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SUMMARY 

Incubation of lauric acid with rat liver microsomes and NADPH yielded 
a mixture of ii-D-, i l-L-, and i2-hydroxylauric acids. if-L- and 1 i-D- 
hydroxylations of ii -2H2-lauric acid were accompanied by marked iso- 
tope effects, indicating that in these reactions splitting of the C-H bond is 
rate limiting. When 1 i- and 12-hydroxylations of lauric acid were 
carried out in D20, i2-hydroxylation but not i i-hydroxylation was in- 
hibited, showing that different steps are rate limiting in the two reactions. 

The rate-limiting step in hydroxylations catalyzed by the microsomal 

fraction fortified with NADPH has been defined only in a few instances 

(l-4). The possibility that breaking of the C-H bond in the substrate is 

rate limiting in such hydroxylations can be studied with specifically 

deuterium- or tritium-labeled substrates. Microsomal hydroxylations 

are known to involve direct elimination of hydrogen from the substrate, 

and substitution of this hydrogen with deuterium or tritium will lead to 

a kinetic isotope effect for the over-all reaction, provided the loss of 

the isotope occurs in a rate-limiting step. Recently (4), it was shown that 

microsomal 9-hydroxylation (&2-hydroxylation) of o-‘HZ-decanoic acid 

involved a marked isotope effect, indicating that breaking of the C-H bond 

in the substrate is rate limiting in W2-hydroxylation of decanoic acid. 

On the other hand, microsomal iO-hydroxylation of iO-‘Hj-decanoic acid 

(W I -hydroxylation) occurred without isotope effect, showing that break- 

ing of the C-H bond is not rate limiting in this reaction. It was considered 

of interest to examine if the same situation prevails for &I- and& 2- 
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hydroxylation of lauric acid. In contrast to decanoic acid which is 

hydroxylated in the up2-position only to a small extent, lauric acid is 

hydroxylated as efficiently in the ti 2- as in the WI-position (ii- and i2- 

positions respectively) by the microsomal fraction of a rat liver homo- 

genate fortified with NADPH (5). A further reason to study the rate-limit- 

ing step in y-hydroxylation of lauric acid is that lauric acid gives type I 

spectral changes when mixed with microsomes (6). It has been suggested 

from the results of studies of microsomal hydroxylations of drugs that 

the rate-limiting step in microsomal hydroxylations of type I compounds 

is the reduction of the cytochrome P-450-substrate complex (3). It has 

also recently been shown that some microsomal hydroxylations which 

involve reduction of cytochrome P-450-substrate complex as rate-limiting 

step are inhibited by 20-50s when the hydroxylations are performed in 

a medium with D20 (7). 

The present work deals with& 2-hydroxylation of lauric acid, spec- 

ifically labeled with deuterium in the W 2-position, and with the effect of 

D20 on&i- and&2-hydroxylations of lauric and decanoic acids. 

MATERIALS AND METHODS 

I-14C-Laurie acid (20 uC/mg) and i-i4C-decanoi-c acid (2 pC/mg) 

were obtained from Radiochemical Centre and were purified by silic 

acid chromatography (4, 5). ii -2H2-Lauric acid was prepared by anodic 

coupling of sodium 2-2H2-propionate and methyl hydrogen undecadioate 

followed by silic-acid chromatography and reversed-phase partition 

chromatography (4). The identity of the material obtained (m.p. 42.5- 

43.5O, lauric acid, 42. 5-43. 5O) was established by thin layer chromato- 

graphy and gas-liquid chromatography (2.2% QF-1, methyl ester) as well 

as mass spectrometry. The mass spectrometric analysis showed that 

the material mainly consisted of dideuterated molecules (cf. Table I). - 

The procedure for preparation of the microsomal fraction was the same 
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TABLE I. Experiments with ii -2 HZ-lauric acid and mixtures of i i- ‘H2- 

and i 1 -‘H2-lauric acids. 

Compounds Isotope content 

-. 
1 l-‘l-X2-Laurie acid incubated 

D-i 1 -hydroxylauric acid 
isolated 

L-i i-hydroxylauric acid 
isolated 

li-2H 
incuba ed f 

f ii-‘H2-Laurie acid 

D-ii -hydroxylauric acid 
isolated 

L-i i-hydroxylauric acid 
isolated 

% of molecules with 

0 deuterium I deuterium 2 deuterium 

0.6 4.4 95.0 

2 98 0 

2 98 0 

39.5 2. 5 58.0 

71 29 0 

73 27 0 

as that described previously (4). In incubations with lauric acid, 100 pg 

of the acid, dissolved in 50 ~1 of acetone, was added to 1 ml of microsomal 

suspension (containing about 4 mg of protein) together with 3 pmoles of 

NADPH in a total volume of 3 ml of 0.1 M potassium phosphate buffer, 

pH 7.4. Incubations with decanoic acid were performed in the same way, 

with the exception that 50 pg were used. In some experiments, (cf. Table - 

II) the microsomal fraction was prepared in a medium made up in deu- 

terated water (99.8% pure, Norsk Hydro) instead of water. The incuba- 

tions were run at 37O for 15 min and were terminated and extracted as 

described previously (5). Extracts from incubations designed to study 

the effect of deuterated water were treated with diazomethane and the 

amount of,Uli- and&Z-hydroxylated products was determined with radio- 

gas chromatography under the conditions described previously (5). 
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TABLE II. Effects of D20 on Wi- and u2-hydroxylation of lauric and 

decanoic acid. 

Substrate Lu 1 -Hydroxylated 
product in 

UJ 2-Hydroxylated 
product in 

D2° 

Laurie acid 

Decanoic acid 

% Conversion 

15.2fo.9 i0.it0.8 10.0+0.7 10.0+0.6 

40.221.3 28.if0.6 5.2to.4 6.4'0.5 

u/ i- and W2-Hydroxylated products were assayed as described in Experimental. 

The results given are the means of 4 experiments with standard deviation 

of the mean. 

Extracts from incubations in which the 11 -L- and i 1 -D-isomers were 

separated, were subjected to silic-acid chromatography as described 

previously (4). The hydroxylated products eluted from the column were 

treated with diazomethane and further purified with thin-layer chromato- 

graphy (solvent, diethyl ether - petroleum ether, 3:2 (v/v)). The methy- 

lated hydroxyacids were treated with (R)-i-phenylethyl isocyanate (4) and 

the resulting N-(1-phenylethyl) urethane derivatives obtained were sub- 

jected to gas-liquid chromatography with a column of 2.2% QF-i on Gas- 

chrom Q (cf. 4). The content of deuterium in i 1 -L- and i 1 -D-hydroxy- - 

lauric acid isolated from incubations with i l-‘H2-lauric acid or mixtures 

of ii- 2H2- and ii-i H2-lauric acid was determined with combined gas 

chromatography - mass spectrometry. The intensity of the ions at m/e 

362 and 363 vs time was recorded with the accelerating voltage alternator - 

equipment of an LKB 9000 instrument. The isotope compositions were 

calculated from the area of ions 362/363 after correction for the con- 

tribution to m/e 363 of the unlabeled derivative (24%) and for the contri- 
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bution to m/e 362 of the deuterium-labeled derivative (2%). The ion at 

m/e 362 of unlabeled N-(1-phenylethyl) urethane derivative of methyl 

ii -hydroxylauric acid is formed by elimination of CH3 of phenylethyl 

moiety of the derivative (cf. 4). - 

RESULTS 

i-t4C-Laurie acid was incubated with the microsomal fraction 

fortified with NADPH and 1 i -hydroxylauric acid (3 5-459’0 of hydroxylated 

products) and 1 Z-hydroxylauric acid (55-650/O of hydroxylated products) 

were isolated by silic-acid chromatography (4). The identity of the 

products as ii- and i2-hydroxylauric acid was established by combined 

H3C HCI , *,- cJ-$ ,ICH2)gCOOCH3 
C ‘C 

\,Ao/ -lH 

H 

C 

Ik , 1 I I 

8 10 12 14 

RETENTION TIME (mid 

Fig. 1. Partial gas chromatogram of N-(1-phenylethyl) urethane deriva- 
tive of methyl 11-L-hydroxylaurate (A), 
and methyl i 2-hydroxylaurate (C) b 

methyl 11-D-hydr2xylauratte (8) 

lauric acid ( cf. Table I). 
iosynthetized from ll- H2 + ll- H2- 

- 
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gas chromatography - mass spectrometry of methyl esters of trimethyl- 

silyl ethers which showed a fragmentation pattern expected for methyl 

esters of trimethylsilyl ethers of & l- and I;lr2-hydroxylated fatty acids 

(4,8). The methyl esters of purified ii- and i2-hydroxylauric acid 

were converted into N-(1 -phenylethyl) urethane derivatives and subjected 

to gas-liquid chromatography. The N-( 1 -phenylethyl) urethane derivatives 

of methyl i 1 -hydroxylaurate separated into two peaks corresponding to 

the D- and L-isomers of ii-hydroxylauric acid (cf. Fig. i). The frag- - 

mentation pattern of the N-(I-phenylethyl) urethane derivatives of methyl 

ii- and i2-hydroxylaurate was the same as that of the corresponding 

derivatives of methyl 9- and IO-hydroxydecanoate (4). Authentic, 

optically active i 1 -hydroxylauric acid has not yet been prepared and 

analyzed as urethane derivative. However, by analogy with earlier data 

on gas-liquid chromatographic behaviour of diastereoisomeric urethane 

derivatives of a number of D- and L- WZ-hydroxyfatty acids and 2- 

alkanols it seems highly probable, that the derivative of methyl 1 i-L- 

hydroxylaurate will appear with a shorter retention time than that of 

methyl 1 l-D-hydroxylaurate (4,9). The enzymatically formed ii- 

hydroxylauric acid would then be a mixture of 40-44s of the L-isomer and 

56-600/O of the D-isomer (cf. Fig. 1). - 

Conversion of 1 l-2H2-lauric acid into 1 l-D- and ii-L-hydroxylauric 

acid resulted in loss of one atom of deuterium (Table I). This loss of 

deuterium was accompanied by an isotope effect, as 1 l-hydroxylauric 

acid accounted for less than 10% of the products and i2-hydroxylauric 

for more than 90% of the products from ii-‘HZ-lauric acid. The presence 

of an isotope effect in the conversion was further shown by incubation of 

a mixture of 1 l- 
2 

H2-lauric acid and 11 -‘H2-lauric acid. The ii-D and ii-L 

hydroxylauric acids formed from such mixtures had a ratio labeled 

molecules to unlabeled molecules which was only about 25-30s of the 

corresponding ratio in the material incubated (Table I); 
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The effect of deuterated water on i I- and 12-hydroxylation of 

lauric acid as well as 9- and iO-hydroxylation of decanoic acid is shown 

in Table II. It is evident that with both substrates WI-hydroxylation was 

inhibited by about 30% whereas &2-hydroxylation was not inhibited. 

DISCUSSION 

The present work confirms the previous finding that lauric acid 

is WZ-hydroxylated more efficiently than decanoic acid by the microsomal 

fraction. In addition, it was shown that the ii -hydroxylauric acid ob- 

tained was a mixture containing 40-44s of the ii-l-isomer and 56-60s of 

the 1 i-D-isomer. It is evident that the stereospecificity of IU2-hydroxy- 

lation is dependent on the chain length of the fatty acid as microsomal 

W 2-hydroxylation of decanoic acid yields 9-hydroxydecanoic acid which 

is a mixture consisting of about 25% of the 9-D- and 75% of the 9-L- 

isomer (4). 

The isotope effect in microsomal i 1 -D- and i f-L-hydroxylation 

Of lb2 HZ-lauric acid was of such a magnitude (10) that it is most likely 

that splitting of the C-H bond in the substrate is the rate-limiting step 

in the over-all hydroxylation. The hypothesis that microsomal hydroxy- 

lation of type I compounds involves reduction of cytochrome P-450- 

substrate complex as rate-limiting step (3) is thus not valid for all 

microsomal hydroxylations. It might be mentioned that microsomal 

hydroxylation of taurodeoxycholic acid, which also is a type I compound 

W) 9 may also involve splitting of the C-H bond in the substrate as rate 

limiting step (12). 

The present work also shows that deuterated water might influence 

the rate-limiting step in&i -hydroxylation of lauric and decanoic acids 

as this hydroxylation was inhibited when the reactions were performed 

in deuterated water. The deuterated water might influence the rate- 

limiting step either by affecting protonolysis or hydratisation of the 

enzyme. 
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In a recent study the rate-limiting step in several microsomal 

hydroxylations of steroids was investigated (13). The results of this 

study led to the suggestion that common features of microsomal hydroxy- 

lations in which splitting of the C-H bond is rate limiting are a relatively 

low sensitivity towards carbon monoxide and a low degree of inhibition 

in the presence of deuterated water. This concept is supported by the 

present finding that b2-hydroxylations of lauric and decanoic acids are 

not inhibited by deuterated water and the previous finding (5) that these 

hydroxylations show a relatively low sensitivity towards carbon monoxide. 
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