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saloic aid with luvasttin from day 15 of gestation liven. Following delivery (day 0 pp) through weaningrough dan TT Dospan Son Sear Bk the (das 2 1h dosor venue Yeaningident lects BoredMATRA" mat recently second body wee. Comal ramsHemeef Bored Eh avast Coved thse separate doses: 0 LKE 514. ofderontind
MATERIALS AND METHODS water and 10 mUkg/day of 1% CMC, also based on theAnimals Same bud weight ehedules asin the dose groups, Con,One hundred twenty female rats (Charles RiverCD¥: centrations of the dosing solutions wore assayed and

Sprague-Dawley-derived) obtained athOlatoss River verified four times during the study.Breeding Laborsioies. Inc. Kingston, New York,mere .
approximately 14 wk old at the start of the study. A ExaminationsSoupofmalesofthe same rin and age, and frm the Individual clinical abservations were recorded atSame supplier was ssed [or ating dung which each lads once daly. Body weighs were recorded on dogs 0fomale was housed with one male. Observation ofvag. 7. and daily om days 15 through 30.of pregnancy.inal plugs the Tollowing morning wes considered evi. Aer each ammal delivered, maternal boby Leiphesdence of mating and day 0 of gestationor day 0 posi were recorded on days 0. 7. 14, and 31 por Fond soncoitus (pc The day on which pups were born was Ges sumption was recorded nly during pestooe ase 0,ignated day 0 postpaceu (pp) while day 31 pp was the 7, 13, and 20 pe.day ofweaning. As the females were mated. hey were Following delivery of each ite, viability, clinical) Fandoralysseigned to six roupsunl 0ratepergroup Signs, and Sxiernal oxarmimatons of ape wate veere mated. Af rating, nies wers hoi nd corded on Ga7s 0p through 21 pp. Th are and nervidually in suspended stainless ses] wire boiom cages vidual weightof1 viable pups nurs recessed op do9s
in a temperature and humidity controlled room witha 0, 1, 4, 7, 14, and 21 pp. Pups stillborn or found dead12hight and 12 he dark vel. On day 30 of station, Gurn te posariars pees and ee sutaieed or con:the rat were transferred i transparent plasie cages baled were examined: Mentied. ani preceracd mnwith bedding consisting of hardwoad hips. Cartiied neutral bullred 10% formalin. Dar dying pentane:Furina rodent how (pellets and wate (provided via ously or acificed moribund were secroptict avimalsautomatic watering device) were suppliedad ibiumn. Whichid ne Goliver were necropsed on doy 78pe. Omday 21 p,all remaining dams 4nd pups mere cathe:Compounds administered iad, necrosis, and examined. Pugs with osons as7 Lot 28 of Muvastatin (XU 62.320) was used in this wel as several sontrol group pups were intifed andexperiment. Purity was determinedby thin-layer chro. saved in neutral ulfred 10% formalin. All other PupsAM matography (TLC)andhigh perormance liquid chro. were discarded.W matography (HPLC) to be $3+.%. Diomevalone acd2% lactone was obtained from Fluka Cramical Comp Post mortem examinationsqn Ronkonkoma, NY). and purty was ound a be 96 % Following induction of deep surgical anesthesia us-SA termined vy HPLC ee

[ri 3 n the axillary vessels for exsanguination. TerminalDosage administration eight as recorded (or each dam ands Frorough fs.Dosing solutions of fluvastatin were prepared fresh section was performed on al surviving dares ot wes:daly in 1% carbosymethyiceliuiose (CMC). Mevalonis ing (4a 21 ap Al ros lesions and approsimately 40
acid was prepared fresh twice daily in deionized water. representative tissue specimens were collected and pre-Individual animal doses were calculated and sins. sefved in neutral bulled 10% formalintereddaily (so females only) via gavage from day 13 of Spontaneously dying animals mere disected and a
gestation through day 21 postpartumat a volume of 10 complete set of tissue specimens, including the gravidmllkg (Table 1): Dose calculations were based on the reproductive racs, were solciedandpreserved. Non:aly body weight rom day 13 ofgestation unl deliv. pregnant animals wer sacrificed on day 25 pe Since

J ery (or day 28 pe for those animals which did not de- the treatment-related cardiacfindingsoccurredonly in
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: “Total umber Proguant females Pregoant Nonpregmant) Sm Ta TE pohatha betors dsbery that died dying during
Dose group onsisdy on day Ze susipartum pi,
1 Control o 0 o 0
11 Mevatanic acid 500 mars 2. 0 tac. morbund day 1 ppt 1 (day 26 po
1 Fluvastatin 12 me : ° o Lay 18700

“mevalonic3 300 marksIV Fluvasiatin 24 mks. 2 ° o Lida 1950
mevaionic 3 500 ks de. day 18 per

V Fluvastatin 12 mere 3 un Liday 4500 o
1 day 13 ppi*

VI Fluvastatin 24 me 5 » Ltday 20% °Tidy spe© llaerr30322 moriognd day 10 pp®Tay Totday agn
ecooto ermine. tw douSar eson tvacwler degeneration, andor myocarditis related to deathinto acide, elo svn 6 oe EeeSABIBALE‘intubation accident based 03 Shnica oostvations and gros or BicEuscope examination.
Pestlenation scent, althoughmicrsopi indings were nok conlusve .
Broken, malaligned incisors; animal in poor health. oh 26 West REE son cebut

pregnant animals, data from the nonpregnant animals in utero. Others died within the first2 wk postpartum.
Were considered separately The cause of death of the 8 animals administered flu.

: Based on results from previous studies, microscopic vastatinat24 mg/kg/day was related othe presence of
)' evaluations were limited to the hearts and stomachs cardiomyopathy characterized by hyaline, granular or

from all animals. For spontaneously dying or animals vacuolar degeneration. andlor myocarditis (Fig. 2-5).
sacrificed moribund. the tissue evaluation included The cause ofdeath of the 2 rats administered {luvas-

: ross lesions, lungs, trachea, thymus with mediastl- tatin at 12 mg/kg/day couldnotbedetermined.
: Tm, and liver. Necropsy examinationof the 2 aims that died on

day 22 of gestation revealed dead, morphologically nor.
: Statistical analysis mal flr fetuses im the uterus,indicating that
: All statistical evaluationsofdata compared treat- they were probably alive up to the time of the dam's

mentgroupswith controls at P50. and P<0.01 levels death. Furthermore,drug-related clinical observations
of significance, with a two-tailed analysis, Maternal were seen in the 24 mg/kgiday fluvastatin animal
body weight, duration of gestation, number of pups de which included decreased locomotor activity (on days

: livered, ive pups per litter, pup weight, and implanta- 20 and 21 pe), splayed (extended) hindlimb, tremors,
tion sites were evaluated by analysis of variance ataxia, labored breathing, salivation,lacrimation,and
(ANOVA) followed by Dunnett's Test. Fisher's Exact disorientation onday 21pe. Similarsignswereseenin
Test was used to evaluate maternal fertility and repro- the 12 mg/kg/day animal on day 22 pe prior to death.
ductive performance, numbers of dead pups, and sex Other animals from the 12 andor24 mg/kg/day flu-
ratio, as wel 23 neonatal necropsy examination data.  vastatin groups also exhibited various drug-related

: Maternal terminal body weights were evaluated by 3 clinical signs including ataxia, impairmentlloss of
one-way ANOVA followed by Duncan's Multiple Range righting reflex, decreased locomatar activity, hunched

. Test or flattened body position, splayed. (extended) hind

resus lnk,rs,versdro. nord es
Maternal mortality and clinical observations ’ . |

Drugrelated maternal morality scoured in animals Maternal body weight and food consumption
receiving 12 and 24 mekgiday of (luvastatin where 2 Notreatment.related differences in maternal body

: outof17 and8outof 17 pregnantanimals, respectively, weight gain were noted during gestation days 15-20,
’ died or weresacrificed moribund (Table 2). Oneanimal the initial period of administration of fluvastatin
: from each of these groups died on day 22 of gestation andor mevalonic acid (Table 3). Duringthe first7 days

without completing delivery but had full-term fetuses afer delivery, a transient, statistically significant ma-
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: MEVALONATE AND PREGNANT RAT FLUVASTATIN TOXICITY 23
fr 1 5 mgkgday dose level of fluvastatinsupplemented with

3: SIRS SNe 8 ialond acd Duag the nestTavs dans Tdpo
: 1 ap’, . oo 2bodyweight gain wasevident in all groups. However.

a TOE CAVE HWS consierng the rst 2 wipostpartum (days 0-10), an
OS gy TE overall body weight loss was nevertheless apparent in

9 tri 2-5 the 2 fluvastatin groups (Table 3)
RE, IE Subsequently. during days 14-21 pp.a slight mater.

SBOE AO gon no iy weit los was observed nal groups includ.
4- Ns As Tog sontrols. Maternal weight loss is not uncommon

Ea oH or avs vineperiod and isprobablyduetoagreater
Le HF IA y nutritional demand on the dams resulting from in-
Deities Creased lactation, combinedwith more ingestionoffeed
‘af PB by the pups and therefore less by the dams. Although
2 4 € net statistically significant, a slight decrease in food

Han Vg E200 Consumption of approximately 115 was evident during
EERE eto to hn 150 of oon
2Se Ry bothgroups administered 24 mg/dayoffluvastatin,
fe VA With and without mevalonic acid (Table 0.

NaeAE Fertility and reproductive performance
CeSR Tm = o No remarkable variation in pregnancyrateoccurred

PRCA trond B27 ‘among the groups. Considering the mean lengthofthe
fe h: A Hh atoeri ahose animalscomleing Seve:

: . a ) fhere was mo_treatment.related variation among
7 dre. CP groups (Table 4). A slightly lower gestation index in

Fig. 5.24 mk: destondo 145. In sm ighdose anioals GroupVI(Fluvastain at 24 mg/kg/day) reflects the ane
optTERSt ZoTe animal which had no viable pups § lbs, pps. and
MEyi lmTo cdves Tan osewdepress.

ese evi poses to eas oe erenceofoni Postmatal litter data
ee Savaacd mo or 99 The mean mummber ot lveborn pups was lower in both

groups administered fluvastatin ajone (Groups V and
ternal body weight loss of 5% and 9% was apparent in VI) when comparedto concurrent controls (Table 5). An

the 12 and 24 reg kg dav fluvastatin dose groups, re. increased incidence ofstillbornpupsoccurred inthe12
Lpectively. compared to 3 4% gain in controls. A 2% and 24 my/kgday (luvastatin GroupV(1%) and Group
Body weight Joss aceareed in animals receiving the 24 V1 (2250), compared to a range of 2-0% in controls and

Groups 1, HT, and IV. There was no evidence to suggest
ny remarkable increase in in utero postimplantation

FT Cort sm spre Ff vee wl Smbyatal morialiy (2. early or aie resarptions)
‘ mysrerilivinnei x 300 in any of the groups, either before or after initiation of

Fig 2 24 mois dex on én 2 e bere delivery. An example lavastatin andlor mevalonic acid administration (Ta-
ny SES A AeI lS) Neonatal morality of 15% and 36% wasob
etASas bebe St mn Sava hrough weaning in both 12 4nd 6 mgpsy
mrnd es mlsLome AY lovastatin Groups V and Vi, respectively (Tale 3)

orion os memo of vy With 8statistically significant increase noted at 8-14
fiemenloucom ts lays postpartum in Group V and as early as 1-4 days

Fig. 3. 24 mpg: deach on day 22 pe before delivery. Discretearpa POSIPATIUID iD. Group VI. Although the overall neona-
: aeehavea is. tal mortality in Group IV (24 mylkgday fluvastatin

ers ov saben amis esenston Supplemented with mevalonic acid) was also statisti-
er ee eel Shs of ths wes en cally significant, it was minimal.

elsewhere in the myorardsumof tes smal 300 Drug-related lower birth weights as well as lower
Fi.4. 24 mek. sacri moribund an dy 10 pp Conpicsows Neonatalbody weightsduringthe lactationperiod were

reinicso wo esis Taek amma evidentinboth 24 mgcg/day fluvastatin dose grOUpS,
ng aa oe sonperin rod. Thee sium sharaans with and without mevalonic acid supplementation

: Semmemar l non oe ie the The most prominent neonatal cimical observations
iumTo somes nemcives Occurred in Group VI (24 mg/kgiday of fluvastatin)

ne Se a angen vo Where several litters, whose dams were adversely al
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y TABLE 3. Percent body weight hangs and relaive food consumption compared o conirls
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TABLE 5. Neonatalliesisand mortality
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fected, had pups which appeared pale, this, weak, Macroscopic and microscopic evaluation of
anit dehyiraiad, Necropsy scaianaton of pups ‘“pontancouslydyinganimalshich wer found dead Surin the Iaciaton eric of No macrosipic vienc of wrestmentrelatd effects
wer culled priortoweaning,showedthat bot groups was. noted other than the saiiipated foresomachAdministered(Tavasatinalae GroupVandVIhai a hekeningpresent in of 34nd? of animals fromthe
Higher incidence of pups without milk visible in the 12 and 24 gkgiday {lavastain groups, respecively,
amich which did of were sacrificed moribund.
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TABLE 6. Time and incidence of treatment-related maternal mortality’

): Sar encill___ Segment 1 lows Segment Ul mevalonate spplemencaion
sud Semen Smells S00 en Ren

Fupvassaon Fluvasatin vey TORE TURE Russo
oem Tom Tet m0 sw  a-wo  mesw 2 om
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i 275 od

£8 i : a
if f yf i
To ciliate malianesus resentationofgaa, thecontrol groupsal negaive) were omied —

Microscopic findings consisted of a varity of myo- plastic lesions. The hyperplasia ranged from mild to
a el ying Group V1 (luvasiacin a24. moderate in degree. In the absence of specific quanti-
dash asisaals. The cardiomyopathy was charac. tative measurements, there appeared to be correlation.

fsa myocarditis and lesions of myofibe hy. with greater degrees of hyperplasia seen at the higher
ear sat vacusiar degeneration (Table 3, dose of fluvastatin in Groups IV and VI (24 mg/kg!
ings wire consideredtreatment lated and day)comparedto th response see in GroupsIll12d V

i evn thie seen tm a previous svdy in proguantr (12 mg/kg/day). There did appearto be lesser degree
aemome dying fusing or aher partion. of hyperplasia/hyperkeratosis in the animals adminis-

en nyacanbal lesions wore ducted micro teredmevalonateand 12 mg/kg/day fluvastatin (Group
coment i animate dying a¢ and within a few days I) compared to the low dose of fluvastatin alone

: nmrparsuriton, he lesions werecharacterizedby hy. (Gros V).
eT antuation of sated groups of myofibers ac. Histological evidenceof{luvastatininduced myoar-
Ey sight imtersita edema and hemor. dial fiber muy andlor inflammation was not present

an 3. Tha Jesions typical of animals in the mevalonate-supplemented Groups Ill and IV.
Ee 4% days ator pareesition o iter wero charac. Likewise, in the surviving GroupVandVI(fluvastatin

: OE oy widespread yeoplasmic vacuolar changes in at 12 and 24 mgkg/day) animals, myocardial lesions
) tne myofibers, Le. the oscurrence of large and small were not detected.

Clarty defined round empty vacuoles (Fg. 4 and 5.
Occasionally these were accompanied by 4 sarcolem:
mal response and inflammatory cell infiltrates, which. DISCUSSION

Teenie a myofioer proliferative of reparative re. The maternaltxic effectsinducedby fluvastatinre-
Ee Tagutuion af the myocardial mjury. ported herein had been encountered in two previous
ant: was ot present in the spontane:  oudies at similar dose level, and consisted of mater:

which had been given lower dose nal mortality at delivery and durin the postpartum
(12 mg/kg/day) of fluvastatin alone. All animals dying period (Table 6). ‘Microscopic evidence of associated

Ed agday Frovastasi group had cardiac le. myocardial lesions was detected inthe ollow-up stu.
Thess lesions were considered related to the An increase in silliorn pups was observed with no

Cause of death in these animals idence of earlier in utero fetal mortality, suggesting
: . Lexie affect on the dams immediately prio to, or dur-

‘Terminal sacrifice animals ing, parturition. The absorption and disposition of flu-
The onlytreatmentrelated eect noted occurred in vastatin have been studied in nonpregnant rats(Tseet.
ae wich sacebved (lovastatin. Most of the 31. 90) and in pregnant and lactating rats, and in
etn Crous I(14ousaf19). Group IV (17 outof _ suckling pups (A. Schweitzer, unpublished data. In all

Te out of11) nd Group V1 (LL outaf 12) cases flovastatin was rapidly eliminated with litle of
Sou dasaoforestomach thickening. No ev. no accumulation in the tissues. Limited placental

Tees Was devaced in Group I (meval. transfer resulted in very low levels in embryos or fe,
ent alone or the conceal. In Groups Ill and IV, tuse. Fluvastatin was detected in maternal milk sod

ion with mevalonate did net influence subsequently at measurable levels in suckling pups
Deuvsstatin inducedfrestomachthick. However, the neonatal mortality observed soon, ater
ening. parearition, aswell as during the lactation period, may
478copicalls. the forestomach thickening was be areflectionofadverse effects relativetodeficient

characterized by epithelial hyperplasia/hyperkeratosis maternal lactation and lackof litter care as influenced

{nal groups which received fluvastatin, including by maternal toxicity
EEhe movalome acid supplementation. The result indicatethat luvastatin-induced mater;
No evidence of ulceration accompanied these hyper- nal and neonatal mortality couldbe completely blocked
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) Fryingwhew erPe olnonexistent with mevalonic acid supplemented fluvas. namic events occurring in late gestation and at part.ot TE phan acelin ay Taeynceuingnlcgenandx parhia, RS amemed 3 24 hon The dia rumCrupsHland V leat ndeEy Sireios 34iyened 128 melonssupplementation prevents moalyne ein wi opie yiemen andsSevipment of bearles, ob po coeBe omgoraSeatmeatal ruoe sues vray wha tegee i'n heSTAIATHE ny mases whch allows Sevenof he

a conte supplementation prevented mar okhip rat aplemepion reened mor
Ml and IV (fluvastatin at 12 and 24 mg/kg/day), it did ERATURE CITEDnot reduce the direct effectoffluvastatinon the gastric Aloe AW. {1989 Dixowers. iochemistes and bilo of ovasa-
forestomach squamous epithelium, although the de-' Brown.M.S. snd JL. Gadseets 11980) Multivalentrsny oeEe FoeriKeratosia is the result of directorcontactieitation by KEabrom. RG. DB Weston, FG. Kuchavais. T. Slr, 13.
fluvastatin on the squamous forestomach epithelium.  Lasemmiescis sonst otheme: ro ibiak (1988 Hp‘The fluvastatin-induced early cardiac lesions char- iter of HMO.Co redursans. Eigbon Iveromtines Syms onscree Bains ner a, |CCian, tinteT

rition) resembled those induced by isoproterenol (preg. ' Kithawala. FG. T. Scllen. RG. Engstrom. DB. Weinstein, H.rion) semble thosnenbypeer foe, “STFE SEE RE re Srer ATA
tis) appeared to be the resultof sarcoplasmic fluid ac. inraationa Sympesion on Adbmarosmi Rome Goer Sa3,
cumulation possibly related to alteration of cellular Hus ne,cumalton posi lad toslrsion ofcer EREon
between pre- and postpartum lesions, if any, is not _ peSigma Termof Wyperipoproiinemnia. Med. Res., clear. Likewise,it1s not known at What point in theif Fiemtrun. 5.15. MacDonald, C5. Pri, D3. Duca, RJ.eti a a ht TREFh To,ty07fom0 Be BY
Several factors existed which probably contributed to EMG CommymeA reduciase nbibior, ovat to rab. J

the developmentofmyocardial damage and/or death of BEA, 55%. Ts. oe os.amase mleaitFHS Gr Kt ns pr
tion, the exaggerated pharmacologic activityof luvas. J¥¥insker. DH. JS. MacDonald. RT. Rebasso, and DL. Bokelman
tatin, i.e. inhibition of mevalonate and cholesterol n-Sisgenie Sp PIR tals Soppbiosynthesis. was a significant factor. HMG-CoA re- aerateofmevealin sodso hb ofShydrey3.Sma eepteee tay nATh SySE
for the synthesis of steroid hormones, cell membranes, ices ia inhibitor. Fund. Appl. Toxicol. imanuscript:
cell growth, and normal cellular metabolism (Brown g% re: ; BLndEien 30 Aare. Sebo 0, SLED Ee nStara abrBSST eyRO PL
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