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Abstract  

The small, electronegative fluorine atom may have a huge influence on medicinal chemistry. 

Fluorine preferentially improves metabolic stability and membrane permeability in medicinal 

or diagnostic small molecule candidates. Many fluorinated medicine candidates have 

improved target protein binding affinity. Using a few carefully chosen examples from a wide 

range of therapeutic and diagnostic contexts, this brief introduction unifies these many 

fluorine applications in medicinal chemistry. Fluorine is often used in medicinal prospects, 

indicating a bright future in medication research and development. Installing fluorine 

rationally to optimize molecular properties will be a major issue. 

 

Keywords: Medicinal chemistry; Metabolic stability; Antibiotics; Pharmaceutical 

 

Introduction 

With a van der Waals radius of about 1.47 A, fluorine is the most electronegative and tiniest 

element in the Periodic Table (3.98 Pauling scale).Hence, fluorine has particular effects when 

coupled with carbon in small organic molecules. Fluorine's role in medicinal chemistry 

suggests that adding even one fluorine atom or trifluoromethyl group to an organic compound 

at a crucial location on a biologically active molecule may have substantial pharmacological 

effects. In the 1970s, fluorinated compounds were uncommon because traditional medical 

chemistry relied on natural chemicals or their derivatives that contained few fluorine 

molecules. The early work of Fried on 9a-fluorohydrocortisone acetate demonstrated the 

beneficial effects of fluorine on physiologically active compounds [1]. Current 

pharmaceutical research synthesizes several fluorinated compounds for disease therapy. 

Recent reviews of fluorine-containing anti-cancer, antidepressant, and anti-inflammatory, an 

aesthetic, and central nervous system drugs have been published [2–6]. There has been 

research on the possibility of using fluorine substitution to improve a drug's biological 

activity and chemical or metabolic stability. For synthesizing compounds using fluorine, its 

small size (van der Waals radius of 1.47 A is equivalent to hydrogen's 1.20 A) and powerful 

electron withdrawing capability are essential. Lipophilicity of fluorine is higher than that of 

hydrogen. A C-F bond is far more stable than a C-H one. Despite its bigger size compared to 

hydrogen, fluorine is an effective hydrogen mimic and should not interfere with the 

compound's ability to attach to enzymes or receptors [7].Fluorine's high electronegativity also 

modifies the compound's physical properties. This may modify the molecule's biological 

behavior. Current fluorine atom introduction methods concentrate on: 
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Metabolic Stability 

As the C-F bond is stronger than the C-H bond, substituting fluorine at the metabolic attack 

site may slow oxidative metabolism. Bioavailability is influenced by metabolic stability. 

Drug metabolism may be affected by inductive/resonance, conformational, and electrostatic 

effects regardless of where substitution occurs [7]. 

 

Physicochemical changes 

Fluorine, the most electronegative element, may shift the electron distribution in a molecule, 

which can affect the pKa, dipole moment, and chemical reactivity and stability of 

surrounding functional groups. Fluorine lowers a compound's basicity, making it more 

membrane-permeable and bioavailable. 

 

Enhanced binding 

Fluorine substitution to boost target protein binding affinity is rising. Fluorine's interaction 

with the protein or the compound's other groups' capacity to change protein-interacting group 

polarity may cause this. 

 

Metabolic stability 

Drug research must overcome metabolic instability. Cytochrome P450 may oxidase lipophilic 

compounds. Make the molecule more polar or add a fluorine atom to affect drug metabolism 

speed, mechanism, or extent. As long as fluorine substitution doesn't interfere with target 

protein interaction, it may be done at the metabolically labile location or close or distant from 

it. Based on (a) whether the metabolic assault is electrophilic or nucleophile and (b) if the 

inductive or resonance effects of fluorine predominate, substitution at neighboring sites may 

either speed up or slow down biotransformation. 

 

Antitumor fluorinated benzothiazoles 

Two-(4-aminophenyl)-benzothiazoles, a class of fluorinated anticancer benzothiazoles, 

feature a simple structure with remarkable antitumor characteristics. As absorption and 

biotransformation have been documented in sensitive cell lines like breast MCF-7 and MDA 

468 cells but not in insensitive cell lines like prostate PC 3 cells [8], metabolism is expected 

to play a substantial role in the mechanism of action of these medications. Cell death occurs 

at low nanomolar concentrations and proliferative response at low micromolar 

concentrations, known as the second growth phase [9]. However, the first lead chemical (DF 

203) displayed a biphasic dose-response relationship in sensitive breast cancer lines. This 

might be due to the inactivation of cytochrome P4501A1 in sensitive cell types by metabolic 

metabolites [10]. In sensitive cell lines, 6OH 203 was the predominant metabolite [11]. The 

biphasic dose-response relationship of DF 230 was lost during the process of synthesizing 

multiple fluorine replacements to avoid deactivation metabolism. There was no biphasic 

dose-response relationship seen for the growth-inhibiting effects of 2-(4-amino-3-

methylphenyl)-5-fluorobenzothiazole (5F 203) on MCF-7 cells [12, 13]. Since 5-fluorination 

inhibits 6-position oxidative metabolism, 5F 203 was metabolically stable and produced no 

exportable metabolites in sensitive MCF-7 cells. The pro drug form of L-lysine, 5F 203, is 

now in phase 1 clinical trials [14]. The preclinical lead chemical 5, 40-diamino-6, 8, 30-

trifluoroflavone (Figure 1) was found by using a rational fluorination method [15]. Another 

anticancer benzothiazoles with structural similarities to 5F 203, 2-(3,4-dimethoxyphenyl)-5-

fluorobenzothiazole (GW 610, Figure 1), has been shown to have a potent and selective 
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antitumor profile [16]. Fluorine's fundamental role in this series' cellular anticancer effect is 

fascinating. 

 

Fig:1 The composition of anticancer agents to name a few, we have 2-(4-amino-3-

methylphenyl) benzothiazole (DF 203), 6-hydroxy-6OH 203, 5,40-diamino-6,8,30-

trifluoroflavone, 5-fluorobenzothiazole (5F203), and 2-(4-amino-3-methylphenyl) 

benzothiazole (5F203) (3,4-dimethoxyphenyl) -5-fluorobenzothiazole (GW 610) (GW 610) 

 

Fluorine removal for celecoxib 
The COX-2 inhibitor celecoxib proves fluorine's role in metabolic stability. Penning et al. 

[16] synthesized 1,5-diarylpyrazole compounds and performed SAR studies to discover high-

powered COX-2 selective inhibitors. As a result of the unsatisfactory half-life of the original 

fluorinated structural lead, in vivo research into pyrazole analogues with metabolic sites has 

been conducted. The half-life in rats was reduced from 220 hours to 3.5 hours when the 

fluorine on the benzene ring was replaced with a metabolically labile methyl group to create 

celecoxib. The trifluoromethyl and difluoromethyl groups showed the maximum efficacy and 

selectivity [17], and the fluorine atom is crucial because the 3-position of the pyrazole is 

malleable. 

 

Replacement of fluorine lengthens the biological half-life 

Half-lives of prostaglandins in living organisms are just approximately 5 minutes. The 

platelet-clumping thromboxane A2 (TxA2) has a unique oxetane acetal structure that 

hydrolyzes at pH 7.4 and has a half-life of 30 seconds. Hydrolysis is slowed by fluorine in the 

oxetane ring; 7,7-difluoro-TxA2 hydrolyzes at a rate 108 times slower than TxA2 

[18].Prostacyclin's acid-labile enol-ether group shortens its half-life. The addition of a 

fluorine atom boosts the molecule's stability against acid hydrolysis by inductively decreasing 

electron density on the enol-ether group. It is clear from Figure 4 that the 10,10-difluoro-13-

dehydro-prostacyclin produced by Fried et al. retains the same qualitative and quantitative 

biological potency as natural prostacyclin. This analogue mimics PGI2 except for its 150-fold 

longer half-life and inactivation by 15-hydroxyprostaglandin dehydrogenase. 
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Fig:2 shows how fluorine substitution may prolong biological half-lives in thromboxane A2, 

which induces platelets to aggregate, and its 7,7-difluoro derivative, as well as 10(10)-

difluoro-13-dehydro-prostacyclin and endogenous prostacyclin. 

 

Fluorine substitution's physicochemical effects 

The most electronegative element, fluorine, may shift the pH of nearby functional groups 

towards more acidic or basic conditions. A highly basic group may be required for binding, 

yet this may reduce the drug's bioavailability because of its reduced membrane permeability. 

High lipophilicity is required for strong binding affinity but may reduce solubility and cause 

other un favorable qualities, therefore there has to be a compromise between the two [19]. 

 

Force of the C-F bond 

Certain fluorine-containing compounds are metabolically inactive because the energy 

required to break the C-F bond is higher than that required to break the C-H bond (116 

kcal/mol vs. 99 kcal/mol) [4]. The anticancer medicine 5-fluorouracil is metabolized into an 

active metabolite that inhibits thymidylate synthase, which in turn decreases thymidine and 

DNA synthesis. The C-5 fluorine is unreactive; therefore the molecule may enter the enzyme 

active site without triggering any metabolic reactions [7]. 

 

Inhibition of an enzyme in an irreversible manner 

It is possible to remove fluoride, a useful leaving group, when fluorine is attached to a 

reactive center. Covalent attachment of electrophilic species to the enzyme may cause 

irreversible impairment of enzymatic function [20, 21]. Quickly removing glycosylic 

fluoride, 2-deoxy-2-fluoro-b-D-glucosyl fluoride creates an oxocarbonium ion that may react 

with the enzyme. The 2-deoxy-2-fluoro-glycosyl-enzyme complex is stabilized by the 

fluorine substitute at carbon-2 (Fig 3). The final transformation is halted when a more stable 

intermediate binds to the enzyme and renders it inactive. Type 2 diabetes may be treated by 

inhibiting gut aglucosidases, enzymes responsible for the absorption of glucose from the 

gastrointestinal tract. An inert fluoride species is produced as a byproduct, and it has more 

therapeutic potential than comparable compounds [22]. 
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Fig: 3 An oxocarbonium ion is formed when the glycosidic fluorine in 2-deoxy-2-fluoro-w-

D-glucosyl fluoride is eliminated. This ion then reacts with the enzyme to create a complex. 

 

Fluorine in Medicine 

Fluoride and Tooth Caries Prevention 

This mottling of tooth enamel due to fluoride in drinking water was first observed in 1931. 

(dental fluorosis). As a result of early studies showing decreased tooth decay in children with 

dental fluorosis, there was worry that fluoride may preserve teeth even without causing 

fluorosis [23]. Between 30 and 50 percent of children living in fluoridated areas have dental 

fluorosis, and it's not always mild, as shown by the biggest US research and a worldwide 

assessment (www.fluoridealert.org). More than three to five times as many kids as expected 

have dental fluorosis. The practice of fluoridating water is very contentious. While the World 

Health Organization has deemed water fluoridation to be "one of the top 10 public health 

triumphs of the twentieth century," and has ignored health concerns, some experts are 

worried about the health impacts of the increasing fluoride addition. There are a number of 

variables that make them doubt that the health advantages of widespread dental care would 

exceed the hazards. Concerned about the effects of high fluoride levels on newborn infants' 

developing brains [24], Nobel Prize in medicine winner Dr. Arvid Carlsson spearheaded 

Sweden's successful campaign against water fluoridation. Carlson’s worries about fluoride's 

dangers have been rekindled by the available information [25]. 

 

In order to cure osteoporosis, fluoride is often utilized to stimulate the formation of 

osteoblasts [26]. In calcified tissues like teeth and bone, fluoride rapidly swaps with the 

hydroxide ion on calcium hydroxy apatite crystals to generate calcium fluorapatite: Ca10 

(PO4)6(OH)2+2F-=Ca10(PO4)6(F)2+2OH. It has been suggested [27] that bones exposed to 

fluoride lose their mechanical strength. The balance between fluoride's beneficial and 

negative effects on bone quality seems to depend on daily doses, treatment time, and bone 

fluoride concentration. When you examine fluoride's effects on bone, the problem worsens. 

Fluoride affects several bone regions differently. The exterior layer of bone responsible for 

resisting torsional and shear stress (cortical bone) loses density, whereas the inner trabecular 

bone gains density (the mesh-like core of the bone that is vital for weight bearing). 

 

Antibiotics 

Artificial fluorine substitution alters physiologically active molecules. Fluorine replaces 

hydrogen and hydroxyl groups in drug development [28]. Fluorine substitution in a 

pharmacological molecule may impact pharmacodynamics, toxicity, absorption, tissue 

distribution, secretion, and biotransformation [29]. Almost 200 fluorinated drugs are 

available, and more are being developed. Fluorinated drugs provide benefits for human 

medicine, but their health dangers are unknown. Fluorine's role in numerous harmful effects 

is unclear. The amino group in lysine, the sulphydryl group in cysteine, and the hydroxyl 
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group in serine are all examples of nucleophilic groups that may catalyze the defluorination 

of fluorinated medicines [30,31,32].5-fluoro-amodiaquine and 2-fluoroethynilestradiol are 

defluorinated examples. Even trifluoromethyl may defluorinate [33]. 

 

Fluorine antibiotics and antivirals 

High antiviral activity is seen in several recently synthesized 3-thioxo-1, 2, 4-triazin-5-ones 

with fluorine-containing substitutions [34]. Certain nucleosides and fluorinated purine 

nucleotides may inhibit the replication of HIV, another virus (Marquez et al. 1990). Fluorine 

may be found in the sugary residue and the base. Zidovudine's direct fluorine counterpart, 

alovudine, is one example of a potential new class of anti-HIV medications known as 

fluorine-containing antimetabolites (3-azidothymidine, AZT). Inhibitor of reverse 

transcriptase (RT) linked with HIV is alovudine, which is phosphorylated inside cells to 

become alovudine 5-triphosphate (Matthes et al. 1988). [(-)-beta-L-2',3'-dideoxy-5'-fluoro-3'-

thiacytidine] (emtricitabine) is an HIV drug that has been authorised by the FDA [35]. 

 

5-fluorouracil is used to combat malignant solid tumours. One of the building blocks of DNA 

is called thymidine, and its production may be inhibited by the pharmacologically active 

metabolite 5-fluoro-deoxyuridine monophosphate [36].As cancer cells concentrate 5-

fluorouracil and its byproducts, enzymatic blockade limits tumour growth [37]. Fluoroacetate 

poisons humans when it enters the tricarboxylic acid cycle and creates fluorocitric acid [38]. 

A 5-fluorouracil catabolite from fluorinated pyrimidine breakdown promotes tumour 

cytotoxicity [39]. Contemporary oncology uses fluorine-containing anthracycline derivatives. 

 

Fluorine-based anti-inflammatories 

Anti-inflammatory drugs treat both pain and swelling. There are several fluorinated forms of 

medicines in this class. Different drugs have different effects and strengths. Other side effects 

depend on the drug and the person. Fluorine-based anti-inflammatory drugs that are 

defluorinated make the toxic and stable fluoride ion [40]. Fluorinated niflumic acid, which is 

used to treat inflammation, is dangerous in France. A 86-year-old man with severe 

osteofluorosis and renal failure took 500 mg of niflumic acid every day for many years [41]. 

A 61-year-old man who drank 2.5 litres of Vichy St-Yorre water every day for 11 years 

(mineral water with 8 mg of fluoride ions per litre) had similar health problems. These results 

show how important it is to be careful when giving fluorine-based medicines and fluorine 

salts to treat osteoporosis. 

 

Fluorine pharmaceutical use 

Fluorine is used in pharmaceuticals to help the central nervous system get through cell 

membranes better. For drugs to work, they must get through the blood-brain barrier in high 

concentrations. Butyrophenones, diaylbutylamines, and tricyclics that block dopamine 

receptors in the central nervous system (CNS) have fluorophenyl or trifluoromethyl groups to 

help them get into the CNS. Haloperidol makes up most of butyrophenone. On the lookout 

for stronger drugs, fluorophenyl-containing compounds have longer half-lives than 

haloperidol [42]. Fluphenazine, trifluoropromazine, and trifluperazine are stronger than 

chlorpromazine [43]. Most psycho pharmaceuticals containing fluorine are antipsychotics and 

antidepressants. Citalopram and fluoxetine are popular (Prozac). Prozac treats depression, 

bulimia, and OCD. Fluoxetine with citalopram may cause drowsiness, nausea, headaches, 

anxiety, insomnia, and appetite loss [44]. 
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Conclusion and outlook 

This study discusses the many medicinal chemistry and drug development applications of 

strategically positioned fluorine groups. Fluorine is added to things to improve their stability 

in the body, their physicochemical properties, or their ability to stick together. These are the 

ways that medicinal chemists use to make new drugs. Fluorine is often added to molecules on 

the spot, but it could also be used in a more scientific way to make drugs by using more than 

one method to figure out where to swap fluorine atoms to make them work better. 

Fluorinating medications increase human overexposure to fluoride from the environment 

[45]. Fluoride is most dangerous for babies and kids, people who drink a lot of water, people 

over 65, people who are very sensitive to fluoride, people who are sick, and people with 

kidney disease. Fluoride may activate G proteins and cause degenerative changes when tiny 

amounts of aluminium are present. Aluminofluoride compounds may aggravate preclinical 

pathophysiological alterations. Fluorinated hormones may cause major health problems. 

Fluorinated chemicals' effects on humans are unknown. Pharmacological and clinical 

research targets infants, babies, children, and ill people. In his Nobel Prize address, Albert 

Gilman stated the objective is to develop drugs that inhibit abnormal G protein activation. î 

Aluminum and fluoride disrupt G proteins. How many persons are needed for applied 

biomedicine to accept this information? Due to improved awareness of fluoride and 

aluminium ion health risks, many significant ailments would decline in the 21st century. 

 

Reference 

1. Fried J, Sabo EF. 9a-fluoro derivatives of cortisone and hydrocortisone. J Am Chem 

Soc 1954;76:1455–1456. 

2. Isanbor C, O’Hagan D. Fluorine in medicinal chemistry: a review of anti-cancer 

agents. J Fluorine Chem 2006;127: 303–319.  

3. Shengguo S, Adeboye A. Fluorinated molecules as drugs and imaging agents in the 

CNS. Curr Top Med Chem 2006;6: 1457–1464.  

4. Bo¨hm H, Banner D, Bendels S, Kansy M, Kuhn B, Mu¨ller K, Obst-Sander U, Stahl 

M. Fluorine in medicinal chemistry. Chembiochem 2004;5:637–643.  

5. Kirk KL. Fluorine in medicinal chemistry: Recent therapeutic applications of 

fluorinated small molecules. J Fluorine Chem 2006;127:1013–1029.  

6. Kirk KL. Selective fluorination in drug design and development: an overview of 

biochemical rationales. Curr Top Med Chem 2006;6:1447–1456. 

7. Park BK, Kitteringham NR, O’Neill PM. Metabolism of fluorine-containing drugs. 

Annu Rev Pharmacol Toxicol 2001; 41:443–470. 

8. Chua M-S, Shi D-F, Bradshaw TD, Hutchinson I, Shaw PN, Barrett DA, Stanley LA, 

Stevens MFG. Antitumor benzothiazoles.  

9. Synthesis of 2-(4-acylaminophenyl)benzothiazoles and investigations into the role of 

acetylation in the antitumor activities of the parent amines. J Med Chem 1999;42: 

381–392.  

10. Kashiyama E, Hutchinson I, Chua M-S, Stinson SF, Phillips LR, Kaur G, Sausville 

EA, Bradshaw TD, Westwell AD, Stevens MFG. Antitumor benzothiazoles. 8. 

Synthesis, metabolic formation, and biological properties of the C- and N-oxidation 

products of antitumor 2-(4-aminophenyl)benzothiazoles. J Med Chem 1999;42:4172–

4184.  



599 | P a g e 

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11, Iss 12, Dec 2022 

11. Hutchinson I, Chua M-S, Browne HL, Trapani V, Bradshaw TD, Westwell AD, 

Stevens MFG. Antitumor benzothiazoles.  Synthesis and in vitro biological properties 

of fluorinated 2-(4-aminophenyl)benzothiazoles. J Med Chem 2001;44: 1446–1455.  

12. Brantley E, Trapani V, Alley MC, Hose CD, Bradshaw TD, Stevens MFG, Sausville 

EA, Stinson SF. Fluorinated 2-(4- amino-3-methylphenyl)benzothiazoles induce 

CYP1A1 expression, become metabolised, and bind to macromolecules in sensitive 

human cancer cells. Drug Metab Dispos 2004;32: 1392–1401.  

13. Hutchinson I, Jennings SA, Vishnuvajjala BR, Westwell AD, Stevens MFG. 

Antitumor benzothiazoles. 8. Synthesis, metabolic formation, and biological 

properties of the C- and N-oxidation products of antitumor 2-(4-aminophenyl)-

benzothiazoles. J Med Chem 2002;45:744–747.  

14. Akama T, Ishida H, Shida Y, Kimura U, Gomi K, Saito H, Fuse E, Kobayashi S, 

Yoda N, Kasai M. Design and synthesis of potent antitumor 5,40 -diaminoflavone 

derivatives based on metabolic considerations. J Med Chem 1997;40:1894–1900.  

15. Mortimer CG, Wells G, Crochard J-P, Stone EL, Bradshaw TD, Stevens MFG, 

Westwell AD. Antitumor benzothiazoles. 26. 2-(3,4-Dimethoxyphenyl)-5-

fluorobenzothiazole (GW 610, NSC 721648), a simple fluorinated 2-

arylbenzothiazole, shows potent and selective inhibitory activity against lung, colon, 

and breast cancer cell lines. J Med Chem 2006;49: 179–185. 

16. Penning TD, Talley JJ, Bertenshaw SR, Carter JS, Collins PW, Docter S, Graneto MJ, 

Lee LF, Malecha JW, Miyashiro JM, Rogers RS, Rogier DJ, Yu SS, Anderson GD, 

Burton EG, Cogburn JN, Gregory SA, Koboldt KM, Perkins WE, Seibert K, 

Veenhuizen AW, Zhang YY, Isakson PC. Synthesis and biological evaluation of the 

1,5-diarylpyrazole class of cyclooxygenase-2 inhibitors: identification of 4-[5-(4-

methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]benzenesulfonamide (SC-58635, 

Celecoxib). J Med Chem 1997;40: 1347–1365.  

17. Smith DA, van der Warebeemd H, Walker DK. Pharmacokinetics and metabolism in 

drug design: methods and principles in medicinal chemistry., Volume 13. Weinheim: 

Wiley-VCH Verlag GmbH; 2001. p 83.  

18. Fried J, John V, Szwedo MJ, Chen C, O’Yang C. Synthesis of 10,l0-

difluorothromboxane A2, a potent and chemically stable thromboxane agonist. J Am 

Chem Soc 1989;111:4510–4511 

19. Fried J, Mitra DK, Nagarajan M, Mehritra MM. 10,10- difluoro-13-

dehydroprostacyclin: A chemically and metabolically stabilized potent prostacyclin. J 

Med Chem 1980;23:235. 

20. Johnston M, Marcotte P, Donovan S, Walsh C. Mechanistic studies with vinylglycine 

and b-haloaminobutyrates as substrates for cystathionine-synthetase from Salmonella 

typhimurium. Biochemistry 1979;18:1729–1738.  

21. Muehlbacher M, Poulter CD. Isopentenyl diphosphate: Dimethylallyl diphosphate 

isomerase. Irreversible inhibition of the enzyme by active site-directed covalent 

attachment. J Am Chem Soc 1985;107:8307–8308. 

22. Dean H.T.: The investigation of physiological effects by the ìepidemiological 

methodî. In FR Moulton (ed.): Fluorine and dental health, AAAS, Washington, 1942, 

p. 23 

23. Carlsson A.: Current problems relating to the pharmacology and toxicology of 

fluorides. J. Swedish Med. Assoc. 14: 1338ñ1392, 1978 



600 | P a g e 

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11, Iss 12, Dec 2022 

24. Struneck· A. and J. Patočka: Aluminofluoride complexes: A useful tool in laboratory 

investigations, but a hidden danger for living organisms? In Shapiro P. and D. 

Atwood (eds) Group 13 Chemistry: From Fundamentals to Application. ACS 

symposium Series 822, Washington 2002, p. 271ñ282. 

25. Caverzasio J., G. Palmer, J.P. Bonjour: Fluoride: mode of action. Bone 22: 585ñ589, 

1998 

26. Bohatyrewicz A.: Effects of fluoride on mechanical properties of femoral bone in 

growing rats. Fluoride 32: 47ñ54, 1999 

27. Alkorta I., I. Rozas, J. Elguero: Effect of fluorine substitution on hydrogen bond 

interactions. J. Fluor. Chem. 101: 233ñ238, 2000 

28. Wakselman C.: Fluorinated organic compounds: synthesis and biological applications 

(In French). Ann. Pharm. Fr. 57: 108ñ115, 1999. 

29. Park B.K., N.R. Kitteringham, P.M. O'Neill: Metabolism of fluorine-containg drugs. 

Annu. Rev. Pharmacol. Toxicol. 41: 443ñ470, 2001 

30. Harrison A.C., B.K. Park, P.M. O'Neil, R.C. Storr, N.R. Kitteringham: Metabolic 

defluorination of 5-fluoro-amodiaquine in the rat. Br. J. Clin. Pharmacol. 34: 148, 

1992 

31. Morgan P., J.L. Maggs, P.C. Bulman-Page, F. Hussain, B.K. Park: The metabolism of 

2- and 4-fluoro-17β-estradiol in the rat and its fluorinated analogs with tumor-

induction in syrian-hamsters. Mol. Pharmacol. 43: 983ñ984, 1992 

32. Thompson D.C., K. Perera, R. London: Spontaneous hydrolysis of 4-

trifluoromethylphenol to a quinone methide and subsequent protein alkylation. Chem. 

Biol. Interact. 126: 1ñ14, 2000 

33. Marquez V.E., C.K. Tseng, H. Mitsuya, S. Aoki, J.A. Kelley, H. Ford Jr, J.S. Roth, S. 

Broder, D.G. Johns, J.S. Driscoll: Acid-stable 2'-fluoro purine dideoxynucleosides as 

active agents against HIV. J. Med. Chem. 33: 978ñ985, 1990 

34. Matthes E., C. Lehmann, D. Scholz, H.A. Rosenthal, P. Langen: Phosphoralytion, 

anti-HIV activity and cyto-toxicity of 3í-fluorothymidine. Biochem. Biophys. Res. 

Commun. 153: 825ñ 831, 1988. 

35. Feng J.Y., E. Murakami, S.M. Zorca, et al.: Relationship between antiviral activity 

and host toxicity: comparison of the incorporation efficiencies of 2',3'-dideoxy-5-

fluoro-3'- thiacytidine-triphosphate analogs by human immunodeficiency virus type 1 

reverse transcriptase and human mitochondrial DNA polymerase. Antimicrob. Agents 

Chemother. 48: 1300ñ1306, 2004 

36. Thomas D.M. and J.R. Zalcberg: 5-Fluorouracil: a pharmacological paradigm in the 

use of cytotoxics. Clin. Exp. Pharmacol. Physiol. 25: 887ñ895, 1998 

37. Arellano M., M. Malet-Martino, R. Martino, P. Gires: The anticancer drug 5-

fluorouracil is metabolized by the isolated perfused rat liver and in rats into highly 

toxic fluoroacetate. Br. J. Cancer 77: 79ñ86, 1998 

38. Patocka J. and J. Cabal: Toxicology of fluoroacetic acid and similar organofluorine 

aliphatic compounds. ASA Newslett. 99: 16ñ18, 1999 

39. Kubota T.: 5-fluorouracil and dihydropyrimidine dehydrogenase Int. J. Clin. Oncol. 8: 

127ñ131, 2003 

40. Boiteau H.L., A. Prost, F. Rossel-Renac, M. Audran, J.P. Hamelin, N. Carlier: Ionized 

fluorine in the plasma and urine of subjects treated with organofluorine drugs 

prescribed in rheumatology (In French). Rev. Rhum. Mal. Osteoartic. 46: 123ñ32, 

1979. 



601 | P a g e 

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11, Iss 12, Dec 2022 

41. Welsch M., J.G. Bloch, D. Stephan, R. Bloch, J.L. Imbs: Iatrogenic fluorosis. 2 cases 

(In French). Therapie 45: 419ñ422, 1990 

42. Park B.K. and N.R. Kitteringham: Effects of fluorine substitution on drug-metabolism 

pharmacological and toxicological implications. Drug. Metab. Rev. 26: 605ñ643, 

1994. 

43. Resnati G.: Aspects of the medicinal chemistry of fluoroorganic compounds. Part 1. Il 

Farmaco 45: 1043ñ1066, 1990 

44. Edwards J.G. and I. Anderson: Systematic review and guide to selection of selective 

serotonin reuptake inhibitors. Drugs 57: 507ñ533, 1999. 

45. Bryson Ch.: The fluoride deception. Seven Stories Press US 2004, 1ñ272. 

 

 


