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Studies are under way to address concerns of potential persis-
tent immunotoxic, reproductive, and neurotoxic effects of perina-
tal exposure to several pesticides. Tebuconazole, a triazole fungi-
cide, was evaluated as part of this project. Sprague-Dawley dams
were administered tebuconazole (0, 6, 20, or 60 mg/kg) by oral
gavage daily from gestational day 14 to postnatal day (PND)7; the
pups were then dosed daily at the same levels from PND7-42.
Separate groups of rats were used for testing of immunological
parameters, neurobehavioral testing using a screening battery of
functional tests, and cognitive evaluations. Other groups of rats
were evaluated for reproductive development and function, while
yet others were sacrificed at the end of the dosing period for
histological analyses of major organs systems, including neuro-
pathological assessments. Pup viability and body weight were
decreased in the highest dose group. There were no differences in
the fertility indices in the exposed rats mated as adults. In the
sheep RBC-immunized high-dose rats, spleen weights and cellu-
larity were increased, and the ratio of cell types was altered
compared to controls. There were, however, no biologically signif-
icant changes in the immune function of these rats. At necropsy on
PND46 or 152, kidney, liver, and spleen weights were altered by
tebuconazole treatment, but a dose-response relationship was not
clear for most organs; only decreased kidney and increased liver
weights were consistent in both sexes. Histological analyses were
generally unremarkable outside of the brain. One month after the
end of dosing, acquisition of learning the platform location in a
water tank (i.e., Morris water maze) was impaired in the high-dose
group; there were no differences in neuromuscular ability, motor
activity, or swim speed to account for this finding. Furthermore,
there was no effect on recall of the position during a free-swim

trial. Neuropathological evaluations revealed pyknotic cells across
hippocampal cell fields in animals of all tebuconazole treatment
groups, with the highest incidence in the 20 and 60 mg/kg/day dose
groups, coincident with cell loss within pyramidal cell layer of
CA3-4 cell fields of the hippocampus and layer V of the neocortex.
Thus, perinatal exposure to tebuconazole produced neurobehav-
ioral deficits and neuropathology in rats, but did not alter immu-
nological or reproductive function.

Key Words: tebuconazole; developmental neurotoxicity; immu-
notoxicity; reproductive toxicity; rats.

%sxoywo:rdnoo!wepeoe//:sduq wolj papeojumoq

The nervous, immune, and reproductive systems were id
tified as potential targets of pesticide exposure in the 19
National Research Council report entitl€&esticides in the
Diets of Infants and ChildreiNRC, 1993). These three sys-
tems of interest undergo significant development well afteg
birth, making these organ systems potential targets of toxici§
due to pesticide exposure through food consumption. Pertug-
bations in the development of these systems could result ﬁ‘l
long-term functional deficits. To address this scientific ang
regulatory concern, the National Institute of Environment&ag
Health Sciences (NIEHS) and the U.S. Environmental Protectioh
Agency (U.S. EPA) entered into a collaborative research proje%t
to focus on the long-term effects of developmental pesticioﬁé)
exposure on these three organ systems (Chetpah, 1996). S

The design of this study was to mimic, in the rat, theg
exposure period of concern in humans, which ranges from laké
gestation to approximately age 18 years (NRC, 1993). To
ensure exposure to pesticides during development, pregnant
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Portions of this research were presented at the 1999 annual Society,&fs were dosed during gestation and for the first week post-

Toxicology meeting,The Toxicologis#8:16, 1999.

The information in this document has been funded in part by the U

partum. The rat pups were then directly dosed from 1 week of

Environmental Protection Agency. It has been reviewed by the National Heafl9€ until t_he approximatg end of puberty, 42 Qays of age. This
and Environmental Effects Research Laboratory and approved for publicatigiudy design was conceived to ensure pesticide exposure dur-

Approval does not signify that the contents reflect the views of the Agency, r]'qrfg the critical windows of development for all three systems
does mention of trade names or commercial products constitute endorsen@ﬁrﬁhterest (immune, nervous, and reproductive). The effects of

or recommendation for use.

" To whom correspondence should be addressed at NTD (MD-74B), U.@.ethoxycmor’ an endocrine-disrupting pesticide, on these sys-

EPA., RTP, NC 27711. Fax (919) 541-4849. E-mail: moser.ginger@epa.géms have be?” reported previously (_Chaﬂjml-r 1997a).
? Present address: Dupont Pharmaceuticals, Haskell Laboratory, Newark, DE.IN the rat, different areas of the brain undergo synaptogen-
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esis, proliferation, and differentiation at specific times, begisperm counts, and organ weights and histology. In addition to
ning during gestation and continuing about 3 weeks after birtspecific focus on these systems, the study design included
Myelination in both the central and peripheral nervous systemescropsy at the end of dosing and again in the adults to assess
continues for another 3—4 weeks after weaning (Benjamins amgjan weight and histology. Levels of the test chemical in
McKhann, 1981; Woodbury, 1974). Establishment of the inplasma and liver of dams and pups, as well as in milk, were
mune system requires a series of carefully timed and coordieasured at specific times to verify the actual exposure con-
nated developmental events that begin early in embryonic/fetétions.
life and continue through the early postnatal period. In rodents,Selected pesticides are being evaluated using this study
the epithelial thymic rudiment forms during midgestation, foldesign (see Chapiet al,, 1996). One of these test chemicals
lowed by colonization of the thymus by precursor T cells frowas tebuconazole, a triazole fungicide. Tebuconazole (Elite
the fetal liver (Owens and Raff, 1970). B-cell lymphopoiesiBolicur®, Raxil®, Lynx®) is a systemic fungicide used on crops
also begins in the rodent liver during gestation (Hayakaiva such as barley, wheat, peanuts, and orchard fruits. Its mecha-
al., 1994). Antibody responses to T-cell-dependent and —imism of fungicidal activity is inhibition of-lanosterol demeth- o
dependent antigens occur soon after birth (Tyan, 198yJase, which decreases ergosterol biosynthesis (Kwok aigd
whereas natural killer (NK) cell activity does not appear untlloeffler, 1993; Lamtet al,, 1998). The reported LR in rats is
about 3 weeks of age (Santoeti al,, 1982). The reproductive quite high (-4 g/kg), but systemic toxicity, teratogenicity, and§
systems begin cellular population expansion in the middle dévelopmental toxicity have been reported at doses as low as
the second week of gestation. Spermatogenesis commerg@sng/kg/day (review of data submissions, U.S. EPA, 1999%
shortly after birth, whereas oocytes in the newborn are arrestédwever, there are almost no published studies on the biola§—
in the first meiotic prophase. Development of the excurreintal effects of tebuconazole. In a study that compared acufe
ducts continues after birth (Byskov and Hgyer, 1994). effects of tebuconazole with other triazole fungicides on motag
In order to characterize the impact of pesticide exposumgtivity in adult rats, tebuconazole was ineffective (Croftong
broad batteries of tests were used that evaluate many differ&896). Although another triazole, triadimefon, has been showmn
aspects of the nervous, immune, and reproductive systetascause neurotoxic and developmental effects (Mesal,, §
Neurological and behavioral alterations were evaluated usind 95; Narotsky and Kavlock, 1995), no information was availg
functional observational battery, which is a series of observable concerning tebuconazole’s effects on the developing net-
tional and manipulative tests designed to assess nervous systeas and immune systems. This study was therefore und%—
integrity, in conjunction with an automated measure of motaaken to determine whether perinatal exposure to tebuconazgle
activity. Cognitive function was measured using passive avoigiould alter function of the nervous, reproductive, or immuné:
@

eo|u

ance training, which measures associative learning, and tresgstems in adult rats. o)
ing in a Morris water maze, a task that requires learning and §
memory of a spatial location. This series of tests has been MATERIALS AND METHODS §
shown to be sensitive to a variety of toxicants, including 3
pesticides (see, for example, Bammer, 1982; Brandeil, Chemical. Tebuconazole was obtained from Bayer AG, Agricultural Di- &3

1989; Moser, 1989; Moseet al, 1995) These tests beganvision (Stillwell, KS), with a labeled purity of 97.4%. The chemical was 3
shorti after dosin énded and tqestin continued for rn(_mths\/ierified by infrared and nuclear magnetic resonance (NMR) spectroscopies.cA
y 9 ! 9 1 NVR spectrum was obtained from 0-15 ppm for a solution of the teg

order to detect potential long-term or persistent effects of thgicie in deuterated chloroform. High performance liquid chromatographg
perinatal exposures. The rats were also pharmacologicgyLC) was used to detect impurities greater than or equal to 0.05%; norié
challenged to detect alterations in the biological responsevtere detected. A C18 column was used with an acetonitrile:water eluent afd
triadimefon (another triazole fungicide). At 8—9 weeks of aglétrawolet detection at 222 nm. Neat compound was homogenized and sohi-

. 2_3 k ft ti f dosi fspri cated into suspension in 0.7% methylcellulose. Dosing solutions were prepatgd
(i.e., 2-3 weeks after cessation of dosing), offspring Weé@ery 30 days and analyzed for tebuconazole using a Waters 510 HPLC wih

evaluated for a variety of innate and specific immune functiQf; detection; all dosing solutions were within 10% of nominal value. Stability§
end points, including the evaluation of splenic lymphocytsudies indicated that the formulations were stabfe3fa atsimulated dosing
subpopulations using flow cytometry. The end points engonditions and for at least 35 days at ambient storage conditions. Suspensions
ployed have been identified as sensitive and predictive for tHg'¢ tested and shown to be homogeneous.
identification of immunotoxicants (Lustet al., 1992). Devel- Animals. _Pregnant Sprague-Dawley rats (Tac:N_(SD)fBR) were received
opmental end points included parameters of maternal heagfbn; Taconic Farms (Germantown, NY) on gestational day (GD)4-5. Al
T ) edures were approved by the NIEHS and U.S. EPA Institutional Animal
and numbers and viability of the offspring. Effects on theare and Use Committees. Due to the size of this study, the experiment was
reproductive system were evaluated by monitoring develojfan in two cohorts (neuro- and immunotoxicity studies were conducted with
ment in males and females (anogenital distance at birth, dayo_m cohort, reproductive toxicity the other,; _PN_D46 necropsy was conducted
vaginal opening, day of preputial separation), two mating triaydth rats from both cohorts and the data indicated no cohort differences).

regnant f-dams subject to prenatal dosing at the beginning of the study were

with untreated mates, two weeks of monitoring vaglnal CytoE'cclimated for~7 days before dosing; naive adults for mating with adult

ogy to assess cyclicity, and a necropsy including measuresficonazole-treated rats were allowed an acclimation period of 7-10 days
sperm motility and count, as well as testicular and epididymgdor to mating. Damsr(= 15/dose/cohort) were assigned to treatment groups
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by stratified randomization to assure equivalent body weight means acrbss analysis using Dunnett's multiple comparisbtest (RS/1, 1988). Differ-
groups prior to dosing. ences between control and treatment groups were reported as being statistically
All rats during dosing as well as rats destined for the reproductive studieggnificant wherp < 0.05.

were singly housed in polycarbonate cages in the animal facility with a 12:12'hNeur0toxicological assessmentA subset of ratsr( = 10/dose/sexn =

A S > o -
Ilght.dalrlk cyzle daT'(; malnta|n<tad i‘tlﬁe O% ¢ atr_1f(_:i EO;L lo(I) /(’Zh.uT'd'g' Thely 8/sex at the high dose) was evaluated for neurological and behavioral alter-
v(\alerz a owsAa (; da_ccgssd 0 t -Aft c%r ' |_e ez d( ;'Ig ert rofs, tnc"ations using a functional observational battery (FOB), an automated measure

ardners, PA) and deionized water. After dosing ended, two sets of rats W&Fnotor activity, passive avoidance, and a Morris water maze. These tests

transferred to another facility with similar environmental conditions, the onkX/ere conducted after maturation and took place at scheduled times (described
difference being that they were switched to Purina Rat Chow #5001 (Ralstge ow) over the next several months in order to detect potential long-term or

Purina Co., S_t' Lows|_ MO). These rats, used for subsequent 'mmumlOg‘[{%‘%rsistent effects. The rats were also pharmacologically challenged with tri-
;n:\/i:‘leurologlcal testing, were allowed at least 1 week to acclimate atlimefon (another triazole fungicide) to detect alterations in the biological
9: response (hyperactivity) to that chemical.

Experimental design. The general design of this collaborative study is Testing was conducted using the FOB and motor activity on PND49/50 and
described in Chapiet al. (1997a). Pregnant fdams were orally dosed at 2 5qain on PND70/71. Testing took place over 2 days (half of the rats tested each
mifkg with either 0, 6, 20, or 60 mg/kg/day from GD14 to postnatal day (PNQJay)  with the treatment and sex counterbalanced across squads of rats. Fhe
7. The F pups were then directly dosed using the same dose levels Uihg is a series of observational and manipulative tests designed to assess3he
PNDA42. Litters were standardized to_four males and four females on PND7_ %rological integrity of the test subject (Mostral, 1988). Motor activity is =
weaned on PND21. The day after birth (PND1), each pup was marked with @ 4nical measure of neurobehavioral function. Procedural details and scor@_g
paw t_attoo, and an individual identification number was made by tail tattog ateria for the FOB protocol are provided in McDaniel and Moser (1993)2
weaning on PND21. Subsets of rats (one male and one female from each litggf)o\ing brief home-cage assessments for any unusual postures or activitigs,
were used for the reproductive, immunological, and neurological evaluatiops,q-held evaluations were made while the rat was gently held around thie
Additional pups and litters were used for lactational assessment and e« \while holding the rat, the observer ranked its reactivity and any changesan

pubertal necropsy. All procedures (necropsy, milk expression, maternal 0bSglera| appearance, including lacrimation, salivation, ptosis, and piloerection. &
vations, etc.) in rats from different treatment groups occurred in a randomopen_ﬁeld observations took place while the rat explored the top of

order. laboratory cart (60< 30 cm with a 6.5-cm perimeter barrier) for 3 min. During g
Maternal and pup assessment.F, dams were weighed daily from the day this time, the observer ranked the rat's arousal and activity level and record
dosing began, and any obvious toxicity was noted by personnel unawareif number of rears as well as any tremors, convulsions, and abnornl
each rat's treatment level. Number of newborns, newborn weight, individugbstures. Next, sensorimotor responses were ranked in response to a varietf of
anogenital distance, and any external abnormalities were recorded for eaghuli (approach of a pen, touch of the pen to the posterior flank, clicg
litter. Pups were weighed daily during dosing (PND7-42). stimulus using a metal clicker, pinch on the tail using forceps, and constrictiod
Tissue levels of tebuconazole On PND7, a subset of dams and litters waf the pupil to a penlight stimulus). Aerial righting was also ranked. Finally 5
used to determine the amount of tebuconazole in milk and in plasma and li¥erelimb and hindlimb grip strength, landing foot splay, rectal temperature, ar@
of dams and pups; milk quality was also assessed. Five to seven hours aftebthdy weight were quantified using appropriate devices. The same obserzer
daily tebuconazole dose, dams< 7—8/dose) were anesthetized in a randonconducted all tests and was blind with respect to the dose levels. (—:}
order with ketamine/xylazine, followed by 1 IU oxytocin dissolved in water Motor activity data were collected shortly after FOB testing, using ar®.
and injected intraperitoneally. Milk was manually expressed. The quantigutomated chamber shaped like a figure-eight (Reiter, 1983). Activity Wag
proportion of lipids, and total protein, triglycerides, and lactose content weneeasured as interruptions (counts) of any of the eight photocell beams dg
analyzed (Dostaét al, 1990). tributed around the maze. Counts were recorded in 12 five-minute intervals, fgf
Dams’ milk and plasma, as well as plasma from the pups, were analyzed fototal session length of 1 h. g
tebuconazole content by extracting tissues with acetonitrile and analyzing th@kats were tested using a passive avoidance learning and memory task®n
extracts on a Waters 510 HPLC with UV detector, using hexanophenone aPND56—69. In this simple one-trial learning, rats were placed in a shuttle bd

internal standard. It is important to note that pups were removed from thejith an electrified grid floor connected to a precision-regulated shocker (Co
dams early on the morning prior to milking, prior to that day’s dosing, and thsourn Instruments, Allentown, PA). One side of the chamber was lined on tfe
pups were held separately until killed by decapitation 1-2 h later. Thusutside with black poster board; the other side was illuminated with a high
although dams were dosed on the day of milking, the most recent pup exposgttensity lamp. On the training trial, the rat was placed in the light side an
through the dam was 25-26 h previously. after 30 s the door between the chambers was opened. When the rat crossed
Immunotoxicological assessment.Two subsets of Frats fi = 6/dose/ into the dark side, the door was shut and a 3-s, 0.4-mA shock was deliveres.
sex) were evaluated at 8 weeks of age for changes in the function of fher the retention trials, the rat was again placed in the light side, but there W%S
immune system. The first subset of rats was used to evaluate splenic lympm@shock if they passed into the dark side. For all trials, the latency to cross W%S
proliferative (LP) responses to T- and B-cell mitogens [i.e., concanavalin r&corded. Retention tests were limited to 5 min. Training took place on PND5g
(ConA), phytohemagglutinin (PHA), an8almonella typhimuriunmitogen —and 57, with a 24-h retention test on PND57 and 58 (half of the rats on each day).
(STM)] usingin vitro *H-thymidine incorporation. This subset of rats was alsdn the same rats, a 2-week retention test was conducted on PND68 and 69.
used to measure splenic natural killer (NK) cell activity usingimrvitro — Treatment and sex were counterbalanced across squads of rats and across days.
®ICr-release assay (Smialowiet al., 1991). The second subset was used to On PND62, a challenge dose of triadimefon was administered to all rats.
measure the primary antibody plaque-forming cell (PFC) response to sheepTeddimefon is another triazole fungicide that has been shown to produce
blood cells (SRBC). In addition, splenic lymphocytes from these same rdigperactivity in rats (Crofton, 1996; Moset al, 1989). Triadimefon (100
were evaluated using dual label flow cytometry for subpopulations of CDWg/kg) was administered intraperitoneallydah h later, rats were placed in
helper (phycoerythrin [PE] conjugated W3/25, PharMingen, San Diego, C#)e motor activity chambers for a 1-h determination of activity.
and CD8 cytotoxic/suppressor (fluorescein isothiocyanate [FITC] conjugatedA Morris water maze was used to evaluate spatial and working memory,
341, PharMingen) T lymphocytes, CD5 pan T lymphocytes (PE conjugatbeginning on PND74. The water maze was a round galvanized steel tank 140
0OX-19, PharMingen), and B lymphocytes and plasma cells (FITC conjugatenh in diameter, filled to a depth of 44 cm with water. A round plexiglass
OX-12, Serotec, Kidlington, Oxford, UK; Smialowicet al., 1994). Body, platform (9 cm in diameter) was placed 2 cm beneath the surface of the water,
spleen, and thymus weights were measured in both sets of rats. which was made opaque using a black Terfigraint. Water temperature was
Data were analyzed by one-way analysis of variance (ANOVA), wikt maintained at 25-27°C, and the water was changed daily. The rats were
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videotaped, and the image was digitized for computer analysis using watee litter as the unit of measure. Due to the maturing of these offspring and
maze tracking software (HVS Image, Ormond Crescent, Hampton, UK). Fdecreasing sample size of the original litters, this analysis was not used for
the spatial training, the platform was placed in either of two positions. Whilmeasures made after PND46. A detailed description of the analyses is found in
the platform position was the same for each rat, it was counterbalanced ac@bapinet al. (1997a). Probability values: 0.05 were considered statistically
treatment and sex. Training took place during two trials each day. The rat v&gnificant, and all data are presented as mea8EM.
placed into the water at one of four starting points, which were varied such thatrerminal assessment of brain neuropathologyThese same Fmale and
the rat never started at the same place within 2 days. Each trial continued u@fhale rats from the reproductive group+ 8—15/dose/sex) were assessed for
the rat mounted the platform, or for a maximum of 60 s. If the rat did not findersistent morphological alterations in the structure of the brain. Rapid im-
the platform within the 60 s, it was guided there by the observer. After 15 s @fersion fixation of the brain was employed in this necropsy, as perfusion
the platform, the rat was replaced in the cage, and after 5 min the second fiigdtion was not compatible with some of the reproductive end points being
began. Spatial training took place over 2 weeks: on Friday of the second wegamined in the same animals. Brains were rapidly and carefully removed, in
a probe trial was conducted in which the platform was removed and the raf'Sandom order, from adults (PND152-154) and immediately immersed in
tendency to search in the correct quadrant was measured over 60 s. chilled 10% buffered formalin (pH= 7.4) for 2 weeks at 4°C prior to

A variation of this water maze task was continued for the next 2 weeks, fiiocessing and embedding in paraffin to avoid histological artifacts due to
which the platform was moved to a new location each day. Starting positioggjing. Brains were cut sagittally at Gm, mounted on slides, and Nissl-
again varied across the four possible positions. Working memory was assesgfitbtance stained with cresyl violet. The regions of the brain examin
by the degree of reduction in search time on the second trial compared to {f{i@uded olfactory bulbs, striatum, thalamus, neocortex, hippocampus, braié—
first trial each day. stem, and cerebellum. Six sections per animal, which were representative ®f

Data analysis for the behavioral test measures depended on the type of gatdanove brain regions, were examined. Animals=( 134) from all dose &
generated. In general, two-way ANOVAs were conducted with a grouping facigfoups were uniquely coded, and slides of sections from all animals were read
of dose and time as a repeated (within-subject) factor. Data from males @ihd for a qualitative assessment of morphological alterations. Qualitativd
females were considered as separate experiments. When significant overall effagfgssments included incidence data and description of regional findings forzll
were obtained, step-down analyses were then conducted. Where the overall dgs&jons of each animal. This assessment was performed on all sections at fpw
by-time interaction was significant, analyses at each time point were then cgiygnification &40) and high magnification(100 andx200 nominally) on 5
ducted to determine which time points were significant, and at those times, which/anox AH2 microscope (Olympus). Incidence data were statistically an
dose groups differed from control, using Dunnetitest (for continuous data) or |yzed using the nonparametric analysis of Kruskal-Wallis (SAS, 1990). <
t-test contrasts (for rank-order data). Continuous data were analyzed by a genergp|iowing qualitative examinations, a quantitative assessment was p%,
linear model (GLM; SAS, 1990). Rank-order data were analyzed using a categgfmed that included simple morphometry of three cortical regions of the
ical modeling procedure (CATMOD; SAS, 1990) that fits linear models to fungsain: neocortex, hippocampus, and cerebellum. These regions were the fosus
tions of response frequencies, which is then analyzed by weighted regression. I8@horphometric analyses for two reasons. First,afpgiori rationale was that 9
cases, resulting probability values 0.05 were considered significant. these are representative regions that undergo rapid development during pte-

PND46 necropsy. One subset of Frats fi = 11-12/sex/dose) was killed, natal, perinatal, and postnatal periods that were coincident with exposure
in a random order, by CQOasphyxiation on PND45-46 to identify any his this pesticide. The second reason for looking at these regions was based on%he
topathological effects present at the end of the dosing period. Terminal bd@gults of the qualitative assessment in which the neocortex and hippocamptis
weights were recorded, and the following organs were weighed and exami@gpeared to have morphological changes in a large number of animals. @*
histologically: liver, thymus, spleen, kidneys, adrenals, ovaries, uterus/vagifi@@rphometric analyses were performed blind to the treatment code with@
testes, epididymides, seminal vesicles/coagulating glands, ventral prostate, Gaputer-based image analysis system (Stereoinvestigadierobrightfield,
dorsolateral prostate. Both absolute organ weight and relative weight (raG6lchester, VT) interfaced via a high-resolution digital color camera (3CCd§
organ weight:body weight) were considered dependent variables. Statisti®gidel D330, Dage-MTI, Michigan City, IN) attached to a Vanox AH-2 =
analyses are described below. Microscope. All measures were performed on corresponding homologo%
. . . sagittal sections from animals from all dose groups. The measures included
Reproductive assessment and necropsin the reproductive toxicity set of . . .
F, rats f1 = 15 litters/dose/sex), prepuce separation (PS) was evaluat@§an layer | width of nec_;cortex, total cortical width (Iay_er I-VI of somato-g

1
beginning PND35, and vaginal opening (VO) was evaluated beginnir?ensory cortex), mean Wldth of the corpus callosum (midway between s‘ple—
. . and genu), mean width of molecular layer of dentate gyrus, mean width

PND25. As adults, these animals were mated with an untreated mate a5‘1(({,HA1 stratum radiatummean layer of the white matter of the alveus of theicg,

allowed to rear the first litter to PND10 to check for normal maturation of thg . .
) . . . ) orsal hippocampus, and mean molecular layer width of lobule IV of th&
pups. End points examined in these litters were number of pups, weight, sex
) - cerebellum.
and external malformations in the young. The young were removed on
PND10, and the treated adult animals were re-paired with an untreated mate.
The resulting pregnant females were killed on GD19, and the fetuses were RESULTS

evaluated for malformations of the visceral organs and skeletons. Treated F

adult females were subject to necropsy, with weights and histology collectedTgp|e 1 presents a summary of tebuconazole effects on m&t

on liver, kidneys, spleen, adrenals, and reproductive organs. The adult treated - . . .
F, males were killed shortly thereafter, and the organs listed above were remoagilld points addressed in this StUdy' Details are presented below.

and weighed and evaluated microscopically. Blood was collected and analyzed for

standard measures of hematology and clinical chemistry. In addition, a testis Maternal and Pup Assessment

epididymis were processed for sperm count and motility (from the epididymis, as . . . .

in Chapin et al, 1997b). Testes and epididymides were immersion-fixed in Fo Maternal body weight gain during gestation was de

Bouin's, embedded in paraffin, sectioned, and stained with PAS-H. pressed in the high-dose group, but otherwise the dams looked
For reproductive assessments, organ weights, and organ-to-body welgbialthy. On GD21, the high-dose group weighed 34150 g

ratios, linear regression was used to assess dose-response trendef(ldkter having gained 74.0+ 2.8 g; mean+ SEM), compared to
1985); otherwise, analysis of variance methods were used to determine gi : ' ’ B ’

nificant difference between dose groups. These were followegdsy hoc antro' values of 354.& 6.3 g (gain of _87'8t 3.3 9). .
comparisons with the control group using Dunnetitest. Data for preweaning _Table 2 presents pre- and postweaning data for offs_prlng n
end points, as well as PS and VO, were averaged over litter and analyzed uitig study. Control dams had an average of 11.2.6 live

20z 1WAy 2
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TABLE 1
Significant Effects and Effective Doses
of Perinatal Tebuconazole

60
60

Male Female M/F
Maternal indices
Depressed weight gain 60
Milk analyses —
Preweaning assessments (males and
females combined)
Increased number dead/litter
Lowered birth weight, weight gain
Eye opening, anogenital distance
Postweaning assessments
Increased liver weight (PND46 60 60
necropsy only)
Decreased kidney weight (both 60 6
necropsies)
Increased spleen Weight (both 60 —

necropsies)
Decreased epididymal weight (postmating 60
necropsy)
Decreased uterine weight (postmating 6"
necropsy)
Body weight, PS — —
Accelerated VO 20
Immune organ weights
Increased spleen (immunized rats) 60 60
Thymus, spleen (nonimmunized) — —
Immune responses
Increased splenic leukocyte number 60 60
Altered percentage phenotypes 60 —
Lymphoproliferation, PFC response, — —
NK activity
Cognition
Passive avoidance — —
Altered habituation in MA chambers — 60
Delayed spatial acquisition in water maze 60 60
Probe, swim speed, working memory —
FOB/motor activity
Increased handling reactivity 60 —
Increased approach response — 20
All other functional end points — —
Triadimefon challenge — —
Neuropathology
Increased hippocampal pyknotic cells 6 6
Reproductive function
First mating — —
Vaginal cyclicity —
Second mating, decreased litter size *6

related mortality occurred after PNDO. Pup weight at birth was

reduced only at 60 mg/kg/day (an average of 7.6 g in controls,

6.6 g at 60 mg/kg/day); this reduction was maintained out to

weaning. There was no difference in the effect on body weight

between males and females; Figure 1 presents weight gain for
both sexes from PND1-21.

Developmental landmarks were mostly unchanged by tebu-
conazole exposure; these data are listed in Table 2. Eye open-
ing appeared accelerated in the high-dose group, but the dif-
ference was not statistically significant. Anogenital distance for
males and females on PND1 was unchanged by tebuconazole
exposure. PS was likewise unchanged. Vaginal opening (VO)
was significantly accelerated in the middle-dose group only.g

Q

Tissue Levels

Tebuconazole was detected in all tissues tested from t
high-dose group, with the mean concentration §D) as
follows: maternal liver (6.4+ 3.1 ug/g; n = 8) > maternal
plasma (1.0 0.5ug/ml;n = 8) = milk (0.6 = 0.6 ug/ml; n =
4, undetectable in three, and insufficient volume in the fourthj;
The mid-dose group had detectable levels only in liver (2.1 g
0.5 ug/g). Tebuconazole was not detected in plasma from arfy
F, pups at PND7, before the start of direct dosing (LEM.16 2
wg/ml). Pup livers had an interfering peak that could not bé&
resolved with changes in run time or buffer; however, this pea§
showed no dose-related increase. Thus, there was measurable
tebuconazole in maternal liver (top two doses) and plasma aﬁ:_d
milk (top dose only). o)

There were no dose-related differences in milk lactose lev
(control value: 28.2- 1.8 mg/ml), protein (control: 9.6 0.4
g/dl), or total lipids (control: 12.4= 0.5 % v/v).

sdny wouy %pemum

)

PND46 Necropsy

€991/6€€/2/29/3R!

At the PND46 necropsy (see Table 3), female terminal bo
weight was unchanged (control: 155t74.0 g, shown in Fig. g
1), and relative (but not absolute) liver weight was increased ky
12% in the high-dose females; tissue histology was unchanget.
There was also a significant decrease (9%) in female relatide
kidney weight at only the middle-dose level. The PND46 mal&
necropsy data showed few differences; body weight was uﬁ—
changed from a control value of 192:74.1 g (Figure 1). The
high-dose group had a 26% increase in relative spleen weigﬁt,
a 10% increase in relative liver weight, and an 8% decrease in

Note.M/F, males and females combined. Numbers indicate the lowest dogedative kidney weight. In addition, the middle-dose group had
that were significantly different from controls, and ‘— indicates no significany |ower absolute kidney weight.

effect.
®No dose response; high dose not significant.

Immunological Assessment

Immunological changes produced by tebuconazole are sum-

pups/litter; this was not statistically altered by tebuconazotearized in Table 1. Splenic NK cell activity, mitogen-stimu-
exposure, although there was a trepd= 0.07) toward fewer lated LP responses, and the PFC response to SRBC were not
pups in the high-dose group (97 0.8 pups/litter; see Table affected by tebuconazole. The only immunological changes
2). The number of dead pups per litter on PNDO was signifdbserved were an increase in spleen weight and splenic leuko-
cantly increased at 60 mg/kg/day (Table 2). No treatmertdyte cellularity in the SRBC-immunized high-dose group. The



344 MOSER ET AL.

TABLE 2
Developmental Indices Following Tebuconazole Treatment

Tebuconazole dose (mg/kg/day)

0 6 20 60
Neonate
No. of litters 35 30 34 37
PNDO
No. of livel/litter 11.2+ 0.6 10.7£ 0.6 10.9+ 0.5 9.7+ 0.8
No. of dead/litter 0.4- 0.2 0.2+ 0.1 0.6+ 0.3 2.2+ 0.6*
Eye opening (day)
Right 14.0+ 0.1 141+ 0.1 13.8£ 0.1 13.7£ 0.1
Left 14.0x 0.1 141+ 0.1 13.8x 0.1 13.6£ 0.2 o
PND1 anogenital distance (mm) g
Male 3.7 0.1 3.8+ 0.1 3.7£0.1 3.7-0.1 =3
Female 1.3+ 0.02 1.3+ 0.03 1.3+ 0.02 1.3+ 0.03 g)_
Postweaning Q
No. of litters 25 25 25 17 3
No. of female rats 88 91 80 70 3
Vaginal opening (day) 359 0.3 35.7+ 0.5 34.0+ 0.3* 34.7+ 0.4 =
No. of litters 18 21 23 15 3
No. of male rats 36 42 46 41 >
PS (day) 41.2- 0.25 40.9+ 0.30 41.2+0.24 41.2+ 0.26 g
[¢]
Note.All data are presented as meanSEM. ;,
*Indicates statistically significant compared to control. g
5
3

number of splenic leukocytes was significantly increased in the high-dose male rats, there was a significant increase dn

males (i.e., 29.5 0.7 X 10° cells for control vs 36.8- 1.95X the percentage of CDLD8 (T cells) and a decrease in thes
10° cells for the high dose), and in females (i.e., 23.8.2 X CD4 CD8 (presumably primarily B cells, but also some mac %

10° cells for control vs 33.6+ 2.8 X 10° cells for the high rophages); these data are presented in Table 4. There wasiano
dose). The relative spleen weight was significantly increasedange, however, in the CD@D8" T cells (data not shown). &
28 and 24% in the high-dose males and females, respectivéty addition, OX12 0X19 (B cells) were also decreased and
0OX12°0X19" (T cells) were increased, which corroborates théjz
pattern observed for the CD4/CD8 markers. No such effec®

25 were detected in the high-dose females. These alterationsdn
splenic lymphocyte subpopulations did not translate into any!

SX:

2001 el g‘r’:;ig/ g % i overall immune function deficits, in that antibody productiorfé
—C— 20 mgrkg/d Males was unchanged. 2

175 —O— 60 mglkg/d R >
Females . i . =}

150l Neurotoxicological Evaluations N
>

A summary of the neurotoxicological effects of tebucon=.
azole exposure is presented in Table 1. Few alterations were
detected using the FOB. There were no overall effects on the
end points evaluating neuromuscular or autonomic function,
and no involuntary movements were observed. High-dose
males showed an increased reactivity to being handled at both
o= . » o " test times (mean score: contreisl.5; high-dose groug 1.9);

this was not observed in females. No other measures of general
reactivity or activity were altered. Females showed an overall

FIG. 1. Body weight of rats treated with tebuconazole from GD14 tgncreased response to the approach stimulus (mean score: con-
PND42. On PND1-21, data are combined for males and females, as there t¥é%s = 1.8, mid-dose group= 2.2); however, this occurred

no difference between the sexes at that timet)SEM; error bars, where not v in th iddle-d 20 Ik d t ob
evident, are within the size of the symbol). At PND46, data for each sex a%] y In the middie-dose group ( mg g) and was not ob-

presented separately. The high-dose group had significant effects on weR@fved in males. In addition, no other changes in sensorimotor
preweaning, but at PND46 there were no treatment-related group differend@&SpPONSIVENESS wWere seen.

Grams Body Weight (XtSEM)
ko
o

N
(&2
T

L

Postnatal Age (days)
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TABLE 3
Organ Weights (Absolute and/or Relative to Body Weight) from PND46 and Adult Necropsy in Tebuconazole-Treated Rats

Tebuconazole dose (mg/kg/day)

0 6 20 60
PND46 necropsy
Males
No. of litters 27 25 25 23
No. of rats 11 12 12 11
Body weight 192. 7+ 4.1 197+ 55.7 180.9+ 6.1 189.7+ 6.1
Relative liver weight 4.87- 0.1 4.84+ 0.1 5.07x 0.1 5.38+ 0.1*
Relative spleen weight 0.350.01 0.36+ 0.01 0.38+ 0.01 0.44+ 0.01*
Kidney weight o
Absolute 1.68+ 0.04 1.65+ 0.04 1.50+ 0.05* 1.53+ 0.04 g
Relative 0.88+ 0.02 0.84+ 0.01 0.83+ 0.01 0.81+ 0.02* =l
Relative epididymis weight 0.14 0.004 0.13+ 0.004 0.15+ 0.008 0.13+ 0.007 g:_
Females Q
No. of litters 25 25 25 17 3
No. of rats 12 7 12 12 3
Body weight 155.7+ 4.0 171.2+8.8 162.5+ 8.2 157.1+ 4.2 =
Relative liver weight 4,755 0.1 4,92+ 0.2 479+ 0.1 5.32+ 0.1* 3
Relative spleen weight 0.36 0.01 0.36= 0.02 0.37+= 0.02 0.40= 0.01 >
Relative kidney weight 0.86: 0.02 0.90+ 0.02 0.78+ 0.02* 0.83+ 0.02 g
Relative uterus weight 0.19 0.03 0.18+ 0.03 0.15+ 0.01 0.19+ 0.02 o
Adult necropsy (postmating) %
Males el
No. of rats 15 15 16 16 ®
Body weight 548.5+ 21.8 553.6+ 14.0 536.8+ 12.2 496.4+ 8.9* g
Relative liver weight 3.84- 0.08 3.79+ 0.08 3.69+ 0.10 3.82+ 0.08 g
Relative spleen weight 0.18 0.01 0.19+ 0.01 0.19+ 0.005 0.21+ 0.004* 3
Absolute kidney weight 3.56: 0.13 3.32+0.09 3.19+ 0.16 2.95+ 0.07* QQ\J-
Left epididymis absolute weight 0.2680.007 0.250+ 0.008 0.246+ 0.009 0.218+ 0.016* =
Pregnant females %
No. of rats 12 11 10 13 &
Corrected body weight 401.1+ 14.0 393.2+ 9.1 430.1+ 11.1 426.0+ 9.0* N
Relative liver weight 4.53 0.10 4.40*+ 0.11 4.20+ 0.13 4.60+ 0.10 %
Relative spleen weight 0.2% 0.01 0.25+ 0.01 0.22+ 0.01* 0.26%+ 0.01 =
Relative kidney weight 0.58 0.01 0.53+ 0.01* 0.51+ 0.02* 0.55+ 0.01 %
Absolute empty uterus 5.42 0.24 4.41+ 0.26* 4.38+ 0.37* 4,01+ 0.14 o
a
Note.All data presented as mean SEM; weights are in grams. g
*Terminal body weight minus uterine contents. 5
*Indicates statistically significant compared to control. 24
S
N

Total activity levels in the figure-eight chambers were nohales, 70-194 s). Unfortunately, high variability in the da@
altered in tebuconazole-treated rats, but the high-dose grdapthis task may have precluded the ability to detect a sma@
did show a difference in the change of activity during thehange.
session, i.e., habituation. This habituation of activity, a form of A challenge dose of triadimefon produced the expecte@
within-session learning, was altered (higher activity at the egperactivity (about 150%) in all dose groups when compared
of the session) on both test days in high-dose female rats; mategshe activity data collected on PND49/50 and PND70/71.
showed a nonsignificant trend toward this effect. There were, however, no treatment-related differences in ac-

At no time was there a difference in the dose groups witivity levels.
respect to the passive avoidance task. On the training trial Spatial training in the Morris water maze was significantly
almost all rats crossed into the dark side in less than a minatéered by tebuconazole, and both males and females in the
(median latencies ranging from 7 to 22 s for both males amijh-dose group learned the position of the platform at a slower
females). At the 24-h retention time, median latencies showeate compared to controls. Acquisition in females was delayed
a wide range (males, 63-300 s; females, 136—-292 s), but theueing the first week only, whereas males were slower than
were no significant group differences. This was also the casentrols in the second week of training as well. Figure 2 shows
for the 12-day test (median latencies: males, 106—300 s; fhat all treatment groups had similar latencies on the first day
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TABLE 4
The Percentage of Splenic Leukocytes Following Immunization with SRBC in Rats Treated
with Tebuconazole (60 mg/kg/day Group Only)

Dose CD4CDS8 CD4 CD8 OX12°0X19 0OX120X19"
Males
Control 25.3+ 0.3 57.3+ 1.6 44,0+ 1.6 38.7x 1.1
60 mg/kg/day 29.8- 1.7* 49.7+ 1.3* 38.1+ 1.1* 459+ 0.8*
Females
Control 31.0+ 1.9 49.4+ 2.6 36.4+ 1.8 47.9x 1.5
60 mg/kg/day 33.0:1.3 46.0= 1.9 34.3+ 0.8 50.9+ 1.4

Note.High-dose males showed significantly greater T cells and lower B-cell indicators.

*Indicates statistically significant compared to contml:= six/dose group.

of training (control males, 50.6 5.2 s; females, 54.4 5.0),

BO|UMO(]

first week. In contrast, this level of performance was no§

and the control groups (both sexes) learned the task such t#ined in the high-dose groups, even at the end of 2 weeks
average latencies of 10-15 s were achieved by the end of {aeerage latencies: males, 17.7 s; females, 21.4 s). Data for the
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FIG. 2. Spatial acquisition in a Morris water maze. Training took place
two daily trials (60-s maximum), with the start position varying between fo
points in the tank. Average latencies for each daily block{XSEM) are
shown for males (top panel) and females (bottom panel). The high-dose males

Males
—&— Control
. —A— 6 mg/kg/d —
—0— 20 mg/kg/d
B —O— 60 mgrkg/d
{ 1 | i | | { |
Females

p.

L

Mon. Tues. Wed. Thurs. Fri. Mon. Tues. Wed. Thurs.

Training Blocks (2 trials/day)

path length measure mirrored the findings with latency; patg
length for males and females controls was 640 cm and £
181 * 40 cm on the last trial, whereas data for the high-dosg
groups were 252- 67 cm and 382+ 63 cm. There were no &
differences in swim speed (male and female controls, 18.5 al?bd
20.1 cm/s; high-dose, 17.9 and 20.6 cm/s). Spatial analysis@f
the paths across three concentric zones indicated that the high-
dose group spent more time circling in the outer zone of the
tank (the platform was located in the middle zone). Althougrg
all rats spent most of the swim time in the outer zone early i
training, as training progressed, the control rats ventured ing
the middle and inner zone significantly more than did thé
high-dose group. N

Memory was apparently not affected; there were no significaé“gi
group differences in the probe trial (recall of the platform posi=
tion); these data are shown in Figure 3. All rats spent more tir@
in the correct quadrant than would be expected by chance, afd
much less time in the opposite quadrant. There was, howeverZa
trend toward less time in the correct quadrant for the high-do%
males, as shown in Figure 3. Another measure of performancegn
the probe trial, the number of crossings of the platform positio
also showed no treatment-related differences. >

Working-memory training indicated that rats could learn thé&.
new platform position each day from the first to the secong
trial. The performance of this task appeared to stabilize after
the first day, but no treatment-related differences between the
groups emerged. Over the week of training, rats had higher
latencies on the first trial (control males, 25.7 s; females, 26.6)
compared to the second trial (control males, 13.1 s; females,
19.0 s; high-dose males, 17.9 s; females, 21.2 s).

e/

T
H

ilﬁleuropathology Assessment in Adults

The qualitative regional analysis of the brain indicated that

had significantly greater latencies throughout the 2 weeks of training, wherdB§ morphology was relatively normal across all regions (ol-

the high-dose females showed significant effects only in the first week.

factory bulbs, striatum, thalamus, brainstem, and cerebellum),
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Males appearance of pyknotic cells were most often not accompanied
70 by perineuronal spaces or corkscrew dendrites. In addition, the
» =3 Correct quadrant pyknotic and darkly stained cells in treated animals were not
g 60 T 008 Opposite quadrant 1 yniform in their hyperchromatosis. The incidence of animals
3 50| T i | with pathological findings in the low-, medium-, and high-dose
et T T groups were 17 of 29 (59%), 26 of 34 (76%), and 25 of 37
§ 40 T {1 (68%), respectively; this incidence of pathological findings
£ I was significantly different from control in all tebuconazole
20 1 treatment groups.
= 20k T | Although the number of animals with indications of neuro-
8 pathology across the mid- and high-dose groups appeared
g 10r & . 1 similar, the severity of pyramidal cell loss and pyknotic cells
0 % @ across subfields of the hippocampal formation did follow &,
Control 6 20 60 dose-related trend. This trend included more pyknotic ceI%
across hippocampal cell fields with increasing dose. Repres&n—
Females tative micrographs of the hippocampal formation are shown |ﬁ
70 Figure 4. The highest incidence of pyknotic cells was observed
in dentate gyrus and progressed from CA4 to CAl pyramldza
T 60 { cellfields in the two higher-dose groups. In general, there We@
b more pyknotic cells in the ventral hippocampus than the dorsél
3 %0r T 1 7 hippocampus. However, the involvement of subfields of thé
S 0L I 1 i i | hippocampus and extension of pyknotic cells into the neocof
- 1 tex increased in incidence with increasing doses of tebucoa-
é 30 - 1 azole. Although these pyknotic cells are an indication of sicg
E 20l and possibly dying cells, there was also an indication of ove'g
§ T . T ; cell loss within pyramidal cells of the CA3-4 cell field of the\
S 10t 4 hippocampus and layer V of the neocortex that was not seenan
% % controls. This apparent cell loss in CA3-4 of the hippocampu$
0

was observed in the lowest dose group but at a low incidenge
(3 of 29 brains; 10%) and did not involve overt findings in thex
neocortex. The amount of apparent cell loss was more exten“:i—

FIG. 3. Spatial memory in a Morris water maze. A probe trial wassive in the intermediate-dose group and extended into thﬁé
conducted on the Friday of the second week of training. The platform Wagaocortex (6 of 34; 18%) In the hlghest dose group, both thg

removed and the rats allowed to swim freely for 60 s. The percent of time sp?{ﬁmber of animals with overt cell loss in cortical structures ana;
in each imaginary quadrant was recorded; times in the correct and opposite

quadrant (X= SEM) are shown here for males (top panel) and femal£Xtent of cell loss increased in the hippocampus and neocortgx
(bottom panel). There was no significant overall effect of tebuconazole on k0 Of 37; 27%). There were no robust gender-related diffe
spatial bias for the correct quadrant. ences across dose groups in any of the pathological fmdmd%
There were no significant effects of tebuconazole exposuiéé
on any of the simple morphometric measures in neocortey,
with the exception of the neocortex and hippocampus. hippocampus of cerebellum (Table 5). This indicates that thefpé
control tissues there was a higher than normal backgrouwedre no gross differences in shrinkage of the structures exaﬁﬁ—
incidence of pyknotic cells in the hippocampal cells fieldsned.
particularly in the dentate gyrus (9 out of 34 brains; 26%). This
was .probablly due _to thg I:?\ck of perfgsmn f|xat|on and iReproductive Assessment and Necropsy
consistent with previous findings of fixation artifacts produced
by immersion fixation of brains (Cammermeyer, 1960; Fix and Reproductive function was marginally changed by tebucon-
Garman, 2000; Garman, 1990; Krinke and Landes, 1995). Taeole. In the first mating of treated females, there were no
apparent fixation artifacts were characterized by nuclear caebuconazole-related differences in estrous cycle length, the
densation and perineuronal spaces around granule cells inrthenber of females becoming pregnant or delivering a litter, or
dentate gyrus and some cortical pyramidal cells, and soindlitter size (control: 11.2+ 1.2 pups). For the second litter,
corkscrew-like dendrites of neocortical pyramidal cells in conmean litter size was 15.2, 11.7, 11.9, and 14.1 for the control
trols. However, there was an increase in the incidence tof high-dose groups, respectively; only the low- and middle-
pathological indications across all doses of the tebuconazdiese groups were significantly lowered. The middle-dose
treatment groups above this background incidence, and tireup also had fewer resorptions and implants per dam, al-

Control 6 20 60
Dose Group (mg/kg/d)

¥¢0¢
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TABLE 5

Regional Brain Morphometric Measures in Microns (X = SEM)

349

Tebuconazole dose (mg/kg/day)

0 6 20 60
Neocortex
Layer | Female 158.96: 5.06 (12) 176.38: 8.15 (8) 162.97- 9.50 (10) 159.89- 5.22 (13)
Male 162.24+ 7.04 (14) 166.88- 5.93 (15) 168.08- 3.88 (15) 159.89- 5.22 (12)
Layer I-VI Female 1939.22 19.58 (12) 2056.8% 78.72 (8) 2034.33 61.68 (10) 1961.23 39.05 (13)
Male 2017.62+ 35.28 (14) 2121.42- 48.45 (15) 2034.56 32.64 (15) 2052.85 52.65 (12)
Corpus callosum Female 362.8937.16 (12) 421.47 29.18 (8) 400.75= 30.82 (10) 380.47 34.54 (13)
Male 467.87+ 27.53 (14) 425.65- 24.31 (15) 445.26- 38.18 (15) 380.3% 23.61 (12)
Hippocampus o
Molecular layer Female 240.37 9.33 (12) 247.62= 10.05 (8) 271.88+ 14.08 (10) 251.08 7.34 (12) g
Male 257.10+ 5.73 (13) 262.97 7.13 (14) 263.39% 5.48 (15) 247.98- 857 (13) 3
CAL1 stratum radiatum Female 388.87 13.99 (12) 364.62- 19.12 (8) 369.14+ 12.38 (10) 359.56- 11.40 (12) g:
Male 364.34+ 14.38 (13) 381.84- 10.82 (14) 380.41 8.97 (15) 355.58- 10.29 (13) ¢
Alveus Female 117.1% 8.11 (12) 108.87 10.31 (8) 132.90- 7.10 (10) 11329535 (12) =
Male 130.31+ 5.09 (13) 134.96- 5.67 (14) 136.72- 5.03 (15) 134.93- 3.90 (13) 3
Cerebellum =
Lobule IV Female 170.82 14.79 (10) 171.15- 10.89 (8) 167.48- 8.07 (10) 158.16- 6.59 (12) 8
Male 156.30 4.07 (13) 167.39- 4.41 (14) 168.97= 7.45 (14) 156.50- 7.46 (13) &
(<]
Q
Note.Number of animals in each group in parentheses. §
=
2
©

though arithmetically the same number of corpora lutea (16tivVe organs of males and females was unremarkable, and there
dam). Necropsy data for these groups are presented in Tablev8re no treatment-related microscopic alterations in tlSSL%
The pregnant females had decreased relative kidney weigtructure.
(9% in the low-dose and 12% in the middle-dose groups),
decreased relative spleen weight (20%, middle-dose group
only), and decreased empty uterus weight, both absolute and
relative (20—25%, low-dose and middle-dose groups). Essentially all of the organ systems had some tebuconazole-
With treated males, there were no tebuconazole-related diflated effects in the high-dose group (60 mg/kg/day). &
ferences in the number of live pups per litter in either the firstudies submitted by the manufacturer to the U.S. EPA (sung-
or second mating. For the first mating, the mean litter sizesarized in U.S. EPA, 1999), the reported LOELs (IowesE
were 12.8, 13.0, 12.9, and 12.3 live pups for the control tibservable effect levels) ranged from 50 to 60 mg/kg/da)&;
high-dose groups, respectively. For the second mating, thieus, the present data agree well with the effective dose range
litter sizes were 13.0, 13.3, 12.4, and 11.4 live fetuses/dam. fdam earlier studies. Reported effects in those studies includ%d
necropsy, high-dose males weighed significantly less than ttfeanges in organ weights, developmental effects, and terai@-
control (Table 3). The only significant organ weight changdggical anomalies. Many of the alterations observed in th|§
were seen at the high dose, which showed a 17% increasestndy were also reported in those studies. Specifically, a tw@
relative spleen weight, a 16% decrease in absolute kidneyeneration reproductive study indicated decreased pup weight
weight, and a 17% decrease in left cauda epididymal weight.birth, which persisted for 3—4 weeks (LOEL: 50 mg/kg/day):3
Sperm counts in cauda epididymis or left testis were statistie also report an effect on pup weight and litter size at 66
cally unchanged either on a weight or whole-organ basis. Theng/kg/day. Decreased liver and kidney weight were also re-
were no changes in the standard hematology or clinical cheported in two studies (LOELs: 50 or 60 mg/kg/day); we also
ical values. found a decrease in kidney weight (at 60 mg/kg/day in males
Histology of liver, kidney, spleen, adrenals, and reproduend females at the PND46 necropsy, but only at 6 and 20

DISCUSSION

9/0[0IME/10SXO

/&

/6

FIG. 4. Neuropathological examination of the brain revealed dose-related increase in the incidence of pyknotic cells in the hippocampal formation Cresy
violet—stained sagittal sections. The vehicle group is illustrated in panel A and a (top row). Representative micrographs from the low-, ntbtighvdase
group are displayed in panels B, C, and D, respectively. Higher magnification of the CA3 area of the hippocampus is depicted in panels a, b, ¢, and d (rig
column) of the corresponding dose groups from the above micrographs. Note the loss of pyramidal cell bodies in the CA3 region of the hippocardpus (panel
Scale bars are noted in each micrograph.
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mg/kg/day in females at the later necropsy), but liver weiglenhamou, 1997). Relatively few studies have used this test in
was increased in the present study (LOEL: 60 mg/kg/day, bdtie context of developmental neurotoxicity, although the ef-
sexes). We also report increased spleen weight (LOEL: 6fxts of a few persistent environmental chemicals have been
mg/kg/day in males only). In the previous unpublished studievaluated (e.g., Kuhimanat al, 1997). The data from the
(U.S. EPA, 1999), splenic hemosiderosis was reported at siptesent study suggest that the water maze may be a sensitive
ilar dose levels; however, this was not noted in the presdobl to identify deficits in spatial memory produced by pesti-
study. There have been no previous neurotoxicity or immuncides.
toxicity studies with tebuconazole; however, a developmentalThere was no influence of tebuconazole exposure in re-
study in mice reported frank malformations of skull, brain, anspbonse to an acute challenge with triadimefon, a structurally
spinal cord at 100 mg/kg/day (U.S. EPA, 1999). similar triazole. For logistical reasons, the drug challenge was
In this study, the high dose produced maternal toxicityonducted between the two FOB evaluations and before water
(depressed weight gain) and perinatal toxicity (increased popaze testing. Prior studies with triadimefoa.d, Allen and
deaths, lower birth weight). Body weights of pups were lowévacPhail, 1991; Moser and MacPhail, 1989) indicate no pegs
throughout lactation, but these weights attained control valugistent effects and no influence on subsequent dose- respo%se
by PND46. Note that the weights recovered even in the facedgterminations with other chemicals. In addition, the effects Oﬁ
continued dosing (until PND42). No overt toxicity was obFOB end points and motor activity were consistent across ﬂ&
served around PND7, when the pups started being dosedpdie- and postchallenge evaluations, and for all measures the
rectly with the test compound. Maternal toxicity has beetontrol values were similar in these studies to our historic
shown to influence the outcome of subsequent evaluationscontrol database. Thus, while the possibility cannot be di§
the offspring (reviewed in Rogers, 1987; Schardein, 1987hissed, it is unlikely that the acute triadimefon challengé-
although the magnitude of overt toxicity in this study wammfluenced subsequent testing in these rats.
relatively small (depressed weight gain, no other signs of Neuropathological findings in the hippocampal formatiori>
toxicity). Nonspecific or generalized changes were not evidesntd posterior cortex of the high-dose group may be related 1
on any of the end points. Given this lack of overt systemitie functional deficits observed in the water maze spati@l
toxicity, the relative specificity of the findings reported here ilearning task, as previous studies have demonstrated that hip-
interesting. Furthermore, the neuropathological effects weggecampal damage results in spatial learning deficits in tf%
observed in the lower-dose groups where maternal effects weiagter maze (see for example, Brandstisl., 1989; Poucet and 3
not observed. According to current guidance on neurotoxiciBenhamou, 1997). Neuropathological effects were observedan
risk assessment, it is inappropriate to assume that developmswth of the lower-dose groups but with less severity. These
tal effects at doses that caused minimal maternal toxicitindings illustrate that perinatal dosing with tebuconazole ma
resulted only from that maternal toxicity, and thus these effediave persistent effects on the structure of the nervous systeﬁm
of tebuconazole may be considered as adverse neurotdxit do not provide information on critical windows of exposures
effects until shown otherwise (U.S. EPA, 1998). that may have resulted in these pathological findings.
Tebuconazole produced neurobehavioral alterations, mosthSome caveats should be discussed in light of the |mmersn€h
affecting measures of learning (water maze acquisition in bdikation and the histological artifacts that can result from thlgq
sexes, activity habituation in females). Most other neurologicgipe of tissue preparation. It is well documented that hype&
and behavioral end points were not changed, indicating tl@itromatosis and perineuronal spaces resulting from retracti‘@n
deficits in motor, performance, or other functions could naan occur in neurons following immersion fixation (Cammer‘—g—
account for these findings. Overall motor activity levels wenaeyer, 1960; Garman, 1990). This does not, however, obviate
not altered at any time point, and swim speed in the water mahe findings of the current study in which both the incidenc@
was also not affected by tebuconazole. Increased handlengd severity of neuropathological signs (e.g., pyknotic cells
reactivity was observed in the high-dose males, as well asd cell loss) were observed above background levels and wéte
increased approach response in females at the middle ddsee related. The degree of hyperchromatosis varied betwegn
only. Even though these changes were significant across all &t within regions in tebuconazole-exposed animals, suggest-
times, there were no other correlative changes to support thg ongoing death and dying rather than punctate damage
biological significance of these findings. Tebuconazole did nassociated with histological artifacts of tissue handling. In
affect either the passive avoidance test, which measures a fauidition, the appearance of pyknotic cells was not generally
of associative learning, or the working memory paradigm efccompanied by perineuronal retraction or corkscrewlike for-
the water maze test, which requires short-term memory. Thigtions in the dendrites of pyramidal cells. It should also be
indicates that tebuconazole may produce specific effects moted that the morphometric data were negative with regard to
spatial learning. The Morris water maze has been used extaeatment, and thus these data indicate that there was no gross
sively in neurobiological research, and has been used to eairinkage of structures between dose groups due to fixation or
uate the effects of neurological lesions and environmentandling of the brains. There are two questions to be consid-
manipulations (reviewed in Brandeit al., 1989; Poucet and ered in interpreting these data: can the histological artifact be
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falsely interpreted as being the result of treatment, and does tletectable change in sperm number (which comprise a signif-
background artifact mask treatment-related damage. We lant proportion of epididymal weight) and the lack of change
lieve the answer to both of these considerations is no, basedmfertility at the high dose do not signal meaningful reproduc-
several lines of evidence. This study included assessmenttigé toxicity for tebuconazole. Indeed, the reproductive diata
sections from a large number of animals, with all slides beirigto suggest that perinatal exposure to tebuconazole, even at a
read in a coded fashion. This reduces the likelihood of bias foraternally toxic dose, is without lasting effect on the repro-
spurious findings in a few animals. Although perfusion fixatioductive system.

is well documented as preferable for tissue preservation ofln summary, perinatal exposure to tebuconazole produced
cytoarchitecture of the nervous system to detect effects, agqdverse effects, altered learning in a spatial cognitive task, and
reduces background histological artifacts (Cammermeyéippocampal and neocortical neuropathology. In contrast, there
1960; Cammermeyer, 1968; Fix and Garman, 2000; Garmavere no overall effects on the immunological or reproductive
1990; Krinke and Landes, 1995), it does not reduce the conceystems of the rats. The nature of the effects suggests that
raised in a hazard identification study when the effects dether assessments should be performed to determine the
observed above background and are dose related. Future sspecificity and magnitude of cognitive alterations and neurc
ies, which should involve perfusion fixation, could resolve th@xicity produced by tebuconazole. s
time course of dosing that produces the neuropathological
findings, determine a possible NOEL, and also determine if
exposure during a finite critical windows is essential for pro-
ducing these effects. These neuropathological findings anéhe authors would like to acknowledge the excellent technical assistance &f
treatment-related alterations in spatial learning also suggest Haskins and Willis Purdie (NIEHS) for animal handling and necropsyZ
that synaptic transmission should be examined in future stiils. Kathy McDaniel and Pam Phillips (U.S. EPA) for behavioral testing3
ies, because of the occurrence of greater damage in the verft? |\Nanda C. Williams and Carey B. Copeland (U.S. EPA) for immunologic

hi h d | hi h . evaluations. We also thank Dr. Cynthia Smith (NIEHS) for help with thes
Ippocampus than dorsal hippocampus, the progressive (!ﬂémistry issues and Jean Orlein of ASI for statistical support. Tebuconazc@e

crease of pyknotic cells from dentate gyrus through CA ceNgrification and tissue levels were analyzed by Midwest Research Instituge
fields, and the overt cell loss associated with increasing dosgKxnsas City, MO) under contract to NIEHS (NO1-ES-55385).

tebuconazole. The lack of an NOEL and the combined struc-
tural and f.unc.tlonal alteratlops observed in this study warrant REFERENCES
future replication and extension of the present study.

In the immunological evaluations, tebuconazole produceden, A. R., and MacPhail, R. C. (1991). Effects of triadimefon on a multipleé
|nterest|ng Changes |n the percentage Of T and B Ce”s |n théchedule of fixed-interval performance: Comparison with methylphenldat%
high—dose groups. The decrease in the percentage of B cells -amphetamine, and chlorpromazifharmacol. Biochem. Behad0,775- 1
he high- males migh indicative of r nti-

I)ed gh-dose ta eSSRBCg' Lbe dicat fho j‘.ddeptessed atﬁtammer, G. (1982). Pharmacological investigations of neurotransmitter i
0 y. response 0 ! O\_Never’ as '_S ! ”9 oceur, €, ementin passive avoidance responding: A review and some new resu
physiological relevance of this decrease is questionable. ThReuyrosci. Biobehav. Re6, 247—296.
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