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was refluxed for 16 hr. and then cooled. Dilution with water
precipitated needles (5.19 g.) which were identified as 1-(4-bi-
phenylyl)cyclopentanecarboxamide (IVd), m.p. 149-151° after onc
crystallization fromn acetone.  An analytical sample melted at
150-151°; Apux 257 mp (e 23,400); vort 1692 (auide) cmn ~Y,

Anal. Caled. for CHpgNO: C, 81.47; H, 7.22: N, 5.2%.
Found: C, 81.80; H, 7.20; N, 5.2%, 5.27.

The above filtrate was extracted with ether and acidification
of the aqueous solution gave only traces of acidic material. The
combined ether extracts were waslied with water, dried, and
evaporated to dryness leaving a yellow amorphous solid (2.62 g.).
This solid was suspended in a 5%; aqueous solution (50 ml.) of
sodium hydroxide and refluxed for | hir.  After cooling, the undis-
solved solid (crude amide) was separated by filtration and the
filtrate was acidified with dilute hydrochiloric acid, Extraction
with ether and working up in the usual way gave 1-(4-biphenylyl )-
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cyclopentanecarboxylic acid (IVe) as & white solid (0.21 g.) which
nielted at 187-189° after oune crystallization from aqueous meth-
anol.  An analyticul sample melted at 200-201°%; N 256 1miu (e
24,200); #5272 1695 (earboxylie acid) c¢ni. -t

Anal.  Caled. for CyHy;;Ou: C, 8115;
S0.79; H, 6.08.

H, 6.87. Found: ()
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The time course of sterol biosynthesis inliibition of two 2,3-diphenylacrylonitriles whiel: block the conversion

of desmosterol to cholesterol is compared with triparanol in orally treated rats.

The data thus obtained are

correlated with drug concentration in the liver and with the effects of these compounds on sterol biosyntliesis

in vitro.

The liver is regarded as a primary site for the syn-
thesis as well as the metabolism of cholesterol.? That
a feed-back mechanism is operative in the liver has
bheen shown by cholesterol-feeding experiments which
produce higher than normal concentrations of choles-
terol in the liver. These livers have a reduced capacity
to synthesize new cholesterol.?* Chemical agents
also affect liver cholesterol, Istrogens which effectively
lower serum cholesterol have been shown to alter
both liver sterol content and the ability of these livers
to synthesize cholesterol.»® Triparanol, a sterol bio-
synthesis inhibitor, does not materially change liver
sterol concentration, but does alter liver sterol com-
position. Desmosterol, which is present in minute
amounts in normal rat liver, replaces much of the
cholesterol in the livers of triparanol-treated animals.”®

In the course of studies of sterol biosynthesis in-
hibitors? that block the conversion of desmosterol to
cholesterol, we became interested in correlating drug
concentration at the site of action with degree of in-
hibition. By administering a labeled precursor to
animals pretreated with the drug we hoped to deter-
mine the extent of biosynthesis inhibition by measuring

{1) Based on a preseutation at the 142nd National Meetineg of the Ameri-
cun Chemical Society, Atlantic City, N. J., Sept. 10, 1962,

(2) D. Kritchevsky, “Cholesterol,” Jobn Wiley and Sons, Ine., New
York, N. Y.. 158, pp. 75, 118,

(3) 1. D. Frantz, Ir., H. 8. Schuenler, and B. T, Hinklepan, J. Bidd.
Ckem,, 206, 465 (1954).

(4) However, it bas also beeu shown in niore recent experiments that iin-
naired liver cholesterogenesis does not always correlate with liver sterol con-
tent: Al. D. Siperstein and M. J. Guest, JJ. Clin. Invest., 39, 642 (1960).

(5) G. 8. Boyd and W. B, McGuire, Biochem. J., 62, 19n (1956).

i6) . 8. Bovd, Federation Proc., 21, 86 (1962).

«7) W. M. Stokes and W. A. Fish, J. Biel. Ckem.. 238, 2604 (1960).

(8) J. Avigan, D. Steinberg, 1I. F. Vroman, M. J. Thompson, and 1.
Mosettig, ibid., 236, 3123 (1960).

() G. M. K. Hughes, P. I'. Moore, and R. B. Stebbins, J. Med. Chem., 7,
311 (1964).

the relative amounts of labeled desmosterol and cho-
lesterol in the liver and to measure at the same time the
drug content of the liver, This report describes an
experiment inn which the drug content of the liver was
correlated with its effect as indicated by the comparison
of radioactive liver sterols following mevalonate-2-(C'**
mjection. lor this purpose two compounds, 2.3-
bis[p-(2-diethylaminoethoxy)phenyllacrylonitrile  (I)
and trans-3-[p-(2-diethylaminoethoxy)phenyl]-2-phen-
vl-2-pentenenitrile (II),* were compared with tii-
paranol (Chart I).
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Results and Discussion.—A relative order of activity
within a group of diphenylacrylonitriles has been estab-
lished from their ability to reduce the apparent plasma
cholesterol of rats.? Determinations of degree of
inhibition of sterol synthesis in rat liver homogenates
by several members of this group gave similar results.
The in vitro effect of drug concentration on the relative
amounts of cholesterol and desmosterol synthesized
from mevalonate in these experiments is shown in

I'ig. 1. A comparison of the drugs at the concentra~
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Fig. 1.—In vitro dose response comparison of triparanol with
I and II. Inhibition of the conversion of desmosterol to choles-
terol is expressed as the per cent of radioactive cholesterol found
in the total radioactive sterols (cholesterol and desmosterol).

tion that produced 509 inhibition of the conversion
of desmosterol to cholesterol indicates that I is
one-third as active as triparanol and II is approxi-
mately 4 times as active as triparanol. These in vitro
relative activities are in general agreement with the
data obtained in vive; however, the observed difference
(IT is 0.9 times triparanol) undoubtedly results from
absorption and transport of drug in feeding experi-
ments.

The time course of biosynthetic block was obtained
by analyzing the liver sterols derived from labeled
mevalonic acid at various times after drug adminis-
tration. The proportion of labeled desmosterol in
the labeled liver sterols then serves as a direct measure
of biosynthesis inhibition. Iuhibition of sterol bio-
synthesis (as indicated by the labeled desmosterol
content of the total labeled liver sterols) and the con-
centration of the drug in the liver plotted as a funec-
tion of time following a single 40 mg./kg. dose of drug,
are shown in Fig. 2. At 1 hr., the first period examined,
triparanol was found in the liver and at that time des-
mosterol constituted 359 of the radioactive sterols.
The drug content of the liver increased quite rapidly and
reached a peak at o hr. The peak of sterol biosyn-
thesis inhibition was reached at approximately the
same time, at which point the conversion of desmosterol
to chonlesterol was almost completely blocked. There-
after the level of drug in the liver decreased rapidly
as did the effect on biosynthesis (Iig, 2A).

The results of a similar experiment with the bis-
ether (I) is shown in Fig. 2B. The concentration of I
in the liver builds up more slowly than does triparanol,
reaching a maximum concentration at 4-5 hr. Maxi-
mum drug concentration in the liver also results in
practically complete block of the conversion of des-
mosterol to cholesterol. This state was maintained

DRruGgs AND STEROL BIOSYNTHESIS INHIBITION 509

00 |
ot
sof
70k {140

» 8ol 1120

g sok 100

&N 40F 180
301, 1 60

E 20} 440

2 ot 20

(-]

2 o [

— 100

-] c

E 90 2

£
8o ]

- £

s 701 140 §

5 o 120 &

5 sof S

;“.; 100 ©

8 40f 80 o

€ 30} so 3

8 2op ¢ 4038
1oL |

3 " . 20

o [

2o0r

o

- sof

< 80F

® 70 [° 4140

o

. 60F Ji20

[

o sof H100
40 180
30t q80
201 {40
10 {20

[ St S o S W S ; ©
G 2 4 6 8 10 12 14 16 18 20 22 24 38 72 96

Hours aofter Single Oral Dose of Orug

Fig. 2.—Correlation of liver drug content with biosynthetic
inhibition: A, triparanol; B, compound I; C, compound II.
The solid line shows the per cent of radioactive desmosterol
found in the total radioactive sterols, and is read from the scale
at the left; the dotted line is read from the riglit and is recorded
as niicrograms of drug per gram of liver.

from the fourth to the twelfth hour after which drug
content and biosynthesis inhibition declined. At 24
hr. there was an apparent increase of drug concentra-
tion and blocking effectiveness. Although the cause
of this phenomenon is not known, the formation of an
active metabolite cannot be excluded.

Treatment of rats with 40 mg./kg. of IT resulted in
almost complete inhibition of the reduction of des-
mosterol to cholesterol at the second hr. as shown in I'ig.
2C. The effect then diminished slowly until the 20th
hr., after which it declined rapidly. Correlation
of the biosynthesis effect with the presence of the drug
in the liver in this instance, however, was poor. The
drug was present in the liver for the first 4 hr. at
levels of about 20 +/g. Thereafter none could be
detected by an analytical method sensitive to 3 v/g.
The reason for this pronounced biological effect in the
absence of detectable concentrations of the admin-
istered drug have not been established, but a reason-
able suggestion is that II is rapidly transformed
in viro to a chemical species not detectable by the
assay employed for the parent compound.

In the course of these experiments we have observed
sterol biosynthesis inhibition resulting from known
liver concentrations of a drug both in vivo and <n vitro.
Although a direct comparison of the amount of drug
required to produce a specific degree of inhibition in
each experiment is not strictly valid, it is still interest-
ing to obtain this comparison. It should be re-
membered, however, that the form in which a drug is
presented to an enzyme system <n wvirvo is probably
quite different from the mechanics of in vitro experi-
ments. The lack of similarity of drug presentation is
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further complicated by absorption, transport, and
possibly metabolism effects encountered in »ivo.

Expressing drug concentration in the in vitro experi-
ment in terms of the weight of tissue used to prepare
the homogenate, a concentration of 60 v of triparanol/g.
of iver in vitro results in 509, uhibition of the reduc-
tion of desmosterol to cholesterol (l'ig. 1). This can
be compared with the 909, mhibition produced 1 vire
at a concentration of 100 v g. (IMig. 2).  On this basiz
of comparison, I was substantially more active in rira
than tn ritro. A concentration of 100  of I g. of
liver ir viro achieved 909, inhibition of biosynthesis,
whereas i1 vilro 180 +.g. inhibited the bhiosynthetic
reaction only about 5097..

Experimental

General Method for Isolation and Identification of Desmosterol
in Rat Liver Sterols.—The livers from 6 rats were blotted to
renteve excess moisture, rombined (total weight approximately
45 g.), and refluxed vigorously for 1 hr. in a solution of 106 potas-
sium hvdroxide in 50%; aqueous ethanol.  For each gram of wet
liver, 3 ml. of solutionn wns used. After cooling, the reaetion
mixture was diluted with an equal voluime of water and extracted
with three 150-ml. portions of distilled hexane. The hexane in
turn was washed with 197 sodium hydroxide, water, dried over
sodilun sulfate, and concentrated to dryness #n vacwo. The
resulting nonsaponifiable fraction (approximately 150-200 mg.)
was  chromatographed on 2 deactivated alumina  columnl!®
designed to separate sterols from other nonsaponifiable residues.
An aliquot of tlie benzene eluate, which contains approximately
St g, of rat liver sterols, was assayved by paper eliromatography
(see below) withh desmosterol!! and cholesterol controls.  The
amotnt of desmosterol present wag estiimated visually by enm-
parison with knawn amounts of cantrol sterols, At intervals,
rat liver sterol composition was veritied by gas-liquid chroma-
tography,!? and in general good agreeinent was obtained with the
method of visual estimation.

By the procedure thus deseribed, control (untreated) rat hiver
contains 1,98 £ 0.12 mg. of sterol/g. of wetliver. The sterol is
pure cholesterol. A typical result of a group of 6 rats receiving
40 mg./kg. of triparaunol for 6 days is 1.97 mg. sterol/g. of wet
liver; the composition of the sterols was 50% cholesterol and 50¢,
degmosterol.

{1 Vivo Experiments.—Pairs af Cluirles River Sprague-Dawley
nale rats each weighing 150 g. were given a single oral 40 mg./
kg, dose of dmg and sacrificed at intervals thereafter. Two
hr. prior to sacrifice ench animal received an intraperitoneal
mjeection of 2 ge, of sodiinm vr-mevalonate-2-C'. Rats that were

(10) 1 K. Sefuteider. R B Clayton, and N, Bloeb, J. Bisl, Chem., 224,
175 (10°7).

it1) Desmosterol wus svinthesized in these lahoratories according to the
method of U. . M. Fagerlnnd and D, R. Tdler, J. Am. Chem. Soc., 79, 6473
(1947).

(12} Gas-bquid chromatography of sterols was determined by the nmethod
of 3. . Lipsky and R. A. Laudowne Aral. Chem.. 33, 818 (1961).
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to be sacrificed at | and 2 hr, received drug aud mevalonate
simltaneously. At sacrifice the livers were removed, combined.
weighed, and homogenized in 10 ml. of wiater.  One aliquet was
assayed for sterols, and another aliquot was assayved for the drng.
The sterol analvsis wus carried out by adding 2.5 mlb of )¢,
potassium hydroxide m 5007 aqgueons ethanol to eaclh ml of
homogenate, whichh was then refluxed under nttrogen far 1.5 hr.
The petrolenm ether extractable, nensaponifiable tfractim wue
chromatographed on deactivated almmina ' An aliquot of the
fraction eluted with benzenc, containing cholesterol and des-
niosterol, was chromatographed i a system consisting »f Whai-
nwn Neo U paper tipregnated with a 159, solution of 2-phen-
oxvethanol i aretone, nud developed in hexane saturated with
2-phenoxyethanol for 3 hr. The chromatogram was dried for
I hr. at 100°, spraved with 10¢, phasphomolybdie aend in
cthanol, and heated at 110° far 3 min. '8

The papergrams were scauned for radioactivity with snitable
controle and sectioned into thin strips. Individual strips were
extracted with 15 mlb. of stundard tolueue seintillator and emmunted
it a Packard Tri-Carh hgnid seintillation counter.

Calibration eurves for drug assavs were caustrueted by adding
known amennts of drug ta liver homogenates, follawed by ex-
traction and spectrophotonietrie assay. A typieal procednre is
deseribed.  All extractions and washings were curied ont by
wechamenl shaking for 30 min. followed by centrifugation.
lirreasing amounts of drmg stoek solntion were added to 5
identical aliguots ot rat liver homogenized in water. "Fhe
homogenate was made basic by the addition of 10 .V sodiimm hy-
droxide solution and extracted with 60 ml of hexane contaiming
150 iseamyl aleohol. Fifty mlb of the hexane cextract wus
waslied with 1 ml of pH 8 buffer, then a 25-ml. portion of the
hexane was extracted with 5 ml of 0.1 N hydrochlorie acid.
The aeid solution was read at the appropriate wave length i a
Beckman DU spectrophotometer, and the observed optieal
density plotred agaimst inereasing concentration.  Satisfactory
results were obtaimed for all assavs. Triparanol was assayed
siniibarly by conversion to the auhydro deriviative, Vs

The retevant spectral data arve: I, 255485 niu (e 25,5001
TE, A2V PO 0R5 e e 145000 triparmol, ASIYUG g g
(e 16,200).

In Vitro Experiments.—Incubations were carried ont as de-
seribed by Bueher and MeGuarralian.®  EFach flask contained
1.5 we. of sodium pr-mevalonate-2-C1 of specific activity 3.3 me./
mmole.  The total volume of each incubation was 5.5 mh
After a 3-hr. period of incubation, the mixture was saponified
by the addition of 6 ml. of 157 aleoholic KOH and allowed to
stand for 17 hr. at 601°.  The sterols were extracted with hexane,
isolited by chromatography on alimiimn, separated by paper
chromatography, and counted ag described in the /n vieo experi-
ments,  Two flagks were averaged for each point. The data
are plotted with the per cent of radioactive cholesterol (of the total
Inbeled sterols, cholesteral, and desmosterob) as a funetion of the
log dose (Fig. 1.

(1:3) We wish vo thank Mr, M. J. Lynch for develnping this chromato-
graphic systemn. The full details of this as well as additional systems far
separating cholesterol and desmosterol will be snbniitted by Mr. Lvneh to
J. Chromatography.

(14) G Gould, Proyr. Cardiotascular Discases, 2, 482 (19611,

i147 N. L. R. Bueher and K. McGarrahau, J. Biof. Ckem. 222, 1 (1{t341.



