
Mn(II)-base Superoxidase Dismutase Mimics…

SOD is an oxidoreductase that catalyses the dismutation of  superoxide to hydrogen 
peroxide and molecular oxygen

2 O2
- + 2 H+ O2 + H2O2

During normal respiration O2 is consumed in living mammalian tissues but the 
biochemical processes involved may also produce superoxide, O2

- or, in more acidic 
media, HO2. Both of  these are very reactive species capable of  damaging DNA and , 2 y p p g g
initiating the auto-oxidation of  membrane lipids and so are potentially damaging to 
tissues...





2 O2
-+ 2 H+ O2 + H2O22 2 2 2

Catalysed by the SOD group of  enzymes which exploit the electron transfer y y g p y p
properties of  certain metal ions. Examples are known with Mn2+/3+, Fe2+/3+, Ni or 

both Cu and Zn at the active site. The dioxygen produced in the reaction is, in effect, 
recycled while the peroxide is rapidly consumed in vivo by peroxidase enzymes carrying 

out biochemically controlled oxidations. Many forms of  SOD enzymes are found in 
animal and plant species. In humans there are two main types: in extracellular spaces 

contains both Cu and Zn at the active site, while in mitochondria contains Mn. 

SOD enzymes containing Fe or Ni are also known to occur but in other organisms.





In humans there are two main types: in extracellular spaces contains both Cu(II) and 
Zn(II) at the active site, while in mitochondria contains Mn(II). Zn(II) at the active site, while in mitochondria contains Mn(II). 

Why Zn(II) ???? It’s 3d10 and can not undergo electron transfer reactions… possibly, it 
has an electronic and structural effect on Cu(II)…



Very fast reactions  in vivo …

The rate of  removal of  superoxide is essentially determined by the rate at which O2
_

can diffuse to the enzyme. 

Mitochondrial SOD employs a similar catalytic cycle involving Mn3+ and Mn2+ while 
iron containing SOD similarly utilises a cycle involving Fe3+ and Fe2+. 

SOD enzymes containing Fe or Mn as the reactive metal react with O2
- a bit slower 

than the Cu/Zn enzyme

Problems start in the case of  disease or trauma…the amount of  O2
- produced can 

not be “destroyed” by the available SOD present…









What then?...

1) Provide additional SOD as a therapeutic agent…

DISADVANTAGES

(1) a narrow efficacious dose by a bell-shaped dose-response curve

(2) lack of  an accurate and routine method to monitor and quantitate

SOD activity

( ) i bili  f  h    i    h  i ll l  (3) inability of  the enzyme to gain access to the intracellular space

(4) instability of  the enzyme in blood (only for short periods) 

(5) l k f  l bi il bilit(5) lack of  oral bioavailability

(6) Immunogenicity

(7) Cost(7) Cost

2) Development of  synthetic, low-molecular weight mimetics of  
SODSOD…



The basis of  the therapeutic strategy utilizing SOD mimics is to more efficiently catalyze p gy g y y
the dismutation of  superoxide to generate the less innocuous non-radical compounds, 

hydrogen peroxide and O2, before cytotoxic superoxide-derived oxidants, such as 
peroxynitrite and the perhydroxyl radical can be produced. Superoxide reacts in a near 

diffusion controlled manner with nitric oxide to produce the potent oxidant peroxynitrite. 
Under ischemic conditions where the pH of  tissue can decrease, the formation of  the 

perhydroxyl radical (HO2
.), which can abstract hydrogen atoms from unsaturated fatty 

acids to initiate lipid peroxidation will occur to a greater extent.

We need a catalytic reaction, not a “consuming” one (like the classic one where, i.e.
 i id   i hi i ll  d  d)   an antioxidant reacts stoichiometrically and gets consumed)...  



Design of Mn-based SOD mimics…

Why Mn and not Cu- and Fe – based? 

Manganese based complexes are particularly attractive as potential SOD mimics because Manganese-based complexes are particularly attractive as potential SOD mimics because 
they have a reduced capacity to react with the dismutation product hydrogen peroxide 
to generate cytotoxic hydroxyl radicals, whereas Cu- and Fe-based complexes and their 
aquated ions are known to carry out such undesirable  chemistryaquated ions are known to carry out such undesirable  chemistry…

Remember that we need a catalytic y
reaction, not a “consuming” one (like the 

classic one where, i.e. an antioxidant reacts 
stoichiometrically and gets consumed)...  

I  d  t  d l   SOD i i  f  li i l  it i   t  i t  th  t l In order to develop a SOD mimic for clinical use it is necessary to incorporate the metal 
in a suitable complex which has the required catalytic effect while showing low 

toxicity combined with acceptable biodistribution and pharmokinetics.



Mn3+/2+ : less prone to form hydroxyl radicals and lower toxicity in the free aquated
formform…

Requirements

(1) Relatively easy to prepare,

(2) Very stable as not to release the metal and produce unwanted toxicity,( ) y p y,

(3) The ligand system chosen needs to be resistant to attack from O2
-, O2 or HO2

-

(4) Acceptable biodistribution

(5) Acceptable pharmacokinetics



Molecular Weight. The low molecular weight of  the SOD mimics, lower than SOD enzyme by 
a factor of  almost 100, permits the complexes to gain access to the intracellular space of  
certain cell types  whereas the cells are generally impermeable to the enzymecertain cell types, whereas the cells are generally impermeable to the enzyme.

Reactivity. The SOD mimics catalyze the decomposition of  superoxide only and
do not react with hydrogen peroxide or with peroxynitrite  The Cu Zn SOD enzyme reacts with do not react with hydrogen peroxide or with peroxynitrite. The Cu,Zn SOD enzyme reacts with 
both hydrogen peroxide and with peroxynitrite, inactivating the enzyme. The selective 
reactivity of  the SOD mimics for superoxide makes these complexes useful probes to establish 
the role of  superoxide in biological mechanismsthe role of  superoxide in biological mechanisms



Structure. The SOD enzyme structure is peptide-based and is thus readily degraded by 
proteases; therefore, it is not orally bioavailable. Immunogenicity problems are also a concern 
with the non-human-derived SOD enzymes, whereas the SOD mimics, which are not peptide-y , , p p
based, do not have that problem. It should also be possible to develop an orally effective Mn(II)-
based SOD mimic.

Kinetic Stability. Due to the stabilizing effect of  the macrocycle, the SOD mimics have high 
kinetic stability and, for example, are stable in the presence of  the transition metal ion 
chelators, such as EDTA. However, the apoenzyme form of  the Cu,Zn SOD enzyme can readily 
be prepared by dialyzing the enzyme with EDTA.

Source. The Mn(II)-based SOD mimics are prepared by total synthesis, whereas the enzymes 
are isolated from natural sources or prepared by recombinant DNA techniques. Consequently, 
the cost of  manufacturing the SOD mimics would be potentially much less than that for 
manufacturing the enzymes.



Increasing SOD Activity and Stability



Developed by Metaphore Pharmaceuticals Inc. 

Clinical trials undertaken: Favourable results were obtained in a Phase II clinical 
trial of  the enhanced analgesic effects of  combining with morphine for post-
operative pain relief  from dental operations. 

Similar trial of  this combination approach was conducted on a bunionectomy post-
operative pain model and a further trial is in progress to study the relief  of  moderate 
to severe pain in cancer patients  to severe pain in cancer patients. 





Lipophilicity...

L
ipophilicity    increasses

A potential advantage of  the Mn(II)-based SOD mimics over the SOD enzymes is the 
ability of  the SOD mimics to permeate the cell membrane. The lipophilicity of  the y p p p y
complexes can be controlled by placing the appropriate substituents onto the carbon 
backbone of  the macrocycle



Complexes containing macrocyclic porphyrin ligands have been found to show catalytic 
ti  Th  l  M (t ) t l d O - di t ti  ith  t t  properties. The complex Mn(tmpyp) catalysed O2

- dismutation with an apparent rate 
constant of  107 M-1 s-1 at pH 7.6 and 21 oC while Mn(Br4tmpyp) is said to have a SOD 

activity of  about 12% that of  the Mn enzyme itself.

PROBLEM: Under oxidising conditions porphyrin complexes of  this type are prone to 
the formation of  dimers through the formation of  O2- or OH- bridges. These dimers are 
not active SOD catalysts  However  dimer formation could be suppressed by incorporating not active SOD catalysts. However, dimer formation could be suppressed by incorporating 
bulky substituents which prevent the close approach of  two molecules necessary for 
dimer formation



Conclusions…
The radical superoxide (O2

-) is over-produced in the body after i.e. ischemia followed by 
reperfusion, exposure to radiation, or activation of  white blood cells in

i  di i  h  h i i  P d id  HO ( h h d l autoimmune conditions such as arthritis. Protonated superoxide HO2
· (the perhydroxyl 

radical) can initiate the autoxidation of  lipid membranes and cause selective damage on 
DNA by abstracting the 5′-hydrogen from the deoxyribose ring of  nucleotide units.


