Alkylating Agents and Platinum Compounds
Basic principles:  N7 group on the base guanine can be modified to cause mispairing of the 
modified base, intrastrand crosslinking, interstrand crosslinking, DNA strand scission, 
and binding to protein.

Alkylating agents
Usually are bifunctional, meaning they have two active sites.  Create a carbonium ion that reacts 
with guanine nucleophile.  Causes interstrand crosslinking, which halts replication.  
Bifunctional is better than monofunctional because does interstrand crosslinking.  Major 
toxicities are bone marrow suppression and hemorrhagic cystitis.
1.  Nitrogen mustards (mechlorethamine) are bifunctional alkylators.  Used to treat Hodgkin’s 
lymphoma.  Act very fast, and are potent vessicants (burn vessels).  Toxicities include 
nausea, phlebitis, bone marrow suppression.
2.  Substituted nitrogen mustards (melphalan, chlorambucil) are less reactive, allowing oral 
admin.  Treat multiple myeloma and chronic lymphocytic leukemia.  Toxicities include 
bone marrow suppression, amenorrhea.
3. Nitrogen mustards requiring p450 metabolic activation (cyclophosphamide, ifosfamide) are 
very good drugs for alkylating.  Cyclophosphamide (Cytoxan®) is most common 
alkylating agent.  These require activation by p450 metabolism.  Treat non-Hodgkin’s 
lymphoma and breast cancer.  Toxicities include bone marrow suppresion, alopecia, but 
most importantly, hemorrhagic cystitis.  Cyclophosphamide and ifosfamide are excreted 
in urine as the reactive metabolite acrolein, which is caustic to bladder and causes 
hemorrhagic cystitis.  To prevent this, also give mesna, an alkylator scavenger.
Platinum compounds
Only the cis isomers are active.  These agents can monoadduct to DNA, bind DNA to protein, or 
perform intrastrand and interstrand crosslinking.  These attack the N7 group of guanine 
and adenine.
Cisplatin is the most common platinum compound.  It is rapidly activated by aquation.  Always 
remember nephrotoxicity and ototoxicity with use of Cisplatin.

(Raymond removed image of cisplatin mechanism of action.)

Mechanisms of resistance to DNA-modifying drugs
Cancer cells upregulate detoxifying enzymes and DNA repair mechanisms to thwart these drugs.

COMMON SIDE-EFFECTS OF CHEMOTHERAPY
Nausea/Vomiting
Very common, especially with Cisplatin.

Vomiting center is the nucleus tractus solitarius of the medulla.  Chemotherapy acts on the 
central chemoreceptor trigger zone immediately, and the peripheral receptors (vagal/ 
splanchnic nerves) over a few hours.  Both central and peripheral receptors cause nausea.
Anti-emetic drugs include selective serotonin type 3 receptor antagonists and benzodiazepines.

Alopecia
Occurs from damage to hair follicle stem cells during their growth (“anagen”) phase.  Hair loss 
during anagen is called anagen effluvium.

Bone marrow suppression
Causes an empty window of no wbc production about 10 days after administration.  This is why 
you need to cycle chemotherapy every three weeks, so that wbc can regrow in marrow.
Giving more chemotherapy doesn’t change timing of neutropenia but does increase severity.

Giving hematopoietic agents such as G-CSF (to increase wbc) and erythropoietin (to increase rbc) 
can help.  The same cell count nadir will occur, but recovery is much faster.

(Raymond removed images depicting effect of different cytoxan regimens.)
Gonadal dysfunction
Pubertal (non-proliferating) gonads are very resistant to antineoplastic drugs.
Male gonads much more sensitive than female gonads.

Alkylating agents and platinum compounds particularly bad for gonads.

Secondary cancers
Bifunctional agents act as monofunctional agents, leaving non-alkylated strand open to mutation.

Therefore, exposure to alkylating agents has a significant risk of leukemia.









