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Abstra&--Methyl (3R*,5S*)-(E)-3,5-dihydroxy-9,9-diphenyl-6,8-nonadienoate, CP-83101, was ident- 
ified as a potent competitive inhibitor of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase 
activity, inhibiting enzyme activity in vitro with an Icso of 8.5 * 0.7 PM and a K, with respect to HMG- 
CoA of 2.6 FM. CP-83101 also inhibited rat hepatic sterol biosynthesis by 39 t 7% at a dose of 100 mg/ 
kg. [3H]CP-83101, administered orally to rats, exhibited peak plasma levels at approximately 1 hr that 
declined thereafter with an apparent half-time of 2-3 hr. Peak tissue levels also occurred 1 hr foliow~ng 
oral administration of [3H]CP-83101. The decline in radioactivity in the liver, however, was considerably 
slower than that noted in blood, whereas the half-life in non-hepatic tissues was approximately 1 hr. 
Liver/blood ratios of 14, and liver/lens ratios of greater than 3000, following oral administration of 
[3H]CP-83101, were similar to those previously reported for other HMG-CoA reductase inhibitors, 
suggesting a high degree of tissue selectivity. In addition, liver/adrenal and liver/ovary ratios were 
approximately 1000 at all time points examined between 30 min and 24 hr following oral [3H]CP-83101 
administration, indicating a high specificity for hepatic versus other steroidogenic tissues. Evaluation of 
intravenous versus oral administration of the water-soluble, free acid, sodium salt of [3H]CP-83101 in 
bile duct canulated rats indicated that approximately 20% of orally administered CP-83101 is absorbed 
from the gastrointestinal tract, and that absorbed CP-83101 is cleared rapidly from the plasma via the 
liver and from the liver via the bile. In addition, several lines of evidence suggest that CP-83101 may 
undergo enterohepatic recirculation. Agents of this synthetic series may thus possess advantages over 
other HMG-CoA reductase inhibitors with respect to tissue kinetics and specificity. 

3-Hydroxy-3-methylglutaryl coenzyme A (HMG- 
CoA) reductase inhibitors inhibit the rate-deter- 
mining step in cholesterol and polyisoprenoid biosyn- 
thesis [l], and are effective in reducing plasma chol- 
esterol levels in humans [2,3] due to an increase in 
hepatic receptor-mediated low density lipoprotein 
(LDL) cholesterol removal from the circulation 
[4,5]. Increased LDL cholesterol internalization 
results from the coordinate derepression of the syn- 
thesis of both HMG-CoA reductase and the LDL 
receptor [6,7], as a compensatory response pre- 
sumably due to a reduction in intracellular oxysterol 
levels [8,9] that occurs following inhibition of hepatic 
~holesterolgenesis [lO-121. 

Although the results of hepatic HMG-CoA 
reductase inhibition on plasma cholesterol con- 
centrations are dramatic [2,3] and may be beneficial 
to patients with elevated plasma cholesterol levels 
[13,14], the consequences of reduction in sterol and 
polyisoprenoid synthesis in extrahepatic tissues are 
generally regarded as undesirable [3,15-20]. The 
potential for adverse consequences of inhibition of 
cholesterolgenesis in nonhepatic tissues is a concern 

t To whom correspondence and reprint requests should 
be addressed. 

especially in tissues, such as the adrenals, ovaries 
and testis, for which nascent cholesterol synthesis is 
required for steroidogenesis [21], and in tissues such 
as the ocular lens that satisfy much, if not all of their 
cholesterol requirements through nascent synthesis 
122,231. Thus, the ability of an HMG-CoA reductase 
inhibitor to be selectively delivered to the liver would 
reduce dramatically the potential for adverse effects 
due to systemic inhibition of cholesterolgenesis. 

In this study, we have examined the efficacy, tissue 
kinetics and specificity, and absorption and biliary 
excretion profile for a representative member of a 
synthetic class of HMG-CoA reductase inhibitors 
that shows a high degree of hepatoselectivity. 
Although the HMG-CoA reductase inhibitor used 
in these studies is somewhat less potent than those 
isolated as fungal metabolites [5,24,25], its hepa- 
toselectivity, particularly with regard to the ocular 
lens and nonhepatic steroidogenic tissues, suggests 
that other, more potent compounds of this class may 
exhibit improved hepatoselecti~ty. 

MATERIALS AND METHODS 

Chemicals and solutions. [ 14C]HMG-CoA, 
[3H]cholesterol, and [3H]mevalonate were pur- 
chased from New England Nuclear (Boston, MA). 
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Fig. 1. Structures of CP-83101, methyl (3R*,5S*)-(E)-3,5-dihydroxy-9,9-diphenyl-6,8-nonadienoate 
(left), [3H]CP-83101, methyl (R*,5S*)-(E)-[3-3H]-3,5-dihydroxy-9,9-diphenyl-6,8-nonadienoate 
(center), and (3H]CP-83101 sodium salt, sodium (3R*,5S*)-(E)-[3-3H]-3,5-dihydroxy-9,9- diphenyld,8- 

nonadienoate (right). 

[i4C]Acetate was purchased from Amersham 
(Arlington Heights, IL). All other chemicals were 
purchased from previously listed sources 126-281. 
Mevinolin was a gift from Dr. Alfred W. Alberts 
(Merck Sharp & Dohme Research Laboratories, 
Rahway, NJ). Pravastatin (eptastatin) was a gift 
from Dr. S. J. Lucania (Squibb Institute for Medical 
Research, Princeton, NJ). TEDK buffer consisted 
of 50 mM Tris (pH = 7.5), 1 mM EDTA, 5 mM 
dithiothreitol, and 50 mM KCl. 

Synthesis of CP-83101 and [3H]CP-83101. Methyl 
(3R*,5S*)-(E)-3,5-dihydroxy-9,9-diphenyl-6,8-non- 
adienoate, CP-83101 (Fig. 1, left structure), was 
prepared from @-phenylcinnamaldehyde as pre- 
viously described by Wint and McCarthy 1291. 
Methyl (3~*,5~*)-(E)-[3-3H]-3,5-dihydroxy-9,9- 
diphenyl6,&nonadienoate, [3H]CP-83101 (Fig. 1, 
center structure), was prepared as described for CP- 
83101 synthesis [29] except that tritium-labeled 
sodium borohydride was used in place of unlabeled 
sodium borohydride in the reduction of methyl (E)- 
S-hydroxy-9,9-diphenyl-3-oxo-6,8-nonadienoate to 
methyl (~*,5S*)-(E)-3,5-dihydroxy-9,9-diphenyl- 
6,8nonadienoate. 

Preparation of the water-soluble, free acid, sodium 
salt of [3H]CP-83101. To render [3H]CP-83101 wat- 
er-soluble to permit intravenous administration, 
[3H]CP-83101 was dissolved in 0.5 mL of EtOH, 
mixed with an equal molar ratio of NaOH, and 
incubated for 90 min at 37” in a final volume of 
2.0 mL water (final EtOH concentration = 20%). 
The resulting sodium salt of the free acid of [3H]CP- 
83101, sodium (3R*,5S*)-(E)-[3-3H]-3,5-dihydroxy- 
9,9-diphenyl-6,8nonadienoate, is shown in Fig. 1 
(right structure). 

~e~urement of ~MG-C~A reductase activi~. 
HMG-CoA reductase activity was measured essen- 
tially as described by Harwood et al. [26] with the 
following modifications. A catalytically active, pro- 
teolytically modified fragment of HMG-CoA 
reductase, solubilized from the microsomal mem- 
brane and partially purified as described by Rogers 
et al. 1301, was used as the source of enzyme activity. 
Immediately prior to assay, a portion of this prep- 
aration was thawed and diluted with TEDK buffer 
such that a 48pL portion of the diluted enzyme 
solution contained enzyme sufficient to convert 40- 
60pmol of HMG-CoA to mevalonate per min of 
incubation at 37”. A 48-PL volume of the diluted 

solubilized enzyme solution was then mixed with 
2pL of either dimethyl sulfoxide (DMSO, control 
incubations) or DMSO containing various amounts 
of CP-83101, and 25 PL of a solution containing 
sufficient amounts of the following substrates to give 
final concentrations of 200,uM NADP+, 1.7 mM 
glucosed-phosphate, 0.2 units glucose-6-phosphate 
dehydrogenase, 66.7 FM [14C]HMG-C~A (sp. act, 
10 cpm/pmol), 15,~20,~0 cpm ~3H]mevalonate 
(0.6 to 1.2Ci/mmoI) as an internal standard, and 
60 mM EDTA to prevent conversion of mevalonate 
to phosphomevalonate during incubation. Following 
incubation at 37” for 30 min, 10 PL of 6 M HCl was 
added to each tube to terminate the enzymatic reac- 
tion and to convert the newly formed mevalonate 
into mevalonolactone. The mevalonolactone was 
then separated from unreacted substrate by silica gel 
thin-layer chromatography. Following development 
in toluene : acetone (1: l), the region of the chro- 
matogram corresponding to Rf= 0.4 to 1.0 was 
removed, immersed in liquid scintillation fluid, and 
counted, using a dual-channel 3H/14C program. 
HMG-CoA reductase activity is expressed as pico- 
moles of mevalonate formed from HMG-CoA per 
minute of incubation at 37” per milligram of micro- 
somal protein. Mevinolin was used as a positive 
standard for HMG-CoA reductase inhibition. At 
the substrate concentrations employed in this assay, 
mevinolin (& = 0.64 nM; [25]) exhibited an lcso for 
HMG-CoA reductase inhibition, based on eight con- 
secutive independent experiments, of 11.3 + 2.0 nM 
(data not shown). DMSO had no inhibitory effect on 
the solubilized enzyme preparation at concentrations 
less than 10% (v/v) but exhibited an icso for inhi- 
bition of the solubilized enzyme of 21% (v/v; data 
not shown). The final ~ncentration of DMSO in the 
assay was 2.7% (v/v). 

Michaelis constants (K,) for HMG-CoA andinhi- 
bition constants (ZQ for CP-83101 were determined 

the above-mentioned concentrations of 
$ADPH(H) and various concentrations of HMG- 
CoA between 1 and 38 ,uM by omitting [i4C]HMG- 
CoA from the substrate~ofactor solution and adding 
it directly to the assay mixture at the desired final 
concentration. 

Measurement of in vivo cholesterolgenesis from 
[ 14C]acetate. Male rats, receiving food and water ad 
lib. and weighing approximately 200 g, were admin- 
istered an oral bolus of water containing 0.25% 
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carboxymethyl cellulose and various concentrations 
of an HMG-CoA reductase inhibitor 60 min prior to 
the diurnal peak for hepatic HMG-CoA reductase 
activity. One hour following administration, animals 
received an interperitoneal injection of 2.5 ,uL 
[14C]acetate (16 mM; 30 $i/mL) per g of body 
weight. An hour after administration of the radio- 
labeled acetate, animals were anesthetized with pen- 
tobarbitol, killed by decapitation, and two l-g liver 
pieces were removed. Tissue samples were saponi- 
fied for 120 min at 60” in 2.4 mL of 2.5 M KOH. 
Following saponification, 5 mL of 80% ethanol and 
0.5 mL of a 3H]cholesterol internal recovery stand- 
ard (36 nCi /’ mL) were added and the solution was 
mixed gently. Ten milliliters of petroleum ether was 
then added, and the mixture was first shaken vig- 
orously for 2 min and then centrifuged at 2000 g in a 
bench-top Sorvall for 10 min. The resultant upper 
(petroleum ether) layer was removed and two 3-mL 
aliquots were mixed with liquid scintillation fluid and 
assessed for radioactivity, using a dual-channel 3H/ 
14C program. Rates of cholesterolgenesis estimated 
by this method are expressed in terms of disin- 
tegrations per minute of [14C]acetate incorporated 
into total nonsaponifiable lipids per hour per gram 
of hepatic tissue. Total radioactivity obtained by 
this method, which lacks the traditional digitonin 
precipitation step, was somewhat higher than that 
noted from the same liver following digitonin precipi- 
tation (data not shown). However, inhibition of 
cholesterolgenesis from acetate by pravastatin using 
this method was log-linear for concentrations ranging 
between 0.5 and 50mg/kg, with 85% inhibition 
occurring at the maximum dosage examined (data 
not shown). Thus, the radioactivity assessed by this 
method is primarily, if not totally, the result of 
HMG-CoA reductase-catalyzed acetate conversion 
to mevalonate and subsequently to nonsaponifiable 
sterols. 

Measurement of [3H]CP-83101 tissue distribution. 
Female rats receiving food and water ad lib., and 
weighing approximately 170 g, were administered by 
oral gavage a 1.3-mL bolus of [3H]CP-83101 (sp. 
act. = 2-5 dpm/ng CP-83101) in water containing 
8% ethanol and 0.25% carboxymethyl cellulose. 
Blood and tissue samples were removed and assessed 
for radioactivity at various times following adminis- 
tration. For determination of peak plasma levels, 
blood samples of 25 ,uL were obtained by repetitive 
tail vein slicing and cornbusted in a Packard (model 
306) tissue oxidizer. Following combustion, the 
[3H]water/scintillation fluid mixture recovered from 
the oxidizer was assessed for radioactivity and was 
used as a measure of plasma [3H]CP-83101 levels. 
For tissue distribution analysis, blood, the stero- 
idogenic organs (liver, adrenals, ovaries), lens and 
muscle (as an indicator of whole body distribution) 
were obtained at sacrifice and subjected to tissue 
oxidation as described above. In addition, for 
absorption/gastrointestinal transit studies, a l-cm 
segment of the small intestine, 3 cm from the stom- 
ach-intestine interface, was also obtained and sub- 
jected to tissue oxidation. For the lenses, ovaries and 
adrenals, organ pairs were used to estimate total 
tissue radioactivity. For the blood, a 200~PL sample 
taken from the anterior vena cava was assessed for 

radioactivity, whereas for the other tissues, samples 
weighing approximately 400 mg were assessed for 
radioactivity. Radioactivity contained in the various 
tissues is expressed in terms of either dpm per whole 
tissue or dpm per mg tissue. 

Measurement of the rate of biliary secretion of 
[3H]CP-83101. Male rats receiving food and water 
ad lib., and weighing approximately 350 g, were 
anesthetized and their bile ducts canulated. Bile was 
then collected for 10 min as an estimate of biliary flow 
rate and to assure that biliary flow was maintained. 
A 20mg/kg bolus of the water-soluble, free-acid, 
sodium salt of [3H]CP-83101 (sp. act. 5-10 dpm/ng 
CP-83101) was then administered either orally (as a 
1.2-mL bolus via gavage or direct stomach injection) 
or intravenously (as a 0.4-mL bolus via femoral vein 
injection), and bile samples were collected in lo-min 
increments over the next 2 hr. Following sample 
volume measurement, lOO+L portions of each 
sample were assessed for radioactivity. Radioactivity 
contained in the biliary secretions is expressed in 
terms of dpm per fraction or total cumulative dpm 
secreted following drug administration. 

RESULTS 

In vitro inhibition of HMG-CoA reductase activity 
by CP-83101. CP-83101 inhibited HMG-CoA 
reductase activity with an 1~50 of 8.5 + 0.7 PM in 
seven independent analyses. HMG-CoA reductase 
inhibition was log-linear between 0.1 and 100 PM 
(Fig. 2), and was competitive with respect to the 
substrate HMG-CoA (Fig. 3). The Ki value obtained 
for inhibition of enzyme activity by CP-83101 was 
2.6 PM with respect to HMG-CoA (Fig. 3, inset). 

A 40: 60 mixture of diastereomers of CP-83101 
(rc so = 20.8 * 2.2pM) exhibited only approximately 
half the potency of the diastereomerically pure, 
3R*,5S* form of CP-83101 (ICKY = 8.5 ? 0.7 PM), 
suggesting that the 3R*,5R* isomer possesses little, 
if any, inhibitory activity. Base hydrolysis of the 
methyl ester of CP-83101 to yield the free acid, 
sodium salt (1~~~ = 4.0 PM) resulted in a substantial 
increase in inhibitory potency, indicating that the 
free acid is the active moiety. 

In vivo inhibition of rat hepatic cholesterolgenesis 
by CP-83101. As shown in Table 1, CP-83101 also 
inhibited rat hepatic cholesterolgenesis in vivo. Two 
hours following a single, oral 100 mg/kg dose of CP- 
83101, hepatic cholesterolgenesis from acetate was 
inhibited by approximately 39 f 7% in four inde- 
pendent experiments. 

Plasma and tissue kinetics of [3H]CP-83101. As 
shown in Figs. 4 and 5, peak plasma levels were 
reached between 1 and 2 hr following oral adminis- 
tration of [3H]CP-83101. A reproducible multiplicity 
of sub-peaks, occurring at approximately 60-min 
intervals throughout the peak of plasma radio- 
activity, was also noted (Fig. 4), suggesting the possi- 
bility of enterohepatic recirculation (see below). 
Radioactivity disappeared from the plasma with an 
apparent half-time of approximately 2-3 hr (Figs. 4 
and 5). Peak hepatic levels also occurred approxi- 
mately 1 hr following oral administration (Fig. 5). 
The decline in radioactivity in the liver, however, 
was considerably slower than that observed in blood 
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Fig. 2. Concentration-dependent inhibition of HMG-CoA reductase activity by CP-83101. Protease- 
solubilized, partially purified rat liver HMG-CoA reductase (2.0 pg protein; 27.1 nmol/min/mg) was 
incubated for 30 min at 37“ in a final volume of 75 ,uL of TEDK buffer containing 200 ,uM NADP+, 
1.7 mM glucose-6-phosphate, 0.2 units glucose-6-phosphate dehydrogenase, 66.7 nM [‘4C]HMG-CoA 
(sp. act. 10 cpm/pmol), 15,00&20,000cpm [3H]mevalonate (0.6 to 1.2 Ci/mmol), 60 mM EDTA, 2.7% 
DMSO and the indicated concentrations of CP-83101. Following incubation, mevalonate synthesis was 
assessed and HMG-CoA reductase activity was quantitated as described in Materials and Methods. 

HMG-CoA reductase activity in control incubations averaged 56.9 f 1.3 pmol/min. 

2.0 

1.5 

: 

E, 
Z 
g 1.0 

? F 

0.5 

0.0 l- 
-200 -100 0 100 200 300 400 500 600 

l/[HMG-CoA] (l/mM) 

Fig. 3. Competitive inhibition of HMG-CoA reductase activity by CP-83101 with respect to HMG-CoA. 
Partially purified rat liver HMG-CoA reductase (2.0 pg protein; 27.1 pmol/min/mg) was incubated for 
30 min at 37” in a final volume of 75 FL of TEDK buffer containing either 0 PM (O), 3.3 PM (0) 11 PM 
(A) or 33 PM (A) CP-83101, 2.7% DMSO, the indicated concentrations of [‘4C]HMG-CoA, and’the 
remaining HMG-CoA reductase cofactors as described in Materials and Methods. Following incubation, 
mevalonate synthesis was assessed, and HMG-CoA reductase activity was quantitated as described in 
Materials and Methods. Data are the averages of duplicate measurements of HMG-CoA reductase 
activity and are expressed as reciprocal velocity as a function of reciprocal HMG-CoA concentration. 

Inset: secondary plot of the slope as a function of CP-83101 concentration. 
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Table 1. In uivo inhibition of hepatic cholesterolgenesis by CP-83101 

Expt. 

Cholesterol synthesis (dpm/hr/g liver) 

CP-83101 
Control (100 mg/kg) 

Inhibition of 
~hoIesterolgenesis 

(%I 

: 4700 3350 3370 2560 28 24 
3670 2170 41 
6080 3330 45 

Male rats, weighing 200 g, received food and water ad lib. and were administered a 
6.7 mL/kg body weight orai bolus of water containing 0.25% carboxymethyi cellulose 
and 15 mg/mL CP-83101 (final dose = 100 mg/kg), 60 min prior to the diurnal peak for 
hepatic HMG-CoA reductase activity. One hour later, animals received an inter- 
peritoneal injection of 2.5 PL [14C]acetate (16 mM; 30 &i/mL) per g of body weight. 
An hour after administration of the radiolabeled acetate, animals were killed, and two 
l-g liver samples were obtained. Tissue samples were processed and rates of [t4C]acetate 
induration into neutrat sterols were determined as described in Materials and 
Methods. 
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Fig. 4. Plasma kinetics of [3H]CP-83101 following oral administration. [‘H]CP-83101,4.7 mg, was mixed 
with 100 mg of unlabeled CP-83101 and dissolved in 1.1 mL of ethanol. To this solution was added 
5.0 mL of a solution of 0.25% carboxymethyl cellulose in water. A 1.5 mL volume of the resulting 
suspension of [3H]CP-83101 (85,950 dpm/& sp. act. = 5.02 dpm/ng CP-83101) was administered orally 
by gavage to each of four 170-g female rats (dosage = 152 mg/kg; 129 X 10” dpm/animal). Blood samples 
of 25 &were obtained by tail vein slicing at the indicated times after [3H]CP-83101 adm~istration, and 
were combusted in a model 306 Packard Tissue Oxidizer. The ~3H~ater/s~nti~ation fluid mixture 
recovered from the oxidizer folIowing combustion was quantitated in a liquid scintillation counter and 
was used as a measure of plasma [3H]CP-83101. Shown are the average plasma tritium levels at the 

indicated times after dosing. 

(Fig. 5). For the adrenals, ovaries and lenses, peak 
tissue levels also occurred 1 hr following adminis- 

absorbed radioactive was present in the liver, with 

tration (Fig. 5). However, the half-life in these tissues 
the remainder (approximately 10%) present in the 

was less than I hr (Fig. 5). 
blood (Fig. 5). On a per tissue basis, the amount of 

Tissue distribution specificity of [3H]CP-83101. At 
radioactivity present in the adrenals and ovaries was 

all time points examined following oral adminis- 
more than WOO-fold less than the radioactivity con- 

tration of [3H]CP-83101, the majority of the 
tamed in the liver (Table 2, Fig. 5). The amount of 
radioactivity present in the lens was the lowest of 
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Fig. 5. Kinetics of [3H]CP-83101 in blood, liver and extrahepatic tissues following oral administration. 
[3H]CP-83101, 4.23 mg, was mixed with 100 mg of unlabeled CP-83101 and dissolved in 0.5 mL of 
ethanol. To this solution was added 6.0 mL of a solution containing 0.25% carboxymethyl cellulose in 
water. Following a brief sonication to obtain an even suspension, a 1.3 mL volume of the resulting 
suspension of [3H]CP-83101 (40,870 dpm/pL; sp. act. = 2.55 dpm/ng CP-83101) was administered orally 
by gavage to each of four 170-g female rats (dosage = 123 mg/kg; 53.1 x lo6 dpm/animal). Animals 
were anesthetized with an injection of pentobarbital at the indicated times after dosing, and a 200~yL 
blood sample was removed from the anterior vena cava. Two 400-mg samples of liver tissue were also 
removed. For the lens, ovaries and adrenals, both organs were removed and weighed. Blood, liver, and 
extrahepatic tissue samples were subjected to tissue oxidation as described in Materials and Methods. 
Tissue radioactivity was calculated based on tissue weights and blood volumes and is expressed in terms 
of dpm per whole tissue. Shown is the total radioactivity present in the liver (O), blood (0) and 

extrahepatic tissues (inset) as a function of time after [3H]CP-83101 administration. 

Table 2. Ratio of hepatic to nonhepatic tissue levels of [3H]CP-83101 as a function of time after 
oral administration 

[3H]dpm in liver/[3H]dpm in extrahepatic tissue 

Nonhepatic tissue 30 min 
Time after oral administration of CP83101 

1 hr 2 hr 4hr 24 hr 

Blood 7.3 8.2 10.2 13.2 14.0 
Ovary 1260 485 1430 968 1460 
Adrenal 1530 931 1430 1220 1280 
Lens 2800 2900 3870 2040 3320 

[3H]CP-83101, 4.23 mg, was mixed with 100 mg of unlabeled CP-83101 and dissolved in 0.5 mL 
of ethanol. To this solution was added 6.0mL of 0.25% carboxymethyl cellulose in water. 
Following brief sonication to obtain an even suspension, a 1.3 mL volume of the resulting 
suspension of [‘H]CP-83101(40,870 dpm/pL; sp. act. = 2.55 dpm/ng CP-83101) was administered 
orally by gavage to each of four 170-g female rates (dosage = 123 mg/kg; 53.1 x lo6 dpm/animal). 
Animals were anesthetized with an interperitoneal injection of pentobarbital at the indicated 
times after dosing, and a 2OOqL blood sample was removed from the anterior vena cava. At 
sacrifice, the adrenals, ovaries and ocular lenses were removed and weighed. Two 400-g pieces of 
liver tissue were also removed. All tissues were subjected to tissue oxidation as described in 
Materials and Methods. Tissue radioactivity was calculated based on tissue weights and blood 
volumes. Shown are the ratios of total hepatic radioactivity to total tissue radioactivity for the 
indicated tissues. 
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Fig. 6. Tissue weight distribution specificity of [‘H]CP-83101 following oral administration. The exper- 
imental conditions are as described in the legend of Fig. 5. Radioactivity obtained following tissue 
oxidation is expressed as dpm per unit tissue weight. Shown is a comparison of radioactivity per mg 

tissue for the indicated tissue as a function of time after [‘HJCP-83101 administration. 

any tissue examined (Fig. 5), and was approximately 
3000-fold less than that found in the liver at all time 
points studied (Table 2, Fig. 5). On a per mg tissue 
basis, the levels of radioactivity present in the 
nonhepatic tissues was also very small compared 
to that present in the liver (Fig. 6). Similar tissue 
distribution and hepatospecificity were obtained at 
all time points examined between 30 min and 24 hr 
(Table 2), suggesting that little release of label into 
the aqueous pool occurred within the time-frame of 
the experiment. 

Although the blood contained the highest levels 
of radioactivity of any tissue other than the liver 
(Fig. S), the radioactivity present in the blood was 
also substantially less than that found in the liver 
(Figs. 5 and 6, Table 2). At all time points examined 
following oral [3H]CP-83101 administration, the 
radioactivity present in the blood was approximately 
lo-fold less than that recovered in the liver (Figs. 5 
and 6, Table 2). The amount of radioactivity present 
in the blood relative to that present in the liver 
decreased as a function of time after oral dose 
administration (Table 2, Fig. 7), indicative of con- 
tinued removal of the compound by the liver. 

Rapid biliary excretion of CP-83101. Following 
administration, [3H]CP-83101 was excreted rapidly 
via the bile. As shown in Figs. 8 and 9, appearance 
of radioactivity in the bile was noted within 10 min 
following intravenous administration of [3H]CP- 
83101 and peak levels of biliary radioactivity were 
noted within 20 min following intravenous adminis- 
tration (Fig. 9). Approximately 12, 30, and 40% 

of the intravenously administered dose of [3H]CP- 
83101 was excreted via the bile within 30 min, 1 hr, 
and 2 hr respectively (Fig. 8). In addition, less than 
15 and 2% of an intravenous dose of [3H]CP-83101 
was found in the liver and blood, respectively, 30 min 
following administration (Table 3). Similarly, rapid 
appearance of radioactivity in the bile was also noted 
following oral administration of [‘H]CP-83101 (Fig. 
8). The delayed appearance relative to that noted 
for intravenous administration (Fig. 8) was due to 
the time required for gastrointestinal transit and 
absorption following oral administration. As a result, 
peak levels of biliary radioactivity occurred 50 min 
following oral administration (Fig. 9). For both rou- 
tes of administration, similar liver to blood distri- 
butions were noted at all time points examined 
(Table 3), suggesting similar tissue kinetics regard- 
less of the route of administration. Taken together, 
these results are indicative of rapid absorption, rapid 
hepatic clearance, and rapid biliary excretion of CP- 
83101. 

The extent to which this agent is excreted via the 
bile suggests that this may be a major route for its 
metabolism. In addition, the extent to which and the 
rapidity with which this agent is excreted via the bile 
suggest that enterohepatic recirculation of CP-83101 
may occur. Indeed, the broad peak of plasma radio- 
activity (Fig. 4), the reproducible multiplicity of sub- 
peaks of plasma radioactivity occurring at approxi- 
mately 60-min intervals (Fig. 4), and the sustained 
hepatic levels (Fig. 5) even in the presence of rapid 
biliary secretion (Fig. 9) support this suggestion. 
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Fig. 7. Ratio of total blood to total hepatic radioactivity as a function of time after oral j3H]CP-83101 
administration. The experimentaf conditions are as described in Table 2. 

Furthermore, in contrast to the 1-hr peak tissue 
levels of radioactivity noted in liver (Figs. 5 and lo), 
blood (Fig. 5) and other tissues examined (Fig. 5), 
the peak of radioactivity noted in the small intestine, 
3 cm from the stomach/intestinal interface, occurred 
2 hr after oral dosage administration (Fig. lo), at a 
time when a majority of absorbed [3H]CP-83101 had 
been returned to the intestine via the bile. 

Absorption kinetics of CP-83101. The existence of 
rapid and extensive bihary excretion of CP-83101, 
together with the probability for enterohepatic recir- 
culation, complicates an accurate determination of 
the degree to which CT-83101 is absorbed from the 
intestinal lumen. For example, following oral 
administration of [3H]CP-83101, approximately 3% 
of the administered dose was present in the liver and 
blood at a time corresponding to peak tissue levels 
(Fig. 5). However, due to the rapidity with which 
CP-83101 is excreted via the bile (see above), this 
representation is an underestimate of the degree to 
which CP-83101 is absorbed. 

A reliable estimate of the degree of intestinal 
absorption of CP-83101 can be made based on a 
comparison of the levels of [)H]CP-83101 (admin- 
istered as the free acid sodium salt) following oral 
versus intravenous administration. However, due to 
differences in the time required to reach peak CP- 
83101 levels following oral and intravenous adminis- 
tration (Fig. 9), estimation of the degree of intestinal 
absorption requires comparison of the cumulative 
biliary excretion of CP-83101 following the two 
routes of administration. Based on the area under 
the curves for biliary excretion of the free acid 
sodium salt of [3H]CP-83101 (Figs. 8 and 9), it is 
estimated that CP-83101 is absorbed from the gas- 
trointestinal tract to the extent of approximately 
20%. 

DISCUSSION 

Direct inhibition of hepatic HMG-CoA reductase 
activity, as an effective method for reducing plasma 
cholesterol levels, has been well documented in 
experimental animals [4,5,24,25,31] and in humans 
[2,3,5], and thus represents a useful therapeutic 
mechanism for combating atherosclerosis. A variety 
of competitive [4, 5, 24, 25, 27, 32-341 and non- 
competitive [31] inhibitors of hepatic HMG-CoA 
reductase have been identified. Of these, the most 
notable are the fungal metabolites, compactin [24] 
and mevinolin [4,25], their derivatives, pravastatin 
[5] and simvastatin [32], and unrelated synthetic 
agents SRI-62320 [33] and BMY-22089 [34], that 
inhibit enzyme activity directly through competition 
with the substrate HMG-CoA. 

While very effective in inhibiting hepatic HMG- 
COG reductase activity, potent inhibitors of enzyme 
activity, such as these, also possess the potential, in 
extrahepatic tissues, to inhibit enzyme activity, and 
hence cholesterol and polyisoprenoid biosynthesis. 
These tissues contribute relatively little to plasma 
cholesterol modulation 1351 but are either self-reliant 
on endogenous cholesterolgenesis for polyisoprenoid 
and cholesterol metabolites (e.g. the ocular lens) or 
play an important role in intermediary metabolism 
through the formation of a variety of polyisoprenoid 
and sterol-related compounds (e.g. the adrenals, 
ovaries and testes). Since inhibition of polyiso- 
prenoid and sterol synthesis in these tissues may 
lead to undesirable consequences [3, 15-201, inhibi- 
tors of HMG-CoA reductase activity that are selec- 
tively targeted to the liver would exhibit a dramatic 
reduction in the potential for inducing these adverse 
effects of systemic inhibition of sterol synthesis. 
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Fig. 8. Cumulative appearance of radioactivity in the bile following orai and intravenous administration 
of the free acid, sodium salt of [3HJCP-83101. To render CP-83101 water-sotuble to permit intravenous 
administration, 5.25 mg [3H]CP-S3101 was dissolved in 0.5 mL EtOH, mixed with 51.6 mg of unlabeled 
CP-83101 (total CP-83101 = 162 pmol) and hydrolyzed to the water-soluble, free acid, sodium salt bv 
incubation for 90 min at 37” in a final volume of 2.dmL water containing 80 PL of DMSO and 162 prndl 
of NaOH. Following dilution with water to a final volume of 3.25 mL. the resulting solution of the free 
acid, sodium salt of pH]CP-83101(122,808 dpm/pL; sp. act. = 7.03 d 
was administered to animals at a dose of 20 mg/kg (49.2 x lo6 dpm 

‘m/ng [3H]C~-83101, sodium salt) 
P animal). Male rats receiving food 

and water ad lib., and weighing approximately 350 g, were anesthetized, and their bile ducts were 
canulated. Bile was then collected for 10 min as an estimate of bihary flow rate and to assure that biliary 
flow was maintained. For animals intravenously administered the free acid, sodium salt of CP-83101, 
0.4 mL of the 17.5 mg/mL solution described above was injected into the femoral vein of the anesthetized 
animals. For animals orally administered the free acid, sodium salt of CP-83101, the solution used for 
intravenous administration was diluted 1: 3 by addition of 2 vol. of water, and 1.2 mL of the resulting 
solution was administered into the stomach by direct injection. Bile samples were collected in lo-min 
increments over the next 2 hr. Animals were maintained under anesthesia during the course of the study 
by dropwise a~inistration of ~ntobarbitol to the peritoneal cavity when necessary. Folio~ng bile 
collection and sample vohrme measurement, lOO-yL portions of each sample were mixed with scint~Iation 
fluid and assessed for radioactivity. Radioactivity contained in the biliary secretions is expressed in 
terms of total cumulative dpm secreted up to the indicated times following drug administration. Shown 
is the cumulative radioactivity measured in the bile following intravenous (0) or oral (0) administration 

of the free acid, sodium salt of [3H]CP-83101 as a function of time after administration. 

In this report, we have described the identification 
of a potent competitive inhibitor of hepatic HMG- 
CoA reductase activity, CP-83101, that exhibits a 
greater than lOOO-fold selectivity for the liver when 
compared with other steroidogenic tissues (e.g. 
adrenals and ovaries) and a greater than 30~-fold 
hepatoselectivity when compared to tissues that rely 
on endogenous cholesterolgenesis for polyisoprenoid 
and sterol-related compounds (e.g. the ocular lens). 
CP-83101 is absorbed rapidly from the gastro- 
intestinal tract to the extent of approximately 20%) 
is removed rapidly from the plasma by the liver, 
presumably first pass, and then is returned rapidly 
and extensively to the intestinal lumen via the bile. 
In addition, several lines of evidence suggest that CP- 
83101 may be subject to enterohepatic recirculation, 
thus increasing its degree of hepatoselectivity. 

The rate of hepatic uptake of CP-83101, as evi- 
denced by the rate at which CP-83101 appears in the 

bile, may be responsible, in part, for the degree of 
hepatoselectivity exhibited for this agent. In 
addition, the ability of CP-83101 to undergo entero- 
hepatic recirculation may augment this selectivity by 
permitting sustained levels of CP-83101 to be present 
in the liver relative to other non-hepatic tissues. 
Indeed, the dramatic differences in tissue half-life 
noted between the liver and extrahepatic tissues 
support this suggestion. 

With regard to the other HMG-CoA reductase 
inhibitors mentioned above, CP-83101 appears to 
be approximately 3-fold more hepatoselective than 
compactin with respect to liver to blood ratios, based 
on similar radioactive tracer methodologies [36]. 
However, based on a comparison of the radioactive 
tracer methodologies reported here and compound/ 
metabolite mass determinations reported for other 
inhibitors [S, 371, CP-83101, at a dose of 152 mg/kg, 
appears to be somewhat less hepatoselective, with 
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Fig. 9. Radioactivity measured in the bile following intravenous or oral administration of the free acid, 
sodium salt of [3H]CP-83101 as a function of time after administration. The experimental conditions are 
as described in the legend of Fig. 8. Radioactivity contained in the biliary secretions is expressed in 
terms of dpm per biliary fraction. Thus, the radioactivity shown for the lo-min point represents the 
radioactivity excreted in the bile during the first lo-min collection period. For each animal, the biliary 
flow rate remained relatively constant through the course of the experiment, indicating that CP-83101 

did not alter biliary flow. Key: (0) intravenous and (0) oral administration. 

Table 3. Comparison of liver and plasma levels of radioactivity following oral and intravenous 
administration of the free acid, sodium salt of [3H]CP-83101 

Time after 
administration 

(min) 

Oral administration Intravenous administration 

Radioactivity Radioactivity Radioactivity 
in blood 

Radioactivity 
in liver in blood in liver 

(dpm x 10m3) (dpm x 10m3) 

30 32.1 223 456 5020 
60 61.8 244 971 3930 

120 18.8 105 396 1280 

To render CP-83101 water-soluble to permit intravenous administration, 4.54 mg [3H]CP-83101 
was mixed with 52.3 mg of unlabeled CP-83101 (total CP-83101 = 162 pmol) and hydrolyzed to 
the water-soluble, free acid, sodium salt by incubation for 90 min at 37” in a final volume of 
5.6 mL water containing 162 pm01 of NaOH. The resultin 
salt of [3H]CP-83101 (89,22Odpm/pL; sp. act. = 8.79 dpm P 

solution of the free acid, sodium 
ng [3H]CP-83101, sodium salt) was 

administered to animals at a dose of 20 mg/kg (35.7 X lo6 dpm/animal) as follows. For animals 
intravenously administered the free acid, sodium salt of CP-83101,0.4 mL of a 10 mg/mL solution 
was injected into the femoral vein following light anesthetization with halothane. For animals 
orally administered the free acid, sodium salt of CP-83101, the same solution used for intravenous 
administration was diluted 1:3 by addition of 2 vol. of water, and 1.2 mL of the resulting solution 
was administered by gavage. Animals receiving hydrolyzed CP-83101 orally were also treated 
briefly with halothane. Tissue radioactivity was calculated based on liver weights and blood 
volumes and is expressed in terms of dpm per whole tissue. 

respect to the blood and steroidogenic tissues, than 
20 mg/kg doses of either mevinolin [37], pravastatin 

suggesting the potential for compounds of this class 

[5], or simvastatin [37]. BMY-22089, a synthetic 
to exhibit greater hepatoselectivity than the comp- 
actin-like class of HMG-CoA reductase inhibitors. 

HMG-CoA reductase inhibitor that structurally 
belongs to the same class of compounds as CP-83101 

The tissue distribution of fluindostatin (SRI- 
62320), a synthetic HMG-CoA reductase inhibitor 

[34], however, exhibits greater hepatoselectivity than [33] that is structurally similar to BMY-22089 and 
mevinolin, with respect to adrenals and testes [34], CP-83101, has not been formally reported. However, 
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Fig. 10. Comparison of intestinal and hepatic radioactivity as a function of time after oral [‘H]CP-83101 
administration. The exnerimental conditions are as described in the leeend of Fig. 5. In addition to 
400 mg liver samples, a’1 cm segment of the small intestine, 3 cm from the stomach:intestine interface, 
was also obtained and subjected to tissue oxidation, as described in Materials and Methods. Radioactivity 
obtained following tissue oxidation is expressed per unit tissue weight. Key: (0) intestinal and (0) 

hepatic radioactivity per mg tissue. 

the drug has been reported to be selectively taken 
up by the liver first pass, and rapidly excreted via the 
bile into the feces. * The relative degree of specificity 
of SRI-62320 relative to CP-83101 and other HMG- 
CoA reductase inhibitors thus remains uncertain. 

In view of the potential for adverse side-effects 
associated with systemic exposure of HMG-CoA 
reductase inhibitors [3,15-201, the increased hepa- 
toselectivity of BMY-22089, relative to mevinolin, 
suggests that compounds of the CP-83101/BMY- 
22089 class of HMG-CoA reductase inhibitors have 
the potential to be free from, or exhibit reduced 
severity of, many of the adverse side-effects noted 
following compactin or mevinolin treatment [3,15- 
201. However, one should regard with care the sug- 
gestion that relative differences in tissue distribution 
are an adequate representation of relative tissue 
exposures. For example, although increased rates of 
hepatic uptake can lead to relative differences in liver 
to tissue ratios, reduced rates of biliary clearance can 
also have similar effects on liver to tissue ratios 
without reflecting differences in tissue exposures. 
Indeed, an enhanced rate of biliary clearance could 
brand a compound as being less “hepatoselective” 
with respect to tissue ratios than a truly less hepa- 
toselective compound with a relatively lower rate of 
biliary excretion. 

* Engstrom RG, Weinstein DB, Kathawala FG, Scallen 
TS, Eskesen JB, Rucker ML and Miserendino R, Effects 
of XU-62320 (a potent HMG-CoA reductase inhibitor), on 
sterol synthesis in vitro and in vivo on serum lipids in rats 
and dogs, The Aspen Bile AcidfCholesterol Conference on 
Hepatic Lipoprotein and Cholesterol Metabolism, August 
21-24, 1987. 

With regard to metabolic disposition, all of these 
agents (including CP-83101) are highly hepato- 
selective [5,34,37, *], appear to be primarily 
excreted in the bile and eliminated in the feces 
[5,3&X, *], undergo various degrees of enterohepatic 
recirculation [5,38], and undergo various rates of 
metabolism to yield a variety of metabolites with 
reduced HMG-CoA reductase inhibitory activity 
[5,39]. Whether differences in these parameters 
among the different HMG-CoA reductase inhibitors 
influence the degree to which they exhibit hepa- 
toselectivity remains to be determined. 

Finally, with regard to methodology, the ability to 
radiolabel CP-83101 by replacing the C-3 hydrogen 
with tritium in the final step of synthesis [29] is an 
important discovery in that, by this method, any 
synthetic HMG-CoA reductase inhibitor of this or 
other classes whose synthesis proceeds through a 3- 
keto intermediate [29] may be readily radiolabeled 
using this methodology. This method thus facilitates 
examination of the degree of hepatoselectivity of a 
variety of compounds and makes possible the usage 
of hepatoselectivity as a selection criteria for use 
in identifying HMG-CoA reductase inhibitors with 
improved properties. This study exemplifies the util- 
ity of this methodology and also demonstrates that 
tritium in this position in molecules of this class does 
not possess a high degree of lability and thus is not 
readily lost to the aqueous pool within the time frame 
of useful experimentation. Indeed, the rapidity with 
which and the extent to which CP-83101 was excreted 
into the bile, and the maintenance of tissue distri- 
bution over 24 hr, suggest that the tritium label has 
remained attached to the CP-83101 molecule or its 
metabolites throughout the course of these experi- 
ments. 



1292 H. J. HARWOOD, JR. et al. 

1. Rodwell VW, Mitschelen JJ and Nordstrom JL, Regu- 
Iation of HMG-CoA reductase. J Lipid Res 14: l-74, 
1976. 

2. The Lovastatin Study Group III, A multicenter com- 
parison of lovastatin and cholestyramine therapy for 
severe primary hypercholesterolemia. JAMA 260: 3% 
366, 1988. 

3. Hoeg JM and Brewer HB, HMG-CoA reductase inhibi- 
tors in the treatment of hypercholesterolemia. JAMA 
258: 3532-3536, 1987. 

4. Ma P’S, Gil G, Sudhof TC, Bilheimer DW, Goldstein 
JL and Brown MS, Mevinolin, an inhibitor of chol- 
esterol synthesis, induces mRNA for low density lipo- 
protein receptor in livers of hamsters and rabbits. Proc 
Nat1 Acad Sci USA 83: 8370-8374, 1986. 

5. Arai M, Serizawa N, Terahara A, Tsujita Y, Tanaka 
M, Masuda H and Ishikawa S, Pravastatin sodium (CS- 
514), a novel cholesterol-lowe~ng agent which inhibits 
HMG-CoA reductase. Sankyo Kenkyusho Nenpo 40: 
l-38, 1988. 

6. Goldstein JL and Brown MS, Progress in understanding 
the LDL receptor and HMG-CoA reductase, two mem- 
brane proteins that regulate plasma cholesterol. .I Lipid 
Res 25: 1450-1461, 1984. 

7. Brown MS and Goldstein JL, A receptor-mediated 
pathway for cholesterol homeostasis. Science 232: 34- 
47, 1986. 

8. Taylor FR, Saucier SE, Shown EP, Parish EJ and 
Kandutsch AA, Correlation between oxysterol binding 
to a cytosolic binding protein and potency in the 
repression of HMG-CoA reductase. J Biof Chem 259: 
12382-12387,1984. 

9, Dawson PA, Van Der Westhuyzen DR, Goldstein JL 
and Brown MS, Pu~fication of oxysterol binding pro- 
tein from hamster liver cytosol. J Biol Chem 264: 9046 
9052, 1989. 

REFERENCES 

10. Rudney H and Sexton RC, Regulation of cholesterol 
biosynthesis. Annu Rev Nutr 6: 245-272, 1986. 

11. Panini SR, Sexton RC and Rudney H, Regulation 
of HMG-CoA reductase by oxysterol by-products of 
cholesterol biosynthesis. Possible mediators of low den- 
sity lipoprotein action. J Bioi Chem 2.59: 7767-7771, 
1984. 

12. Gupta A, Sexton RC and Rudney H, Modulation of 
regulatory oxysterol formation and low density lipo- 
protein suppression of HMG-CoA reductase activity 
by ketoconazole. A role for cytochrome-P450 in the 
regulation of HMG-CoA reductase in rat intestinal 
epitheliai cells. J BioZ Chem 261: 8348-8356, 1986. 

13. Lipid Research Clinics Program, The Lipid Research 
Clinics coronary primary prevention trial results. I. 
Reduction in incidence of coronary heart disease. 

- JAMA 251: 351-364, 1984. 
14. Lipid Research Clinics Program, The Lipid Research 

Clinics coronary primary prevention trial results. II. 
The relationship of reduction in incidence of coronary 
heart disease to cholesterol lowering. JAMA 251: 36% 
374,1984. 

15. Kornbrust DJ, MacDonald JS, Peter CP, Duchai DM, 
Stubbs RJ and Germershausen JI, Toxicity of the 
HMG-CoA reductase inhibitor, lovastatin, to rabbits. 
.I Pharmacol Exp Ther 248: 498505, 1989. 

16. Merck, Sharp & Dohme, Mevacor advertisement insert 
JAMA 258: 3076H, 1987. 

17. Cenedella RJ, Inhibitors of cholesterol synthesis and 
cataracts. JAMA 257: 1602, 1987. 

18. Mills JT and Adamany AM, Impairment of dolichyl 
saccharide synthesis and dolichol-mediated glyco- 
protein assembly in the aortic smooth muscle cell in 
culture by inhibitors of cholesterol biosynthesis. .J Eiol 
C’kem 253: 5270-5273, 1978. 

19. Carson DD and Lennarz WJ, Relationship of dolichol 
synthesis to glycoprotein synthesis during embryonic 
develonment. J Biol Chem 256: 4679-4686, 1981. 

20. Nambudiri AMD, Ranganathan S and Rudney H, The 
rote of HMG-CoA reductase activity in the reguiation 
of ubiquinone synthesis in human fibroblasts. J Bioi 
Chem 255: 589~5899,198O. 

21. Preiss B, Regulation of HMG-CoA reductase in 
extrahepatic &sues. In: Regulation of HMG-CoA 
Reductase (Ed. Preiss B). VD. 183-200. Academic 
Press, Orlando, FL, 1985.’ * ’ 

22. Cenedella RJ, Sterot synthesis by the ocular Iens of the 
rat during postnatal development. .I Lipid Res 23: 619- 
626, 1982. 

23. Cenedella RI, Source of cholesterol for the ocular lens, 
studies with U18666A: A cataract-producing inhibitor 
of lipid metabolism. Exp Eye Res 37: 33-43, 1983. 

24. Endo A, Soecific nonsterol inhibitors of HMG-COA 

25. 

26. 

27. 

Alberts AW, Chen J, Kuron G, Hunt V, Huff J. Hoff- 
man C, Royhrock J, Lopez M, Joshua H, Harris E, 
Patchett A, Monaghan R, Currie S, Stapley E, Albers- 
Schonberg G, Hensens 0, Hirshfield J, Hoogsteen K, 
Leisch J and Springer J, Mevinoiin: A highly potent 
competitive inhibitor of HMG-CoA reductase and a 
cholesterol lowering agent. Proc Nat1 Acad Sci USA 
77: 3957-3961, 1980. 
Harwood HJ Jr, Schneider M and Stacpoole PW, 
Measurement of human leukocyte microsomal HMG- 
CoA reductase activity. J Lipid Res 25: 967-978,1984. 
Harwood HJ Jr, Greene YJ and Stacpoole PW, Inhi- 
bition of human leukocyte HMG-CoA reductase 
activity by ascorbic acid. An effect mediated by the 
free radical monodehydroa~orbate. .l Biol Chem 261: 
7127-7135, 1986. . 

28. Harwood HJ Jr. Brandt KG and Rodwell VW, Allo- 

29. 

30. 

31. 

32. 

33, 

steric activation of rat liver cytosohc HMG-COA 
reductase kinase by nucleoside diphosphates. J Biof 
Chem 259: 2810-2815, 1984. 
Wint LT and McCarthy PA, Synthesis of tritium labeled 
methyl (3R*,5S*)-3,5-dihydroxy-9,9-diphenyI~,8- 
nonadienoate. J Labeiled Comp Radiopharm 25: 1289- 
1297, 1988. 
Rogers DH, Panini SR and Rudney H, Rapid high- 
yield purification of rat liver HMG-CoA reductase. 
Anal Biochem 101: 107-111, 1980. 
Stacpoole PW, Harwood HJ Jr and Varnado CE, Regu- 
lation of rat liver HMG-CoA reductase by a new class 
of noncompetitive inhibitors. Effects of dichloroacetate 
and related carboxylic acids on enzyme activity. J Clin 
Invest 72: 1575-1585, 1983. 
Mel MJTM, Erkelens DW, Gevers-Leuven JA, Sch- 
outen JA and Stalenhoef AFH, Effects of sinvinohn 
(MK-733) on plasma lipids in familial hyperch- 
olesterolemia. Lancer 2: 936-939, 1986. 
Grundy SM, HMG-CoA reductase inhibitors for the 
treatment of hypercholesterolemia. N Engf J Med 319: 
24-33, 1988. 

reductase. In: Regulation of HMG-CoA Reductase (Ed. 
Preiss B), pp. 49-78. Academic Press, Orlando, FL, 
1985. 

34. Balasubramanian N, Brown PJ, Catt JD, Han WT, 
Parker RA, Sit SY and Wright JJ, A potent tissue- 
selective, synthetic inhibitor of HMG-CoA reductase. 
.I Med Chem 32: 2038-2041, 1989. 

35. Stange EF and Dietschy JM, Age-related decreases in 
tissue sterol aconisition are mediated by changes in 
cholesterol synthesis and not low density lipoprotein 
uutake in the rat. J Livid Res 25: 703-713. 1984. 

36. Endo A, Tsujita Y, Kuroda M and Tanzawa K, Inhi- 
bition of cholesterol synthesis in vitro and in vivo 
by ML-236A and ML-236B, competitive inhibitors of 
HMG-CoA reductase. EurJ Biochem 77: 3%36,1977. 



Inhibition of HMG-CoA reductase activity 1293 

37. Germershausen JI, Hunt VM, Bostedor RG, Bailey 38. Lovastatin. In: SCRIP’s New Product Review No. 31. 
PJ. Karkas JD and Alberts AW. Tissue selectivitv of PJB Publications Ltd.. Richmond. Surrev. UK. 1989. 
the cholesterol-lowering agents lovastatin, simvascatin 39. Vickers S, Duncan CA, Chen IW and Duggan DE, 
and pravastatin in rats in vivo. Biochem Biophys Res ADME studies on simvastatin, a cholesterol-lowering 
Commun 158: 667-675, 1989. pro-drug. FASEB J 2: A1060, 1988. 


