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Abstract 

Platinum complexes are very important to their biological activities, especially in cancer treatment, targeting to 

induce tumor cell death. Cis-platin and its analogues were used in cancer chemotherapy maintaining various 

pathways. But when these Pt-based anticancer drugs were failed to reach their maximum expectation then 

researchers were eager to find new analogues so that it can cover all the deficiencies shown by them. In this 

review, by the survey of lot of papers I wish to reach how Ru-analogues had been introduced as alternatives. 

Keywords: Anticancer drugs, Cis-platin, Ruthenium analogues 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

Date of Submission: 05-12-2020                                                                            Date of acceptance: 20-12-2020 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

 

I. INTRODUCTION 
Cancer, often called malignancy, is a global problem which people get panic most. About 13-15% 

people of the world died by cancer. Rate is increasing due to the change of mass life style. Cancer can be 

defined as the uncontrolled cell division. Actually P-53 apoptosis gene is responsible for this cell division. In 

cancer cell this gene was damaged and control over the cell division vanishes.   More than 100 types of cancer are 

available e. g., breast cancer, skin cancer, lung cancer, colon cancer, prostate cancer, lymphoma etc. Depending on the 

type of variety, symptoms may vary. The treatment of cancer may include chemotherapy, radiation, and/or surgery. 

After the unexpected discovery of cisplatin[1], the most successful platinum based anticancer compound, 

attention to other anticancer metal-based drugs has been converted [2 – 7] in a search for less toxic and more 

effective drugs. Among all the platinum group metals used in the synthesis of effective anticancer drugs, a wide 

range of ruthenium compounds has been described, some of them with outstanding anticancer activity [8 – 15] 

and two of them, i.e. NAMI‑ A and KP1019, are currently involved in clinical trials [16 – 18]. 

 

Platinum analogues 

In cancer therapy, Platinum-based drugs have become a main role; almost half of all cancer patients 

undergoing chemotherapeutic treatment are advised to take platinum drug [19]. In 1960s, Barnett Rosenberg 

discovered the antineoplastic activity of cis-platin and then its use in cancer therapy was known to all [20]. 

Actually the journey of cis-platin started not in 1960s, but in 1844, when it was first designed by Italian 

chemist Michele Peyrone [21]. It was known as Peyrone’s chloride for a long time. But when Barnett 

Rosenberg, a biophysical chemist, accidentally discovered its utility as anticancer agent, the miracle had come 

out [22]. At that time, Rosenberg was trying to find the effect electric fields on bacterial growth. During these 

experiments, he found bacteria grew 300 times to their normal size, a very uncommon result, when he used 

platinum electrodes to generate the electric fields. Though, to figure out the result it took a while, but in the end 

he discovered the platinum electrodes were digested in the test solution, producing cis-platin. He published his 

remarkable findings in the journal Nature
1
 and after three years later, in another paper [20] he showed that cis-

platin could cure tumours in mice. After the approval by the US Food and Drug Administration in 1978, cis-

platin had been used as a drug in cancer treatment. 

The discovery and effectiveness of Cis-platin opened a new window infront of inorganic chemists. 

Observing the successful preliminary information of the anticancer action of cis-platin, chemists began to 

synthesis a range of platinum complexes [23]
 
with diverse ligands and testing their anticancer activity. After the 

discovery of cis-platin about 3000 Pt-based drugs were designed as cis-platin analogues, but among them only 

30-40 were given permission. After that only 4 or 5 were finally passed. When the chemists were eager to find 

various complexes they observed some collective rules which must be followed by the Pt-complexes to show 

anticancer property. These indicate that the platinum complex must have the geometry with square-planar array, 

neutral in charge, will surround by two cis am(m)ine ligands, and two cis anionic ligands. The negatively 

charged ligands form bond(s) with central metal atom platinum not so strongly, otherwise activity would be 

decreased. On the other hand, if they form the bonds weakly, the complex will show high toxicity. However, the 

two two negatively charged ligands or am(m)ine ligands could be replaced respectively by a chelating 

http://www.technology.matthey.com/article/54/4/250-256/
http://cancerres.aacrjournals.org/content/70/1/428.full
http://cancerres.aacrjournals.org/content/70/1/428.full
http://cancerres.aacrjournals.org/content/70/1/428.full
http://www.nature.com/nature/journal/v205/n4972/abs/205698a0.html
http://www.nature.com/nature/journal/v222/n5191/abs/222385a0.html
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dicarboxylate or chelating diamine. By following these rules a large drug preparation programme was started 

based on controlled variation of ligands. After that, another two platinum analogues were synthesized, 

commonly known as carboplatin and oxaplatin and were given permition by the FDA for clinical use in the 

United States [24]. These compounds were thought to be functioned by a mechanism similar to that of cis-platin. 

After the initial clinical trials of cis-platin, many researches were conducted to find the actual pathway 

by which mechanism this drug can show its anticancer property. In the Lippard et al. review paper, mechanistic 

pathways for this process was discussed [25]. There are mainly four mechanistic ways- (i) cellular uptake, (ii) 

aquation/activation, (iii) DNA platination, and (iv) cellular processing of Pt–DNA lesions, leading to apoptosis. 

Chloride ligands replacement by aqua molecules occur when cis-platin has been introduced in the cell 

because chloride ion concentration is lower (approximately 3–20 mM)than the the extracellular fluid (≈100 

mM)
 
[26]. From the paper of Dabrowiak et al., it was proven that for carboplatin the aqua ligand substitution 

rate is much more slowler and for this reason it has been assumed that activation by carbonate is required to 

bind to DNA [27]. This mechanism, however, is not applicable with cis-platin [28]. The cellular objective of the 

three FDA-approved platinum drugs and many other platinum compounds that had been under investigation, is 

nuclear DNA. The inserted platinum complexes add to the N7 positions of guanosine and adenosine residues, 

the nucleophilic centers on purine bases of DNA. The two labile ligands on the platinum center allow cross-

linking of nearby guanine bases. To a smaller extent, the platinum center can bind to guanine bases from 

different DNA strands to form interstrand cross-links. A considerable distortion in the DNA double helix is 

observed by the major intrastrand dGpG cross-link [29].  

 

Demerits of platinum analogues 

Though there were many clinical successes by platinum based drugs cis-platin, carboplatin, and 

oxaliplatin but they showed a number of adverse side-effects [30]. Among them nephrotoxicity, fatigue, emesis, 

alopecia, ototoxicity, peripheral neuropathy, and myelosuppression can be mentioned [31, 32]. Another serious 

limitation of current platinum-based therapies is that their efficiency is restricted for most of the malignancy 

diseases with the development of cell resistancy [33]. To change the mechanism which gives rise to cellular 

resistance and to reduce the other side effects, deviating from the traditional structure of platinum analogues 

need to investigate. The thought behind the supposition was the structural change may result in an altered 

mechanism of action and, consequently, a different spectrum of antimalignancy activity. 

Several structural geometries have been emerged. Some of the more general categories 

include trans diam(m)ine complexes [34], polyplatinum compounds [35], photoactivatable azide complexes 

[36], intercalator-linked species [37], and monofunctional compounds [38]. From Hambley’s review article it is 

believed to act primarily [Pt(II) complex] as prodrugs that release active Pt(II) species following their 

intracellular reduction [39]. Lippard et al. investigated that the cationic monofunctional platinum(II) complex, 

cis-diammine(pyridine)chloroplatinum(II), cis-[Pt(NH3)2(py)Cl]
+
 or cDPCP, a coordination compound has a 

significant anticancer property [40]. From a X-ray crystallographic study it was known that cis-

[Pt(NH3)2(pyridine)Cl]
+
 cation, also called pyriplatin, having only a single labile chloride ligand. Due to the 

presence of only one labile ligand it can form a monofunctional adduct with DNA i.e., only a single bond is 

formed between the platinum centre and a donor atom on DNA and further it can be said that pyriplatin induced 

slight distortion of the DNA double helix upon binding in comparison to the structure of DNA bearing a 

cisplatin 1,2-intrastrand cross-link [41].  

 For decades, although cisplatin has been a crucial chemotherapy drug in treating patients with various 

types of cancer, drug resistance has been a major clinical barrier. Cis-platin shows its cytotoxic effects in tumar 

cells mainly through the formation of Pt-DNA adducts and subsequent DNA damaging. Ther are many 

clarifications of mechanism such as decreased drug accumulation, enhanced detoxification activity, promotion 

of DNA repair capacity, and inactivated cell death signaling. To reduce cis-platin resistance, combinatorial 

therapies were developed and have proven more effective to defeat cancers. Thus, understanding of the 

biochemical mechanisms triggered by cis-platin in tumor cells may lead to the design of more efficient platinum 

derivates (or other drugs) and might provide new therapeutic strategies and reduce side effects. 

 

Introduction of Ruthenium 

During the search of new non-platinum drugs with effective clinical importance, low toxicity and a 

broader spectrum of activity, rhodium and ruthenium were considered first. Non-platinum active compounds 

may be very effective in cancer therapy because they follow different mechanism of action. Ruthenium 

complexes are very special to overcome the registancy of cis-platin with low toxicity. Ruthenium, as we all 

know, shows many biochemical uses [42, 43].  

Ruthenium analogues are used as immunosuppressant (cis-[Ru(III)(NH3)4(HIm)2]
3+

). When organic 

drugs coordinated to ruthenium centers ( [Ru(II)Cl2(chloroquine)2]), it acts as antimicrobials against malaria and 

also for the treatment of Chaga´s disease. There are various examples of ruthenium analogues where they act as 

https://pubs.acs.org/action/doSearch?field1=Contrib&text1=James+C.++Dabrowiak
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antibiotics (ruthenium complexes of organicantibiotic compounds, e.g. the Ru(III) derivative of 

thiosemicarbazone against Salmonella typhi  and Enterobacteria faecalis), nitrosyl delivery/scavenger tools (e.g. 

the Ru(III) polyaminocarboxylates known as AMD6245 and AMD1226 to treat stroke, septic shock, arthritis, 

epilepsyanddiabetes), vasodilator/vasoconstrictor agents and, as above mentioned, as drugs for cancer 

chemotherapy [8]. 

Dyson et al. showed that ruthenium(II) complex resembles in ligand-exchange kinetics to those of 

platinum(II) complexes which  makes it  the first choice in the search for compounds that display similar 

biological effects to platinum(II) drugs [8]. From this paper it was seen that how ligand exchange kinetics also 

play a vital role in biological activity. To show their desired therapeutic effect most of the drugs interact with 

macromolecules like proteins, or with small S-donor or even with water. Since the ligand exchange rate is fully 

dependent on the concentration of the exchanging ligands in the solution, diseases that alter these concentrations 

in cells or in the surrounding tissues may have an effect on the activity of the drug. In the platinum metal group 

only ruthenium has variable oxidation states (II-IV) which are accessible in the physiological pH. Among these 

three oxidation states the state III is someahat inert in physiological pH. In the body systems glutathione, 

ascorbate and single-electron-transfer proteins, like those involved in the mitochondrial electron-transfer chain, 

can reduce Ru(III) and Ru(IV) [44], always depending on the nature of the ligands, while molecular dioxygen 

and cytochrome oxidase can oxidize Ru(II) in certain complexes [45-47]. The redox potential of ruthenium 

compounds can be changed to improve the effectiveness of Ru-based drugs in the clinic [8].  

  Another interesting property of Ruthenium makes it very valuable in medicinal chemistry- ruthenium 

molecules is very selective towards biomolecules which is responsible for the low toxicity of ruthenium drugs
 

[8]. There are two main proteins- transferrin and albumin used by mammals to solubilise and transport iron, 

thereby reducing its toxicity. From the literature survey it is proven that some ruthenium drugs can bind to 

transferring [48, 49]. As uncontrolled dividing cells, such as microbially infected or cancer cells needs more 

iron, they increase the number of transferrin receptors on their surfaces. This implies that the amount of 

ruthenium taken up by these infected or cancerous cells is greater than the amount taken up by healthy cells. 

This selective nature of the drug towards the diseased cells or cancer cells accounts for a reduction of its general 

toxicity. 

 

II. CONCLUSION 
There is no doubt about the grand success of cis-platin in medicinal chemistry as well as clinical field. 

Not only cis-platin but also some other platinum analogues are very much effective in the field of cancer 

treatment. The discovery of cis-platin showed a new pathway in chemical science research. Though some 

demerits were observed after some days but it had given new window to chemists. There were three pathway to 

recover its discrepancies-(1) Modification of Pt(II) Centre (2) Use of Co-medicines (3) Search for other metal 

complexes. My discussion was based on the last point where it was seen that Ruthenium can be used as an 

alternative option. Though there need more and more study but it can give some light.  
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