





MEMORANDUM DPEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE: August 1, 1997
FROM: James Ramsey, Ph. D.
Microbiology Team Leader

Division of Antiviral Drug Products

THROUGH:  Walla Dempsey, Ph. D.
Acting Deputy Division Director
Division of Antiviral Drug Products

THROUGH: Donna Freeman, M. D.
Acting Division Director
Division of Antiviral Drug Products

TO: Murray Lumpkin, M. D.
Deputy Center Director for Review Management
Center for Drug Evaluation and Research

SUBJECT: Antimicrobial Activity of Lovastatin and Related Drugs

This report 1s in response to your request, made during the Jovastatin meeting held on June 9, 1997, for an evaluation of
the published literature relevant to possible antimicrobial activity of Jovastatin and related drugs. § have reviewed the
literature relevant to the possible antimicrobial activity associated with the anti-hypercholesterolemia drug, lovastatin_ In
addition, I have reviewed and included literature reports on antimicrobial activity of related members in the "statin” class
of drug products. The database searched for these literature reports was Medline for the years 1962 through June 12,
1997. Other databases have not been searched for information.

BACKGROUND:

In the preparation of this report, [ have focused on the legal basis for the classification of a drug as an antibiotic drug as
Uies: i Seution 507 (a) of the Federsi Food Drug, and Cosmetic Act. 1his legal descniption defines an antibiotic-
drug as "__. any drug intended for use by man containing any quantity of any chemical substance which is produced by a
microor ganism and has the capacity to inhibil or destroy microorganisms in dilute solution (including the chemically
synthesized equivalent of any such substance).” Therefore, 1o be determined an antibiotic drug, a human dru g must
possess the following propersties:

1) It must be a drug 1ntended for use by man which is produced by a microorgsnism or it may be any
chemically synthesized equivalent of any such substance.

2) Tt must have the capacity to inhibit or destroy microorganisms.

3) It must demonstrate the capacity to inhibit or destroy microorganisms in dilute solution.

These charactenstics of antibiotic drugs have been carefully considered for the purpose of determining if the reported
antimicrobial activity of lovastatin and related drug products is sufficient to warrant their reclassification as antibiotic
drug products



There are many analogues of "statin” drugs and related chemical substances that exhibit anti-cholesterolemia activity
reported in the literature. However, this review will only address antimicrobial activity relevant to “statin® class drug
products indicated for anti-hypercholesteremia activity submitted to FDA for marketing approval determinations.
Currently, there are six drug products of the "statin” class, indicated for the treatment of hypercholesterolemia, under
review or previously approved for marketing by the Center for Drug Evaluation and Research (CDER). Of the six, five,
including Mevacor (lovastatin, MK-803, mevinolin, monacolin K), Zocor (MK-733, simvastatin, synvinolin), Pravachol
(CS-514, SQ 3100, pravastatin, eptastalin), Lescol (fluvastatin sodium), and Liptor (atorvastatin calcium), have been
approved for marketing (Package Inserts Merck, August 31, 1987, Merck, December 23, 1991 Bristol Myers Squibb,
October 31, 1991; Sandoz, December 31, 1993; Park Davis, December 17, 1996, respectively). Baycol (cerivastatin
sodium tablets) is curently under review (Bayer, NDA 20-740).

Fluvastatin, atorvastatin and cerivastatin are all manufactured by synthetic processes (Package Inserts and NDA 20-740)
and as such do not fit the definition component requining antibiotic drugs to be produced by microorganisms. Therefore,
these drug products cannot be classified as antibiotic drugs and, consequently, will not be evaluated for antimicrobial I
activity in this review. Lovastatin, simvastatin and pravastatin are all drug substances which are either produced by
microorganisms of are chemically synthesized equivalents of such substances (Germershaven, et al | 1989; Tobert,
1987; Tsujita, et al,, 1986; Siton, 1990; Alberts, 1988; Alberts, ef al., 1980; Alberts, 1990). In addition, all have the
capacity o inthibit or destroy microorganisms (vide infra). Therefore, all three of these drugs fit the first two definitions
required for classification as antibiotic drugs  However, the third requirement for antibiotic elassification requires that
these drugs must demonstrate the capacity to inhibit or destroy microorgantsms n dilute solution. Interpretation of this
requirement is somewhat problematic in that the term dilute solution and the kinds of microorganisms 10 be inhibited
have not been defined. However, there appears to be a consensus within the agency and by some of the regulated drug
industry that the microorganisms inhibited should be organisms that are causative agents of human clinical infections. In
addition, the term dilute solution has been generally accepted as the drug concentration n preclinical studies that clicits
infbitory aclivity against microorganisms that correlates with clinically relevant human tissue drug concentrations.
Human tissue drug concentrations considered relevant are those that are achieved from doses administered to the human
target populations for the indicated use of the drug. The data from published literature relevant to interpretation of drug
concentrations that .. inhibits in dilute solution ..." are summarized and evaluated in this report.

Data on "statin™ anttmicrobial activity from human studies have not been reported in the literature. Therefore, for this
reason, this review contains only antimicrobial activity data generated from in vitro cell culture and in vivo animal mmodel
studies. Duning the review of these literature reports, it became clear that the preclinical antimicrobial activity data
alone were msufficient to permit a rat:onal interpretation of possible antibiotic activity associated with fovastalin and
rejated drug products.  For example, information on the expenimentzl design of the studies, assays used for
determination of activity, and studics on the mechanism of drug action were found (o be important parameters when
altempting to extrapolate int vitro activity results to expected clinical circumstances. In addition, species vanability with
respect{o-drug phanmacokinetics, pharmacodynamics, metabolism, eliminstion; bicavailability, tissue distribuflorisnd. - - -
drug interaction potential were found to be relevant to the interpretations of antibiotic activity potential with respect to
the definition *... inhibits in dilute solution ...". Therefore, (o the extent possible and within the time-frame available, an
effort has been made (o provide this information in instances where it was deemed to be of value for the interpretation of
paramelers relevanl (o “statin” class drug products’ potential antimicrobial activity expression

HISTORY:

In 1971, the Japanese researchers, Akira Endo and Masao Kuroda, began a search for inhibitors of microbial origin that
would inhibit the rate limiting enzyme, 3-hydroxy-3-methylglutaryl-Coenzyme A reduciase (HMG-CoA reductase), in
the biosynthetic pathway for cholesterol (Endo, et al., 19763; Endo, 1985a; Endo, et al, 1985b; Endo, 1992). They
antictpated that certain microorganisms would produce inhibitory products that would interfere with synthesis of
required sterols or other isoprenoids required for grosih of other microorganisms They hoped that these products
would be effective in inhibiting de novo cholesterol biosynthesis and have the potenual for reducing plasma cholesterol
levels in




hypercholesterolemic humans. By 1973, scveral compounds that were effective in inhibiting HMG-CoA reductase,
including ML-236A, ML-2368 (compactin, mevastatin), and ML-236C, had been isolated from cullures of Penicillium
citrinum. In 1976, afler documentation that these inhibitors reduced cholesterol in vito (Endo, et al., 1976a; Kancko,
et al, 1978, Alberts, 1988} and irr vivo in anumal models (Endo, ct al., 1976a; Endo, ct al., 1992) the first human
subjects were treated (reviewed by Endo, 1992; Endo, et al,, 1976b; Endo, et al., 1988; Tsujita, et al,, 1986). Promising
resulls 1 lowering plasma chaolesterol in these early human studies led to human chnical trials ultimately resulting in the
March, 1987, U.S. Food and Drug Admunistration approval of Mevacor (lovastatin) for the treatment of
hypercholesterolemia (Approved Drug Products with Therapeutic Equivalence Evaluations. 14* Ed. 1994. US
Department of Health and Human Services, Public Health Service, Food and Drug Administration, Center for Drug
Evaluation and Research).

The first publication suggesting that antimicrobial activity was associated with inhibitors of HMG-CoA reductase
1solated from fungi appeared in 1976 (Brown, et al,, 1976). The authors, citing a reference that was "in preparation”,
reported that compactin {(mevastatn), a potent HMG-CoA reductase inhibitor, was isolated from a culture believed to be
Penicillium brevicompoctum and was detected by its antifungal activity. However, antimicrobial data for the drug
(compactin), utilized for the investigations conducted by Brown et al,, were not presented in that publication. An
intensive computer search of the Medline database for the publication cited "in preparation” was unsuccessful.

Ewdently, it was never published; thus, a determination regarding the authenticity of the report cited by Brown cannat be
made.

The first report of antimicrobial activity attnibutable to lovastatin was pubhished 1n August, 1988 (Tkeura, et al., 1988)
Thus, although the rationale for (he search for these compounds was based upon an antibiotic pnnciple (substance
produced by a microorganism that inhibits other microorgenisms), at the time of lovastatin's approval by FDA in March,
1987, reports including data on antimicrobial activity of “statin” drugs were not available in the published literature.
Consequently, lovastatin was approved as a non-antibiotic drug under Section 505 of the Federal Food, Drug, and
Cosmelic Act for its anti-hypercholesterolemia activity. Simvastatin was subsequently approved for its anti-
hypercholesterolemia activity in December, 1991. Oaly three publication were found in the literature on simvastatin
anumicrobial activity (Grellier, et al., 1994; Coppens et al., 1995a; Coppens et al.,, 1995b). Pravastatin was approved
for its anu-hypercholesterolemia activity in October, 1991. Antimicrobial activity associated with pravastatin was not
found in the hiterature searches conducted. However, because of structural and mechanism of action similarities to
lovastatin and simvastatn, it is predictable that similar levels of antimicrobial activity, as has been reported for the other
“stalins”, may exist for pravas(atin.

The question under consideration in this report is the following' now that antirnicrobial activaty for lovastatin and
simvastatin has been reported in the literature, are the published data sufficient to meet the antibiotic drug definition of
"... nhbits in dilute solution .. " and, if so, should Jovastatin and related drugs be considered for reclassification as
antibiotic drug produgts ugder, Section 507 of the Federal Food, Dirug;.and Cosmetic Act? The following data evaigation
15 intended to provide a reference framework for making that delermination.

CHEMISTRY

Lovastatin and simvastatin are inaclive lactone prodrugs, which afier oral ingestion, are hydrolyzed to their
corresponding, biologically active, beta-hydroxy acid forms. Pravastatin is marketed as the active beta-hydroxy acid
form. Biotransformation of these drug products o several active and inactive metabolites has been reported (Vyas, et
al, 1990a; Vyas, et al,, 1990b; Halpin, et al., 1993) (Fig. 1). The 6a"-hydroxy-cpi-lovastatin, an in vivo metabolite
found in human and dog plasma, was not detected as a metabalite of rat or mouse liver microsomes. The inactive
pentanoic acid denvative, a major metabolite resulting from beta-oxidation of the hydroxy acid form of lovastatin, has
been detected 1n mice and rats; however, it has not been identified as a metabolite in humans.

Lovastatin, simvastatin and pravastatin sre competitive inhibitors of HMG-CoA reductase. This enzyme catalyzes the
conversion of HHMG-CoA 1o mevalonate, which is an early and rate-himiting step in the biosynthesis of 1soprenoid
compounds that are intermediates in multiple biosynthetic pathways for biological molecules, tncluding cholesterol,
associated with numerous critical organism functions (Brown, et al | 1980) (Fig. 2)
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Figure 1.

Biotransformation pathway of lavastatin
(Vyas et al. 1990)
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Figure 2.

Branched Pathway-of Mevalonate Metabolism
Modification of Brown et al. 1380
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PHARMACOLOGY

Human pharmacokinetics of HMG-CoA reductsse inhibitors in plasma have been reviewed by Desager, et al, 1996.
Tables I and I from their publication, showing data from multiple published studies, arc reproduced below. These data
are relevant in that they provide some insight into the drug concentrations to be considered when determining if the
definttion of "_. inhibits in dilute solution ._~ has been met. For lovastatin, the recommended dosing range for the
treatment of hypercholestererma is 10-80 mg/day in single or two divided doses; the maximum recommended dose is 80
mg/day. For simvastatin, the recommended dosing range is 5-40 mg/day as a single dose in the evening; the maximum
recommended dose 1s 40 mg/day.

Table I Main pharmacokinctic paramcters of lovastatin {mean + standard deviation)

Therapeutic daily Co {ugEql) T (hours) AUC (ugEq/L h){0-24h) CUF (Iay
dose (mg)

Al T1 Al Tl Al T1 Al T
80 (17 days) 407+ 39 496+ 83 20 +09 3.1+29 305241157 3853 +1073 2621 2076
80 (single dase- 70.7+612 150.6+1069 11 +13 19412 2824 +1383 5702+2754 12833 1403
I‘C)
40 (5 days) 4554315 851+ S82  241+1 18414 2360+ 132.3* 359.1+205.1  169.5 1114
40 (7 days) 330+ 98 657+ 300 26 +13 23413 1769+ 724 2846+1105 226 1405
40 (single dasc) 95+ 52 199+ 80 29 +1.7 26%17 Gl.l+ 720 1141+ 87 654.7 3506
20 (single dose) 145+ 88 271+ 136 24 +12 21412 763+ 416 1142+ 3576 2621 1751

‘Calculated from mean values,

*0 10 12 hours

Abbreviations: Al = active mhibitors; AUC = area under the plasma concentration-lime curve from zero to 24 hours; CL/F = apparernt total body
clearance; ugEq = ug equivalent; T1 < {otal inhibitors, T__ = time fo reach peak conoentration afler drug administration.

Table IL. Main pharmacokinctic parameters of simvastatia (mcan + standard deviation)

Therapeutic daly  C_ (ugE/L) T (hours) AUC (ugEq/L h){0-24h] CUF (L)
dose (mg) —

Al i Al T Al TI Al Tl
40(17days)  458+195  $65+247 14410  14+10 13004320  1720+490 3077 2325
40 (single dozc) 103+ 69 3454173 25417  13+14 408£263  102.5+450 9804 . 3902
20 (single dose) 184+ 73 17410 61.9+206 3231
100 (singJe dose - 125.0 + 80.0 30 1020 98.0
.‘Cr
20 (single dosc) 99+ 34 21£13 396 +262 503

“Caiculated from the mean values.
*Patient with T-tube drainage.
Abbceviations: see table [ above.

Other paramelers of interest include protein binding effects, adsorption, tofal body tissue distribution, excretion, and
half-life of lovastatin end simvastatin. In plasma, the hydroxy acid and lactone forms of lovastatin are 96 and 98.5%
protein bound, respectively. For simvastatin, protein binding for these forms is 98 and 94.5%, respectively. Adsorption
for lovastatin and simvastatin is approximately 3 1% and 60%, respectively. Afier absorption, these drugs undergo
extensive {irst pass extraction by the liver, their primary site of action. The hydroxy acid form is less efficiently extracted




by the liver than the lactone. The metabolism of lovastatin and simvastatin by the liver is a permanent dynamic process
because of the reversibility of the lactone to beta-hydroxy acid reaction. Thus, at any given time, lovastatin will be
represenied in tissue both as an active hydroxy acid form and as an inactive lactone form. For this reason, publications
showing pharmacokinetics data ofien report "staun” drug concentrations measured as ugEquivalents/ml plasma rather
than as ug/ml.

The excretion of inactive metabolites of Jovastatin and simvastatin is mainly in feces (64% to 83%) and in urine (10% to
20%). The plasma t,,, ranges from 3 to 4 hours. The pharmacockinetic half-lives are substantially Jess than the
pharmacodynamic values, which are around 20 hours. The apparent total body clearance (CL/F) is very high due to the
important furst-pass fiver extraction effect. Information concemning drug concentrations in other human tissues is limited
in the hiterature and much of our information concerning lissue concentrations of drug are derived from anims! studies.
Duggan, et al., 1989, have cvaluated lovastatin concentrations in numerous tissues of the rat and dog as shown in the
table below.

Table 4 from Duggan et al,, 1989.

Tissue distridution of lovastatin equivalents in rats and dogs
All vahies are ug equivalents per g (mil) of ssue. for rats, N = 3; for dogs, N = 4,

Rat Dog, po
Tissue v {0.8mpg/kg) po {8 me/kg) (60 mg/kg)
Th 3 hr 24 hr 1hr 4hr 24 hr 4hr
Plasma 0.23 + 001 007001 0.02 +0.0] 028+ .04 027+ 005 0.1 +001 027 +0.1
Hearst 0.21 £0.05 0.03 +0.01 <0.,02 0.48 0.2 <0.2 0.27+<0.1
Lung 023 +004 007 +0.02 <0.02 <@Q.5 <0.2 <0.2 0.41+02
Liver 2.62+0.83 062+0.1 0.15 +0.06 6.57+1.13 2.83 +09 101+0.18 436 +20
Spleen 008+002 0.04+0.01 <0(.02 <01 0.18 +0.06 <0.2 NS
Adrenal <028 <019 NS <0.4 060 0.56 + 0,05 022+0.12
Kidney 039+007 0134002 0044002 058+004 047+ 009 02 +0.03 071+ 026
Siomach 0.12+002 005+001 002+001 7594502 1216 +4.42 03 +008 NS
Small Intestine 2524019 0354+008 007+002 1725+551 11.26+542 0.49+0.13 13.62 4935
Lacge Intestine 0.14+001 084+023 005 +0.01 0.02+007 52 +1.07 0.65+0.48 NS
Testes 0.16 +001 003 +0.01 <0.02 <0.1 0409 +0.01 0.04 +0.01 021 +002
Muscle Q.09 +0.03 <0.02 <Q.02 <01 Q.12 <Q.1 0.35+0.135
Fat 0.11+002 002+0 0.02 <0.1 0.12 029 NS
Brain 006 +0 002+0 <0.03 0.1 008 +002 0,05 + 0.01 0.17+<0.1

NS, not significant.

The data from the above tables (Tables 1 and 2) would suggest that a maximum approved human dose of either
lovastatin or simvastatin, administered chronically on a daily basis, would be expected o result in a C, plasma drug
concenitration of approximately 40-60 ugEq/L (~0.1 uM) at steady state conditions. With a {_,, occurring at 2-3 h and a
Uy, 0F 3 10 4 h, the trough plasma drug concentrations evident within 8 1o 11 h would be expected to be < 10-15 ugkiq/L

(~J:025 uM) following once daily oral dosing. Plasma drug concentrations follo\vmg # single administered dosc were

shightly higher, but 3 single dose of drug would not be expecled to provide activity of sufficient duration to treat an
infectious disease. Interpretation of the data provided for tissue concentrations in rats and dogs treated with lovastatin
suggests that with the exception of the liver, stomach, and intestines other body tissues exhibit Jovastatin concentrations
similar to or less than that observed in plasma. Although the human equivalent dose is different from that administered
to these amimals, lovastatin in humans is expecled o exhibit 2 similar issue distribution profile, relative (o plasina
concentrations, as that shown above for the rat and dog. Therefore, with respect to human clinical use of lovastatin and
simvastatin, the target definition for "... inhibits in dilute solution _.." relevant to preclinical studies of antmicrobial
activity drug concentrations should lic somewhere between 10 and 60 ugEq/L (~0.025 (0 0.1 uM). The lovastatin
concentration of 10 ugEqg/L would represent that expected duning the trough concentration phase while the 60 ugEq/L
concentration would represent the upper range of C,_, reported.  However, because the pharmacokinetic half-lives are
substantially less than the pharmacodynamic values of approximately 20 h, the rough concentrations may not be
refevant (o antimiciobial activity evaluation. Consequently, the C,, concentration of ~0.1 uM may represent a better
choice for relevant compansons 1o be made




MICROBIOLOGY

Publications containing data relevant to possible antimicrobial activity of lovastatin and related "statin” drugs are
presented below. The publications were evaluated and summarized independently to ensure that potentially critical
paramelers pertaming 1o each study were not co-mingled. A complete citation for each reference summarized is

provided 1n bold type. Activity data arc grouped by microorganism classification for casc of reference. A general

summary of the data is provxdcd in Tables 14 in the discussion section at the end of this report.

Lovastatin Antimicrobial Activity Agsinst Bactenia:

Zhou, D, et al. Early steps of isoprenoid biosynthesis in Eschetichia coli. Biochem J. 1991 Feb t; 273(Pt 3)-
627-34.

In this paper the authars reporied the lack of involvement of mevalonic acid in the early steps of isoprenoid biosynthesis
i E. coli. Mevinolin (lovastatin) at concentrations as high as 68.3 uM did not affect growth of E. coli. Interpretation of
data presented in this paper (while not ruling out involvemeat of non-membrane bound mevalonate) would suggest that
cubacteria, such as E. coli, do not utilize acetyl-CoA and mevalonic acid in the biosynthesis of isoprenoids as has been
reparted for archaebacteria and eukaryotes (vide infra). The authors suggested that if the alternative pathway for
biosynthesis of isoprenoids in £ coli is a general characteristic of all eubactenia, then it may represent a clear
biochemical marker that scparates cubactenia from archacbactena and cukaryotes. If true, inhibitors of HMG-CoA
reductase, such as lovastatin, would not be expected to inhibit growth of specics of true bacteria. Data showing
lovastatin growth inhibition of any bacteria other than those classified as archaebacteria were not found in the published
literature.

Cabrera, JA,, et al. Isoprenoid synthesis in Halobacterium holohium. Modulation of 3-hydroxy-3-
methylglutaryl coenzyme A concentration in response to mevalonate availability. J Biol Chem. 1986 Mar 15;
261(8): 3578-83.

In this paper, the authors vtilized H. holobium, a genus of organism representative of thosc archaebacteria which require
>15% NaCl for growth {Dundas, . E.D. (1977) Adv. Microb. Physiol. 15, 85-120; cited in Cabrera, et al, 1986}, as a
unique biological model to study the regulation of mevalonate synthesis. They reported data which supports the
conclusion that H. holobium's HMG-CoA concentration, and not HMG-CoA reductase aclivity, was reversibly
modulated in response to mevalonate availability, in contrast that reported for cukaryotic cells.  As part of their
expenimental design, they evaluated mevinolin (lovastatin) induced effects on mevalonate content of H. iolobiuni. They
demonstrated that growth of H. holobiun: was completely inhibited by mevinolin (lovastatin) at concentrations of 1-2
M (~0.410 038 ug{ml) This inhibition by lovastatin was reversed by the addition of 4 mM mevalonate 1o the culture
sxediam o

Lam, WL., et al Shuttle vectors for the archachacterium Halobacterium vaolcanii. Proc Natl Acad Sci USA.
1989 Jul; 86(14): 5478-82.

In this publication, the authors reported that lovastatin completely inhibited in vitro growth of the Archaebacterium, H.
volcanii strain WFD11, at 1-2 uM (~0 4 to 0.8 ug/ml) and at 20-40 uM (~8 10 16 ug/ml) when cells were grown on agar
prepared with minimal or enriched medivm, respectively  The differential sensitivity of microorganisms to lovastatin
nhibition when grown on medium with and without lipids is a commonly reported observation in the published
literature.




Lovastatin Antimicrobial Activity Against Viruses:

Overmcyer, JH. Isoprencid requirement for intracellular transport and processing of murine leukemia virus
envelope protein. J Biol Chem. 1992 Nov 5; 267(31): 22686-91.

In this publication, the authors examined the potential relationship between isoprenoid biosynthesis and the processing
of murine leukemia virus (MuL V) envelope glycoprotein 1n murine erythroleukemia (MEL) cells cultured in Dulbecco's
Minimum Essential Medium (MEM) with 10% fetal bovine serum. They reported that lovastatin, at concentrations as
low as 1 ug/ml (~2.5 uM), was not cytostatic for MEL cells in culture, but prevented the cells’ ability to convert MuLV
envelope glycoprotein precursor, gPré0™, to the mature envclape giycoprotein, gp70™ . This conversion normally
occurs within the Golgt apparatus. It was suggested that lovastatin may prevent viral ecnvelope precursors from reaching
the Golgi compartment by blocking the geranylgeranyl isoprenylation of the GTP-binding rab proleins required for the
transport of precursor viral glycoprotein from the endoplasmic reticulum (ER) to the Golgi apparatus. In cells infected
with retroviruses, the envelope glycoproteins encoded by the viral env genes normally undergo proteolytic processing
and oligosaccharide maturation upon translocation from the ER to the Golgi apparatus. Inhibition of proteolytic
cleavage of viral envelope proteins is known to reduce infectious virus titers. The authors reported that the lovastatin
inhibitory effect on envelope maturation was drug dose dependent and was completely reversed by the addition of 200
uM mevalonate to the culture medium. However, the authors did not report the effect, if any, of lovastatin on MuLLV
infectivity.

Maziere, JC., et aL Lovastatin inhibits HIV-1 expression in H9 human T lymphocytes cultured in cholesterol-
poor medium. Blomed Pharmacother. 1994; 48(2): 63-7.

In this publication, the authors investigated the in vitro effect of lovastatin on HIV production in H9 T lymphocytes
adapted to grow in RPMI 1640 medium supplemented with only 1% human serum to himit exogenous cholesterol
supply. Lovastatin (0.3 uM final concentration) (~0.12 ug/ml) was added to the culture medium 1 day post-infection.
The medium was replaced each day by new medium containing the same concentration of Jovastatin. Reverse
transcriptase activity was reduced approximately 10-fold afler 9 days of lovastatn treatment compared to untreated,
infected controls. The authors concluded from these data that clinical intervention that would lower cholesterol
availability for HIV viral membrane synthesis may have some benefit in treatment of wviral replication in human AIDS
patients. The cffects of adding additional exogenous cholesterol or serum on the observed antiviral activity was not
investigated.

Malvoisin, E., et al. Effect of drugs which inhibit cholesterol synthesis on syncytia formation in vero cells
infected with measles virus. Biochim Blophys Acta. 1990 Feb 23; 1042(3):  359-64.

For these studies, Vem cells were infected with measles virus (Hall¢ strain) and incubated 1a Eagle's mimimum essential
medium containing 2% fetal calf serum and antibiotics (100 units/ml penicilhn and 100 ug/mli streptomycin). Inhibitors
of cholesterol biosynthesis fincluding mevinolin at 6 ug/ml (~15 uM)] intubited measles virus induced syncytia in Vero
cells, but this effect was not necessarily related to an inhibition of virus infectivity. Inhibition of virus infection occurred
with some non-statin cholesterol syntiesis inhibitors, but appeared 1o be due 10 the inhibitor's effects on parameters
other than cholesterol synthesis. Inhibttion of virus infection by mevinolin was not reported  Furthermore, cell
cylotoxicity related to mevinolin was not reported. Thus, although mevinolin significantly reduced syncytia formation tn
measles virus infected Vero cells, antiviral activity was not reported to be associated with this effect

Lovaslauin Anumicrobial Activity Against Yeast and Fupgi:

llceura, R, et al. Growth inhibition of yeast by compactin (ML-236B) analogues. J Antibiot Tolyo. 1988 Aug;
41(8): 1148-50.

In this publication, a vanety of HMG-CoA reductase inhibitors, including lovastatin {monacolin K), were evaluated for
antimicrobial activity against 303 strains of yeast representing 41 genera and 165 speaies  All of the HMG-CoA
reductase hibitors were converted to their respective active hydroxy acid faorm by hydrolysss prior 10 use.
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Yeast strains were inoculsted onto 0.67% yeast nitrogen base medium containing 0.5% glucose and 1.5% agar (pH 5.3),
and grown at 30 C. Where indicated, compactin (lovastatin is an analogue of compactin) was supplemented to the
medium at a concentration of 0-20 ug/mi (~0-50 uM). Growth was mnspected afler 4 days of cultivation. The authors
stated that of 303 strains lested, 43 strains (18 genera, 35 spectes), 21 strains (13 genera, 19 species) and 4 strains gave
no detectable growth on the agar medium containing 20, 10 and 4 ug/ml of compactin, respectively (50, 16, and 10 uM,
respectively). The remaming 260 strains (34 genera, 135 species) werc resistant 1o compactin at 20 ug/ml (~S0 uM),
data not shown. The most sensitive 4 strains were Rhodotorula glutinis H3-9-1, Sporobolonyces salmonicolor WF
188, Aessosporon salmonicolor IFO 1845 and Citeromyces matritensis IFO 0954 with MIC values of 0.1, 1.0, 2.0 and
2.0 ug/m}, respectively (range ~0.25 to S uM). The identity of the remaining 299 strains was not reported.

Growth inlubition was subsequently determined for R. glutinis H3-9-1 and S_ se/monicolor WF 188 in liquid medium
consisting of 0.67% yeast nitrogen base and 0.5% glucose. Inhibitors were added al concentrations of 0-100 ug/mi (~0
1o 250 uM) and cells were cultured with shaking at 30 C for 4 days. Growth was monitored by measuring OD at 550
nm. Monacolin K (Jovastatin) and compactin were the most potent inhibitors having MIC values of 0.1 and 1.0 ug/ml
(~0.25 and ~2.5 uM) for R. glutinis H3-9-1 and & salmonicolor WI 188, respectively. Inhibitory activity of the other
HMG-CoA reductasc inhibitors (ML-236A, monacolin L, and monacolin X) were 1125 - 1/50 of the above values.

In a separate experiment, the abihity of mevalonate to reverse the mhibition of compactin against the 4 most sensitive
strains mentioned above was evaluated in a dose dependent study. At 10 mM, mevalonate completely reversed the
compactin mhibition for all strains except for Citeromyces matritensis IFO 0954. However, the growth curve for C.
matritensis IFO 0954 in the absence of compactin was substantially reduced when compared 1o the growth curves of the
other strains grown under the same conditions. This observation suggests that under normal culture conditions, growth
of C. matritensis IFO 0954 was aberrant and compactin inhibition was substantially more detnmental under these
circumstances. Thus, the relevance of the inhibition pattern for C. matritensis is difficult to interpret.

Lorenz, RT., et al. Effects of fovastatin {mevinolin) on sterol Ievels and on activity of azoles in Saccharomvces
cerevisiae. Antimicrob Agents Chemother. 1990 Sep; 34(9):  1660-S.

In this publication, the authors reported the quantitative effects of lovastatin on the frec sterol and steryl ester fractions of
wild type Saccharomyces cerevisiae, strain 2180-1A. In these studies, the organisms were grown in medium (YPD)
consisting of 2% glucose, 1% peptone, and 1% yeast extract. Minimal inhibitory concentrations (MICs) were
determined by inoculating 5 ul of an overnight culture into YPD medium and incubating at 28° C with constant shaking,
The MICs were recorded as the lowest concentration of antifungal agent at which no significant visible growth occurred
afler 3 days. Lovastatin lactone prodrug that was used in this study was hydrolyzed (o the active hydroxy acid {orm prior
ta use.

* " Lovastatn at 10 ug/ml (~25 uM) was reported-lo dramatically.decrease thie tatal endogenous sterv ester fractign in S~ oo oer

cerevisiae. As the concentration of lovastatin imcreased progressively asbove 10 ug/ml, the free sterol fraction decreased
linearly. Moreaver, in addition to severely decreasing the accumulation of endogenous stery! esters |, lovastatin
prevented the estenfication of sterol taken up from the medium. However, the growth rate and cell yield were not
significantly affected unti] a Jovastatin concentration of 75 ugfml (~190 uM) or greater was present in the medium; at
concentrations ebove 150 ug/ml (~380 uM), the growth rate and cell yield were severely diminished (data not shown).

In combination studies, S. cercvisiae was grown with different amounts of lovastatin and ketoconazole, clotrimazole or
miconazole. Interpretation of the results obtained indicaled that there was a synergistic effect of lovastatin and different
azoles in lowering the MICs of azole antifungal agents. Lovastatin at 2 ug/ml (~5 uM)significantly decreased the MICs
of each azole. In the presence of lovastatin at 10 ug/ml (~25 uM), the MICs of clotrimazole, ketoconazale, and
miconazole were decreased 6-, 10-, and 32-fold, respectively. The authors hypothesized that the synergism observed
between lovastatin and these azoles may be due (o increased cell membrane permeability caused by the effect of
lovastatin on Uie sterol content of the organism  The authors reported that S. cerevisiae cell membrane permeability to




exogenous sterols was increased under conditions where endogenous sterols were decreased (sec above). They
speculated that as membrane permeability was increased for sterols then it may be increased for other agents, such as
azoles, as well. However, data were not provided to demonstrate that intracellular concentrations of azoles occurred
under these conditions.

Sud, IJ., et al. Effcct of ketoconazole in combination with other inhibitors of sterol synthesis on fungal growth.
Antimicrob Agents Chemother. 1985, 28: 532-534.

The authors of this publication evaluated, in virro, the inlubitory effects of ketoconazole, mevinolin (lovastatin) and a
combination of these two drugs aganst a vanety of fungi. The data below are taken from Tables 1 and 2 of their

publication.

Sterol synthesis inhibitors

Concn (ug/ml) of inhibitor giving a fourfold or

Fungus tested MIC (ug/ml) of inibitor _greater decrease in the MICs of ketoconazole
Ketoconazole Mevinolin Mevinolin
Candida albicans VA 0.045 50 31204y
Candida albicans 7.22 3.12 100 250 (8)
Candida tropicalis 0.78 >100 -t
Torulopsis glabrata 0.78 >100 -
Aspergillus fumigaws 173 3.12 6.25 3.12(8)
Aspergillus fumigatus 6.25 6.25 0.78 (4)
Aspergillus niger 12.5 12.5 078 (4)
1.56 (8)
Rhiizopus rhizopodiformis 6.25 50 125 (4)
250 (8y

*Numbers in parentheses represent the fold decrease in the MIC of ketoconazole in the presence of the indicated
concentrations of Mevinolin.

*No change or less than a fourfold decrease in the MIC of ketoconazole in the presence of mevinolin.

“Where more than one number is given, the Jower number is the concentration of the drug giving a fourfold decrease in
the MIC of ketoconazole, and the higher number is the concentration showing the maximum effect.

These data were generated in in wiro studies utilizing completely synthetic media. The specics most sensitive (o
mevinolhin (lovastatin) were A. fumigatus and A. niger with MICs of 6.25 and 12.5 ug/ml (~16 uM and ~32 uM),
respectively. These species were also the ones showing the most sensitivity to the combination effects (4- to 8-fold
decrease in MICs of ketoconazole) of ketoconazole and fovastatin. The ability of intermediates of the 1soprenoid and

w te- Y slereid pathways, subsequent to mevalonic g5id synthests, 1@ reverse the infubitory effects.of lovastatin observed in this
study was not evaluated.

Bejarano, ER., et al. Independence of the carotene and sterol pathways of Phvcomvces. FEBS Lett. 1992 Jul
20; 306(2-3): 209-12.

In this publication, the authors evaluated the pathway for the synthesis of carotene and sterols in Phycomyces
blakesleeanus and various mutants with altered carotenogenesis  The fungus was grown on minimal agar medium a122°
Cin the dark. Lovastatin and mevalonic acid lactone were hydrolyzed to the hydroxy acid forms prior to addition to
growth medium. Plrycomyces did not grow on medium with 1 uM (~0.4 ug/ml) lovastatin  This inhibition was reversed
by the presence of mevalonate in the medium at [0 mM, but not at I mM.
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Engstrom, W, ¢t al. The effects of tunicamycin, mevinolin and mevalonic acid on HMG-CoA reductase activity
and nuclear division in the myxomyccte Phvsarum polvcephialum. J Cell Sci. 1989 Mar; 92(Pt 3): 341-4.

In thus publication, the authors reported that lovastatin at concentrations > 25 uM (~10 ug/ml), inhibited protein
synthesis, DNA synthesis, nuclear division and plasmodia growth, in vitro, of Physarum polycephalum. These cffects
could be partally reversed by the addition of mevalonate at concentrations > 0.4 mM.

Lovastatin Antimicrobial Activily Against Parasites:

Andersson, M., et al. Lovastatin inhibits interferon-gamma-induced Tryvpanosoma brucei proliferation:
evidence for mevalonate pathway involvement. J Interferon Cytoldne Res. 1996 Jun; 16(6): 435-9.

In this publication, the authors reported that interferon-gamma, at low concentrations (10° U/ml added to 10° parasites),
had a growth stimulatory effect on Trypanosoma brucei brucei in vitro and that this proliferative response was blocked
by low levels of lovastatin (0.1 uM) (~.04 ug/ml). However, lovastatin did not inhibit growth at concentrations as high

as 20 uM (8 ug/ml), the ghest concentration tested, when added to nonstimulated cultures of the parasite.

Note: In this study, Jovastatin concentration was given as uM m the figures, but was given as mM in the figure
legends and 1n the text of the paper. Lovastatin is insoluble in water (Mevacor package insert). Therefore, it
is assumed, but not known with certainty, that the values histed as uM were the correct concentrations to use in
this report.

Florin-Christensen, M., ct al. Inhibition of Trypanosoma cruzi growth and sterol biosynthesis by lovastatin.
Biochem Biophys Res Commun. 1990 Feb 14; 166(3):  1441-5.

In thus publication, the authors report a dose dependent Jovastatin inhibition of the in vitro growth of Trypanosoma
cruzi epimastigotes at 10 and 30 ug/ml (=25 and ~75 uM, respectively). Squalene at 100 uM, but not cholesterol,
reversed lovastatin’s growth inhibitory effects induced by 10 and 30 ug/ml suggesting that Jovastatin mterfered with
steps leading to squalene biosynthesis. At 50 ug/ml ( ~125 uM), lovastatn killed most of the typanosomes. Squalene
was not able to reverse the inhibitory effects on epimastigotes treated wath 50 ug/ml of lovaestatin.

Haughan, PA_, et al. Synergism in vitro of lovastatin and miconazole as anti-lcishmanial agents. Biochem
Pharmacol. 1992 Dec I; 44(11): 2199-206.

[n this publication, the authors reported on the in vitro combinational use of the antifungal drug, miconazole, with the
chalesterol lowenng drug, lovastatin, to assess their potency es snli-leishmamal agents. Activity was assessed for each

. frug:as single agents and ip combination zgainst L zishmamia promastigotes and amagtigotes. - -~ =7 «

Lovastatin, as a single drug, had IC,, values of 82 ug/ml (~200 uM) and 20 ug/ml (~50 uM) against L. dorovani and L.
amazonensis promastigotes, respectively. Miconazole, as a single drug, had IC,, values of 6 and 3 ug/ml, respectively,
against these hife-cycle forms. Treatment of L. amazonensis smastigotes in mouse penitoneal macrophages with
Jovastatin up to a concentration of 10 ug/ml (~25 uM) had httle effect on the percentage of macrophages infected or the
number of amastigotes in the macrophages. Due to drug insolubility problems, and IC,, could not be determined, but it
was estimated to be well in excess of 10 ug/ml (~25 uM). The IC,, for miconazolc was estimated to be 8 ug/ml.

When used tn combination, miconazole and lovastatin 1C,, concentrations of each drug could be reduced by 2- to 10-
fold, suggesting a synergistic activity interaction against these life-cycle fornms of these Leislunenia spp.
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Morrison, DD., et al. Effcects of steroids and steroid synthesis inhibitors on fecundity of S. mansoai in vitro. J
Chem Ecol. 1986; 12: 1901-08.

Mevinolin (lovastatin) was reported to significantly depress egg production (~50%) at | uM (0.4 wg/ml) in Schistosoma
mansoni grown in vifro for 72 h at 37°C with shaking in medium that was a 1:1 mixture of RPMI 1640 and heat-
nactivated horse serum, adjusted to pH 7.4. Penicillin and streptomycin (100 ug/mi cach) were added along with
mercaptocthanol (o a final concentration of S x 10° M. Mecvinolin at higher concentrations (ie., 10 uM and 100 uM)
(~4 and ~40 ug/ml, respectively) was unable to completely inhibit egg production. Effects on adult mating pairs
appeared 1o be mimmal even at 100 uM lovastatin. Adult schistosomes are incapable of de nove cholesterol formation
[Meyer et al, 1970; Smith ct al., 1970); cited by the authors of this paper]. Egg production inhibition by lovastatin was
not reversed by cotncubation with 100 uM cholesterol. Mornison, et al., concluded from these data that lovastatin
inhubition of egg production is not due 10 a steroid-mediated effect.

Vandewaa, EA., et al. Physiological role of HMG-CoA reductase in regulating egg production by Schistosoma
mansoni. Am J Physiol 1989 Sep; 257(3 Pt 2): R618-25.

The purpose of this publication was to provide evidence suggesting that HMG-CoA reductase activity plays a critical
role in parasite egg production. Several hines of evidence, described below, were provided to support this hypothesis.

White outbred (ICR) female mice, infected intrapentoneally with 250-300 schistosome cercariae, were dosed daily with
lovastatin (50 or 250 mg/kg) by gavage for 3 days starting at 42 days postinfection. Contral mice were dosed with
vehicle only. After treatment of these acutely infected mice, parasites were collected and microsomes were prepared.
HMG-CoA reductase enzyme activity measured in microsomes obtained from schistosomes exposed to 250 mg/kg
lovastatin was reduced significantly (~3-fold) compared to untreated controls. However, if the lovastatin exposed
parasites were subsequently grown in vitro for 24 h in drug free medium prior to assay for HMG-CoA reductase sctivity,
the enzyme activity was observed to be significantly enhanced (~2-fold) over controls. In contrast to these results,
parasites collected from mice treated with 50 mg/kg lovastatin were shown to have a significant induction in HMG-CoA
reductase activity over contols.

Because low doses of lovastatin (50 mg/kg vs. 250 mg/kg) produced higher levels of HMG-CoA reductase activity in
the above expertments, egg production in schistosomes obtained from lovastatin treated mice, dosed daily for 10 days at
50 mg/kg starting at 35 days postinfection, was evaluated in virro (Table 2 from Vandewaa, et al., 1989).

Table 2, Effect of mevinolin on i vifro egg production by S. mansoni afier in vive exposure 1o the drug.

Concentration

e Vive,, .- i ’ - Lof Mevinohn i v w Na I
Treatment in Culture Media Eggs
Vehicle 0 60.4+326
Vehicle 10 uM 10074+ 73*
Mevinolin (50 mg/kg) 0 321.8+90.4*
Mevinolin (50 mg/kg) 10 uM 63+ 4.1+

Data are means + SD for number of eggs per female per 72 h. Parasites were incubated in the presence or absence of
mevinohn following in vivo exposure (o the drug or its vehicle. *Significantly different from control, P <0.01.

These results show that adult S. mansoni schistosome egg production, measured in an i vitro assay, was stimulated
approximately 5-fold in infected mice treated with S0 mg/kg lovastatin. Moreoaver, this simulation could be blocked



upon the addition of 10 uM mevinolin to the in vitro culture medium. Furthermore, it was reported that lovastatin's in
vitro inhibrtion of schistosome egg production could be reversed by the addition of either farnesol or mevalonate at a
concentration of 80 uM. These data, taken together with the fact that schistosomes are incapable of synthesizing
cholesteral de novo, led these authors 1o conclude that a nonsterol lipid, yet to be identified, may play an important role
in regulaling egg production by S. mansoni.

These in vitro observations led to experiments wherem in vivo egg production by schistosomes was measured in mice
treated with 50 or 250 mg/kg lovastatin. Drug was administered by oral gavage for 10 days beginning 35 days
postinfection. The results on in vivo egg production correlsted with observations on HMG-CoA reductase enzyme
activity and on in vifro cgg production, mentioned above. At 50 mg/kg, egg production, in vivo, was enhanced over that
observed in control animals (degree of enhancement not reporied). In mice treated with 250 mg/kg, egg production was
inhibited 45.4% compared to control animals. This reduction in egg production was correlated with a reduction in liver
pathology associated with schistosome infections in mice. Reduction mn pathology did not occur in infected mice treated
with lovastatin at 50 or 100 mg/kg. Adult worm burden was unaffected by treatment with lovastatin at any of the
concentrations cvaluated.

From these studies, the authors concluded that *... Although the chronic apphcation of mevinolin to an infected human
would be an inappropriate strategy for the control of the disease associated with the infection, we felt that the
consequences of a continuous application of mevinolin to infected mice should validate the concept that a reduction in
egg production should reduce the parasite-induced pathology.”

Chen, GZ., et al. Antischistosomal action of mevinolin: evidence that 3-hydroxy-methylglutaryl-coenzyme A
reductase activity in Schistosama mansoni is vital for parasite survival. Naunyn Schmicdcbergs Arch
Pharmacol. 1990 Oct; 342(4): 477-82.

This publication is an extension of the observations reported by Vandewaa, et al,, 1989, described above. In this paper,
these authors reported on adult and developing schistosome survival in mice admimstered 0.2% lovastatin {equivalent to
640 mg/kg/day) in the diet for 14 days, beginning 35 to 45 days postinfection. Results from this study show that 96-
100% of adult parasites were eliminated by this treatment. These effects were shown to be drug dosc dependent.
Administration of the same dose beginning 2 days prior and continuiag for 15 days afier infection (uvenile stage of
parasite growth), resuited in 93-96% reduction of adult parasites. To determine if lovastatin could be shown to be lethal
1n in vatro cultures of schistosomes, adult parasites were exposed to increasing doses of lovastatin (1 to 10 uM). Lactate
production and motility in these treated parasiles, as a measure of drug toxicity, were observed over time. The response
was time and dose dependent. At 3 days incubation, 10 uM lovastatin reduced motility and lactate production > 50%, at
11 days of culture, doses of 1-10 uM inhibited activity nearly 90%. It was stated that inhibation of motility and lactate
production eventually resulted 1n death of the organism but it was not clear from the results provided as to when death

+ - <rceld actually oceur.

Urbina, JA., et al. Mcvinolin (fovastatin) potentiates the antiproliferative effects of ketoconazole and
terbinafine against Trypanosoma (Schizotrypanum) cruzi: in vitro and in vive studics. Antimicrob Agents
Chemother. 1993 Mar; 37(3): S80-91.

In this study, the authors evaluated the potentiation effect of lovastatin on the antiproliferative effects of ketoconazole
and terbinafine against Trypanosoma criez, the causative agent of American trypanosomiasis (Chagas' disease). Activity
against epimastigotes and amastigotes in vitro and parasitemia in vive was determined for each single drug and also for
the drugs when used in combination. For all in wirro studies reported, lovastatin was hydrolyzed to the active hydroxy
acid drug form prior 1o use




In 1 vitro studies, the epimastigote fonm was cultivated in hiver infusion-tryptose medium supplemented with 10% calf
serum at 28° C with strong agitation (120 rpm). The antiproliferative effects were measured at various times afler
addition of varying concentrations of each drug alone and in combination. Results obtained from thesc in vitro studies
showed that lovastaun, at 7.5 uM (3 ug/ml), ketoconazole at 0.1 uM and terbinafine at | uM, cach, reduced growth of T,
cruzi epimastigotes 20% to 30% when evaluated as single agents. Lovastatin at 50 and 75 uM (20 and 30 ug/ml,
respectively) caused complete growth arrest with cell lysis ensuing at 144 and 96 h, respectively. Lovastatin at 7.5 uM
in combination with ketoconazole at 0.1 uM resulted in complete growth arrest followed by ccll lysis at 144 h. Thus, the
authors concluded that the trypanocidal concentration of lovastatin was reduced by a factor of 10 in the presence of a
ketoconazole concentration that by itself had only very modest effects on parasite growth. Terbinafine in combination
with lovastatin produced a lesser effect, complete growth inhibition and lysis required 25 uM Jovastatin with 1 uM
terbinafine.

The authors also reported on the effects of lovastatin on T. cruzi amastigotes proliferating inside Vero cells in vitro.
Lovastatin at | uM (0.4 ug/ml) produced less than a 30% reduction in the number of parasites per Vero cell and % of
infected cclls after incubation at 37° C for 96 h. At concentrations greater than | uM, Jovastatin had a deleterious effect
on the host cells; thus, the antiparasitic activity measured is close to the cytotoxic drug concentration for the Vero cells
(i.c., the therapeutic index is close to 1). However, lovastatin at 0.75 uM in combination with 1 nM ketoconazole, which
by itself produced a 30 10 40% reduction of in the number of infected cells, produced a complete climination of
amastigotes without deleterious effects on the host cells when cells were treated for 152 h. When terbinafine and
lovastatin were evaluated in combination, only additive effects on amastigote reduction were observed. In these studies,
amastigotes were cultivated in Vero cells maintained tn minimal essential medium supplemented with 2% fetal calf
serum 1n humidified 95% air-5% C0, atmosphere at 37° C. The medium, with and without drug, was changed every 48
h

From their in vivo munne model of Chagas' disease, the authors reported the following results:

"... mice treated orally with ketoconazole at 30 mgfkg of body weight per day for 7 days were
fully protected from death 40 days after infection with a lethal inoculum of 7% cruzi blood
trypomastigotes, while all the controls (untreated) were dead 24 days postinoculation;
ketoconazole at this dose completely suppressed parasiternia. When the dose of ketoconazole
was lowered to 15 mg/kg/day, incomplete protection against death and significant numbers of
circulating parasites were observed for up to 25 days. Mevinolin at 20 mg/kg/day promoted
50% survival, but the level of perasitemia was comparable to that observed in the controls.
However, when the Jow dose of ketoconazole was combined with mevinolin, 100% survival
and almost complete suppression of parasitermia were observed, indicating a synergic action
in vivo, which was most evident in the cffect on circulating parasites ..."

In these studies, drugs, suspended in 2% methylcellulose containing 0.5% Tween 80, were given by gavage once daily
for 7 days. T. cruzi Y strain was inoculated (10° typomastigotes) intrapertoneally into female ouibred NMRI albino
female mice weighing 25 10 30 g and treatment was initisted 24 h later.

Brener, Z., et al. An experimental and clinical assay with ketocenazole ia the treatment of Chagas disease.
Mem Inst Oswaldo Cruz. 1993 Jan-Mar; 88(1): 149-53.

In this pubhication the authors tested the inr vive activity of ketoconazole associated with lovastatin for possible
synergistic activity against T. cruzi Y strain infection in mice (see table below). Other drugs evaluated in this
publication were not reviewed for this report.




In tlns study, groups of Swiss albino mice, weighing 18-20 g were inoculated intrapentoneally with 2 x 10* blood forms
of T. cruzi Y strain. Treatment was started 24 h afler infection and continued for 20 days. Drugs were prepared in
distilied water and administered by oral gavage.

Table H from Brener, et al., 1993.

Parasitemia and mortality in groups of mice tnoculated with 2 X 10*
blood forms of the Trypanosoma cruzi Y strain and reated with
ketoconazole, lovastatin and association of both drugs

Drug (mg/kg) No. parasites/S ul Mortality
(7% day) (20" day)
Ketoconazole (100) 0 0/6
Ketoconazole (40) 780 1/6
Ketoconazole (25) 14.670 175
Lovastatin (100) 64333 6/6
Ketoconazole (40) 689 175
Lovastaun (10)
Ketoconazole (25) 15480 4/5
Lovastatin (25)
Untreated controls 19.021 515

Note: The data reported 1n this table 1s in conflict with statements made by the authors in the text. The
numbers reported in the table for the No. parasites/5 ul for Ketoconazole (40) and the combination of
Ketoconazole (40) with Lovastatin (10) appear to be incorrect based upon text information provided. Rather
than the numbers 780 and 689 as reported above, the actual numbers may be 0.780 and 0.689, respectively. It
appears that a decimal proceeding the number was omitted when printed by the publisher. It is not certsin that
this assumption is valid. However, the analysis of the results has been based vpon the written text information
which implies that this assumption is reasonable.

Interpretation of data presented in this publication shows that lovastatin at the highest dose evaluated (100 mg/kg)
exacerbated parasitemia approximalely 3-fold over untreated contrals and failed 1o provide a survival benefit associated
with reatment. Ketoconazole at 100 mg/kg climinated the parasitemia and 100% of the mice survived. Ketoconazole at
79 mg/kg reduced pasasttemia approximately 20% and 80% of the mice survived; whereas, ali of the untreated controls
died. If the assumption that the correct numbers for parasitemia in the groups of mice treated with ketoconazoie, as
discussed above, are 0.780 and 0.689, then the parasiternia data reported in this table suggest that lovastatin in
combination with ketoconazole 1s antagonistic in this infection model with respect to parasiternia.

Lujan, HD., et al. Isoprenylation of profeins in the protozoan Giardia lamblia. Mol Biochem Parasitol 1995
Jun; 72(1-2): 121-7.

The authors of this publication reported that Giardia lamblia has the abihity to modify several of its cellular proteins by
1soprenylation. Protein isoprenylation and cell growth were inhibited in 2 dosc dependent manner with complete
inhibition obtained by concentrations of compactin >200 uM (~80 ug/ml) and mevinolin (data were shown for
compactin only). This inhibition due to HMG-CoA reductase ihibitors was completely reversible by the addition of 2
mM mevalonate to the culiure medium.




Lovastatin and Simvastatin Antimicrobial Activity Against Parasites:

Grellier, P., ct ab 3-Hydroxy-3-methylglutaryl coenzyme A reductase inhibitars lovastatin and simvastatin
inhibit in vitro development of Plasmodium falciparum and Babesia divergens in human crythrocytes.
Antimicrob Agents Chemother. 1994 May; 38(5): 1144-8.

In this publication, the authors evaluated the ability of lovastatin and simvastatin to inhibit, in vitro, growth and
development of Plasmodium jalciparum and Babesia divergens, the causative agents of human malana and bovine
babesiosis, respectively.  B. divergens, in some cases, causes disease in humans.

Asynchronous parasite cuitures (0.5% parasitemia and 1% hematoent) of P. falciparum were maintained on human type
O' RBC in RPMI 1640 culture medium supplemented with 27.5 mM NaHCO,, 25 mM HEPES buffer (pH 7.4), 11 mM
glucose, and 10% human O* serum in an atmosphere of 3% CO,, 6% O,, and 91% N, at 37° C. The B. divergens
isolates were maintained in vitro in the same manner as P. folciparuin except the cultures contained 1% parasitemia
rather than 0.5%. Cultures were treated with lovastatin or simvastatn at various concentrations for 24 h. Parasite
growth was cstimated in lovastatin or simvastatin treated cultures either by [3H]hypoxanthine incorporation for 18 and
16 h, respectively, or by Giemsa-stained smears made at the end of the experiment.  Results are shown in the following
table.

Table I from Grellier, et al, 1994

Antiparasitic activities of HMG-CoA
reductase inhubitors

Mean IC,, (ugml!™) + SD

Lovastatin® Simvastatin
Parasite strain
P. falciparum
F32/Tanzania 15.7+6.5" 16.2+36°
FeB.1/Columbia 13.6 +3.7° . 128 +2.5°
B. divergens
Rouen 1987 84+03° 50+04°
Weybridge 83843 ND< 5.8¢
*From four expenments.
- <t - 'From three expeniments. .. oo, - PR S - .
“ND, not determined.
‘From two expeniments.

Similar 1Cy, values were obtained for lovastatin and simvastatin against the plasmodium strains; both IC,, values were in
the range of 10 to 20 ugfml (~25 to 50 uM). The drugs were equally effective against the chloroquine-susceptible
F32/Tanzania stain and the chloroquine-resistant FeB.1/Columbia strain. IC,, values for B. divergens isolates were in
the range of 5 to 10 ug/ml (~12.5 10 25 uM) and suggest no difference in sensitivity between the two strains tested.

Subsequent inhibition assays with 6-h-pulse incubations of simvastatin with P. falciparum synchronized cultures
showed that the trophozoite stage of the erythrocytic life cycle is the stage at which the parasite is most susceptible to
simvastatin. Cytotoxic effects giving a complete inhibition of growth were observed for all parasite stages only with
drug concentrations above 50 ug/mi (~125 uM). Reversal of parasite growth inhibition by excess of exogenous
mevalonate was unsuccessful and may have been due to the inability of non-drug treated P. falciprum infected RBC to
incorporate [14C)mevalonate. This observation suggests that the parasite is not capable of mevalonate uptake from the
assay medium,
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From these studies, the authors concluded that the achievable concentrations of HMG-CoA reductase inhibitors in
human plasma are unsuitable for a blood cradication of malaria by the current usage of this cholesterol-lowering agent.

Simvastatin Antimicrobial Activity Against Parasites:

Coppens, 1, ct al. Activity, pharmacological inhibition and biological regulation ofJ—h)'droxy—3—mc(hylg!utaryl
cocnzyme A reductase in Trypanosoma brucei Mol Biochem Parasitol. 1995a Jan; 69(1): 29-40.

In this study, the authors measured, in vitro, the activity of HMG-CoA reduclase in the bloodstream form and the
culture-adapted procyclic form (insect form) of Trypanosoma brucei, the causative agent of slecping sickness in
humans. Synvinolin (simvastatin) was used as a tool to study the regulation of the activity of both HMG-CaA reductase
and the abundance of low density lipoprotein (LDL) receptors exposed oa the parasite cell surface. In the process, the
effect of simvastatin on parasite growth and survival was determined. Simvastatin inhibited the growth of both procyclic
and bloodstream forms. In lipoprotein free medium the exponential growth of the procyclics was reduced 2-fold and the
sensitivity to synvinolin was cnhanced approximately 20-50%. The effect was dose-dependent and increased with time
of exposure to the inhibitor (Table 1).

Table ]
1C,, (uM) of synvinolin on the growth of Trypanosoma brucei and rat foetal fibroblasts in culture

Bloodstream forms Procyclic forms Rat foetal fibroblasts

Lipoproteins in

the medium + + - +
Exponential

doubling time (h) 8-9 14 28 22
Incubation time (h)

24 NT 55+7 39+9 160+25
48 26+4 50+6 27+8 75+9
69 NT 25+8 18+6 51+7

Trypanosomes were grown as described in Materials and Methods in medium containing 10% complete serum (+) or
lipoprotein-free serum (-), in the presence of increasing concentrations of synvinolin. At the indicated times, the number
of typanosomes was estimated in 2 hacmocytometer, while protein content of adherent fibroblasts was measured by the
Lowry assay. Values are means + SD of [C,, calculated from three separate expenments (NT, not tested).

In addition, growth of procyclics in complete serum showed similar IC,, values for 4 other inhibilors tested (compactin,
‘mevinolin; fluvastatin and RG 12561, 53+10 at40 h, 22+3 uM at 69 h of culture’ combined means +S1). However, -
growth inhibition due to simvastatin was reversible by products of the mevalonate pathway or by low-density lipoprotein
as shown in Table 2 below.




Table 2
Reversal of procyclic growth inhibition due to synvinolin by products of the mevalonate pathway or by low-density
hipoprotemn

Medium Growth (% of control}

Procychcs Bloodstream forms
Control 100% 100%
Synvinolin 5146% 46+3%
Synvinolin + mevalonate (20 mM) 99+7% 88+7%
Synvinchin + squalene (100 ubd) 81+5% 41413%
Synvinoln + cholesterol (100 um) 89+9% 45+11%
Synvinolin + LDL (300 nM) 974+6% 95+7%

Procyclics were first incubated at 28° C in 10% of lipoprotein-free scrum, while bloodstream forms were incubated at
37°C in 10% of complete serum, both with or without 25 uM synvinolin, for 40 h. Afier synvinolin priming, the
wmdicated products of the mevalonate pathway or LDL were added in the medium, and cells were further incubated for 48
h. Finally, the number of trypanosomes was estimated in a haemocylometer. Results are means + SD of three
experiments and expressed in % of control growth, where 100% corresponds 1o 5.5 10 ml™ procyclics and 2.5 104 m)*
bloodstream forms.

Interpretation of these data suggest that synvinolin inhibition of growth 1s reversed in procyclic forms by mevalonate,
squalene, cholesterol and LDL whereas in bloodstream forms growth hibition is reversed only by mevalonate and
LDL.

Coppens, I, ct al. Exogenous and endogenous sources of sterols in the culture-adapted procyclic
trypomastigotes of Trypanosoma brucei. Mol Biochem Parasitol. 1993b Juol; 73(102): 179-88.

In this paper, the authors extend their work reported in their previous publication. They have demonstrated that
procyclics can synthesize their sterols as well as use imported exogenous cholesterol by LDL endocytosis through
specific receptors and incorporate this lipid into their membranes. Major changes in the culture medium, such as
supplementation with excess LDL, total removal of ipoproteins, or exposure to simvastatin have the capacity to induce
medifications in the rate of sterol biosynthesis and in the composition of membranes, as well as modify procyclics’
gowth rate. These data suggest that procyclics can adapt to extremely different media, so as to maintain a regulated
supply of sterols

Miscellaneous Lovastatin Antimicrobial Activity Studies: .

Numerous additional publications with limited information concerning lovastalin antimicrobial aclivity were identified in
the published hterature and are cited collectively immediately below this paragraph. The majonity of these publications
employed lovastatin as a molecular tool in molecular biology studies relative to the elucidation of isoprenoid and steroid
biosynthesis mechanisins.  Both individually and collectively, these data were not considered as relevant for the purpose
of determining reclassification of lovastatin as an antibiotic drug. However, to complete the literature record, they are
cited in this report in the event that subsequent discussion, relevant to the consideration of lovastatin's reclassification as
an antibiotic, would benefit by their inclusion.

Bard, M_, et al. isolation and characterization of mevinolin resistant mutants of Saccharomyces cerevisiae. § Gen
Microbiol. 1988 Apr, 134(Ptd) 1071-8

Koning, Al et al. Different subcellular localization of Saccharomvces cerevisiae HMG-CoA reductase isozymes st
elevated levels corresponds to distinct endoplasmic reticulum membrane proliferations Mol Biol Cell. 1996 May,
7(5) 769-89.




Lum, PY_, et al. Molecular, functional and evolutionary characterization of the gene encoding HMG-CoA reductase in
the fission yeast, Schizosaccheromyces pombe. Yeast. 1996 Sep 15; 12(11) 1107-24.

Ng, WL, et al. Minimal replication ongn of the 200-kilobase Halobacterium plasmid pNRC100. J Bacteriol. 1993
Aug, 175(15): 4584-56.

Rostand, KS, et al. Cholesterol and cholesterol esters: host receptors for Pseudomonas acruginosa adherence. J Biol
Chemn. 1993 Nov 15; 268(32): 24053-9.

Smith, SJ,, et al. Transcriptional regulation by ergosterol in the yeast Saccharomyces cerevisise. Mol Cell Biol. 1996
Oct; 16(10): 5427-32.

Taraboulos, A_, et al. Cholesterol depletion and modification of COOH-terminal targeting sequence of the prion protein
inhibit formation of the scrapic isoform [published erratum appears in J Cell Biol 1995 Jul: 130(2): 501}. J Cell Biol.
1995 Apr;, 129(1): 121-32.

Vanderplasschen, A, ct al. The replication in vitro of the gamma herpesvirus bovine herpesvirus 4 is restricted by its
DNA synthesis dependence on the S phase of the cell cycle. Virology. 1995 Nov 10; 213(2): 328-40.

DISCUSSION

Data useful for the analysis of whether a drug possesses antimicrobial activity sufficient to warrant its classification as an
antibiotic drug product may be oblained from a vanety of studies. These studies may include data generated from
human clinical trials, animal models andfor from in vitro cell cultures. Obviously, data from adequate and well
controlled hurnan chnical tnals, wherein the antibiotc properties of a drug product have been well characterized, would
be the best source of information upon which to base a decision. In the absence of human clinical data, one has two
choices with respect to drug classification decision making: 1) determine that the drug is a non-antibiotic drug because
rclevant human data arc unavailable, or 2) utilize preclinical antimicrobial activity data extrapolated to relevant human
use circumstances, where possible, m place of human data. Antimicrobial activity associated with lovastatin or related
“statin® class of drugs from human clinica! studies has not been reported in the literature. Therefore, option 2 has been
addressed in this report, recognizing that management may determine a decision based upon option 1.

Ideally, one should have standardized and validated preclinical models for the determination of antimicrobial activity.
The term, vahdation, refers to the circumstances where activity data developed from preclinical models are reproducible
and have been shown to be predictive and 1o correlate with aclivity subsequently determined in human clinical trals.
Unfortunatcly, the preclinical assays used for generation of antimicrobial data for HMG-CoA reductase inhibitors have
been nesther standardized nor validated. . Consequcntly, considerable care should be talien viien makig alternpis to.
detennine relevance of preclinical activity data for human drug use parameters.,

As a first step 1n the decision making process for classification of a drug as an antibiotic drug, a clear target definition of
antibiotic drug should be determined. As discussed n the background section of this report, the legal definition of an
antibiotic drug leaves some room for interpretation from at least two perspectives. First, the species of microorganisms
that must be inhibited by a drug product have not been specified. Second, the term ... inhibits in dilute solution ..." does
not include an interpretation as to the meaning of "dilute solution.” It is recognized that there may be several alternative
interpretations applied to this meaning. However, for the purpose of this data analysis and repont, the term .. inhibits in
dilute solution __." is interpreted as the drug concentration in preclinical studies that elicits inhibitory activity agatnst
microorganisms that correlates with clinically relevant human tissue drug concentrations. Human tissue drug
concentrations considered refevant are those that are achieved from doses administered 1o the human torget populations
for the indicated use of the drug. The data provided in the Pharmacology section of this report suggest that the target
lissue drug concentration of relevance for lovastatin and simvastatin antimicrobial activity should be ~0.1 uM
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Lovastatin and simvastatin in vifro antimicrobial activity was evaluated against a variety of bacteria, viruses, yeasts,
fungi, and parasites as summarized in Tables 1-3. None of the microorganisms evaluated in these studies was inhibited
by concentrations of lovastatin in vifro that were < 0.1 uM, the targel concentration as specified in the definition of dilute
solution. However, several different species of microorganisms, including H. holobium, H. volcanii, HIV, R. glutinis,
S salmonicolor, P. blakesleeanus, T. cruzi amastigotes, and S. mansoni, were inhibiled at 3- to 25-fold greater
concentrations than the 0.1 uM target. The remaining microorganisms were inhibited only by lovastatin in virro at
concentrations more than 50-fold (range 50- to 1,900-fold) greater than that identified in the target definition of dilute
solution. Simvastatin antimicrobial activity was evaluated only in parasites (Table 3), the growth inhibition of which
required concentrations at least 125-fold (range 125- to 1,250-fold) greater than the target definition stated above.
Reports of pravastatin antimicrobiel activity were not found in the published literature.

The majonty of the in vitro studies described in this report employed an experimental design that utilized minimal
media, supplemented with cither low concentrations of scrum or lipoprotein depleted serum, for microorganism growth
Tlus fact imposcs a serious hmitation upon interpretation of these data with respect to potential in vivo lovastatin
antimicrobial activity. For examople, in vitro growth inhibitory effects of the HMG-CoA reductasc inhibitor, compactin,
on Chinese hamster ovary cells (CHO) were shown to be dependent upon the amount of low density lipoprotein (LDL)
and mevalonate present in the growth medium (Goldstein, et al., 1979; cited in a review by Brown and Goldstein, 1980).
They reported that m the presence of either 2 uM or 40 uM compactin and in the absence of both LDL and mevalonate,
CHO cells failed to grow. On the other hand, growth inhibition of celis treated with 2 uM compactin was reversed by
the addition of 25 ug/mi LDL, but not by the addition of 0.5 mM mevalonate, 10 the culture medium. When cells were
trested with 40 uM compactn, neither 25 ug/ml LDL alone nor 0.5 mM mevalonate supported growth. However, the
combination of 25 ug/ml LDL and 0.5 mM mevalonate restored full growth of CHO cells even in the presence of 40 uM
compactin. Interpretation of these data shows that the MIC of compactin can be increased by a minimum of 20-fold (i.e.,
2 uM to 40 uM), and perhaps more, depending upon the composition of the growth medium with respect to LDL and
mevalonate content. The concentrations of LDL and mevalonate necessary to reverse HMG-CoA reductase ihibition of
ccll growth are vanable. In the absence of cholesterol, cell growth requires large amounts of mevalonate, most of which
1s channcled mto cholesterol biosynthesis. When cholesterol is present in saturating amounts, only a small amount of
mevalonate, required for isoprenoid biosynthests, is necessary to support cell growth. In many of the publications
reviewed for this report, the antimicrobial activity of lovastatin was shown 10 be reversed by the addition of varying
amounts of mevalonate or other products of the steroid or isoprenoid biosynthetic pathways, such as LDL, cholesterol,
famesol, and squalene. Moreover, reverssl of growth inhibition required less mevalonate in studies that employed
higher level of serum in their growth medium. interpretations from these data suggest that antimicrobial ectivity of
HMG-CoA reductase inhibitors determined from these in vitro study results would be substantially diminished if the
assay media employed in these studies were not limited in serum and contained concentrations of mevalonate and LDL
normally present in vivo. These observations would suggest that HMG-CoA reductase inhibitors should exhibit
significantly less antimicrobial activity in vivo than that observed in these in vitro studies.

Only four murine animal model in vivo studies containing lovastatin antimicrobial acuvity data were identified in the
literature; two studies on S. mansoni and two on T. cruzi. In S. mansoni, adult schistosome survival was reported ta be
reduced 96-100% in mice fed 0.2% Jovastatin (640 mg/kg) in their diet for 14 days (Chen, et al, 1990). At 250 mg/kg,
adult schistosome survival was reported to be unaflected although egg production was inhibited 45.4% (Vandewaa, et
al,, 1989). In mice treated with 100 mg/kg lovastatin, egg production was unaffected while at 50 mg/kg egg production
was enhanced  Thus, it appears that considerably high levels of lovastatin are required to inhibit S. mansoni adult
schistosomes and egg production in vivo, in spite of the inr vitro sensitivity of S. mansoni also reported in these studies.

Conflicting data were reported concerning lovastatin's antrnicrobial activity against 7. cruzi infection in mice. Urbina,
et al, 1993, reported that lovastatin, s a single drug, wes incapable of inhibiting parasitemia in infected mice, although
a dose of 20 mg/kg/day administered for 7 days increased survival 50% over untreated, infected, control mice In
contrast, Brener, et al., 1993, reported that lavastatin at 100 mg/kg/day exacerbated parasitemia approximately 3-fold
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over untreated controls and failed 1o provide a survival benefit These data are in contrast (o results obtained from in
vitro studies where, at least for 7. cruzi amastigotes, growth inhibitory concentrations were only 10-fold greater than the
target definition of ~... inhibits i dilute solution . ..* Lovastatin, at 1 uM, was reported to eliminate T, cruzi amastigotes
from in vitro cell cultures within 192 h; whereas, eptmastigotes required concentrations of 25 1o 125 uM (Urbina, et al,
1993; Flonn-Christensen, et al., 1990). These results ace consistent with the prediction that in vive antimicrobial
acuvity of HMG-CoA reductase mhibitors would be substantially less than that reported from the in vitro studies.

Several publications alsa contained data on the antimicrobial effect of lovastatin in combination with azoles. Azoles are
known to mhibit ergosterol biosynthesis in yeasts and fungi. The rationale for the study design was two-fold. First,
lovastatin had been reported 1o inhibit sterol biosynthesis in the yeast, S. cerevisiae, and in the process increase cell
membrane permeability 1o exogenous sterols. It was anticipated that this increase in cell permeability would extend to
azoles present in the cultures, thus, potentiating antimicrobial activity of the azole. Secondly, lovastatin and azoles
inhibit two separate enzymes mvolved in the biosynthetic pathway of ergosterol, a sterol required for growth of fungi,
Yyeasts and some parasites. Exposurc of a microorganism to drugs capable of inhibiting two separate targets in ergostero}
biosynthesis was anticipated to be able to maintain antimicrobial activity of the azole while permitting lower, perhaps
non-toxic, doses of azoles to be used in the treatment of infections.

In general, results from in vifro studics showed that lovastatin in combination with azole drugs resulted in a synergistic
antimicrobtal interaction against several microorganisms. However, the same caulions pertaining to the in vitro
lovastatin antimicrobial data referred to above should be apphed to these combination studies. In addition, combination
drug activity observed in a murine model of parasite infection was less impressive with respect to antiparasitic effects.
One report suggested a shght reduction in ketoconazole required to eliminate T. cruzi parasitemia in mice when used in
combination with lovastatin (Urbina, ct al,, 1993). However, a scparale report suggested an antagonistic interaction for
lovastatin and ketoconazole when used in combination against the same species of microorganism (Brener, et al., 1993).

Unfortunately, the in vivo results reported m the above studies are further complicaled by the fact that the authors failed
10 take into constderation a very major concem. Ketoconazole and itraconazole are known to inhibit the cytochrome
P450 3A enzyme family responsible for the metabolism of lovastatin (Wang, et al., 1991; Back, et al., 1992; Rotstein,
etal, 1992). Inhibition of this enzyme by itraconazole has been shown 1o increase the concentration of lovastatin by 20-
1o 30-fold in normal human subjects administered 200 mg itraconazole daily for 4 days followed by a single 40 mg dosc
of lovastatin on day four (Neuvonen, et al, 1996). In ane of the 12 subjects in the study, creatine phosphokinase
increased 10-fold within 24 hours following administration of the lovastatin dose, indicating skeletal muscle toxicity.
This increase did not occur when the subject was given the same lovastatin dose four weeks later without itraconazole.
Moreover, in transplant patients taking lovastatin and cyclosporine, a drug that inhibits cytochrome P450 enzyme CYP
3Ad, senous myopathies (attributed to increased plasma lovastatin concentrations) have been reported that can be
controlled by lovastatin dosc reduction and careful monitoring of lovastatin plasma levels (Amadottir, et al., 1993).

While the authors of the studies for the evaluation of anlimicrobiai activity associated with lovastatin in combination
with ketoconazole focused on the potential to reduce isterference with hepatic function and lestosterone production
associated wath high doses of ketoconazole, they failed to consider the effects of ketoconazole on increasing tissue
lovastatin concentrations and the potential for lovastatin induced toxicity exacerbation. It is not clear from the data
available if lovastatin concentrations, when reduced sufficiently to avoid potential toxicity reactions, would elicit a
synergistic response with respect to ketoconazole's antiparasitic activity to be meaningful. Moreover, the concept of
lovastatin's ability to potentiate the activity of another drug that is not an antibiotic may be irrelevant to the discussion.
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Table 1. Summary of Lovastatin in vitro Activity Against Bacteria and Viruses,

Microorgamsm Inhibitory Reference Comments
Inhibited Concn. (uM)
Escherichia coli >68.3 Zhou, et al., Inhibition of growth was not achieved. Eubacteria do
1991 not utilize acetyl CoA and mevalonate in biosynthesis

of 1soprenoids.

Halobacterium holobium I-2 Cabrera, etal,  Cells of the genus, Halobacterium, require >15% NaCl

1986 for growth. Inhibition reversed by 4 mM mevalonate.
Halobacterium voleanii 12 Lam, et,, In minimal medium, MIC is 1-2 uM. In
20-40 1989 enriched medium, MIC s 20-40 uML

Murine Leukemia Virus ND* Overmeyer, 2.5 uM lovastatin prevented maturation of MuLV's

MulV) 1992 glycoprotein precursor, gPro0™, to the mature
envelope glycoprotein, gp70°™. Inhibition of virus
infectivity was not reported.

Human Immuncdeficiency 03 Mazere,etal, H9 cells were adapted to grow in medium

Virus (HIV) 1994 supplemented with 1% serum to limit
exogenous cholesterol. Virus inhibition was
determined by a reverse transcriptase assay. Reverse
transcrniptase was reduced ~10-fold efler lovastatin
treatment compared to untreated, mfected controls.

Mecasles Virus ND Malvoisin, et al,, Measles virus induced syncytia in Vero cells was

1990

inhibited at ~15 uM Jovastatin. Inhibition of measies
virus infectivity was not reported.

*Not determmed.
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Table 2. Summary of Lovastatin in vitro Activity Against Yeasts and Funm

Microorganism Inhibitory Reference Comments
Intubited Conen. (uM)

Rhodotorula glutinis ~025 Tkcura, ct al | Cells were grown in 0.67% yeast nirogen

Sporobolomyces salmonicolor  ~2.5 1988 base with 0.5% glucose. Cell inlubition with

Aessosporon salmonicolor ~5.0 compactin was shown 1o be reversed, except

Citeromyces matritensis ~50° for C. matritensis, by addition of 10 mM
mevalonate to the culture medium.

Saccharomyces cerevisiae >190 Lorenz, et a} , Lovastatin at ~ 25 uM, in combination with

1990 ketoconazole, clotrimazole ar miconazole,

decreased the MICs of these azoles 6-, 10-
and 32-fold, respectively, suggesting a
synergistic antimicrobial activity between
lovastatin and azoles against S. cerevisiae.

Candida albicans VA ~125 Sud, et al, Lovastatin, at concentrations between ~2 and

Candida albicans 722 ~250 1985 62.5 uM, gave 2 fourfold or greater reduction

Candida tropicalis >250 in ketoconazole MICs when used in

Torulopsis glabrata >250 combination studies. However, a fourfold

Aspergillus fumigatus 173 ~15 reduction for C. tropicalis and T. glabrata

Aspergiflus fumigaitus ~15 was not oblained. These data were genernted

Aspergillus niger ~30 utilizing completely synthetic media.

Rhizopus rhizopodiformis ~125

Plycomyces blakesleeanus 1 Bejarano, etal,  Fungus was grown on mimmal agar medium.

1992 The observed inhibition by lovastatin was

reversed by the presence of 10 mM but pot 1
mM mevalonate.

Physarum polycephatum >25 Engstrom, et al,, Inhibition of protein synthesis, DNA

1989

synthesis, nuclear division and plasmodia
growth could be partially reversed by the
addition of mevalonate at concentrations > 0.4

mM.

*[ahubition determined with compactin only (lovastatin is an analogue of compactia)
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Table 3. Summary of Lovastatin and Simvastatin in vifro Aclivity Against Parasites

Microorganism Infubitory Reference Conynents
Inhibited Concn. (uM)
Trypanosoma crun 2510125 Florin-Christen-  Lovastatin inhibited growth i a dosc dependent fashion; 3t 25 and 75 uM,
sen, et al, 1990 growth was progressively inhibited. However, 125 uM was required 1o kill most
of the Uypanosomes. Squatene (100 uM), but not cholesterol, was able 1o
reverse growth inhibition produced by 25 10 75 uM lovastatia.
Trypancsoma cruri
cpimastigotes 501073 Urbina, et al, Growth was reduced 20-30% at lovastatin concentrations of 7.5 uM. Comgplde
1993 uhibition was observed st 50 and 75 uM afier 144 h and 96 h of culture
incubation, respectively. Trypanocidal concentration of lovastatin was redusoced
by a factor of 10 when incubated in combination with 0.1 uM ketoconazole.
amastigofes >t Concentrations of lovastatin greater thea 1 uM were cidal foc the Vero cells used
to mantain the amastigotes in culture. Only 30% growth inhibitioa was
observed for the amastigote at 1 tM lavastatin concentration. Lovastatin 0.75
uM in combination with 1 nM ketoconazole climinated amastigotes from cell
cultures afler 192 b of incubation. Terbinifine I uM, required 25 uM lovastatin
{or comnplete growth inhibition.
Leishmania donovant
peomastigotes ~200 Hauphan, ctal, L amazonensis was the strain most sensitive 1o lovastatin. In combination with
1992 miconazole, the JC,, values of each drug could be reduced 2- to 10-fold
compared fo when used as 1 single agents. At 25 uM, lovastatin had litile effect
Leishmanta amazonensis on amastigotes in macrophage culure. Due 10 drug solubility problems, higher
promadligotes ~50 concentrations could not be tested.
arpastigoles >25
Schistosoma mansoni >100 Momison, ctal, Egg production in §. mansoni grown in vitro with 50% horse sesrum could be
1986 depressed ~50% st 1 uM lovastatin. Hawever, at 100 uM complete inhibition of
cgg production was not obtained and growth inhibition of adult mating pairs was
minimal. Egg production inhibition wes not reversed by coincubation with 100
uM cholesterol. Reversal by sncvaloneie was not evaluated.
Schistosoma mansom 10 Vandewaa, et al,, Egg production in S maonson! grown in vitro with 50% hoese scrum was
1989 inhibited ~3-fold at 106 uM lovastatin. [nhibitien by lovastatin could be reversed
by the addition of either famesol or mevalonate at 2 concentration of 30 uM.
Schistasoma mansoni 1t 10 Chen, ctal, Lovastatin inliibition of adult schistosome motility and lactate production was
1990 tinse and dose dependent. A1 3 days incubation, 10 uM lovastatin reduced
motility and lactate production >50%; at 11 days of culture, doscs of 1-10 uM
inhibited aaivity nearly 90%. {nhibition was reversed in the presence of 50 uM
mevalonate.
Giardia lamblia >200 Lujan, et al,, Protein isoprenylation and cell growth were inhibited in 3 dose dependent
1995 manner with comnplefe inhibition obtained by concentrations of compactin and
mevinolin >200 uM. Data for mevinolin were aot shaywn. The inhibition could
v AR " be reversad by the addition of 2 mM mevzlonzte to the culture medium.
Plasmodium falciparum
F32/Tarzania >125% Grellier, et al, 1C,, valuces for P. falciparum were in the range of 25 to 50 uM. However,
FcB/Columbia >125% 1994 complete inhibition of growth was observed only with concentrations >125 uM.
Sunvastalia was tested against these organisms with similar results oblained.
Baobesia divergens
Roucn 1987 ~1251025° Grelier, et al,, Activity of lovastatin was not determined against the Weybnidge strain.
Weybridge 8843 15 1994

Trypanosoma brucel brucet  >20

Trypanosoma brucei
bloodstream forms  25*
procyclic forms 1810 55*
2210 53¢

Andersson, et al,
1996

Coppens, ot al,
1995a

Lovastatin, at a concentration of 0.1 uM, blocked interferon ganuma induced
proliferative responscs of 7. brucei brucei. However, growth of non-stimulated
parasites was not sffected 2t concentrations as high as 20 uM.

Simvadatin inhibited the growth of both bleodstream and procyclic forms of T.
druces with 1C,, values in the range of 25 uM and 18 to 35 uM, respectively.

In lipoprotein frec medium the exponcential growth of the procyclics was reduced
2-fold and the sensitivity 10 simvastatin was cnhanced approximately 20-50%.

"Not detenmined.
*Reported for simvastatin,
“‘Reported for tovastatin
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Table 4 Summary of Lovastatin irr vivo Activity A gainst Parasites

Microorganism
Inhibited

Inhibitory
Concen. {mg/kg)

Reference

Comments

Schistosoma mansoni

Schistosoma mansoni

Trypanosoma cruzi

Trypanosoma cruzi

>250

640

Vandewaa, et al |

1989

Chen, et al,
1990

Urbina, et al
1993

Brenexr, et al
1993

3

’

Adult schistosomes were unaffected in mice Geated
with 250 mg/kg lovastatin orally for 10 days. Egg
production was inhibited 45.4% in these mice.
However, in mice treated with 50 mp/kg, egg
production was enhanced (degree of enhancement not
reported) over that observed in control mice.

Adult schistosome survival was reduced 96-100% in
mice fed a diet consisting of 0.2% lovastatin (640
mg/kg/day) for 14 days.

Lovastatin as a single drug was incapable of inhibiting
parasiterma tn infected mice. However, at a dose of 20
mg/fkg/day adminsstered for 7 days, mouse survival was
promoted 50% over untreated controls. When a low
dose of lovastatin and ketoconazole were combined,
100% survival and almost complete suppression of
parasilemia were reported.

At a dosce of 100 mg/kg/day administered for 19 days
post-infection, Jovastatin exacerbated parasitemia
approximately 3-fold over untreated controls and failed
to provide a survival benefit associated with treatment.
In combination studies with ketoconazole, lovastatin
appeared 10 elicit an antagonistic response with respect
to ketoconazole's antiparasilic activity.

*Not determined.
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CONCLUSIONS

Lovastatin, simvastatn, and pravastatin are the only anti-hypescholesteolemia drug products in CDER that meet the part
of the antibiotic drug definition . produced by microorgamsins or any chemically synthesized equivalent __~.

Antimicrobial activity associated with lovastatin, simvastatin, and pravastatin in humans studies was not found in the
published literature.

Antimicrobial activity associated with pravastatin was not found in the published hterature.
Antimicrobial activity associated with lovastatin and simvastatin fram in vigro and in vivo studies was reported.

The concentration of lovastatin and simvastatin in plasma obtained from human subjects administered the maximum
approved dosc daily for17 days, the targe! parameters relevant for the antibiotic drug defnition “_.. inhibits in dilute
solution ...", was estimated to be ~0.1 uM.

None of the bacteria, viruses, yeasts, fungi, or parasites evaluated in the in vitro studies conducted for the assessment of
antimicrobial activity was inhibited by lovastatin or simvastatin concentrations of 0. 1uM.

Several species of microorganisms were inthibited at concentrations of lovastatin 3- to 25-fold greater than the target
lovastatin tissue concentration of 0.1 uM. The remainder were reported to be snhibited at concentrations of 50- to
1,800-fold greater than 0.1uM.

The majority of the in vitro studies utilized assays that severely restricied serum and lipoprotein. Growth inhibition by
HMG-CoA reductase inhibitors is known to be significantly enhanced when assayed in limited serum or lipoprotein
conditions.

Growth inlibition can be reversed by the addition of LDL and mevalonate to cultures.

These facts suggest that the in vitro assays used in these studies are artificial systems and that the antimicrobial activity
observed for lovastatin and simvastatin in these assays would be substantially diminished 1n an in vivo environment.

As predicted, lovastatin antirnicrobis] activity in 8 murine model of Schistosoma mansoni and Trypanosoma cruzt
infections was reported to be minimal.

If the target hunan ussue toyasiatin and simvastatin concentration of 0.1 uM is used es e besis for the defimtionor - «

*... inhubits in dilute solution __", the available data are insufficient to support the conclusion that lovastatin, simvastatin,
and pravastatin have sufficient antimicrobial activity to warrant their teclassification as antibiolic drugs.
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