
Cyclophosphamide

Cyclophosphamide can also be given orally.
Prodrug – liver metab by CYP P450

A carbinolamine
that could undergo 
ring opening to 
give the aldehyde.

These species 
pass by passive 
diffusion into the 
tumor cell



Metabolism of cyclophosphamide

 the products of cyclophosphamide activation can be converted to the 
inactive metabolites by the action of alcohol and aldehyde dehydrogenase

 additionally, cyclophosphamide can undergo N-dealkylation
on either chain 

 the product of this reaction is chloroacetaldehyde,which is highly 
nephrotoxic and neurotoxic

 it can be further oxidized by the action of aldehyde dehydrogenase to 
chloroacetic acid





(HEMORRHAGIC CYSTITIS)

 Arcolein is highly toxic to the bladder and kidney this is caused by reaction 

with SH containing proteins with the  alpha, beta-unsaturated aldehyde 

(acrolein) to offset this effect, the compound, mesna, can be Administered

 this compound is a thiol sulfonate the thiol of mesna reacts to produce a 

water soluble sulfonic acid that is readily excreted

 MESNA - a mercaptosulfonic acid that concentratesin bladder can be used 

with cyclophosphamide to decrease toxicity

MESNA is an adjuvant used in cancer chemotherapy involving 
cyclophosphamide and ifosfamide. It is marketed by Baxter as Uromitexan
and Mesnex. MESNA is an acronym for 2-MercaptoEthane Sulfonate 
sodium. It is a detoxifying agent.



 the nucleophilic sulfhydryl group may react with the carbinolamine,
aziridinium cation, the chloro substituents of cyclophosphamide, or via 
conjugate addition with acrolein (Scheme 10.6). 
 This inactivation and detoxification may also be accomplished glutathione. 

Increased levels of these proteins may occur as cancer cells become 
resistant to these alkylating agents by other thiol-containing proteins

phosphoramide
mustard is 
charged and is 
trapped in the 
cancer cellThese species pass by passive diffusion 



Ifosfamide 
 Analogue to cyclophosphamide.
 Look at the 2 chloroethyl arms , they are not attached to the same 

nitrogen.
 Metabolic activation is required.
 usd as third-line therapy 

 the toxicity of ifosfamide is greater than cyclophosphamide due to 
greater N-dealkylation to produce chloroacetaldehyde (45% as 
compared to 10%)

 mesna can be administered to react with the acrolein that is generated 
in the bioactivation of ifosfamide





Melphalan

• L-phenylalanine mustard or L-PAM, a nitrogen mustard that is linked to 
aminoacids.

• is transported by L-amino acid active transporters
• D-isomers require very high doses to reach the same cytotoxicity levels 

as L- isomers levels 



 the nitrosoureas are another type of alkylating agent that must undergo 
bioactivation

 nitrosoureas typically contain a 2-chloroethyl or methyl group on the 
nitrogen bearing the nitrosogroup

Alkylating Agents—Nitrosoureas



Alkylating Agents——Nitrosoureas

 Carmustine, Lomustine, Semustine:Also activated in vivo

 Alkylate DNA BUT alk’n proteins  toxicity

 Pharmacokinetics:

 Nitrosoureas are highly lipophilic and reach cerebrospinal fluid 

concentrations that are about 30% of plasma concentrations.

 Indications:

 Because of their excellent CNS penetration, carmustine and lomustine 

have been used to treat brain tumors.



Thermal decomposition pathway:

the thermal decomposition of nitrosoureas generates an isocyanate and an 
azohydroxide





Fate of decomposition products of nitrosoureas

 THE AZOHYDROXIDE that is generated by thermal decomposition of a 
nitrosourea can decompose to nitrogen and a chloroethyl cation

 this cation can serve as a biological alkylating agent (bis-alkylating agent) or 
undergo reactionwith water (to form an alcohol) or Cl- (to form 
dichloroethane)

 it can also rearrange to react with water to produce acetaldehyde
ISOCYANATE:
 isocyanates that are generated by decomposition of nitrosoureas can react 

with amino groups on Lys side chains of proteins
 the amino groups are said to be carbamoylated which alters protein 

structure may lead to inhibition of several types of DNA repair enzymes
 the isocyanate that is generated by decomposition of nitrosoureas, is 

probably responsible for adverse effects by carbamoylating amino acid side
chains that are contained in proteins



 the isocyanate carbon is electropositive (due to the electron withdrawing 
effects of the oxygen and nitrogen), thus it is readily attacked by biological 
nucleophiles (e.g. the amino groups of Lys)

 note that this produces a urea function on the side chain nitrogen. the 
protein structure is therefore oltered by carbamoylation



 an alternative activation of a nitrosourea can exist in its tautomeric enol 
tautomer

 the tautomer can be attacked by water that gives a species that breaks 
down to yield a carbamic acid and an azohydroxide

 carbamic acids are unstable and eliminate carbon dioxide to yield amines
 the other product of this decomposition is an Azohydroxide as mentioned 

earlier, the azohydroxide breaks down to yield nitrogen and a cation
 this cation can then serve as an alkylating agent cross-linked DNA by the 2-

chloroethyl cation
 the cation can react with the N7 position of guanine and the Cl group is 

readily displaced by the N3 nucleophilic nitrogen of adenine
 the carbon to which the Cl is attached is electropositive due to the electron 

withdrawing effect of the Cl. thus, it is readily displaced by a nucleophile



42.7 nitrosourea

Nitrosoureas



Carmustine
 BCNU(1,3-bis(chloroethyl)-1-nitrosourea.
 Neutral, lipophilic & poorly soluble in water: cross BBB providing 

higher CSF to plasma ratio of drug compared to other alkylating 
agents.



Lomustine      
• CCNU(1-(2-chloroethyl)-3-cyclohexyl-1-nitroso-urea).

• Similar to carmustine.



Streptozocin  
• Streptozotocin (Streptozocin, STZ, Zanosar) a chemical that is particularly 

toxic to the insulin-producing beta-cells of the pancreas in mammals.

• Composed of a combination of glucopyranose amino sugar & nitrosourea.

• The sugar imparts good water solubility as compared to other lipophilic 

analouges.

• Used in cancers of the islet of Langerhans.

• Long been known to produce diabetes-like syndrome in animals.


