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Abstract: - Chemotherapy is one of the most common treatments for cancer. It uses certain drugs to kill

cancer cells or to stop them from growing and spreading to other parts of your body. Your doctor might
prescribe chemo by itself or with surgery or radiation therapy.More than 50 percent of cancer patients are
treated with platinum complexes viz cisplatin, carboplatin and oxaliplatin. Cisplatin; cis-
Diamminedichloroplatinum (I1), the best chemotherapeutic agents is frequently used in the treatment of
various types of cancers like sarcomas, carcinomas, lymphomas and germ cell tumors. Mode of action of
cisplatin is related to its ability to form 1, 2 - intrastrand crosslink with DNA nucleotide. Clinically, the
complexes of platinum are used as adjunct therapy in cancers that directly focuses to induce cell apoptosis.
Platinum based drugs are like the backbone of metallo drugs as they can damage DNA by interfering with
DNA repair mechanisms which induces apoptosis in cancer cells. This review mainly discuss about the
chemotherapeutic properties of cisplatin and other platinum drugs in the treatment of various human cancers.
Deep understanding of mechanisms of action of anticancer agents might lead to develop more efficient and
well organized platinum antitumor drugs and therapeutically provide new opportunities in cancer treatment.

Extensive research is underway to understand the role of metal complexes in cancer treatment.
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Introduction: - Examples of cancer treatments from the early 19th century include radical, super-radical

and ultra-radical surgery, as propagated by William S Halstedt . In particular, radical mastectomy was used to
treat breast cancer for ~90 years, between 1891 and 1981. However, in 1981, Bernhard Fisher published a
study that disproved radical surgery for the treatment of cancer. Cancer has become one of the biggest threats
to humans globally. Recent WHO report on cancer reveals around 9.6 million deaths worldwide in 2018.% In
India, cancer patients are increasing at the alarming rate and the latest report published in 2018 suggested that

the total number of cancer cases reported are 1,157,294 (males: 5,70,045 and females: 5,87,249). Cancer is
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defined as uncontrolled growth of normal cells which start destroying normal healthy body tissues at the later

stage. Several chemotherapies are being used to prevent or slow down the spread of cancer.?

In medicinal chemistry, metal complexes have gained popularity as diagnostic tools as well as
anticancer agents. In nature, biological system of metal ions plays crucial role in maintaining the normal life
while deficiency of metal leads to several disorders.> Metal complexes affects the cellular processes in a
dramatic way as they provide specific characteristics like variable coordination modes and their reactivity
towards organic molecules which is useful to improve biochemical processes during cellular process. Hence,
the existence of relationship between metals and cancer is broadly studied by the researchers and concluded

that metal complexes are considered to be the potential candidates in cancer chemotherapy.

Work of metal complexes in cancer chemotherapy: -

Metal Complex: - A complex having metal ion present at its centre surrounded by various ligands is called
metal complex. The ligands are believed to bind to the central ion via coordinate bond. Simple ligands can be
water, chloride ions and ammonia. Usually, the bond between metal and ligand is much weaker than the
covalent bond, hence it facilitates the biological media for the ligand substitution reaction. Metal complexes
provide opportunities for building structures with defined properties. Therefore, from inorganic chemistry

point of view, it can provide better opportunities for using metal complexes as therapeutic agents.*

The presence of positive charge on metal centres is favoured to bind biomolecules which are
negatively charged. Proteins and nucleic acid are the moieties which can provide excellent ligands for binding
with the metal ions. Therefore, metal complexes have outstanding potential in pharmaceutical field. The wide
arrangement of pharmaceutical applications of these complexes has been studied.>® Many metal complexes
and their mechanism of action of cytotoxicity have been analysed with the hope to develop new therapeutic

agents.”8

However, to develop metal complexes as drugs is not an easy job because the insertion of
metal in the body might lead to harmful effects. Therefore, development of metal complexes along with their
medicinal specificity must be considered to overcome this issue. In this context, the favourable physiological
responses of particular drug are required to be demonstrated by their in vitro and in vivo investigations along

with targeted biomolecules and tissues before entering into clinical trials. The deep mechanistic knowledge of
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metal complexes is very important to recognize the biological activities of metals which will be essential for

the development of newer drugs with better efficacy.

Transition metals used in cancer treatment: -

Palladium(Pd)

Graham et al ° have synthesized various palladium complexes and screened for its in vitro and in vivo
anticancer properties which showed remarkable activities against various cancer cell lines viz lung and
prostate cancer. Subsequently, Tusek-Bozic 1° in 1991 has reported that the Trans-Palladium complex (Figure
1(a) is effective against cancer while Cis-Palladium has no effect. The possible reason for high potency of
Trans-Palladium is due to the easy dissociation of the chloride ions from the palladium centre which results
free availability of Trans- Palladium that interacts with DNA. It could be the plausible reason for high

anticancer activity though no experimental evidences are reported so far.
Ruthenium(Ru)

Recently, ruthenium complexes with oxidation states (11) and (111) have exhibited potent anticancer activity
against tumor cell lines,** though no ruthenium based anti-cancer drug has been commercialized yet.
Ruthenium based drugs known as New Anti-Tumor Metastasis Inhibitor (Figure 1a) was first to enter into
clinical trial followed by another drug known as trans-[tetrachlorobis(1H-indazole) ruthenate (I11)] (Figure
1b).*2 There is still further scope to discover newer ruthenium based drugs which can prevent cancer

efficiently.
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Gold(Au)

Gold complexes are known for their antimicrobial properties since ancient times.*® Gold (111) compounds were
amongst the first to be screened against anti-tumor activities. Gold in (111) and (1) oxidation state having d®
electronic configuration has attracted considerable interest as they exhibited good to moderate anticancer
activities. Some of the gold complexes with chelating N-donor ligands were investigated for anticancer
applications and had shown promising cytotoxic as well as potential anticancer activity (Figure 2). A broad
range of gold compounds was investigated, containing Gold (111) compounds which clearly indicated
resurgence of interest in this area of medicinal chemistry.* Extensive research is on the way to find effective

gold complexes with potential anticancer activities.
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Figure 2. (a) Gold (lIl) ethylenediamine complex, (b) Gold (Il) ethylenetriamine complex and (c) Gold (IlI) tetra

azacyclotetradecane complex.

Platinum(Pt)

Platinum drugs got attention for the cancer treatment once antineoplastic activity of cisplatin was discovered
by Barnett Rosenberg in the 1960s.2® At present, 50% of cancer patients are receiving platinum based
anticancer drugs to cure cancer.'® Till date, nine complexes of platinum have been synthesized namely
ormaplatin [tetraplatin], cisplatin, carboplatin, oxaliplatin, enloplatin, lobaplatin, heptaplatin, nedaplatin and
liposome-entrapped cis-bis-neodecanoato-trans-R,R-1,2-diaminocyclohexane platinum (I1) [L-NDDP] but
only six of them namely cisplatin, oxaliplatin and carboplatin (as worldwide anticancer drugs) and
heptaplatin, nedaplatin and lobaplatin (as regional anticancer drugs) have shown potent anticancer activity in
various cell lines (Figure 3).1'° However, these drugs have severe side effects like nephrotoxicity,
ototoxicity, nausea and hepatotoxicity due to high doses of platinum drugs hence, more safe and effective

platinum based drugs are under investigation.?%-22
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Figure 3. Platinum (I1) drugs approved for the treatment of human cancer in worldwide and regional clinics.

Cisplatin

Cisplatin is generally a white to yellow crystalline powder which is soluble in dimethylpyrimidine and N, N-
dimethylformamide (DMF). It is an inorganic molecule having molecular weight: 300.01 g/mol, melting
point: 270 °C, and density: 3.75 g/cm?®. Structurally, it is an arrangement where platinum ion is bounded to
two chloride ions and two amine groups aligned in a square (Figure 4). Amine groups act as the carrier
ligands, while chlorides act as the leaving groups. The arrangement of chloride ion is next to each other in

cisplatin which is biologically essential.
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Figure 4.Structures of cisplatin and transplatin.

Interestingly, transplatin, the trans isomer of cisplatin, does not exhibit anticancer activity. The first reason for
its reduced anticancer effect is the arrangement of trans-chloride ions. Because of the higher chemical
reactivity of trans isomer, it becomes deactivated before reaching to the DNA nucleotide.?® The second

reasonable factor is that there is no formation of 1, 2-intrastrand adduct which can be formed in the case of
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cisplatin. Hence, cisplatin is considered as one of the most powerful chemotherapeutic drugs used for the

treatment for many types of cancer.

Synthesis of cisplatin: -

When potassium tetrachloroplatinate is treated with excess of potassium iodide, it gives potassium
tetraiodoplatinate. Reaction of potassium tetraiodoplatinate with ammonia gives yellow compound,
K>[Ptl2(NHz3)2]. After this, on adding aqueous solution of silver nitrate, silver iodide precipitates out and
K2[Pt(OH2)2(NHz)2] left as residue in the solution. After adding potassium chloride, there is formation of the

final product cisplatin. Overall synthesis is depicted in Figure 5.
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Figure 5. Stepwise synthesis of cisplatin

Oxaliplatin

Oxaliplatin, a well-known and effective drug for treatment of colorectal cancer is sold under the trade name,
Eloxatin. A deep mechanistic understanding of tumor resistance to platinum drugs leads the discovery of
oxaliplatin, a third generation drug. It is used in combination with folinic acid (leucovorin) and fluorouracil
(FU) for advanced stage cancer treatment. Major side effects of drug oxaliplatin include nausea, numbness,
low blood cell counts and diarrhea.?? Preclinical studies have confirmed that oxaliplatin is found to be more

toxic than cisplatin.?* Unfortunately, oxaliplatin showed neurotoxicity. Other significant side effects of
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oxaliplatin include allergic reactions, nausea and diarrhea. Oxaliplatin accumulates in body by blocking the
duplication of DNA. The patient under oxaliplatin treatment must increase high intake of magnesium as the

induction of hypomagneseia turned out to be one of the major side effects in oxaliplatin therapy.
Carboplatin

Carboplatin is generally used in the treatment of ovarian cancer. It is obtained by replacing two chloride ions
of cisplatin with cyclobutanedicarboxylate ligand as a result it shows good aqueous solubility and high
stability resulting minimal side effects. For the improved efficacy, carboplatin should be taken in higher
doses.? Carboplatin is used in the treatment of cancers like ovarian, lung, brain, head and neck. Sometimes,
carboplatin can also be used to treat testicular cancer though cisplatin is more effective. Relatively, the main
advantage of carboplatin over cisplatin is its reduced side effects, especially eliminating the nephrotoxicity.
Carboplatin shows the chelating effect in its mechanism of action which exhibits comparable stability to
cisplatin. Nausea and vomiting are less severe side effects which can be controlled easily. Myelosuppressive
effect is considered to be one of the major drawbacks associated with carboplatin. Use of cisplatin, oxaliplatin

and carboplatin by the types of cancer is summarized in Table 1.2°

Table 1 Use of cisplatin, carboplatin and oxaliplatin by the type of cancer.

Type of cancer Cisplatin Carboplatin Oxaliplatin
Ovarian yes yes no
Lung (particularly yes yes no

the small cell type)

Testicular yes no no
Cervical yes no no
Bladder yes no no
Head and Neck yes no no
Lung (particularly yes no no

the small cell type)

Colon (adjuvant) no no yes
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Nedaplatin

Nedaplatin or (cis-diammine-glycolatoplatinum), is the another derivative of cisplatin. It was synthesized in
1983 and used in the treatment of cancer having similar efficacy as that of cisplatin. Like cisplatin, nedaplatin
has also two amines as the carrier ligands and a glycolate containing five-membered ring which is bounded to
the platinum ion as depicted in Figure 3. It is used to treat cancers such as lung, testicles, and prostate. It

interacts with the nucleophilic groups of DNA, causing cell apoptosis.
Lobaplatin

Lobaplatin or 1,2-diammino-I-methyl-cyclobutane-platinum (I1)-lactate is one of the analogs of the platinum
based drugs. Lobaplatin is useful in the treatment of human lung cancer, ovarian and gastric cancer
xenografts. Lobaplatin was initially used to treat the patients suffering from chronic myelogenous leukemia,
metastatic cancer and small-cell lung cancer. After getting positive outcomes from the clinical trial of phase |
(when it recognized the human solid tumor), it provide chemists to recommend same dose for the clinical trial

of phase II.
Heptaplatin

Heptaplatin is used in the treatment of gastric cancer. It consists of malonate as a chelating leaving group and
2-(1-methylethyl)-1, 3-dioxolane-4, 5-dimethanamine as a chelating group. As there is no separate anticancer
mechanism of heptaplatin has been studied yet, it is considered to be similar as that of cisplatin. Heptaplatin
interacts with DNA and forms different types of adducts which affects biological processes

like DNA transcription and replication that eventually lead to cell apoptosis.
Mechanism of action of cisplatin: -

After the penetration of cisplatin molecule in the cell membrane, the first step is to replace the H.O molecule
by one of the chlorides. The resulting structure then binds to single nitrogen on a DNA nucleus. Then, the
replacement of second chloride ion takes place by another water molecule and the platinum interacts with the
second nitrogen on DNA nucleotide.?®? On the basis of binding studies, nitrogen 7 is most favoured for
binding cisplatin with DNA on two adjacent guanines of the same strand (Figure 6). The binding can takes

place with adenine also but to the lesser extent.The complex formed between cisplatin and DNA draws the
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attention of DNA repair protein and HMG (high mobility group) that is irreversibly bounded. This creates

distortion in the shape of DNA which prevents effective repair. Though, in transplatin, it is difficult to form
1,2-intrastrand adduct and hence, does not exhibit antineoplastic activity. In case of cisplatin, etoposide, which
is one of the antineoplastic agents, contributes to the protein platinum-DNA complex which synergistically
strengthens the cisplatin activity. In brief, it is considered that cisplatin kills the cancer cells by interacting
with DNA nucleotide and interfering with its repair mechanism which eventually responsible for cell

apoptosis.?®
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Figure 6.The pathway for GG intrastrand cross linking of DNA by cisplatin.

Toxicological effects of cisplatin:-

Though cisplatin is one of the best anticancer agents, it is associated with several toxicities. Toxicology of
cisplatin depends upon its interaction with nucleotide DNA. Cisplatin interact with DNA and form covalent
adducts with purine DNA bases. The resulting interaction of platinum complex is the major reason for the
cytotoxicity in cisplatin.®® Cisplatin treatment results several toxicities viz nephrotoxicity, hepatotoxicity 32

and cardiotoxicity.®

Various cardiac events were also observed like electro-cardio graphic changes, arrhythmias, congestive heart

failure and cardiomyopathy.®*
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Hepatotoxicity

Hepatotoxicity is the common problem associated with the use of high doses of cisplatin.®* The main cause for
toxicity in cisplatin is an oxidative stress which is mainly due to the depletion of reduced glutathione.® It is
well documented that there was a remarkable increase in the hepatic malondehyde and depletion in the
antioxidants found in the rats which were treated with cisplatin.®® Cisplatin hepatotoxicity was found worsen
on increasing the level of enzyme cytochrome P450-2E1.3738 Recently, studies have highlighted the methods
for the prevention of hepatotoxicity induced by cisplatin by adopting the agents like selenium 3 and vitamin

E.40
Cardiotoxicity

Cardiotoxicity is related to the damage of heart muscles. Leakage of creatinine kinase (CK) and lactate
dehydrogenase (LDH) from cardiacmyocytes results cardiotoxicity. Myonecrosis and degeneration of cardiac
muscle fibre cells with the fibrous tissue reaction are the histological changes for toxicology induced by
cisplatin.** Cisplatin-induced cardiotoxicity is rare but if observed it is utmost important to stop cisplatin

immediately.
Nephrotoxicity

Nephrotoxicity is related to the toxicity in kidneys. In comparison to other organs when the kidney collects
cisplatin to a greater extent, it resulted as the main route cause for its excretion. Nephrotoxicity can be easily
monitored through the blood sample. The depletion of creatinine shows poor renal functioning. Serum
creatinine is another measure of renal function, which is useful for patients suffering from kidney diseases.*?

The unbalanced amount of cisplatin deposited in kidney tissues might lead to nephrotoxicity.*?
Other organ toxicity

Several other cisplatin-induced toxicities are also very well reported viz gastrotoxicity, ototoxicity, allergic

reactions, myelosuppression and some reproductive toxicities.**

Strategies to overcome cisplatin toxicity: -

STRATEGIES TO OVERCOME CISPLATIN RESISTANCE AND TOXICITY
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1-ADMINISTERING CISPLATIN IN LIPOSOME AND POLYMER

2--INHIBITING GLUTATHIONE AND METALLOTHION SPECIES
3-USING ANTISENSE OLIGODEOXYNUCLEOTIDES(ODN) AND RIBOZYMES
4-COMBINATION THERAPY

Cisplatin-induced toxicities can be minimized by adopting several techniques depicted in above four points,
for improved cisplatin delivery to the DNA nucleotide. There are ways to attain this by administering cisplatin
in polymers and liposomes or by inhibiting species that is glutathione and metallothione which is used to
inactivate cisplatin and eventually lessen its antitumor efficacy.*® Cisplatin resistance can be also minimized
in another way by using antisense oligodeoxynucleotides (ODN) targeting which is responsible oncogene for
cisplatin resistance, where the antisense oligodeoxynucleotide hybridizes with the target m-RNA and prevents

its translation. 64’

Cisplatin combination therapy: -

There are still various challenges for the improvement of cancer treatment. Recently, combination of one or
more than one drug is very common which is being used to cure cancer in patients known as combination
therapy. The combination therapy is more popular because two drugs exert two different mode of action.*® In
this way, one drug can reduce the ability of DNA replication and the other will attack on the cell’s ability of
making protein. Combination chemotherapy of cisplatin is one of the greatest advantages for treating number
of cancers. In order to make the situation better, cisplatin are being used in combination with other drugs for
treating various types of cancers viz ovarian, lung, biliary tract, breast, gastric, colorectal, melanoma,
pancreatic, prostate, bladder and cervical cancer.*® Success rate to cure patient becomes more than 90 percent
when it is used as combination chemotherapeutic agents. In brief, cisplatin combination therapy exhibit
tolerable toxicities and promising efficacies during cancer treatment. Some of the possible drugs which are
used in combination with cisplatin very often viz Cisplatin and Paclitaxel, Cisplatin and Tegafur-uracil (UFT),
Cisplatin and Doxorubicin, Cisplatin and Gemcitabine, Cisplatin and natural product (Osthole), Cisplatin and
Everolimus, Cisplatin and (Fluorouracil, Doxorubicin and Cyclophosphamide), Cisplatin and Metformin,

Cisplatin and (Oxaliplatin, Quercetin and Thymogquinone), Cisplatin and Tetraarsenic oxide.
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Figure 7. Structures of some combination drugs of cisplatin and other cancer drugs

Table 2 represents various cisplatin combination therapies with other cancer drugs and targeted cancers along

with the corresponding references.

Table 2 Combination therapy of cisplatin and other cancer drugs

Combination Drug(s)*

Cancer Types

References

Paclitaxel

Ovarian carcinoma, Breast
carcinoma, Lung carcinoma,
Melanoma, Head and neck

carcinoma.

Sarosy, Kohn et al, (1992)
McGuire, Rowinsky et al,
(1989) Einzig, Wiernik et al,
(1992) Holmes, Walters et al,
(1991) Murphy, Fossella et
al, (1993) Legha, Ring et al,
(1990) Einzig, Hochster et al,

(1991) Forastiere et al,
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(1994)

Paclitaxel and 5-FU

Gastric and esophagogastric

adenocarcinoma.

Kim et al, (1999)

UFT Non small lung carcinoma. Ichinose et al, (2000)

Doxorubicin Diffuse malignant pleural Ardizzoni et al, (1991)
mesothelioma.

Gemcitabine Biliary cancer. Valle, Wasan et al, (2010)

Osthole Lung cancer. Xu, Zhang et al, (2013)

Everolimus Urothelial bladder cancer. Pinto-Leite, Arantes-

Rodrigues et al, (2013)

Fluorouracil, doxorubicin and

cyclophosphamide

Salivary gland carcinoma.

Dimery, Legha et al, (1990)

Metformin

Lung adenocarcinoma.

Lin, Yeh et al, (2013)

Oxaliplatin, quercetin and

thymoquinone

Ovarian cancer.

Nessa, Beale et al, (2011)

Tetra arsenic oxide

Cervical cancer.

Byun, Jeong et al, (2013)

* Structures are provided in Figure 7

Conclusions: -

Cisplatin is considered to be the most effective anticancer agents widely used in the treatment of human solid
tumors. It has been extensively used for the cure of different types of neoplasms including head and neck,
lung, ovarian, leukaemia, breast, brain, kidney and testicular cancers. In general, cisplatin and other platinum-
based compounds are considered as cytotoxic drugs which can kill cancer cells by distorting DNA, inhibiting
DNA synthesis and mitosis which reinforces cell apoptosis. Cisplatin treatment is associated with considerable
side effects which include hepatotoxicity, nephrotoxicity, cardiotoxicity, neurotoxicity and hepatotoxicity. To
develop better compounds, inorganic and medicinal chemists need to understand the mode of action and the
rationale based approach for the synthesis of new metallo based drugs physiologically. Applying new
methodologies like combination chemotherapies would be highly advantageous for developing future

inorganic compounds as therapeutic agents. Studies have proposed that when one or more compounds get
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combined with cisplatin it becomes the excellent therapeutic methodology to overcome drug resistance and

minimize the unwanted side effects.
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