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Abstract The identification and polarity of release of the ma- 
jor metabolite of 12-HETE produced by cultured canine renal 
tubular epithelial cells was determined. When incubated with 
1.0 pM ['H]12-HETE for 1 h, cultured Madin Darby Canine 
Kidney (MDCK) cells converted 35% of the radiolabeled 12- 
HETE to a more polar metabolite. Following high performance 
liquid chromatography isolation and chemical derivatization, 
gas-liquid chromatography combined with mass spectrometry 
was used to identify the compound as 8-hydroxyhexadeca- 
trienoic acid [16:3(8-OH)]. The electron impact mass spectrum 
of the hydrogenated derivative contained major ions at 
mlz = 215 and 245, corresponding to cleavage on either side of 
the trimethylsilyl group, and chemical ionization with NH3 
yielded a major ion at mlt  = 359, corresponding to the proton- 
ated molecular weight of the methyl ester. Incubation with 25 
mM or-naphthoflavone, 20 pbi nordihydroguaiaretic acid, and 
0.1 mM 4-pentenoic acid failed to inhibit the formation 16:3 (8- 
OH), suggesting that the formation of 16:3 (8-OH) is not 
mediated by the cytochrome P450, lipoxygenase, or mitochon- 
drial &oxidation pathways. When grown on fibronectin-treated 
polycarbonate filters, MDCK cells released the 163 (8-OH) in 
both the apical and basolateral directions, irrespective of which 
side the 12-HETE was encountered. These results demon- 
strate the conversion of 12-HETE to a 16-carbon monohydroxy 
derivative by renal tubular epithelium and suggest that this pro- 
duct can be released to either the potential urinary space or the 
kidney parenchyma and renal microcirculation. - Gordon, J. A., 
P. H. Figard, and A. A. Spector. Identification of the major 
metabolite of 12-HETE produced by renal tubular epithelial 
cells. J Lipid RES. 1989. 30: 731-738. 
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12-Hydroxyeicosatetraenoic acid (12-HETE) is a lipoxy- 
genase product formed through the conversion of arachi- 
donic acid to an unstable hydroperoxy derivative, 12- 
HPETE, followed by rapid reduction to the more stable 
hydroxylated derivative, 12-HETE (1). 12-HETE is a ma- 
jor product synthesized by activated macrophages and 
platelets (2, 3). It is incorporated into tissue lipids (4-6) 
and in addition, has been shown to modulate glucose-sti- 
mulated insulin secretion (7) and angiotensin-stimulated 
aldosterone production (8), stimulate chemotaxis and 

chemokinesis in neutrophils (9, lo), act as a mitogen for 
bovine aortic endothelial cells through inhibition of di- 
acylglycerol kinase (ll), and inhibit prostaglandin forma- 
tion in bovine aortic endothelial cells and renal tubular 
epithelial cells (12, 13). 

We have previously described the uptake, distribution, 
and metabolism of 12-HETE by Madin Darby canine 
kidney (MDCK) cells (13). When grown on micropore fil- 
ters, 12-HETE uptake was greater from the basal surface 
when compared to the apical surface, suggesting that the 
tubular epithelium may function to remove any 12-HETE 
released into the renal parenchyma during inflammatory 
processes. Although 12-HETE was incorporated into cell 
lipids without modification, it was also converted to 
several polar and nonpolar metabolites that were released 
into the medium. 

The conversion of 12-HETE to metabolic products has 
been described by several investigators. Using thin-layer 
chromatography (TLC), Stenson and Parker (4) found 
that human neutrophils release two polar metabolites into 
the extracellular medium. Pawlowski et al. (5) next re- 
ported 80% conversion of 12-HETE by human macro- 
phages to one major and several minor polar metabolites. 
The high performance liquid chromatography (HPLC) 
retention time of the major metabolite and its ultraviolet 
absorbance maximum suggested that this compound was 
a dihydroxyeicosatetraenoic acid (diHETE), but no fur- 
ther characterization was performed. Birkle and Bazan 
(6) also observed that retinal tissue converts 12-HETE to 

Abbreviations: 12-HETE, 12-S-hydroxy-5, 8, 10, 14-eicosatetraenoic 
acid; MDCK, Madin Darby Canine Kidney; HPLC, high performance 
liquid chromatography; GLC, gas-liquid chromatography; NDGA, 
nordihydroguaiaretic acid; TLC, thin-layer chromatography; diHETE, 
dihydroxyeicosatetraenoic acid; 15-HETE, 15-hydroxyeicosatetraenoic 
acid; 16:3 (8-OH), 8-hydroxyhexadecatrienoic acid; DPBS, Dulbecco's 
phosphate-buffered saline; BSA, bovine serum albumin. 
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at least three polar radioactive metabolites. The most 
abundant metabolite had the chromatographic properties 
of a diHETE on normal phase HPLC (6). In addition, 
Marcus et al. (14, 15) and Wong et al. (16) have found that 
platelet-derived 12-HETE is converted to polar metabo- 
lites by human neutrophils. When 12-HETE was incu- 
bated with ionophore-stimulated neutrophils, activation 
of the neutrophil 5-lipoxygenase facilitated its conversion 
to 5, 12-diHETE (14). However, with unstimulated neu- 
trophils, the major 12-HETE metabolite released into the 
medium was a cytochrome P-450 product 12(S) 20- 
diHETE produced through w-oxidation (15, 16). 

The above studies all indicate that the main product 
formed from 12-HETE is a diHETE. By contrast, Had- 
jiagapiou et al. (17) recently identified the major metabo- 
lite of 12-HETE produced by vascular smooth muscle 
cells as a monohydroxy fatty acid, 8-hydroxy-hexadeca- 
trienoic acid [16:3 (%OH)]. This compound, which has 
HPLC retention time similar to a diHETE, is thought to 
be produced by removal of 4 carbons from the carboxyl 
end of 12-HETE. 

To determine which of these pathways is operative in 
epithelium, we identified the major metabolite of 12- 
HETE produced by renal epithelial cells. Like smooth 
muscle cells, the MDCK tubular epithelial cell line con- 
verts 12-HETE primarily to the monohydroxy fatty acid 
derivative, 16:3(8-OH). Furthermore, 16:3(8-OH) is re- 
leased from both the apical and basolateral surfaces of the 
epithelium, suggesting that this product may have effects 
within the kidney parenchyma or renal microcirculation. 

MATERIAL AND METHODS 

Cell culture 

MDCK cells were obtained from American Type 
Culture Collection (Rockville, MD) and stored in liquid 
nitrogen with 7% dimethyl sulfoxide (DMSO) and 20% 
fetal bovine serum. Cells were studied between passages 55 
and 70 and grown according to methods previously de- 
scribed (18). Briefly, cells were grown to confluency in 
Eagle’s minimal essential medium with Earle’s salts and 
20% heat-inactivated fetal bovine serum (Hy-Clone, 
Logan, UT) in tissue culture flasks with 75 cm2 surface 
area (Corning Glass Works, Corning, NY), or in six-well 
tissue culture plates with a surface area of 10 cm2/well (Tis- 
sue Culture Cluster 6, Costar, Cambridge, MA). Experi- 
ments were performed when the cultures were confluent 
and formed domes characteristic of MDCK cells (19). Cul- 
tures were placed in a temperature- and humidity-con- 
trolled incubator (COz Incubator model 3028, Forma 
Scientific, Marietta, OH) at 37OC with 95% air-5% CO1 
as the gas phase. 

Incubation and analysis 

After removal of the maintenance medium, the cultures 
were washed twice with Dulbecco’s phosphate-buffered sa- 
line (DPBS) solution with 0.1 y M  bovine serum albumin 
(BSA). Cultures in the 75-cm2 flasks were then incubated 
with 5.0 ml of 5.0 pM [3H]12-HETE [12-(S)-HETE, 0.5 
mg/ml, Cayman Chemical Corp.] and 0.5 pCi/ml 12 (S) 
hydroxy-[5, 6, 8, 9, 11, 12, 14, 15, (n)-3H] eicosatetraenoic 
acid (119 Ci/mmol, Amersham Corp.) at 37OC for 1 h. 
After pooling the media from eight flasks (40 ml) into a 
large siliconized tube, the media was acidified to pH 3.5 
with 12 N HC1, 10 ml ethyl acetate was added, and the 
tube was vortexed vigorously and centrifuged for 10 min at 
400 g to separate the phases. The ethyl acetate was re- 
moved, and this extraction was repeated twice and the 
ethyl acetate extracts were pooled. The ethyl acetate was 
then evaporated under a stream of nitrogen, and the 
lipids were resuspended in 100 pl methanol-acetonitrile 
50:50 (w’v). 

High performance liquid chromatography (HPLC) 

Lipids dissolved in methanol-acetonitrile were separated 
by reverse-phase HPLC with a Beckman 332 system 
equipped with a 4.5 x 150 mm column containing Ad- 
sorbosphere C reverse-phase 3-pm spherical packing 
(Alltech Associates, Deerfield, IL). The elution gradient 
contained water adjusted to pH 3.4 with phosphoric acid 
and acetonitrile (20). For isolation of the metabolites, the 
gradient was started with 27% acetonitrile and increased 
over 50 min to 100% acetonitrile. A linear gradient of 50- 
100% acetonitrile was used for further analysis of the meta- 
bolites. After the column effluent was mixed with Budget 
Solve scintillation fluid (RPI Corp., Mount Prospect, IL), 
the radioactivity was detected and assayed with a Radio- 
matic HPLC radioactivity flow detector (Radiomatic Flo 
One Beta, Radiomatic Instruments and Chemical Co., 
Tampa, FL). 

Analytical HPLC was first carried out on a 2-pl aliquot 
to identify the retention time and calculate the amount of 
product formed. Fractions were collected from the re- 
mainder of the sample at 1-min intervals to isolate the peak 
corresponding to that of the major metabolite. This frac- 
tion, eluting at 25.0 min, was mixed with an equal volume 
of water and then isolated by extraction with 3 volumes of 
ethyl acetate. 

Preparation of derivatives 
After isolating the major metabolite by reverse-phase 

HPLC, it was methylated with diazomethane in ether (21). 
The methyl ester was converted to the trimethylsilyl ether 
by incubation with bis (trimethylsilyl) trifluroacetamide 
and 1 % trimethylchlorosilane (Sylone BFT, Supelo, Inc., 
Bellefonte, PA) in pyridine (22). Catalytic hydrogenation 
was performed with 0.1 mg platinum oxide in 0.3 ml of 

732 Journal of Lipid Research Volume 30, 1989 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


ethanol. After H2 was bubbled through the solution for 1 
min, the mixture was diluted with 0.7 ml of water and ex- 
tracted 3 times with 1 ml ethyl acetate (23). The methyl 
esters dissolved in pyridine were acetylated by reaction 
with acetic anhydride for 2 h. After addition of cold water, 
the mixture was acidified to pH 3 with 2 N HCl and ex- 
tracted 3 times with ether. The extracts were neutralized 
by washing before removal of the solvent (17). To check for 
the presence of keto groups, the purified metabolites dis- 
solved in 50 pl of cold methanol were treated with 500 pg 
of sodium borohydride. After the mixture was allowed to 
warm to room temperature for 1 h, it was diluted with 500 
p1 of water, acidified to pH 3 with 2 N HCl, extracted with 
1-butanol, neutralized, and dried by evaporation (17). To 
check for epoxides, the metabolites were treated with 
methanol-water 1:lOO (vh) (24). 

Gas-liquid chromatography (GLC) and mass 
spectrometry 

The hydrogenated and unhydrogenated methyl ester, 
trimethylsilyl ether derivatives of the main metabolite of 
12-HETE were analyzed with a Riber R 10-10 quadropole 
mass spectrometer containing a 25 m x 0.2 mm GLC 
column packed with 5 % phenylmethylsilicone main- 
tained at 195OC. The energy of the electron beam was 
22.5 eV. A spectrum of the hydrogenated sample was also 
obtained by chemical ionization with ammonia. 

Incubation with inhibitors 

Cultures grown in 6-well tissue culture plates were used 
for these experiments. The maintenance medium was re- 
moved and the cells were washed twice with DPBS con- 
taining 0.1 p~ BSA. Nine hundred pl of modified Eagle's 
minimal essential medium containing 0.1 pM BSA sup- 
plemented with either 25 mM a-naphthoflavone, 20 pM 
nordihydroguaiaretic acid (NDGA), 0.1 mM 4-pentenoic 
acid (all purchased from Sigma Chemical Corp., St. 
Louis, MO), or 20 pl of ethanol as a control, was added 
to the cultures for 1 h. One hundred pl Eagle's minimal 
essential medium supplemented with [SH]12-HETE (0.4 
pCi/ml) was then added and the incubation was con- 
tinued for 1 h. The medium was removed, acidified to pH 
3.5 with 20 p1 of 1 M citric acid, and the lipids were ex- 
tracted with ethyl acetate as indicated above. The final ex- 
tract was suspended in methanol-acetonitrile and an 
aliquot containing at least 15,000 dpm was separated by 
reverse-phase HPLC to detect the formation of metabo- 
lites. 

Polarity of metabolite release 

MDCK cells were grown on collagen-coated, fibro- 
nectin-treated polycarbonate filters (13). After confirming 
tightness of the epithelial junctions by measuring BSA 
transfer across the monolayer (25), the experiment was in- 
itiated by suspending the cylinder with the attached filter 

in a plastic tissue culture chamber containing DPBS; this 
solution was also added to the inside of the plastic cylin- 
der. [3H]12-HETE (0.5 pCilml) was then added to either 
the superior or inferior compartment. After 1 h incuba- 
tion, the buffer solution from both compartments was 
removed, placed into individual siliconized vials, ex- 
tracted with ethyl acetate, and assayed for radioactive 
metabolites by reverse-phase HPLC. The cylinder also 
was removed from the chamber and washed twice with 
buffer solution to remove any adherent medium. The fil- 
ter then was removed, placed in a scintillation vial con- 
taining 4.0 ml of Budget Solve scintillation fluid, and 
assayed for radioactivity. 

RESULTS 

Formation of metabolites 
Analysis of the incubation medium by reverse-phase 

HPLC revealed the progressive accumulation of several 
radiolabeled metabolites when MDCK cells were incuba- 
ted with 1.0 pM [3H]12-HETE for 1 h. This is illustrated 
in Fig. 1, which is a representative chromatogram. Of the 
total amount of radioactivity present in the medium, 
19.4% remained as [3H]12-HETE and 35.2% was 
recovered as the major product, designated as peak 2, 
which eluted at 24.8 min. In this HPLC system, 5, 12- 
diHETE (leukotriene B,) eluted at 23.4 min and 12- 

1 

12-H 

0 i o  2 0  3 0  40 5 0  
Time (min) 

Fig. 1. HPLC profile of metabolic products formed by MDCK cells 
during 1 h incubation with 1.0 [3H]12-HETE. MDCK cells were in- 
cubated with 1.0 [@ ['H]12-HETE in serum-free modified Eagle's min- 
imal essential medium with 0.1 pbf BSA for 1 h. The medium was 
removed, centrifuged to remove any cells, acidified with 1 N citric acid, 
and the lipids were extracted with ethyl acetate. An aliquot was dried 
under N2, resuspended in 27% acetonitrile in water, and the lipids were 
separated by reverse phase HPLC. Radioactivity was assayed with an 
on-line flow-through scintillation counter. 12-HETE (12-H) eluted at 
30.6 min. Peak 2, the major metabolite produced by MDCK cells, 
eluted at 24.8 min. 
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hydroxy-5, 8, 10-heptadecatrienoic acid eluted at 26.4 min. 
This relative retention is similar to the elution profile pre- 
viously reported by Hadjiagapiou et al. (17) for the major 
metabolite produced during incubation of [3H]12-HETE 
with human umbilical smooth muscle cells. 

Identification of the main metabolite 

Following methylation and silylation of the material 
isolated from peak 2, GLC combined with mass spectro- 
metry was used to identify this compound. Fig. 2A shows 
the electron impact mass spectrum containing a base peak 
at m h  = 241, consistent with an ion having the composi- 
tion + (CH3)3Si=OCH(CH=CH)2(CH2)2 COOH3. This 
suggests that 12-HETE was metabolized to an 8-hydroxy- 
hexadecatrienoic acid [ 16:3(8-OH)], a conclusion sup- 
ported by the presence of small ions at m/z = 305 and 
337. These ions are formed by the loss of 47 and 15 mass 
units from a compound with a molecular weight of 352, 
the putative molecular weight of the derivatized metabo- 
lite. 

The electron impact mass spectrum of the hydrogena- 
ted derivative of peak 2, shown in Fig. 2B, further 

40. 

confirms that the major metabolite is an 8-hydroxyhexa- 
decatrienoic acid. This spectrum has major ions at 
d z =  215 and 245. These ions were formed by cleavage 
on either side of the trimethylsilyl carbon atom. There is 
also an ion at 311, corresponding to a loss of 47 mass units 
from the parent compound. These ions, together with the 
major ions obtained with the native metabolite, indicate 
that the compound contains three double bonds. Two of 
these double bonds are present between the hydroxyl 
group and the carboxyl terminus, as indicated by the 
m/z = 245 and 241 ions obtained from the reduced and 
native compound, respectively. 

The chemical ionization mass spectrum is shown in 
Fig. 2C. This was obtained with the hydrogenated, tri- 
methylsilyl ether, methyl ester derivative of the compound 
using NH3. The molecular ion at m/z = 359 corresponds 
to the protonated molecular weight of the methyl ester of 
the monohydroxy hexadecanoic acid. 

Effects of metabolic inhibitors 

The effect of various inhibitors on the conversion of 
[3H]12-HETE to 16:3(8-OH) was tested. When no inhibi- 

I 241 A 100 
80 
60 
40 
20 
0 

80 coo 
B 

31 1 
L 

100 200 400 

MASS/CH ARG E 

Fig. 2. Mass spectra of the trimethylsilyl ester, methyl ester derivative of the main metabolic product formed by MDCK cells from 12-HETE. This 
compound corresponds to peak 2 in Fig. 1, formed during incubation of MDCK cells with 12-HETE for 1 h. It was isolated by reverse phase HPLC, 
derivatized, and isolated by GLC. An electron impact mass spectrum of the trimethylsilyl ether, methyl ester derivative is shown in (A), an electron 
impact spectrum of the hydrogenated derivative in (B), and a chemical ionization spectrum of the hydrogenated derivative treated with NHs is shown 
in (C). 
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tors were present, MDCK cells converted 24.3% of the 
[ 3H]12-HETE radioactivity to 16:3(8-OH). When incu- 
bated in the presence of 20 pM NDGA, a lipoxygenase 
and weak cyclooxygenase inhibitor, the conversion of 
[3H]12-HETE was unimpaired, with 28.7% of the radio- 
labeled 12-HETE being converted to 16:3(8-OH). a- 
Naphthoflavone, 'an inhibitor of 12-HETE w-oxidation 
(26), at a concentration of 25 mM also failed to inhibit 
the production of this metabolic product with greater than 
30% of the radiolabeled 12-HETE being converted to 16:3 
(8-OH). Likewise, 0.1 mM 4-pentenoic acid, an inhibitor 
of mitochondrial P-oxidation (27), failed to inhibit the 
production of 16:3(8-08), with 20% of the native 12- 
HETE being converted to this compound. Furthermore, 
when 0.1 mM 4-pentenoic acid'was incubated with 
MDCK cells for 2 h before addition of [3H]12-HETE, no 
impairment in production of 16313(8-0H) was observed. 
Also, no impairment in MDCK cell conversion to 16:3(8- 
OH)  was observed when the 4-pentenoic acid concentra- 
tion was raised to 0.2 or 0.5 mM,. Taken together, these 
data suggest that 16.3(8-OH) is not synthesized by lipoxy- 
genation, w-oxidation, or mitochondrial P-oxidation. 

Polarity of release of metabolite 
Analysis of the media by reverse-phase HPLC revealed 

that release of 12-HETE metabolites from cells grown on 
micropore filters occurred in both the ipsilateral and con- 
tralateral directions. In these studies, MDCK cells grown 
on polycarbonate filters were incubated for 1 h with [3H] 
12-HETE added to either the apical or basal solutions. 
The contralateral release is illustrated in Fig. 3, which 
reveals a similar pattern of release of polar metabolites 
and small amounts of unmodified 12-HETE to both the 
bottom and top fluids when the [3H]12-HETE was added 
to the opposite compartment. The major metabolite re- 
leased in both directions, designated peak 2, had a reten- 
tion time of 24.2 min, identical to the retention of peak 
2 in Fig. 1 when the MDCK cells were grown on a plastic 
surface. Thus, the major metabolite of 12-HETE, 16:3(8- 
OH)  is released into both the apical and basal solutions. 
Fig. 4 compares the amount of 16:3 (8-OH) released to 
the apical and basal solutions following addition of 
[3H]12-HETE to either the top or bottom compartment. 
When t3]12-HETE was added to the top compartment, a 
significantly greater amount of 16:3(8-0H) was released 
to the basal as compared with the apical fluid (Fig. 4, left). 
Similarly, when [3H]12-HETE was added to the bottom, 
there again was greater release of 16:3(8-0H) into the 
basal medium than the apical medium (Fig. 4, right). 
These findings suggest a preferential release of 16:3(8- 
OH)  from the surface of the tubular epithelium that, in 
this model system, represents the direction of the kidney 
parenchyma andlor renal microcirculation. 
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Fig. 3. HPLC profile of metabolic products released from MDCK 
cells grown on collagen-treated, fibronectin-coated polycarbonate filters 
MDCK cells were grown on collagen-treated polycarbonate filters at- 
tached to 13-mm plastic cylinders. Cylinders were suspended in plastic 
tissue culture chambers, with a buffered salt solution present in com- 
partments on both sides of the filter. In some chambers, [)H]12-HETE 
was added to the top (apical) compartment; in others, to the bottom 
(basal) compartment. At the end of 1 h, the lipids were extracted from 
the contralateral medium, pooled, and an aliquot containing at least 
5,000 dpm was injected into the reverse phase HPLC column. The me- 
tabolites released to the bottom compartment after addition of [3H] 12- 
HETE to the apical fluid are shown on the top; the metabolites released 
to the top compartment after addition of ['H]12-HETE to the basal fluid 
are shown on the bottom. 12-HETE (12-H) eluted at 32.4 min. Peak 2, 
the major metabolite of 12-H, eluted at 24.2 min. 

DISCUSSION 

These results demonstrate that the main metabolite 
formed from 12-HETE by cultured canine tubular epithe- 
lial cells, which comprises 35% of the radioactivity derived 
from [3H]12-HETE during a 1 h incubation, is 16:3(8- 
OH). It most likely is 8-hydroxy-4,6,10-hexadecatrienoic 
acid (Fig. 2). Therefore, as opposed to conversion to a di- 
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Fig. 4. Polarity of release of the major metabolite of 12-HETE produc- 
ed by MDCK cells. MDCK cells were grown on collagen-treated poly- 
carbonate filters and incubated with [)H]12-HETE as described in Fig. 
3. The ['HIlZ-HETE was added to either the top compartment (left 
side) or the bottom compartment (right side). At the end of 1 h, the cy- 
linder was removed, ['HIlZ-HETE uptake on the filter waa measured by 
counting the radioactivity on the filter, and the fluid above and below 
the filter was analyzed via HPLC. The amount of 16:3 (8-OH) released 
to either the apical or basal solution was quantitated by converting 
counts per minute (cpm) to femtamoles (fm) and standardized by divid- 
ing by the uptake on the filter after 1 h. 

HETE as seen in neutrophils (14-16), 12-HETE is 
metabolized to a shorter-chain mono-HETE by this 
epithelial cell line. The metabolite apparently is formed 
by oxidative removal of 4 carbons from the carboxyl ter- 
minus of 12-HETE, as occurs in vascular smooth muscle 
cells (17). If this is the case, then the double bonds are 
likely to remain in the same positions as in 12-HETE, 
placing them in the 4-, 6-, and 10-positions of the newly 
formed 16-carbon product. This interpretation is entirely 
consistent with the mass spectral data, which confirmed 
the original conjugated diene structure and locates two of 
the double bonds between the carboxyl group and the hy- 
droxylated carbon, and the third between the latter and 
the methyl terminus. 

The mechanism responsible for conversion of 12- 
HETE to 16:3(8-OH) was not directly determined. How- 
ever, neither an w-oxidation nor a lipoxygenase inhibitor 
significantly reduced the conversion of [3H]12-HETE to 
its major metabolite. Therefore, the most likely mecha- 
nism for the removal of the 4 carbons from the carboxyl 
end of 12-HETE to produce 16:3(OH) is a @-oxidation 
process. 

0-Oxidation of the arachidonic acid lipoxygenase pro- 
duct, 15-hydroxyeicosatetraenoic acid (15-HETE), has 
been previously reported (28, 29). Shen et al. (28) found 
that 15-HETE was metabolized to an ll-hydroxy-hexa- 
decatrienoic acid [16:3(11-OH)] when incubated with hu- 
man umbilical vein endothelial cells. Salzmann-Reinhardt 

et al. (29) found that when ['*C]arachidonic acid was in- 
cubated with rabbit reticulocytes, 30% was first converted 
to 15-HETE, and 10-20% of this product was subsequent- 
ly oxidized to '*C02. Hadjiagapiou et al. (17) also con- 
cluded that 0-oxidation was responsible for 16:3(8-0H) 
formation in vascular smooth muscle. Therefore, 0-oxida- 
tion appears to be a major route of metabolism of both 12- 
and 15-HETE in several different tissues, including en- 
dothelium, smooth muscle, and epithelium. If 12-HETE 
was oxidized to 16:3(8-0H) in the mitochondria, then 4- 
pentenoic acid, an inhibitor of mitochondrial 0-oxidation, 
should have reduced this conversion. However, 0.1 mM 4- 
pentenoic acid appreciably reduced the production of 
16:3(8-0H) by only 1776, and higher concentrations pro- 
duced little additional effect. 

The failure of 4-pentenoic acid to inhibit the conversion 
of 12-HETE to 16:3(8-OH) in the renal tubular epithelial 
cell differs from what has been reported for 15-HETE 
metabolism in human umbilical vein endothelial cells 
(28). Shen et al. (28) found that 0.05 mM 4-pentenoic 
acid decreased the production of 16:3(11-OH) from 15- 
HETE by 55%. The failure of 4-pentenoic acid to prevent 
16:3(8-0H) production suggests that either the oxidative 
pathways for 12- and 15-HETE are different, or the path- 
way in endothelial cells differs from that in epithelial cells. 

Recently, the role of peroxisomes in fatty acid 0-oxida- 
tion has become partially clarified (30). In isolated rat 
liver, 0-oxidation of long chain monounsaturated fatty 
acids appears to occur preferentially in peroxisomes, where 
the fatty acids are chain shortened, and then subsequently 
transported to the mitochondria where further 0- 
oxidation takes place (31). 

In view of the recent information that peroxisomes may 
also play a role in the metabolism of long-chain polyun- 
saturated fatty acids (32), we propose that 12-HETE is 
primarily 0-oxidized in the peroxisomes of the tubular 
epithelial cells, rather than in the mitochondria. Appar- 
ently, the resulting 16:3(8-0H) is not a good substrate for 
further 0-oxidation. If the subsequent pathway is similar 
to that reported for the monounsaturated fatty acids, one 
may speculate that 16:3(8-OH) either is not efficiently 
transported to the mitochondria or does not readily 
undergo mitochondrial @-oxidation. 

Although the MDCK cells released 16:3(8-0H) to both 
the basal and apical compartments of the filter chamber 
(Figs. 3 and 4), they released considerably more to the 
basal fluid, regardless of whether 12-HETE was the top or 
bottom chamber (Fig. 4). If 16:3(8-OH) is simply an in- 
ert, metabolically inactive product of 12-HETE, one might 
anticipate that it would be released almost exclusively to 
the apical compartment, which in this model system repre- 
sents excretion into the renal tubular fluid and, therefore, 
into the potential urinary space. Because more 16:3(8- 
OH)  is released into the basal fluid, which in this model 
system represents the polarity of the kidney parenchyma 
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and circulation, one might speculate that this metabolite 
may have some heretofore unidentified functional signifi- 
cance. Further studies to investigate this question are cur- 
rently in progress. M 
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