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TABLE 1.Daily dosing schedule

Second dose administration Third doseadministration
Group Firstdose administration tapprox.1/2hr.afterfirstdose) (approx.5 hr.aftersecond closei

I DeionizedH20 1% cmc Deionized12
011 Mevalonic acid500 mg/kg 1% cmc Mevalonic id500 mg/kg

m Mevalonic acid500 mg/kg Fluvastatin12 mg/kg/day Mevalonic acid500 mg/kg
IV Mevalonic acid500 mg/kg Fluvantatin24 mgfkgtday Mevalonic acid 500 mg/kg
v Fluvastatin12 mg/kg/day
vi Fluvastatin24 mglkg/day

valonicacidwith fluvastatinfrom day 15 ofgestation liver).Followingdelivery(day 0 pp) through weaning

th could inhibitor blockthe (day 21 pp),the dose calculationswere based on the
a&-erse effectsnoted 'h fluvastatin. most recentlyrecorded-body weight. Control rats re-v wit

MATERIALS AND METHODS
ceivedthreeseparatedoses:10 ml/kg b.i.d.ofdeionized
water and 10 ml/kg/day of 1% CMC, alsobased on the

Animals same body weight schedules as in the dose groups. Con-

One hundred twenty female rats(CharlesRiver CI)O- centrationsof the dosing solutionswere assayed and
Spmgue-Dawley-derived) obtained from Charles River verifiedfour times during the study.

Breeding Laboratories,Inc.,Kingston,New York, were
Exslrninationsapproximately 14 wk old at the startof the study.A

group of males ofthe same strainand age,and from the Individualclinicalobservationswere recorded at
same supplier,was used formating, during which each leastonce daily.Body weights were recordedon days 0,
female was housed with one male. Observation ofvag- 7,and dailyfrom days 15 through 20 of pregnancy.
inalplugs the followingmorning was consideredevi- After each animal delivered,maternal body weights
dence of mating and day 0 of gestationor day 0 post were recorded on days 0, 7, 14, and 21 pp, Food con-
coitus(pc).The day on which pups were born was des- sumption was recordedonly during gestationon days 0,
ignatedday 0 postpartum (pp),while day 21 pp was the 7,15, and 20 pc.
day ofweaning. As the females were mated, they were Following deliveryof each litter,viability,clinical
randomly assigned tosixgroups until20 ratsper group signs,and external examinations of pups were re-
were mated. After mating, females were housed indi- corded on days 0 pp through 21 pp.The sex and indi-
viduallyin suspended stainlesssteelwire-bottom cages vidualweights ofallviablepups were recordedon days
in a temperature and humidity controlledroom with a 0,1,4, 7,14, and 21 pp. Pups stillbornor found dead
12-hrlightand 12-hrdark cycle.On day 20 ofgestation, during the postpartum periodand not autolyzedor can-
the ratswere transferredto transparentplasticcages nibalizedwere examined, identified,and preserved in
with bedding consistingof hardwood chips.Certified neutralbuffered10% formalin.Dam dying spontane-
Purina rodent chow (pellets)and water (providedvia ouslyorsacrificedmoribund were necropsied.Animals
automatic watering device)were suppliedad libitum. which did not deliverwere necropsiedon day 28 pc. On

day 21 pp, allremaining dams and pups were eutha-
Compounds administered nized,necropsied,and examined. Pups with lesionsas

Lot 28 of fluvastatin(XU 62-320)was used in this wellas severalcontrolgroup pups were identifiedand
experiment. Purity was determined by thin-layerchro- savedin neutralbuffered10% formalin.All otherpups
matography (TLC) and high-performanceliquidchro- were discarded.
matography (HPLC) to be 99+%. DL-mevalonic acid

? lactone was obtained from Fluka Chemical Corp. Post mortem examinations

(Ronkonkoma, NY), and puritywas found tobe 96 + % Following inductionof deep surgicalanesthesia us-
as determined by HPLC. ing excess C02, animals were euthanized by severing

Dosage admixiistration
theaxillaryvesselsforexsanguination.Terminal body

weight was recordedforeach dam and a thorough dis-
Dosing solutionsof nuvastatin were prepared fresh sectionwas performed on allsurvivingdam at wean-

dailyin 1% carboxymethylcellulose(CMC). Mevalonic ing(day21 pp).All grosslesionsand approximately 40
acid was prepared freshtwice dailyindeionizedwater. representativetissuespecimens were collectedand pre-
Individualanimal doses were calculatedand adminis- served in neutral buffered10% formalin.
tereddaily(tofemales only)via gavage from day 15 of Spontaneously dying animals were dissectedand a
gestationthrough day 21 postpartum ata volume of10 complete setoftissuespecimens, including the gravid
ml/kg (Table 1).Dose calculationswere based on the reproductivetracts,were collectedand preserved.Non-
dailybody weight from day 15 ofgestationuntildeliv- pregnant animals were sacrificedon day 28 pc. Since
ery (orday 28 pc forthose animals which did not de- thetreatment-relatedcardiacfindingsoccurredonly in
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TABLE 2.Cause ofdeath ofspontaneouslydyinganimals

Totalnumber Pregnantfemales Pregnant Nonpregnant
offemales thatdied females females
thatdied beforedelivery thatdied dyingduring

Dose group on study on day 22 pc postpartum experiment

I Control 0 0 0 0
IIMevalonicacid500 mgag 2 0 1 (sac.moribundday I pp)" 1 (day26pc)-l
IIIFluvastatin12 mg/kg. 1 0 0 1 (day18pc)l

mevalonicacid500 mg/kg
IV Fluvastatin24 mgfkg, 2 0 0 1 (day 19 pC)3

mevalonicacid500 mglkg I (electivesac.day 15 pe)-,
V Fluvastatin12 mg/kg 3 il 1 (day4 pp)l 0

1 (day13 pp)G
VI Fluvastatin24 mgikg 8 12 1 (day2 pp)2 0

1 (day5 pp)2

1 (day6 pp)2
2 (sac.moribundday 10 pp)2
1 (day12 pp)2
1 (day14 pp)2

'Causecouldnotbe determined.
2Heartlesion(vacualardegeneration,and/ormyocarditisprobablyrelatedtodeath).
'Intubationaccident@lesion3seenby grossormicroscopicexamination.
'Intubationaccidentbased on clinicalobservationsand grossormicroscopicexamination.
'Possibleintubationaccident,althoughmicroscopicfindingswerenotconclusive.
"Intubationaccidentbasedon clinicalobservations.althoughmicroscopicfindingswere notconclusive.
"Broken,malalignedincisors;animalinpoorhealth.

pregnantanimals,data from thenonpregnantanimals inutero.Othersdiedwithinthefirst2 wk postpartum.
were consideredseparately. The causeofdeathofthe 8 animalsadministerednu-
Based on resultsfrom previousstudies,microscopic vastatinat24 mg/kgtdaywas relatedtothepresenceof

evaluationswere limitedtotheheartsand stomachs cardiomyopathycharacterizedby hyaline,granularor
from allanimals.For spontaneouslydyingor animals vacuolardegeneration,and/ormyocarditis(Fig.2-5).
sacrificedmoribund, the tissueevaluationincluded The causeofdeathofthe 2 ratsadministeredfluvas-
grosslesions,lungs,trachea,thymus with mediasti- tatinat12 mgfkgtdaycouldnotbe determined.
num, and liver. Necropsyexaminationofthe 2 animalsthatdiedon

day22 ofgestationrevealeddead,morphologicallynor-
Statisticalanalysis mal full-termfetusesin the uterus,indicatingthat

Allstatisticalevaluationsofdata compared treat- theywere probablyaliveup tothe time ofthe dames
ment groupswithcontrolsatP:sO.05andP:sO.01levels death.Furthermore,drug-relatedclinicalobservations
of significance,with a two-tailedanalysis.Maternal were seen in the 24 mg(kg/dayfluvastatinanimal
body weight,durationofgestation,number ofpups de- which includeddecreasedlocomotoractivity(ondays
livered,livepups per litter,pup weight,and implanta- 20 and 21 pc),splayed(extended)hindlimbs,tremors,
tionsiteswere evaluatedby analysisof variance ataxia,laboredbreathing,salivation,lacrimation,and
(ANOVA) followedby Dunnett'sTest.FisheesExact disorientationon day 21 pc.Similarsignswere seenin
Testwas usedtoevaluatematernalfertilityand repro- the12 mg/kg/dayanimal on day 22 pc priortodeath.
ductiveperformance,numbers ofdead pups,and sex Other animalsfrom the 12 and/or24 mg/kg/dayflu-
ratio,as wellasneonatalnecropsyexaminationdata. vastatingroups alsoexhibitedvariousdrug-related
Maternalterminalbody weightswere evaluatedby a clinicalsignsincludingataxia,impairment/lossof
one-way ANOVA followedbyDuncan'sMultipleRange rightingreflex,decreasedlocomotoractivity,hunched
Test. or flattenedbody position,splayed(extended)hind

limbs,ptosis,tremors,disorientation,laboredbreath-
RESULTS ing,skinpallor,and dehydration.

Maternal mortalityand chnicalobservations

Drug-relatedmaternalmortalityoccurredinanimals Maternal body weight and food consumption

receiving12 and 24 mglkg/dayoffluvastatinwhere 2 No treatment-relateddifferencesin maternalbody
outof17 and 8 outof17 pregnantanimals,respectively,weightgain were notedduringgestationdays 15-20,
diedorwere sacrificedmoribund (Table2).One animal the initialperiodof administrationof fluvastatin
from each ofthesegroups diedon day 22 ofgestation and/ormevalanicacid(Table3).During thefirst7 days
withoutcompletingdeliverybuthad full-termfetuses afterdelivery,a transient,statisticallysignificantMR-
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wrl cv7p, mglkg/day doseleveloffluvastatinsupplemented with
mevalonicacid.During thenext7 days(days7-14 pp),
a body weightgainwas evidentinallgroups.However,
consideringthefirst2 wk postpartum(days0-14),an
overallbody weightlosswas neverthelessapparentin
the2 fluvastatingroups(Table3).
Subsequently,duringdays 14-21 pp,a slightmater-

nalbody weightlosswas observedinallgroupsinclud.
ingcontrols.Maternalweight lossisnot uncommon
duringthistimeperiodand isprobablydue toa greater
nutritionaldemand on the dams resultingfrom in-
creasedlactation,combined with more ingestionoffeed
by thepups and thereforelessby the dams. Although

10 notstatisticallysignificant,a slightdecreasein food
consuxnptionofapproximately11% was evidentduring
thetreatmentperiodfrom days 15-20 ofgestationin
bothgroupsadministered24 mg/kg/dayoffluvastatin,
withand withoutmevalonicacid(Table3).

Fertilityand reproductiveperformance

No remarkablevariationinpregnancyrateoccurred
among thegroups.Consideringthemean lengthofthe
gestationperiodofthoseanimals completingdelivery,
therewas no treatment-relatedvariationamong
groups(Table4).A slightlylowergestationindexin

Fig. 5. 24 mgikg: death on day 14 pp. In some high-doseanimals GroupVI (fluvastainat24 mg/kg/day)reflectstheone
dyingin thelaterpostpartum period.myocardiallesionsencountered animalwhichhad no viablepups,5 stillbornpups,and
were oftenmore complex.frequentlycharacterizedby areasOfmyO- 7 deadpups ofunknown viabilitstatusatbirth.
fiberdisintegrationaccompaniedby irinammatoryinfiltratesand in- y

terstitialedema.The affectedareasrangedfromlimitedtowidespread.
Not seen in earliermyocardial lesionswas the occurrenceof conspic- PostnatalUtterdata
uouscytoplasmicvacuolizationillustratedinthisfigure(x 400).

The mean number oflivebornpups was lowerinboth
groupsadministeredfluvastatinalone(GroupsV and

ternalbody weightlossof5% and 9% was apparentin VI)when comparedtoconcurrentcontrols(Table5).An
the 12 and 24 mglkg!day fluvastatindosegroups,re- increasedincidenceofstillbornpups occurredinthe12
spectively,compared to a 4% gain in controls.A 2% and 24mg/kg/dayfluvastatinGroup V (7%)and Group
body weightlossoccurredinanimalsreceivingthe 24 VI (22%),compared toa range of2-3% incontrolsand

Groups II,HI,and IV.There was no evidencetosuggest
any remarkableincreasein inuteropostimplantation

Fig.1.Controlanimal:typicalappearanceofnontreatedcontrolembryo/fetalmortality(i.e.,earlyorlateresorptions)myocardialtissueix 200 .
inany ofthegroups,eitherbeforeorafterinitiationof

Fig.2. 24 mgtkg:deathon day 21 pcbeforedelivery.An example fluvastatinand/ormevalonicacidadministration(Ta-
illustratingthe signif'icantbut focalnatureofmyocardialhyaline ble5).Neonatalmortalityof 15% and 56% was ob-
degeneration.interstitialedema. and evidenceofactualmyoriberloss servedthroughweaning inboth 12 and 24 mg/kg/dayencounteredindvinghigh-doseanimals.Lesionsofthistype(lefthalf

fluvastatinGroups V and VI, respectively(Table5),ofillustration)weredetectedonlyinanimalsdyingduringdeliveryor
immediatelypostpar-um.The -ryocardiumin therighthalfof this witha statisticallysignificantincreasenotedat 8-14
illustrationisunaffectedv,200@ dayspoepartum inGroup V and asearlyas 1-4 days
Fig.3. 24 mgkg: deathon da-,-22pcbeforedelivery.Discretearm postpartuminGroup VI.Although theoverallneona-

ofsignificantmvocardialnecrosi
.
s withmononuclearphagoeyticizir talmortalityinGroup IV (24 mg/kg/dayfluvastatin

tration.Affectedmyorik>ershave undergonegranulardegeneration. supplementedwith mevalonic acid)was alsostatisti-
Adjacentmyofit>ersare normal. Aultiplefociofthistypewere men callysignificant,itwas minimal.
elsewhereinthemyocardium of-hisanimal(x 200). Drug-relatedlowerbirthweightsas well as lower
Fig.4. 24 mglcg-sacrificedmoribundon day lopp.conspicuousneonatalbody weightsduringthelactationperiodwere

myoribercytoplasmicvacuoliza-.ionwas frequentlynotedin animals evidentinboth 24 mg/kg/day fluvastatindose groups,
dying laterin the postpartur-.De-iod.These cytoplasmicalterations withand withoutmevalonicacidsupplementation.
wereunaccompaniedby ir.1,11'amrnationorotherevidenceofmyorib*r

The most prominent neonatalclinicalobservationsdegeneration.The distributionofafr@ctedribersrangedfrom limited
ed in Group VI (24 mg/kg/dayoffluvastatin)areastowidespreadregionso(:nvocardium.The vacuolesthemselves Occurr

were foundto be devoido-.'-,a-o,-glvcogenIx 400). where severallitters,whose dams were adverselyaf-
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TABLE 3.Percent body weight change and relativefood consumption compared to controls

Group I a m IV v vi
Control Mevalonic Acid FluvLsUtin + MevalonicAcid Fluvastatin

12 mg/kg/day 24 mg/kg/day

0 500 mglkg 500 mgfkg M mg/kg 12 24
-mg/kg/Oay b.i.d. b.i.d. b.i.d. ing(kg/day mg/kg/da

% body weight change:
days 15-20 pe 18 is 18 16 16 16

0-7 pp 4 3 2 -2 -5* -9*

0-14 pp 8 4 4 2 -1** -3*

7-14 pp 4 1 2 4 4 1

14-21 pp -5 -3 -4 -3 -3 -1
Relativefoodconsumption:
days 15-20 pc 100% 100% 96% a9 93% 89ey

*P:s 0.01.
**p s 0.05.

TABLE 4.FertiHtyand reproductiveperformance

Group 1 12 m IV v vi
Control MevalonicAcid Fluvastatin+ MevalonicAcid Fluvastatin

12 mg/kg/day 24 mglkg/day

0 500 mg/kg 500 mg/kg 500 mg/kg 12 24
mg/kg/claX b.i.d. b.i.d. b.i.d. mg/kg/day mg/kgtda

No. ofanimals matedigroup 20 20 20 20 20 20

# Pregnant is 17 15 18 17 17

Pregnancy rate' 90% 85% 75% 90% 85% 85rk

Gestation indeX2 100% 100% 100% 100% 100% 94%

No. ofanimals
completingdelivery is 163 15 18 16 16

Mean lengthgestationof
animals completing
delivery(days) 21.9 21.8 22.0 21.7 22.1 22.2

Range (days) 21-22 21-22 22 21-22 22-23 21-23

'Percentmatinp resultinginpregnancy;includesanimalswhich died.
2Percentpregnanciesresultingin litterswith one or more viableoffspring-.doesnot includeanimals which died.
3Does not includeone animal which delivered4 stillborn,4 dead,and 6 viablepups,but was sacrificedina moribund condition
on day 1 pp followinga probableintubationaccidenton day 22 pe.

TABLE 5.Neonatal Uttersizeand mortauty

Group Control ii ni IV v vi

Mean no.ofpups delivered 15.4 16.1 17.1 15.6 13.6 14.9

Mean no.of livebom pups 15.1 15.9 16.7 15.2 12.6 11.1*

Mean no.ofimplantationsites 16.4 17.3 18.2 16.7 15.2 16.3

In uteropostimplantationloss 6.1% 6.9% 6.0% 6.6c/'t 10.5% 8.6%

Overallneonatalmortalitythroughweaning 3% 5% 6% 7%** 15%* 56%*

*p s 0.01.
**P :r.0.05.

fected,had pups which appeared pale, thin, weak, Macroscopic and microscopic evaluation of

and/or dehydrated. Necropsy examination of pups spontaneously dying arkimal

which were found dead during the lactationperiod,or No macroscopicevidence oftreatment-relatedeffects

were culledpriortoweaning, showed that both groups was noted other than the anticipatedforestornach

administeredfluvastatinalone(Group V and VI)had a thickeningpresentin 2 of3 and 7 of8 animals from the

higher incidenceof pups without milk visiblein the 12 and 24 mg/kg/day fluvastatingroups, respectively.

stomach. which died or were sacrticedmoribund.
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TABLE 6.Time and incidenceof treatinent-relatedmaternal mortality'

Segment III Segment IIIfollow-up Segment M mevalonate supplementationStudy
Fluvastatin Fluvastatin

Fluvastatin Fluvastatin MEV + MEV + MEV Fluvastatin

Dose (mglkg) 2 12 24 2 6 12 24 Soo 12 + 500 24 - 500 12 24

Day 15-21 pc 2 2
0 pp - 22 pc 2 4 4 1 1

23 pc 1 1
1-4 pp 1 2 1 1
5-15 pp 1 6 1 3 6

'To facilitatesimultaneous presentation of data, the control groups (allnegative) were omitted.

Microscopicfindingsconsistedof a varietyof myo- plasticlesions.The hyperplasia ranged from mild to

cardiallesionsinalldying Group VI (fluvastatinat24. moderate in degree.In the absence ofspecificquanti-

mg/kg/day) animals. The cardiomyopathy was charac. tativemeasurements, there appeared tobe correlation,

terizedby focalmyocarditisand lesionsofmyofiber hy- with greater degreesofhyperplasia seen atthe higher

aline,granular and vacuolar degeneration(Table 2). dosesof fluvastatinin Groups IV and VI (24 mg/kgl

These findingswere consideredtreatment-relatedand day)compared totheresponseseen inGroups IIIand V

similartothose seen ina previousstudy inpregnant or (12mg/kg/day).There did appear to be a lesserdegree

lactatinganimals dying during or afterparturition. ofhyperplasia/hyperkeratosisin the animals adminis-

Two types ofmyocardial lesionswere detectedmicro- teredmevalonate and 12 mg/kg/day fluvastatin(Group

scopically.In animals d3ringat and within a few days M) compared to the low dose of fluvastatinalone

afterparturition,the lesionswere characterizedby hy- (Group V).

alinedegeneration of isolatedgroups of myofibers ac- Histologicalevidenceoffluvastatin-inducedmyocar-

companied by slightinterstitialedema and hemor- dialfiberinjuryan&or inflammation was not present

rhage (Fig.2 and 3).The lesionstypicalof animals in the mevalonate-supplemented Groups IIIand IV.

dying 3-4 days afterparturitionor laterwere charac- Likewise,inthesurvivingGroup V and VI (fluvastatin

terizedby widespread cytoplasmicvacuolar changes in at 12 and 24 mg/kgtday) animals, myocardial lesions

the myofibers,i.e.,the occurrenceof largeand small were not detected.

clearlydefined round empty vacuoles(Fig.4 and 5).
Occasionally these were accompanied by a sarcolem-
mal responseand inflammatory cellinfiltrates,which DISCUSSION

suggested a myofiber proliferativeor reparativere- The maternal toxiceffectsinduced by fluvastatinre-

sponse to the inductionofthe myocardial injury. portedherein had been encountered in two previous

Cardiomyopathy was not present in the spontane- studiesat similardose levels,and consistedof mater-
ously dying animals which had been given a lower dose nal mortalityat deliveryand during the postpartum

(12 mg/kgtday) offluvastatinalone.Allanimals dying period (Table 6). Microscopic evidence of associated
in the 24 mg/kg/day fluvastatingroup had cardiacle- myocardial lesionswas detectedin thefollow-upstudy.
sions.These lesionswere consideredrelatedto the An increasein stillbornpups was observed with no

cause ofdeath in these animals. evidenceofearlierin utero fetalmortality,suggesting

Terminal sacrificeaniinals
a toxiceffecton the dams immediately priorto,ordur-
ing,parturition.The absorptionand dispositionofflu-

The only treatment-relatedeffectnoted occurredin vastatinhave been studiedin nonpregnant rats(Tseet

allthe groups which receivedfluvastatin.Most ofthe al.,'90)and in pregnant and lactatingrats,and in

animals inGroup 111(14out of19),Group IV (17out of sucklingpups (A.Schweitzer,unpublished data).In all

18),Group V (14oiltof 17),and Group VI (11out of12) casesfluvastatinwas rapidlyeliminatedwith littleor

had varying degrees offorestomach thickening.No ev- no accumulation in the tissues.Limited placental

idenceof thiseffectwas detectedin Group II(meval- transferresultedin very low levelsin embryos or fe-

onicacid alone)or the controls.In Groups M and IV, tuses.Fluvastatinwas detectedin maternal milk and

supplementation with mevalonate did not influence subsequently at measurable levelsin sucklingpups.

the incidenceoffluvastatin-inducedforestomach thick- However, the neonatal mortalityobserved soon after

ening. parturition,aswellas during the lactationperiod,May

Microscopically,the forestomach thickening was be a reflectionof adverse effectsrelativeto deficient

characterizedby epithelialhyperplasia/hyperkeratosis maternal lactationand lack oflittercareas influenced

in allgroups which receivedfluvastatin,including by maternal toxicity.

those receivingthe mevalonic acid supplementation. The resultsindicatethat fluvastatin-inducedmater-

No evidence of ulcerationaccompanied these hyper- naland neonatal mortalitycouldbe completelyblocked
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and/or amelioratedby coadministrationof mevalonic Itwould notbeunexpected.therefore,thatinhibitionof
acid.Adverse effectson maternal body weight were thiscriticalenzyme would influenceordisturbthedv-
nonexistentwith mevalonicacidsupplementedfluvas- namic eventsoccurringinlategestationand atpart'u-
tatinat 12 mg/kg/dayand markedlyimprovedat 24 rition.The datafrom Groups IIIand IV clearlyindicate
mg/kg/day,although food consumptionremained thatmevalonatesupplementationpreventsmortality
slightlydecreasedat24 mg/kgldaydespitesupplemen- and thedevelopmentof heartlesions.Itisnotclear
tationwith mevalonic acid.The decreasedneonatal fromthesestudiesexactlywhat the effectisin the
bodyweightgainduringlactationat24mg(kg/daymay myocardialtissueswhich allowsdevelopmentofthe
berelatedtothereducedmaternal foodintakenotedat heartlesions,and why the restoredormaintainedlev-
thisdoselevel. elsofmevalonatesuppressorblockthedevelopmentof
While mevalonatesupplementationpreventedmor- theselesions.
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