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ABSTRACT  

 

Cisplatin (cis-(diammine)dichloridoplatinum(II)) is the first platinum-based compound approved by the 

United States Food and Drug Administration (FDA) (U.S.). This is a first-line chemotherapeutic 

treatment used alone or combined with other anticancer drugs to treat a broad spectrum of 

malignancies, with cisplatin-based nano-formulations currently in clinical studies. Cisplatin has several 

drawbacks, including low aqueous solubility, drug resistance, and toxicity, all of which can be 

addressed by encapsulating the drug in Nemours nanocarriers. The various nano-delivery technologies 

developed for Cisplatin are covered in vast literature from different electronic databases. This review 

focuses comparative finding over the recent advancements, developments, innovations, and updated 

literature for various CDDP nano-carrier systems. 

Keywords- Cancer, Cisplatin, Nano-technology, Nano-formulation, Food, and Drug 

Administration. 

INTRODUCTION 

Cervical cancer is the second-highest prevalent cancerous cancer in women worldwide, and it poses a 

significant health risk to women. Cervical cancer is thought to be caused by a persistent infection with 

the high-risk human papillomavirus (HPV) (1,2). The established aetiology has aided in developing and 

implementing a comprehensive cervical cancer prevention and control system. 

In 1846, cervix cancer was the most often observed malignant in western Europe (3), and it was first 

linked to smegma in the 1940s and 1950s (3). Almost 1/3 of all deaths were reported in Paris. In most 

cases, the cervix was considered the primary source. Several etiological ideas in popularity now were 



 

 

addressed then. Many authors have reported the relative infrequency of cervical cancer among Jewish 

women. According to these historical observations, it could be induced by a sexually transmitted agent 

(4-5). 

 The possible involvement of husband circumcision was not taken seriously until 1935. More recent 

studies of this kind were inconclusive. A definite reduction in the death rate from cervical cancer has 

been evident since 1950. The concurrent rise in incidence is accounted for by the more numerous in 

situ cases found through cytologic screening. Non-white women in America above age 60 and the 

elderly in England and Wales have not shown equally improved rates(5). The hypothesis that the 

genital strain of the herpes simplex virus (HSV-2), a venereal transmitted virus, is associated with 

cervical cancer has been advanced, and much new evidence has recently been reported (3-6). 

The most common screening procedures for cervical cancer are traditional Pap smear, visual 

inspection with acetic acid and Lugol's iodine (VIA/VILI), liquid-based cytology (LBC), and HPV testing 

(7). Since the 1950s, Pap smear has dramatically lowered the disease burden of cervical cancer in 

industrialized countries, primarily in the United States(7-8). However, the level of the cytological room, 

skilled technicians, sample procedure, slide quality, dyeing capabilities, and cytological personnel 

experience can all affect the accuracy of traditional Pap smears (7-9). The sensitivity of cytology can be 

as high as 80 percent in wealthy countries with high-quality experimental conditions and technical 

levels. In comparison, it can be as low as 30 percent in resource-limited places (7). The World Health 

Organization (WHO) launched a call in May 2018 for the global eradication of cervical cancer, and more 

than 70 countries and international academic societies responded positively right once (12-15). 

 

However, various studies have described that treatment for cervical cancer is determined by several 

parameters, including the patient's age, illness stage, histological type of tumor, regional and distant 

metastases, degree of tumor differentiation (grade-G), primary lesion size, primary tumor development 

pattern, and overall health. Surgery, radiation, and hormone chemotherapy are the three treatment 

techniques used today (10).   

Nonetheless, the first two modes, alone or in combination, dominate. In pre-invasive (Ca insitu) and 

microinvasive stage (stage Ia) cervical cancer, Surgery is employed as the sole treatment option. In the 

Ib and IIa stages, Surgery and radiation are combined, but only radiation is used in the IIb, IIIa, IIIb, and 



 

 

IVa stages. In stage IVb, (cervical cancer with distant metastases) are utilized Chemotherapy and 

locoregional radiotherapy (10). On the other hand, for cancerous patients with early-stage cervical 

cancer and locally advanced cervical cancer who have access to conventional treatments, including 

Surgery, Chemotherapy, or radiotherapy (R.T.), there is no standard treatment for patients with 

metastatic cervical cancer because of its heterogeneous manifestations (10).  

The HPV vaccine was developed parallel by researchers at Georgetown University Medical Center, the 

University of Rochester, the University of Queensland in Australia, and the United States, beginning in 

the mid-1980s. In 2006, the National Cancer Institute (NCI) reported that the U.S. The first preventive 

HPV vaccine, marketed by Merck & Co. as Gardasil, was approved by the Food and Drug 

Administration (FDA) (7). With the support of the World Health Assembly, the World Health 

Organization announced a strategy to eliminate cervical cancer by 2050 in November 2020. The plan 

calls for 90 percent of girls to be vaccinated by the age of 15, 70 percent of women to be screened by 

the age of 35 and again by the age of 45, and 90 percent of women with cervical illness to be treated 

(11). 

Chemotherapy is the intravenous delivery of anticancer agents circulating throughout the body and 

eliminating tumor cells (12-13). Chemotherapy is still the first-line therapeutic option for advanced 

NSCLC (IIIb and IV). According to a 2016 study, nearly 53% of patients with Stage IIIb or IV NSCLC 

received Chemotherapy with or without radiation therapy. However, the relatively protracted 

premalignant phase of cervical carcinogenesis (five to ten years) provides significant potential for 

conservative intervention and a big window for chemoprevention or immunization to affect disease 

progression (12-15). Not only is the cervix an appropriate, accessible organ for chemoprevention 

studies, but it is also an ideal organ for studying squamous carcinogenesis. Cervical lesions are easily 

accessible and can be monitored safely with Pap smears and colposcopy, complemented with relevant 

biomarkers. Cervical biomarkers under investigation include proliferation markers (PCNA), regulatory 

markers (ras, myc, p53, retinoic acid receptors, spermidine/spermine ratios), differentiation markers 

(involucrin, cornified, keratins), and signs of genetic instability (chromosome polysomy)( (16). 

Numerous single and combined medication regimens have also been clinically evaluated to achieve the 

best therapeutic efficacy possible. Platinum medicines such as Cisplatin and carboplatin, as well as 

platinum doublets such as cisplatin/gemcitabine, cisplatin/pemetrexed, pemetrexed/carboplatin, and 



 

 

emcitabine/carboplatin, are frequently suggested chemotherapeutic regimens (Table-1) (17). 

Pemetrexed, an antifolate, is only licensed to treat non-squamous carcinomas. 

Additionally, molecular targets such as bevacizumab, which inhibited VEGF to paclitaxel/carboplatin, 

improved overall patient survival and was thus authorized to treat non-squamous carcinomas. Other 

clinical trials combining bevacizumab with other platinum doublets, on the other hand, have seen 

evidence of increased toxicity. Cetuximab, another monoclonal antibody directed against the epidermal 

growth factor receptor (EGFR), did not enhance patient outcomes and, as a result, has been a limited 

effect on cervical cancer (12-17). Chemotherapy has several drawbacks, most notably damage in 

healthy tissues. For example, platinum-based medicines containing Cisplatin have severe dose-limiting 

adverse effects such as nephrotoxicity, cardiotoxicity, peripheral neuropathy, and anemia. Apart from 

these disadvantages, Chemotherapy can induce exhaustion, hair loss, and nausea. These constraints 

significantly restrict the dose delivered to the patient, reducing the medications' therapeutic efficacy (11-

18).  

Another significant disadvantage of Chemotherapy is the hydrophobic nature of chemotherapeutic 

agents, which restricts their administration to low concentrations and reduces absorption (15). 

Additionally, chemo-resistance in cancer cells contributes to the drug's lack of efficacy (16). As a result, 

there is a critical need to optimize the administration of chemotherapeutic medications and increase 

their therapeutic effectiveness while reducing off-target pharmacological side effects (11-14). 

            As a result, the current research focuses on comparing Cisplatin (an anticancer drug) and nano-

formulations-cisplatin load nano-anticancer drug, improving therapeutic response, and numerous 

different cancer resistance tactics. Novel approaches to aggressive cervical cancer treatment are 

expected to reduce side effects, toxicity, and the frequency with which current medications are 

administered in the future and conquer MDR and increase survival rates. 

 

 

 

 

 



 

 

Table-1 shows the different treatment-based regimens of cervical cancer according to WHO 

guidelines. 

First-line novel agent Second-line novel agent 

Platinum-based Bevacizumab Imatinib 

Cisplatin-based Lapatinib Temsirolimus 

Carboplatin + paclitaxel Pazopanib Cetuximab 

Carboplatin + bevacizumab + paclitaxel Cisplatin – cetuximab Topotecan 

Carboplatin based Erlotinib Gemcitabine 

Docetaxel based Gefitinib Ifosfamide 

 

 

CISPLATIN 

Cis-diamminedichloro platinum (CDDP, henceforth Cisplatin) is an intravenous chemotherapy 

medication used to treat "Testicular cancer, ovarian cancer, cervical cancer, breast cancer, bladder 

cancer, head and neck cancer, esophageal cancer, lung cancer, mesothelioma, brain cancer, and 

neuroblastoma” (18). Moreover, Cisplatin is a highly effective treatment for testicular cancer, with cure 

rates rising from 10% to 85% since its introduction (19). Cisplatin is also used in Auger treatment (20). 

Several studies reported that platinum-based antineoplastic therapy is attached to DNA and prevents 

replication (21). While these drugs are associated with severe side effects like numbness, difficulty 

walking, allergic reactions, electrolyte difficulties, heart disease, bone marrow suppression, hearing 

problems, kidney damage, and vomiting (22). If used during gestation, one significant hazardous effect 

can also harm the fetus (22).  

Miessler and Tarr had defined the molecular structure of Cisplatin. The square planar coordination 

complex cis-[Pt (NH3)2Cl2] as cisplatin (23)
:
 

286–8
(24)

:689 
The cis isomer has two identical ligands in 

neighboring locations, as indicated by the prefix cis.:550 This molecule’s systematic chemical name is 

cis–diamminedichloroplatinum, (23):286 where ammine with two m’s denotes an ammonia (NH3) ligand 

rather than an organic amine with one m. (23)
:284 



 

 

                In 1965, Barnett Rosenberg (Biophysics researcher at Michigan State University (MSU) 

discovered Cisplatin during his experiment. During his research, he found that microscopic images of 

dividing cells resembled the pattern of iron shavings exposed to a magnetic field and implied that an 

electrical area might also influence cell division. However, the studies reports had declared that 

platinum has no biological records, so they used platinum electrodes in a solution containing the 

standard laboratory bacteria "E. coil” in their experiment (25). Further, the bacterial cells were immobile 

and did not divide as soon as the current was turned on, yet they continued to grow to 300 times their 

average length and began to separate again after the power was turned off. The electrical field 

appeared to be in charge of "cell division." "Dr. Rosenberg and his colleagues were unaware of what 

they had uncovered, and then they could have found a way to control cell proliferation with electrical 

currents" (26-29). In addition, they had spent two years to find the reason for the dramatic effect. 

However, finally, they recognized it had nothing to do with electricity. The platinum compound emitted 

by the electrodes, not the electric field, prevented cell division. He will be back in two years with 

"CISPLATINE” (30-32). 

                Even though "Dr. Rosenberg" has stated that Cisplatin would similarly impede cell division in 

malignancies after multiple experimental studies, it was declared highly toxic of Cisplatin. Its large 

quantity was causing kidney damage so that through experiment, they concluded that animal models 

could tolerate at low dosages. After the investigation, it was clear that Cisplatin can decline the number 

of malignant cells (29-32).  

‘In 1978, the United States approved cisplatin for cancer treatment after long-term research and 

subsequent research projects funded for developing different anticancer effects of cisplatin analogs 

such as carboplatin, oxaliplatin, and satraplatin'. Still, the investigation continues to resolve or reduce 

the toxicity of the substance. Generally, Cisplatin affects the DNA repair process (figure-1) because 

cancer cells typically have defects in their DNA repair mechanism (33-35). 



 

 

 

Figure- 1 Microscopic representation -effect of cisplatin-based Chemotherapy on solid tumors(33-35). 

Although, Cisplatin is synthesized from “Potassium Tetrachloroplatinate” through several 

procedures, and one stumbling block is the ease with which Magnus’ green salt (MGS); that has the 

same empirical formula as “Cisplatin.” Dhara has explained that the classic method of avoiding MGS 

entails converting ‘K2PtCl4 to K2PtI4’ (36-37) PtI2 (NH3)2, (isolated after the reaction with ammonia) 

formed (36-37). 

The mode of action of cisplatin resistance (CPR) is very complex and consist of different steps of 

“molecular mechanism,” and often associated with the following phases-(37) 

1) ‘Decline concentration of ‘Platinum-based compound’ accumulation inside cells 

2) Intensification in ‘DNA damage repair mechanism.’ 

3) Deactivation of the ‘Apoptosis’- “Programmed cell death process.” 

 4) Activation of the ‘Epithelial-mesenchymal transition’ (EMT) 

 5) Modification in “DNA methylation, microRNA profile, and cancer stem cell distinguishes and 

expresses stress response chaperones” (Figure 2). 



 

 

 

Figure 2-CPR Molecular Mechanisms in Cervical Cancer (37) 

However, CPR could be caused by decreased cisplatin intracellular accumulation and reduced 

intracellular cisplatin accumulation through different procedures like -Reduced uptake, Increased 

efflux, and Inactivation by thiol-containing proteins (all involved to reduced formation ‘Cisplatin–

DNA Adduct” complex) known as  “Cisplatin Resistance”(38). 

Cancer cells are treated with acquired CPR to reduce cisplatin absorption in the cervix. When 

compared to the original cell lines, the cisplatin-resistant "HeLa-CPR cells" (HeLa-CPR) and A431 

(A431/Pt) cells have a 50% and 77% reduction in cisplatin absorption, respectively (38-39). The number 

of Cisplatin–DNA adducts is two to three times lower in "HeLa-CPR cells," while the “HeLa-CPR cells” 

have a similar rate of Cisplatin–DNA adduct removal as the parental HeLa cells. However, the "HeLa-

CPR cells" remove Cisplatin–DNA adducts identical to the parental "HeLa-CPR cells.”After short-term 

drug exposure, “Platinum Accumulation,” “DNA bound platinum,” and interstrand cross-link frequency 

are likewise reduced in A431/Pt cells (CPR cervix squamous carcinoma cells). Thus, poor absorption 



 

 

may contribute to CPR in cervical cancer cells to an increased “Cisplatin–DNA Adduct” complex (40-

41).  

               Generally, Cisplatin has a passive transport mechanism to pass through the cell membrane. 

'Copper transporter 1 (CTR1)' has been discovered "lipophilicity," a transmembrane protein essential for 

maintaining copper homeostasis, and the influx of Cisplatin and its analogs into cells must be controlled 

(37)."CTR1" is involved in different activities like to be recognized to regulate the inflow of Cisplatin and 

its analogs into the cells and downregulated in various CPR1 cell lines, including “HeLa-CPR cells” 

(37). 

           Several findings defined that in comparison to mock-transfected cells, "HeLa-CPR cells" 

overexpressing CTR1 accumulate two points two times extra Cisplatin. (42-43). In a rat model of cervix 

cancer, the C-terminus of CTR1 protein was required for cisplatin uptake in "HeLa cells," In contrast, 

the quantity of "DNA–cisplatin adducts" was related to 'CTR1' mRNA levels in various organs. 

Overexpression of 'CTR1' in the parental cells A431 and the CPR cells A431/Pt, on the other hand, 

does not affect cisplatin absorption or sensitivity, suggesting that 'CTR1's role in cisplatin 

transmembrane transport may vary in different types of cervical cancer cells (42-43). 

“Multidrug resistance proteins (MRPs), MRP1, MRP2, MRP3, and MRP5”, as well as ATP-binding 

cassette (ABC) transporters, might be involved to promote CPR via enhancing cisplatin export (37). 

Overexpression of “MRP1” has been linked to CPR in a few cervix cancer cell (CCC) lines. “MRP2” 

contributes to enhanced cisplatin efflux in CPR human liver cancer cells and embryonic kidney 

cells.MRP2 expression is significantly reduced in CPR (37). cervical cancer KB-CP20 cells improved 

considerably in cisplatin-sensitive KB-8-5-11 cells, demonstrating that "MRP2" is inversely related to 

CPR in cervical cancer cells (44). “MRPs, P-glycoprotein (P-gp, ABCB1) (an ABC transporter)” also 

mediates cisplatin efflux and enhances CPR. In the CPR cervical cancer cell line SiHaR, P-gp is 

overexpressed. When "HeLa-CPR cells" are exposed to Cisplatin, P-gp expression increases rapidly, 

and overexpression of P-gp reduces cisplatin-induced apoptosis in “HeLa-CPR cells” (45). ‘P-gp 

activity and expression were reduced in CPR “HeLa-CPR cells,” and neither the non-P-gp-

specific inhibitor probenecid (which inhibits numerous ABCs) nor the P-gp-specific inhibitor 

verapamil affected cisplatin sensitivity. These findings show that “P-gp” may not play a significant 

role in CPR in “HeLa cells” (37). 



 

 

 

                  Some previous findings suggested that DNA damage has been caused by "cisplatin–DNA 

adducts.”This complexity leads to cytotoxicity, and few cisplatin molecules attach to DNA, which is 

sufficient to start the DNA damage-induced death cascade. In contrast, others can actively bind to 

cytoplasmic nucleophilic substances like "Glutathione (GSH), methionine, metallothioneins (M.T.s), and 

thiol-containing proteins” after entering the cells (37). However, ‘Glutathione (GSH), methionine, 

metallothioneins (M.T.s), and thiol-containing proteins’ can attach to cytoplasmic nucleophilic molecules 

with potency, and the cisplatin binding to thiol-containing nucleophilic species/thiol-containing proteins 

depletes intracellular antioxidant reserves, promoting oxidative stress, while also reducing the 

availability of “Reactive cisplatin” (46).  

             According to Chao et al. in “CPR HeLa cells,” neither the intracellular GSH level nor the GST 

activity was raised (47). At the same time, Roy and Mukherjee discovered that the GSH level in the 

CPR clone "SiHaR,” generated from SiHa, remained unchanged. Still, its significance in 'CPR' cervical 

cancer is unidentified (48). Other studies have defined that metal homeostasis and detoxification are 

regulated by "M.T.s" (low-molecular-weight thiol-containing proteins), and they can bind to cisplatin 

results in the establishment of the 'CPR' phenotype. Mellish et al. looked at the role of M.T.s in CPR in 

five different human cervical squamous carcinoma cell lines and discovered a link between "M.T." 

expression and 'CPR' (49-50). 

Further studies looked that inter-and intra-strand DNA adducts frequently fail to initiate the apoptotic 

cascade in ‘CPR’ cancer cells. Compared to their parental ‘cisplatin-sensitive counterparts,’ tumor cells 

with acquired CPR have a more extraordinary ability to repair “cisplatin-induced DNA lacerations” or 

tolerate a high amount of unrepaired DNA lesions. Multiple DNA repair pathways can detect ‘cisplatin-

induced DNA lacerations,’ which frequently cause DNA distortion. The most common DNA repair 

mechanisms are nucleotide excision repair (NER) and mismatch repair (MMR) (50). 

“NER” is a highly conserved DNA repair process and a primary pathway for repairing ‘DNA–cisplatin 

adducts,’ typically targets “DNA damages” that alter DNA helical structure and interfere with DNA 

replication and transcription. Excision repair cross complementation group 1 is one of the more than "20 

proteins" involved in "NER" (ERCC1). "ERCC1" is a single-strand DNA endonuclease that works in 

tandem with ERCC4 to incise DNA on the 5′ side of bulky lesions such DNA–cisplatin adducts. Its 



 

 

expression is elevated in 'CPR' CCC- HCA-1R and locally progressed cervical squamous cell 

carcinoma patients. The expression of "ERCC1" has a negative relationship with cisplatin sensitivity. 

Furthermore, in patients receiving adjuvant cisplatin chemotherapy or chemoradiotherapy with 

Cisplatin, reduced "ERCC1" expression is an independent prognostic factor linked to a survival benefit 

(37-44). 

“DNA MMR” is an evolutionarily conserved process that corrects mismatches during DNA replication 

but is not caught by DNA proofreading. To detect cisplatin-induced DNA damages, a healthy 

functioning MMR system is essential. As a result of “MMR” deficiency, DNA damage tolerance and 

CPR may emerge. ‘MutS homolog 2 (MSH2)’ protein has been revealed to be one of the MMR proteins. 

‘MSH2’ protein expression was considerably lower in CPR A431 cells than in parental cells. PMS2 

(post-meiotic segregation 2) is another critical component of the MMR system (47). ‘REV3L imparted 

cisplatin resistance in cervical cancer cells via regulating apoptosis and the expression of anti-apoptotic 

proteins such B-cell lymphoma 2 (Bcl-2), myeloid cell leukemia sequence 1 (Mcl-1), Bcl-extra significant 

(Bcl-xL), and pro-apoptotic Bcl-2-associated x protein’, according to Yang et al. (Bax)(51-52). 

                       "Cisplatin-induced Apoptosis" is essential for the antitumor activity of Cisplatin or 

anticancer activity of Cisplatin. It induced apoptosis by activating either the intrinsic mitochondrial route 

or the extrinsic death receptor system (50). Several proteins, like the Bcl-2 family of proteins and p53, 

and several signaling pathways, including the mitogen-activated protein kinase (MAPK) pathway and 

nuclear factor-κB (NF-κB) pathway, contribute to the extrinsic and intrinsic apoptosis pathways. 'CPR' 

may develop due to specific proteins and signaling pathways (53). 

    During apoptosis, several other factors like “Caspases, anti-apoptotic proteins, Bcl-2, Bcl-xL, Mcl-1, 

Bcl-w, Bag-1, and A1” (Regulate the mitochondrial permeability) outer membrane and the release of 

cytochrome c and other pro-apoptotic proteins to control the apoptotic process tightly. The activation of 

caspases and the overexpression of anti-apoptotic proteins, as well as the inhibition of pro-apoptotic 

effector proteins, all contribute to the development of CPR.) and 'MAPK pathway is coordinated with 

each other and play an essential role in apoptosis and significant activity of caspase-3, caspase-8, and 

caspase-9 is decreased in CPR cells'. The functions in the intricate intracellular signaling network that 

controls gene expression respond to various external inputs by the “MAPK pathway” (53). Brozovic et 



 

 

al. discovered that HeLa cells with acquired CPR had lower cisplatin-induced apoptosis and Bcl-2 and 

p-Bad than parental cells (54-55). 

 From some other research, “SiHa cells" are more resistant to Cisplatin than "HeLa cells," have 'lower 

caspase-3, caspase-8, and caspase activity, as well as cisplatin-induced cleavage of poly(adenosine 

diphosphate [ADP]-ribose) polymerase’ (56). 'Cisplatin-sensitive "HeLa cells," Cisplatin activates stress-

activated protein kinase/c-Jun-N-terminal kinase-SAPK/JNK (one of the mammalian type MAPKs), p38 

kinase, and ERK dose-dependently, but cisplatin-mediated activation of SAPK/JNK is significantly 

inhibited in the CPR subline’ (57). Consequently, it appears that adequate “MAPK” activation is required 

for cisplatin-induced apoptosis (56).     

           Another factor contributing to the apoptosis process- 'p53' wild-type p53 stabilization and 

activation are essential for cisplatin-induced apoptosis. As a result, p53 deficiency can impede 

apoptosis and lead to 'DNA damage tolerance, boosting treatment resistance' (41-45). 

                In addition, “NF-B" is widely expressed and regulated, usually as a heterodimer or homodimer 

generated by members of the "NF-B family ."Immunoregulation, inflammation, growth regulation, 

apoptosis, and carcinogenesis are all controlled by 500 genes. Constitutive activation of "NF-B" 

suppresses chemotherapy-induced apoptosis in various forms of cancer, including cervix cancer, 

according to numerous in vitro and in vivo investigations(37). 

The importance of "EMTs" in acquired "CPR" has been more recognized in recent years. In a recent 

investigation, we discovered that seven days of low-concentration Cisplatin (1 M) treatment caused 

EMT in cervical cancer cell lines "HeLa and C4-1" via activating the transforming growth factor-

pathway(37). The importance of EMTs in acquired CPR has been more recognized in recent years. 

TWIST1, a conserved transcription factor belonging to the essential helix-loop-helix protein family 

involved in "EMT" and expression, appears to favor the ‘MDR1/P-gp' term in cervical cancer. RNAi 

silences its expression in cancerous cell lines-"HeLa cells," which decreases cell proliferation, inhibits 

rhodamine 123 efflux, and sensitizes the cells to Cisplatin (37,55).   

            Moreover, another essential factor - human fetal “Astrocytes were the first to detect Astrocyte 

elevated gene-1 (AEG-1)", activated by human immunodeficiency virus-1 (HIV-1). Knocking down 



 

 

"AEG-1" prevents "EMT" and lowers 'CPR' in CC cells. These data suggest that 'EMT' may play cervical 

carcinoma CPR development (55). 

Multiple pathways involved in the cellular response to Cisplatin have been identified to be regulated by 

microRNAs. Its' influence on the development of 'CPR' in cervix cancer has been studied. Upregulation 

of "miR-181" appeared to correlate with 'CPR' considerably in cervical squamous cell carcinoma, and 

"miR-181" prevented apoptosis and promoted 'CPR' by targeting protein kinase C- (PRKCD)( 45).  

             Although, "MiR-214" improved the susceptibility of "HeLa cells" to Cisplatin by directly reducing 

'Bcl2l2 expression and raising Bax, caspase-9, caspase-8, and caspase-3' expression, according to 

Wang et al. Furthermore, in the nucleus of "HeLa cells" exposed to Cisplatin, KH-type splicing 

regulatory protein, which interacts with Drosha and enhances the binding and subsequent processing of 

particular pri-microRNAs such as ‘pri-let7a-1 and pri-miR-21’, is increased. These findings suggest that 

the levels of specific microRNAs may be used to predict cisplatin responsiveness in patients (57). 

In several cell culture models, “DNA methylation” is essential for the formation of 'CPR.' Aberrant "DNA 

methylation" may impact the sensitivity of cancer cells to Cisplatin by altering the expression of genes 

that are important for treatment response. Epigenetic medicines like 5-azacytidine have been 

demonstrated to reverse 'CPR' by blocking abnormal "DNA methylation"(58-59). Combining Cisplatin 

and 5-aza-2′-deoxycytidine, a demethylating agent, considerably improves cisplatin sensitivity in ME180 

parent cells and CPR subclones, and removing 5-aza-2′-deoxycytidine quickly restores CPR (58). 

Molecular chaperones involved in general stress responses, like "Autophagy and HSPs," can enhance 

'CPR' through various methods, the majority of which are indirect. In HeLa cells, Cisplatin stimulates 

autophagy, and inhibiting autophagy causes endoplasmic reticulum (E.R.) stress, which increases 

"cisplatin cytotoxicity." Pretreatment of cervical adenocarcinoma “HeLa cells” and “Squamous cell 

carcinoma CaSki cells” with the autophagy inhibitor bafilomycin efficiently sensitizes both cells to 

cisplatin (59). 

                    In addition, ‘CPR' has been studied using a system biology approach. "S100A8 and 

S100A9 protein" levels were elevated. In contrast, the annexin A2 level was lowered in patients with 

cervical cancer who failed to respond to cisplatin-based neoadjuvant chemotherapy treatment in earlier 

research on proteomics profiling. According to quantitative proteomics and protein interaction network 

analysis, three hundred seventy-four proteins were differently elevated in ‘CPR’ versus cisplatin-



 

 

sensitive “HeLa cells.” “DNA binding, DNA damage repair, energy-producing metabolic pathways, and 

stress response “are all involved in the differentially expressed proteins (60). However, they are not 

clinically feasible due to their low solubility in aqueous solutions, short serum half-life, and in vivo 

toxicity due to their non-selective character. Along with small-molecule DNA-PK inhibitors, nucleotides 

(for example, GRN163L) and antibodies (for example, ScFv 18-2) for radiosensitization have piqued the 

interest of various researchers, owing to their biological characteristics, which overcomes difficulties 

such as low solubility and short half-life (61). 

        In short, medication resistance in cancer appears to rise in terms of therapeutic efficiency. 

Resistance mutations in cancer during therapy may be blamed for the 25% rise in disease burden. 

Normal cells are harmed when exposed to excessive concentrations of chemotherapeutic drugs. 

Chemotherapy that is used for a long time creates acquired resistance. Traditional therapies could not 

specifically target cancer cells, necessitating nanocarriers or bioengineering for polychemotherapy, and 

components can be used as an alternative treatment method to reduce resistance(41-47).   

         A few studies focus on nanotherapeutic techniques as an alternative to traditional Chemotherapy 

(44). These components extractives work in numerous ways to combat cancer resistance and deliver 

the best results. In combination therapy, poor solubility and bioavailability are significant limitations. 

However, the nanotechnological technique improves bioavailability and the functional characteristics of 

transport across cell membranes.  

Role of nontechnology 

Nanotechnology (N.T.) is a process of making nanomaterials at the atomic and molecular level, with 

nanomaterials ranging in size from 1 to 100 nm in at least one dimension. N.T. has been widely applied 

in clinical medicine targeting and used to improve cancer management in various ways, and it has 

emerged as a viable tool for cancer treatment. Ferrari, 2005 observed that nanoparticles of specific 

sizes could aggregate at the site of tumors, reducing adverse therapeutic effects and increasing 

treatment efficacy through a passive targeting method. Precise active tumor targeting delivery has also 

been investigated to boost anticancer medication accumulation at tumor sites (63). 

N.T. is being studied more and more to increase early detection and vaccine and treatment efficacy in 

cervical cancer; N.T. may help overcome drug delivery barriers and improve the effectiveness of 

cervical cancer treatment (60). Thus, NT has significantly improved drug delivery by providing several 

benefits, including improved delivery of poorly water-soluble drugs, longer drug circulation lifetime in the 



 

 

body, targeted drug delivery to cells or tissues, transcytosis of drugs across tight epithelial and 

endothelial barriers, co-delivery of two or more medications for combined treatment, and visual-based 

drug delivery (61-62), while it has some disadvantage like the targeting aspects, is demerits; Excessive 

use of detergent-polyvinyl alcohol resulted in toxicity. It is not possible to stop using this medication. 

Polymeric nanoparticles have the potential to disrupt autonomic homeostasis. It will directly impact the 

heart and vascular system(61). 

Because of their unique features, nanoparticles have sparked a lot of attention in recent years for various 

medicinal applications. One of the most significant advancements in the relative application of 

nanoparticles is the recognition of steric stabilization, which can increase particle stability in the 

biological environment and provide opportunities for nanoparticles to be used in the development of drug 

delivery systems (DDSs) for drug targeting and controlled drug release(64). The right design of surface 

ligands on these nanoparticles is required to permit their use in such applications.In light of this, surface-

modified functionalized nanoparticles can be used to specifically interact with target molecules on the 

cell membrane or within the cell (64-69).  

The first technique involves conjugating the proper ligands or adding targeting moieties to the DDS to 

increase drug placement. The second technique employs trigger-controlled drug release, limiting drug 

release at the targeted site using externally controlled mechanisms to destroy cancer cells. Light has 

sparked a lot of attention among external stimuli because it allows for spatiotemporal control of payload 

release (70). 

Efficient polycation with multifunction through folate, Boro,Casein N.P.s,Fucoidan N.P.s, 

 

The issue is the creation of polymer is building a carrier system that is highly accurate, efficient and 

reproducible, and versatile at the same time. When Hartmann et al. created definitive polycationic 

structures, libraries of polycations and explicit relation between structure and activity were developed 

(70); this was a big step forward inaccurate vector synthesis. By Dohmen et al.'s work on adding 

numerous substructures to the polycationic backbone or to the Cisplatin itself, the functionality of these 

polymers was improved. The synthesis was based on a linear backbone of polyaminoamides that uses 

Stp as a construction block (16-amino-4-oxo-5,8,11,14-tetraza-hexadecanoic acid) (70-72). The 

importance of cellular uptake of nanoparticles is vital to understand through N.P. Scan aids in drug 

delivery into cells. The characteristics of the material, electric charge, shape, size, and surface qualities 



 

 

can be used to define the cellular absorption of polymeric nanoparticles. It is challenging to analyze the 

kinetics of nanoparticle cellular absorption in the body due to their degradability. Due to contact-

mediated cellular absorption of putrescent, a dye released by nanoparticles, cellular uptake would be 

significant, according to a Spring 2013 thesis. (73). 

          Although, two cell lines from an experiment were used in a recent study. During the investigation, 

it was discovered that when both cell lines' surface characteristics and particle size were changed, the 

reactions of both cell lines differed. A cell absorbs free dye during the experiment, as illustrated in the 

images on paper (73-74). Surfactants Poloxamer 188 and Polysorbate 80 were employed to improve 

cellular absorption of polymeric nanoparticles, and due to their small size, molecules have an easy time 

penetrating the cell membrane compartment (74).   

       The plasma-containing membrane contains a variety of mechanisms for nutrition acquisition 

between or among cellular regions. CO2 and O2 are nonpolar molecules that diffuse into the 

membrane. The active transport mechanism of ion channels and protein pumps transports ions and 

certain amino acids (75). Endocytosis is used to transport hydrophilic biomacromolecules. Endocytosis 

is a transport mechanism for vesicles across the plasma membrane. The surface features, physical and 

chemical properties of polymeric nanoparticles influence their biodistribution and cellular uptake. In 

nano-immune interactions, the recognition of particles and the engulfing process through immune cells 

should be considered. Primary cells are frequently employed to assess nanoparticle biocompatibility. 

Compared to tr-cell lines, primary cells are closer to in vivo settings (76). 

Nanoparticles have been utilized exclusively to improve the efficacy of medications with low 

bioavailability and therapeutic windows (nucleic acid drugs and antitumor therapies), according to 

reports (79). Their biodistribution and pharmacokinetic characteristics determine drugs' therapeutic 

value and side effects. Surface-charge chemistry takes into account physical and chemical parameters. 

The biodistribution extent and pharmacokinetics were calculated using these considerations (80). 

Nanoparticles' intracellular destiny has a significant impact on bioavailability after being internalized by 

cells. For better drug delivery systems, hurdles in intracellular delivery and releasing patterns of the 

drug have been overcome (Huang and Li,2007). Neovascularization occurs when malignant cells 

proliferate and require blood arteries to deliver nutrition and oxygen (61-69).  

               This causes aberrant structures to grow around the malignant cells, such as fenestrated 

endothelium. The ideal size of nanoparticles avoids renal elimination and MPS, allowing them to enter 



 

 

through the EPR. Furthermore, nanoparticle size and pore range may differ by species and tumor type. 

Nanoparticles are more extensive and easily trapped in the region of the extracellular space (81). 

During extravasation, it is unable to penetrate leaky vessels. On the other hand, nanoparticles smaller 

than 20 nm have deep penetrability into the perivascular area of tumor cells when subjected to 

hydraulic pressure (82).  

As functionalized nanoparticles (F.N.), the cationic coating was used, and F.N. was delivered into living 

cells without any endocytic internalization modification. Internalization is considered non-selective since 

it is dependent on particle adsorption on the cell surface(83). Folates have been used with cytotoxic 

medicines for decades, and hundreds of thousands of patients receive them each year. Folate 

metabolism is a complicated process. The administration of folates in the treatment of cancer with 5-

fluorouracil causes the formation of [6R]-5,10-methylenetetrahydrofolate, and the increased 

concentration of this molecule causes the ternary complex containing thymidylate synthase, 2′-deoxy-

uridine-5′-monophosphate, and [6R]-5,10-methylenetetrahydrofolate to stabilize. The latter is the only 

natural folate that can attach to the ternary complex without the need for metabolic activation, whereas 

other folates require metabolic activation. In the study of folate/cytotoxic combos, modulation of 

thymidylate synthase activity became central, and despite widespread use, research into the folate 

component was neglected, leaving significant concerns unsolved. 

The presence of coumarin and nanoparticles [d=2.6] and their conjugates with folic acid are required for 

cell recognition. It is identified by folate receptors, which are present on the cell's surface. After 

incubation of K.B. cells, referred to as Pharyngeal cells from the human body, coumarin and folic acid 

are present by Fourier transform infrared spectroscopy. Cellular recognition of polymeric nanoparticles 

has been discovered, resulting in a more efficient cell delivery mechanism (84). 

 

  To boost polyplex stability through the production of disulfides, cysteines were introduced. 

Polyethylene glycol (PEG) was connected by branching lysine to protect and avoid undesired 

interactions among polyplexes in the body. Folic acid was included as a target ligand to target the 

manufactured vectors for folate over expressing tumour cells (79, 83). The endosmotic domain Inf7 was 

covalently linked to Cisplatin itself and is strongly lytic at endosomal P.H. to enable an endosomal 

escape of the polyplexes. Similarly, the most often used boron nitride nanotube optimal delivery 



 

 

capsule to reduce the volume. The material needed for encapsulation is, therefore, the least possible 

toxicity (80-84). 

 This approach was used to encapsulate Cisplatin, boron nitride, carbide, and boronNanotubes in 

silicone can be extended to any number of drugs. Alternative nanotube materials or compounds. It is 

suitable for providing general guidance for future experiments and Studies of molecular dynamics (85). 

In addition, boron Nitride Nanotubes (BNNTs) are structural counterparts of carbon nanotubes (CNTs) 

and exhibit many of the same features as CNTs due to their similar structure. BNNTs, on the other 

hand, outperform carbon nanotubes in terms of chemical stability and resistance to oxidation at high 

temperatures. The nature of BNNTs' partial ionic bond is related to their exclusive nature. For example, 

polar B–N bonds create a more significant interaction between hydrogen and the nanotube, making 

BNNTs preferred to CNTs for hydrogen storage applications. Compared to CNTs of identical diameter 

and length, BNNTs have shown superior water penetration capabilities. because of their chemical 

inertness and structural stability, BNNTs are less harmful to humans and the environment, making them 

more suitable for medicinal applications like drug delivery. Biomedical uses of BNNTs, on the other 

hand, are yet largely unexplored. The first biocompatibility tests on BNNTs have begun in some studies. 

When BNNTs were injected into rabbits, there were no significant adverse effects for in vivo studies, 

indicating that BNNTs have the best biocompatibility. BNNTs were tested on human cells and found 

noncytotoxic, suggesting that they are biocompatible materials for biomedical purposes. 

These experiments showed that BNNT is harmless and might be used in biological systems where CNT 

toxicity is an issue. As a result, BNNTs can be used in nanomedicine. When BNNT was compared to 

CNT in terms of electrical and structural properties, it was determined that BNNT might be used as drug 

delivery vehicles for platinum-anticancer medicines (80). Using Density Functional Theory has 

predicted the encapsulation of platinum-anticancer medicines into single-walled boron nitride and 

carbon nanotubes (DFT). They discovered that encapsulating pharmaceuticals inside nanotubes is 

preferable to drug adsorption outside of nanotubes (81-84). Nanotubes are therefore critical in novel 

medication delivery since they can transport encapsulated drugs into the inner volume. Cisplatin was 

chosen as an anticancer agent, and the behavior of this medication in aqueous solutions enclosed in 

zigzag CNT and BNNT was studied. The solvation and binding free energies of the related structures in 

aqueous solution were estimated using Monte Carlo simulation after CNT, BNNT, Cisplatin, and their 

complexes were first modeled using quantum mechanical calculations. BNNT has higher solvation in 



 

 

water than CNT due to a more considerable electrostatic contribution to the total solvation free energy 

(81-83). 

Casein is a naturally occurring protein that comes from milk. It was widely employed in the medication 

delivery system due to its non-toxic, low-cost, and biodegradable qualities. Zhen et al. created cisplatin-

loaded casein nanoparticles in a spherical shape with a diameter of 257 nm. A hepatic H22 mouse 

model was used to test the antineoplastic activity of nanoparticles loaded with Cisplatin. These 

nanoparticles greatly enhanced cell penetration, tumor targeting, and tumor progression inhibition (84). 

Fucoidan N.P.s are emerging nanocarriers because of their multifunctional capabilities, including anti-

inflammatory, anticoagulant, and anticancer properties. Cisplatin and fucoidan nanoparticles were 

created in this study to help with immunotherapy and Chemotherapy. Compared to HCT-8 cells treated 

with Cisplatin alone, nanoparticles displayed more significant cytotoxicity in an antitumor assay (85). 

 

CONCLUSION AND FUTURE RECOMMENDATIONS 

Cisplatin has been shown to have antitumor activity in a variety of malignancies. The current analysis 

focuses on the comparative findings of Cisplatin and cisplatin-loaded nano-based formulations 

containing folate, boron, etc. These have yet to be marketed to treat various malignancies. Nano-drug 

delivery-based formulations can improve the physicochemical properties of anticancer medications and 

make them more effective in their targeting. We believe that a target nano-drug carrier for the 

successful delivery of Cisplatin cis-(diammine) dichloridoplatinum(II) (CDDP) can be created. The most 

important findings of this review study are the toxicities and drug resistance that can be decreased by 

combining Cisplatin with other chemotherapeutic drugs with nanotechnology and increased drug 

effectiveness. Furthermore, combining Cisplatin with other anticancer drugs improved the therapeutic 

profile, tolerability, and efficacy. Future nanomedicine-based drug delivery systems appear to be 

promising, potentially improving cancer therapy outcomes. Furthermore, more new efforts must be 

made to target moiety to reduce toxicities, a big issue with cancer medications. 
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