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[57] ABSTRACT 
A method is provided for treating peripheral athero 
sclerotic disease (arteriosclerosis obliterans) and/or 
intermittent claudication employing a cholesterol low 
ering drug such as an HMG CoA reductase inhibitor 
alone and/or an inhibitor of the enzyme squalene syn 
thetase and optionally a pharmaceutical which reduces 
serum cholesterol by a mechanism other than inhibiting 
production of the enzyme HMG CoA reductase or the 
enzyme squalene synthetasc, for example, probucol or 
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gem?brozil; employing an ACE inhibitor alone such as 
captopril or ceranapril; or a combination of a choles 
terol lowering drug and an ACE inhibitor. 

11 Claims, No Drawings 

A statutory invention registration is not a patent. It has 

the defensive attributes of a patent but does not have the 

enforceable attributes of a patent. No article or advertise 

ment or the like may use the term patent, or any term 

suggestive of a patent, when referring to a statutory in 

vention registration. For more speci?c information on the 

rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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METHOD FOR TREATING PERIPHERAL 
ATHEROSCLEROTIC DISEASE EMPLOYING A 
CHOLESTEROL LOWERING DRUG, AN ACE 
INHIBITOR, OR A COMBINATION THEREOF 

REFERENCE TO OTHER APPLICATIONS 

This is a continuation-in-part of application Ser. No. 
361,520 ?led Jun. 5, 1989, now abandoned. 

FIELD OF THE INVENTION 

The present invention relates to a method for treating 
peripheral atherosclerotic disease (arteriosclerosis oblit 
erans) employing a cholesterol lowering drug which is 
an inhibitor of 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG CoA) reductase or an inhibitor of squalene syn 
thetase; an angiotensin converting enzyme (ACE) in 
hibitor or a combination thereof. 

BACKGROUND OF THE INVENTION 

Harrison’s Principles of Internal Medicine, 11th Edi 
tion, 1987, Editors-E. Braunwald et al, Chapter 198, pp 
1040-1046 by D. Eugene Strandness, Jr., ‘discusses vas 
cular diseases of the extremities-also referred to as 
peripheral vascular disorders (Merck Manual, 15th Ed, 
Chapter 30, pp 555-557)—-which include arteriosclero 
sis obliterans. “Symptoms and signs that develop sec 
ondary to arteriosclerosis obliterans rarely have an 
abrupt onset, since the process is a gradual, progressive 
one. The most common symptom occurs with exercise 
and is termed intermittent claudication, i.e., the pain 
that occurs in a muscle(s) with an inadequate blood 
supply that is stressed by exercise (page 1041).” 
The proatherosclerotic effect of elevated serum cho 

lesterol on vascular tissue is well documented (Wein 
stein and Heider, “Protective action of calcium channel 
antagonists in atherogenesis and vascular injury,” Am. 
J. Hypertens. 2: 205-12,l989). 

It is also well known that platelets which may partici 
pate in the atherogenic process do so via mediators 
released upon activation (thromboxane A2 (TXAZ), 
platelet aggregating factor (PAF), etc.,) which in turn 
stimulate smooth muscle cells to contract as well as to 
proliferate. The latter effect is an important step in 
atherosclerotic plaque formation (Hoak, “Platelets and 
atherosclerosis,” Semin. Thromb. Hemost. 14: 202-5, 
1988). Many of the stimulatory effects of prostanoids on 
vascular smooth muscle can be reversed by endothe 
lium derived relaxing factor (EDRF), a substance 
whose metabolic stability and/or efficacy appears to be 
enhanced by captopril (Goldschmidt and Tallan'da, 
“Effect of captopril exposure on endothelium-depend 
ent relaxation in rabbit aorta,” F.A.S.E.B. Journal 3: 
A1195, 1989). 

In addition, it has recently been found that captopril 
signi?cantly reduced serum cholesterol (-—l8%) and 
increased HDL (27%) in hypercholeserolemic patients 
(Costa et a1, “Use of captopril to reduce serum lipids in 
hypertensive patients with hyperlipidemia,” Am. J. 
Hyperten. 1: 2219-2239, 1988). There is no evidence 
that these therapeutic effects result from inhibition of 
the cholesterol synthetic pathway. Thus, the therapeu 
tic mechanism for ACE inhibitors is different from that 
of HMG CoA reductase inhibitors such as pravastatin 
and lovastatin. 

Edelman, S. et al, N. Engl. J. Med. (320, No. 18, 
1219-20, 1989), “Hyperkalemia During Treatment with 
HMG CoA Reductase Inhibitor,” discloses a case 
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2 
where a patient received lovastatin (Is) for hyperlipid 
emia and whose hypertension was initially well con 
trolled with lisinopril. “LS treatment was started when 
cholestyramine and niacin treatment was not successful. 
The patient developed myositis and hyperkalemia and 
recovered after emergency treatment and withdrawal 
of LS. He later resumed taking LS (without consulta 
tion) and again developed severe myositis and hyperka 
lemia. He recovered when LS was withdrawn. Care is 
cautioned when LS and lisinopril are given in combina 
tion to patients at risk of hyperltalemia.” 
European Patent Application 0219782 to Scholkens 

(Hoechst) discloses the treatment of atherosclerosis, 
thrombosis and/or peripheral vascular disease in mam 
mals using an angiotensin converting enzyme (ACE) 
inhibitor or its physiologically tolerable salts. It further 
discloses that because ACE is predominantly localized 
in the luminal plasma membrane of the endothelial cell, 
ACE inhibitors can interfere in platelet-endotheliurn 
interaction. In addition, Scholkens discloses that ACE 
inhibition potentiates the action of bradykinin (a strong 
stimulator of prostacyclin release from endothelial 
cells) by inhibiting its degradation and ACE inhibitors, 
consequently, have an inhibitory effect on platelet ag 
gregation. 

Eorn, J. et a1, “Prevention of Arteriosclerotic Lesions 
with Calcium Antagonists or Captopril in Different Rat 
Hypertension Models,” J. Cardiovasc. Pharmacol. Vol. 
12 (Suppl 6), 1988, discloses bene?cial effects in mesen 
teric arteries atherosclerosis with captopril in spontane 
ous hypertensive Okamoto rats (SHRs), but not in salt 
sensitive Dahl rats. 
Someya, N. et a1, “Suppressive Effect of Captopril on 

Platelet Aggregation in Essential Hypertension,” J. 
Cardiovasc. Pharmacol. 6:840-843, 1984, discloses at 
page 840 that “hypertension is closely related to the 
genesis and progress of atherosclerosis,” and that 
“platelet function plays an important role in athero 
sclerosis, with platelet dysfunction demonstrable in 
several vascular diseases. It has been reported that 
platelet aggregation is increased in hypertensives . . . ” 

At page 842, it is indicated that the “data demonstrated 
the inhibition of platelet aggregation in vivo after ad 
ministration of captopril to hypertensive subjects . . . ” 

At page 843, it is indicated that “platelet aggregability is 
greater in hypertensives than in normotensives . . . 

platelet abnormalities may be a risk factor in athero 
sclerosis . . . If captopril possesses an antiplate aggrega 

bility effect in addition to its hypotensive effect, it may 
be very useful for the prevention of atherosclerosis and 
thrombotic diseases associated with hypertension.” 

Mizuno, K. et al “The effects of the angiotensin I 
converting enzyme inhibitor, captopril, on serum 
lipoperoxides level and the renin-angiotensin-aldoster 
one and kallikrein-kinin systems in hypertensive pa 
tients,” Nippon Naibunpi Gakkai Zasshi, Feb. 20, 1984, 
discloses that captopril is a bene?cial antihypertensive 
agent for preventing serum lipoperoxides concentration 
(LPX)-induced atherosclerosis in hypertensive patients. 
Mizuno, K. et al “Acute effects of captopril on serum 

lipid peroxides level in hypertensive patients,” Tohoku 
J. Exp. Med., May, 1984, 143(1) p. 127-8, suggests that 
inhibition of' angiotensin-converting enzyme by capto 
pril offers a possible therapeutic approach to the treat 
ment of atherosclerosis complicated with hypertension. 
The role of the renin-angiotensin system in athero 

sclerosis is not clear. Campbell-Boswell & Robertson, 
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Exp. and Mol. Pathol. 35:265 (1981) reported that angi 
otensin Il stimulated proliferation of isolated human 
vascular smooth muscle cells while Geisterfer et a1, 
Circ. Res. 62: 749-756 (1988) showed no proliferation 
(but stimulation of growth) of isolated rat vascular 
smooth muscle cells. 

Overturf, M. et al, Atherosclerosis, 59:383-399, 1986, 
discloses that studies with ACE inhibitors in cholesterol 
fed rabbits show no signi?cant effects in the develop 
ment of atherosclerosis. 

Cecil, Textbook of Medicine, 16 Ed., pp 239 to 241, 
indicates at page 240 that blood pressure is an accelera 
tor of atherosclerosis. 

U.S. Pat. Nos. 4,046,889 and 4,105,776 to Ondetti et al 
disclose proline derivatives, including captopril, which 
are angiotensin converting enzyme (ACE) inhibitors 
useful for treating hypertension. 

U.S. Pat. No. 4,337,201 to Petrillo discloses phosphi 
nylalkanoyl substituted prolines, including fosinopril, 
which are ACE inhibitors useful for treating hyperten 
sion. 5 U.S. Pat. No. 4,374,829 discloses carboxyalkyl 
dipeptide derivatives, including enalapril, which are 
ACE inhibitors useful for treating hypertension. 

U.S. Pat. No. 4,452,790 to Karanewsky et al discloses 
phosphonate substituted amino or imino acids and salts 
thereof and covers (S)-1-[6-amino-2-[[hydroxy(4 
phenylbutyl)phosphinyl]-oxy]-l-oxohexyl]-L-proline 
(SQ 29,852, ceranapril). These compounds are ACE 
inhibitors useful in treating hypertension. 

U.S. Pat. No. 4,316,906 to Ondetti et al discloses ether 
and thioether mercaptoacyl prolines which are ACE 
inhibitors useful in treating hypertension. This Ondetti 
et al patent covers zofenopril. 
There are several different classes of compounds 

which have serum cholesterol lowering properties. 
Some of these compounds are inhibitors of the enzyme 
HMG CoA reductase which is essential in the produc 
tion of cholesterol, such as mevastatin (disclosed in U.S. 
Pat. No. 3,983,140), lovastatin also referred to as 
mevinolin (disclosed in U.S. Pat. No. 4,231,938), prava 
statin (disclosed in U.S. Pat. No. 4,346,227) and velosta 
tin also referred to as synvinolin (disclosed in U.S. Pat. 
Nos. 4,448,784 and 4,450,171). 

Other compounds which lower serum cholesterol 
may do so by an entirely different mechanism than the 
HMG CoA reductase inhibitors. For example, serum 
cholesterol may be lowered through the use of bile acid 
sequestrants such as cholestyramine, colestipol, DEAE 
Sephadex and poly(diallylmethylamine) derivatives 
(such as disclosed in U.S. Pat. Nos. 4,759,923 and 
4,027,009) or through the use of antihyperlipop 
troteinemics such as probucol and gem?brozil which 
apparently lower serum “low -density lipoproteins” 
(LDL) and/or converts LDL into high density lipopro 
teins (HDL). 

U.S. Pat. No. 4,759,923 mentioned above discloses 
that poly(diallylmethylamine) derivatives which are 
bile salt sequestrants may be used in conjunction with 
drugs which reduce serum cholesterol by mechanisms 
other than sequestration, such as clofibrate, nicotinic 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
acid, probucol, neomycin, p-aminosalicylic acid or 
mevinolin (also referred to as lovastatin). 

Squalene synthetase is a microsomal enzyme which 
catalyzes the reductive dimerization of two molecules 
of farnesyl pyrophosphate (FPP) in the presence of 
nicotinamide adenine dinucleotide phosphate (reduced 
form) (NADPH) to form squalene (Poulter, C. D.; Rill 
ing, H. C., in “Biosynthesis of lsoprenoid Compounds”, 
Vol. 1, Chapter 8, pp. 413-441, J. Wiley and Sons, 1981 
and references therein). This enzyme is the ?rst commit 
ted step of the de novo cholesterol biosynthetic path 
way. The selective inhibition of this step should allow 
the essential pathways to isopentenyl tRNA, ubiqui 
none, and dolichol to proceed unimpeded. Squalene 
synthetase, along with HMG-CoA reductase has been 
shown to be down-regulated by receptor mediated 
LDL uptake (Faust, J. R.; Goldstein, J. L.; Brown, M. 
S. Proc. Nat. Acad. Sci USA, 1979, 76, 5018-5022), lend 
ing credence to the proposal that inhibiting squalene 
synthetase will lead to an up-regulation of LDL recep 
tor levels, as has been demonstrated for HMG-CoA 
reductase, and thus ultimately should be useful for the 
treatment and prevention of hypercholesterolemia and 
atherosclerosis. 
One approach to inhibitors of squalene synthetase is 

to design analogs of the substrate FPP. It is clear from 
the literature that the pyrophosphate moiety is essential 
for binding to the enzyme. However, such pyrophos 
phates are unsuitable as components of pharmacological 
agents due to their chemical and enzymatic lability 
towards allylic C-O cleavage, as well as their suscepti 
bility to metabolism by phosphatases. 

P. Ortiz de Montellano et al in J. Med. Chem, 1977, 
20, 243-249 describe the preparation of a series of sub 
stituted terpenoid pyrophosphates (Table A), and have 
shown these to be competitive inhibitors of the squalene 
synthetase enzyme. These substances retain the unstable 
allylic pyrophosphate moiety of FPP. 

TABLE A 

Z Y 

z I I O\{IJ/O\%I!_O _ 
X o_ 0.. 

No. X Y Z 

1 CH3 CH3 H 
2 H H H 

3 C2H5 H H 
4 l H H 
5 H l H 

6 CH3 H SCH3 

Corey and Volante, J. Am. Chem. Soc. 1976, 98, 
1291-3, have prepared FPP analog A and presqualene 
pyrophosphate (PSQ-PP) analog B as inhibitors of 
squalene biosynthesis. (Presqualene pyrophosphate is an 
intermediate in the conversion of FPP to squalene). 
These inhibitors possess methylene groups in place of 
the allylic oxygen moiety of FPP and PSQ-PP, but still 
retain the chemically and enzymatically unstable pyro 
phosphate linkage. 
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/ / / X\g/O 

| 
0.. 

A X = CH; 
FPP X = O 

Poulter and co-workers have prepared cyclopropane 
C (Sandifer, R. M., et al., J. Am. Chem. Soc. 1982, 104, 
7376-8) which in the presence of inorganic pyrophos 
phate is an intermediate analog inhibitor of the enzyme 
squalene synthetase. 

Q 

hie-NW 
/ / / 

Altman and co-workers, Bertolino, A., et al., Bio 
chim. Biophys. Acta. 1978, 530, 17-23, reported that 
famesyl amine and related derivatives D inhibit squal‘ 
ene synthetase, but provide evidence that this inhibition 
is non-speci?c and probably related to membrane dis 
ruption. 

/ / 

R = H, CHZCHZOH, CHgCHzOCl-b 

Poulter, C. D., et al, J. Org. Chem., 1986, 51, 4768, 
prepared compound E in a demonstration of a synthetic 
method, but did not report any biological data. 

13 

it’: Fi’ 
\ 0-}; lf-OH 

on on 

Poulter, C. D., Stremler, K. E., J.A.C.S., 1987, 109, 

20 

F 

\ \ 0-P-X-P-0H 
25 | I 

OH OH 

x = CH;, CF; 

30 McClard, R. W. and Poulter, C. D., et al., J.A.C.S. 
1987, 109, 5544, reported that phosphinylphosphonates 
G and H were competitive inhibitors of the 1'-4-conden 
sation between isopentenyl diphosphate and geranyl 
diphosphate catalyzed by avian liver farnesyl diphos 
phate synthetase. Phosphinylphosphonates G and H 
had Ki’s of 19 uM and 7] uM, respectively. They also 
reported the speculative isolation of the farnesyl phos 
phinylphosphonate I, and the geranyl phosphinylphos 
phonate J from the enzymatic reaction of G with gera 
nyl pyrophosphate or dimethylallyl pyrophosphate, 
respectively. The structure of l and J were tentatively 
assigned based on relative TLC mobilities. They hy 
pothesized that I could be a potential inhibitor of squal 
ene synthetase. 

45 

35 

55 

Capson, T. L., PhD dissertation, Jun. 1987, Dept. of 
5542 describes the synthesis and biological evaluation of 65 Medicinal Chemistry, the University of Utah, Abstract, 
compounds having structure F. These compounds were 
evaluated as alternative substrates for avian liver fame 
syl diphosphate and lemon peel cyclase. 

Table of Contents, pp. 16, 17, 40-43, 48-51, Summary, 
discloses cyclopropanes of the structure discloses cy 
clopropanes of the structure 
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intermediate analog inhibitors of squalene synthetase. 
S. A. Biller et al., Journal of Medicinal Chemistry, 

1988, vol. 31, No. 10, pp. 1869 to 1871 disclose that 
isoprenoid (phosphinylmethyl) phosphonates (PMPs) 
inhibit squalene synthetase. These phosphonates have 
the structures 

DESCRIPTION OF THE INVENTION 

In accordance with the present invention, a method is 
provided for treating peripheral atherosclerotic disease 
also referred to as arteriosclerosis obliterans, and for 
treating intermittent claudication employing a choles 
terol lowering drug which is an inhibitor of the enzyme 
3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) 
reductase or an inhibitor of the enzyme squalene synthe 
tase, a combination thereof or a combination of each 
with another pharmaceutical for lowering cholesterol; 
or employing an angiotensin converting enzyme (ACE) 
inhibitor alone; or employing a combination of a choles 
terol lowering drug as described above and an ACE 
inhibitor, wherein a therapeutically effective amount of 
the above type compounds is systemically, such as 
orally or parenterally, administered over a prolonged 
period. 
Where the combination of the HMG CoA reductase 

inhibitor and squalene synthetase inhibitor are em 
ployed, the HMG CoA reductase inhibitor will be em 
ployed in a weight ratio to the squalene synthetase 
inhibitor of within the range of from about 0.001:l to 
about 1000:] and preferably from about 0.05:1 to about 
100:1. 
The pharmaceutical (also referred to as other serum 

cholesterol lowering agent) reduces serum cholesterol 
and/or inhibits cholesterol biosynthesis by a mechanism 
other than by inhibiting production of the enzyme 
squalene synthetase or 3-hydroxy-3-methylglutaryl co 
enzyme A (HMG CoA) reductase, such as a bile salt 
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sequestrant or antihyperlipoproteinemic agent which 
inhibits formation of LDL or converts LDL to HDL. 
The HMG CoA reductase inhibitor or squalene synthe 
tase inhibitor will be employed in a weight ratio to the 
“pharmaceutical” of within the range of from about 
0001:] to about l000:l and preferably from about 0.05:1 
to about 100:1. 
The combination of the cholesterol lowering drug 

and ACE inhibitor will be employed in a weight ratio to 
each other of within the range of from about 0.00l:l to 
about 100021 and preferably from about 0.05:1 to about 
100:1. 
The removal of multiple atherogenic stimuli by ad 

ministration of an appropriate drug combination in ac 
cordance with the present invention is of greater thera 
peutic bene?t than monotherapy. In addition, signi? 
cantly lower doses of the individual components of an 
appropriate drug combination will be necessary to pro 
duce a desired therapeutic effect than would be needed 
if speci?ed components of the combination were used 
alone. Thus, by reducing the dosage of individual 
agents comprising the therapeutic combination, the 
potential for producing drug-speci?c side effects in 
patients is minimized, particularly if components of the 
combination have different pharmacologic mechanisms 
of action. It is believed that the combination employed 
in the method of the invention in which component 
drugs have separate mechanisms of action, will produce 
a maximum therapeutic effect which is greater than can 
be achieved by same drugs when given alone, even at 
maximum tolerated doses. 

In preferred embodiments where the patient to be 
treated in accordance with the present invention is nor 
motensive, the angiotensin converting enzyme inhibitor 
(where employed) will preferably be administered in 
amounts below that required to cause hemodynamic 
effects, that is below that required to cause a reduction 
in blood pressure. Where the patient to be treated is 
hypertensive, then the angiotensin converting enzyme 
inhibitor (where employed) will be used in amounts 
usually employed to treat hypertension. 

Cholesterol lowering drugs or drugs which are inhib 
itors of cholesterol biosynthesis which may be used in 
the method of the invention include HMG CoA reduc 
tase inhibitors or squalene synthetase inhibitors. 
The HMG CoA reductase inhibitors suitable for use 

herein include, but are not limited to, mevastatin and 
related compounds as disclosed in U.S. Pat. No. 
3,983,140, lovastatin (mevinolin) and related com 
pounds as disclosed in U.S. Pat. No. 4,231,938, pravasta 
tin and related compounds such as disclosed in U.S. Pat. 
No. 4,346,227, velostatin (synvinolin) and related com 
pounds as disclosed in U.S. Pat. Nos. 4,448,784 and 
4,450,171, with lovastatin, pravastatin or velostatin 
being preferred. Other HMG CoA reductase inhibitors 
which may be employed herein include, but are not 
limited to, ?uindostatin (Sandoz XU-62-320), pyrazole 
analogs of mevalonolactone derivatives as disclosed in 
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US. Pat. No. 4,613,610, indene analogs of mevalonolac- Examples of such compounds include (S)-4-[[(E)-2 
tone derivatives as disclosed in PCT application W0 [4’-?uoro-3,3',5-trimethyl[l,l'-biphenyl]-2-yl]ethenyl] 
86/03488, 6-[2-(substituted-pyrrol-l-yl)alkyl]pyran- hydroxyphosphinyH-B-hydroxybutanoic acid or its dili 
2~ones and derivatives thereof as disclosed in US. Pat. thium salt; ' 
No. 4,647,576, Searle’s SC-45355 (a 3-substituted pen- 5 (S)-4-[[2-[4'-fluoro-3,3’,5-trimethyl-[l,l'-biphenyl]-2 
tanedioic acid derivative) dichloroacetate, imidazole yl]ethyl]hydroxyphosphinyl]-3-hydroxybutanoic 
analogs of mevalonolactone as disclosed in PCT appli- acid, methyl ester or mono- or di-alkali metal salts 
cation WO 86/07054, 3-carboxy-2-hydroxy-propane- thereof; 
phosphonic acid derivatives as disclosed in French Pat. (S)-4-[[[4’-?uoro-3,3',5-trimethyl-[1,1'-biphenyl]-2-yl]e 
No. 2,596,393, 2,3-di-substituted pyrrole, furan and thio- 10 thynyl]methoxyphosphinyl]-3-hydroxybutanoic acid 
phene derivatives as disclosed in European Patent Ap- or the methyl ester thereof; 
plication No. 0221025, naphthyl analogs of mevalono- (5Z)-4~[[2-[4’-?uoro-3,3’,5-trimethyl-[l,l’-biphenyl]-2 
lactone as disclosed in US. Pat. No. 4,686,237, octahy- yl]ethenyl]hydroxyphosphinyl]-3-hydroxybutanoic 
dro-naphthalenes such as disclosed in US. Pat. No. acid, methyl esters thereof; 
4,499,289, keto analogs of mevinolin (lovastatin) as dis‘ 15 (S)-4-[[2-[3-(4-?uorophenyl)-l-(l-methylethyD-1H 
closed in European Patent Application No. 0,l42,l46 indol-2-yl]ethyl]methoxyphosphinyl]~3-hydrox 
A2, as well as other known HMG CoA reductase inhib- ybutanoic acid, methyl esters; 
itors. (S)-4-[[2-[[l , l '-biphenyl]-2-yl]ethyl]-methoxyphosphi 

In lddition, compounds useful in inhibiting HMG nyl-3-hydroxybutanoic acid, methyl ester; 
CoA reductase suitable for use herein are disclosed in 20 (S)-4-[[2-[4'-?uoro-3,3',5-trimethyl-[l,l'-biphenyl]-2 
GB 2205837 which compounds have the moiety yl]¢thy1]hydroxyphosphinyl]-3-hydroxybutanoic 

acid, dilithium salt; 
(8)4-[[2-[4’-?uoro-3,3',5-trimethyl-[ l , l '-biphenyl]-2 

yl]ethynyl]hydroxyphosphinyl]-3-hydroxybutanoic 

30 (S)-4-[[2-[3-(4-fluorophenyl)-l-(l-methylethyD-IH 
indol-2-yl]ethyl]hydroxyphosphinyl]-3-hydrox 
ybutanoic acid, dilithium salt; 

(S)-4-[[2-[( l , l '-biphenyl] -2-yl] ethyl]-hydroxyphosphi 
nyl ~3-butanoic acid, dilithium salt; 

(S)-4-(hydroxymethoxyphosphinyl)-3-[[[( l , l-dime 
thylethyl)diphenylsilyl]oxy]butanoic acid, methyl 
ester, or its dicyclohexylarnine (lal) salt; 

(S)-4-[[2-[ l -(4-?uorophenyl)-3-(l -methylethyl)- l -indol 
2-yl]ethynyl]hydroxyphosphinyl]-3-hydroxybutanoic 
acid or its dilithium salt or methyl ester thereof; 

wherein X is -—-O—- or ---NH---, 11 is l or 2 and Z is a 
hydrophobic anchor. 
Examples of such compounds include (S)-4-[[[4' 

?uoro-3,3',5-trimethyl[ l , l '-biphenyl]-2-yl]-methoxy] 
methoxyphosphinyl]-3-hydroxy-butanoic acid, methyl 
ester or its monolithium salt, 
(S)-4-[[[4’-?uoro-3,3',5-trimethyl[1,l'-biphenyl]-2 

yl]metlroxy1hydroxyphosphinyl]-3-hydroxybutanoic 
acid, dilithium salt, 

(3S)-4~[[[4'-fluoro-3,3 ',5-trimethyl[l , l ’-biphenyl]-2 
yl]methoxy]methylphosphinyl]-3-hydroxybutanoic 
acid, monolithium salt, - - - t - - 

(38H[[[Z’MICMOIO'6'[(4'?uorophenyn'methoxyl‘ ybutanoic acid or its dilithium salt or methyl ester 
phenyl]methoxy]hydroxyphosphinyl1-3-hyd rox- thereof 
ybutanoic acid, dilithium salt, _ ,_ ’ I _ - 1’ '_ i 1_2_ 1 e_ 

Y3“£11t1]aalgolm?hlgutphoglfmyll-3-hydm- acid or its dilithium salt or methyl ester thereof; 
y u 01c w ’ mono t um ' . _ . 55 (S)-4-[[[2,4-dimethyl-6-[(4-?uorophen l)-methoxy] 
Another class of HMG CoA reductase rnhrbrtors phcn?kthyuhydmyphosphinyl]_3Yhydm_ 

suitable for use herein include compounds disclosed in - . - . . - 
GB 2205838, which compounds have the moiety ybutanorc acrd or its dilithium salt or methyl ester 

thereof; 
(S)-4-[[[2,4~dimethyl-6-[(4-?uorophenyl)-methoxy] 

R 60 phenyl]ethynyl]hydroxyphosphinyl}3-hydrox 
._P..CHZ_CH_CHZ_CO_ ybutanoic acid or its dilithium salt or methyl ester 

I thereof; 
1‘ 0“ (S)-4-[[2-[3,5-dimethyl[1,l’-biphenyl)-2-yl]ethyl)hy 
Z droxyphosphirryl}3-hydroxybutanoic acid or its dili 

65 thium salt or methyl ester thereof; 
wherein X is —-CH;— —CH2—CH2--, —CH=CH—, (S)-4-[[2-[4'-?uoro~3,5-dirnethyl[l,l'-biphenyl]-2-yl]e 
—CH2CH2CH2——, —CIC— or -CH2O—, where O thyl]hydroxyphosphinyl]-3-hydroxybutanoic acid or 
is linked to E, and Z is a hydrophobic anchor. its dilithium salt or methyl ester thereof; 
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(S)-4-[[2-[[l, l '-biphenyl]-2-yl]ethynyl]-hydroxyphos 
phinyl]-3-hydroxybutanoic acid or its dilithium salt 
or methyl ester thereof; 

(S)-4-[[2-(5-(4-fluorophenyl)-3-(1-methylethyl)-l-phe 
nyl-lH-pyrazol~4-yl]ethynyl]methoxyphosphinyl]~3 
hydroxybutanoic acid, methyl ester; 

(S)-4-[[2-[5-(4-fluorophenyl)-3-(l-methylethyl)-l-phe 
nyl-lH-pyrazol-4-yl]ethynyllhydroxyphoshinyH-S 
hydroxybutanoic acid, dilithium salt; 

(E)-4-[[2-[5-(4-?uorophenyl)-3-(1-methylethyl)-l-phe 
nyl-lH-pyrazo1-4-yl]ethenyl]methoxyphosphinyl]-3 
hydroxybutanoic acid, methyl ester; 

(E)-4-[[2-[5-(4-?uorophenyl)-3-(l-methylethyl)-l-phe 
nyl-1H-pyrazol-4-yl]ethenyl]hydroxyphosphinyl]-3 
hydroxybutanoic acid, dilithium salt; 

(S)-4-[[2-[5-(4-?uorophenyl)-3-(l -methylethyl)- l -phe 
nyl~lH-pyrazol-4-yl]ethyl]methoxyphosphinyl]-3 
hydroxybutanoic acid, methyl ester; 

(S)-4-[[2-[5-(4-?uorophenyl)-3-(l-methylethyl)-l-phe 
nyl-lH-pyrazol-4-yl1ethyl]hydroxyphosphinyl]-3 
hydroxybutanoic acid, dilithium salt; 

(S)-4-[[2-[3-(4-?uorophenyl)-5-( l-methylethyl)- l-phe 
nyl-lH-pyrazol-4-yl]ethyl]methoxyphosphinyl]-3 
hydroxybutanoic acid, methyl ester; 

(S)-4-[[2-[3-(4'?uorophenyl)-5-(1-methylethyl)-l-phe 
nyl-lH-pyrazol-4-yl1ethyl]hydroxyphosphinyl]-3 
hydroxybutanoic acid, dilithium salt; 

(S)-4-[[2-[3-(4-fluorophenyl)-5-(l-methylethyl)-l-phe 
nyl-lH-pyrazol-4-yl]ethynyl]methoxyphosphinyl]-3 
hydroxybutanoic acid, methyl ester; 

(S)-4-[[2-[3-(4-?uorophenyl)-5-( l -methylethyl)- l-phe 
nyl-lH-pyrazo1-4-yl1ethynyl]hydroxyposphinyl]-3 
hydroxybutanoic acid, dilithium salt; 

(S)-4-[[[4-(4-?uorophenyl)-l-(l-methylethyl)-3-phenyl 
lH-pyrazol-S-yl]ethynyllmethoxyphosphinyl]~3 
hydroxybutanoic acid, methyl ester; 

(S)-4-[[[4-(4-fluorophenyl)-l-(l-methylethyl)-3-phenyl 
lH-pyrazol~5~yl]ethynyl]hydroxyphosphinyl]-3 
hydroxybutanoic acid, dilithium salt; 

(S)-4-[[2-[4-(4-?uorophenyl)- l-(l -methylethyl)-3-phe 
nyl-lH-pyrazol-5-yl]ethyl]methoxyphosphinyl]-3 
hydroxybutanoic acid, methyl ester; 

(S)-4-[[2-[4-(4~fluorophenyl)-l-(l-methylethyl)-3-phe 
nyl-lH-pyrazol-5-yl]ethyl]hydroxyphoshinyl}3 
hydroxybutanoic acid, dilithium salt; 

(S)-4-[[[l-(4-?uorophenyl)-4-(l-methylethyl)-2-phenyl 
lH-irnidazole-S-yl]ethynyllmethoxyphosphinyl]-3 
hydroxybutanoic acid, methyl ester; 

(S)-4—[[[l-(4-?uorophenyl)-4-(l-methylethyl)-2-phenyl 
1H-imidazol-5-yl1ethynyl]methoxyphosphinyl]-3 
hydroxybutanoic acid, methyl ester; 

(S)-4-[[2-[l-(4-?uorophenyl)-4-(l-methylethyl)-2-phe 
nyl-1H-imidazol-5-yl]ethyl]methoxyphosphinyl1-3 
hydroxybutanoic acid, methyl ester; 

(S)-4-[[2-[l-(4-fluorophenyl)-4»(l-methylethyl)-2-phe 
nyl-lH-imidazol-5-yl]ethyl]hydroxyphosphinyl]-3 
hydroxybutanoic acid, dilithium salt; 

(S)-4-[[[2-(cyclohexylmethyl)-4,6-dimethylphenyl]e 
thynyl]hydroxyphosphinyl]-3-hydroxybutanoic acid 
or its dilithium salt or methyl ester thereof; 

4-[[2-[2-(cyclohexylmethyl)-4,6-dimethylphenyl]e 
thenyl]hydroxyphosphinyl]-3-hydroxybutanoic acid 
or its dilithium salt or methyl ester thereof; 

(S)-4-[[2-[2-(cyclohexylmethyl)-4,6-dimethylphenyl1e 
thyl]hydroxyphosphinyl1-3-hydroxybutanoic acid or 
its dilithium salt or methyl ester thereof; 
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4-[[[[4’-?uoro-3,3',5-trimethyl[l , l '-biphenyl]-2-yl]oxy] 

methyllhydroxyphosphinyl]-3-hydroxybutanoic acid 
or its dilithium salt or methyl ester thereof; 

4-[[[4’-fluoro-3,3’,5-trimethyl[ l , l '-biphenyl]-2-yl]me 
thyl]hydroxyphosphinyl]-3-hydroxy-butanoic acid or 
its dilithium salt or methyl ester thereof; 

(S)-4-[[[l-(4-?uorophenyl)-3-methyl-2-naphthalenyl]e 
thynyl]hydroxyphosphinyl]~3-hydroxybutanoic acid 
or its dilithium salt or methyl ester thereof; 

(E)-4-[[2-[l-(4-fluorophenyl)-3-methyl-2-naphthalenyl 
]ethenyl]hydroxyphosphinyl]-3-hydroxybutanoic 
acid or its dilithium salt or methyl ester thereof; 

(S)-4-[[2-[l-(4-?uorophenyl)-3-methyl-2-naphthalenyl 
]ethyl]hydroxyphosphinyl]-3-hydroxybutanoic acid 
or its dilithium salt or methyl ester thereof; 

yl]propyl]methoxyphosphinyl]-3-hydroxybutanoic I 

yl]propyl]hydroxyphosphinyl]-3-hydroxybutanoic 
acid, dilithium salt; 

[lS-[l <a(R'),2<a,4a<b,8 <b,8a<a]]-4-[[2-[8-(2,2 
dimethyl-l-oxobutoxy)decahydro-2-methyl-l-naph 
thalenyl]ethyl]methoxyphosphinyl]-3-hydrox 
ybutanoic acid, methyl ester; 

[lS-[l <a(R"),2<a,4a<b,8 <b,8a<a]]-4-[[2-[8-(2,2 
dimethyl-l-oxobutoxy)decahydro-2-methyl-l-naph 
thalenyl]ethyl]hydroxpyphosphinyl]-3-hydrox 
ybutanoic acid, dilithium salt; 

(S)-4-[[[3’-(4-fluorophenyl)spiro]cyclopentane- l , l ' 

[lH]indene]-2-yl]ethynyl]methoxyphosphinyl]-3 
hydroxybutanoic acid, methyl ester; and 

(S)-4-[[[3'-(4~fluorophenyl)spiro]cyclopentane- l , l ' 
[lH]indene]-2-yl]ethynyl]hydroxyphosphinyl]-3 
hydroxybutanoic acid, dilithium salt. 
The squalene synthetase inhibitors suitable for use 

herein include, but are not limited to, those disclosed by 
Biller et al., supra, including isoprenoid (phosphinylme 
thyl)phosphonates such as those of the formula 

including the triacids thereof, triesters thereof and tri 
potassium and trisodium salts thereof as well as other 
squalene synthetase inhibitors disclosed in pending US. 
patent application Ser. No. 141,744, filed Jan. 11, 1988 
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and in Biller et al, J. Med. Chem., 1988, Vol. 31, No. 10, 
pp 1869 to 1871. 

In addition, other squalene synthetase inhibitors suit 
able for use herein include the terpenoid pyrophos 
phates disclosed by P. Ortiz de Montellano et al., J. 
Med. Chem.; 1977, 20, 243-249, the farnesyl diphos 
phate analog A and presqualene pyrophosphate (PSQ 
PP) analogs as disclosed by Corey and Volante, J. Am. 
Chem. Soc. 1976, 98, 1291-1293, phosphinylphosphon 
ates reported by McClard, R. W. et al., J.A.C.S., 1987, 
109, 5544 and cyclopropanes reported by Capson, T. L., 
PhD dissertation, Jun., 1987, Dept. Med. Chem. U. of 
Utah, Abstract, Table of Contents, pp. 16, 17, 40-43, 
48-51, Summary. 
The disclosure of the above-mentioned patents and 

patent applications are incorporated herein by refer 
ence. 

Preferred are pravastatin, lovastatin or velostatin or a 
squalene synthetase inhibitor such as disclosed by Biller 
et al., supra or combinations thereof which include a 
weight ratio of the HMG CoA reductase inhibitorzsqua 
lene synthetase inhibitor of from about 0.05:1 to about 
100:]. ‘ 

The “pharmaceutical” or other serum cholesterol 
lowering agents which function other than by inhibiting 
the enzyme HMG CoA reductase or squalene synthe 
tase suitable for use herein include, but are not limited 
to, antihyperlipoproteinemic agents such as probucol, 
and gem?brozil and related compounds as disclosed in 
U.S. Pat. No. 3,674,836, probucol and gem?brozil being 
preferred, bile acid sequestrants such as cholestyramine, 
colestipol and DEAE-Sephadex (Secholex ®, Polidexi 
dc ®), 88 Well as clo?brate, lipostabil (Rhone-Poulenc), 
Eisai E-5050 (an N-substituted ethanolamine deriva 
tive), imanixil (HOE-402) tetrahydrolipstatin (T HL), 
istigmastanyl-phosphorylcholine (SPC, Roche), 
aminocyclodextrin (Tanabe Seiyoku), Ajinomoto AJ 
814 (azulene derivative), melinarnide (Sumitomo), San 
doz 58-035, American Cyanamid CL-277,082 and CL 
283,546 (di-substituted urea derivatives), nicotinic acid, 
neomycin, p-aminosalicylic acid, aspirin, poly(diallyl 
methylamine) derivatives such as disclosed in U.S. Pat. 
No. 4,759,923, quaternary amine poly(diallyldime 
thylammonium chloride) and ionenes such as disclosed 
in U.S. Pat. No. 4,027,009, and other known serum 
cholesterol lowering agents which lower cholesterol 
through a mechanism other than by the inhibition of the 
enzyme HMG CoA reductase or squalene synthetase. 

Also preferred are combinations of any of the HMG 
CoA reductase inhibitors or isoprenoid (phosphinyl 
methyl) phosphonates disclosed by Biller et al, supra, 
with probucol or gem?brozil. 
The angiotensin converting enzyme inhibitor which 

may be employed herein preferably includes those con 
taining a mercapto (—-S—) moiety such as substituted 
proline derivatives, such as any of those disclosed in 
U.S. Pat. No. 4,046,889 to Ondetti et al mentioned 
above, with captopril, that is, 1-[(2S)-3-mercapto-2 
methylpropionyH-L-proline, being preferred, and mer 
captoacyl derivatives of substituted prolines such as any 
of those disclosed in U.S. Pat. No. 4,316,906 with 
zofenopril being preferred. 
Other examples of mercapto containing ACE inhibi 

tors that may be employed herein include rentiapril 
(fentiapril, Santen) disclosed in Clin. Exp. Pharmacol. 
Physiol. 10:131 (1983); as well as pivopril, that is 
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and YS980, that is 

CH3 
/\ 

HS-Cl-h-CH-CO-N S. 

COzH 

Other examples of angiotensin converting enzyme 
inhibitors which may be employed herein include any 
of those disclosed in U.S. Pat. No. 4,374,829 mentioned 
above, with N-(l-ethoxycarbony1-3-phenylpropyl)-L 
alanyl-L-proline, that is, enalapril, being preferred, any 
of the phosphonate substituted amino or imino acids or 
salts disclosed in U.S. Pat. No. 4,452,790 with (S)-1-[6 
amino-2-[[hydroxy-(4-phenylbutyl)phosphinyl]oxy]-1 
oxohexyH-L-proline (SQ 29,852 or ceranapril) being 
preferred, phosphinylalkanoyl prolines disclosed in 
U.S. Pat. No. 4,168,267 mentioned above with fosino 
pril being preferred, any of the phosphinylalkanoyl 
substituted prolines disclosed in U.S. Pat. No. 4,337,201, 
and the phosphonamidates disclosed in U.S. Pat. No. 
4,432,971 discussed above. 
Other examples of ACE inhibitors that may be em 

ployed herein include Beecham’s BRL 36,378 as dis 
closed in European patent Nos. 80822 and 60668; Chu 
gai’s MC-838 disclosed in CA. 102:72588v and Jap. J. 
Pharmacol. 40:373 (1986); Ciba-Geigy’s CGS 14824 
(3-([ 1 -ethoxycarbonyl-3-phenyl-(l S)-propy1]-amino) 
2,3,4,5-tetrahydro-2-oxo-l-(3S)-benzazepine-1 acetic 
acid HCl) disclosed in U.K Patent No. 2103614 and 
CGS 16,617 (3(S)-[[(lS)-5-amino-l-carboxypentyl 
]amino]-2,3,4,S-tetrahydro-Z-oxo-lli-l-benzazepine-l 
ethanoic acid) disclosed in U.S. Pat. No. 4,473,575; 
cetapril (alacepril, Dainippon) disclosed in Eur. Therap. 
Res. 39:671 (1986); 40:543 (1986); ramipril (Hoechst) 
disclosed in Eur. Patent No. 79-022 and Curr. Ther. 
Res. 40:74 (1986); Ru 44570 (Hoechst) disclosed in An 
neimittelforschung 3521254 (1985), cilazapril (Hoffman 
LaRoche) disclosed in J. Cardiovasc. Pharmacol. 9:39 
(1987); Ro 31-2201 (Hoffman-LaRoche) disclosed in 
FEBS Lett. 165:201 (1984); lisinopril (Merck) disclosed 
in Curr. Therap. Res. 37:342 (1985) and Eur. patent 
appl. No. 12-401, indalapril (delapril) disclosed in US. 
Pat. No. 4,385,051; indolapril (Schering) disclosed in J. 
Cardiovasc. Pharmacol. 5:643, 655 (1983); spirapril 
(Schering) disclosed in Acta. Pharmacol. Toxicol. 59 
(Supp. 5):173 (1986); perindopril (Servier) disclosed in 
Eur. J. Clin. Pharmacol. 31:519 (1987); quinapril (Wam 
er-Lambert) disclosed in U.S. Pat. No. 4,344,949 and Cl 
925 (Warner-Lambert) ([3S-[2[R(')R(‘)]]3R(‘)]-2-[2 
[[1-(ethoxycarbonyl)-3-phenylpropyl]amino[—l-oxo 
propyl]-1,2,3,4-tetrahydro-6,7-dimethoxy-3 
isoquinolinecarboxylic acid HCl) disclosed in Pharma 
cologist 26:243, 266 (1984), WY-44221 (Wyeth) dis 
closed in J. Med. Chem. 26:394 (1983). 

Preferred are those ACE inhibitors which are proline 
or substituted pooline derivatives and most preferred 
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are such ACE inhibitors which include a mercapto 
group. 
The above-mentioned US. patents are incorporated 

herein by reference. 
In carrying out the method of the present invention, 

the combination of the cholesterol lowering drug and 
/or ACE inhibitor may be administered to mammalian 
species, such as monkeys, dogs, cats, rats, humans, etc. 
and as such may be incorporated in a conventional 
systemic dosage form, such as a tablet, capsule, elixir or 
injectable. The above dosage forms will also include the 
necessary carrier material, excipient, lubricant, buffer, 
antibacterial, bulking agent (such as mannitol), anti-oxi 
dants (ascorbic acid of sodium bisulfite) or the like. Oral 
dosage forms are preferred, although parenteral forms 
are quite satisfactory as well. 
The dose administered must be carefully adjusted 

according to age, weight and condition of the patient, as 
well as the route of administration, dosage form and 
regimen and the desired result. 

Thus, for oral administration, a satisfactory result 
may be obtained employing the HMG CoA reductase 
inhibitor in dosages employed, for example, for lovasta 
tin as indicated in the Physician’s Desk Reference, such 
as in an amount within the range of from about 1 to 2000 
mg, and preferably from about 4 to about 200 mg. The 
squalene synthetase inhibitor may be employed in dos 
ages in an amount within the range of from about 10 mg 
to about 2000 mg and preferably from about 25 mg to 
about 200 mg. 
A preferred oral dosage form, such as tablets or cap 

sules, will contain the HMG CoA reductase inhibitor in 
an amount of from about 0.1 to about 100 mg, prefera 
bly from about 5 to about 80 mg, and more preferably 
from about 10 to about 40 mg. 
A preferred oral dosage form, such as tablets or cap 

sules will contain the squalene synthetase inhibitor in an 
amount of from about 10 to about 500 mg, preferably 
from about 25 to about 200 mg. 
The other serum cholesterol lowering drugs when 

present will be employed in dosages normally employed 
as indicated in the Physician's Desk Reference, for each 
of such agents such as in an amount within the range of 
from about 2 mg to about 7500 mg and preferably from 
about 2 mg to about 4000 mg. 
With regard to the ACE inhibitor, for oral adminis 

tration, a satisfactory result may be obtained employing 
the ACE inhibitor in an amount within the range of 
from about 0.01 mg/kg to about 100 mg/kg and prefera 
bly from about 0.1 mg/kg to about 5 mg/kg. 
A preferred oral dosage form , such as tablets or 

capsules, will contain the ACE inhibitor in an amount 
of from about,0.l to about 500 mg, preferably from 
about 2 to about 5 mg, and more preferably from about 
1 to about 3 mg. 
For parenteral administration, the ACE inhibitor will 

be employed in an amount within the range of from 
about 0.005 mg/kg to about 10 mg/kg and preferably 
from about 0.005 mg/kg to about 0.3 mg/kg. 
The cholesterol lowering agent and ACE inhibitor 

may be employed together in the sameoral dosage form 
or in separate oral dosage forms, which may be taken at 
the same time. 
The compositions described above may be adminis 

tered in the dosage forms as described above in single or 
divided doses of one to four times daily. It may be advis 
able to start a patient on a low dose combination and 
work up gradually to a high dose combination. 
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Tablets of various sizes can be prepared, e.g., of about 

2 to 2000 mg in total weight, containing one or both of 
the active substances in the ranges described above, 
with the remainder being a physiologically acceptable 
carrier of other materials according to accepted phar 
maceutical practice. These tablets can, of course, be 
scored to provide for fractional doses. Gelatin capsules 
can be similarly formulated. 

Liquid formulations can also be prepared by dis 
solving or suspending one or the combination of active 
substances in a conventional liquid vehicle acceptable 
for pharmaceutical administration so as to provide the 
desired dosage in one to four teaspoonsful. 
Such dosage forms can be administered to the patient 

on a regimen of one to four doses per day. 
According to another modi?cation, in order to more 

?nely regulate the dosage schedule, the active sub 
stances may be administered separately in individual 
dosage units at the same time or carefully coordinated 
times. Since blood levels are built up and maintained by 
a regulated schedule of administration, the same result is 
achieved by the simultaneous presence of the two sub 
stances. The respective substances can be individually 
formulated in separate unit dosage forms in a manner 
similar to that described above. 
Where combinations are to be used, fixed combina 

tions of cholesterol lowering drug and ACE inhibitor 
are more convenient and are preferred, especially in 
tablet or capsule form for oral administration. 

In formulating the compositions, the active sub 
stances, in the amounts described above, are com 
pounded according to accepted pharmaceutical prac 
tice with a physiologically acceptable vehicle, carrier, 
excipient, binder, preservative, stabilizer, ?avor, etc., in 
the particular type of unit dosage form. 

Illustrative of the adjuvants which may be incorpo 
rated in tablets are the following: a binder such as gum 
tragacanth, acacia, corn starch or gelatin; an excipient 
such as dicalcium phosphate or cellulose; a disintegrat 
ing agent such as corn starch, potato starch, alginic acid 
or the like; a lubricant such as stearic acid or magnesium 
stearate; a sweetening agent such as sucrose, aspartame, 
lactose or saccharin; a ?avoring agent such as orange, 
peppermint, oil of Wintergreen or cherry. When the 
dosage unit form is a capsule, it may contain in addition 
to materials of the above type a liquid carrier such as a 
fatty oil. Various other materials may be present as 
coatings or to otherwise modify the physical form of 
the dosage unit. For instance, tablets or capsules may be 
coated with shellac, sugar or both. A syrup of elixir may 
contain the active compound, water, alcohol or the like 
as the carrier, glycerol as solubilizer, sucrose as sweet 
ening agent, methyl and propyl parabens as preserva 
tives, a dye and a ?avoring such as cherry or orange. 
Some of the active substances described: above form 

commonly known, pharmaceutically acceptable salts 
such as alkali metal and other common basic salts or 
acid addition salts, etc. References to the base sub 
stances are therefore intended to include those common 
salts known to be substantially equivalent to the parent 
compound. 
The formulations as described above will be adminis 

tered for a prolonged period, that is, for as long as the 
potential for arteriosclerosis obliterans and intermittent 
claudication remain or the symptoms continue. Sus 
tained release forms of such formulations which may 
provide such amounts biweekly, weekly, monthly and 
the like may also be employed. A dosing period of at 
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least one to two weeks are required to achieve minimal 
bene?t. 
The following Examples represent preferred embodi 

ments of the present invention. All temperatures are 
expressed in degrees Centigrade unless otherwise indi 
cated and all mesh sizes are US. Standard ASTME. 

EXAMPLE 1 

A pravastatin formulation in the form of tablets hav 
ing the following composition was prepared as de 
scribed below. 

Ingredient Parts by Weight 

Pravatatin 7 
Lactose 67 
Microcrystalline cellulose 20 
Croacarmellose sodium 2 
Magnesium stearate 1 
Magnesium oxide 3 

Pravastatin, magnesium oxide and a fraction (30) of 
the lactose were mixed together for 2 to 10 minutes 
employing a suitable mixer. The resulting mixture was 
passed through a #12 to #40 mesh size screen. Micro 
crystalline cellulose, croscarmellose sodium and the 
remaining lactose were added and the mixture was 
mixed for 2 to 10 minutes. Thereafter, magnesium stea 
rate was added and mixing was continued for 1 to 3 
minutes. 
The resulting homogeneous mixture was then com 

pressed into tablets each containing 5 mg, 10 mg, 20 or 
40 mg pravastatin which may be used to treat peripheral 
vascular disease (arteriosclerosis obliterans) and inter 
mittent claudication. 

EXAMPLE 2 

Tablets of the following compositions are prepared as 
described below. 

Ingredient Weight (mg) 

trimethyl-3,7,l l-tridecatrienyl) 
phosphinyllmethy?phosphonic acid 
tripotassium salt (squalene 
synthetase inhibitor prepared as 
described by Biller et al. supra) 
Avicel 112.5 mg 
Lactose 113 mg 
Cornstarch 17.5 mg 
Stearic Acid 7 mg 

350 mg 

The tablets are prepared from sufficient bulk quantities 
by slugging the squalene synthetase inhibitor Avicel, 
and a portion of the stearic acid. The slugs are ground 
and passed through a #2 screen and then mixed with the 
lactose, cornstarch, and the remainder of stearic acid. 
The mixture is compressed into 350 mg capsule shaped 
tablets in a tablet press. The tablets are scored for divid 
ing in half. 
The squalene synthetase inhibitor tablets may be ad 

ministered as in accordance with the teachings of the 
present invention to treat arteriosclerosis obliterans 
and/or intermittent claudication. In addition, the prava 
statin and squalene synthetase inhibitor tablets of Exam 
ple l and 2 may be ground up into powders and used 
together in a single capsule. 
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EXAMPLE 3 

A pravastatin formulation in the form of tablets, each 
containing 5 mg, 10 mg, 20 mg or 40 mg pravastatin, 
having the following composition was prepared as de 
scribed in Example 1, except that color was incorpo 
rated into the powder mixture containing pravastatin, 
magnesium oxide and a fraction of the lactose. 

Ingredient Parts by Weight 
Pravastatin 7 
Lactose 67 
Croscarmellose sodium 2 
Magnesium stearate 1 
Magnesium oxide 3 
FDlrC Red #3 Lake 0.2 

The above pravastatin tablet may be administered to 
treat arteriosclerosis obliterans and/or intermittent 
claudication with or without a squalene synthetase in 
hibitor tablet (described in Example 2) in accordance 
with the teachings of the present invention. 

EXAMPLES 4 and 5 

Lovastatin tablets are prepared employing conven 
tional pharmaceutical techniques containing 20 mg 
lovastatin, cellulose, color, lactose, magnesium stearate 
and starch and butylated hydroxyanisole as a preserva 
tive as described in the 1988 PDR. 
The lovastatin tablets may be employed alone or in 

combination with the squalene synthetase inhibitor tab 
lets (described in Example 2) in separate or combined 
dosage forms to treat arteriosclerosis obliterans or inter 
mittent claudication in accordance with the present 
invention. 

EXAMPLES 6 to 8 

A formulation in the form of tablets having the fol 
lowing composition is prepared as described in Exam 
ple 1. 

Ingredient Weight (mg) 
(E,E,E)-]dilluoro[hydroxy(4,8,12- 100 mg 
trimethyl-l,3,7,l l-tridecate 
traenyl)phosphinyl]methyl] 
phosphonic acid tripotassium salt 
(squalene synthetase inhibitor 
prepared as described by 
Biller et al. supra) 
Cornstarch 50 mg 
Gelatin 7.5 mg 
Avicel (microcrystalline cellulose) 25 mg 
Magnesium stearate 2.5 mg 

185 mg 

The above formulations alone or with pravastatin 
tablets, or lovastatin tablets described in Examples 1 and 
4, respectively, or velostatin tablets may be employed in 
separate dosage forms or combined in a single capsule 
form to treat arteriosclerosis obliterans and/or intermit 
tent claudication in accordance with the present inven 
tion. 

EXAMPLE 9 

Probucol tablets containing 250 mg probucol are 
prepared employing conventional procedures contain 
ing the following additional ingredients as set out in the 
1988 PDR: corn starch, ethyl cellulose, glycerin, hy 
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droxypropyl cellulose, hydroxypropylmethyl cellulose 
2910, iron oxide, lactose, magnesium stearate, micro 
crystalline cellulose, polysorbate 80, talc and titanium 
dioxide. 
The squalene synthetase inhibitor formula-tions or 

HMG CoA reductase inhibitor formulations described 
in the previous examples may be employed with probu 
col tablets as a combination in accordance with the 
teachings of the present invention to treat arteriosclero 
sis obliterans and/or intermittent claudication. In addi 
tion, any or all of the above drugs and probucol tablets 
may be ground up into powders and used together in a 
single capsule. 

EXAMPLE 10 

Capsules containing 300 mg gem?brozil are prepared 
employing conventional pharmaceutical techniques 
containing the following additional ingredients as de— 
scribed in the 1988 PDR: polysorbate 80 NF, starch NF 
and silica gel. 
The squalene synthetase inhibitor tablets or HMG 

CoA reductase inhibitor tablets previously described 
and gem?brozil capsules may be administered as a com 
bination or the HMG CoA reductase inhibitor or squal 
ene synthetase inhibitor tablet may be ground into a 
powder and used in a single capsule containing gem? 
brozil to treat arterio-sclerosis obliterans and/or inter 
mittent claudication. 

EXAMPLES l l 

The above described HMG CoA reductase inhibitor 
tablets or squalene synthetase inhibitor tablets may be 
employed in combination with clo?brate capsules con 
taining 500 mg clo?brate and inactive ingredients in 
cluding color, and gelatin as described in the 1988 PDR 
to treat arteriosclerosis obliterans and/or intermittent 
claudication in accordance with the present invention. 

EXAMPLES l2 

Squalene synthetase inhibitor tablets or HMG CoA 
reductase inhibitor tablets as described above may be 
employed in combination with cholestyramine resin 
containing 4 g cholestyramine, acacia, citric acid, color, 
?avor, polysorbate 80, propylene glycol alginate and 
sucrose as described in the 1988 PDR to treat arterio 
sclerosis obliterans and/or intermittent claudication in 
accordance with the present invention. 

EXAMPLES l3 

Squalene synthetase inhibitor tablets, or HMG CoA 
reductase inhibitor tablets described above may be em 
ployed in combination with nieotinic acid, colestipol, 
dextrothyroxine or other serum cholesterol lowering 
agent in accordance with the teaching of the present 
invention to treat arteriosclerosis obliterans and/or 
intermittent claudication. 

It will also be appreciated that any of the HMG CoA 
reductase inhibitors or any of the squalene synthetase 
inhibitors disclosed herein may be employed in combi 
nation with each other and/or with any of the serum 
cholesterol lowering agents disclosed herein in accor 
dance with the present invention. 

EXAMPLE 14 

A captopril formulation suitable for oral administra 
tion alone or together with pravastatin is prepared as 
described below. 
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1000 tablets each containing 100 mg of l-[(2S)-3-mer- ' 

capto-2-methylpropionyl]-L-proline were produced 
from the following ingredients. 

l-[(2S)-3-Mercapto-2-methylpropionyl]- 7 g 
L-proline (captopril) 
Corn starch 50 g 
Gelatin 7.5 g 
Avicel (microcrystalline cellulose) 25 g 
Magnesium stearate 2.5 g 

The captopril and corn starch are admixed with an 
aqueous solution of the gelatin. The mixture is dried and 
ground to a ?ne powder. The Avicel and then the mag 
nesium stearate are admixed with the granulation. This 
is then compressed in a tablet to form 1000 tablets each 
containing 7 mg of active ingredient. 
The captopril tablets alone (or together with prava 

statin tablets) may be administered as a combination in 
accordance with the teachings of the present invention 
to treat or prevent atherosclerosis obliterans and inter 
mittent claudication. In addition, the pravastatin and 
captopril tablets may be ground up into powders and 
used together in a single capsule. 

EXAMPLES 15 

Enalapril tablets containing 7 mg enalapril and inac 
tive ingredients as described in the 1990 PDR, may be 
employed alone or in combination with the Example 2 
pravastatin tablets, in separate or combined dosage 
forms, to treat or prevent atherosclerosis obliterans and 
intermittent claudication in accordance with the present 
invention. 

EXAMPLES 16 

Tablets containing 500 mg clo?brate and 5 mg enala 
pril and inactive ingredients as described in the 1990 
PDR, may each be employed in separate dosage forms 
alone or together or combined in a single capsule form 
to treat or prevent atherosclerosis obliterans and inter 
mittent claudication in accordance with the present 
invention. 

EXAMPLES 17 to 19 

Cipro?brate, beza?brate, clino?brate, captopril, 
ceranapril or fosinopril each alone or combinations 
thereof may also be prepared in a manner described 
hereinbefore in Examples 14 to 16 for use in treating or 
preventing atherosclerosis obliterans and intermittent 
claudication. 

EXAMPLE 20 

Feno?brate tablets containing 250 mg fenofibrate are 
prepared employing conventional procedures contain 
ing the following additional ingredients: corn starch, 
ethyl cellulose, glycerin, hydroxypropyl cellulose, hy 
droxypropylmethyl cellulose 2910, iron oxide, lactose, 
magnesium stearate, microcrystalline cellulose, polysor 
bate 80, talc and titanium dioxide. 
The feno?brate tablets are employed with 5 mg 

lisinopril tablets for treating or preventing atherosclero 
sis obliterans and intermittent claudication. 

EXAMPLE 21 

The squalene synthetase inhibitor tablets of Example 
6 may be administered as in accordance with the teach 
ings of the present invention together with 5 mg capto 
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pril tablets to treat or prevent arteriosclerosis obliterans 
and intermittent claudication. 

EXAMPLES 22 and 23 

Lovastatin tablets are prepared employing conven 
tional pharmaceutical techniques containing 0 mg lova 
statin, cellulose, color, lactose, magnesium stearate and 
starch and butylated hydroxyanisole as a preservative as 
described in the 1990 PDR. 
The lovastatin tablets may be employed alone or in 

combination with the feno?brate tablets (described in 
Example 20) in separate or combined dosage forms to 
treat or prevent arteriosclerosis obliterans and intermit 
tent claudication in accordance with the present inven 
tion. 

EXAMPLE 24 

The ACE inhibitor formulations described in the 
previous Examples may be employed with probucol 
tablets (Example 9) as a combination in accordance 20 
with the teachings of the present invention to treat 
atherosclerosis obliterans or intermittent claudication. 
In addition, any or all of the above drugs and probucol 
tablets may be ground up into powders and used to 
gether in a single capsule. 

EXAMPLE 25 

Capsules containing 300 mg gem?brozil are prepared 
employing conventional pharmaceutical techniques 
containing the following additional ingredients as de 
scribed in the 1990 PDR: polysorbate 80 NF, starch NP 
and silica gel. 
The gem?brozil capsules may be administered alone 

or as a combination with any of the ACE inhibitor 
tablets and may be ground into a powder and used in a 
single capsule containing gem?brozil and ACE inhibi 
tor to treat atherosclerosis obliterans or intermittent 
claudication. 

EXAMPLE 26 

ACE inhibitor tablets described above may be em 
ployed in combination with cholestyramine resin, nico 
tinic acid, colestipol, dextrothyroxine or other serum 
cholesterol lowering agent in accordance with the 
teaching of the present invention to treat or prevent 
arteriosclerosis obliterans and intermittent claudication. 

It will also be appreciated that any of the cholesterol 
lowering drugs may be employed in combination with 
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any of the ACE inhibitors disclosed herein in accor 
dance with the present invention. 
What is claimed is: 
1. A method for treating intermittent claudication in 

a mammalian specie, which comprises administering to 
a mammalian specie in need of such treatment an effec 
tive amount of an angiotensin converting enzyme inhib 
itor alone or in combination with an effective amount of 
a cholesterol lowering drug. 

2. The method as de?ned in claim 1 wherein the 
cholesterol lowering drug is an inhibitor of the enzyme 
3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) 
reductase or an inhibitor of the enzyme squalene synthe 
£856. 

3. The method as de?ned in claim 2 wherein said 
inhibitor of the enzyme HMG CoA reductase is lovas 
tain, pravastatin or velostatin. 

4. The method as de?ned in claim 1 wherein the 
angiotensin converting enzyme inhibitor is a mercapto 
containing ACE inhibitor. 

5. The method as de?ned in claim 1 wherein the 
angiotensin converting enzyme inhibitior is a substi 
tuted proline derivative. 

6. The method as de?ned in claim 5 wherein said 
angiotensin converting enzyme inhibitor is captopril, 
zofenopril, enalapril, cernapril, fosinopril, lisinopril or 
fentiapril. 

7. The method as de?ned in claim 1 wherein the 
angiotensin converting enzyme inhibitor is a phospho 
nate substituted amino or imino acid or salt thereof, a 
proline derivative, a substituted proline derivative, a 
mercaptoacyl derivative of a substituted proline, a car 
boxyalkly dipeptide derivative, a phosphinylalkanoyl 
proline derivative or a phosphonamidate derivative. 

8. The method as de?ned in claim 1 wherein the 
angiotensin converting exzyme inhibitor is administered 
to a normotensive patient. 

9. The method as de?ned in claim 1 wherein the 
cholesterol lowering drug is present in a weight ratio to 
said ACE inhibitor of within the range of from about 
0.00l:l to about l(X)0:l. 

10. The method as de?ned in claim 1 wherein the 
cholesterol lowering drug is pravastatin. 

11. The method as de?ned in claim 1 wherein the 
cholesterol lowering drug is pravastatin and the ACE 
inhibitor is captopril, fosinopril or ceranapril. 


