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SEPARATION OF HYDROXYLATED 
METABOLITES OF FATTY ACIDS (Cio-Ci8) 

ON A pPORASlL SILICA COLUMN USING 
AN ISOCRATIC HPLC SYSTEM 

M. J .  Clarke, R. L. Hawke, and R. M. Welch 
Department of Medicinal Biochemistry 

Wellcome Research Laboratories 
3030 Corn wallis Road 

Research Triangle Park, North Carolina 2 7709 

ABSTRACT 

A simple, versatile, and rapid normal-phase isocratic HLPC 
system is described for the analysis of the major (omega and 
omega-1) metabolites of c1O-c18 chain length fatty acids 
formed upon incubation with rat liver microsomes and NADPH. 
Quantitation was achieved by radiometric detection. Chro- 
matographic separation was performed by elution of the fatty 
acids and their omega and omega-1 metabolites from a lop 
silica column (pPorasi1) with hexane:2-propanol:acetic acid 
(96.5:2.5:1.0). Retention times for these metabolites ranged 
from 10 to 13 minutes for stearic acid and from 16 to 21 min- 
utes for capric acid. Recovery of the fatty acids and their 
metabolites from the column was greater than 95 percent. 
Relative quantitative conversion of the fatty acid substrates 
to omega and omega-1 metabolites was in the following order: 
myristic acid > capric acid = lauric acid = palmitic acid >> 
stearic acid. The omega products were formed preferentially 
over omega-1 products of all the fatty acids except lauric the 
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1712 CLARKE, HAWKE, AND WELCH 

acid. The method proved suitable for routine determination of 
NADPH-dependent fatty acid hydroxylase activities in rat liver 
microsomes. 

INTRODUCTION 

Saturated fatty acids serve as substrates for a highly 

specific form(s) of cytochrome P-450 in microsomes from rat 

liver and kidney, which yield the omega and omega-1 

hydroxylated products as major metabolites (1,2). Current 

methods employed for analysis of hydroxylated fatty acids 

consist of TLC procedures that fail to resolve the omega and 

omega-1 products ( 3 ) ,  and radio-gas chromatographic procedures 

that require derivatization (1). Reverse-phase HPLC pro- 

cedures, which require methylation of the metabolites or a 

step-wise gradient system have been described for lauric acid 

hydroxylation products (4,s). These HPLC methods are hampered 

by long analysis times and poor resolution. More recently, 

attempts have been made to derivatize hydroxylated fatty acids 

with strong UV-absorbing chromatophores (6) with some success, 

but resolution is still unsatisfactory and reasonable retention 

times require high flow rates. 

Although the biochemical importance of omega and omega-1 

hydroxylations are not fully understood, they are thought to be 

initial oxidation steps ( 7 )  in the metabolism of fatty acids 

and prostaglandins to their final excretory products (8 ) .  The 
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HYDROXYLATED METABOLITES OF FATTY ACIDS 1713 

selective induction of a cytochrome P-450 isozyme in rat liver 

microsomes catalyzing the omega and omega-1 hydroxylation of 

lauric acid has been demonstrated following exposure of rats to 

the hypolipidemic drug clofibrate (5) .  Holm et al. (9) demon- 

strated the formation of novel omega hydroxylation products of 

PGEl and PGE2 in rat liver microsomes and showed that their 

formation was inhibited in the presence of lauric acid, suggest- 

ing that fatty acids may compete as alternative substrates for 

the same PG omega hydroxylases. Omega hydroxylation of leuko- 

triene b4 is a major route for its degradation by polymorpho- 

nuclear leukocytes (10) and rat liver microsomes (11). The di- 

carboxylic acids of prostaglandins are present in the urine of 

mammals ( 1 2 ) ,  but dicarboxylic acids of straight chain fatty 

acids are present only in substantial amounts in mammalian 

urine during fasting or ketotic states ( 1 3 ) .  The observation 

that omega hydroxylation is elevated during fasting has prompt- 

ed several investigators to study the involvement of omega hy- 

droxylation products of fatty acids in gluconeogenesis (14). 

The availability of a rapid and more sensitive analytical 

procedure for quantitating the omega and omega-1 hydroxylation 

products of a variety of fatty acids is important to further 

our understanding of the role of the hepatic rnonooxygenase 

system in fatty acid metabolism. This report describes a sim- 

ple and versatile normal phase isocratic HPLC system for the 

analysis of omega and omega-1 hydroxylation products of fatty 
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1714 CLARKE, HAWKE, AND WELCH 

acids (ClO’c18) formed during incubation with rat liver 

microsomes. 

METHODS AND MATERIALS 

NADPH and 12-hydroxylauric acid were purchased from Sigma 

Chem. Co. (St. Louis, Mo.). [l-14C] Lauric, (26 mCi/mmol); 

palmitic, (58 mCi/mmol); stearic, (57 mCi/mmol); and myristic, 

(60 mCi/mol) acids were purchased from Amersham/Searle Corp. 

(Arlington Heights, Ill. ). [1-14C]Capric acid (52 mCi/xxxnol) 

was purchased from CEA (Yvette, Fr.). Mobile phase solvents 

used were pesticide grade hexane, 2-propanol, acetonitrile, and 

1,2-dichloroethane purchased from Burdick and Jackson Labs 

iMuskegon, Mich. ). Analytical grade ether was purchased from 

Mallinckrodt Inc. (Paris, Ky. 1, and acetic acid was purchased 

from Aldrich Chemical Co. (Milwaukee, Wis. ). 

Microsomes were prepared from the livers of male CD rats 

(300 g) supplied by Charles River Breeding Labs (Wilmington, 

Mass. 1. Liver homogenates (20X w/v) were prepared in 0.25 M 

phosphate buffer (pH 7.4) containing 1.15% KC1. The homoge- 

nates were centrifuged at 9000 x g for 20 minutes, and the pel- 

let was discarded. The supernatant was centrifuged at 105,000 

x g for one hour and the pellet from 1.0 gram of liver was resu- 

spended in 1.0 ml of 0.1 M phosphate buffer (pH 7.4). Incu- 

bation mixtures contained 50 nmoles of each [1-14C] substrate 
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HYDROXYLATED METABOLITES OF FATTY ACIDS 1715 

and microsomes (approximately 0.5 mg protein) in 1.0 ml of 0.1 

M phosphate buffer (pH 7.4). The reaction was initiated by 

the addition of 1.0 umoles of NADPH. After 10 minutes incuba- 

tion at 37OC, the reaction was stopped by the addition of 

0.25 ml of 4.0 N HC1. The hydroxylated products and substrates 

were extracted with 5.0 ml ether, which was removed and evapo- 

rated to dryness under N2 in an ice bath. By this procedure 

over of the total radioactivity was recovered in the ether 

extracts for each of the fatty acids studied. 

99X 

The dried samples were redissolved in 0.175 m l  of the mo- 

bile phase (2-propanol: hexane:acetic acid/2.5: 96.5: 1 .O) , and 

0.05 m l  was injected for HPLC analysis. The HPLC analyses were 

performed on a Waters Model 720 system controller, a Model 710B 

Autosampler, The column used in the sepa- 

ration was a 10 micron 3.9 x 30 cm VPorasil column (Waters 

Associates Inc. Milford, Mass.) at a flow rate of 1 ml/min. De- 

tection of the radiolabelled substrates and products was per- 

formed on a Packard Model RAM 7500 radioactivity flow monitor 

(Downer Grove, Ill.) equipped with a 0.6 ml flow cell. The 

radioactive products from the HPLC analysis were collected 

using a Gilson Model 201 fraction collector (Villier Le Bel, 

Fr. ). The trimethylsilyl (TMS) methyl esters of the hydroxy- 

lated fatty acids were prepared by first methylating the dried 

samples with diazomethane dissolved in ether at 8OoC for 30 

minutes. Next, the ether was evaporated, and the methylated 

and two 6000A pumps. 
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1716 CLARKE, HAWKE, AND WELCH 

products were s ily lated with BSA ( N, 0- bis (Tr imethy 1s ily 1 ) acet - 
amide; Supelco Inc., Houston, Tx.) at 80 "C for 1.0 hour for 

gas chromatographiclmass spectroscopic (GC1M.S) analysis. The 

gas chromatograph was a Sichromat 2 Siemens (ES Indus., 

Marlton, N. J.) equipped with DB-17/DB-5 capillary columns 

(Supelco Inc., Houston, Tx. 1. The mass spectrometer was a 

5970 Hewlett Packard equipped with a 9836C Hewlett Packard 

computer (Hewlett Packard Inc., Palo Alto, Calif.). The GC was 

programmed for a 3 minute hold at 100°C followed by a ramp to 

28OoC at 25OC per minute on the DB-17 column. At 5.5 

minutes the flow was diverted to the DB-5 column for GC/MS 

analysis generated by electron impact (70eV) fragmentation. 

The "MS methyl ester of authenic 12-hydroxylaurate was prepared 

as described above and used as the reference standard. 

RESULTS AND DISCUSSION 

Incubation of each fatty acid with rat liver microsomes in 

the presence of NADPH resulted in the formation of two or more 

polar metabolites. The two most polar metabolites (labelled A 

and B in Figure 1) formed by the incubation system were select- 

ed for further characterization, because previous literature 

reports on the hydroxylation of fatty acids by microsomes from 

various sources indicate that the omega and omega-1 hydroxy- 
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HYDROXYLATED METABOLITES OF FATTY ACIDS 1717 

lation products account for most, if not all, of the polar 

metabolites formed in vitro. The elution pattern for capric 

acid and its major metabolites A and B is'shown in Figure 1. 

Approximately 11% of the capric acid was metabolized; 74% of 

the total metabolites formed were represented by metabolites A 

and B. Clear resolution of the two metabolites was observed 

with retention times of 16 and 21 minutes, respectively. Meta- 

bolites A and B of lauric acid had retention times of 13 and 17 

minutes, respectively, and they accounted for 86% of the total 

radioactive metabolites formed (Figure 1). Interestingly, four 

metabolite peaks were observed for lauric acid while eight meta- 

bolite peaks were observed for capric acid. Extensive conver- 

sion of myristic acid to polar metabolites was evident as de- 

picted in the radiochromatogram. Approximately 31% of the my- 

ristic acid was metabolized and 53% of the metabolites formed 

were represented by metabolites A and B with retention times of 

11.5 and 15 minutes, respectively. The longer chain fatty 

acid, palmitic acid, and its metabolites A and B are shown in 

Figure 1. Approximately 14% of the substrate was metabolized, 

with metabolites A and B accounting for 71% of total radio- 

active metabolites formed. The retention times for metabolites 

A and B of palmitic acid were 11 and 14 minutes, respectively, 

somewhat shorter than those observed for the shorter chain 

hydroxylated metabolites. With stearic acid, only 7% of the 

total substrate was metabolized, and 30% of the products formed 
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I RETENTION TIME (mln) 1 

l i  IIJU. 
ilr io is 160 iis i i o  i i s  &.o 

RENTENTION TIME (min) 

R€rENTION TIME Imlnh I 

B I 

RETENTION TIME (mln) 1 

Figure 1. HPLC radiochromatograms of [ 1-14C] Fatty Acids (Clo-Cle) 
and their metabolites formed by rat liver microsomes using 
conditions stated in the text. 
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MOBILE PHASE I 

0 0  
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HEX 79.7 
ACN 3.8 
HAC 1.0 
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E 

I- 
z 

15 
B Metabolites 
A Metabolites 

Parent 
Acids - 

‘‘lo ‘12 ‘U ‘16 ‘18 
CHAIN LENGTH 

Figure 2 .  The effects of mobile phase composition on separation 
of Cl0-Cl8 Fatty Acid metabolites. 

could be accounted for by metabolites A and B, with retention 

times of 10 and 13.5 minutes, respectively. 

During t h e  course of this work two mobile phases were em- 

ployed in an attempt to increase resolution. The relationship 

between retention time and chain length for the fatty acid 

metabolites A and B are illustrated in Figure 2 .  Mobile phase 

I resulted in poorer resolution even though retention times 

increased for both metabolites. Based on this finding, mobile 

phase I1 was selected for the separation of the A and B meta- 

bolites. Figure 2 also shows that the parent acids were not 
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1720 CLARKE, HAWKE, AND WELCH 

selectively retained on the column (all of the fatty acids elut- 

ed within 5 minutes). 

Metabolites A and B from some of the fatty acids were col- 

from the HPLC, and their TMS methyl esters were subject- lected 

ed to gas chromatographic and mass-spectral analyses. Their 

retention times, ion assignments and relative intensities are 

shown in Table 1. The fragmentation of the 12-hydroxylaurate 

standard yielded mass fragments at m/z 287, 271, 255 

(M-47 and base peak), 159, 146, 103, 95, 89, 75, and 69. Like- 

wise, metabolite B fractions from all of the fatty acids examined 

Table 1 

Mass Spectral Analysis of the TMS Methyl Ester of 
the Hydroxylated Products of ClO-cl6 Fatty Acids 

Metabolite R.T.~ Relative Abundance 
minutes 

M-[CH3]+ m/z 103 m/z 117 

Capric Acid 
B 7.28 50.9 30.9 - 

Lauric Acid 
A 8.00 3.4 - 100 
B 8.45 37.5 16.1 - 

Myristic Acid 
A 8.98 2.5 - 100 
B 9.45 30.1 21.0 - 

Palmitic Acid 
B 10.4 36.2 22.7 - 

'Retention time from GC analysis. 
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HYDROXYLATED METABOLITES OF FATTY ACIDS 1721 

yielded a base peak (M-47) as was observed with the standard. The 

m/z fragment at 103 is indicative of an omega hydroxy group for 

the TMS derivatives of the hydroxylated fatty acids. This frag- 

mentation product, [(CH3)3SiOCH2]', is a major ion found 

in all of the B metabolites as well as the standard. The mass 

spectra of the A metabolites were similar, with the base peak oc- 

curring at 117. The m/z 117 ion, [(CH3)3SiOCHCH3]+, is 

generally produced from omega-1 hydroxylated fatty acid TMS 

methyl esters (15,161. 

Based on GC/MS data, the major metabolites formed from the 

c1O-c18 fatty acids are the omega (B metabolites) and omega-1 

( A  metabolites) hydroxylated products. Mobile phase I1 permitted 

good of these products without the high flow rates as 

needed during reverse-phase HPLC analysis. In addition, sharp 

peak were achieved with this system, permitting improved 

quantitation even with low enzyme activity. 

resolution 

Table 2 shows the rates of omega and omega-1 product for- 

mation in the incubation system for c1O-c18 chain length 

fatty acids. The highest rate of omega and omega-1 product for- 

mation was observed with myristic acid, while comparable rates 

were observed for capric, lauric, and palmitic acids. Stearic 

acid was the least favorable substrate of those examined in this 

system. Interestingly, Ellin and Orrenius made similar obser- 

vation when rat kidney microsomes served as an enzyme source (2). 

The product ratios for omega/ omega-1 hydroxylations ranged from 
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1722 CLARKE, HAWKE, AND WELCH 

Table 2 

Formation of Omega ‘and Omega-1 Hydroxylated 
Products of Fatty Acids Using Rat Liver Microsomes 

Fatty Chain Sp. Activity 
Acid Length 

nmoles formed 
10 min x mg protein 

Omega- 1 Omena 

Capric c10 2.32 2 .14 6.81 i .66 

4.00 2 .41 3.05 2 .27 Laur ic c12 

Myristic C14 9.23 2 -24 15.40 & 2.46 

Palmitic c16 2.19 2 .16 5.90 5 .48 
- 1.24 + .10 Stearic ‘18 

Ratio 

w - 
w- 1 

2.93 

1.31 

1.67 

2.69 

- 

Values represent means 2 standard error of duplicate or tripli- 
cate assays for four animals. 

1.31 for lauric acid to 2.93 for capric acid (Table 2). The 

values are comparable to those reported by Bjorbhem et al. (1). 

This method has proved to be suitable for the routine deter- 

mination of NADPH-dependent fatty acid hydroxylase activity in 

rat liver microsomes. We have identified major metabolites of 

ClO’c16 fatty acids to be omega and omega-1 hydroxylated 

products. Tamburini et al. (17) suggested that induction of 

omega hydroxylase activity is linked to the pharmacology and 
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HYDROXYLATED METABOLITES OF FATTY ACIDS 1723 

toxicology of clofibrate and other hypolipidemics. The develop- 

ment of a versatile and rapid HPLC system for the separation of 

major metabolites of c1O’c18 fatty acids may assist in es- 

tablishing the relationship between omega hydroxylation and 

hypolipidemia. 
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