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THE METABOLISM OF 2-METHYLHEPTANE IN MALE FISCHER 344 RATS

M. Paul Serve'a, D.D. Bembicka, J. Matthew Clemensa,
Gayle A. McDonald2 and David R. Mattieb

4 Department of Chemistry, Wright State University, Daywon, OH 45435
b Harry G. Armstrong Aerospace Medical Research Laboratory, Wright-Patterson
AFB, OH 45433.

ABSTRACT

The urinary metaboiites of 2-methylheptane (2-MH) in male Fischer 344
rats, administered the hydrocarbon by gavage, included 2-methyl-1,2-
heptanediol, 2-methyl-1,5-heptanediol, 2-methyl-2,5-heptanediol, 2-
methylheptanoic acid and 2-methyl-5-hydroxy-1-heptanoic acid. @ Metabolism
strongly favored the formation of diols. The metabolites were identified using
gas chromatography (GC) and gas chromatography/mass spectrometry (GC/MS).
Histopathologic examination of the kidneys revealed minimal hyaline droplet
formation («2y-globulin nephropathy) in the proximal tubule area.

INTRODUCTION

2-Methylheptane (2-MH), an isomer of octane is a component of crude oil
and a product of gasoline combustion engines [1,2]. It is not surprising,
therefore, that 2-MH has been found as a component of the air pollution of major
cities [3,4]. As a constituent of tobacco smoke, 2-MH is frequently passively
taken into the body [5,6]. 2-MH has been identified as a volatile chemical
emitted from plastic building materials [7] and as a trace compound in landfill
gas [8]. Isomers of octane, when injected into animals, have been shown to
produce hemorrhage, edema and polymorphonuclear leukocytic reactions such
as angitis, abscess formation, thrombis and fibrosis [9].
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Certain branched chain isomers of octane e.g. 2,2,4-trimethylpentane
(2,2,4-TMP) and 2,3,4-trimethylpentane (2,3,4-TMP) have been reported to
induce a proximal tubular nephropathy in male rats [10,11]. This nephropathy
is characterized by the inability of the rat to breakdown the testosterone
controlled protein a2y-globulin through the normal lysosomal enzyme processes
[12].  2-MH, similar to other hydrocarbons, is a totaliy non-polar molecule.
Hydrocarbons once in the animal body, are normally gotten rid of by either
exhalation or excretion via the urine. The latter process requires metabolic
conversion of the hydrocarbon into a water soluble derivative. It is the
production of metabolites with certain functionalities, which, by tying up the
«2y-globulin and inhibiting its degradation, is generally considered to be
responsible for the hydrocarbon-induced nephropathy cited above.

Because of its ubiquitous nature in the environment and since many
people will te exposed to various concentrations of 2-MH, it was decided to
examine the metabolic fate of 2-MH in male rats. Male rats are frequently used
to study the metabolism of xenobiotic materials because of the similarity of
biotransformativn reactions that exist between man and rat. Secondly, a
comparison of the ability of 2-MH to 2,2,4- and 2,3,4-TMP to induce the male
rat nephropathy would yield interesting information regarding the extent and
positioning of structural branching necessary to induce the nephrotoxicity.

MATERIALS

2-Methyl-1-heptene, 6-methyl-1-heptene, 6-methyl-6-hepten-3-ol, and
2-ethylcyclopentanone were purchased from Wiley Organics, Coshcoton, OH.
2-Methyl-1,2-heptanediol and 6-methyl-1,2-heptanediol were prepared by the
reaction of 2-methyl-1-heptene and 6-methyl-1-heptene, respectively with
osmium tetroxide [13]. 2-Methyl-1,5-heptanediol was synthesized by the
hydroboration of 6-methyl-6-hepten-3-0l [14]. 2-Methyl-2,5-heptanediol was
obtained via the mercuric acetate-sodium borohydride reaction of 6-methyl-6-
hepten-3-ol [15]. 2-Methylheptanoic acid was prepared using literature [16].
Treatment of 2-ethyl-5-methylcyclopentanone, obtained from the alkylation of
the pvrrolidine enamine of 2-ethylcyclopentanone, with trifluoroperacetic acid
gave 2-methyi-S-heptanolactone [17].




METHODS

Twelve Fischer 344 male rats weighing 227 +16 grams were randomly
divided into two groups (8 treated, 4 control). Dose (0.8 g/kg) of 2-MH were
administered by gavage on an every other day regimen for two weeks. Feed
(Purina Rat Chow, Ralston Purina Co., St. Louis, MO) and water were provided
ad_libitum and animals were weighed datly

Following the 14 day exposure period, the rats were sacrificed by
halothane overdose and the kidnevs were excicsed 24 houre following the final
dose. Histopathologic examination was performed on paraffin embedded kidney
sections stained with hematoxylin and eosin. Tissues from treated rats were
compared to controls for characteristic lesions of hydrocarbon-induced
nephropathy, including hyaline droplet formation, tubular cysts and papillary
calcification. Lesions were graded by pathologists for degree of severity.

During the first 48 hours of the initial dosing period, the rats were placed
in metabolism cages and the urine collected. A 5.0 mL aliquot of each urine
sample was adjusted to a pH of 4.0 and 0.2 mL glucuronidase/sulfatase
(Calbiochem, La Jolla, CA) was added. The sample was shaken for 16 hours at
370C, then cooled to room temperature and filtered through a diatomaceous
earth column (Clin Elut, Analytichem International Harbor, CA) using methylene
chloride as the eluent.

The methylene chloride extracts of the hydrolyzed rat urine were analyzed
on a gas-liquid chromatograph (GC) equipped with a flame ionization detector
(model 3500, Varian Corp., Walnut Creek CA). A 30 m x 0.32 mm LD. Carbowax
20M on polyethylene glycol column Alltech Associates Inc., Deerfield IL) with
injection port and detection temperatures of 2500 C. The oven temperature was
programmed to rise from 1000 C to 2000 C at a rate of 50 C/min and helium was
used as the carrier gas. Additional metabolite identification was accomplished
using a Finnegan MAT INCOS 50 -Varian 3400 gas chromatography/mass
spectrometer (GC/MS) sysicm (Varian Corp., Walnut Creek, CA). The GC was
equipped with identical column as the gas chromatograph above while the
injection port and the oven temperatures were the same as previously reported.
Helium was the carrier gas. The MS was a quadrupole instrument operated in
the electron impact mode with a voltage of 70eV and an ion source of 2000 C.




The difficulty in totally separating all the products (including control
metabolites) in the rat urine made quantitation of the metabolites impossible.
However, relative arcas under the peaks, listed in Table 1 were obtained from
the GC program.

RESULTS

The rat urine samples were hydrolyzed with glucuronidase/
sulfatase and elutants were individually analyzed by GC and GC/MS for the
identification of the volatile urinary metabolites. A representative GC
chromatogram i< shown in Figure 1. GC analysis of rat urines not treated with
glucuronidase/sulfatase showed no trace of 2-MH metabolites.

Histopathologic results indicated that 2-MH graded out on a level of 1
(based on a scale of 0 to 4 where O indicated no damage and 4 indicated severe
damage). A grade of 1 suggests minimal damage to the proximal tubule.
n-Octane graded out at a level of 0 whereas 2,5-dimethylhexane (2,5-DMH),
another isomer of octane produced nephrotoxic damage rated at a level of 3 [18].
2,2,4- and 2,3,4-TMP produced severe damage to the male rat proximal tubule
which graded out to a level of 4. In none of the rats dosed with 2-MH was there
any indication of cast formation. There was no trace of any 2-MH metabolites
extracted from the homogenized kidneys of the dosed rats. No hyaline droplet
formation was noted in the control animals.

The GC tracings of the animals dosed with 2-MH established the presence
of the following urinary metabolites (relative abundancies) 2-methyl-1,5-
heptanediol (1.0), 2-methyl-1,2-heptanediol (1.25), 2-methylheptanoic acid (1.4)
2-methyl-5-heptanolactone (1.6) and 2-methyl-2,5-heptanediol (1.8). The
relative abundancies were determined by integrating the areas of GC tracings,
using tridecane as an internal reference standard, and assuming relative equal
detection efficiencies. A representative GC tracing of the urine metabolites of 2-
MH is shown in Figure 1. The metabolite 2-methyl-5-heptanolactone was not a
true metabolite, but was the result of cyclization of 2-methyl-5-hydroxy-1-
heptanoic acid under the elevated injection port temperature conditions of the
GC. It has been previously shown that lactone formation of hydroxy acids, in
which the hydroxy group and the acid function are separated by 4 or 5 carbons,
readily occurs. The identification of the lactone structure was accomplished by




examining the MS fragmentation pattern of the lactone. A major MS
fragmentation peak of the lactone corresponded to the molecular ion - C2Hs. A
characteristic fragmentation pattern of &-lactones is the loss of the alkyl group
attached to the &-carbon [19]. In addition, MS fragmentation peaks at m/z=56
and 70 were also indicative of a &-lactone. To confirm the presence of the 2-
methyl-5-ethylcyclopentanone was oxidized to a mixture of 2-methyl-5-
heptanolactone and 2-ethyl-5-hexanolactone via the Baeyer-Villager reaction.
Known samples of the hydroxy acid, the lactone and the urine were subjected to
thin layer chromatography (tlc) using ethyl acetate as the eluent. The Rf of the
known hydroxy acid matched the Rf of a metabolite in the urine suninle No tle
spot in the urine sample matched the Kf of the lactone.

Comparing the metabolic pathways of 2-MH to those of other branched
chain acvclic hydrocarbons reveals similarities and differences in the structure
and abundancies of the various types of metabolites isolated. 2-MH akin to
2,5-dimethylhexane (Z,5-DMH) was metabolized to diols, which were positioned
at the 1,2- 1,5- and the 2,5-sites [19]. In addition bcth 2-MH and 2,5-DMH
yielded the corresponding 2-alkyl alkanoic acids and the 2-alkyl-5-hydroxy-
alkanoic acids. In neither case was there any trace of an alcohol. A difference in
the metabolism of 2-MH and 2,5-DMH was in the relative abundancies of the
urinary metabolites found. In the instance of 2-MH the metabolites were
isolated in almost equal amounts, while for 2,5-DMH, there was a wide range in
the quantities of metabolites produced. The 2,5-dimethyl-2,5-hexanediol and
the 2,5-dimethyl-5-hydroxy-1 hexanoic acid were found in abundancies 38.7
and 8.3 times the amount of 2,5-dimethyl-1-hexanoic acid, the least abundantly
found metabolite. The highly branched chain hydrocarbons 2,2,4- and 2,3,4-
TMP were metabolized to monoalcohols, carboxylic acids and 5-hvdroxy-
carboxylic acids; there was no trace of diol formation.

Unlike n-octane, which yielded urinary metebelites cortaining less than §
carbons, there was no vestige of any urinary metabolites of 2-MH in which
carbon atoms had been lost [20].

In conclusion, limiting the substitution of an octane isomer to a nicihyl
group at the 2-position, changes the metabolism from that of n-octane. The
structure of the urinary metabolites of 2-MH appear to resemble the metabolites
of 2,5-DMH, the only difference being in the relative amounts of the metabolites
formed. In the ability to induce renal proximal tubular damage to male rats,
2-MH more closely resembles n-octane than 2,5-DMH. This would lead to the




conclusion that the more closely related in structure an octane molecule is to
n-octane, the less the ability of the metabolites to interfere with a2y-globulin

degradation and produce the hydrocarbon nephrotoxicity.
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