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Background: Unlike iron ruthenium is not an essential element for life. However, the behavior of 

ruthenium compounds in biological systems and, in particular their use as antitumour agents has 

attracted much attention recently. This study aims to determine antitumour properties against human 

tumour cell line HeLa of pentamethylcarboxylate ruthenocene. Methods: This is an in vitro study by 

applying an experimental within post only control group design. Cisplatin, a clinical used medicine 

was applied for control. The human tumour cell line Hela was used for the test. The cells were 

cultured at 37
0
C in 5% CO2/air in Roswell Park Memorial Institute Medium 1640 and seeded 

overnight in 96 well microtitre plates. The penthamethylcarboxylate ruthenocene was dissolved in 1,2 

dimethoxy ethane and diluted with culture media. The plates were assays by measuring optical density 

in the range of 490-655 nm. The D37 values were then calculated. Results: The 

pentamethylcarboxylate ruthenocene compound tested was found to be more cytotoxic than cisplatin 

(with D37 = 422 nM compare to D37 = 705 nM for cisplatin). Conclusions: The compound tested, 

pentamethylcarboxylate ruthenocene was found more potent as an antitumor compare to cisplatin a 

clinical used antitumor for curing testicular carcinoma. 
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INTRODUCTION 

Therapeutic success of cisplatinum (cis-

diamminedichloroplatinum(II)) and some second 

generation platinum complexes bearing organic 

ligands has paved the way for future research into 

the development of new metal-based antitumor 

agents including organo-ruthenium compounds. 

Since the discovery of cis-platinum, many 

transition metal complexes have been synthesized 

and assayed for antineoplastic activity. In recent 

years, ruthenium-based molecules have emerged as 

promising antitumor and anti-metastatic agents with 

potential uses in platinum-resistant tumors or as 

alternatives to platinum. Ruthenium compounds 

theoretically possess unique biochemical features 

allowing them to accumulate preferentially in 

neoplastic tissues and to convert to their active state 

only after entering tumor cells. Intriguingly, some 

ruthenium agents show significant activity against 

cancer metastases but have minimal effects on 

primary tumors.
1 
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Behaviuor of ruthenium compounds in 

biological system and, in particular, their use as 

antitumour agents has attracted much attention 

recently. The triad metals in the ruthenium group 

(Fe, Ru, and Os) posses interesting chemistry due to 

their ability to form many different complexes. 

Ruthenium, which is similar to iron, has an ability 

to form a large variety of coordination complexes 

with many inorganic or organic ligands including 

biomolecules.
2 

This metalmay also mimic Fe in 

some of its metabolic processes. Bis(

-

cyclopentadienyl ruthenium derivatives 

(ruthenocene) are potential candidates as new 

antitumor agents.
3,4

  

Cancer, a highly heterogeneous disease was 

characterized by continuous uncontrolled growth 

and expansion of abnormal cells. In general, in 

tumor cells the signaling pathways regulating 

cellular processes, as cell growth and division and 

cell-to-cell communication result strongly altered. 

Furthermore, the cancer cells accumulate repeated 

mutations that provide a selective growth advantage 

over other cells. In addition, some cancer cells 

become invasive and then metastasize. This 

characteristic together with the genetic and 

phenotypic heterogeneity of the tumor cells makes 

cancer disease particularly difficult to treat and 

eradicate.
5 
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The antitumour tested was carried out 

following the most frequently used method for 

describing toxicity in in vitro test. Based on this test 

inhibitory doses or inhibitory concentration was 

then determined. The inhibitory dose, IDn, indicates 

the dose at which a tumour development is stopped. 

An index (subscript) is used to indicate the 

percentage of tumour cells destroyed, which in this 

study we used ID37. Thus, ID37 reveals the dose for 

which 37% of the tumour cells are destroyed.  

In this study, penthamethylcarboxylate 

ruthenocene was tested for its potency for curing 

cervical carcinoma. 

 

MATERIALS AND METHODS 

Penthamethylcarboxylate ruthenocene was 

prepared by Dr. Michel Williams. The compound 

was then tested as an anti cervical carcinoma, 

HeLa. The cell line HeLa was used for the in vitro 

assays. The cells were cultured at 37
0
C in 5% 

CO2/air in Roswell Park Memorial Institute 

Medium 1640 (referred to from now as culture 

medium) containing 1mM pyruvate, 50 M 

nicotinamide, 100 IU/mL penicillin, 100 g/mL 

streptomycin, 3 mM HEPES and 5% fetal calf 

serum. Cells were seeded in 96 well microtitre 

plates, 2000 cells per 100 L culture medium per 6 

mm microtitre well. The cells were allowed to 

attach overnight.  

The penthamethylcarboxylate ruthenocene 

was dissolved in 1,2-dimethoxy ethane and diluted 

with culture medium to appropriate concentrations. 

Dilution were such that the final concentration of 

1,2-dimethoxy ethane was in each case below 5% 

and did not interfere with the results. After 

overnight incubation of the cell line, the drug 

candidate was plated out in triplicate. The plates 

were incubated for ca. 2.5 hours, then, the 

supernatant was decanted and replaced with no 

more than two drops of fresh culture medium (using 

a Pasteur pippet). The plates were incubated for ca. 

2.5 d, the control by this time was nearly confluent. 

After 2.5 d incubation, 10 L of MTS/PMS 

solution was added to the culture wells. Then, the 

plates were placed in an incubator and, after 45 min 

the amount of reduced formazen produced was 

assayed by measuring the optical density at dual 

wave lengths in the range 490-655 nm using a Bio-

Rad 3350 plate reader. The ID37 values were 

calculated from the graph of percent log surviving 

cell versus concentration of the drugs. 

 

RESULTS 

ID37 value data of penthamethylcarboxylate 

ruthenocene tested for anti cervical carcinoma, cell 

lines, HeLa was listed in Table 1. The ID37 of this 

compound was obtained from the graph of log % 

survival cell versus drug dose as indicated by 

Figure 1. 

 

 
Figure 1 

Graph of Log % Survival Cell Vs Drug Dose for  

penthamethylcarboxylate ruthenocene 

 

Table 1 

Inhibition Dose, ID37 obtained for 

penthamethylcarboxylate ruthenocene against HeLa 

 

Test 

ID37 

penthamethylcarboxylate 

ruthenocene 
Cisplatin 

(nM) 

g/mL (nM) 

1 0.19   

2 0.22   

3 0.24   

Mean 0.22±0.003 422 705 

 

DISCUSSIONS 

In this study we obtained that the compound 

of penthamethylcarboxylate ruthenocene (Figure 2) 

is potent drug candidate for curing cervical 

carcinoma, Hela cell line. As can be seen from 

Table 1, ID37 for this compound was 422 nM 

compare to 705 nM for cisplatin against HeLa cell 

line.  

 
Figure 2 

penthamethylcarboxylate ruthenocene 

 

The antitumour properties of metallocenes were 

draw back since the finding of Dombrowski et al 

(1986) and Kopf-Maier and Kopf (1988).
6,7

 There 

are three reason that Ruthenium potent to develop 

for medicinal use. These are (1) slow ligand 

exchange kinetics, (2) multiple accessible oxidation 

states, and (3) the ability to mimic iron in binding 

to certain biologic molecules.
8
 The last properties, 

Ruthenium can mimic iron, that makes Ruthenium 

has similar properties to Iron in binding to serum 

transferrin and albumin.
9
 These proteins solubilize 

and transport iron in plasma. Since rapidly dividing 

cells (including cancer cells) have a greater 
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requirement for iron, this results in up-regulation of 

the number of transferring receptors on the cell 

surface, resulting in sequestration of more 

circulating iron-loaded transferrin. To this end, in 

vivo studies have shown that there is a 2- to 12-fold 

increase in ruthenium concentration in cancer cells 

compared to healthy cells, depending on the cell 

type.
10

 Since ruthenium preferentially targets cancer 

cells, its systemic toxicity, at least in theory, is 

expected to be reduced. Moreover, it has been 

shown that ruthenium is transported into cells by 

both transferrin-dependent and transferrin-

independent mechanisms.
11

 Transferrin-mediated 

ruthenium uptake is more efficient when transferrin 

is saturated with iron to a physiologic degree. As in 

cancer cell there is always an increase in the 

demand for iron, the transferrin receptors are thus 

over expressed and therefore the delivery of the 

ruthenium drugs can be enhanced. 

 

CONCLUSION 

Penthamethylcarboxylate ruthenocene was 

found more potent than cisplatin in vitro to inhibit 

growth of HeLa cell lines. This properties was 

probably due to Ruthenium mimic Iron, therefore, 

increase of iron demand during cancer will enhance 

delivery of ruthenium drug. 

 

REFFERENCES 

1. Emmanuel S. Antonarakis and Ashkan Emadi. 

Ruthenium-based chemotherapeutics: are they 

ready for prime time? Cancer Chemother 

Pharmacol. 2010 May; 66(1): 1–9. 

2. Haiduc I., Silvestru C. Organometallic in 

Cancer Chemotherapy, Vol. 2, Main Group 

Metal Compounds, CRC. Press, Boca Raton, FL 

3. Kepler B.K. 1993. Metal Complexes in Cancer 

Chemotherapy. VCH Verlagsgesellschaff. Mbh. 

D-6940, Weinheim, Federal Reuplic of 

Germany. 

4. William M. M. and Peter A. A. 2015. 

Anticancer Activities of Mononuclear 

Ruthenium(II) Coordination Complexes. 

Advances in Chemistry. 145:p1-22. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Rita Santamaria, Carlo Irace, Gerardino 

D’Errico, Daniela Montesarchio and Luigi 

Paduano. 2013. Perspectives and Potential 

Applications of Ruthenium-Based Nanocarriers 

for Cancer Therapy. Journal of Pharmaceutics 

& Drug Development. 4(2): p.1-4. 

6. Dombrowski K. I., Baldwin W., Sheats J. E. 

1986. J. Organomet. Chem. 302: 281-306 

7. Kopf-Maier, P., Kopf H. 1988. Metal-Based 

Antitumour Drugs, Freud Publishing House, 

LTD. p.55. 

8. Zorzet S., Bergamo A., Cocchietto M., Sorc A., 

Gava B., Alessio E., Iengo E., Sava G. 2000. 

Lack of in vitro cytotoxicity, associated to 

increased G2-M cell fraction and inhibition of 

matrigel invasion, may predict in vivoselective 

antimetastasis activity of ruthenium complexes. 

J Pharmacol Exp Ther. 2000; 295:927–933. 

[PubMed: 11082425]. 

9. Kratz F, Messori L. Spectral characterization of 

ruthenium(III) transferrin. J Inorg Biochem. 

1993; 49:79–82. [PubMed: 8384244] 

10. Sava G, Bergamo A. Ruthenium-based 

compounds and tumour growth control 

(review). Int J Oncol. 2000; 17:353–365. 

[PubMed: 10891547] 

11. Pongratz M, Schluga P, Jakupec MA, Arion 

VB, Hartinger CG, et al. Transferrin binding 

and transferrin-mediated cellular uptake of the 

ruthenium coordination compound KP1019, 

studied by means of AAS, ESI-MS and CD 

spectroscopy. J Anal At Spectrom. 2004; 19:46–

51. 

 
This work is licensed under 

a Creative Commons Attribution 

http://www.balimedicaljournal.org/
http://www.ojs.unud.ac.id/

