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ABSTRACT

Platinum-based drugs, such as cisplatin, carboplatin,
and oxaliplatin, have revolutionized chemotherapy and
are widely used worldwide in the treatment of various
types of cancer. These organometallic compounds have
demonstrated high antitumor efficacy, which has driven
their development and optimization over the decades.
This review provides a historical overview of the dis-
covery of platinum, the evolution of its organometallic
compounds with pharmacological applications, and
a current perspective on the use of nanomaterials as
controlled drug delivery systems aimed at improving ef-
ficacy while reducing the adverse effects of these agents.

Keywords: platinum-based drugs, cisplatin, nano-
materials, drug delivery.

RESUMEN

Los fdrmacos a base de platino, como el cisplatino,
el carboplatino y el oxaliplatino, han revolucionado la
quimioterapia y se utilizan ampliamente en todo el
mundo para el tratamiento de diversos tipos de céncer.
Estos compuestos organometdlicos han demostrado
una alta eficacia antitumoral, lo que ha impulsado su
desarrollo y optimizacién a lo largo de las décadas. Esta
revision ofrece una vision histérica del descubrimiento
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del platino, la evolucién de sus compuestos organometd-
licos con aplicaciones farmacoldgicas y una perspectiva
actual sobre el uso de nanomateriales como sistemas de
administracion controlada de farmacos, con el objetivo
de mejorar la eficacia y, al mismo tiempo, reducir los
efectos adversos de estos agentes.

Palabra clave: Firmacos a base de platino, cisplatino,
nanomateriales, administracién de fdrmacos.

RESUM

Els farmacs basats en plati, com el cisplati, el carbo-
plati i l'oxaliplati, han revolucionat la quimioterapia i
sutilitzen ampliament a tot el mén en el tractament de
diversos tipus de cancer. Aquests compostos organome-
tallics han demostrat una alta eficacia antitumoral, fet
que ha impulsat el seu desenvolupament i optimitzacié
al llarg de les décades. Aquesta revisié ofereix una
visié historica del descobriment del plati, I'evolucié
dels seus compostos organometal-lics amb aplicacions
farmacologiques i una perspectiva actual sobre I'tis de
nanomaterials com a sistemes de lliurament de farmacs
controlats, amb l'objectiu de millorar 'eficacia alhora
que es redueixen els efectes adversos d’aquests agents.

Paraules clau: Farmacs basats en plati, cisplati, nano-
materials, alliberament de farmacs.
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DISCOVERY OF PLATINUM

Platinum is a noble metal with atomic number 78
that plays a fundamental role in modern society due
to its exceptional physicochemical properties, such
as high corrosion resistance and excellent electrical
conductivity !. It is widely applied in catalytic convert-
ers for reducing automotive emissions, in electrical
contacts, and as electrodes in laboratory equipment,
including reference electrodes in electrochemistry and
gas sensors .

Additionally, platinum is a key component in dental
equipment, in the jewelry industry due to its durabil-
ity and aesthetic appeal, and in medical devices such
as pacemakers and implants >. It is also essential in
fuel cell production for clean energy generation and
in the petrochemical industry as a catalyst for various
processes °.

The earliest records of platinum use date back to
ancient Egypt, around 700 BCE. Archaeologists have
found traces of platinum in the gold used for burial
artifacts from that period. For example, a small box
discovered in the tomb of Princess Shepenupet II was
decorated with hieroglyphs made of gold and platinum
0. However, it remains uncertain how much the Egyp-
tians knew about the metal, as it is likely that they did
not recognize platinum as distinct from the gold they
worked with.

Pre-Columbian peoples of the La Tolita culture, which
flourished between 300 BCE and 500 CE in the Esmer-
aldas region of present-day Ecuador, were renowned
for their advanced goldsmithing techniques ''2. These
artisans used gold-platinum alloys to craft ceremonial
and ornamental objects such as masks, earrings, and
figurines.

One of the most emblematic artifacts attributed to the
La Tolita culture is the well-known Tolita Sun of Gold
(Figure 1), currently preserved in the National Museum
of Ecuador and adopted as the institutional symbol of
the Central Bank of Ecuador. Created between 300
BCE and 100 CE, the piece depicts a stylized human
face surrounded by solar motifs and stands out for its
elaborate craftsmanship and use of a complex alloy of
gold with small amounts of platinum, silver, and copper.

Figure 1. Golden Sun, developed by the Tolita culture,
Ecuador .

Since platinum has a very high melting point (around
1,769 °C), La Tolita artisans developed innovative meth-
ods to work with it without melting. One of these was
sintering, which involved mixing precious metal pow-
ders such as gold and platinum and heating them to
temperatures below their melting points. This allowed
the particles to fuse into a cohesive solid mass that
could then be hammered and shaped. Nevertheless,
the precise dating and contextualization of some of
these objects remains difficult, as many examples have
been recovered outside their original archaeological
contexts, often through pre-Columbian trade networks.
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Figure 2. Cover of “Historical Account of the Voyage to
South America” next to the representation of Antonio de
Ulloa, 1748.

The first official written record of platinum appears
in the work Relacion historica del viaje a la América
Meridional, published in 1748 by the Spanish scientist
Antonio de Ulloa. The front page of this work, along
with a portrait of its author, is shown in Figure 2. In
this account, Ulloa describes the collection of the first
platinum samples from the gold washings in the Chocé
region, in the Viceroyalty of New Granada (modern-day
Colombia, Figure 3). Due to its silvery appearance, the
metal was initially mistaken for silver. However, miners
soon noted that platinum was more difficult to melt
with the techniques available at the time, which led to
its differentiation and subsequent scientific study **°.

Figure 3. Mapping of the Choco region in the former
Viceroyalty of New Granada.
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Later, platinum samples from the Chocé gold wash-
ings were taken to Europe, particularly England, where
chemists such as William Watson, William Brown-
rigg, and William Lewis began detailed studies around
1750. They investigated the metal’s physicochemical
properties, including its corrosion resistance and high
density o,

In 1758, French chemists Pierre-Joseph Macquer and
Antoine Baumé attempted to melt platinum using a
large concave mirror to concentrate heat at a single
point. Although they failed to melt it completely due
to technological limitations of the time, their experi-
ments marked an important advance in the study of
the metal '8%.

Subsequently, in 1786, the French chemist Pierre-
Frangois Chabaneau, under the patronage of the Spanish
Crown, succeeded in purifying platinum to obtain a
malleable form. Chabaneau removed impurities such
as gold, mercury, lead, copper, and iron from crude
platinum ore, enabling him to produce the first ingot
of pure and malleable platinum #°.

Platinum-Derived Compounds

Continuing with the historical perspective, in the
19th century the foundations were laid for later de-
velopments in coordination chemistry, medicine,
and technology. In 1844, the Italian chemist Michele
Peyrone synthesized for the first time the compound
cis-diamminedichloroplatinum (II), known as cispla-
tin or “Peyrone’s chloride” *. Although at the time it
was merely a chemical curiosity, more than a century
later, in the 1960s, its potent antitumor activity was
discovered, revolutionizing cancer treatment and mak-
ing it one of the most widely used chemotherapeutic
agents in oncology '

At the end of the 19th century, the Swiss chemist
Alfred Werner developed the theory of coordination
chemistry, proposing that transition metals such as
platinum form complexes with ligands through specific
bonds. In 1893, Werner proposed precise geometric
structures for complexes such as [Pt(NH,),Cl,], lay-
ing the foundation of modern inorganic chemistry
and earning the Nobel Prize in Chemistry in 1913 %.

In parallel, during the 19th century, knowledge of
the catalytic properties of platinum was consolidated.
These properties had been recognized since the begin-
ning of the century, particularly its ability to catalyze
the ignition of hydrogen. Such observations were key
to its subsequent application in industrial chemical
processes, such as hydrocarbon reforming and nitric
acid synthesis %,

Furthermore, the study of platinum ores led to the
discovery of new elements of the platinum group.
Between 1802 and 1804, William Hyde Wollaston
succeeded in isolating palladium and rhodium, ele-
ments present in small proportions in platinum ores,
which broadened knowledge about this group of noble
metals and their usefulness in jewelry, fine chemistry,
and catalysis **.

Finally,in 1868, the French chemist Paul Schiitzenberg-
er synthesized one of the first organometallic platinum
complexes, dicarbonyldi-p-chlorodichlorodiplatinum,
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thereby paving the way for the systematic study of the
organometallic chemistry of transition metals. This
field would expand widely in the 20th century, with
important implications for homogeneous catalysis
and the design of new drugs *.

Development of Platinum-Based Drugs

In the mid-20th century, interest in metal compounds
in molecular biology led to a series of innovative ex-
periments that would forever change the history of
chemotherapy. In 1965, biophysicist Barnett Rosenberg,
along with Loretta Van Camp and Thomas Krigas,
conducted studies on the effects of electric fields on
the cell division of Escherichia coli. For this purpose,
they used platinum electrodes immersed in the culture
medium. Unexpectedly, they observed that the bacteria
did not divide normally but instead adopted a filamen-
tous and elongated morphology (Figure 4), obtained by
electron microscopy: on the left, E. coli treated with
the platinum complex; on the right, untreated cells
maintaining their typical bacillary shape 26%".

Figure 4. Effect of cisplatin on the morphology of Escheri-
chia coli bacteria *.

These observations were initially attributed to the
electrical effect, but subsequent analyses demonstrated
that the true cause was a platinum complex released
by the electrodes: cis-diamminodichloroplatinum (II),
or cisplatin. Intrigued by its inhibitory effect on bacte-
rial mitosis, the researchers tested the compound in
mammalian cell lines and later in animal models with
induced tumors.

One of the most renowned and decisive experiments
for the clinical advancement of cisplatin was performed
in mice bearing sarcoma 180. A clear comparison be-
tween untreated animals (top row) and those treated
with a single intraperitoneal injection of cisplatin at
8 mg/kg (bottom row) (Figure 5). The control mice
exhibited progressive tumor growth and died around
day 21, while the treated mice showed tumor regression
and survived at least until day 36, with a significant
reduction in tumor volume %,

This pioneering finding was published in 1969 and led
to a series of human clinical trials that culminated in
the FDA’s approval of cisplatin in 1978. Its impact was
immediate: it transformed the prognosis of previously
lethal cancers such as metastatic testicular cancer, rais-
ing cure rates to over 90% in some cases. Furthermore,
its mechanism of action, based on the formation of
cross-links with DNA that block cellular replication,
opened a new paradigm in the development of metal-
based alkylating agents.
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Figure 5. In vivo assay in mice with sarcoma treated with
cisplatin 3.

The clinical results of cisplatin were not only promis-
ing in animal models, but its impact on public health
was clearly reflected in cancer epidemiology. One of the
most compelling pieces of evidence for the therapeutic
value of this compound can be seen in the evolution
of testicular cancer mortality from the 1970s to the
present day.
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Figure 6. Decrease in testicular cancer mortality after
cisplatin approval *.

Figure 6 shows a sustained and significant decline in
the mortality rate per 100,000 inhabitants starting in
1978, the year when the clinical use of cisplatin was of-
ficially approved. Before this date, metastatic testicular
cancer was a disease with a poor prognosis, with cure
rates below 10%. However, following the introduction
of cisplatin-based therapeutic regimens (such as BEP:
bleomycin, etoposide, and cisplatin), mortality began
to drop abruptly, stabilizing at minimal levels over the
following decades *.

This effect not only illustrates the success of a chemi-
cal compound but also represents one of the greatest
achievements of modern chemotherapy: transforming
alethal neoplasm into a curable disease in most cases.
Today, more than 95% of patients with germ cell tes-
ticular cancer achieve complete remission, and many

of them can live normal lives with preserved reproduc-
tive function 3.

However, the clinical use of cisplatin also presented
significant limitations, such as nephrotoxicity, neuro-
toxicity, and acquired resistance. This motivated the
design of new analogues with improved therapeutic
profiles. Figure 7 presents the timeline of approval and/
or development of platinum-based drugs along with
their chemical structures. One of the first derivatives
was carboplatin, approved in 1989, which retains the
central structure of cisplatin but incorporates a biden-
tate cyclobutane dicarboxylic acid ring as a ligand. This
structural change significantly reduced renal toxicity
and enabled more tolerable treatments, especially in
patients with impaired renal function *.

Subsequently, oxaliplatin, a platinum (II) complex with
a cyclic diamine ligand, was developed and approved in
1996 in Europe and in 2002 by the FDA. Its main indi-
cation is the treatment of metastatic colorectal cancer,
in combination with other agents such as 5-fluorouracil
and leucovorin *¢. Unlike cisplatin and carboplatin,
oxaliplatin induces acute and chronic neurotoxicity but
exhibits a distinct antitumor activity, effective even in
cell lines resistant to cisplatin .

From these first generations, other compounds were
developed, many of which have not been globally ap-
proved but have shown promising activity in clinical
or preclinical studies. Nedaplatin, developed in Japan
in 1983 by Shionogi Pharmaceutical Company, is a
water-soluble analogue of cisplatin with lower gastro-
intestinal and hematological toxicity, used mainly in
head and neck and gynecological cancers. Its approval
in Japan was granted in 1995, and it has since been
applied primarily in the treatment of head and neck
neoplasms as well as gynecological cancers *

Lobaplatin, initially developed by ASTA Medica in
Germany and later marketed by Zentaris AG in col-
laboration with Chinese companies, was approved in
China in 2005 by the regulatory authority (NMPA). It
is currently used in the treatment of solid tumors and
leukemias and is characterized by lower nephrotoxicity,
although with notable myelosuppression *.

Heptaplatin, developed in South Korea, has a structure
that improves its water solubility and has demonstrated
efficacy against gastric tumors resistant to cisplatin.
Although it has shown promising results in these studies
(in vitro, in resistant cell lines, and in clinical trials), it
has only been approved for clinical use in South Korea,
without achieving international approval .

In contrast, satraplatin was one of the first platinum
(IV) compounds designed for oral administration.
Although it showed antitumor activity in preclinical
models and some efficacy in phase II clinical trials,
particularly in hormone-refractory prostate cancer in
combination with prednisone, the FDA did not approve
it after the application was withdrawn in 2007 follow-
ing a negative advisory committee recommendation *'.

Another interesting derivative is picoplatin (also
known as AMDA473 or ZD0473), specifically designed
to overcome resistance to other platinum compounds.
Its structure includes a 2-methylpyridine ligand that
provides steric hindrance, thus preventing inactivation
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Figure 7. Chronology and approval of platinum-based drugs.

by glutathione, one of the cellular mechanisms that
neutralize cisplatin. In preclinical studies, picoplatin
maintained its antitumor activity even in cisplatin- and
carboplatin-resistant cell lines, with more efficient in-
tracellular accumulation and reduced susceptibility to
high glutathione levels **. However, despite promising
results, its clinical development is currently halted, as
trials did not show significant improvements in overall
survival compared with standard treatments *

Finally, BBR3464 represents a completely different
approach. It is a polynuclear platinum (II) complex
with three metal centers linked by polyamine ligands.
This design allows it to interact with DNA in a cross-
linking fashion, forming more extensive adducts than
mononuclear compounds. Although it generated high
expectations due to its novel mechanism of action, it
was discontinued after phase II clinical trials because
of its toxicity and limited superiority over conventional
therapies **
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Figure 8. Molecular mechanism of action of cisplatin in
tumor cells .
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How Does Cisplatin Work?

Cisplatin acts through a complex mechanism that
begins with its entry into the cell (Figure 8). This pro-
cess can occur via passive diffusion across the plasma
membrane, although more recent studies have shown
that copper transporters (CTR1) play a fundamental
role inits intracellular accumulation. At the same time,
resistance mechanisms exist that reduce its efficacy,
such as the active efflux of the drug through transporter
proteins of the MRP2 family or its inactivation through
binding to molecules such as glutathione (GSH) and
metallothioneins *¢

Once inside the cytoplasm, cisplatin undergoes an
essential chemical activation for its action. This pro-
cess consists of hydrolysis, in which chloride ions are
replaced by water molecules, forming positively charged
aqueous complexes. These reactive species have a high
affinity for nucleophilic groups, particularly nitrogen
atoms present in purine bases of DNA ¢

The primary molecular target of cisplatin is nuclear
DNA (Figure 9). Once activated, the drug covalently
binds to guanine residues and, to a lesser extent, ad-
enine residues, generating adducts that distort the
double helix. Approximately 90-95% of these bonds
correspond to intrastrand cross-links, that is, between
adjacent bases on the same DNA strand, while a small
percentage (about 1%) correspond to interstrand cross-
links. These bonds alter DNA geometry, interfere with
replication and transcription, and constitute the main
trigger of its antitumor action *

The presence of these adducts activates various cel-
lular DNA damage response pathways. Among them
are nucleotide excision repair (NER) and mismatch
repair (MMR) systems, which attempt to correct the
structural distortion. However, when repair fails, sig-
naling pathways mediated by proteins such as p53
are activated, inducing cell cycle arrest through p21
activation, or directly triggering apoptosis as a defense
mechanism against irreparable damage ***°
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Figure 9. Types of cisplatin binding to DNA: intra-strand
and inter-strand.

The same mechanism that confers therapeutic ef-
ficacy is linked to its clinical toxicity. DNA adducts
are not exclusive to tumor cells, and tissues with high
proliferative rates, such as renal and gastrointestinal
epithelium and the hematopoietic system, are also af-
fected. This explains the nephrotoxicity, neurotoxicity,
ototoxicity, and myelosuppression that limit cisplatin
use. Despite these adverse effects, its ability to induce
tumor regression in multiple cancer types makes it one
of the most successful drugs in modern oncology ¢

How Does Carboplatin Work?

Carboplatin, like cisplatin, exerts its antitumor action
through the formation of DNA adducts that block rep-
lication and transcription, ultimately triggering apop-
tosis (Figure 10). However, its intracellular activation
mechanism differs in kinetics: while cisplatin undergoes
rapid hydrolysis of its chloride ligands, carboplatin
contains a cyclobutane dicarboxylic acid (CBDCA) ring
as a bidentate ligand, which confers greater stability
and a slower release of the Pt>* ion. This characteristic
reduces its initial reactivity and explains its lower renal
toxicity compared with cisplatin.
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Figure 10. Cellular mechanism of action of carboplatin **

Carboplatin enters the cell both by passive diffusion
and through specific transporters, such as CTR1. Once
inside, it can be inactivated by biomolecules such as
glutathione or metallothioneins or expelled by ATP-
dependent transport pumps (ATP7A, ATP7B, MRP2),
phenomena that also contribute to cellular resistance
mechanisms. Despite these kinetic and toxicity dif-
ferences, the molecular target is the same: binding to
DNA at guanine and adenine positions, predominantly
forming intrastrand adducts (GpG and ApG), which
distort the double helix and interfere with cellular
replication #4852,

Clinically, carboplatin was introduced as a safer alter-
native for patients with impaired renal function, being
widely used in ovarian and lung cancer, although its
main adverse effect is myelosuppression >,

How Does Oxaliplatin Work?

Oxaliplatin (L-OHP) presents a mechanism of action
like cisplatin and carboplatin in terms of the forma-
tion of adducts with DNA, but with particularities that
explain its distinctive clinical profile (Figure 11). After
entering the cell via transporters such as SLC31A1
(CTR1), oxaliplatin undergoes activation and generates
covalent bonds with guanine residues in DNA, produc-
ing intrastrand cross-links that distort the double helix
and block replication and transcription. However, unlike
cisplatin and carboplatin, oxaliplatin-induced adducts
are recognized and repaired with lower efficiency by
nucleotide excision repair (NER) and base excision
repair (BER) systems, which enhances its efficacy even
in cells resistant to other platinum drugs. Moreover,
the figure highlights the role of key genes in repair
such as ERCC1, ERCC2, XPG, XPF, and XRCCI, whose
polymorphisms may modulate the clinical response
to the drug, as well as the participation of GSTPI in
its conjugation with glutathione, a mechanism that
contributes to detoxification and resistance %
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Figure 1. Cellular mechanism of action of oxaliplatin *°.
In comparison, cisplatin is rapidly activated in the

cytoplasm after hydrolysis and forms DNA adducts
that trigger apoptosis mainly through p53 activation,
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whereas carboplatin, with slower activation kinetics
due to its cyclobutane dicarboxylate group, produces
the same type of DNA lesions but with lower renal
and gastrointestinal toxicity. Oxaliplatin, on the other
hand, generates adducts with a distinct conformation
that more strongly affect protein synthesis and trig-
ger apoptosis through complementary mechanisms,
although with the drawback of inducing peripheral
neurotoxicity, a characteristic adverse effect differ-
ent from the toxicological profile of cisplatin and
carboplatin #4525

Cisplatin, carboplatin, and oxaliplatin share a com-
mon anticancer mechanism based on the formation
of DNA adducts but they differ markedly in their
chemical reactivity. Cisplatin undergoes rapid chloride
hydrolysis inside the cell, generating highly reactive
aquated species that readily bind DNA. In contrast,
carboplatin requires the slow hydrolysis of its biden-
tate cyclobutane-dicarboxylate ligand, resulting in a
delayed release of Pt*" and therefore reduced initial
reactivity and lower nephrotoxicity. Oxaliplatin forms
adducts through a distinct process involving its bulky
diaminocyclohexane (DACH) ligand, producing steri-
cally hindered DNA lesions that are poorly recognized
by the nucleotide excision repair (NER) machinery an
effect that underlies its activity in cisplatin-resistant
tumors **°7%8,

How do other platinum derivates work?

The development of new cisplatin derivatives sought
not only to reduce toxicities but also to diversify the
mechanisms of interaction with DNA. Nedaplatin,
being more water-soluble, penetrates cells more easily
and forms intrastrand bonds with DNA like those of
cisplatin, but with lower generation of free radicals,
resulting in reduced toxicity *>*

In contrast, Satraplatin, a platinum (IV) complex,
was designed for oral administration and requires
intracellular reduction to active platinum (II) species,
which gives it a distinct pharmacokinetic profile and
potentially better tolerance >

Even more innovative was BBR3464, a polynuclear
platinum (II) complex capable of cross-linking multiple
DNA strands simultaneously, generating more extensive
bonds resistant to classical repair mechanisms, although
its toxicity limited its clinical development ¢

On the other hand, Heptaplatin incorporates ligands
that improve its solubility and facilitate the formation
of DNA—platinum adducts in gastric tumors resistant
to cisplatin, which gave it regional clinical interest in
South Korea

Finally, Lobaplatin, approved in China in 2010, com-
bines greater chemical stability with a broad cytotoxic
profile, forming both intrastrand and interstrand bonds
with DNA, although with lower nephrotoxicity and a
higher incidence of myelosuppression as an adverse
effect 64

Taken together, these derivatives demonstrate how
relatively small structural modifications can signifi-
cantly alter the way platinum interacts with DNA and
the cellular resistance mechanisms.
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Platinum-Based Drugs against different types
of cancer

Since their clinical approval, platinum compounds
have proven to be fundamental tools in the fight against
various types of cancer. The main types of cancer treated
with the conventional drugs cisplatin, carboplatin, and
oxaliplatin, while Table 1 provides additional infor-
mation such as toxicity (Figure 12). Cisplatin was the
first to become established as a therapeutic standard,
particularly in the treatment of metastatic testicular
cancer, where it transformed a disease with poor prog-
nosis into one curable in most cases **®. In addition,
it is used in ovarian, bladder, lung, esophageal, head
and neck tumors, as well as in certain lymphomas and
myelomas *>%. However, prolonged use is associated
with significant adverse effects, such as cumulative
nephrotoxicity, peripheral neurotoxicity, and irrevers-
ible ototoxicity 7.

Testicles

Bladder Ovaries

Figure 12. Main types of cancer treated with platinum-de-
rived drugs.

Carboplatin, introduced as a less nephrotoxic alter-
native, became a therapeutic pillar in ovarian cancer,
in addition to being applied in bladder, small-cell lung
cancer, and head and neck tumors 772, Its safety profile
is more favorable, although it has a higher incidence
of myelosuppression and peripheral neuropathy 72.

For its part, oxaliplatin revolutionized the treatment
of metastatic colorectal cancer, becoming an essential
component of combined regimens such as FOLFOX
(oxaliplatin, 5-fluorouracil, and leucovorin) 7. It has
also shown efficacy in tumors of the pancreas, stomach,
ovary, and liver. Nevertheless, its characteristic toxic-
ity is peripheral sensory neuropathy, both acute and
chronic, which can affect patients” quality of life 7>77.

Table 1. Types of cancer treated and characteristic side

effects.
Types of cancer S Refer-
Drug P Characteristic side effects
treated ences
Testicular, ovar- Cumulative nephrotoxic- 5266-70

ian, bladder, lung, ity, peripheral neurotoxic-
Cisplatin esophagus, head and ity, irreversible ototoxicity,
neck, lymphomas, hearing loss, nausea, vomiting,
myelomas alopecia




Types of cancer Refer-

Drug treated Characteristic side effects ences
H 66,71-73
Opvarian, bladder, Myelgs'up pression, nausea and
Carbopla- vomiting, fatigue, peripheral
tin lung (small-cell) neuropathy, renal problems
head and neck pathy, rena. p ’
alopecia
Peripheral neuropathy (acute TS
Oxalipla- Colon, rectum, and chronic), fatigue, gastroin-

pancreas, stomach,

tin . testinal problems, thrombocy-
ovary, liver

topenia, leukopenia

Taken together, these three drugs represent the most
successful examples of the clinical application of plati-
num derivatives, showing how structural modifications
can broaden oncological indications but also modify
toxicity profiles.

Nanomaterials as drug delivery support for
Platinum compounds

One of the main challenges in current oncological
research is optimizing the administration of platinum-
derived drugs, improving their efficacy, and reducing
associated toxicity. In this context, nanomaterials have
emerged as innovative delivery systems, defined as
materials with at least one dimension smaller than
100 nanometers (Figure 13), which grants them special
properties such as greater surface area, improved stabil-
ity, and the ability to target specific tissues “%.

Among the most studied nanomaterials are den-
drimers, polymeric nanoparticles, micelles, nano-
spheres, inorganic nanoparticles (e.g., gold, silica), and
lipid nanoparticles, with liposomes standing out among
the latter. Liposomes are spherical vesicles composed
of phospholipid bilayers capable of encapsulating both
hydrophilic and hydrophobic molecules, making them
ideal candidates for transporting drugs such as cis-
platin 7

Liposomal cisplatin has shown significant advantages
over its conventional form. Encapsulation of cisplatin in
liposomes allows the drug to be preferentially directed
toward the tumor, prolonging its half-life in circulation
and reducing its accumulation in healthy organs such as

Polymeric
Nanoparticles

Nanosphere

Quantum dot

Silica
Nanoparticle

the kidney, the primary target of its nephrotoxicity *.
Preclinical and early clinical studies have demonstrated
that liposomes loaded with cisplatin exhibit reduced
renal and neurological toxicity, while maintaining or
even increasing antitumor efficacy

Among the most relevant developments is Lipoplatin®,
a liposomal formulation of cisplatin that has advanced
to phase III clinical trials. This formulation showed
a significant reduction in adverse effects, especially
nephrotoxicity, and a more favorable pharmacokinetic
profile, with preferential accumulation in lung and
pancreatic tumor tissues ®2. This selective accumulation
is largely explained by the Enhanced Permeability and
Retention (EPR) effect, a phenomenon in which the
leaky and poorly organized vasculature of tumor tissues
allows nanoscale liposomal carriers to extravasate and
remain trapped for prolonged periods. In the case of
Lipoplatin®, its nanosized liposomal structure (~110-130
nm) facilitates passive tumor targeting through the
EPR effect, thereby increasing intratumoral cisplatin
concentrations while reducing systemic exposure®.
These results suggest that liposomes not only represent
an alternative release vehicle but also a promising strat-
egy to overcome the classical limitations of platinum
derivatives, paving the way for safer and more effective
treatments.

Thus, liposomes as delivery systems for cisplatin
constitute a paradigmatic example of the potential of
nanomaterials in oncology, by combining advances in
nanotechnology and pharmacology to enhance thera-
peutic efficacy while minimizing toxicity.

CONCLUSIONS

The history of platinum-based drugs has a fascinat-
ing background that begins in the 18th century, when
platinum was first described in the mines of Chocé,
Colombia. What was initially regarded as a metallurgi-
cal curiosity eventually became the foundation for one

Inorganic Lipid-based
Nanoparticles

nanoparticles

Gold Liposome Lip 1d-ba§ed
Nanoparticle nanoparticle

Emulsion

Figure 13. Different nanomaterials used as drug release carriers.
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of the most important advances in modern medicine:
the development of chemotherapeutic agents capable
of halting cancer cell proliferation.

From the discovery of cisplatin in the 1960s to the
introduction of more recent compounds such as ox-
aliplatin and lobaplatin, these drugs have transformed
oncology and have become pillars in the fight against
various types of tumors. However, their remarkable
efficacy has been accompanied by significant side ef-
fects, which has driven the search for safer and more
selective alternatives.

In this context, nanotechnology has opened new
possibilities. Nanomaterials used as delivery systems
make it possible to target drugs more precisely to cancer
cells, improving stability and efficacy while reducing
damage to healthy tissues.

The historical journey of platinum, from its discovery
in the Chocé region to its role as an essential compo-
nent of cancer therapies, exemplifies how science can
transform a fortuitous finding into hope for millions
of people. Today, the union of scientific tradition with
nanotechnological innovation projects a future with
more effective, less toxic treatments that are better
adapted to the needs of patients.
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