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PRODRUG 

 

       Prodrugs, metabolites of drugs, targeted drugs are commonly used in the pharmaceutical field. 

Prodrug is used to signify pharmacologically inactive chemical moieties which are used to alter the 

physiochemical properties of drugs temporarily in order to improve their efficacy and reduce their toxicity 
[1 - 3]

. 

  

      Prodrugs are bioreversible derivatives of drug molecules which undergo chemical transformation or 

enzymatic conversion in vivo to release the active parent drug which shows desired pharmacologic 

effect. In both drug discovery and development, prodrugs have become an established tool for enhancing 

biopharmaceutical, physiochemical, or pharmacokinetic properties of therapeutic agents. The use of a 

prodrug is widely encouraged to optimize absorption, distribution, metabolism, and excretion (ADME) 

processes
 [4 - 11]

. 

 

      Pharmaceutical scientists are often facing serious formulation problems such as poor solubility, poor 

organoleptic properties and chemical instability. Due to delayed pharmaceutical solution to solubility or 

stability problem, scientists preferred to take advantage of a produg strategy.  

 

       Prodrugs are usually designed to enhance oral bioavailability due to poor absorption from the 

gastrointestinal tract. The prodrug strategy has been used to improve the selectivity of drugs. Prodrug 

Design improves bioavailability, aqueous solubility, palatability and also gives protection against fast 

metabolism 
[12 - 16]

. 

 

Prodrugs for Site Specificity 

 

        Site-specific drug delivery helps for accurate and direct effects at the site of action without 

subjecting the remaining tissues to significant levels of the active agent. When the lipophilicity of a drug 

is increased, it would enhance transportation of the drug passively and nonspecifically to all tissues. 

 

Prodrugs for (increased) site specificity 

 

        To increase the site specificity of certain drugs, the following means of preparing prodrugs are used: 
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1.   Increase or reduction in volume 

2.   Alteration of hydrophilicity or solubility 

3.   Introduction or removal of cationic or anionic moieties 

4.   Change of pKa 

5.  Incorporation of hydrocarbon or other suitable stable or labile moieties, and carriers that 

transport the compound to specific organs or tissues and make it to accumulate selectively 

there, where it is bioactivated. 

 

Prodrugs for GIT 

 

        A nice objective of using prodrugs is to restrict the drug action to the upper part of the GIT. If we 

want to target drugs against an infection of the GIT, then we should prevent the drugs being absorbed 

into the blood supply. For example retardation of the drug absorption, as in case of sulfathiazole can 

easily be done by using a fully ionized molecule which is incapable of crossing cell membranes. The 

incorporation of strongly hydrophilic moieties to the sulfonamides prevents their transport to the 

bloodstream. They are incapable of crossing the gut wall and are therefore directed efficiently against the 

GI infection. 

 

Prodrugs for Masking The Bitter Taste of Drugs 

 

 
        Pharmaceutical companies are recognizing the significance of masking the taste for concealing the 

obnoxious taste [17].  Bitter taste receptors protect the organism against the ingestion of harmful 

substances. Bitter masking agents [18 - 22] are diverse in their physicochemical properties and chemical 

structure [23, 24]. In humans, bitter taste perception is mediated by 25 G-protein coupled receptors [25]. 

Drugs such as non-steroidal anti-inflammatories, macrolide antibiotics, and penicillin have a pronounced 

bitter taste [26]. 

 

Enzymes for Bioconversion of Prodrugs 

 

        The mechanism of proton transfer between two oxygens in Menger’s rigid carboxylic amides has led 

to the design of prodrugs that mask the bitter taste of dopamine, atenolol, amoxicillin and cephalexin, 

The role of the linker in these prodrugs is to block the free amine group in the parental drug and to 

enhance the release of a drug in a well-defined manner 
[27 - 34]

. 

 

       The striking efficiency of enzyme catalysis has inspired many organic chemists to explore enzyme 

mechanisms by studying certain intra molecular processes such as enzyme models which proceed faster 

than their intermolecular counterparts. This research brings about the important question of whether 

enzyme models will replace natural enzymes in the conversion of prodrugs to their parental drugs 
[35]

. 

 

        Enzymes are mandatory for the inter conversion of many prodrugs to their parental drugs. Among 

the most important enzymes in the bioconversion of prodrugs are amides (eg. trypsin, chymotrypsin, 

elastase, carboxypeptidase, and aminopeptidase) and ester-based prodrugs (ex. paraoxonase, 

carboxylesterase, acetylcholinesterase and cholinesterase). Most of these enzymes are hydrolytic 

enzymes, however, non-hydrolytic enzymes, including all cytochrome P450 enzymes, are also capable of 

catalyzing the bioconversion of ester and amide-based prodrugs 
[36 - 40]

. 

 

 

         Modern computational methods can be used for the design of innovative prodrugs for drugs that 

contain hydroxyl, phenol, or amine groups 
[41 - 45]

. For example, mechanisms of some enzyme models that 

have been used to gain a better understanding of enzyme catalysis have been recently investigated and 

utilized for the design of novel prodrug linkers 
[46 – 51]

. 
 



 
 
 

RRJPNT | Volume 3 | Issue 2 | April - June, 2015         105 
 

e-ISSN: 2347-7857 

p-ISSN: 2347-7849 

CONCLUSION 

 

Prodrug approach has been used to overcome undesirable drug properties and to optimize the clinical 

drug applications. Prodrug approaches enhanced solubility, site specificity, prolonged release and toxicity 

limited bioavailability. Nowadays, the modern computational design uses a design of linkers with bitter 

tasting drugs to release the parental drugs in a well-defined manner. Thus the rate of release of the 

parental bitter tasting drugs will be controlled.  Site specific targeting with prodrugs can be improved by 

the use of gene delivery with the help of enzymes and transporters. Thus produg design is widely used in 

the development of selective drug delivery systems. 

 

REFERENCES 

 

1. Karaman R, et al. Prodrug Design by Computation Methods: A New Era. Drug Des. 2013;2: e113. 

2. Albert A, et al. Chemical aspects of selective toxicity. Nature. 1958;182: 421-422. 

3. Karaman R, et al. Prodrug Design vs. Drug Design. Drug Des. 2013;2: e114. 

4. Burke Anne, et al.Analgesic Antipyretic and Antiinflammatory Agents”. Goodman and Gilman’s the 

pharmacological basis of therapeutics. 2006; 

5. Stella VJ, et al. Prodrugs: Challenges and Rewards. Springer. . 2007; 

6. Stella VJ, et al. Prodrugs. Do they have advantages in clinical practice? Drugs. 1985;29: 455-

473.  

7. Banerjee PK, et al. Design of prodrugs based on enzymes-substrate specificity. In: Bundgaard H, 

ed. Design of Prodrugs. New York: Elsevier. 1985;93-133.  

8. Müller CE, et al. Prodrug approaches for enhancing the bioavailability of drugs with low solubility. 

Chem Biodivers. 2009;6: 2071-2083.  

9. HARPER NJ, et al. Drug latentiation. J Med Pharm Chem. 1959;1: 467-500.  

10. Harper NJ, et al. Drug latentiation. Progress in Drug Research . 1962;4: 221-294. 

11. Karaman R, et al. The Prodrug Naming Dilemma. Drug Des. 2013;2: e115. doi:10.4172/2169-

0138.1000e115 

12. Stella VJ, et al. Prodrug strategies to overcome poor water solubility. Adv Drug Deliv Rev . 

2007;59: 677-694.  

13. Di L, et al. Solubility issues in early discovery and HTS, in Solvent Systems and Their Selection in 

Pharmaceutics and Biopharmaceutics . 2007; 

14. Fleisher D, et al. Improved oral drug delivery: solubility limitations overcome by the use of 

prodrugs. Adv Drug Deliv Rev. 1996;19: 115-130.  

15. Chan OH, et al. Physicochemical and drug-delivery considerations for oral drug bioavailability. 

Drug Discov Today. 1996;1: 461-473.  

16. Beaumont K, et al. Design of ester prodrugs to enhance oral absorption of poorly permeable 

compounds: challenges to the discovery scientist. Curr Drug Metab . 2003;4: 461-485. 

17. Sohi H, et al. Taste masking technologies in oral pharmaceuticals: recent developments and 

approaches. Drug Dev Ind Pharm. 2004;30: 429-448. 

18. Drewnowski A, et al. Bitter taste, phytonutrients, and the consumer: a review. Am J Clin Nutr . 

2000;72: 1424-1435.  

19. Hofmann T, et al. Identification of the key bitter compounds in our daily diet is a prerequisite for 

the understanding of the hTAS 2R gene polymorphisms affecting food choice. Ann N Y Acad Sci. 

2009;1170: 116-125.  

20. Rodgers S, et al. Building a tree of knowledge: analysis of bitter molecules. Chem Senses. 

2005;30: 547-557.  

21. Rodgers S, et al. Characterizing bitterness: identification of key structural features and 

development of a classification model. J Chem Inf Model. 2006;46: 569-576.  

22. Maehashi K, et al. Bitter peptides and bitter taste receptors. Cell Mol Life Sci. 2009;66: 1661-

1671.  

23. Behrens M, et al. Bitter taste receptors and human bitter taste perception. Cell Mol Life Sci . 

2006;63: 1501-1509.  

24. Meyerhof W, et al. Molecular biology of mammalian bitter taste receptors. A review Flavour Frag J. 

2011;26: 260–268.  



 
 
 

RRJPNT | Volume 3 | Issue 2 | April - June, 2015         106 
 

e-ISSN: 2347-7857 

p-ISSN: 2347-7849 

25. Behrens M, et al. Mammalian bitter taste perception. Results Probl Cell Differ. 2009;47: 203-

220. 

26. Ayenew Z, et al. Trends in pharmaceutical taste masking technologies: a patent review. Recent 

Pat Drug Deliv Formul. 2009;3: 26-39. 

27. Karaman R, et al. The efficiency of proton transfer in Kirby’s enzyme model, a computational 

approach. Tetrahedron Lett. 2010;51:2130-2135.  

28. Karaman R, et al. Computer-assisted design of pro-drugs for antimalarial atovaquone. Chem Biol 

Drug Des. 2010;76: 350-360.  

29. Karaman R, et al. Prodrugs of aza nucleosides based on proton transfer reaction. J Comput Aided 

Mol Des. 2010;24: 961-970.  

30. Karaman R, et al. Analyzing the efficiency of proton transfer to carbon in Kirby’s enzyme model-a 

computational approach. Tetrahedron Lett. 2011;52: 699-704.  

31. Hejaz H, et al. Computer-assisted design for paracetamol masking bitter taste prodrugs. J Mol 

Model. 2012;18: 103-114.  

32. Karaman R, et al. Analyzing the efficiency in intramolecular amide hydrolysis of Kirby’s N-

alkylmaleamic acids - A computational approach. Comput Theor Chem . 2011;974: 133-142.  

33. Karaman R, et al. Computational-aided design for dopamine prodrugs based on novel chemical 

approach. Chem Biol Drug Des. 2011;78: 853-863.  

34. Karaman R, et al. Prodrugs of acyclovir--a computational approach. Chem Biol Drug Des . 

2012;79: 819-834. 

35. Karaman R, et al. Computationally Designed Enzyme Models to Replace Natural Enzymes in 

Prodrug Approaches. Drug Des. 2013;2: e111. 

36. Karaman R, et al. The Future of Prodrugs designed by Computational Chemistry. Drug Des . 

2012;1: e103. 

37. Karaman R, et al. Prodrugs of fumarate esters for the treatment of psoriasis and multiple 

sclerosis--a computational approach. J Mol Model. 2013;19: 439-452. 

38. Karaman R, et al. Cleavage of Menger’s aliphatic amide: a model for peptidase enzyme solely 

explained by proximity orientation in intramolecular proton transfer. J Mol Struct . 2009; 

39. Karaman R, et al. The efficiency of proton transfer in Kirby’s enzyme model, a computational 

approach. Tetrahedron Lett. 2010;51: 2130-2135.  

40. Karaman R, et al. Computational analysis of intramolecularity in proton transfer reactions. Org & 

Bimol Chem. 2010;8: 5174-5178. 

41. Brazilian Sanitary Surveillance Agency Guideline, et al. Manual of Good Bioavailability and 

Bioequivalence Practices. 2002; 

42. Locke CS, et al. An exact confidence interval from untransformed data for the ratio of two 

formulation means. J Pharmacokinet Biopharm . 1984;12: 649-655. 

43. Marín LE, et al. Bioequivalence of Two Oral Tablet Formulations of Betahistine 24 Mg: Single-

Dose, Open-Label, Randomized, Two-Period Crossover Comparison in Healthy Individuals. J 

Bioequiv Availab. 2014; 7: 001-004. 

44. Menon S, et al. Bioequivalence and Pharmacokinetic Evaluation of Two Formulations of 

Armodafinil 250 mg Tablets in Healthy Indian Adult Male Subjects. J Bioequiv Availab. 2013; 5: 

095-098. 

45. Bedada SK, et al. Resveratrol Enhances the Bioavailability of Fexofenadine in Healthy Human 

Male Volunteers: Involvement of P-Glycoprotein Inhibition. J Bioequiv Availab . 2014;6: 158-163. 

46. Vangara KK, et al. Oral Transmucosal Delivery for Improved Drug Bioavailability and Patient 

Compliance. J Bioequiv Availab. 2015;7:e58. 

47. Popa G, et al. Oral disintegrating tablets. A new, modern, solid. 2003. 

48. Reisfield GM, et al. Rational use of sublingual opioids in palliative medicine. J Palliat Med. 

2007;10: 465-75. 

49. Narang N, et al. Sublingual Mucosa as A Route for Systemic Drug Delivery. 2011;3: 18-22. 

50. Tangso KJ, et al. Confectionery-based Dose Forms. Curr. 2014. 

51. Vangara KK, et al. Oral Transmucosal Delivery for Improved Drug Bioavailability and Patient 

Compliance. J Bioequiv Availab. 2015;7:e58. 


