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Abstract : Cancer is a class of diseases characterized byntroted growth of abnormal cells, either by
direct growth into adjacent tissue or by migratmincells to distant sites. The major goal in anmtma drug
discovery process is to discover and develop intawatherapies that exhibit a real improvement in
effectiveness and/or tolerability. A transition aletomplex is a species consisting of a transitioetal
coordinate (bonded to) one or more ligands. Trammsinetal ions usually form complexes with a wedfided
number of ligands. Metal with many “d”electrons Iwhlave lower co-ordination number. Regardless ef th
achievements of cisplatin, the drug is efficienbirly a limited range of cancers. Also cisplatirs savere side
effects: often causing severe nausea and vomitioge marrow suppression and kidney toxicity. Rutiman
complexes have potential antitumor activity witBdeadverse effects. Some ruthenium complexes heeme b
shown to be effective against cancers not readigtéd by cisplatin. Ruthenium has the ability imi iron in
binding to specific molecules such as albumin aadgferring. Therefore the delivery of the ruthemidrugs
can be more effective.
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I ntroduction
Cancer

Cancer is a class of diseases characterized mntrotied growth of abnormal cells anywhere in the
body and the ability of these cells to invade otleeations in the body, either by direct growthoiridjacent
tissue or by migration of cells to distant sites.Qancer, abnormalities in the genetic materiahef affected
cells have been observed. Damage to DNA causegulated growth, resulting in mutations to geneg tha
encode proteins controlling cell division. It cdmus$ form an encapsulated benign tumor, which ldads
invasion and destruction of adjacent tissues. @ndther hand, non-encapsulated malignant tumor&/ gro
rapidly, and can spread to various regions of tiyland metastasize. 90% of death related to canciere to
metastasis, which is a secondary growth thoughinatigpg from the original primary tumour. Tumorigesis is
thus an accumulation of successive mutations itoprocogenes and suppressor genes deregulatingelthe
cycle. The key event to tumorigenesis is transionator deletions and changes that affect the chtiom
structure such as methylation of DNA or acetylatainhistones. Cancer is still one of the more diffi
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diseases to treat and was responsible for ca. Z3illion) of all deaths worldwide in 2008. An increase
in cancer death rates to 12 million is estimate@®30.

Treatment on cancer is mostly based on chemotheragiotherapy, hormone and surgery. However, a
major disadvantage associated with chemotherapheis severe toxicity and lack of tolerability irorae
patients. The non-selective biodistribution thromgghthe body is the cause of their toxicity. Theref the
major goal in anticancer drug discovery procesgoisdevelop innovative therapies that exhibit a real
improvement in effectiveness and/or tolerability.

Transition metal complex

A transition metal complex is a species consistifig transition metal coordinated (bonded) to one
more ligands (neutral or anionic non-metal speci€g)ordinate compounds are easily formed by tramsit
metals with freed orbital’'s that can accept the donor electron pairs. Transitionamiens usually form
complexes with a well-defined number of ligands.idakon state often dictates particular coordirmatio
geometry. The coordination is through the heterlicyitrogen and carboxylate oxygen donor atom.
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The critical factors in the structure of metal mmplex depend on the type of ligand and the oxidat
state of metal, which regulate the biological attief the metal-based drugs. If the oxidation nemis high,
the metal can accept more electrons from ligandsvaoe versa. Metal with many d electrons will bdower
co-ordination number. The success of the clinigapliaations of the platinum complex has stimulated
considerable interest in searching for new metamplexes as modern therapeutic, diagnostic and
radiopharmaceutical agents. The importance ofsitian metal complexes can be revealed in catalysis
material synthesis, biological systems and photmistey. They may be attached to the metal througngle
atom (monodentate) or bound to the metal throughdwmore atoms (bidentate or polydentate). Poltaten
ligands are also called chelating agdts

History

In the year 1965 Rosenbeggal serendipitously discovered the anticancer propgedfecisplatin, cis-
[PtCl,(NHa),]. Cisplatin approved by North American Food andidAdministration in the USA (FDA), is still
one of the world’s best selling anticancer drugd @nserving over the past 30 years. It is usedhercure of
over 90% of cases of testicular cancer and it phatygnportant role in some cancer treatments ssavarian,
head and neck cancer, cervical cancer, bladdeecamelanoma, and lymphomas. However, for some tiusno
cisplatin may produce acquired immunity during tineatment thus limiting its use. The adverse effect
associated with cisplatin includes nausea, vomitgne marrow suppression and kidney toxicity. €ufrr
research on metal complexes is directed partly tdsvéhe development of complexes that kill the sypé
cancer cells that have an inherently same responsarrent chemotherapy, and partly to drugs wiroae
aim is to diminish the severe side effects assplatin'*”!
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The effectiveness of cisplatin is limited duatsosevere toxicity, resistance to the drug, andanied
side effect§é™?. Moreover, this has led to the search for commefeother transition metals with interesting
biological properties* 2 wider ranges of activity, and lower systemic tities.

Ruthenium complexes are increasingly gaining @deras potential alternatives to platinum-based
chemotherapeutic agents. Cancers not readily ttdatecisplatin?®, some ruthenium based complexes have
been shown to be effective. Among all rutheniumellaanticancer agents, ruthenium-DMSO complexes are
believe[ge]to have greater potential because of thelectivity for solid tumor metastases and lowesth
toxicity*™.

Several ruthenium complexes have been found f@agisa significantly higher degree of selectivity
towards cancerous cells than the leading commércéadailable platinum derived drugs, which restitis
reduced damage to healthy tissli8s.

Development of a new anticancer agent

The development of a new anticancer agent is &-8tage process and includes steps such as
synthesis, characterization, and proof of biologgezivity, pre-clinical and clinical screenin§8. Testing for
the biological activity requires the measuremerthefbiological effect in vitro (in the cancer cell lines) and
in vivo (in animals) screens.

There are three methods to develop new tumor-itihibcomplexe’”
1. through the synthesis of derivatives of cisplati
2. Synthesizing tumor-inhibiting non-platinum coexgs,

3. Synthesizing the platinum complexes linked taieasystems that have the ability to accumulhgedrug in
organs and tissues.

The first method seems to be less promising bectusill lead to drugs that will be quite similay
cisplatin. However, to reduce the toxic side eHeict comparison to the parent compound, attemptsbea
made, as made in the development of carboplatinhange the tumor selectivity, as in the case afiptatin.

The second method aims at preparing compoundsangdntral heavy metal ion other than platinum. @wm
different chemical properties of the metal rangeadtivity thus can be changed. However, this is ohthe
most difficult and risky approach of scientific eesch compared to the first strategy but the oppdres for a
breakthrough are greater. In the third method,pllatinum complex is linked to carrier molecules,iathis
known as drug targeting. The aim of this approachoi synthesize a platinum drug that possesses high
selectivity towards malignant cells. It can be ddoe tumors containing biochemical targets différém
structure or quantity from the normal tissues.

The major problem in the development of anticaitags is the large leap from the preclinicatitro
andin vivo studies to clinical trials. The cause for thishe great difference between the experimental animal
models and the individual patient tumors, making therapeutic situation of the cancer patients mmuohe

[30]
complex:
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Theoretical advantagesin using ions of transition metals other than platinum include:

A. Having an additional co-ordination site in octdhal and altered shape of the complex
B. Alterations in ligand affinity and substitutitametics,
C. Changes in oxidation state,

D. Photodynamic approaches to therapy.

Ruthenium complexes

An interesting alternative to platinum is the depenent of anticancer drug ruthenium having three
oxidation states Ru(ll), Ru(lll) and Ru(lV), whiere all accessible under physiological conditi@ise of the
earliest reports about the antitumor activity othenium complexes dates back to 1970 and 888sAn
advantage of ruthenium compounds is their lesscityxicompared to platinum counterpéils As like
platinum, ruthenium has the ability to mimic iron binding to specific molecules such as albumin and
transferrin. As in cancer cell there is alwaysraréase in the demand for iron, the transferriepears are thus
over expressed and therefore the delivery of theenium drugs can be enhanééd

(@ ] Ruthenium loaded transferrin
=  Transferrin receptor

Three most important advantages of using ruthemomplexes as anticancer agents are
1) The well-developed coordination chemistry,
2) Rates of ligand exchange reactions comparatteatmof platinum, and

3) The octahedral coordination geomEtty

[HIm]- Trans-[RuCl4(DMSO)(Im)] (NAMI-A) (see Fig. llis the first representative of ruthenium (ll1)
complexes undergoing clinical trial. This compleaveloped by Sava et al. in Trieste, possessesaadtsg
antimetastatic propertié¥!. Secondly, the complex [HInd] trans-[RuCl4(Ind{RP1019, FFC14a) (see Fig. 1)
was chosen among several ruthenium(lll) compourrdpgsed and evaluated for their potential anticance
activity and is currently undergoing clinical trialndeed, KP1019, developed by Keppler et al.wsheery
encouraging antitumor properti&s
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Fig. 1. Schematic drawing of (a) HIm frans{RuCly{DMSQO){Im)] (NAMI-A) and (b) HInd frans-[RuCly{Ind);] (KP1019, FFCl4a).

Solid tumors have lower oxygen level than norm#élsand this result in conversion of ruthenium)(lll
complex to ruthenium (1) by reduction. And it ieserved that compound activated by reduction rasidwer
toxicities®®!,
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Proper oxygen conditions are required in the swmirdors for chemotherapy to be effective. Moreover,
reduction is facilated by the presence of redusjperies such as glutathione and low extracelllarTus, an
appropriate redox potential is important for rutiuem (111) complexes than their cytotoxic propertigi®oné®.
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By coordination geometry ruthenium complex areinisty different from cisplatin and in principlehay are
capable of interacting with DNA.

Ruthenium is similar to iron in certain aspectstsfcoordination chemistry and redox activity and
might target iron dependent mechanisms. It fit® itite active centre of transfferin. The cytotoxmtemcy
correlates well with the redox potential. Actiatiof caspase 3 causes apoptosis and is dete@t&bleour
after exposure, an enzyme involved in apoptosistiAer complex, KP1339, activates caspase 7.

Synthesis of transition metal complexes

The reactions were generally done at room temperatither with water as a solvent, ethanol or
acetone and by placing the reaction mixture inigefator. The ratios of ligand to metal were 2:Jimost all
complexes.

E.g: - Synthesis of ruthenium-pyrazole complexes
A) Synthesis of mer-[RuCl; (DM SO-S),(DM SO-0O)(pyz)]

mer-[RuC{(DMSO-S) (DMSO-0O)] (0.1 g, 0.23 mmol) and pyrazole (0.0170325 mmol) were
dissolved in dichloromethane (10 mL) and stirredoaim temperature for 20 h. The solution was eaedrto
3 mL and 10 drops of hexane were added. The flaskk&pt in a refrigerator. The resulting solutiaelds red
crystals (yield 0.184 mmol, 80%). Anal. Calcd. @H;sCsN.O,RUS- CH,C, (516.68) C,18.6; H, 3.5; N, 5.4.
Found: C, 18.87; H, 3.82; N, 5.11. Selected IR giigm bands in KBr (cm-1xS01103, (S-DMSO), 909 (O-
DMSO),vC=C (pyz) 1627yC=N (pyz) 1409. UV-vis (kD): 386 nm £=27.11 M-1 cm-1); 525 nnt£8.34 M-
1cm-1).

B) Synthesis of mer-[RuCls(bpy)(dmpyz]

The aim was to synthesize mer-[Ru6py)(DMSO-S) (dmpyz)|CESO; by refluxing mer-
[RuCl3(DMSO-S)(bpy)] with equimolar amounts of silver flate and an excess amount of 3,5-
dimethylpyrazole. However, the X-ray structure aded that the isolated product is mer-[RuGpy)(dmpyz)]

3, not what we expected. Compound 3 was also ssitek by the direct reaction of mer- [Re@MSO-
S)(bpy)] with an excess amount of 3,5-dimethylpgtazmer-[RuC{(DMSO-S)(bpy)] (0.1 g, 0.23 mmol), 3,5-
dimethylpyrazole (0.167 g, 1.74mmol) and acetorfer{®)were placed in a flask,which was heated ttuxef
for 24 h. The volume of solution was reduced tol3and 10 drops of hexane were added. On coolirj@t
the resulting solution yields orange crystallindidsdyield 0.156 mmol, 68%). Calcd. for,1;¢ClsNsRu
(459.74) C, 39.2; H, 3.5; N, 12.2. Found: C, 38183.41; N, 11.81. Selected IR absorption bandsBn (cm-
1): vC=C, 1573 (m)yC=N, 1448 (s) (pyz)yC-N (bpy) 1607 (m), UV-vis (kD): 435 nm £=47.89 M-1 cm-1);
375 nm €=8.29M-1 cm-1). Unfortunately, our attempt to sygdize the similar complex with pyrazole ligand
was unsuccessful.

C) Synthesis of mer-[RuCl3(DM SO-S)(dmpyz),]

A solution of mer-[RUG(DMSO-S)(DMSO-0)] (0.2 g, 0.45 mmol) and 3,5-dimethylpyrkz¢0.334
g, 3.48 mmol) in dichloromethane (15 mL) was heateceflux for 9 h. The brown solution was evapedato
3 mL and then 1 mL of hexane was added. On coalifjC a reddish-orange solid was separated (Qi2l62
mmol, 58%). Product was purified by column chrorgaaphy with ethyl acetate and hexane (40/60) aanélu
Anal. Calcd. GH,,CIsN;JORUSH,0 (495.83): C, 29.06; H, 4.95, N, 11.35. Found2€18.; H, 5.24; N, 10.95.
Selected IR absorption bands in KBr (cm-1$01086 (S-DMSO)yC=C (pyz) 1632yC=N (pyz) 1398. UV-
vis (H,0): 362 nm £=12.20 M-1 cm-1§*.

Characterisation of transition metal complexes

The complexes were characterized using availatdé/acal methods, such as-
1) IR and UV-Vis spectroscopy
2) HPLC chromatography was performed for all comete
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3) For some complexes X-ray crystallography codgbrformed and also for these complexes LC-MSestud
were done.

4) The LC/MS studies were performed in search efrtiolecular weights of the complexes

The purpose of the study was to check the stalifithe complex in agueous solution and to deteemin
whether its stability is affected by the presentthimls such as glutathione, which are found ilatieely high
concentrations in cancer cells. The investigatibrtheir potential stability under biological condits was
undertaken in the stability studies at 37 °C ovkeh2

Characterisation and analysis

The ruthenium compound has been characterised drious analytical methods (NMR, mass
spectroscopy, elemental analysis). Elemental aisa($s) for RuCjC,6H24N,O, 2CH,COCH; (acetone from
crystallisation): Expt. (Calc.) C, 53.50 (53.93), N84 (7.86); H, 5.24 (5.09) %. ESI-MS measuresmefta
freshly prepared solution of crystalline compoundnethanol-water (80:20 v/v) showed major peaks/at=
560.88 and 524.91 with a ruthenium isotopic patteanresponding to the following species, [I}@hd [1-
2CI + H'], respectivel{f”.

The hydrolysis rate was determined, capillary tetgghoresis studies showed in a competitive reactio
between KP1019 and the four 50-nucleotide monogtadsg primarily formation of GMP and AMP adducts,
and CD as well as ESI-MS investigations gave irtsigfio the stoichiometry of specific binding betwee
KP1019 and transferdfi*?.

The primary tumors were sensitive to ruthenium plex and it caused apoptosis via the mitochondrial
dependent pathway and probably acts as a pro-@ihegcomplex can react with transferrin in the bleod is
then released from transferrin at acidic pH ofd¢bBular endosomes.

NAMI-A is unique compared to cisplatin.contrast to cisplatin the compound in in-vitteow/s almost
no cytotoxic activity while in vivo it reduces tieetastatic potential without affecting the primauynor***.
On the other hand, KP1019 showed cell growth indiifpieffects in the colorectal cancer cell lines &34 and
HT29. Activity is superior to 5- fluorouracil in prrimental therapy of colorectal carcinoma in'faf®. This
compound was also tested in human cancer cell Bneb as LCLC-103H, A-427, 5637, MCF-7, RT-4 and
DAN-G. However, in these cell lines the agent wasfl inactive.

Application

* Ruthenium complexes have less adverse affects@edtfal antitumor activity.

» Cancers not readily treated with cisplatin, sonteenium complexes have found to be effective.
» Three main properties that make ruthenium compourgdissuited to medicinal applications are:
() Rate of ligand exchange.

(i) The range of accessible oxidation states and

(iif) The ability of ruthenium to mimic iron in bding to certain biological molecules.

Conclusion

Organmetallic complexes provide versatile platferfor drug design. These complexes offer the
possibility of novel mechanisms of action compatedpurely organic drugs and have the potential for
combating drug resistance as well as treating otiyreintractable conditionsLow toxicity makes the
ruthenium complex important in clinical use. Thiglue to the ability of ruthenium to mimic the dimg of iron
to bimolecular, exploiting the mechanisms thatlibey has evolved for nontoxic transport of iron.idaion
and reduction reaction in our body is catalysedhgyredox potential between the different accessikidation
states occupied by the ruthenium, depending omplilgsiological environment. It is also true for atllisease
condition as in cancer, the biochemical changesabeompany disease alter the physiological enwient,
enabling ruthenium compounds to be selectivelyatdd in diseased tissues. These two features nthkes
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ruthenium drugs exhibit low toxicity compared tchet platinummetal compounds and thus makes drug
promising in the clinical.

Future ruthenium drugs

Highly promising anticancer activity in cells, arle and humans have been showed by ruthenium
compounds. To date, two compounds are being ewaluatphase Il clinical trials.

However, a major limitation in ruthenium drug diseoy is their unknown mode of action. This leads to
possible strategies for future ruthenium drug desig

More research could be directed at eliciting thelenof action of existing ruthenium compounds. Then,
armed with detailed information about how ruthenibehaves in biological media — what it prefers to
bind to, how it gets into cells etc — chemists bagin to design ruthenium drugs which have a high
affinity for cancer targets, with far less sevade ®ffects.
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