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METABOLISM OF FERROCENE BY RAT NASAL AND LIVER MICROSOMES

Abstract - Toxicokinetics from erlier studies sug-

gested that there Is high ferrocene hydroxylase ac- PRINCIPAL INVESTIGATORS

tivity in nasal tissue. We developed an assay using A. R. Dahl

59Fe-labeled ferrocene to confirm that nasal tissue, M. L. Crews

In particular olfactory tissue, has ferrocene hy-

droxylase activity exceeding that of liver by about a factor of ten. Because metabolism of

ferrocene potentially leads to iron-catalyzed peroxidation, It was predicted that the olfactory

tissue would be especially sensitive to toxic effects from inhaled ferrocene. This was confirmed

In an independent study.

Ferrocene (dicyclopentadienyl iron) is representative of lipophilic organometallic compounds.

Ferrocene is used in anti-knock additives and in the preparation of high-temperature polymers. In

an inhalation study with 59Fe- and tritium-labeled ferrocene, much of the iron portion of the

inhaled ferrocene was retained in the nose for several months, whereas the tritium cleared in a

few hours.1 Clearly, the molecule had decomposed in the nasal cavity, but, as ferrocene itself is

a highly stable compound, its decomposition could only be explained by its metabolism to a less

stable compound. The hepatic cytochrome P-450 system has been reported to metabolize ferrocene to

hydroxyferrocene. Hydroxyferrocene is unstable and could decompose, releasing iron

intracellularly. We hypothesized that the nasal cavity, particularly the olfactory area where

high concentrations of cytochrome P-450 are located, contains high metabolic activity towards

ferrocene. To test this hypothesis, we investigated the rate of metabolism of ferrocene in nasal

and liver tissues. The results are the subject of this report.

EXPERIMENTAL

Iron-59-labeled ferrocene was prepared by the direct reaction of ferrous chloride, in a flask

containing 59Fe-labeled ferric chloride, with sodium cyclopentadienide. The labeled ferrocene was

purified by sublimation and dissolved in ether. The concentration of ferrocene in the ethereal

solution was determined by measurement of the visible absorbance at 440 nm and calculation of the

concentration using the molar extinction coefficient given in published references. The 59Fe

concentration was determined by scintillation counting. From the concentration and activity of

the 59Fe, the specific activity of the synthesized material was determined. The specific activity

was corrected for loss of activity due to disintegration; the half-life of the 59Fe is 45 days.

Microsomes were prepared from male F344/N rats, 14-20 wk of age. Rats were killed by C02

asphyxiation. Ethmo- and maxilloturbinates and liver were removed and homogenized. Microsomes

were separated and stored as described previously.2 Protein assays were performed using the Lowry

protein assay.

Suspensions of microsomes, appropriate co-factors2 and ferrocene were incubated for 20 min at

370C. Metabolism was stopped by addition of M KOH to raise the pH to - 1. This not only

stopped the reaction but also ionized phenolic metabolites. After exhaustive hexane extraction of

unmetabolized ferrocene, the aqueous portion was evaporated to dryness. Any small amounts of

ferrocene that had not been extracted sublimed. The residue was analyzed for radioactivity by

liquid scintillation spectroscopy.
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RESULTS

Microsomes from the ethmoturbinates metabolized ferrocene more rapidly than did those from the

maxilloturbinates, and microsomes from both nasal tissues had far higher activities towards the

ferrocene than did the liver microsomes (Table 1).

Table I

Apparent Kinetic Values for the Metabolism of

Ferrocene by Nasal and Liver Microsomesa

Vmax Km Vmax

Tissue (nmoles/min/q tissue) (PM) Km

Maxilloturbinates 3.9 ± .5 6 ± 2 0.7

Ethmoturbinates 8.8 0.8 ± 2 1.1

Liver 1.2 ± 02 15 ± 2 0.08

aValues for Vmax and Km and estimated 95% confidence intervals are from
a plot of rate and concentrations of ferrocene using ten points within
a range of 2 to 300 vM ferrocene. Protein concentration was 0.5- mg
microsomal protein, which was then normalized to a per g tissue basis.

DISCUSSION

Metabolism of ferrocene by cytochrome P-450 probably proceeds according to the equation in

Figure 1. Iron released in cells could catalyze lipid peroxidation, leading to toxic injury to

the cell Based upon our metabolism studies, we predicted that the olfactory tissue would be

particularly susceptible to the toxic effects of inhaled ferrocene, that the respiratory tissue

would be less susceptible, and that the liver would not be a target organ. In subsequent studies

with inhaled ferrocene vapor 25-40 mg/m3, 6 h per day, 14 days), it was found that only the rat

olfactory epithelium was a target tissue for ferrocene toxicity (N. Gillett, personal

communication).
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Figure 1. Proposed metabolism of ferrocene.
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