyethyl-1-thio- B-D-galactose
(IME-thiogalactose). This reaction step had an estimated yield of 55%.
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Human serum albumin (HSA), diluted in borate buffer at pH 8.5, was added to IME-
thiogalactose, and the mixture was stirred at 37°C for 1.5 h to yield HSA derivatives with
30-40 moles of galactose coupled per mole of HSA. Subsequently, cyclic
diethylenetriaminepentaacetic acid (cDTPA) was slowly added to the reaction mixture,
and the coupling was allowed to proceed for 10 min at 37°C with continuous stirring. This
reaction yielded HSA derivatives containing 4.5-7.0 moles of DTPA per mole of HSA. The
GSA monomers were isolated from the HSA derivative mixture by high-performance
liquid chromatography (HPLC) using a NaCl solution as the elution solvent. GSA
obtained by this method was >95% pure. The amount of galactose bound to HSA and the
degree of DTPA conjugation was determined by methods described by Kudo et al. (7).

To radiolabel GSA with metastable 7°™Tc, the concentration of HPLC-purified GSA was
adjusted to 3 mg/ml at pH 3.1-3.4. The solution was deoxygenated by flushing argon gas
through it until the oxygen concentration became <100 parts per billion. Then SnCl; and
ascorbic acid were added to obtain a final concentration of 0.1 and 0.5 pM, respectively.
The solution was then dispensed into glass vials (each with a rubber stopper) through a
0.22-pm filter membrane. At this stage the vials may be frozen for the short term or
lyophilized for long-term storage. To obtain ?™MTc-GSA, a #?™MTc solution was added to
each vial and mixed gently at room temperature for ~1 min. Purity of *?™MTc-GSA was
determined to be >98% by thin-layer chromatography. Specific activity of the final
product obtained with this method was not provided by the authors.

Another procedure, described by Vera et al., is also available for the preparation of 22™Tc-
NGA (8).

In Vitro Studies: Testing in Cells and Tissues
[PubMed]

Using patient biopsies, Kudo et al. (9, 10) concluded that hepatic uptake of 7°™Tc-NGA
could be used to quantify ASGP-R in the liver.

In an effort to understand the occurrence of hepatic ischemia/reperfusion injury under
clinical conditions, *™Tc-GSA was used to characterize ASGP-R in primary cultured rat
hepatocytes under hypoxic conditions (5). The maximal binding (Bpax) of 99MT:_GSA to
the hepatocyte membranes and ketone body ratio (KBR) that reflects cell injury in the
medium was determined for three durations of hypoxia (1, 2, and 3 h). The Bp,ax for
receptor binding and endocytosis decreased (ng/dish) with the increase in hypoxia,
although the number of viable cells remained constant. The KBR was also significantly
decreased during hypoxic conditions, which indicated that the extent of cell injury
depended on duration of hypoxia. The investigators concluded that the hypoxic
conditions reduced the number of ASGP-R binding sites involved in endocytosis per
hepatocyte and that the cells were irreversibly injured if maintained under these
conditions for a prolonged period.
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In another study that used cultured primary hepatocytes, Hata and Ishii showed that
galactose inhibited the binding to and the internalization of *™Tc-GSA into the
hepatocytes (11).

Animal Studies

Rodents
[PubMed]

Toxicological studies with 2™Tc-NGA were performed in mice and rabbits (8), and the
animals showed no toxicological effects with the treatment. In a biodistribution study of
rabbits, the investigators demonstrated that 7™Tc-NGA accumulated primarily in the

liver of these animals, and almost no radioactivity was accumulated in the other organs.

The biodistribution of 7*™MTc-GSA has been reported for rats and rabbits (7). Ten minutes
after injection of #MTc-GSA, 92.4% of the injected radioactivity was found in the liver,
and 74.8% of the injected dose was excreted through the hepatobiliary route into the feces
at 48 h. The investigators performed ??™MTc-GSA imaging studies in rabbits and reported
no accumulation of radioactivity in the spleen or bone marrow of the animals.

The use of *?™MTc-GSA scintigraphy for intraperitoneal (i.p.) imaging of tumors in a nude
mouse model was investigated (12). The nude mice were inoculated with either human
SHIN-3 (ovarian cancer) or LS 180 (colon cancer) cells to establish the tumors.
Radiolabeled GSA was injected into the tumor-bearing mice and the biodistribution of
radioactivity was examined. The tumors were clearly visible by scintigraphic imaging and
the investigators concluded that 2™MTc-GSA imaging was useful for the imaging of i.p.
tumors.

9IMTe_GSA scintigraphy was suggested to be useful in evaluating hepatic tissue blood
flow (13, 14) and fatty liver and ischemia-reperfusion injury (15) in rats.

Other Non-Primate Mammails

[PubMed]

No publications are currently available.

Non-Human Primates
[PubMed]

The biodistribution of 22MTc-NGA was studied in baboons (8) and the investigators
showed that 80-90% of the injected radioactivity accumulated in the liver of these animals
within 12 to 15 min after the injection.
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Human Studies
[PubMed

Virgolini et al. demonstrated that ™Tc-NGA scintigraphy could be used to detect liver
disease, including cirrhosis and viral hepatitis, by quantification of the ASGP-R (16). In
another study it was shown that 2?™Tc-NGA scintigraphy could be used for the
differential diagnosis of hepatic focal nodular hyperplasia and hepatic tumors (17).

Using 9*™Tc-GSA for scintigraphy of the liver, Le et al. (18) devised a method to obtain a
quantitative index to analyze the regional ASGP-R concentration to assess regional
function of the liver. Similarly, Onodera et al. (19) used 99MT:_GSA clearance from the
blood pool and its binding to the ASGP-R to devise a liver uptake ratio to assess liver
functional reserve. 2™MTc-GSA scintigraphy was also used to detect changes in functional
volume of individual lobes of the liver and was suggested to be a better method than
computed tomography for the detection of morphological changes in the organ (20). Hirai
et al. (21) suggested that 9°™Tc-GSA scintigraphy was a useful technique to evaluate
preoperative portal embolism and postoperative liver failure after a hepatectomy.

9IMTc_GSA scintigraphy has also been used in humans to establish the prognosis of
patients with hepatic cirrhosis (22), predict the clinical outcome of hepatitis C after
interferon treatment (23), and to evaluate hepatic regional reserve changes before and
after chemolipiodolization in hepatocellular carcinoma patients (24).

Supplemental Information
[Disclaimer]

No supplemental information is currently available.
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