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.Ahstract --The etl’ects of dtethylaminocth~l diphen>lvalerate HCI tSKF 5341, 
1 “‘-[( I-mcth\ I-~.4-dipl~cn~lbut~lidc~~e)b~s~~~-I~t~en~lct~co~~ I] bistricth~lnmine oualatc tSQ -.- 
IO.59l). carnitine and patmitoyl carnitine on cholesterol estcritication were studied in the 
mitochondrial and‘microsomal fractions from both interstitial tissue and corpora lutea of 
S-day-pregnancy rabbit ovaries. In the mitochondria at pH 4.4 and without added cofactors, 
SKF 525-A and SQ 10.591 at concentrations of 10-l to 5 x lo-” M significantly inhibited 
esterification of cholesterol and palmitic acid substrates: palmitoyi carnitine inhihited the 
reaction at concentrations of 10m3 M to less than IO-‘” M. whereas carnitine had no effect. 
In the microsomal fractions at pH 7.1. a palmitoyl Co4 substrate uias incorporated into 
cholesteryl esters at a more rapid rate than was a palmitic acid substrate with added ATP 
and CoA cofactors. Incorporation of the cholesterol. palmttic and palmitoyl CoA w&rates 
into microsomal cholcsteryl esters was inhibited by SKF 525-A and SQ 10.591 at con- 
centrationsgrentcr than 5 x IO-’ M. but not inhibited at all h> palmitoyl carnitins or car’- 
nilinc. 

ESTHUFICATION of cholesterol in the early pregnancy rabbit ovary occurs by two 
enzymatic reactions. One is an ATP and CoA-dependent acyltransferase. localized 
primarily in the microsomai compartment. and the other is a non-cofactor requiring 
enzyme active at low pH and is predominantly in the mitochondrial fraction.’ The 
rate of esterificntion by both these enzymatic mechanisms is increased during early 
pregnancy ’ and may bc the mechanism whcrehy the content of ovarian cholestcryl 
esters is increased during this period. It has been theorized that these cholesteryl 

esters provide a storage form of cholesterol3 and may assure the provision of in- 

creased quantities of substrate for steroid hormone synthesis during pregnancy. 
Pharmacologic inhibition of cholesteryl ester synthesis could provide data to further 

elucidate the role of this process in early pregnancy. 
Diethylaminoethyl diphenylvalerate HCI (SKF 525-A) (Fig. 1) has been show to 

inhibit a number of microsomal drug-metabolizing enzymes.4 In addition, this com- 
pound is an inhibitor of cholesterol biosynthesis’~” (at the stage of squalene conver- 
sion to lanostcrol) and also inhibits oxidation of intermediates in the side chain 
degradation reaction pathways in mitochondrk7 The oxidation of long chain fatty 
acids by mitochol~d~-ia. however. is stimulated by SKF 525-A. an effect similar to that 
of uL-carni tine :’ at a low concentration ofcarnitine, SKF 5X-A seems to a~lt~lg~~I~ize 
the latter’s effect on fatty acid oxidation. 
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Ianiinc orialatc is another aniphipathic amine compound which ha5 been shou ii IO 
also inhibit choltxtcrol hios~nthesis bq blocking the con\crsion of tncwlonnle to 

I~rnosterol.x When administ&zd to rats. SQ 10.591 rcsultcd in grcatcr dccrcaes iu 
plasrn~~ and liver cholester>~l esters than in free cholesterol. suggesting XII inhibition 

of cliolcstcrol csterifkation. 
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The aims of the present stud) wcrc to determine tht: eflects irl rirvo of these corn- 

po~tt~ds 011 the ovarian mitochondrial atid n-ticrosoniaI chol~stcrol-csteri~~iii~ 

cn~ynie systems. 

hl.hII.RI1LS .\NI> hit I HOIIS 

Fcmale New Zealand white rabbits, I2 IX months of age: v,c’rc matc‘d. and the 

owrics removed on day X of pregnanq. Onl! ovaries having txidcnt corpora luttx 

of pregnancy were used for the assa> cxperitnents. 
The corpora Iutea wre dissected free of the interstiGa1 tissue. and each ol’ these 

portions was homogenized scp~irutely with ;i groLtnd glass mortar and pcstlc in 0.3 
M sucrose + 0001 M EDTA at ;t concentration of 100 mg, ml. The hotnogct~a~ux 

wt‘re centrifuged for IO min at 500 y. the supcrnakmt has then ccntt-ifuged at I2.000 
g for I5 min and then reccntrifuged at I X,000 q for 15 min. The floating lipid granule 
layt‘r and the supcrnatant ~vt’rc ~\ithdrawn separately with a apillar> pipot. The 
IL000 g tnitochondrial precipitate was rcsuspcnded in an eq~~al \,olutnc of 0.75 M 
sucrose. and recentrifuged. The I2.000 q supernatant was centrifuged at IO4.000 (I 
for 60 tnin. The floating lipid laqcr was carefull) retnowd with ;I cupillar! pipet. and 
then Ihc remainder 01‘ the aupernatant (the c! tosol fraction) removed separately. The 



microsomal precipitate was resuspended in 0.15 M KC1 and recentrifuged. The wash- 

ing (supernatant) from this centrifugation was discarded. 
For assay of esterification by the acyltraisferase reaction. 0.5-m] aliquots of the 

subcellular fractions were mixed with 0.5-m] aliquots of 0.2 M phosphate buffer. pH 
7.1. 19 /moles ATP. 0% Almole CoA and 10 jlmoles M&l,. SK F 525-A. IlL-carni tint. 
[IL-palmitoyl carnitinc HCI (Calbiochem. A grade) or SQ 10.591 were added to the 
incubation solution over a concentration range of IO-” to IO-” M. The palmito~l 
carnitine was dissolved in 10 ~11 propylene glycol before addition to the incubations. 
Control experiments for this series were done by adding IO ,uI propylene gly~~l \sith- 
out the palmitoyl carnitine. A cholesterol-4-l “C substrate (0.0.5/G. 10 nmoles). pal- 
mitic-I-“C acid substrate (0.05 !lc’i. 10 nmoles) or oleic-I-“C’ acid substrate 

(0.05~~c‘i. IO nmoles) in IO ,tl acctonc was added to each and the tubes Lvcrc incu- 
bated at 37 for 2 hr. In other incubations. a palmitoyl-I-“C coenrymc A substrate 
(0.05 /L’i. 10 nmoles) ~vas added to the phosphate bu!%r. All substrates were pur- 
chased from the New England Nuclear Co. In some experiments lJCO, was col- 

lccted in a center well containing 20”,, NaOH. Control aliquots were hcatcd at 90 
for 10 min prior to incubation. The incubations were stopped by addition of 10 ml 
of chloroform~methanol (3: I ) and the lipids extracted by homogenization with a 
ground glass mortar and pestle, centrifuged. and the residue LV;I~ extracted again with 
10 ml chloroform methanol. Aftcr preliminary purification of the samples by the 
procedure of Folch et ~rl.,” they were evaporated to dryness under an N2 stream. dis- 
solved in chloroform and the lipid fractions separated by thin-layer chromatography 
on microscope slides coated with Silica gel H (Brinkmann) using hexane ethyl ether 
acetic acid (X0:20: 1) as the developing solvent. The free and esterificd cholesterol 
zones were scraped into vials and their radioactivities determined by liquid scintilla- 
tion counting in ;I PPO POPOP~~tolucne* scintillation solution using a Packard 
33 14 automatic refrigerated liquid scintillation spectrometer. Quenching 1~~15 moni- 
tored by subsequent addition of internal standards. 

For assay of the non-cofactor estcrification reaction. 0.5ml aliquots of the ovarian 
subcellular fractions were incubated with 0.5 ml of 0.2 M citrate-phosphate buffer. 
pH 4.4. containing 0.05 /tCi, 10 nmolcs of the cholesterol-4-“C. palmitic-’ ‘C‘ OI 
oleic-1-“C substrate for 2 hr at 37 Samples were then processed as in the Assam 
of the preceding acyltransfcrase cnzymc. 

For assay of cholestcryl ester hydrolase. 0.5-m] aliquots of the fractions bvcre incu- 
bated in 0.5 ml of 0.1 M Tris-maleate buffer at pH 6% with 3 mg kit-free albumin 

and 10 ~(1 of cholestcrl I--L”C-oloatc in acetone (Nc~ti England Nuclear, 005 /lC‘i. IO 
nmoles in each tube). for 2 hr at 37 Control aliquots wcrc hcatcd at 90 for 10 min 
prior to incubation. The incubations WI-L‘ stopped by addition of IO ml of ethanol. 
acetone ( I : 1 ). Fret cholesterol in aliquots of these extracts was precipitated ;IS the 

digitonide complex. centrifuged. washed with ether. dissolved in methanol and the 
radioacti\ities were dctermincd as above in both this free cholesterol and in ;I total 
cholesterol aliquot. 

Fret and csterificd cholesterol contents of the fractions were determined fluoromc- 
tricullq, by the method of Zeitman” after separation of these compounds bq thin- 
la!,er chromatography as dcscrihed above. Free fatty acids were determined colori- 
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‘-‘C. oleic-“C or palmitoyl-“C CoA substrates had no significant effect on the reac- 
tions in either the mitochondria or microsomes. 

In Table 2 are indicated the effects of IO-’ M concentrations of SKF 525-A. 
ix-carnitinc. Ix_-palmitoyl carnitine and SQ IO.591 on mitochondrial csterification 

Interstitial + 
No additlona 

SKF 525-A 
Ix-Carnltinc 
Paltmto!l carnitine 

SQ IO.591 
Corpora lutea + 

No additions 

SKF 525-A 

lx-Carmtine 

Palmitoyl carnitine 
SQ IO.591 

I.32 * WI4 
0.70 * 0.09 
I.35 * 0.13 
0.17 * 0.0x 

0.68 * 0. IS 

I.12 * 0.12 
0~64 * 0. I7 

I.17 * 0.21 
0.15 + 0.06 

0,55 * 0.08 

0,s I * 0. I? 

0.38 I Owl 
0.x3 & 0.09 
0. I I & 0.0 I 

0.39 * 005 

0.77 _t 0.13 

0.58 * 0.10 

0.71 * 0.14 
0.23 & 0.04 

0.40 * 0.05 

* Esterification was assayed at pH 4.4 as described in Table I. Each compound 

was added to the media at a concentration of IOmJ M. 

of cholesterol and palmitic acid substrates at pH 4.4 with no added cofactors. Palmi- 
toy1 carnitine had the greatest inhibitory effect (8X36 per cent inhibition with both 
the cholesterol and palmitic acid substratcsl Carnitine produced no inhibition of 
esterification, whereas SKF 525-A and SQ 10,591 at IO-’ M partially inhibited the 
esterification reaction. The degrees of inhibition were similar in mitochondria of both 
the interstitial tissue and the corpora lutea. 

The effects of concentration of each compound on the degree of inhibition of incor- 
poration of cholesterol-‘“C into the interstitial mitochondrial cholesteryl esters are 
indicated in Fig. 2. Palmitoyl carnitine showed the most potent inhibitory effects. 

I I I 
10-e 10-S 10-4 10-S 

MOLAR CONCENTRATION OF ADDED COMPOUNDS 

Flci. 2. Estcritication of a cholesterol-‘“C substrate hy ovarian intcrstltial mitochondria at pH 4.4 M ith 
no added col;~ctot-s. Incuh;ttlon condltinns arc ft\c‘n an Tahlc I. Acti\ltich al-c c\prcsscd ah pcl-ccntafc> 01 

the control c\tcrification. 
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whercas carnitine in the range of IO-” to 10 ~’ M had no significant eff‘ects on esteri- 
fication. SKF 515-A and SQ IO.59 I showed parallel relationships of concentration 
to inhibition of the reaction. Significant inhibition appeared to begin at 5 x IO ’ 
M, and at 10m3 M esterification was less than 20 per cent of the control values. 

The effects of addition of thcsc compounds on esterification of cholesterol-“C’. 

palmitic-’ ‘c and palmitoyl-‘“C CoA by the microsomal fractions at pH 7.1 arc indi- 
cated in Table 3. ATP and CoA were added to incubations with the cholesterol and 

palmitic acid substrates but not with the palmitoyl CoA. SKF 515-A and SQ 10.591 
at concentrations of IO-” M resulted in significant inhibition of incorporation of 
each substrate into both interstitial and corpora lutea cholester>l esters. Unlike the 
effects on mitochondria at pH 44. palmitoyl carnitine had no inhibitory efl’ect on 
incorporation of the cholesterol or palmitic acid precursors into cholestoryl esters 
by the microsomal fractions; palmitoyl CoA incorporation was also not significantly 

affected. 
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In Fig. 3 are shown the effects of lo-” to lo-” M concentrations of SKF 525-A, 

SQ 10,591, palmitoyl carnitine and carnitine on incorporation of the palmitoyl-‘“C 
CoA substrate into the interstitial microsomal fraction. Significant inhibition by 
SKF 525-A and SQ 10.591 seemed to begin at 10e4 M, and esterification at 10m3 
M was less than 20 per cent of the control. Carnitine had no effects at any of the 
concentration levels. and palmitoyl carnitine induced a slight rise (of borderline sig- 
nificance) in activity at IO-” M. 

No significant effects on cholesteryl ester hydrolase activities of either the mito- 
chondria or microsomes were induced by any of the added compounds, and no dif- 
ferences in oxidation of any of the fatty acid substrates to ‘“CO? were noted. 

DISCUSSION 

As found in previous investigations,’ the low pH, non-cofactor esterification reac- 

tion was hjghest in the mitochondria, and the ATP-CoA-dependent acyltransferase 
reaction was highest in the microsomal fraction; therefore. most assays with the 
added compounds were done utilizing the mitochondria for the former reaction and 
the microsomes for the latter. Esterification of the palmitoyl CoA substrate by the 
microsomal fraction was found to occur at a much faster rate than esterification with 
the palmitic acid substrate with added ATP and CoA cofactors, suggesting that the 
formation of acyl CoA thioesters is a rate-limiting step in this reaction sequence. The 
inacti~~tiorl of illicrosomal esterification by freezing may have resulted from denatu- 
ration of the acyl CoA synthetase or the acyltransferase enzymes. or by alteration 
of the spatial arrangement of these enzymes within the microsomal membranes such 
as to interrupt the reaction sequence. 

SKF 525-A and SQ 10,591 at concentrations of 5 x lo-” to IO-” M. and palmi- 
toy1 carnitine at lo-” to 10m3 M each inhibited the incorporation of cholesterol and 

palmitic acid into mitochondrial cholesteryl esters. In contrast to palmitoyl carnitine. 
carnitine alone showed no inhibition at any of the concentration levels studied. sug- 
gesting that the amphipathic properties of the acylcarnitine may be essential for this 

effect. Similar inhibitory effects by SKF 525-A and SQ 10.591 were noted on incor- 
poration of cholesterol. palmitic acid and paImitoy1 CoA substrates into the microso- 
ma1 cholesteryl esters. These effects on the nlitocholldria and microsomcs appeared 
to be a true inhibition of cholesterol esteri~catioll, since the rate of hydrolysis of cho- 
lesteryl esters was not stimulated by any of the compounds. Although SKF 525-A 
has previously been reported to stimulate fatty acid oxidation to CO1 by mouse liver 
and beef heart mitochondria.’ this effect was not observed in the ovarian mitochon- 
dria in the present study and neither was increased ‘“CO? from the substrate fatty 
acids produced by the other added compounds. 

The mechanisms whereby these compounds produced their inhibitory effects could 
be via their interaction with the substrates or enzymes involved in the csterification 
reaction or on the permeability of the mitochondrial or microsomal membranes to 
these substrates. Compounds with surface active properties have been observed both 
to enhance and inhibit reactions of enzymes with lipid substrates.‘” Surface tensions 
of aqueous solutions containing SKF 525-A have been shown to progressively de- 
crease from a baseline of 70 dyne&m at IO-” M to 46 dyne&m at 5 x 10m3 M 
(the critical mice&r concentr~~tion).” This decrement in surface tension does occur 



over the same range of concentration at which both SKF 515-A ;tnJ SQ 10.59 1 

showed their inhibitory cflects in the present experiments. ltt other ~tttdics. SK t: 515- 
A has been shotvn to interact with cholesterol monolaycrs at ~ol~~~il~t.~tt~~~tl~ OI 

6 x 10 -.’ M. penetrating the film5 and changing their character from concicn~c~i 10 

;IIN~ palmito>l c;trnitinc 
may induce the l%rmation of mixd miccllcs with rhc cholc~terol or frttt? itcid sub- 
strates. If the cnqmcs involwd in cholcs1~roI ~stcriljc~iti~~il ;irc of the flux IV &;trac- 

terircd by Watt ct (I/.“‘ 3s acting on on14 monomeric 2nd not on miccllur fc>rtns 01‘ 
lipid subrttxres. formation of Ihc miccllcs coLtId dtxt-case Ilic ~~~‘Iocit! 01‘ the cstcrifica- 
tion reaction. Contrary to the idea of an inhibitot- sub\tratc intcractioii bc’tng 111~ 

mechanism of inhibition is the fact that inccwporation of cholesterol. f:ttt! acid 2nd 
acyl CoA substrates. co~li~~~~~~rl~js of ~idcl) diil’ct-cn t polarities and aqueous SOILI hiii- 
ties. dart: inhibited to similar drgrccs by each of the added compounds. Also. the 
addition of a non-ionic surface active agent, Twen 80 (poly>xyethylcne sorbitan 
mono-oleate) at concentrations of 0.25 pg,~ml and 0.5 /cg.‘ml produced no inhibitor\ 
effects on esterification of any of the: substrates in the mitochondria or microsotnes. 

Direct &ects on the enzymes or on the enzyme abstrate interactions are othct 
possible mecll~nis~ls of action of these compouIids. Kinetic data from a prwious 
study suggest that the inhibition of X-detnethylation of lipid-soluble drugs by tnicro- 
somes may be a competitive type of inhibition.‘q The inhibition of estcrification bq 

the cationic atnphipathic compounds in the present experiments could lx the result 
of a competition with the acq’l C’oA s\nthctase or the acyltransferase for the nega- 
tiveiy charged frtttl acid substrates. It is possible that the inhibitor?; effect of palmi- 
toy1 carnitine at pH 34 on the tni~ocli(~ll~iri~ti I-caution snci the iack of’ itlliibi(it~ll at 
pH 7.1 in both the mitochondria and microsomcs arc in part attributahlc IO tiw tiif- 
fcrcnt charge on thz palmitogl carnitinc at thcsc difYcring 1-1~I wlucs. 

It has been postulated that ;I lipid bound;tr> laJ,cr ma? limit the pcnctratioti of 
polar sitbsttxtes into the inicrctsnm~tl mcnilxtn~~’ ’ Other investigalions suggest Ilxi~ 

SKF 525-A ma! iti~iil?i~ the :tction of drug-tnctaholi,ing md ctthcr ctm mcs via at1 

ititcraction tvith tlic tnicroscttiial tmmbraiic wdi 3s to alter its pct-mcitl~ifil~.‘il SKf- 

5X-A has. in fact, been sho\l;n to bccotne strongly bound to the microsomcs. wch 
that it is not r~nmwd b! dialysis or \kashing.“’ Addition of SKF 535-A in it IIKII~- 

branc simulation experiment (cholesterol-lccithiii monolu~crs on ~I~LICOLIS solutions) 
itf t,irw resulted in an interaction of the drug \vith the monolawr and ;I rcsulGng in- 
creased surface prcssurc and ~~~~~tiisi~~~~ of the I;I>cT. ’ ’ An ~tl~cration of t~~~ttil~~~111~ 

permeability would probahl~ best aplain the similar inhibitor> cffccts of each 01‘ the 
cotnpc~~ttids in fhc pt-escnt cxpcrimcnt on incorporation of the di\ersc ILpcs of ul~- 

strata that wure ulili/cd. and the siniilaritl of ~fYcc1.s on both tnitochondria and mic- 
rosomcs. 

Although it cannot bc delinitciy prcdictcd from the above sturiics i77 r’ifro u IIC~~CI- 

the observed cflects on ovnriun cholesterol c~~ct-itic~tti~~l~ of the ~{~I~~~~~LII~~~s s~tttficd 

will bc similar in intact biological systems, it has been prcvictuslq obscrvcd that SQ 

IO.591 administered to rats resultL’d in not onI! ;I block in conwrsion of pcr~>l~rcnol 
phosphate precursors to sc~ualcnc and lanost~-01. but also im qiiallq tiiarkcct dc- 

crease in plasma and liver estc‘rilicct cholesterol. ’ Fret cholcstcrol concctittxti~~t~~ in 
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plasma and liver were not decreased. In addition. incorporation of acetate-14C into 
plasma and liver cholesteryl esters was decreased, but incorporation ii? niuo into free 
cholesterol was not decreased.* These data suggest that a primary effect of SQ 10,591 
in ciao may be an inhibition of cholesterol esterification. 

It has been suggested that the cholesteryl esters in the ovary may constitute a stor- 
age form of substrate for steroid synthesis,” which becomes available upon enzymatic 
hydrolysis of these esters. Compounds which inhibit the formation of cholestergl 
esters may be a useful tool for elu~id~~ting the role of these cholesteryl esters in steroi- 
dogcnesis. in particular during the early pregnancy period. when cholesterol-esterify- 
ing activity and cholcsteryl ester levels rise markedly.’ and there is an accompanying 
rise in storoidogenic activity. 


