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Abstract : Now a day’s metal based drugs or metallo drugs, have shown promising results in
the treatment of various diseases such as diabetes, ulcer, rheumatoid arthritis, inflammatory
and cardiovascular diseases etc. in addition to cancer. It was observed that in certain cases the
interaction between enzymes and heterocyclic compounds (ligands) was affected by the pres-
ence of certain trace amount of metal ion, since metal ions are required in trace amount to
form complexes between the ligand molecule and enzymes. Formation of metal complexes
results into wide variety of coordination spheres, oxidation states and redox potential, will al-
ter the kinetic and thermodynamic properties of the complexes towards biological receptors.
Thus, metal complexes are responsible for drastic change in the biological properties of
ligands. Metal complexes exert their biological effect by inhibition of enzymes, interaction
with intracellular biomolecules, enhanced lipophilicity and alteration of cell membrane func-
tions etc. Therefore, the present review describes the importance of some metal ions and
metal based drugs having promising results in the treatment of various diseases and are being

developed as therapeutic agents during the recent past few years.

Introduction

Metals and metal complexes have played key
role in the structure and functions of all life
forms present on Earth. It can be in the form
of metal ions (such as K*, Fe** and Fe™®), com-
posite ions (e.g. molybdate), coordination
compounds (like cis-platin and carbonyltech-
netium), or inorganic molecules such as CO,
NO, Os.

Metal ions play important role in biological
processes in the human body for example, Zn
(1) and Cu (ll) ions are the second and third
most abundant transition metals in humans.
They are found either at the active sites or as
structural components in most of enzymes.
Cobalt is present in vitamin By, a co-enzyme
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that plays significant roles in many bio-
chemical processes” °. Some of the transi-
tion metal ions are effective

therapeutic agents especially when coordi-
nated to a ligand to form metal complexes.
In addition to that metal such as platinum,
silver, gold, bismuth, antimony, vanadium,
iron” ® are used in chemotherapy for treat-
ment of diseases such as anticancer, antim-
icrobial, antiarthritic, antiulcer, antiproto-
zoal, antidiabetic and antimalaria respec-
tively. Besides this, other metal ions like Fe,
Mg and Co have diverse role in various bio-
logical system such as; magnesium porphy-
rin complex of chlorophyll is used in green
plants for photosynthesis, - cobalt in the co-
enzyme B,, for the transfer of alkyl groups
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from one molecule to another molecule.

The amount of metal ions present in the hu-
man body is around 0.03% of the body
weight. Low or high metal ion concentrations
may be harmful for the human.

Heterocyclic molecules (ligands) having elec-
tron donor atoms like N, O, S, and P etc. may
form coordination bond with various metal
ions. Formation of chelation causes drastic
changes in the biological properties of ligands
and metal ion. In many cases it causes addi-
tive effect of both metal ion and ligand*®.
Various mechanisms have been reported for
their biological action including inhibition of
enzymes, interaction with intracellular bio-
molecules, enhanced lipophilicity, alteration
of cell membrane functions and arrest of cell
cycle etc.

Thus, the study of metal-based drugs is broad-
ening rapidly, and a variety of different and
distinctive metal based drugs are reported so
far, as mentioned below :

(i) Metal compounds as anti-cancer agents:
Platinum drugs : cisplatin contains a square-
planar geometry in which platinum (Il) is a
central metal, coordinated to two ammonia
ligands and two chloride ligands with a cis-
conformation.
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« iron porphyrin complex of hemoglobin is
used in red blood cells (RBCs) for oxygen
transportation and storage of oxygen,

Mode of action : cisplatin acts through its
interaction with DNA. The compound (cis-
platin) is administered by injection into the
bloodstream and is believed to remain in its
neutral state until after it crosses the cell
membrane where the chloride ligands are
displaced by aqua ligands affording cationic
compounds. These cationic aqua derivatives
react with the bases on DNA, most com-
monly with the N7 of purine bases, which
displace the aqua/chlorido ligands. A bifunc-
tional adduct is formed between the cis-
platin unit and two adjacent bases on the
same strand. Other platinum drugs ap-
proved for worldwide clinical uses are : car-
boplatin, oxaliplatin, nedaplatin, hepta-
platin and lobaplatin. Some of are under
commercial development like satraplatin,
picoplatin miriplatin and aroplatin. Some of
the Trans and polynuclear platinum drugs
have also shown some anticancer activity’:
These classes of drugs show potencies simi-
lar to that of cisplatin and, perhaps more im-
portantly, are active against cisplatin-
resistant cell lines.

In addition to platinium, other metal ions
used are Ruthenium, Titanium and gallium
for the formation of metal based drugs.

(i) Metal compounds as anti-diabetic
agents:
Vanadium complexes such as bis(a-

furancarboxylato)  oxovanadium(lV), bis
(pyridine-2-carboxylato), oxovanadium (IV)
[VO(pic),], bis(a-furancarboxylato) oxovana-
dium(IV), Vanadyl complexes with maltol (3-
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hydroxy-2-methyl-4-pyrone) and kojic acid (3-
hydroxy-2-hydroxymethyl-4-pyrone) etc. pos-
sess insulin mimetic activity and low toxicity
profile, have been proposed for clinical use in
humans®®?.

(iii) Metal compounds as antibiotics :

Most of antibiotics do not need metal ions for
their biological activities, however, some of
the antibiotics such as bleomycin, streptoni-
grin and bacitracin that require metal ions to
function properly. The coordinated metal ion
in these antibiotics play an important role in
maintaining proper structure and functions of
such antibiotics. Removal of the metal ions
from these antibiotics can cause changes in
structure and function of these antibiotics.
Metalloantibiotics can interact with different
kinds of biomolecules including DNA, RNA,
proteins, receptors and lipids rendering them
unique and specific bioactivities.

(iv) Metal compounds as anti-HIV agents :

Vanadium complexes are well documented to
have therapeutic applications. Recent studies
showed that oxovanadium (V,03) complexes
of thiourea and vanadium substituted olyoxo-
tungstates exhibit potent anti-HIV properties
towards infected immortalized T-cells* *2.

(v) Metal compounds as anti-inflammatory
agents :

A large number of transition metal complexes
of tolmetin, naproxen, ibuprofen, flufenamic
acid, indomethacin, diclofenac, aspirin, piroxi-
cam etc. have been reported as anti-
inflammatory gents. Vanadium complexes
with the NSAIDs - tolmetin, ibuprofen,
naproxen and aspirin have been recently pre-
pared and evaluated for anti-inflammatory ac-
tivity. Some vanadyl complexes of anti-
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inflammatory drugs containing carboxylate
ligands have shown promising results*. The
complexes such as Gold(l) thiomalate
[myocrisin  (Autm)n], gold(l) thioglucose
[solganol (Autg)n] and auranofin [2,3,4,6-
tetra-o-acetyl-1-thio-B-D-glucopyranosato-
(S)-triethylphosphine gold(l)] have been suc-
cessfully used over many years for the treat-
ment of rheumatoid arthritis'**®,

(vi) Metal compounds as antimanic agent :
Lithium salts have proved clinical effective-
ness for alcohol abuse and aggression, epi-
lepsy, tardivedys-kinesia, schizophrenia,
Huntington's chorea, premenstrual syn-
drome, migraine and cluster headaches.
Lithium carbonate may be used as in psychi-
atric disorders such as pathological aggres-
sion and reduction in acute or attempted
suicide is also recognized” 2.

(vii) Metal compounds as antimicrobial
agents :

Silver and silver containing compounds such
as [Ag(hino)]l; (where hino = 4-
isopropyltopolone) and silver(l) complexes
of (R)-(+)- and (S)-(-)-2-pyrollidone-2-
carboxylic acid, Silver sulfadiazine etc. are
used as antimicrobial agents'® 2.

(viii) Metal compounds as antiparasitic
agents :

Metal complexes of gold, platinum, iridium,
palladium, rhodium and Osmium have been
reported to have activity against a variety of
trypanosomatids. Chloroquine complex of
transition metal ruthenium, [RuCly(CQ)], has
been found to be 2 to 5 times more active
than chloroquine diphosphate in in-vitro
without any acute toxicity*.
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(ix) Metal compounds as antiulcer agents :
Bismuth compounds such as colloidal bismuth
subcitrate, bismuth subsalicylate and raniti-
dine bismuth citrate are the most widely used
drugs for the treatment of variety of gastroin-
testinal disorders such as diarrhea, dyspepsia
and peptic ulcers because of their antacid and
astringent propertieszz.

(x) Metal compounds as antihypertensive
agents :

NO compound have varied biological role in
human physiology has facilitated the develop-
ment of NO containing metallopharmaceuti-
cals. They have role in human physiological
processes like neurotransmission, blood pres-
sure regulation and immunological responses.
Sodium salt of nitric oxide [Nay[Fe(CN)
sNO].2H,0] is used for the treatment of hy-
pertensive patients. Ruthenium complex of
nitric oxide [trans-[Ru(NH3)sP(OEt)3(NO)](PFe)
3] has shown similar antihypertensive activity
but reduced toxicity with compared to sodium
nitroprusside®. The peroxynitrite plays a role
in many other pathological conditions such as
sepsis, arthritis, diabetes and epilepsy. Ruthe-
nium polyamino carboxylate complexes are
efficient NO scavenger 2*?® and demonstrating
their therapeutic potential.

Conclusion

Thus, the role played by metal complexes as
therapeutic agents is becoming important in
the field of medicinal chemistry. A large num-
ber of metal complexes are formed by the use
of different metal ions and organic ligand of
interest. Metal complexes like cisplatin has
proven to be highly effective chemotherapeu-
tic agents for treating various types of can-
cers.
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The use of transition metal complexes offers
a great diversity in their action; they do not
only have anti-cancer properties but have
also been used as anti-inflammatory, anti-
infective and anti diabetic compounds. Be-
sides their certain limitations and side ef-
fects, metal complexes are the most widely
used chemotherapeutic agents and make a
large contribution to medicinal therapeutics.

Reference

.1. Baena, M. |, Marquez, M. C., Matres V.,
Botella, J., Ventosa, A. Curr. Microbiol.
53, 491-495 (2006).

2. Oladipo, M. A. & Olaoye, O. J. Inter. J. of
Res. in Pharm. and Biomed. Sci.. 4 (4),
1160-1171 (2013).

3. Huang, R., Wallgvist, A., Covell, G.
Biochemical pharmacology. 69, 1009-
1039 (2005).

4. Klofutar, C,, Paljk, S., Krasovec, F.,
Suhae, P. Chem Abstr. 84, 84739 (1976).

5. Sanchez-Delgado, R. A., Lazardi, K.,
Rincon, L., Urbina, J. A. J. Med. Chem.,

36, 2041 (1993).

6. Bharti, S. K. & Singh, S. K. Der Pharmacia
Lettre. 1(2), 39-51 (2009).

7. Pattan, S. R., Pawar, S. B., Vetal, S. S.,
Gharate, U. D. & Bhawar, S. B., Inter. J.
of Pharma. Res. & Rev. 4(8), 59-66
(2015).

8. Xie, M., Gao, L., Li, L., Liu, W., Yan, S. J.

Inorg. Biochem. 99, 546 (2005).

9. Dikanoy, S. A., Liboiron, B. D., Orvig, C. J.
Am. Chem. Soc. 124, 2969 (2002).

10. Tullius, T. D. Metal-DNA Chemistry. ACS
Symposium Series 402, Amer. Chem.

Soc. 1989.

11. Webster, L. K., Olver, I. N., Stokes, K. H.,
Sephton, R. G., Hillcoat, B. L. &
Bishop, J. F. Cancer Chemother
Pharmacol. 45, 55-58 (2000).

17



12.

13.

14.

15.

16.

17.

18.

18

Shaikh, S. & Budde, R. J. A. Cobalt
complexes as protein tyrosine kinase
inhibitors, USP 0003980, 2006.

Etcheverry, S. B., Barrio, D. A., Cortizo,
A. M., Williams, P. A. J. Inorg.
Biochem., 88, 94 (2002).

Shaw lllI, C.F., Chem. Rev. 99, 2589
(1999).

Best, S. L., Sadler, P. J. Gold Bull. 29, 87
(1996).

Ahmad, S., Coord. Chem. Rev. 248, 231
(2004).

Birch, N., Biomedical Uses of Lithium,
Farrel N. Ed. The Royal Society of
Chemistry: Cambridge. 11 (1999).
Birch, N., J. Chem Rev. 99, 2659 (1999).

19.

20.

Nomiya, K., Yoshizawa, A., Tsukagoshi,
K., Kasuga, N. C., Hirakawa, S.,
Watanabe, J. J. Inorg. Biochem. 98, 46
(2004).

Nomiya, K., Takahashi, S., Noguchi, R. J.
Chem. Soc. Dalton Trans. 4369
(2000).

21.Sanchez-Delgado, R. A., Navarro, M.,

22.

23.

Perez, H., Urbina, J. A. J. Med. Chem.,
39, 1095 (1996).

Reglinski, J., Chemistry of Arsenic,
Antimony, and Bismuth; Blackie
Academic & Professional: London,
1998.

Torsoni, A. S., de Barros, B. F., Toledo,
J. C., Haun, M., Krieger, M. H., Tfouni,
E., Franco, D. W., Nitric Oxide. 6, 247
(2002).

Quest |November - 2015 | Vol. 3 No. 6



