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ABSTRACT

Biodistributions of a series of eight 99mTc hydroxybenzylsarcosine (HBS) complexes

were carried out in rats and their urinary and hepatobiliary excretion compared with their

lipophilicities, the influence of substituents on the phenyl ring and plasma protein

binding ability. The charge on the complexes was determined by electrophoresis at

varying pH values.

The HBS derivatives formed anionic complexes with 99mTc that excreted mainly via the

urinary route. An increase in the lipophilicity of the complexes by substitution of

halogens onto the phenyl ring led to an increase in serum protein binding and a decrease

in the urinary output but had no direct effect on hepatobiliary output.
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INTRODUCTION

Since the successful introduction in 1976 of 99mTc labelled 2,6-dimethylphenyl-

carbamoylmethyliminodiacetic acid (dimethyl-HIDA) as a replacement for 131I Rose

Bengal for hepatobiliary imaging (Loberg et al. ,1976), several studies have been carried

out on a wide variety of phenyl-substituted variants of dimethyl HIDA in an attempt to

find the hepatobiliary agent that would have the optimum imaging efficiency (Wistow et

al.,1911; van Wyk et al.,\979; Chiotellis and Varvarigou,1980; Molter and Kloss,198l).

A wide variety of other compounds containing the iminodiacetic acid (IDA) moiety have

been studied as possible alternatives to the phenylcarbamoylmethyl IDA (HIDA)

structure (Subramanian et al., 1977; Fields et al., 1978; DeJuliis et al., 1980; Karube et

al.,1981; Fritzberg et al., 1982; Hunt et al., 1984), but few have been studied in as much

detail as the derivatives of HIDA.

Structure-distribution studies which relate some of the physico-chemical properties of

HIDA derivatives to their biological activity were particularly useful for optimising their

imaging properties (Nunn et al., 1983). Similar studies have been used to examine the

hepatobiliary output of 99mTc complexes of o-hydroxybenzyliminodiacetic acids

(Maddalena et al., 1987). This approach has not been widely applied to other potential

hepatobiliary imaging compounds.

In this investigation, structure-distribution studies were carried out on "mTc complexes

of eight hydroxybenzylsarcosine derivatives (HBS), each having various substituents in

the phenyl ring, in an attempt to optimise the biological activity of the complexes for

hepatobiliary excretion and to gain a greater understanding of factors affecting

hepatobiliary affinity of "mTc chelates. The compounds (table 1) were selected because

their structures are half those of the N,N' -bis[2-hydroxybenzylj ethylenediamine N,N'

diacetic acids (HBED) which have good hepatobiliary imaging properties (Hunt et

al., 1986).
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MATERIALS AND METHODS

Formulation of Complexes

The synthesis of the compounds will be reported elsewhere (Wilson, 1987). The

complexes were prepared by the stannous chloride reduction method. Twenty milligrams

of the compound was dissolved in 3 mL of 0.1 M NaOH in a 10 mL vial; 0.1 mL of

freshly prepared stannous chloride solution (20 mg of SnCljJHjO in 5 mL of 1 M HC1)

was added and the pH adjusted as required with 1 M HC1. The resultant solution was

diluted to 5 mL passed through a 0.22 nm membrane filter into a sterile presealed vial

and purged with nitrogen gas before the addition of 0.1 mL (200 MBq) of generator-

derived sodium f"mTc] pertechnetate solution. Preparations were incubated for a

minimum of 10 minutes before use.

Radiochemical Purity

The radiochemical purity, complex stability and charge were determined on Beckman

paper strips, in a Gelman electrophoresis chamber containing 0.05 M hepes buffer at pH

6.5 and 7.4, 0.05M tris buffer at pH 8.5 and 0.05 M carbonate buffer at pH 9.5. Analyses

were undertaken at various times after preparation, using [99mTc] pertechnetate as a

control, each determination being carried out for one hour at 300 V in a nitrogen

atmosphere. The distributions were determined by cutting the paper strips into 5 mm

sections and counting them in a Packard model 5650 automatic gamma counter.

Plasma Protein Binding and Partition Coefficients

The amount of plasma protein binding was measured with fresh hcparinised rat plasma,

using disposable ultrafiltration units (Amicon Centrifree) as described elsewhere

(Maddalcna ft ai, 1987). The plasma protein binding value was corrected by subtracting

the amount bound to the filter using the same procecure for plasn.u p.\>iein binding but
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substituting nitrogen-purged, 0.05 M phosphate-buffered saline at pH 7.4 for the rat

plasma. The percentage of the complex bound to the filter was always less than 5%.

The lipophilicity of the complexes was measured by determining their partition

coefficients between n-octanol and 0.05 M phosphate-buffered saline at room

temperature (20°C) in a nitrogen atmosphere, as described by Maddalena et <z/.,(1987).

The theoretical lipophilicity of the ligands was calculated as the sum of the fragmentary

K values of the substituents on the phenyl ring of the ligand, using the data of Hansch and

Leo (1979). The lipophilicity of the remainder of the ligand was assumed to be constant

and assigned a value of zero.

Biodistribution Studies

Biodistribution studies in groups of three female specific pathogen free AAW (Australian

Albino Wistar) rats of closely controlled body mass (220 +/- 20 g), were used to

determine the hepatobiliary and urinary outputs of the 99mTc labelled HBS derivatives

and 99mTc Cl-HBED. The animals were injected intravenously via the tail vein with 90

(iL of complex, using glass gas chromatography micro-syringes (SGE), while under light

ether anaesthesia and then placed unrestrained in a metabolic cage for collection of urine

and faeces. After 3 hours they were sacrificed for tissue samples and the results

calculated using the TISCON computer program (Maddalena, 1983). The biodistribution

of one complex, 99nTc Cl-HBS was examined as described above but at time intervals

between 5 minutes and 24 hours.

To examine the effect of pH on the biodistribution of a complex, 99mTc Cl-HBS was

examined as described above, however, for this study groups of rats were injected with

complexes prepared at pH values between 6.5 and 9.5, then sacrificed at 3 hours post

injection.
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RESULTS AND DISCUSSION.

Electrophoresis

The three mono-halogenated ligands formed single negatively charged complexes with

"mTc at pH 6.5 and two to three negatively charged species between pH 7.5 and 9.5,

whereas the three di-halogenated ligands formed single negatively charged complexes up

to pH 7.5 and two or three negatively charged species between pH 7.5 and 9.5 (figure 1).

All the halogenated complexes were stable for at least four hours after preparation. The

methoxy and methyl-HBS complexes were, however, unstable in vitro at all pH values.

In contrast, 99mTc labelled chloro-HBED formed a single stable neutral peak at pH 6.5

and one or two negatively charged peaks between pH 7.5 and 9.5 (figure 2).

Biodistributions

The biodistributions of the WmTc HBS complexes in rats at three hours post injection arc

listed in table 2. At this time interval, the hepatic excretion of the complexes was

relatively complete, as is shown by the biodistribution study of 99mTc-chloro-HBS over

24 hours (figure 3).

Low free pertechnetate levels in the stomach ( <1% ) indicated that the two ligands

which formed unstable complexes in vitro, methoxy-HBS and methyl-HBS, gave

acceptable biodistribution results in rats when injected immediately after preparation.

However, if allowed to stand for more than 10-15 minutes the complexes became

unstable, their biodistributions resembling those of sodium [99mTc], pertechnetate

(stomach > 15%).

Altering the pH of the 99mTc Cl-HBS complex between pH 6.5 and 8.5 was found to have

no effect on its biodistribution (figure 4) even though the electrophoresis of the complex

ai the different pH values indicated the presence of a mixture of labelled species. At pH
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9.5. however, a larger proportion of the activity was found in the urine and less in the

gastrointestinal tract suggesting that at this pH a different complex was being formed that

had different biological characteristics.

Effects of Lipophilicity on Biodistribution

The physicochemica1 properties of the ligands and their 99mTc complexes are shown in

table 1. In the octanol/buffer partition studies, a good linear correlation (r=0.99) was

found between the theoretical lipophilicities (Liz) of the ligands and the log of the

octanol/buffer partition coefficients (log P) of the complexes. This good correlation

confirms that the substituents on the phenyl ring are the main causes of differences in the

relative lipophilicity of the ligands and their 99mTc complexes and allows the prediction

of the lipophilicity from published 7t values. Similar linear relationships have been found

between HIDA and HBIDA derivatives and their "mTc complexes (Nunn, 1983;

Maddalena et al., 1987).

The complexes were mainly excreted via the urinary pathway. When the activities of

complexes in the urine were plotted against their lipophilicities, an inverse linear

relationship with significant correlation (p<0.05) was found (figure 5). Similar

relationships have been reported for"mTc HIDA complexes (Nunn, 1983),99mTc HBIDA

complexes (Maddalena et al., 1987) and 99mTc pyridoxylidene-phenylalanine complexes

(Kato-Azuma, 1982).

When the activities of the complexes found in the blood were plotted against their

lipophilicities a significant linear correlation (p<0.05) was found (figure 5). This

suggested that there might be a correlation between the amount bound to the plasma

proteins and the lipophilicity of the complexes. When these variables were plotted, a

highly significant (p<0.0l) linear correlation was found (figure 6). A similar relationship

was found for"mTc HBIDA complexes (Maddalena et al., 1987).
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These relationships indicate that the activity of complex in the urine is dependent upon

the activity of free complex in the plasma which, in turn, is dependent upon the

lipo~hilicity of the complex, which can be modified by suitable substitution of halogen

groups within the phenyl ring.

Although there was good correlation between the activities in the urine or blood and

lipophilicity, no significant correlation was found between lipophilicity and the activity

in the kidneys or gastrointestinal tract (figures 5 and 7).

One reason for examining the HBS derivatives as possible hepatobiliary agents was that

in structural terms (except for a hydrogen atom) they were half of the structure of a series

of HBED derivatives which perform quite well as hepatobiliary agents (Hunt et a/., 1986).

It was possible that the HBS derivatives would form 2:1 ligand to"mTc complexes which

would perform similarly to the HBED derivatives which form 1:1 complexes with a

number of metals (L'Eplattenier et at., 1967). However, an examination of the

biodistributions of related derivatives of each series such as the 99mTc chloro-HBS and
WmTc chloro-HBED (table 2) quickly reveals that there is no similarity in their biological

behaviour.

The Influence of Substituents in the Phenyl Ring

Structural alterations, involving changes in the lipophilicity of substituent groups on the

phenyl ring and of th^j location relative to the carbamoylmethyl IDA moiety, have the

greatest influence on the hepatobiliary clearance of 99mTc HIDA derivatives.

Subramanian et ah, (1977) found that as the lipophilicity of the substituent group on the

benzene rings of HIDA derivatives increased, the biliary excretion increased, and the

urinary excretion decreased. Similar results have been found for a variety of HIDA

derivatives (Chiotellis and Varvarigou, 1980; Mouer and Kioss, i 98 i; Nunn et a/.,Iv83)

and also for benzimidazoly! IDA derivative.^ (Hunt et al., 1984).
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In a comparison of the 99mTc chelates of six dimethyl-HIDA isomers, van Wyk et

al.,(1979), found that the position of the methyl groups substantially influenced the

hepatic and urinary excretions. The compounds substituted in the meta positions gave

the best results. Chiotellis and Varvarigou (1980) also found that of the n-butoxy

derivatives of HIDA, those substituted in the meta position had better characteristics than

those substituted at the ortho or para positions.

In the present study, all the substituents were placed in the meta position with respect to

the mcthylene iminodiacetic acid moiety. The halogen substituents increased the

lipophilicity (log P) of the complexes by three orders of magnitude, from an estimated

-2.54 for the 99mTc methoxy-HBS complex to 0.60 for the "mTc dibromo HBS complex,

however, a linear change of hepatobiliary output was not found. After a rapid increase in

hepatobiliary output from the methoxy-HBS complex (16.1%) to the chloro-HBS

complex (31.5%), there was no further change in the hepatobiliary output even though

the lipophilicity had changed by nearly two orders of magnitude (tablel).

Maddalena et a/.,(1987) found that alkyl substituens had a much greater effect on

hepatobiliary output than halogens with 99mTc HBIDA complexes. The tertbutyl

substituent, which had a similar lipophilicity (log P) to two chloro groups, more than

doubled the hepatobiliary output (15.6 to 35.6%) and increased the activity in the liver by

almost a factor of three (4.9 to 14.1%), suggesting that substituent type was more

important than direct increases in lipophilicity.

Nunn et al.,(1983) found that the high hepatic outputs and fast hepatocellular transit

times could be achieved with 99mTc HIDA complexes by designing HIDA derivatives

with small alkyl substituents in the ortho position and additional substituents in the meta

and para positions to produce the required lipophilicity. Kato-Azuma (1982) achieved

similar results with "mTc pyridoxylidenephenylalarune complexes. It is possible that

similar changes to the HBS derivatives might lead to improved hepatic excretion
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CONCLUSIONS

The hydroxybenzylsarcosine (HBS) derivatives form anionic complexes with 99mTc

which excrete mainly via the kidneys into the urine rather than by the hepatobiliary

route, indicating that these complexes are unsuitable as hepatobiliary agents.

Increase of the lipophilicity of the complexes by substitution of halogens onto the

phenyl ring increases the plasma protein binding and decreases the urinary output

but has no direct effect on hepatobiliary output.
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Table 1 Biodistribution* of ""Tc Complexes in Rats

a
b
c
d
e
f
g
h

Compound

methoxy
methyl
chloro
bromo

dimethyl
iodo

dichloro
dibromo

Cl-HBED

Blood

1.8(0.2)
3.2(0.8)
1.8(0.1)
2.6(0.2)
4.3(0.3)
3.4(0.3)
3.2(0.5)
3.0(0.4)
2.8(0.2)

Liver

2.1(0.2)
6.0(1.6)
3.9(0.5)
5.5(0.5)
4.7(0.4)
7.5(0.4)
5.7(0.2)
6.2(0.3)
7.5(1.5)

GIT

16.1(1.7)
18.0(2.3)
31.5(5.0)
31.2(1.3)
30.8(2.2)
27.4(1.2)
26.4(2.1)
30.2(2.7)
66.2(3.0)

Kidneys

16.8(0.5)
10.5(2.9)
13.1(1.3)
11.8(1.5)
8.9(0.5)

11.0(0.5)
9.4(0.6)
9.9(0.1)
1.7(0.1)

Urine

51.6(3.7)
45.0(6.9)
32.9(7.1)
38.3(2.5)
43.1(4.6)
38.8(2.8)
42.2(1.8)
33.9(0.2)
13.8(1.1)

* means (standard deviations) of % injected dose (groups 3-5 rats) 3h post injection.



- 14 8-

Tablc 2 Physicochemical Parameters of HBS Ligands

COOH

Compound Rl R2 MW In logP % bound

HBS
a
b
c
d
e
f
g
h

MeO
Me
Cl
Br
Me
I
Cl
Br

H
H
H
H
Me
H
CL
Br

225
209
230
274
223
321
264
353

-0.02
0.56
0.71
0.86
1.12
1.12
1.42
1.72

u
u

-1.13
-0 94
-0.49
-0.55
0.36
0.60

u
u
34
35
39
47
57
71

Notes

1. MW = molecular weight of ligand. u = unstable.
2. values from Hansch and Leo (1979)
3. log P = log (octanol/buffer partition coefficient) of 99mTc complexes.
4. % bound = percent of 99mTc complexes bound to plasma proteins.
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Captions of Figures

Figure 1 Electrophoresis of "mTc Cl-HBS versus pH.

Figure 2 Electrophoresis of "mTc Cl-HBED versus pH.

Figure 3 Biodistribution of 99nTc Cl-HBS in Rats.

Figure 4 Effect of pH of 99nTc Cl-HBS Complexes on Biodistribution in Rats.

Figure 5 Effect of Lipophilicity on the Biodistribution of 99mTc HBS Complexes in

Blood, Kidney and Urine in Rats.

Figure 6 Variation of Plasma Protein Binding with Lipophilicity of 99mTc HBS

Complexes.

Figure 7 Effect of Lipophilicity on the Biodistribution of 99nTc HBS Complexes in

Liver and GIT of Rats.
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