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Abstract. Racemic Z-substituted phenyla~ti~ acid esters and the related esters were hydrolyzed in different 
stereoselectivity by rat cancer cells and the corresponding rat normal tissue extracts. The stereoselectivity 
was dependent on the structure of the o-substituents. 

Este~~cation is widely used to convert drugs to the prodrug form with the aim of improving the 

pharmacological properties, e.g., stability and bioavailabihty. l The prodrugs am usuahy inactive or less active 

than the parent drugs, but its activity is recovered by hydrolyzing the esters nonenzymicallylc,f or 

enzymicallyth*c*m in the cells. The enzymic process is very interesting because enzyme specificity may be 

diverse with specific tissues and cells,lC@~n thus leading to a possibiity of dynamic drug targeting. This is an 

attractive strategy for anticancer chemotherapy. Some studies have been reported on the difference between 

the esterases of cancer and normal cells in their specific activity and substrate specificity,2 but little attention 

has been paid to ste~osel~tivity of the enzymes. 3 This paper is the first to report that the stereoselectivity in 

enzymic hydrolysis of synthetic chiral esters is different between the cancer cells and the related normal cells. 

At first, we treated the racemic phenylacetate derivatives (1 - 11) with mouse sarcoma S180 cells and 

investigated the stereochemisty of the formed carboxyhc acids. 4,s Table 1 is the summary of their absolute 

configuration, enatiomeric purity and conversion rate. Of the hydrophobic ester (1), the R enantiomer was 

predominantly hydrolyzed by the cancer cells. This remarkably high stereoselectivity decreased with the a- 

substituents becoming polar as found with esters 2, ~$6 and 4. The stereoselectivity was reversed to S for the 

esters having an a-amido group (5 - 7) . These facts indicate that the ste~sele~dvity in the hydrolysis by 

S180 cells is dependent on the structure of o-substituents of the acyl group. The alcohol moiety did not 

influence on the stereoselectivity in the case of 2-phenylpropanoates 1, 10, and 11. Ethyl 2chloro-2-phenyl- 
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Table 2. Stereoselectivity in enzymic hydrolysis of synthetic esters by rat and human cancer cells and normal 
rat tissue extracts 

Substrate Absolute contigurationt, optical purity (%e.e.)f, and conversion rate (8) 
-_- 
Rat cancer cell& Normal rat tissue extracts 

xc IA-XsSBR NRK49F Ant.4 ARE Muscle Intestine Kidney Liver Pancreas 

1 R 98.3 R 90.9 R 96.7 R 99.1 R 97.5 R 56.8 R 17.8 R 32.0 R 26.5 R 30.8 
0.6 1.4 8.2 0.5 6.9 1.0 5.0 11.2 11.5 1.2 

3 S 27.0 S 48.9 S 29.9 S 73.8 S 64.4 S 7.6 S 11.9 S 2.6 S 6.3 S 39.7 
23.0 12.2 4.5 14.2 5.7 18.0 5.0 53.0 52.5 33.3 

5 S 35.8 s 5.3 s 39.5 s 15.7 s 34.1 S 4.3 S 29.7 S 65.9 S 42.2 S 83.9 
1.2 1.3 2.2 1.2 1.6 5.9 1.4 7.6 2.7 14.3 

7 S 99.2 S 98.7 S 98.1 S 97.9 S 98.0 S 95.5 S 98.6 S 78.1 S 87.6 S 98.5 
42.0 30.5 35.1 30.6 37.2 31.9 37.3 23.2 48.2 43.8 

Human cancer cells 

U937 (histiocytic lymphoma) Co10320 (colon adenocarcinoma) MIA PaCa-2 (pancreatic carcinoma) 

1 R 98.0 1.4 R 96.1 1.2 R 99.6 11.9 

3 S 58.9 n.t. S 55.5 nt. S 53.2 35.9 

5 S 39.1 3.5 S 13.3 3.8 n.t. 

7 S 93.0 17.5 S 92.9 13.8 S 99.1 42.0 

IConcerned wtb the preferentially formed acid enantiomer. 

fDerived from sarcoma (XC), small bowel adenocaxcinoma (IA-XSSBR), normal kidney fibroblast (NRK49F). ELI-ras oncogene 
transformed hver cell (Anr4), or pancreatic tumor (ARIP). hWK49F is not a cancer cell hne, but included in this panel. 

acetate (8) and 2-phenylbutanoate (9) were resistant to the enzymic hydrolysis, probably because of the limit 

in size or hydrophobicity of the o-side chain acceptable by the enzymes. 

Then, four representative esters (I, 3,5, and 7) were chosen and tested further for the stereoselectivity in 

their hydrolysis by human and rat cancer cells. 7 The results (Table 2) were very similar to those of S180 

cells. The high R-selectivity for 1 and S-selectivity for 7 appears almost a rule, in spite of the difference 

concerning animal species and source organs. 

Finally, the stereoselectivity of rat cancer cells was compared with that of the corresponding normal tissues 

of rat. They were considerably different with each other as summarized in Table 2. The hydrolysis of 1 with 

the tissue extracts also proceeded with the R-enantiomer preference, but the degree of this stereoselectivity had 

decreased as compared with that by the cancer cells. The stereoselectivity in the hydrolysis of ester 3 was 

also lower with the normal tissue extracts than with the cancer cells. In contrast to these two examples, the 

stereoselectivity for (+)-N-formylphenylglycine ethyl ester (5) was usually higher with the normal tissues than 

with the cancer cells. The largest difference was found between normal pancreas and the pancreatic cancer 

cells (ARIP). The high S-selectivity for 7 was shown by the normal tissues as well as by the cancer cells. 

Thus, we have found three cases of stereoselectivity in the hydrolysis of synthetic esters by cancer and normal 

cells. No complete inversion of the stereoselectivity (R-preference t-f S-preference) has been found between 

the cancer cells and the corresponding normal tissue, but it should be noted that the result with ester 5 and the 

pancreatic cells is important in terms of the stereoselective activation of prodrugs in cancer cells. The rat 
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pancreas was considerably selective to (Q-5, while the rat pancreatic cancer cells (ARIP) was less selective to 

the (S)-enantiomer. This fact implies that the counter enantiomer, (R)-5, would be hardly hydrolyzed in the 

normal pancreas cells, but it would be hydrolyzed relatively easily in pancreatic cancer cells. If we administer 

an anticancer drug as an inactive form modified with an (R)-N-formylphenylglycyl group to a rat bearing 

pancreas cancer, the prodrug might be preferentially activated at the site of the cancer. 

However, we should elucidate many fundamental factors such as catalytic activity of the enzyme per cell 

and substrate penetrating rate into the tissue to achieve the above strategy of drug targeting actually in vivo. It 

is also important to know what and how many enzymes are responsible for the hydrolysis of the esters by the 

cancer cells.8 Every tissue is constructed of several species of cells. The rat tissues were respectively 

homogenized as a whole in this experiment, and consequently the corresponding relation between the tissue 

and cancer cells might be not strict here, even though the cells were derived from that tissue. A significant 

comparison would be possible only between an orginal solid tumor and its surrounding tissue. Detailed study 

to resolve these problems and to develop chiral acyl groups maximizing the stereoselectivity difference 

between the cancer and normal cells for actual drugs is in progress. The present work emphasizes the 

importance of using the enzymic stereoselectivity in anticancer prodrug design. 
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nonenzymic hydrolysis rate was less than 0.2 %. 
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and R is a matter of the representation rule. 
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obtained from RIKEN Cell Bank and COLO320 from Japanese Cancer Research Resources Bank. IA- 

XsSBR, XC, ARIP, and MIA-PaCa2 were purchased from DAINIPPON Pharmaceutical Ltd. These 

cells were cultured according to the supplier’s catalogue. Rat organs were taken from a male Wister rat, 

4 weeks old and weighing 124 g. Tissue extracts were prapared by homogenizing 0.1 - 0.2 g of the 

organ sections and 0.1 ml of the phosphate buffer with a Potter homogenizer and then centrifuging the 

homogenates at 1500() rpm for 3 min. The hydrolysis was carried out in the same way as described 

before,4 but the tissue extracts were used by 50 ~1 and the reaction time was 12 hr for 1 with the cultured 

cells, 6 hr for 3,5, and 7 with the cultured cells and for 1 with the tissue extracts, or 2 hr for 3,5, and 7 

with the tissue extracts. 

8. In a preliminary experiment, the extracts of Anr4 cells and normal rat liver were analyzed by 

electrophoresis. The electrophoretograms were actively stained with a-naphthyl acetate to indicate that 

several esterases were contained in these extracts and that the zymograms were different between the two 

samples. 
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