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Preparation and preclinical studies of a hepatic receptor 

imaging agent 
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Abstract Galactosyl neoglycoalbumin(NGA)was synthesized by the covalent coupling of 
a bifunctional reagent，2-imino-2．ethyloxymethy1．1-thiogalactose，to human serum albumin． 

The average number of galactose groups per albumin molecule fGal／HSA)of NGA was 30． 
NGA was labeled directly with Na00 TcO4． The tadiochemical purity of Tc．NGA was 

over 90％．Consequences of the preclinical studies show that Tc-NGA is a good hepatic 

receptor imaging agent，uptaken by hepatic cells specifically，and excreted majorly from the 

biliary system and the gastrointestinal (GI)tract． 
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1 Introduction 

Hepatic binding protein (HBP)is an 
asialoglycoprotein receptor，which resides only 

at the cell surface of mammalian hepatocytes， 

and binds with galactose—terminated glycopro- 

reins specifically．【 J The model of action of 

ligand and receptor is receptor··mediated en·· 

docytosis and receptor recycling． The lig- 

and is catabolized in hepatocellular lysosomes． 

The variation of HBP level reflects physio- 

logical and pathological chan ge． So its ap- 

plication would show liver receptor function． 

We have obtained galactosyl neoglycoalbumin 

(NGA)by attaching galactosyl units to human 
serum albumin(HSA)with bifunctional reagent 
2一imino-2一methoxyethy一1一thioglycosides fIME— 

thiogalactose)．We have prepared the 99 Tc— 
NGA，an d carried out the preclinical studies in 

animals． 

2 M aterials and m ethods 

2．1 M aterials 

Na99 TcO4 was from the First In． 

stitute of Chinese Nuclear Power Design— 

ing，cyanomethyl 2，3，4，6，一tetra-O—acetyl一1一thio- 

— D—glucopyrianoside was prepared at our 

laboratory[引
．
human serum albumin was from 

Ⅵruxi Blood Station．BSA—V and Sephadex G一 

50 from Pharmacia．other analytical reagents 

were made in China． 

NIH mice．New Zealan d white rabbits were 

M anuscript received date：1997——12——11 

provided by JiangsuⅥruxi Station of Quality 
Monitor for Laboratory Animals． 

2．2 Synthesis 0f NGA L3J 

Cyan omethyl 2，3，4，6．tetra-O acetyl一 1一 

thio- —D—glucopyrianoside 0．406 g(1．O1 retoo1)， 
synthesized by our laboratory[引． was dis— 

solved in dry methanol(1 0 m1)，then mixed 

with 7．0 mg sodium methoxide(0．1 3 mmo1)and 

stood overnight at room temperature． Under 

these conditions，the yield of the imi date was 

56％．The mixture was evaporated to dryness 

in vacuo and then dissolved in 4 inl 100 mg HSA 

f0．15#mol1 solution of 0．1 mol／L sodium bo— 
rate buffer(pH8．5)． After mixed over 4h at 

22。C．the reaction mixture was applied to a co1． 

umn of Sephadex G一50，and eluted NGA with 

0．1 mol／L NaC1．collected the peak of protein by 
the measurement of UV(Econo，Bio-Rad)and 

stored in 0．1 mol／L NaCl at一20。C．The scheme 
for synthesis of NGA is shown in Fig．1． 

2．3 M easurement of protein concentra． 

tion 

Protein concentration was meas ured by the 

method of Lowry[4J with BSA—V as standard 

(DU一650，Backman，USA)． 
2．4 Determ ination of sugars 

A colorimetric an alysis[5J was used to de— 

termi ne sugars of NGA with galactose as stan． 

dard(Lambda 2S，Perkin．Elmer，UK)． 
2．5 Preparation of 99 Tc．NGA 

NGA was labeled with Na99 TcO4 by the 

method of Yoshitsugu Kubota．【6，。7 J 
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Fig．1 Synthesis scheme of NGA 

3．1 Analysis of average carbohydrate den． 

sity of NGA 

The protein concentration of NGA solu． 

tion was 9．53 mg／m1．the sugar concentration of 
NGA solution Was 0．768 mg／m1．Consequently． 

the NGA c。uId be calculated by( 
be 30 galactose groups per albumin mole 

(Gal／HSA)． 
3．2 Analysis of。9 Tc．NGA 

1 to 

cule 

H 

K2CO3 A 

NaHSO3．C1CH2CN 

CH2OH H o 

rc 一(CH2)rc_c_HSA 
I 

NGA l 

95％ with the method of trichloroacetic acid pre． 

cipitation( ．counter，C5002，Parkard)．The in． 
fluences of labeling conditions on labeling yields 

of Tc NGA were，respectively．studied as 

shown in Fig．2．The experimental results prove 

that labeling yields of 9咖 Tc．N GA could be 

over 90％ under the following labeling condi． 

tions：pH iS bel0w 3．5．the amount of NGA over 

5 mg，the content of SnC12 over 30#g，and the 

amount of ascorbic acid over 0．8 mmol／L．The 
Tc．NGA is stable for at leas t 8h at room 

The labeling yields were determined to be temperature． 
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Fig．2 The labeling yield of∞ Tc-NGA at different pH values(a)；at different amounts of NGA(b)；at 

different amounts of SnC12(c)；at different amounts of Vc(d) 
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3．3 Bi0distributlon in mice 

30 NIH mice f--,20 g1 were used to mea- 
sure the biodistr ution of 99 Tc．NGA．They 

were divided into 6 groups(5 per group)． 
0．2 ml f0．36 MBq1 Tc．NGA solution con． 

raining 67#g N GA WaS injected to each ani． 

mal through the tail vein．After injection．each 

group mi ce were decapitated at 5，10，15，30， 

60 and 120 min．respectively．The interested or． 

galas were excised，weighed，and counted in the 

automatic gamma counter fC5002，Parkard)． 

The％ID／organ was determined by comparison 
of organ radioactivity levels with the in

．iected 

dose fsee Table 11． 

Table 1 Distribution of∞ Tc．NGA in mice(％ID／organ( =5)) 

％m／g organ 

(c) 

Fig．3 Serial imaging of∞ Tc．NGA in the normal rabbit at 15min(a)；30min(b)；120min(c)after 

i nIjection 

Biodistribution in mice showed that the 

peak of liver uptake of。。 Tc．NGA Was reached 

within 15 min after iI1jection，the radioactivity 
of blood decreased very fast，and that of intesti· 

nal tract increased with time． 

3．4 Liver im aging in rabbit 

After injected 18．51VIBq。。 Tc．NGA con． 

raining NGA 3．2×10—10 mol through the 

marginal ear vein，the rabbit f New Zealand 

white， --,2．5 kg) was scanned with SPECT 

(DAICOM，Siemens，Germany)at difierent 

time． Dynamic radioactivity in each R0I WaS 

measured and analysed． The results showed 

that the liver imaging Was very clear，heart 
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imaging faded at 5 min after injection．The dis— bic acid]>0．8 mmol／L．Under these conditions 
tribution of liver imaging was increased with 

the decrease of heart imaging at ten minutes． 

About 90 min later，the liver imaging was faded 

gradually while the biliary system and intesti- 

nal tract imaging was increased by degrees(see 
Fig．31． 

4 Discussion 

A number of techniques have been devel— 

oped for attaching sugars to proteins．The bet— 

ter method is that imidates are used as bifunc． 

tional reagents for attaching carbohydrates to 

the labeling yields of 99 Tc．NGA could be over 

90％．and the labeling compound could be 8ta． 

ble over 8 h at room temperature，so it could 

be suitable for clinical application．Because of 

using high ac idic condition，colloid technetium 

could be aVOided on labeling．Ascorbic acid has 

advantages to increase the labeling yields． In 

this reac tion，ascorbic acid was not only a re． 

ducing agent．but also a transfer ligand．。。 Tc— 

ascorbate coordinate intermediates could pre． 

vent 99 Tc—colloid from formi ng． 

Biodistribution in mi ce an d liver imaging 

proteins． Imidates are water—soluble reagents in rabbit showed that。。 Tc．NGA we prepared 

that would react rapidly with primary amino 

groups of proteins to produce amidines．The re． 

action is very specific tor prim ary am ino groups 

because imidates donor react with phenolic，hy． 

droxyl，lrmdazole or guan ldlnO groups in pro- 

reins．The ami dines axe very stable in neutral 

and weak ac idic pH．IME．thioglyco8ide8 have 

been prepared from cyanomethyl thioglycosides 

(CNM．thioglyco8ide8)，then it reacted with E． 

ami no groups or Q—ami no groups of HSA to pro- 

duce NGA in weak base．Little or no chan ge in 

HSA tertiary structure occurred after molecule 

was such modified．NGA can be distinguished 

by HBP an d combined with it specifically，be． 

cause galactosyl has been introduced ．AfIinity 

to H BP is related to carbohydrate density of 

NGA．Gla／HSA can be controlled by the molar 
ratio of IME-thioglycosides to HSA． 

The number of galactose groups per albu— 

min molecule can not be strictly equal so the 

carbohydrate density we have measured is an 

average value．After studied some major fac． 
tors on labeling yields of 99 Tc—NGA．we found 

the optimal labeling conditions as followings： 

pH2．5,-~3．5，NGA>5 mg，SnC12>30#g，[astor— 

could be uptaken rapidly by liver eell specifi- 

cally,and excreted mainly to the biliary system 

and the gastrointestinal fGI1 tract．The weak 

imagings were found in kidney，urinary bladder， 

spleen．1ung and marrow． The results showed 

that the resolution of liver receptor imaging was 

preferable an d it could reflect well liver func— 

rion． So 99 Tc．NGA is a good liver receptor 

functional imaging agent． 
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