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CHEMO NOTES FOR FINAL
QUINOLONES
- Synthetic antimicrobials with N-alkylated 3-carboxypyrid-4-one fused with substituted aromatic ring.
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First-Generation Quinolones

- Nalidixic acid is the first marketed quinolone in 1965. It is still available for Gram (-) bacterial infections.

- Used for uncomplicated UT infections, mainly by E. coli.
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- Other 1st generation quinolones including oxolinic acid & cinoxacin are not common & mainly used UT disinfectants.

- They’re well absorbed orally & highly serum protein bound & hence have relatively high t½ .

- This restricts their use to protein free compartments e.g., UT.
- Used in high doses, because of their low potency, which leads to some side  effects, e.g., GI upset, rash & visual disturbance.

- They are also proconvulsant & photosensitizers in susceptible patients.
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Second-Generation Quinolones

- Not used widely till the discovery of the first fluoroquinolone norfloxacin in 1986, which was equivalent in potency to fermentation antibiotics.

- ciprofloxacin and  gatifloxacin.
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- Levofloxacin is optically active isomer of ofloxacin & nearly 2-fold more active & more water soluble & became very popular.

- Sparfloxacin & trovafloxacin have better Gram (+) activity.
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Mechanism of action

- Quinolones are bactericidal due to their inhibition of DNA gyrase& topoisomerase IV which are key enzymes that dictate bacterial DNA conformation so that it can be stored unwounded, replicated, repaired & transcribed when needed.

- Inhibition of DNA gyrase & topoisomerase IV renders a cell’s DNA inaccessible, leading to death, especially if the cell must deal with other toxic effects at the same time.

- Topoisomerase IV is more important to Gram (+) while DNA gyrase is important to Gram (-) bacteria.

- Humans shape their DNA with topoisomerase II which doesn’t bind quinolones at therapeutic doses.

- Quinolones form chelate polyvalent with metal ions Ca2+, Mg2+, Al3+& Fe2+ to form less water soluble complexes & hence considerably lose their potency.
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- Hence, co-administration of certain antacids, hematinics, tonics & dairy products soon after quinolones administration is contraindicated.
Side Effects

- Proconvulsant, as in 1st-generation, especially in epileptics.

- Quinolones are associated with erosion of the load bearing joints of young animals, hence they are not used before puberty.

- temafloxacin was removed from the market because it caused hemolysis, renal failure & thrombocytopenia.

- Recently, severe liver toxicity of trovafloxacin resulted in its removal from the market.

- Its use is restricted to severe infections involving institutional care where liver functions carefully monitored.

- Grepafloxacin marketed in 1997 & withdrawn in 1999 due to its cardiovascular toxicity.  It prolonged QTc interval.

-  Ciprofloxacin used for Bacillus anthrax, prostatitis & sexually transmitted diseases (gonorrhea & chlamydia) 
Nitrofurans
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.

- Used for prophylaxis & treatment of UTIs when kidney function is normal.

- It also inhibits kidney stone growth.
- It can cause nausea & vomiting which is avoided by slowing the drug’s rate of absorption through wax-coated large particles (Macrodantin).

- It inhibits DNA & RNA functions with unknown mechanism. 
Methenamine

- The drug is used for disinfections of acid urine & recurrent UTIs.

- HCHO is the active antimicrobial component.
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Phosphomycin
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- Inhibits enolpyruvial transferase which catalyzes early bacterial cell wall synthesis step.

- This results in reduced synthesis of peptidoglycan & hence producing bactericidal effect.

- Shedding of cells from the primary tumor begins only after the tumor has a full network of blood vessels.

- Activated endothelial cells produce matrix metalloproteinases (MMPs) which are enzymes that facilitate the degradation of the extracellular matrix.

- This permits the migration of endothelial cells into the surrounding tissues, begin to divide & they finally organize into hollow tubes that gradually develop into a mature network of blood vessels.

- Hence, both angiogenesis & metastasis require MMPs during blood vessel formation & tumor invasion.

- Steps required for metastasis & angiogenesis are similar for all tumors regardless of their genetic origin, hence blocking both by inhibiting invasion is useful for all tumors of different origin.

- After the tumor is exposed to cancer chemotherapy drug, outermost cells which are mainly in the proliferative state are susceptible to the drug.

- Non-proliferative cells can be recruited into proliferative state.

- Hence to eradicate the tumor, several cancer chemotherapy rounds are required.

- Carcinogenesis is a multi-stage process that involves the initiation stage, in which the normal cells are transformed into tumor cells.

- Initiation is irreversible & momentary reaction.

- Initiated cell can then develop into tumors with prolonged exposure to promoters (promotion stage).
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- Promoters are not carcinogenic, but rather enhance the growth &/or survival of initiated cells.

Carcinogenic Chemicals

- Benzo[a]pyrene  is metabolized to reactive intermediates by CYP450 enzymes which react with guanine & other DNA bases to produce single mutations.
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 Immunologic Therapy


- Administration of interferons, mainly interferon-2 stimulate immune 
 
   system to eradicate cancer by boosting the levels of lymphocytes, 
 
  
   especially Tcells & B-

- Chemotherapeutic agents are effective for small tumors because large tumors are not well perfused by blood & hence inner part of tumors is not accessible to drugs.

- Chemotherapeutic agents are basically cytotoxic & can kill both malignant & normal cells. Their selectivity is mainly rely on the faster proliferation rate & extracellular material uptake by malignant cells.

- However, few normal cells are rapidly proliferating, e.g., hair, bone marrow & GIT cell lining cells.

- Hence cancer chemotherapy usually causes hair loss, immune system depression, nausea or diarrhea.

1.  Alkylating Agents

- Alkylation is the replacement of H by an alkyl group. Alkylation of nucleic acids or proteins includes a substitution reaction in which a nucleophilic atom (nu) of the biopolymer replaces a leaving group from alkylating agent.

nu-H + alkyl-Y( alkyl-nu + H+ + Y
- Alkylating agents act by alkylation of DNA, mostly at N-7 position of guanine. - Other DNA bases, e.g., adenine, thymine or cytosine or DNA backbone phosphate oxygens may also be alkylated.
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.

- Reaction with N-7 of guanine is highly favorable.

- DNA alkylation repair could occur where an endonuclease cuts the damaged strand & the region is backfilled.

- Rapidly proliferating agents have insufficient time to repair.
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- Despite Cl atom, which is the leaving group in the mustards is not an easily replacable atom, the nitrogen atom in mustards activates the chloride by proceeding through an aziridinum ion intermediate.

- Hence, nitrogen mustards are very reactive agents & must be administered intravenously.
I.  Nitrogen Mustards

1.  Mechlorethamine (Mustargen)
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2.  Melphalan (Alkeran, L-PAM, L-Phenylalanine Mustard)
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- The L-isomer is transported preferentially with the assistance of an L-amino acid active transporter.

- D-Phenylalanine mustards require a higher dose to reach the same cytotoxicity level against animal tumors than the marketed L-enantiomer.
- Effective against ovarian carcinoma & multiple myeloma

3.  Cyclophosphamide (Cytoxan)
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.
- Cyclophosphamide is a pro-drug that requires metabolic bioactivation started with cytochrome P450 hydroxylation to an unstable carbinolamine intermediate, which fragment to acrolein & phosphoramide mustard, an active alkylating agent.

- Phosphoramide mustard forms an aziridinum analog which is an effective DNA cross-linking & cytotoxic agent.
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- Toxicity: hemorrhagic cystitis (acrolein metabolite)
4.  Ifosphamide (Ifex)
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- Similar to cyclophosphamide, hydroxylation at C-4 produces the active unstable carbinolamine metabolite, 4-hydroxyifosphamide, which degrades to additional cytotoxic metabolite.
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- testicular carcinoma

- Toxicity:  hemorrhagic cystitis (caused by acrolein metabolite).

- 2-Mercaptoethanesulfonate (MESNA, Mesenex) is an anticancer adjunct co-administered with cyclophosphamide or ifosphamide to conjugate their toxic acrolein metabolites, which reduces the hemorrhagic cystitis & nephron & urotoxicities induced by these toxic metabolites.
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5.  Chlorambucil (Leukeran)
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- Original nitrogen mustard in which an alternative approach was used to

reduce the reactivity of alkyl nitrogen mustards by attaching an aromatic group to them.

- This decreases the basicity & nucleophilicity of the mustard nitrogen.

- metabolized in vivo into another active metabolite, phenylacetic acid mustard.

[image: image22.png]



- This 2-carbon loss from butanoic acid side-chain is reminiscent of a fatty acid metabolism pathway.

6.  Estramustine Phosphate (Emcyt)
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.
- After oral administration, estramustine phosphate is rapidly dephosphorylated.

- The major metabolites are free estramustine, estrone& estradiol.

- specifically for prostate carcinoma.

II.  Other Alkylating Agents

1.  Busulfan (Myleran)
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2.  Thiotepa (Thioplex)
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.

- At acidic pH, aziridine group is protonated to give reactive aziridinium

ion which is known to alkylate DNA.
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- Metabolic desulfuration of thiotepa give a toxic metabolite, TEPA (triethylenephosphoramide).
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3.  Procarbazine (Matulane)
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- Methylhydrazine is oxidized to methyldiazene & then to a methyl radical, which methylate DNA guanine at C-8.

- Procarbazine inhibits alcohol & catecholamine metabolic enzymes, producing Antabuse (disulfuram)-like effect with alcohol intake.
- Monoamine oxidase is also inhibited by procarbazine.

- Hence, drug interactions with sympathomimetics drugs, tricyclic antidepressants & tyramine-containing food are expected.

4.  Dacarbazine (DTIC-Dome) & Temozolomide (Temnodal)
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.
- Temozolomide is a pro-drug which is non-enzymatically converted to MTIC (N-demethyl dacarbazine), which then alkylate DNA similar to DTIC.
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- It is recently approved by the FDA for brain tumors.

- Unlike DTIC, which must be administered intravenously, temozolomide is administered & rapidly absorbed orally, which is an advantage over DTIC.

III.  Nitrosoureas
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- This intermediate fragments to vinyl diazohydroxide& 2-chloroethylisocyanate.

- Both are reactive alkylating species & give the very reactive vinyl cation& 2-chloroethylamine.

1.  Carmustine (BiCNU, 1,3-bis(chloroethyl)-1-nitrosourea,)
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- Enzyme inhibition by carbamoylation of proteins have been suggested as an alternate mechanism of anti-neoplastic activity.

- Carmustine is a low melting solid, as it decomposes, its melting point drops such that partially degraded preparations may be in liquid forms at room temperature.

- Vials of carmustine that show an oily film indicate that the drug has decomposed & these vials should not be used.

2.  Lomustine (CeeNU, CCNU, 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea)
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3.  Streptozocin (Zanosar)
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- The sugar moiety improves water solubility (compared with other anti-neoplastic

nitrosoureas)& 
- It also induces diabetes-like syndrome in animals.

- This is mediated by lowering of -cell concentrations of NAD.
4. Cisplatin (Platinol)
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- Platinum complex containing 2 NH3 molecules & 2 Cl atoms in cis configuration.

- Reactivity with cellular nucleophiles or H2O is much faster than its metabolic reactions.
- it should not be refrigerated because it will precipitate out.

- Dose must be carefully administered because even hemodialysis after 4-hours of administration will have little effect in cases of overdoses because of its tight protein binding.

- Needles or intravenous sets containing aluminium parts should never be used because cisplatin reacts with Al resulting in a precipitate & loss of activity.

- bladder, ovary & testes carcinoma.

5.  Carboplatin (Paraplatin)
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I.  Pyrimidine antimetabolites:

1.  5-Fluorouracil (5-FU, Adrucil)
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- 5-FdUMP binds to thymidylate synthetase to give an intermediate similar to that of uridylic acid but with C-5 F atom instead of H.

- Hence the enzyme is inhibited because this intermediate will not be able to break down to give deoxythymidine monophosphate (dTMP).

- 5-FU can also be metabolized & reduced by dihydropyrimidine dehydrogenase which give the inactive 5-F-5,6-dihydrouracil.

- This enzyme can be inhibited by 5-ethynyluracil, which doubles the therapeutic index of 5-FU by 2-4 folds.
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2.  5-Fluorodeoxyuridine (floxuridine, FUDR)
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- Prodrug of 5-FU, which can be used alternatively.

3.  Cytarabine (Ara-C, Cytosar-U)
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- The change in the C-2’ configuration results in a notable broadening of the activity spectrum.

- Ara-CTP inhibits the conversion of cytidylic acid to 2’-deoxycytidylic acid.

- It also inhibits DNA dependant DNA polymerase.
- Ara-C causes miscoding after its incorporation into DNA & RNA.

4.  Gemcitabine (Gemzar)
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- Unlike Ara-C, it shows excellent activity against murine solid tumors.

II.  Purine antimetabolites

1.  6-Mercaptopurine (Purinethol, 6-MP)
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- 6-MP is bioactivated in vivo to the corresponding ribouncleotide, 6-thioinosinate (6-MPMP), catalyzed by hypoxanthine-guanine phosphoribosyltransferase (HGPRT).

6-MPMP is a potent inhibitor of the conversion of 5-phosphoribosyl pyrophosphate into 5-phosphoribosylamine, which is the first step in purine biosynthesis.
- 6-Thioinosinate also inhibits the conversion of inosinic acid to xanthylic acid.
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Cellular Targets of 6-MP
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- 6-Thioinosinate di & triphosphate anabolites further inhibit biosynthesis & incorporation of guanine in DNA & RNA chains, hence inhibiting chain elongation.

- 6-Thioinosinate can also be a substrate for adenosylmethionine, converted to 6-methylthioinosinate, which also have antimetabolic activity.

- Urinary metabolites include thiouric acid, formed by xanthine oxidase - Concurrent administration of mercaptopurine with uricosouric xanthine oxidase inhibitors like allopurinol requires dose adjustment of mercaptopurine.

2.  6-Thioguanine (6-TG)
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- Activity margin & toxicity are comparable with 6-MP but 6-TG deactivation is not dependant on xanthine oxidase which is an advantage over 6-MP.

3.  Fludarabine Phosphate (Fludara) & Cladribine (Leustatin)
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- Fludarabine is more effective than vidarabine because it is less susceptible to adenosine deaminase.

- It is converted in vivo to its 5’-triphosphate which is inhibitor of ribonucleotide

reductase.

- Cladribine (2-chloro analogue) mainly inhibits DNA repair enzymes.
III.  Other antimetabolites

Methotrexate (Folex, MTX)
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- DHFR is responsible for the reduction of folic acid (FA) to dihydro FA & then to tetrahydroFA, which is essential for the next round of uridylic to thymidylic acids biosynthesis.
- This prevents DNA synthesis & kill cells by depleting thymidylic acid.

- Hence MTX is cytotoxic due to its ability to inhibit DNA synthesis & inhibit thymidine synthesis from uridylic acid.

- Inhibition of DHFR can also inhibit purine synthesis, since the biosynthesis of N10-formyltetrahydrofolic acid will be inhibited. The latter is an essential formyl (C1) donor in purine biosynthesis.

[image: image53.png]yog
nfm For O B B iﬁ(

n»,.m,,m
P
Ditpmrds s AT

‘Sulfonamides

Qi G Ronon
4 Dinycrololote “‘fj

becgadih ey

.

i Tovatyotsic s [7)( H Qackie st \ Dibydrofolat
Trimethoprim \feductase.

hotrex Distary foiic:
=
"
':f oot '*{Fb}
NNty
trahydrofolic acid Nn;""""g""’d" - Famm.mdv»

s foicadd




- N5-formyl-tetrahydrofolic acid (leucovorin) is used as “rescue” therapy to prevent the lethal effects of methotrexate on normal cells.

- Leucovorin also inhibits active transport of methotrexate into the cells.

3.  Antitumor antibiotics

1.  Bleomycin (Blenoxane)
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- Natural bleomycins occur as Cu chelates with ligands provided by pyrazine, imidazole, amide & amine functional groups.

.

- Bleomycins chelate in cells with Fe++. This alters the redox potential of iron & reduce bound oxygen into reactive radical species, hydroxyl radical (OH ), which reacts with nuclear DNA, degrading it & causing cytotoxicity.

2.  Dactinomycin D (Actinomycin D, Cosmegen)
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- Dactinomycin’s phenoxazone ring system is planar & can intercalate or insert into DNA between base-pair steps.

- Intercalation of actinocin moiety needs space & hence the helix must unwind. - Once inserted, actinocin moiety is held in DNA helix by p-p stacking interactions with DNA bases.

- This causes local distortion which affects the action of topoisomerase II, which normally regulates unwinding of coiled double-stranded DNA.

- This ultimately leads to interference with DNA replication & transcription which causes cell death.

3.  Mitomycin C (Mutamycin)
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- bioreductive alkylating agent.
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- It is first bio-reductive activated then one molecule of methanol is eliminated to give a highly reactive alkylating agent capable of mono & dialkylation (cross-linking) of cytosine/guanine rich regions of DNA.

- gastric & pancreatic carcinoma.

4.  Anthracyclines

- cardiotoxicity.

- Due to their molecule’s flatness, anthracyclines are able to intercalate with DNA perpendicular to its long axis.

- The aminosugar daunosamine increases the stability of this binding through its interaction with the DNA sugar phosphate backbone.
- This intercalation lead to a single or doublestranded DNA breaking.

- This may be the result of repair process initiated by topoisomerase.

- Anthracyclines also are able to produce reactive oxygen species as hydroxyl radical (OH.) & superoxide radical anion (.O-O-), which damage & destroy cellular DNA.

- Generation of these free radicals may account for anthracyclines’ cardiotoxicity.

- Anthracyclines hydroxylated in vivo to the active daunorubinols.

.

- Both doxorubicin & daunorubicin can induce bone marrow depression & cardiotoxicity.

- Epirubicin (Ellence) has a different C-4’ configuration.

- mainly used as an adjunct therapy in axillary node tumor after resection of primary breast cancer.
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- It also lacks cardiotoxic side effect.

Valrubicin (Valstar)

- therapy of BCG-refractory carcinoma in situ of the urinary bladder (CIS) 
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5.  Pentostatin (Nipent, 2’deoxycoformycin, DCF)
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6.  Mitoxantrone HCl (Novantrone)
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- Its acidic (pH 3-4.5) parentral preparations should not be mixed with heparin because it can be precipitated.

.

4.  Antimitotic Agents

- Drugs that prevent cellular mitosis & specially interfere with mitotic spindle formation.

- During mitosis, the protein tubulin undergo polymerization to form the mitotic spindle.

- Antimitotic drugs interfere with this process either by depolymerization of the microtubules or by causing structures other than the normal mitotic spindle to form. Lack of properly formed mitotic spindle will cause incorrect chromosomal

segregation which leads to cell death.

1.  Vinca Alkaloids

- Vincristin:  Hodgkin’s & non-Hodgkin’s lymphoma, 
- Vinblastine :  Hodgkin’s & non-Hodgkin’s lymphoma
- Vinorelbine (Navelbine) is specifically indicated for non-small cell lung cancer 
2.  Taxanes: Paclitaxel & Docetaxel

- Paclitaxel binds to tubulin but doesn’t cause depolymerization like Vinca alkaloids.
- Paclitaxel causes microtubules to arrange themselves in a parallel array rather than the required arrangement of mitotic spindle, causing mitotic arrest.

- Paclitaxel for metastatic breast cancer & refractory metastatic ovary carcinoma.

- Docetaxel for locally advanced or metastatic breast cancer & non-small cell lung cancer.
5.  Miscellaneous/natural products

1.  Epipodophyllotoxins

- Original podophyllotoxins have 1,4-cis orientation unlike the semisynthetic

etoposide & teniposide, which have 1,4-trans configuration.
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- Etoposide & teniposide bind to tubulin at a different site from that of vinca alkaloids & they do not change normal microtubular structure.

- Etoposide & teniposide target G2 phase & cause protein-DNA links & DNA strand breakage by inhibiting topoisomerase II.

- Etoposide stabilize DNA-topoisomerase II complex.

2.  Hydroxyurea (Hydrea)

[image: image63.png]



- It acts by inhibiting ribonucleotide diphosphate reductase, causing decreased level of deoxyribouncleotide required for DNA synthesis.

- It also chelate an Fe2+ cofactor.

- It is cell-cycle specific for the S-phase & causes cell arrest at the G1-S-interface.
- Hence, it is useful for radiation therapy as cells in G1 phase are particularly sensitive to radiation.

3.  Mitotane (Lysodren, o,p’-DDD)
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- It is an adrenal cytotoxic agent chemically related to the insecticide DDT.

- Terminal plasma t1/2 18-159 days after drug discontinuations.
- adrenal cortex carcinoma 

4.  Retinoids

- Tretinoin & Alitretinon

- inhibits Kaposi’s sarcoma cells by activating intracellular retinoid receptors which activate genes which regulate cell growth, differentiation & apoptosis.

- It is also topically used for cutaneous lesions in AIDS-related Kaposi’s sarcoma.

- gel for cutaneous lesions in AIDS-related Kaposi’s sarcoma.
5.  Camptothecins

.

- Both camptothecin & topotecan are inhibitors of topoisomerase I & cause single strand breaks in DNA which is cytotoxic.

- Topotecan (Hycamtin) is indicated for ovarian metastatic carcinoma
- Irinotecan (Camptosar) is used for colon or rectum metastatic carcinoma.

6.  Porfimer Sodium

- Laser light promotes the porfimer polymer to an excited state which initiates & propagates radical reactions.

- Single oxygen (O•), superoxide anion (•O-O) & hydroxyl radical (OH•) formed in the reaction by spin transfer from profimer polymer to molecular oxygen.

- Patients experience photosensitivity for ~30 days & cautioned to avoid skin & eyes exposure to direct sun light or bright indoor light.

- Visible light causes photoactivation, hence UV sunscreens are of no value against porfimer photosensitivity.

6.  Hormonal Therapy
.

1.  Antiestrogens

- Tamoxifen & toremifene are prototypes for breast cancer
2.  Aromatase inhbitors

- Blocking aromatase significantly lowers circulating estradiol.

- Anstrazole & letrozole are nonsteroidal aromatase inhibitors approved recently by FDA as first-line treatment of postmenopausal women with hormone receptor positive locally advanced or metastatic breast cancer.

- They competitively inhibit aromatase by binding to CYP450 subunit of the

enzyme.

3.  GnRH Agonists & Antiandrogens

- Although these agents initially increase testosterone level, they later decline its level through down-regulation (desensitizing), which take up to 4 weeks & leads to castrate testosterone level.

- Combination of GnRH agonists with antiandrogens will minimize the initial

testosterone level & prostate growth increase (flare phenomenon).

4.  Antiandrogen Drugs

- Flutamide, bicalutamide & nilutamide are nonsteroidal antiandrogens which inhibit

androgen receptor translocation to the nucleus in target tissue, hypothalmus & prostate, which block the action of testosterone & DHT.

- Flutamide & bicalutamide are used in combination with GnRH agonists to prevent

the flare phenomenon in treating prostate cancer.
- Nilutamide (Nilandron) is another antiandrogen drug to block the action of testosterone & DHT.

5.  GnRH Antagonists

6.  Combination Therapy

7.  Angiogenesis & Oncology

- Unlike standard cancer drugs, angiogenesis inhibitors target dividing endothelial cells rather than tumor cells & other angiogenesis mediators.

- Anti-angiogenic drugs are not likely to cause bone marrow suppression, gastrointestinal symptoms, or hair loss side effects.

- Angiogenic modulators target normal endothelial cells, which are genetically stable, drug resistance may not develop.

Mechanisms of anti-angiogenic drugs
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- Avastin is approved for use in combination with intravenous 5-Fluorouracil-based chemotherapy as a treatment for patients with first-line, or previously untreated, metastatic cancer of the colon or rectum.
- AVASTIN™ (Bevacizumab) is a recombinant humanized monoclonal IgG1 antibody that binds to & inhibits the biologic activity of human vascular endothelial growth factor (VEGF) in in vitro & in vivo assay systems. 
