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Abstract Liver-specific magnetic resonance imaging (MRI) contrast agents (CAs) are helpful in the early diagnosis of
hepatocellular carcinoma. Linear CAs clinically used are at risk of causing nephrogenic systemic fibrosis (NSF) and gadolin-
ium ion deposition in patients. In this work, a class of MRI CAs, which contain lipophilic group such as ethoxy aryl or meth-
oxyphenyl and chelating group of DOTA-hydrazide (DOTAH, DOTA: 1,4,7,10-tetraazacyclododecan-1,4,7,10-tetraacetic
acid) for Gd** ion, were designed and prepared. Two synthetic routes (A and B) were discussed and route A was deemed su-
perior. Eight complexes were prepared by one step in the yield of 60%~76% using Gd-DOTAH as main material. They be-
long to macrocyclic gadolinium-based CAs, and have a lower risk for the development of NSF and gadolinium ion deposition
in brain. At the same time, the Gd** binding neutralized the charges of the three acetic groups of DOTAH, leading to nonionic
CAs, which is beneficial to low osmotic pressure. Their longitudinal relaxivities 71 were from 3.7 to 5.4 Lemmol 'es™! at 0.5
T, higher than that of Gd-DOTA (3.6 Lemmol !ss!). And the relaxivity of complex 7h (Gd-DOTAH-EOPEI) (EOPEI:
1-(4-ethoxyphenyl)ethanimine) was the highest of 5.4 Lemmol 'ss™!, which was slightly better than clinically used liver-
specific CAs of Gd-EOB-DTPA (5.3 Lemmol 'ss™!") (EOB: ethoxybenzyl; DTPA: diethylenetriaminepentaacetic acid) and 5d
(4.7 Lemmol 'ss™") we have synthesized before. In vivo liver targeting MRI studies in animals showed that complexes of 7b,
7¢g and 7h belong to liver-specific CAs. Among them, complex 7h was optimized. According to structure-activity relationship
analysis, the introduction of ethoxyphenyl could obviously improve the liver targeting property. However, increasing the
number of ethoxyl and introducing naphthalene ring could not improve the liver targeting property additionally. The introduc-
tion of pyridine, indole ring and methoxyphenyl could make CAs lose their liver-specific performance. However, it is worth
noting that the methyl on the imine bond (C=N) is beneficial to the liver-specific performance of CAs. Combined with re-
laxivities, in vitro and in vivo MR imaging data, the lead compound was screened for Gd-DOTAH-EOPEI (7h).
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Figure 1 Some reported liver targeting MRI contrast agents
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Figure 2 Macrocyclic Gd-based MRI CAs designed and prepared by our team
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2 7b 37.03+2.55 46.40+2.44 46.64+3.03 125 1.26
3 Te 37.04+5.76 44.98+3.75 38.63+2.34 121 1.04
4 7d 36.15+4.71 40.22+2.60 39.514£0.47 1.11 1.09
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Figure 5 MR imaging comparison of liver at pre- and post-injection
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