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ABSTRACT: The cancer treatment has been a challenge since it was diagnosed first. In that stage the
primary focus centre of medicinal chemist was to combat a serious problem. So far many drugs have been
approved for the cancer treatment, however, the side effects and resistance set them in corner. In pursuit of
better drug candidate the first metal coordinating drug cisplatin came up with a wide range of anticancer
activity. Metal coordinating drugs having anticancer activity open a new era of metal coordinating drugs.
Efforts for the fine tuning of platinum coordinating anticancer compound leads to better option like
carboplatin and oxaloplatin, however their resistance and some severe side effects made their limited use. The
platinum drug has been modified in many ways to improve the safety profile as well the activity, moreover
many derivatives were approved by the agencies. The endless efforts with the limited success turn the
discovery to the different direction; in the recent scenario the existing drugs were modified to better
pharmacokinetic parameters. The drug with improved pharamcokinetis parameter found less toxic compare to
the parent drug, moreover among the modified drug some are going successfully in the clinical studies with
the combination or alone. The ease of synthesis of these metal based molecules was an attraction for scientist
to develop the structure activity relationship of the metal base core structure. Here in the focus is to highlight
the importance of platinum in the cancer treatment with recent scenario. © 2018 iGlobal Research and
Publishing Foundation. All rights reserved.
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INTRODUCTION

continuous dosing of the drug was the key problem to
accelerate the side effect as well the resistance to the cancer
cell, however, the drug resistant and some side effects lead the

The organometals has been widely used as a catalyst in the
organic chemistry for the synthesis of complex molecules, due
to their coordinating capability. Serendipities discovery of
platinum metal as a cytotoxic agent from the platinum
electrode was a key opener for the era of metal based
anticancer agents. The discovery of the Pt related drug
cisplatin has been an attraction for inorganic as well organic
chemist. The ease of synthesis of these metal coordinating
compounds also made them very economical for the cancer
treatment.[1] The first metal based anticancer drug cisplatin
was found effective only for certain types of solid tumors. The
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discovery to the second generation of drug. The newer
generation drug approach to the target was found with the
newer way, compare to the cisplatin. The resistance and side
effect lead to the metal to the next generation of the drug. [2]

Classical Platinum coordinating anticancer drug

The accidental discovery of metal based cisplatin by the
Rosenberg was a classical discovery in the field of medicinal
chemistry. This discovery opened a use of organic metals not
in organic synthesis but in the drug discovery science. The
serendipitous discovery was based on the platinum
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electrode.[1] The mode of action was not clear in the earlier
stage but later, it was found that cisplatin forms adduct with
the DNA and causes cell death. The detail mechanistic study
found that the influx of neutral cisplatin inside the cell causes
activation of the cisplatin by the replacement of one of the
chloro legend to the aqua ligand (water molecule) as depicted
in figure 1, which converts neutral species to the cationic
species. The aqua species is a electrophile species, which
binds with the nucleophoilic centre of the neucleotide. The
study found that the activation require the cis geometry of the
molecules. The activated cisplatin interact with the N7
position of Guinine, which cause the disturbance in the cell
programmed and cause cell apoptosis.
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Figure 1- Activation of cisplatin

The major drawback of the drug resistance, which highlighted
after the successful passed by the various drug agencies. The
drug resistance was mainly due to the limited influx of drug
inside the cell. The detail study based on the resistance found
many factor for the resistance. The study related to the
resistance found that thiol substance (glutathione) alters the
effect of cisplatin to the cancer cell. Due to the less
diffusibility of cisplatin inside the cell it requires transporters
and in the case of resistance the transportation get resistance
which decrease the amount of drug inside the cell. Further
detail study of cisplatin resistance explains the various reasons
among them the DNA repairing effects.
Clearly indicated that the reason for resistance in the cancer
cell by the continuous dosing, which interferes with the drug
absorption. [3]

The drawback like drug resistance and nephrotoxicity and the
narrow spectrum of the cisplatin lead to the other platinum
based drug, where the leaving group of metal was replaced
with dicarboxylate ligand and other group, moreover the many
essential feature was replaced and tried to get the better drug
candidate as depicted in figure 1.

Non classical Platinum coordinating anticancer drug

Carboplatin a first derivative of cisplatin, was found less toxic
for the normal cell, this was later approved by FDA. The
safety related data also makes the drug beneficial. [4] The
mechanism of action of carboplatin was found similar but the
improved pharmacokinetic profile made the drug safer as well

27

as wider in the scope for the treatment of solid tumors. (Figure
2)[5] As per as the resistance is concern the corboplatin found
effective in the initial study for cancer resistance cell, but in
the later stage the result found inferior. The reason of
resistance was found similar as cisplatin. The molecular
mechanistic based on the molecule and the cell based study
found the scope for further derivatization of the platinum
metal for the betterment of the drug profile.[6]
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Figure 2- Journey of carbopaltin

A metal based study revealed that the as number of metal
increased the metal exert beneficially effect in the
pharamacophore. it was viewed that the effect of metal was
increased when the multi-metallic system was used, however,
the mechanism of cell death was found different. The multi
metal centralized drug showed beneficial cytotoxicty effect
compare to monometalic system. This study headed toward
many lead molecules in newer generation of the platinum
based drug as depicted in figure 3 [7].
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Figure 3- Demonstration of multi metal based to the third
generation drug.

The problem of resistance with the cisplatin and carboplatin
lead to the search of the further improved version of cisplatin
derivatives. The diamine was replaced with
cyclohexandiamine in the metal based anticancer agent for
cisplatin resistance cancer cell as well to search for improved
scope. The oxaliplatin came in to picture with effective against
many solid tumors cells, [8]. It was found form the analysis of
different study that the oxaliplatin is somewhat better than
previous platinum based drug for certain resistance cancer
cell. [9] The clinical study further explored the combination
therapy of oxaliplatin-5-flurouracil- leucovorin, in the cancer
cell. The result of these combination drug therapy found that
these combination drugs are superior to clinical candidate for
the certain type of cancer cell. [10] The ongoing research
based on the mechanistic study of anticancer drug found that
cell death occurs due to the apoptosis process, which is a
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common approach for cell death. The peculiar mechanism of
the cell death makes the drug good in combination or alone for
resistant cancer cell. [11] Some cispatin related other platinum
based anticancer was regionally approved due to their limited
used of the drug. The nedaplatin was approved in Japan,
heptaplatin approved in South korea and lobaplatin in china.
These drugs resembles with cisplatin structurally as well
related to the spectrum of activity to the cisplatin. (Figure 4).
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Figure 4- Closely cisplatin related drug

The structure activity relationship study of the platinum based
anti cancer agent reveals some essential features for the
activity. In this core metal two types of ligand generally
found, the one which is for the pharmacokinetic properties
known as leaving group ligand, which does not form adduct
with DNA, moreover the another ligand Non-Leaving group
ligands, which does not alter during the metabolism and play
important role in the cytotoxicity of the metal complex. The
non leaving ligand generally found with the nitrogen atom.
[12]

Third generation of platinum based drugs

The resistance and the limited scope of the platinum based
drug found the scope for the development of the new
generation of the drug. The need of the advancement in the
mode of action was necessary so that the resistance with the
target would be different. The different approach for the latest
generation drug has been tried among them some are using
different metal ligand system as well the polymetalic ligand
and different oxidation state bearing metals with good efficacy
better than the classical metal based drug. The third generation
of the metal has been tried to get the drug with better safety
profile. The development of metal based drug is provided here
with current scenario. In search of the broader spectrum as
well the less toxic anti cancer drug, many efforts have been
made in the past thirty years. In this report we try to cover the
approach for the development of new generation of drug, the
effort by the drug discovery scientist to achieve the better
platinum based drug. The approach for the third generation
drug is demonstrated in the figure 5. Their special character
which makes them differ from other generation drug as
depicted in below given figure. [13].

In early nineties the satraplatin [bisacetatoammine dichloro
cyclohexylamin platinum (1V)], was developed for anticancer
activity. The sataraplatin was found advantageous over other
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platinum based drug due to their better oral bioavailability.
The oral administration of the drug is very lucrative for the
metal based drug. [14] The satraplatin based study found that
the drug produces similar effect to the cell as cisplatin does,
which formed bond with DNA to inhibit the essential function
of the cell. [15] The platinum IV inactive form of platinum
gets converted to the active Pt (Il) species. The prodrug
phenomena causes drug to be less toxic to the normal cell.
[16] Tetraplatin, and iproplatin, platinum IV derivatives were
tried and showed satisfactory results for further development.
[17]

Trans isomers of platinum metal
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Figure 5- Different approaches for the next generation
metal based drug.
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Figure 6- Chemical structure of staraplatin, tetraplatin,
ipoplatin, LA-12.

The recent study based on the redox potential of the platinum
drug by the near infrared study found the good reason of
selectivity of cancer cell. Higher to lower oxidation of the
metal inside the human body was attracted to many scientists
to work on this kind of selectivity.[18] The Picoplatin [cis-
amminedicholoro  (2-methylpyridine)  platinum(Il)], a
stearically hindered cis derivative of cisplatin.[19], which
found better for cisplatin as well oxaplatin resistant cancer
cell.[20]



Indo Global Journal of Pharmaceutical Sciences, 2018; 8(1): 26-32

KP 1537 KP1691
OH
& N,
Q h NHO;SLW
Glu-Py(II)

Picoplatin
Figure 7- Chemical structure of staraplatin, picoplatin,
BBR3464 and Triplatin-NC.

Oxaplatin

New derivatives of platinum based anticancer drug the
picoplatin (cis-amminedichloro, 2-methylpyridine), platinum
(11) and liphophilic derivatives of oxaliplatin (KP1537 and KP
1691) were developed. These derivatives found superior than
the classical drug but the later clinical study revealed their
certain disadvantages, which was the reasoned for not selected
as a clinical candidate. In picoplatin, steric hindered ligand
was used for the flexible conformation, which is responsible
for stable metabolite. The BBR 3464, a multinuclear metal
containing drug was found effective as well better for the
platinum resistant cancer cell. [21] The drug was found
synergistic with the combination of other drug in certain kind
of cancer cell. [22] Recently a group found the positive effect
when they added glucose as a ligand to the basis skeleton
oxaplatin and tested and found better activity then parent
compounds in the initial in-vitro as well in-vivo activity. [23]
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Figure 8- Chemical structure of BBR3464 and Triplatin-
NC.

Trinuclear metal containing drug Tripaltin-NC found with a
suitable non-covalent interaction with the DNA and also exert
their cytotoxic effect to the certain cancer cell. The interaction
with DNA was a non classical and provided some advantages
then other drug [24]. Existing platinum metal based drug
showed good activity but the not much advantageous than the
previous drug , which was the reason that all scientist turned
discovery to the another then study moved toward the
betterment of the certain pharmacokinetic parameters. The
preformulation study of the existing drug to improve the
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bioavailability of the drug candidate and also provide the
target delivery to reduce the toxicity of the drug to the other
cell. The prolindac an improved oxaliplatin, which is the
polymer linked drug formulation, was designed to improve the
some pharmacokinetic parameter of the native drug. [25] The
drug was designed for the purpose of the targeted delivery and
it was observed during the clinical study of the drug that the
desired formulation of the drug is a advantageous approach to
get the better drug candidate, moreover the new formulated
drug was found effective against different solid tumors. [26]
The oxaliplatin was further formulated with the liposomal for
the increase safety as well efficacy, named as Lipoxal [27],
moreover, the liposomal analogous (Aroplatin ) was
developed to recently to enhance the pharmacokinetic
parameters [28]. In the past few years many liposomal linked
drugs were introduced as a clinical candidate for the better
safety profile as well the efficacy. The liposome liked cisplatin
(Lipoplatin), was found better for cytotoxicity as well as wider
scope [29]. Recently the modified derivative of oxilaplatn NC-
4016 is undergoing the clinical study and made the drug
discovery open for the improved version of the formulation for
the target drug delivery [30]. Past few years many efforts has
been made to sharpen the drug discovery for the better metal
based drug. The main aim of the modification was to improve
their pharmacokinetic parameter, by using different polymers,
polymer micelles and nano tubes. These efforts will progress
toward the discovery to achieve the less toxic as well the
better activity profile bearing candidate in a cheaper way. [31]
The recent finding with the novel drug delivery system has
been also incorporated in this field. The approach with the
combination with other drug like histone deacytylase
inhibitors was found surprising for the it’s efficacy to the
metal resist cell these results shows the different direction for
the metal based drug development. (31a).To increase the
efficiency as well the reduced toxicity to the normal cell the
hybrid platinum based anticancer drug was tried through the
Silica metal based drug delivery, the initial in-vitro study gave
some positive direction.(31 b).

Ruthenium metal based anticancer drug-

The simultaneous discovery of the anticancer ruthenium based
transition metal complexes has also emerge as a good alternate
for the treatment of severe disease. Here in the brief discussion
about the ruthenium metal has been covered. Ruthenium
based drug converts in to active from after it absorb from the
cancer cell. This phenomenon makes the ruthenium different
from other metal. The metal molecule exerts their action by
interacting different sites. Compare to other metal, the
ruthenium metal shows low toxicity, high selectivity and high
efficacy to the cancer cell. Different coordination sites and
octahedral geometry provide sensitivity to ruthenium metal for
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redox reaction, which is a beneficial effect that could utilize to
form the prodrug. It is well know that the prodrug could not
produce any harmful effect [32]. There are many Ru based
drugs are in the clinical studies, among them NAMI-A;
RAPTA-T and KP1019 found promising. These compound
shows anti tumor cell activity by forming new substrate.
NAMI-A and KP1019 reduced to Ru (1) in tumor cells as the
fast growing tumor cells causes the poor nutrient and blood
supply to the cancer cell. Therefore, they can be considered as
prodrugs which can gent converted to the active species.[33]
The most promising kinetics by the Ru with their ligands and
prone to oxidation state, which makes them flexible
conformational for suitable binding to the naturally found
molecules with the naturally accepted binding, which makes
the Ru complex suitable for most accepted molecule for
medicinal purpose. Ligand exchange to Ru (I11) form Ru (I1) is
as Pt (I1).Therefore; they are highly kinetic stable and prevent
equilibration reactions. [34] The coordination environment of
ruthenium plays an important role in difference oxidation state
ruthenium and dictates the redox properties of central metal
atom. Ruthenium exists in +2 and +3 oxidation states. Some
ruthenium anticancer complexes showed potent enzyme
inhibiting and DNA interaction activities. [35] In spite of the
significant Pre-clinical data none of the ruthenium compounds
have reached clinical testing to show their effects by these
probable mechanisms. In the Phase | clinical trial of NAMI-A
there was blister formation on the hands and feet. The
ruthenium concentration in these blisters was below the
detection limit so there may be chances that the ligand of
ruthenium gets accumulated in the epidermis causing
permanent or temporarily toxicity. Ruthenium compounds are
second generation transition metal chemotherapies that
possess unique properties. [36] In Pre-clinical studies they
showed more selective entry into tumor cells with minimal
toxic effect to normal cells. But yet more work is to be in the
clinical studies for bringing out a positive outcome.

CONCLUSION

The journey of a metal based anticancer drug from the
serendipitous development to the clinical candidate is
highlighted here (especially the platinum metal) and designed
in schematic presentation in figure 9 and represented as a flow
chart. After the discovery of the first clinical candidate there
were many successful metal based clinical candidate has been
came up with the better activity in to the market in word wide
as well as in the regional market. The metal based drug came
up with a better option due to the ease of synthesis and the
broader spectrum of activity. Eventually the drug resistance
and the toxicity was found a crucial for the cancer treatment,
so the scientist discover the reason for resistance and came up
with new generation anticancer agents, which was producing
the cytotoxic effect with different mode.

In the later stage the approach had been changed and the pro-
drug concept by changing the oxidation state of metal, poly
metallic as well the hindered legend was trued, unfortunately
these drug could not crossed the clinical stage. Various newer
approaches was tried to synthesized better drug molecule but
none of the approach was found suitable to get the clinical
approach. The unfortunate result make the discovery toward
the improvement of the existing clinical candidate by
improving their pharmacokinetics parameter, by changing the
polymer for the side specific study, which was found the better
approach, so the drug discovery turn to improve their
pharmacokinetic parameter.  Different approach like the
change in the career for improvement of release profile, and
the target specific formulation was found impressive and
many came up with a new hope in the clinical study. In the
near future the improvement of result will based on their
improved pharmacokinetic results as well the new approach
where the bimetallic, system of the molecule will improve the
drug efficacy as well the other parameter, which will be
successful to make the drug a clinically successful candidate.
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Figure 9- Flow chart of development of platinum based anticancer drug (Green arrow denote advantage and red arrow shows
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ABBREVIATIONS

DNA = Deoxyribonucleic acid

Pd =Palladium

Pt  =Platinum

Ru = Ruthenium

FDA = Food and Drug Administration

L =Ligand

Picoplatin = Cis-amminedichloro, 2-methylpyridine
Satraplatin= Bisacetatoammine dichloro
cyclohexylamin platinum (1V)
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