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ABSTRACT: Many facts are demonstrating that the protective effect of the hydrogen
molecule against the nephrotoxicity induced by cis-platin should be attributed to that H2
molecule decomposes the peroxide adduct of the iron(III) species, which has been
demonstrated to be highly electrophilic, and proposed to be an intrinsic active species to
induce nephrotoxicity induced by the several iron(III) chelates, and that labile iron removal
therapy by the use of our super-polyphenols should be very useful to depress the side-effects
induced by cis-platin. .
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INTRODUCTION
Cis-platin is one of the most effective chemotherapeutic agents and plays a major role in the
treatment of a variety of human solid tumors (N.-Kamimura et al, 2009). But, it is well known
that cis-platin induces cytotoxicity in LLC-PK1 cells (renal proximal tubular epithelial cells),
an in vitro model, and also acute renal failure in rats, an in-vivo model (Baliga et al, 1998).
This adverse effect limiting the efficacy of the cis-platin is nephrotoxicity, and the mechanism
underlying this nephrotoxicity is not well understood.
Baliga et al. have demonstrated that catalytic iron, as measured by bleomycin assay, was
significantly increased in LLC-PK1 cells exposed to cisplatin and in the kidney of rats treated
with cisplatin. As the iron chelator including DFO and 1,10-phenanthroline completely
prevented cis-platin induced cytotoxicity in LLC-PK1 cells and DFO also provided marked
protection against cis-platin-induced acute renal failure in rats, they suggested that the catalytic
iron plays an important role in the pathogenesis of this model of renal injury (Baliga et al,
1998). As the protective effects of iron chelators and hydroxyl radical scavengers in several
models of renal injury have been generally taken as evidence for the participation of hydroxyl
radical in the tissue damage, they concluded that their data have lend strong support to a critical
role for iron in mediating tissue injury via hydroxyl radical formation in cis-platin-induced
nephrotoxicity. Very recently, Ohta et al have reported that hydrogen efficiently mitigates the
renal injury of cis-platin (N.-Kamimura et al, 2009), and concluded that this should be due to
the unique property of hydrogen molecule to neutralize OH-radical (Ohsawa et al, 2007).
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We have investigated the mechanism of nephrotoxicity induced by the artificial iron(III)
chelates (Nishida et al, 2007; Nishida, 2012a, 2012b) and concluded that the active species to
induce the renal nephrotoxicity is a peroxide-iron(III) species which exhibits strong
electrophilicity towards several organic compounds, and that responsibility of the hydroxyl
radical in the nephrotoxicity induced by the iron(III) chelates is negligible; our results are
supported by the recent works by Eami et al. (Eanmi et al, 2014). In this report, we will give
new insight into the relationship between the protective effects by hydrogen molecule and the
iron chelator on the nephrotoxicity due to cis-platin.

SIMILARITY IN RENAL INJURY BY ARTIFICIAL IRON(III) CHELATES AND
CIS-PLATIN
Ferric nitrolotriacetate (Fe(III)-nta) is a well-known renal carcinogen, and Fe(III)-nta-injected
animals have been used as a model of carcinogenesis (Mizuno et al, 2006). When Fe(III)-nta
is intraperitoneally injected into animals, lipid peroxidation and oxidative modification of
proteins and DNA occur in renal proximal tubules, and tubular epithelial cells are damaged.
Thiobarbituric acid reactive substance (TBARS; these include malondialdehyde and other
aldehyde derivatives) has also been shown to increase in kidneys, and cold Schiff staining
showed lipid peroxidation in renal proximal tubules in Fe(III)-nta-treated animals (Mizuno et
al, 2006; Nishida et al, 2007; Nishida, 2009). Increases in 4-hydroxy-2-nonenal (4-HNE)modified proteins and 8-hydroxy-deoxyguanosine (8-OH-dG) were also demonstrated using
biochemical methods. In Fe(III)-nta-injected mice, amount of reduced glutathione decreased,
and oxidized form increases when metabolic rate of glutathione was accelerated. Repeated
injections of with Fe(III)-nta result in appearance of atypical epithelial cells in renal tubules,
and finally in induction of renal carcinoma (Mizuno et al, 2006).
It should be noted here that similar renal proximal tubular epithelial cells damages are induced
by cis-platin, as described in INTRODUCTION. As stated before, the proximal tubules
necrosis and renal carcinoma induced by iron(III)-(nta) and other related compounds are
observed mainly in the renal proximal tubules, but any injury was not observed in the distal
position, although much iron(III) ions are present in that position. It should be noted here that
the glutathione cycle is highly operating in the renal proximal position, and this may
demonstrate that glutathione cycle should be closely related with the iron(III)-induced injuries
(Nishida et al, 2007; Nishida, 2012a). Based on the facts that the proximal tubules necrosis
induced by artificial iron(III)-chelates in rat kidneys are highly dependent on the chelate
structure, and pH dependency is observed for the solution of iron(III)-(ida) chelate (see Table
1), we have concluded that 1) iron(III) ions of the iron(III) chelates are not reduced to an
iron(II) state by glutathione reductase (the direct interaction between the glutathione cycle and
iron(III) ions is negligible), and 2) the intrinsic active species to induce the renal injury should
be a peroxide adduct of binuclear iron(III) complex (right side of the Figure 1), which exhibits
strong electrophilicity towards organic compounds (Nishida, 2012a, 2012b). The formation of
the peroxide adduct of binuclear iron(III) complex (right side of the Figure 1) is greatly
accelerated through the indirect interaction with the glutathione cycle.
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Figure 1. Indirect interaction between the binuclear iron(III)-(nta) complex and
glutathione cycle in the presence of oxygen gives an iron(III)-peroxide adduct as
illustrated in the right side (Nishida et al, 2007; Nishida, 2012a).

Table 1．Effects of Iron Chelates on renal tubular injuries (Nishida, 2012a)
Iron chelates
pH 6.2
pH 7.2
pH 8.2
Fe-(nta)

+

+

+

Fe-edda
Fe-ida
Fe-edta
Fe-pac
Fe-hida

+
+
－
－
－

+
+
－
－
－

+
－
－
－
－

(+, active; －, inactive)
The above conclusion, i.e., the direct interaction between the glutathione cycle and iron(III)
ions is negligible, may also valid for the case of the cis-platin compounds, i.e., it seems
reasonable to assume that platinum (II) ions are not directly interacting with the –SH group of
the glutathione protein, leading to th at nephrotoxicity by cis-platin should be induced by the
iron(III) ions as detected by Baliga et al (Baliga et al, 1998).

HYDROGEN MOLECULE REACTS WITH THE PEROXIDE ADDUCT OF METAL
CHELATES AND OXO-METAL SPECIES
Nagano et al. have measured the fluorescence spectra of the O-dearylated HPF molecule
derived from HPF in the solution containing Fe(II) ion, H2O2, HPF and phosphate buffer, and
concluded that HPF should be a specific compound for detecting the OH radical formation
(Setsukinai et al, 2003), because it has been believed that the system containing the ferrous ion
and hydrogen peroxide gives a hydroxyl radical (Burkitt & Mason, 1991). Ohta et al. used the
HPF molecule in the culture cell, and concluded that H2 can neutralize the OH-radical
according to the results by Nagano (Ohsawa et al, 2007).
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Figure 2. Conversion of HPF molecule(left side) to the O-dearylated HPF
molecule(right side) (Setsukinai et al, 2003)

In 2014, Enami et al. have reported that several oxo-iron(IV) species are formed, but hydroxyl
radical formation is negligible in the Fenton reaction solution (Enami et al, 2014). Since the
formation of the oxo-species detected by Enami et al. can be elucidated by the use of Nishida’s
concerted mechanism (Nishida, 2012b) (see the Figure 3), and that reactive intermediates of
peroxidase and cytochrome P-450 react with HPF to give an O-dearylated HPF (Setsukinai et
al, 2003), where for both cases an oxo-iron(IV) species is believed to be a reactive species, it
seems reasonable to assume that an oxo-iron(IV) species should be an intrinsic species to give
an O-dearylated HPF in the reaction with HPF in both the reactions investigated by Nagano et
al and Ohta et al.
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Figure 3. Concerted heterolytic cleavage of the peroxide ion coordinated to the iron
atom gives an O(-2) and O(neutral state), and the formed Fe(II)-O(neutral state) is
identical to Fe(IV)=O(oxo ion), detected by Enami et al. (Nishida, 2012b)
In 1982, Kushi et al. have reported that H2 molecule reacts readily with peroxide adduct of
Pt(II) compound (see below), to decompose the original peroxide adduct (Kushi et al, 1982).

This can be elucidated as follows: The [(PPh3)2Pt(II)-peroxide complex] (Lanci et al, 2005)
has an unoccupied orbital consisting of dx2-orbital of the peroxide ion, as
depicted in Figure 4. As this unoccupied orbital exhibits high electrophilicity, approaching of
H2 molecule (see Figure 5) leads to the heterolytic cleavage of the peroxide ion into O (double
negative) and O (neutral state). Since the formed Pt(II)-O(neutral state) is identical to
Pt(IV)=O(oxo ion), and this species exhibits also high electrophilicity (this complex also has
an unoccupied orbital), it reacts readily with H2 molecule to give water, which is consistent
with the observed fact by Kushi et al.
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Figure 5. Schematic illustration of the reactin between Pt(II)-Peroxide adduct and
hydrogen molecule
Since the electronic property of the Fe(IV)=O(oxo ion) species observed in the reactive
intermediate of peroxidase and cytochrome P-450 (Himo and Siegbahn, 2003) is similar to that
of Pt(IV)=O(oxo ion) species, it seems reasonable to assume that the Fe(IV)=O(oxo ion)
species should react with H2 in the reactions performed by Ohta et al. (Ohsawa et al, 2007);
this gives reasonable explanation for the observed facts.

Figure 4. MO scheme of [(PPh3)2Pt(II)-peroxide]. The presence of the unoccupied
orbital demonstrates that this species should react with H2 molecule according to the
scheme shown in Figure 5.
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The high electrophiliity of the peroxide adduct of the binuclear iron(III) complexes has been
already confirmed by our works (Nishida & Takeuchi, 1987; Nishida, 2009; Nishida 2012a,
2012b), and thus this suggests that the protective effect of the hydrogen molecule against the
nephrotoxicity induced by cis-platin should be attributed to that H2 molecule decomposes the
peroxide adduct of the iron(III) species, which has been shown to be highly electrophilic, and
proposed to be an intrinsic active species to induce nephrotoxicity by Nishida, and that labile
iron removal therapy by the use of our super-polyphenols (Nishida, 2012a; Nishida, 2015)
should be very useful to depress the side-effects induced by cis-platin. Based on the discussion
developed in this paper we would like to point out that Nagano’s conclusion on the HPF
molecule is doubtful, i.e., we cannot mention the OH-radical formation by the use of HPF
molecule.
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