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Abstract -The design, synthesis and in vitro inhibitory activity toward human leukocyte elastase of a series of dual action 
saccharin derivatives are described. 

Introduction 

Cystic fibrosis (CF) is a genetic disease associated with a 
high incidence of morbidity and mortality.’ Recent studies 
have led to the identification of the defective gene and the 
protein (termed cystic fibrosis transmembrane regulator, 
CFTR), encoded by this gene.2*3 CFTR has been shown to 
function as a chloride ion channel that modulates the 
permeability of chloride ion in response to elevations of 
intracellular cAMP.~ 

Several lines of evidence suggest that neutrophilderived 
proteolytic enzymes, particularly elastase, play a 
significant role in the pathophysiology of CF. For 
instance, the progressive damage to lung tissue observed in 
CF is likely due to the presence of free elastase, a serine 
proteinase that is known to degrade elastin and other matrix 
proteins.5-7 Equally important is the observation that 
elastase degrades C3b receptors, thereby contributing to the 
inability of CF patients to eradicate P. aeruginosa from 
their lungs.8 Elastase and cathepsin G play an important 
role in the production of increased and abnormal secretions 
associated with CF.9 Lastly, elastase induces human 
bronchial epithelial cells to release interleukin-8 @L-8), a 
potent neutrophil chemoattractant.10 

In addition to the release of proteolytic enzymes, the influx 
of neuuophils involves the release of mediators of 
inflammation and endogenous oxidants.tl These oxidants 
have been shown to inactivate alpha-1-proteinase inhibitor 
(alpha-l-PI) and secretory leukoprotease inhibitor (SLPI), 
the physiological inhibitors of elastase.12~13 

Strategies that seek to counteract the damaging effects of 
the aforementioned processes may be effective in the 
management of CF. This paper describes the results of 
synthetic and biochemical studies using some saccharin 
derivatives having a dual mode of action. 

Chemistry 

Compounds l-7 (Table 1) were synthesized by reacting N- 
chloromethyl saccharin with the appropriate agent in 
acetonitrile. The physical constants and spectral data of 
compounds l-6 are listed in Table 2. 

Biochemical Studies 

The enzyme assays and inhibition studies were carried out 
as described in detail elsewhere.14v15 The apparent second 
order inactivation rate constants, k,t,J[I] M-%-l are listed 
in Table 1. 

Results and Discussion 

Rationale underlying the design of inhibitor I 

The genetic defect in CF leads to various clinical 
manifestations arising from the interplay of many 
mediators associated with the inflammatory response, the 
influx of neutrophils and the damaging effects of 
proteolytic and oxidative processes. We reasoned that 
agents which inhibit the deleterious action of neutrophil- 
derived proteolytic enzymes and capable of releasing a 
second bioactive molecule possessing anti-inflammatory, 
antibacterial or antioxidant activity during the inactivation 
process may have superior properties as therapeutic agents 
The soundness of the biochemical rationale underlying the 
design of I is supported by recent literature reports. l”J6 
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Based on preliminary studies related to the inhibition of 
HLE by saccharin derivatives,17 it was anticipated that the 
attachment of an appropriate drug (X) to the saccharin 
nucleus would yield a two-component entity I capable of 
inactivating elastase according to the mechanism shown in 
Scheme I. This mechanism entails an enzyme-induced ring 
opening via acylation of the active site scrine, followed by 
the release of a bioactive component (X). 
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Table 1. 

R-COOHa 

(Rs) Ketoprofen 

3300 (30) 

) 
mot 

Diclofenac 

430 (30) 

(Rs) Fenoprofen 
1475 (20) 

4 h39 0 0 cooH 
-30 

(S) Naproan 

1800 (5) 

OH 

- o- COQH 

5 0 
NH2 

5-ASA 

1260 (40) 

3480 (30) 

7 (Rs) xbuprofenb 

180 (20) 

‘k,,bd[lj M-k’ values (SD). 
bTaken from Ref. 17. 
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Table 2 physical constan& and spedral data of hhibitors 

Compound lKP 
“c Ppm 

1 124-126 

2 96-97 

3 132134 

4 13!5"136 

6 160.161 

6 133-114 

inactivated uqyma 
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Structure+.zctivity relationship studies 

The inhibition of HLE by the compounds listed in Table 1 
was time-dependent and followed pseudo first-order 
kinetics. For example, incubation of compound 4 with 
HLE led to progressive loss of enzymatic activity with 
very little regain in activity after 24 h (Figure l(A)). HLE 
was rapidly acylated by the rest of the compounds and 
regained full activity slowly (the half lives of reactivation 
ranged between 12-14 h) (Figure l(B)). With the exception 
of 7, these compounds were found to be very efficient in 
inactivating HLE. The ketoprofen and aspirin derivatives 
(1 and 6) had the highest potency. There was no obvious 
correlation between potency, as reflected by the magnitude 
of the bimolecular rate constant, k&&l] M-t s’, and the 
structure of (X). However, as is evident from Figure 1, the 
nature of X does effect the deacylation rate constant. The 
effect of chirality on inhibitory activity was not 
investigated in the present study. 

0.0 0.5 1.0 22 24 
Time (hr) 

Figure 1. Time dependent loss of enzymatic activity. Human leukocyte 
elastase (302 nM) was incubated witb compound 4 (0.302 PM) (A) or 
compound 5 (0.302 pM) (B) in HEPEt. buffer, pH 7.2, 0.5 M NaCl and 
1% DMSO. Aliquots were withdrawn at various time intervals and 
assayed for remaining enzyme activity as previously described.” 

In summary, this study describes the design, synthesis and 
preliminary in vitro evaluation of the inhibitory activity of 
a series of dual action inhibitors of human leukocyte 
elastase. 

Experimental Section 

Melting points were recorded on a Mel-Temp apparatus. 
and are uncorrected. The infrared and NMR spectra of the 
synthesized compounds were recorded on a Perkin-Elmer 
1330 infrared spectrophotometer and a Varian XL-300 
NMR spectrometer, respectively. A Gilford UV/VIS 
spectrophotometer was used in the enzyme assays and 
inhibition studies. Human leukocyte elastase was 
purchased from Elastin Products Co., Owensville, St 
Louis. Human leukocyte cathepsin G was obtained from 

Athens Research and Technology Co., Athens, GA. 
Methoxysuccinyl Ala-Ala-Pro-Phe p-nitroanilide, (RS)- 
ketoprofen, (Q&ibuprofen, (RS)-fenoprofen, (S)-naproxen 
and diclofenac were purchased from Sigma Chemicals Co., 
St Louis, MO. 

General synthetic procedure 

A solution of N-chloromethyl saccharin (4 mmol), 
carboxylic acid (4 mmol) and niethylamine (4.8 mmol) in 
15 ml acetonitrile was refluxed for 3 h The reaction 
mixture was cooled to room temperature and filtered. The 
filtrate was diluted with ethyl acetatc (30 mL), washed with 
water and dried. Removal of the solvent in vacua yielded a 
crude product that was purified on a chromatotron plate. 
The physical and spectral data of all synthesized 
compounds arc listed in Table 2. 

Acknowledgement 

This work was supported by a grant from the National 
Institutes of Health (HL 38048). 

References 

1. Jennings, C. A.; Crystal R. G. Inflammation, 2nd edn, 
Gallin, J. L.; Goldstein, I. M.; Snyderman, R., Eds.; Raven 
Press, New York, 1993. 

2. Riordan, J. R.; Rommens, J. M.; Alon, S.; Rozmahel, R.; 
Grzelczak, Z.; Zielcnski. J.; Lok, S.; Plavsic, N.; Chou, J.-L.; 
Drumm, M. I..; Iannuzzi, M. C.: Collins, F. S.; Tsui, L.-C. 
Science 1989, 245, 1066. 

3. Rommens, J. M.; Iannuzzi, M. C.; Kerem, B.-S.; Drumm, 
M. L.; Melmer, G.: Dean, M.; Rozmahel, R.; Cole, J. L.; 
Kennedy, D.; Hidaka, N.; Zsiga, M.; Buchwald, M.; Riordan, 
J. R.; Tsui. L.C.; Collins, F. S. Science 1989. 245, 1059. 

4 Anderson. M. P.; Gregory, R. J.; Thomson, S.; Souza, D. 
W.; Paul, S.; Mulligan, R. C; Smith, A. E.; Welsh, M. J. 
Science 1991, 253. 202. 

5. Suter, S. Anfibiof. Chemolher. Basel. Karger 1989, 42. 
158 

6. Meyer, K. C.; Lewandoski, J. R.; Zimmerman, J. J.; 
Nunley, D.; Calhoun, W. J.; Dopico, G. A. Am. Rev. Respir. 
Dis. 1991. 144. 580. 

I. Golstein, W.; Doring, G. Am. Rev. Respir. Dis. 1986, 
134, 49. 

8. Berger, M.; Sorenson, R. U.; Tosi M. F.; Dearborn, D. G.; 
Doring, G. J. Clin. Invest. 1989, 84. 1302. 

9. Sommerhoff, C. P.; Nadel J. A.; Basbaum, C. B.; Caughey, 
G. II. J. Clin. Invest. 1990. 85, 682. 

10. McElvaney. J. G.; Nakamura, H.; Birrer, P.; IIebert, C. A.; 
Wong, W. L.; Alphonso, M.; Baker, J. B.; Catalano, M. A.; 
Crystal, R. G. J. Clin. Invest. 1992, 90. 1296. 

11. Mohammed, J. R.; Mohammed, B. S.; Pawluk, L. J.; 
Bucci, D. M.; Baker, N. R.; Davis, W. B. J. Lab. Clin. Med. 
1988, 112. 711. 

12. Cantin, A.; Woods, D. E. J. Clin. Invest. 1993, 91, 38. 

13. Weiss, S. J.; Lampert, M. B.; Testa. S. 1‘. Science 1983, 
222, 625. 



Dual-action inhibitors of proteolytic enzymes 211 

14. Groutas, W. C.; Brubaker, M. J.; Stanga, M. A.; Castrisos, 16. Konstan, M. W.; Vargo. K. M.; Davis, P. B. Am. Rev. 
J. C.; Crowley, J. P.; Schatz, E. J. 1. Med. Chem. 1989, 32, Resp. Dis. 1990, 141, 186. 
1607. 

15. Groutas, W. C.; Brubaker, M. J.; Venkataraman, R.; Epp, 
17. Groutas, W. C.; Brubaker. M. J.; Venkataraman, R.; Epp, 

J. B.; Stanga, M. A.; McClenahan, J. J. Arch. Biochem. 
J. B.; Houser-Archield. N.; Chong, L. S.; McClenahan, J. J. 
BioMed. Chem. L&t. 1992, 2, 175. 

Biophys. 1992,294, 144. 


