Ethviphenol toxicity in newhora rats

lesting report (MHLW 2001:0h), in which no observed effect level
was evaluated.

In the present paper. we re-evaluated the tosicity of 3EP (MHILW
20014) and 4EP (MHLW 2001b) in young sats in terms of NOAEL
and unequivocally toxic level (UETL). We considered that the find-
ings in the main test of repeated dose study und the dose-tinding
study were useful for charncterizing the toxicity of chemicals.
NOAEL is the highest tested dose in a study that did not produce
any ohservable adverse effects and is expressed in tenms of the
weight of o test substnee given duily per unit weight of  test
animal, DETL hus heen used ouly Tor our comparative toxicity
analysis as o clear toxic dose, {tis generally not seadily delinable
hecause 1t depends on the 1ype of waicity (Hirmta-Koizumi e7 af,
2005). We determined the toxicity of 3EP and 4EP in nowhor ruts,
compared and discussed NOARLs wnd UETLS of 3EP wnd 4P for
young and newborm sals.

MATERIALS AND METHODS

Chemicals

IFP (3-cthylphenol. CAS no. 620-17-7. purity 96.2%) wuas
obtained from Taokt Chemicu) Co.. Ltd. (Osaka. Japan) and 4EP
4-ethyiphenol, CAS no. 123-07-9, purity 98.4% for the newham
rat study and 98.3% Jor the young rat study) was oblained from
Muruzen Petrochemical Co. Ltd. (Tokyo, Japan) wnd they were
dissolved in olive ail,

Animwls

In the newborn rut study. pregrant SPT Crj:CTHSIHIGS rus (ges-
tation day 14-15) were purchased from Atsugi Breeding Cemer,
Charles River Japan (Yokohama, Japan) and allowed to deliver
spontancously. The duy on which parturition wus completed was
designuted us posinata) day (PND) O, Pups (newbors rats) were
separated from daoms on PND 2 and were suckled by fostey mothers,
{n the young rat study, four-week old males und fentdes of the same
strin were puuhased from e swme Fum as in the newborm rat
study,

The animals were maintained in an envivonmentally conuolled
yoom set at 20-26°C with w relative bumidity of 45-65% and a
12:12 I light/dark eycle. Al aniials in the newhorn and youny rat
studics were ullowed (ree access (o sterilized basal diet (CRF-1,
Oriental Yeast. Tokyo, Japan or Laboratory MR Siock, Nosan Cor
poration, Yokohama, fapan) and water. The animals wese eutha-
nized by exsanguinalion undey anesthesia using ether.
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Study design
Time schedule for 3EP and 4EP studics is shown in Figure |

18-Day repeated dose study in newborn rats

Dose-finding study. Twenty-four male and 24 female newborns
For 3EP or 20 male and 20 female newborns for AEP were randomty
selected ond assigned to four dose groups, incuding a control
group. Six foster mothers for 3EP and five for 4EP were used. One
foster mother suckled four male and four fenale pups. Newborn
tuts (6/sex/dose for 3EP, S/sex/dose for ARP) were given 3EP aL ),
30, 100 or 300 mg/hgfday or 4TP at 0, 100, 300 or 1000 mg/ke/day
by gavage once a day on PNDs 4-21 (for 18 duys) and killed on
PND 22 alter overnight starvation. General condition,  bhody
weights. hematology. blood biochemistry, necropsy and organ
weights were exained. The similar study design was applicd to
the main study.

Main study. Forty-cight males and 48 femuales for each chemical
Tfor two autopsy groups (the end of the dosing period and the
recovery-nintenance  period)  were  randomly selected und
assigned 1o four dose groups. including a control group. Twelve
Joster mothers were used Tor each chentical. One foster mother
suckled four male and four female newbom rats ap to weaning on
PND 21, After weaning, newborn rats of the recovery-maintenance
eroup were individually maintained for 9 weeks. Newborn rals
(O6/sexfdose for each chemical) were given 3EP or 4EP by pavage
once a duy at 0, 30, 100 or 300 mg/kg/day on PNDs 4-21 (for
18 days) and killed on PND 22 after overnight starvation. The
dosage Tevels were determined based on the tesults of the dose-
finding study. Recovery- maintenance groups (Ofsex/dose for cuch
chemical) given the same dosige were maintained for 9 weeks
without chemieal treatment and fully examined at 12 weeks of age,
ulmost the same age as vouny rats al the end of the recovery periad,

General condition was observed af feast once a day for newborn
rals during the dosing period (sepurmted from cach foster mother)
and during the recovery-mainenance period. Body weight was
measured before dosing. more than two tintes per week during the
dosing period and at seven-day inlervals thereafter. Foud con-
sumption was measured aboud 2 times per week only during the
recovery maintenince. period. Some  developmemal  bndmucks
were assessed (OFECD 2004b). such as piliation, incisor eruption,
eye opening, testes descent and vaginad opening. Al vowbormn raws
were examined for abnornaditics of reflex ontogeny: e.g. pupiliary
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reflex, Preyer's retlex, comet reflex, righting reflex wnd wir righting
reflex on PND 20 or 21,

I wrinalysis, color. pH, occult blood. protein, glucase, ketone
hodiex, bilirubin, wrobilinogen, urine sediment. specific gravity,
osmatic pressure and volume of urine were examined in the ke
recovery-maintenance period. Newborn rats were kitled on PND 22
or §5. On the day of the sacrifice, blood was collected from the
abhdominal aurta. Hematological parameters, such as the red bloud
cell comnt, hemwglobin coneentration, hematocrit value. mein cor
puscular vofume. mean corpusenlar hemoglobin, mean corpuscular
hemaglobin concentration. white hlood cell connt, platclel count.
reticulocyte ratio, ditferential Jenkocyte count. and blood clotling
parameters such as prothrombin time and setivated thromboplassin
time were determined. ‘The blood biochemical pasimeters. such as
the total profein, albumin, alhumin-globulin ratio, glucose. tolul
cholesterol, triglycerides, total bilirubin, urea nitrogen. creatinine,
aspartate  anminotransferase, alanine aminotransferase (ALT). ¥
glutamyl wanspeptidase, alkaline phosphatase, Jactate dehydroge-
nase, cholinesterase, phospholipids. caleivm, inorganic phospho-
i, sodivo, potassivim and chloride levels in the serum, were also
determined. After a gross exumination, the brain, pituitary ghand.
heart, thynms, liver. kidneys. spleen, adrenals, thyroids, Jungs, tes-
tesfovaries and epididymides/uterus were weighed. The organs
were fixed with 10% bullered formation-phosphate and paraffin
sections were rowtinely prepared and stained with hematoxylin-
eosin for microscopic examination. The stadies nsing newborn vats
were conducted «t Gotemba Laboratory, Bozo Reseurch Center Ine.
(Gotemba, Japas) for 3EP and at Research Institute for Animal
Science in Biochemistry and Toxicology (Sugamihara, Japan) for
4P wnder Good Laboratory Practice (GLP) conditions (IMHW
[988), and accordance with "Guidelines for Animal Care and Use”
of these laboratories.

28-Day repeated dose study in young rats

Dose-finding study. Five-weck-old rats  (5/sexfdose for cach
chemical) were given 3EP or 4P by gavage once a duy at (h, 250.
300, 1000 or 2000 (only for 4BP) mg/kgilay for 14 days and killed
the day following the last administration after overnight starvation.
General condition, body weights. food consumption, hematology.
blaoad biochemistry, necropsy and organ weights were examined.

Main study. Tive-week-old rats (Wsex/dose for coch chemical)
were given 3EP or 4EP by gavage once a day at 0. 100, 300 or
1000 mg/kg/day for 28 days and killed after overnight sturvation
following the last teeatment. The dosage Jevels were determined
based on the results of the dose-linding study in young rats. Recov-
ery groups () or 1000 mg/kghlay) (Thsex/dose for cach chemical)
were maintained for 2 weeks withont cherical treatment and fully
examined at ] 1 weeks of age, The rats were examined for gencral
condition, body weights. food conswmption. urinalysis, hematol-
ogy. blood biochemistry, necropsy fadings, organ weights and his-
topathological findings, The study using young rats was conducted
at the Safety Research Justinte for Chemical Compounds Co. Ltd,
(Sapporo. Japun) for 3EP und TP under GILP conditions (MHW
1988), and wccordance with *Guidelines for Animal Care and Use’
of these luboratories.

Statistical analysis

Continuons data were analyzed with Bartlen’s test for homaogeneity
ol vastance. If the data were homogencous, one-way unalysis of
vartance and Dunpetts test were conducted for group comparisons
hetween the control and individual chemical-treated groups. 1f not
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homogenous or in case of quantitative wigalysis data, analysis was
performed using the Kruskal-Watlis test. In consequence. if 4 sig-
nificant difference wax detected, the Dunnett type test or Mann-
Whitney's U-test was conducted. In the newborn rat siudy. categor-
ical data for general appearance and reflex ontogeny were unaly zed
hy Tisher's exact probability test or Mamm-Whitney's U-test. A
probubility less than 5% was considered statistically signilicant.

RESULTS

18-Day study of 3KP in nexshorn rats

In the dose-finding study, body weights were considerably Jowered
in males (niux. 9% decrease) and females Gnax, 6% decreuse) at
300 mgrke/day during the dosing period when comprued 16 cou-
rols. However. the decreuses were not statisticutly significant doe
to variations of the data.

Only slight changes were found in the main study as shown in
the Tuble | and Figure 2. At 300 mg/kghday. hody weights recorded
in mwales from PND 11-17 (max, 6% decrease) and fomales from
PNDs 11-21 (mux. 7% decrease) were significantly lower than
controls. Signiticantly high value of relative liver weight was
observed in mades at 300 mg/kg/day and in fomales at 100 and
300 mg/kg/day o1 the end of the dosing period; however, it was not
considered toxicologically significant because of the absence of
changes in parameters of blood biochemistry and histopathological
findings refated 10 liver dumage. There were no effects on the
developmental tandimarks atany dose. There were no elffects of 3EP
wreatment at the end of the recovery-maintenance period.
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Ethyiphenol toxicity in newhorn rats
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28-Day study of 3EP in young rats

In the dose-finding study, one female showed staggering guit and
a futeval position for twee hours after the tirst dosing at 1000 my/
ke/day At thix dose, significantly high values of relative Tiver
weight und ALT in males and relative liver weight and total cho-
lesterol in females were observed. At 500 my/kedbay, signilicantly
high values of ALT in males and relative liver weight in females
were observed.

In the muin study (Tuble 1 and Fig. 3). adverse effects s helow
were foamd at J000 mg/kg/day. Cliniea) signs, such as staggering
gait. o proneflateral position and soiled perigenital fur. were
observed in /14 males and 5/14 females, Staggering guit and
prone and/or Jateral position occasionally occurred 10 min alter
dosing and Jasted one hour. Soiled perigenital fur was also obsesved
in 1/14 males and 3/14 females at this dose. Body weight of niales
was significanily lowered on days 2 and 7 of dosing In urinalysis,
significantly high volumes of urine and water consumption and
significuntly Jow protein were observed in males and females at the
end of the dosing period. In blood biochemistry, significantly high
values of ALT in males and {females and 1ofal cholesterol in femules
were ohserved. 1o e necropsy findings. thinning of the lmiting
ledge in the forestomach in 5/7 males and 27 femules were
obseryad at the end of the dosing period. Signilicantly high values
of relative Jiver weight in males and females and relative kidney
weight in nmules were observed at the end of the dosing period.
Hyperplasia of the squarnous cell in the forestomach was observed
in all 7 males and a1l 7 females al the end of the dosing poriod.
There were no effects of AEP treatment at the end of the recovery
periad.
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i8-Day study of 4LP in newhorn rats
In the dose-fincling study, deaths occurred at 300 mg/kg/day in one
female each on days 6 and 8 of dosing, and at 1000 mg/kg/day in
all rats by duy 3 of dosing. In these dead rats, hy posclivity was
observed and additionadly. deep respiration, pale skin and/or dehy -
dration were observed. In the surviving rals. hypoactivity during
the dosing period was Jound in ¥/5 males and 1/3 Temales at
300 mgfhp/iday

The main findings in the main study we shown in Table 2 and
Figuore 4. Clinica) signs, such as hypoactivity. hypothermia, tremor.
Stiwub wd). deep respiration and entaciation, were observed in 1Y
12 mules and all 12 femudes at 300 mgdg/day. Hypoactivity in
wales und females and hypothermia. wermor, Straub 1ail, deep res-
piration and emaciation in females were significantly more frequent
at this dose and these clinicu) signs disappeared by day 9 of dosing
for nuades and day 13 of dosing for females. At 300 mp/kg/day, 2/
12 females were found dead on days 10 and 12 of dosing. One ol
them showed dack red lung and congestive edema of the lung and
the other showed distention of the gastrointesiinal tract and atrophy
of the thymic cortex at necropsy. The delay in the righting rellex |
was observed in /12 males w300 mg/kgdday, in 1712 females at
100 wg/kg/day and in 1710 females at 300 mg/kg/day. At 30K my/
ky/day. body weights of miles and fenzdes were significintly lower
on PNDs 7-21. Significantly high relative weight of the Yiver wus
observed in males and females at 300 mg/dkg/day at the end of the
dosing peried. There were no changes in the parumeters of bood
biochemistry or histopathologicad-findings related i Jivey damage.
There were no ctfects of 415P treatment at the end of the recovery-
maintenince period.
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28-Day study of 4E1 in young rats

y the dose-finding study. 4/5 males and alt 5 females at 2000 mg/
kg/day died after the first dosing and the remaining 175 males was
killed because of moribundity on day 3 of dosing. At 1000 mg/kg/
day. 1/5 females showed soiled perineal fur on days 5-7 of dosing
and then died on duy 8 of dosing. The body weight of females was
significantly Jower on day 2 of dosing at 1000 mp/kg/duy. Signifi-
cantly high values of ALT and ol cholesterol at 1000 mgr/kg/day
and significantly high value of ALT at S00 mg/kg/day were detected
in maes. Significantly low value of alkaline phosphutase and sig-
niticantly high value of potussium at 10 mp/kg/day were detected
n Jemales. In the necropsy findings for ruts died dwring the dosing
period, ucule changes, such as red coloration of the fung, forestom-
ach and Kidney. thinning of the mucosa in the plandnkur stomuch.
discolormion of the liver and spleen. blood pooling in the winary
bludder and abdominad dropsy were obscerved at 2000 mgfkg/day
and reddish spots of the gladular stomach und alrophy of the
thymus and spleen were detected at 1000 mg/kg/day. For the sur-
viving rats. thickening of the mucosa in the forestomach was
observed in 2/5 males and 34 females at 1000 mg/g/day at the
end of the dosing period. At 100D mg/kgiday, signilicamly high
values of the relative Hver weight in males and fomales and
significantly low value of relative spleen weight in females were
observed. At 500 mg/kg/day. a <ignificantly low wilue of relative
spleen weight in females was observed.

In the main study (Table 2 und Fig. S). clinicad signs. such as
suivition, stapgering gait, a lateral position and soiled perigenital
fur, were observed in 11/14 males and 9/14 females at 1000 mg/
kg/day. At this dose. salivation for males and females was observed
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within 30 min after dosing duily from day 6 to the end of the dosing
period. Staggering gait und a lateral position were occustonally
observed in males and fenndes for |k from g few minutes sfter
dosing, and soiled perigenital fur was occasionally observed for
males and females. Significantly low body weights from days 7-
28 of dosing in males and from days 14-28 in femules were also
observed. In urinalysis, a significantdy high volinne of wrine was
observed o females at 1000 mg/hgfday at the end of the dosing
period, In the blood biochemistry, significantly high values of ALT
in owles und totul cholesterol in females at 1000 my/kp/day were
observed. I the necropsy findings, thinning of the mucosa in the
ghimdular stomach in 5/7 males and 6/7 Jemales and reddish spots
in the glandulur stomach in 177 females were observed at 1000 mg/
kg/day at the end of the dosing period. Significantly high values of
refative liver weight at 300 and 1000 mp/kg/day in oales and
1000 mg/kg/day in females were observed a the end of the dosing
period. Significantly high value of relative kidney weight
1000 mg/kg/day in males was observed at the end of the dosing
period. Erosion, hyperplasia of squamous cells, degeneration of
squanons cells and/or edema of the submncoss in the forestomach
was observed in Wl 7 males al 1000 mg/hg/day. Hyperplasia of
symamous cells in the forestomuch was observed in 1/7 mules
300 myg/kp/day. Hyperphasia of squamons cells in the esophigus,
degeneration of squarmous cells, edema of the snbmucosy, granu-
lation of the submucosa. hy perplasia of squamous cells and/or ulcer
in the forestomuch were observed in 6/7 females at 1000 mg/kg/
duy. There were no effects of 4EP treatment at the cnd of the
recovery period except for the Jowered body weight of males at
1000 mgskg/day.

DISCUSSION
In the prescit paper. we determined the toxicity of 3P and 4EP in
newborn ruts and reevaluated the tosicity of these chemicals in
young rats, then compared the susceptibility of newborn cats in
terms of NOAEL and UETI. with that of young rats.

As for the administration of 3EP, NOAEL in the newhorn vat
study was concluded o be 100 mg/kg/duy based on the Jowered
body weight at 300 mg/kg/day. although an increase in relative liver
weight in females with no histopathological chunge and no changes
in parameters of blood biochemistry relared to liver dinage was
observad at 100 mg/kg/day in the main siudy, NOAEL in the young,
rut study was concluded to be 300 mg/kp/day based on the clinicid
toxic signs (staggering gait, proue/bateral position, temor and
solled perigenital fur), changes n the liver (high values of weight
and ALT or total cholesterod) und Jesions in the forestomach at
1000 mg/keatay. As clear toxicity did not appear in the newbom
rat xtudy even ot the highest dose. we were not able to estimate
UETL. for 3EP.

As Tor the administration of 4ER, NOAEL in the newhom rat
stady was concluded to be 30 mg/kg/day based on the deluy in the
development of the righting reflex al 100 mg/kg/day. At 300 mg/
kg/day, most animals showed clinical wxic signs and some females
died in both the muin and dose-finding stndies. NOAELL i the
young rat study was concluded to be 100 mg/kg/day. bused on the
lesions in the forestomach at 300 mgfkg/day. At K00 me/kgfday.
clinica) foxic signs were observed in all animals with the lesions in
the lorestomach. Al this dose, no animad died in the main study but
1/5 females died io the dose-finding stdy (data not shown) When
the dose of 1000 mg/efday for young rats was presumed as a
UETL. which was the minimum lethal dose expecting the possibil-
ity of one female dewih, equivalent UETL for newborn rals was
considered to be in the range of 200-250 mg/kg/day because 2/12




[4]

Ethylphenol toxicity in pesshorn rals

and /S fenvales died a1 300 mg/kg/day in the main and dose-finding
newborn studies, respectively.

In the newborn rat stwdies. slightly lowered body weight was
observed aller 3EP treatient, and deaths, hy pouctivity. Straub ail,
deep respiration and wdeluayed righting rellex were clearly observed
after 4EP trestmenl. Ta the young rat studies, salivation, staggering
guit, changes in the Tiver, inclading high values of Jiver weight apd
ALT or totd cholesterol and Jesions in the forestomach were clearly
olerved after 3EP wnd 4TEP treatments. As for NOAFL. the <us-
ceptibility of newborn rats to 3LP and SEP was approximately 3
times higher than that of young rats. The reason that newhorn rats
had higher susceptibility than young rats could be thar newborn ruts
have immuatre metabolic activity, thus oxidation and conjugation
of AP or 413P in their livers would occur less, and toxic effects of
the parent chemicals would conlinue longer,

The change of the mucosa and lesions of the submucosa und
squamons vells in the forestowach caused by the corrosiveness of
AEF and 4FEP were observed in young ruts, but not in newborn rats.
Generally. the phenols have similax toxicological effects and phenol
i« a protoplusmic poison and extremely corrosive (Bloom & Brandt
2001 Mamahan 2003), 3CP and 4EP are initafing (o the cyes. skin,
utweous membranes snd upper respiratory teact (Lenga 19851, His-
topathological indings were not observed in the newborn at study
at any dose. The fact conld be expected from the assumplion that
the membrane of the gastrointestinal tract of newbhom rats would
be mare quickly rencwed than that of young ruts because of o higher
turnover rale of the gasiric membrane in developing newborn raly
(Majuyndar & Johnson 1982).

Methyiphenol is an analog chemival of ethylphenol. Methylphe-
nols or eresols, inchuding three isomers, were reviewed as to their
toxicity, and they have strong skin irvitation and induce symptoms
of poisoning (ASTDR 1992: WHO 1995; Stouten 1998), These
reviews show thai 4-methylphenol is more toxic than 2-methyiphe-
usl on the repeated-dose toxicity. [n the present study, severer
lestons in the forestomach were found after administration of 48P
than with 3EP in young rats. 4EP was also more toxic than 36P in
the newbom rat study. Deaths occurred after administration of 4EP.

Bised on NOAEL, the susceptibility of newborn rats (o 3EP und
4EP appeared to be almost 3 imes higher than that of the young
raty, being consistent with our previous resaits {or four chendeads,
4-mirophenol, 2.4 dinirophenol. 3-aminophenol and 3-uethylphe-
nol. which showed 2-4 Gimes differences in the toxic response
hetween newhorn and young rats. As for 31P. unequivocal tonicity
wus not observed in the newbom et study. As for 4EP. UETL in
the young rat study was 4-5 times higher tha that in the newborn
rat study. b conclusion. newborn rats were 3-3 tinies mare suscep-
tible 1o ALP and 4P than young rals,
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ABSTRACT — We purified male rat urinary o,-globulin, prepared the antibody in rabbits, and
improved an immunohistochemical detection method using this antibody for male rat-specific oy, -globu-
Jin accumulation appearing as hyaline droplets in the kidneys, Our prepared antibody reacted specifically
with 0,-globulin in both immunchistochemical and Western blotting analyses, furthermore, and the
graded irmmuno-reactivities on the slide were well associated with computational image analyzing results,
Using this method, we retrospectively analyzed the renal sections from the toxicity studies of 12 nephro-
toxic chemicals, which had already been conducted under the Japanese Existing Chemicals Survey Pro-
gram. We demonstrated that the hyaline droplets induced by treaiment with 10 chemicals (1,4-
dibromobenzene, dicyclopentadiene, 3,4-dimethylaniline, 1,4-dicyanobenzene, tetrahydrothiophene-1,1-
dioxide, 1,3-dicyanobenzcne, accnaphthene, 3,4-dichloro-1-butene, 3a,4,7,7a-tetrahydro-1H-indene and
3,5,5-trimethylhexan-1-ol) were directly associated with oy, -globulin accumulation. This immunohis-
tochemical method is convenient for applying, even retrospectively, paraffin sections from general toxicity
studies and could be useful for gualifying male rat-specific hyaline droplets consisting of ©,,,-globulin and

renal risk in humans.

KEY WORDS: 0,,-globulin, Immunohistochemistry, Hyaline droplet, Nephrotoxicity

INTRODUCTION

For tisk assessment of chemicals, the most criti-
cal data are derived from animal toxicity studies
because of a general lack of information on humans.
Although all available results from animal studies have
been applied to human risk assessment, in principle,
exclusion of some specific toxicities, which might not
occur in humans, should be taken into account, Among
laboratory animals, the rat has been commonly used for
toxicity studies, especially sub-acute, long-term or car-
cinogenicity studies. Nephropathy with hyaline drop-
lets and renal tubular neoplasia caused by chemicals
inducing oty,~globulin accumulation (CIGA) are con-

sidered to be a male rat-specific toxicity, not occurring
in female rats or other animals, including primates.
Although low molecular proteins homologous to 0,
globulin can be detected in other species, including
mice and humans, none of these proteins have been
confirmed to bind to CIGA, followed by accumulation
of the protein-CIGA complex as in the case of 0y~
globulin. 1t is therefore believed that renal toxicity
induced by CIGA in male rats is unlikely to occur in
humans (Hard ef al., 1993).

0ly,-Globulin was first identified in male rat urine
(Roy and Neuhaus, 1966), and had been reported to be
a male rat-specific protein with a molecular weight of
18 to 20 kDa. The major source of urinary ot5,-globulin
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is the liver, where 0l5,-globulin mRNA constitutes
approximately 19 of the total hepatic mRNA (Sippel
et al., 1976; Kurtz and Feigelson, 1977). Neither oy,
globulin nor its mRNA is detectable in the female liver
(Sippel et al., 1975, 1976; Maclones ef al., 1986). The
blood o,,-globulin secreted from the liver is freely fil-

tered through the glomerulus, and in mature rats, about

two-thirds of the filtered protein is reabsorbed by
tubules and the remainder is excreted through the urine
(Neuhaus et al., 1981), CIGA binds noncovalently to
Ol5,-globulin, and the resulting complex shows less
degradability with proteolylic enzymes, causing an
accumulation of the complex that is detectable as hya-
line droplets with a light microscope. Various chemi-
cals have been suspected of being CIGA based on
detection of the evidence for exacerbation of hyaline
droplets in renal proximal tubules in male rats, though
not in females. Direct evidence for increasing Ooy-
globulin levels has been demonstrated for only a few of
these chemicals, however, including 2,2,4-trimethyl-
pentane (Stonard ef al., 1986; Charbonneau et al.,
1987; Lock et al., 1987), decalin (Kanerva ef al.,
1987), d-limonene (Lehman-McKeeman ef al., 1989;
Webb ef al., 1989), 1,4-dichlorobenzene (Charbonncau
et al., 1989), isophorone (Strasser et af,, 1988), Jindane
(Dietrich and Swenberg, 1990), tri- or per-chloroethyl-
ene and pentachoroethane (Goldsworthy ef af., 1888).
A number of initial safety assessments has so far
been conducted for industrial chemicals, including
both new and existing chemicals by the Japanese gov-
ernment or the OECD high production volume chemi-
cals programs. Certain chemicals among these indus-
trial chemicals have been suspected of being CIGA. In
some cases, however, renal changes in male rats have
been assessed as the endpoint for cxtrapolation to
human health risk owing to a lack of direct evidence
caused by 0p,-globulin accumulation, because no anti-
body against oy, -globulin is commercially available
for general toxicity studies. Some immunohistochemi-
cal oiy,-globulin analysis methods had already been
developed (Burnett et al., 1989; Hashimoto and
Takaya, 1992; Caldwell et al., 1999), As these methods
required glycolmethacrylate embedding or specific
computational analysis, they would be inappropriate
for confirming ¢,-globulin accumulation in routinely
conducted guideline-based toxicity studies. We there-
fore improved an immunohistochemical oy,-globulin
detection system using paraffin sections, which are
generally used for standard toxicity studies. We evalu-
ated the several chemicals suspected of being CIGA,
moreover, and indicated the direct evidence caused by

Vol. 31 No. 1

0y,-globulin accumulation,
MATERIALS AND METHODS

Preparation of anti oy,-globulin antibody

0l7,-globulin as an antigen was obtained from the
urine collected from aged male rats, pooled, and used
to immunize rabbits. The immunization procedures,
including the amount of antigen and immunizing inter-
vals, were determined from the results of a preliminary
test referring to the methods of Kuriz et al. (1976). The
antigen was injected under the skin at a dose of 1 mg/
animal (1st injection) or 0.5 mg/animal (2nd and sub-
sequent injections) once at two weeks. Blood sampling
was conducled periodically and the antibody titer mea-
sured. When the antibodly titer level reached a plateau,
whole blood was collected and antiserum was obtained
from the blood. The antiserum was used for immuno-
histochemistry and immuno-electron microscopy. For
measurement of the oly,-globulin content in the urine
and tissues, the antibody was purified from the antise-
rum using a DEAE ionic exchange column after
ammonium sulfate precipitation. The singularity of the
antibody was confirmed as a single diffuse band of
approximately 19 kDa by Western blotting analysis.
This study and the following study were carried out in
accordance with the Law for the Humane Treatment
and Management of Animals and the Standards Relat-
ing to the Care and Management, etc. of Experimental
Animals in Japan.

Experiment 1 Confirmation of specific reactivity of
the antibody to oiy,-globulin
1. Preparation of o,,-globulin nephropathy rats

To confirm the specific reactivity of the anti- oy,
globulin antibody, we prepared oi,~-globulin nephrop-
athy rats as follows. Male and female Crj:CD(SD)IGS
rats were obtained from Charles River Japan Inc. and
used at the age of 11 weeks. d-Limonene (Nacalai
Tesque Inc.), a well-known oy, -globulin nephropathy
inducer, was administered to the rats, consisting of 4
males and 4 females cach, for 10 days at doses of 0,
150 and 300 mg/kg/day by gavage using corn oil as a
vehicle. The rats were housed individually in stainless
steel wire cages in an animal room with a controlled
temperature of 24+2°C, humidity of 55£10% and a 12-
hr light/dark cycle (lighting from 7:00 to 19:00) and
allowed access to food and water ad libitum.

Pooled urine was collected for 24 br on the day
before the start of administration and on Day 9 of
administration. After the 10-day administeation period,
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is the liver, where 0iy,-globulin mRNA constitutes
approximately 1% of the total hepatic mRNA (Sippel
et al., 1976; Kurtz and Feigelson, 1977). Neither o,
globulin nor its mRNA is detectable in the female liver
(Sippel et al., 1975, 1976; Maclnnes e al., 1986). The
blood ay,-globulin secreted from the liver is freely fil-
tered through the glomerulus, and in mature rats, about
two-thirds of the filtered protein is reabsorbed by
tubules and the remainder is excreted through the urine
(Neuhaus e al., 1981). CIGA binds noncovalently to
O,-globulin, and the resulting complex shows less
degradability with proteolytic enzymes, causing an
accumulation of the complex that is detectable as hya-
linc droplets with a light microscope. Various chemi-
cals have been suspected of being CIGA based on
detection of the evidence for exacerbation of hyaline
droplets in renal proximal tubules in male rats, though
not in females. Direct evidence for increasing oly,,-
globulin levels has been demonstrated for only a few of
these chemicals, however, including 2,2,4-trimethyl-
pentane (Stonard et al., 1986; Charbonneau ef al.,
1987; Lock et al., 1987), decalin (Kanerva et al.,
1987), d-limoncne (Lehman-McKeeman ¢t al., 1989;
Webb et al., 1989), 1,4-dichlorobenzene (Charbonneau
et al., 1989), isophorone (Strasser ef al., 1988), lindane
(Dietrich and Swenberg, 1990), tri- or per-chlorocthyl-
ene and pentachoroethane (Goldsworthy er al., 1888).
A number of initial safety assessments has so far
been conducted for industrial chemicals, including
both new and existing chemicals by the Japanesc gov-
ernment or the OECD high production volume chemi-
cals programs. Certain chemicals among these indus-
trial chemicals have been suspected of being CIGA. Tn
some cascs, howevcr, renal changes in male rats have
been assessed as the endpoint for extrapolation to
human health risk owing to a lack of direct evidence
caused by 0iy,-globulin accumulation, because no anti-
body against ofy,-globulin is commercially available
for general toxicity studies. Some immunohistochemi-
cal dy,~globulin analysis methods had already.-been
developed (Burnett et al., 1989; Hashimoto and
Takaya, 1992; Caldwell et al., 1999). As these methods
required glycolmethacrylate embedding or specific
computational analysis, they would be inappropriate
for confirming oiy,-globulin accumulation in routinely
conducted guideline-bascd toxicity studics. We there-
fore improved an immunohistochemical o,,,-globulin
detection system using paraffin sections, which are
generally used for standard toxicity studies, We evalu-
ated the several chemicals suspected of being CIGA,
moreover, and indicated the direct evidence caused by
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0Oy,-globulin accumulation.
MATERIALS AND METHODS

Preparation of anti o,,-globulin antibedy

0y,-globulin as an antigen was obtained from the
urine collected from aged male rats, pooled, and used
to immunize rabbits. The immunization procedures,
including the amount of antigen and immunizing inter-
vals, were determined from the results of a preliminary
test referring to the methods of Kurtz ef al. (1976). The
antigen was injected under the skin at a dose of 1 mg/
animal (1st injection) or 0.5 mg/animal (2nd and sub-
sequent injections) oncc at two weeks. Blood sampling
was conducted periodically and the antibody titer mea-
sured. When the antibody titer level reached a plateau,
whole blood was collected and antiserum was obtained
from the blood. The antiserum was used for immuno-
histochemistry and immuno-electron microscopy. For
measurement of the oly,-globulin content in the urine
and tissues, the antibody was purified from the antise-
rum using a DEAE ionic exchange column after
ammonium sulfate precipitation. The singularity of the
antibody was confirmed as a single diffuse band of
approximately 19 kDa by Western blotting analysis.
This study and the following study were carricd out in
accordance with the Law for the Humane Treatment
and Management of Animals and the Standards Relat-
ing to the Care and Management, etc. of Experimental
Animals in Japan.

Experiment 1 Confirmation of specific reactivity of
the antibody to 0y, -globulin
1. Preparation of oy, ~-globulin nephropathy rats

To confirm the specilic reactivity of the anti-oy,-
globulin antibody, we prepared t.,,-globulin nephrop-
athy rats as follows. Male and female Crj:CD(SD)IGS
rats were obtained from Charles River Japan Inc. and
used at the age of 11 weeks. d-Limonenc (Nacalai
Tesque Inc.), a well-known oy,-globulin nephropathy
inducer, was administered to the rats, consisting of 4
males and 4 females each, for 10 days at doses of 0,
150 and 300 mg/kg/day by gavage using corm oil as a
vehicle. The rats were housed individually in stainlcss
steel wire cages in an animal room with a controlied
temperature of 24+2°C, humidity of 55+10% and a 12-
hr light/dark cycle (lighting from 7:00 to 19:00) and
allowed access to food and water ad libitum.

Pooled urine was collected for 24 hr on the day
before the start of administration and on Day 9 of
administration. After the 10-day administration period,
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Semi-quantitative immunohistochemical analysis of male rat-specific oty,-globulin accumulation.

0ly,-globulin antiserum by the above-mentioned proto-
col. HE-stained sections were used to cxamine the
degree of hyaline droplets and to determine whether or
not other findings were present. The degree of occur-
rence of hyaline droplets was divided into five grades,
including none (), minimal (£, barely detectable min-
imal appearance), slight (+, multifocal but not dis-
persed appearance), moderate (++, dispersed appcar-
ance over the cortex) and severe (+++, diffused appear-
ance over the whole cortex). The staining sections with
PAS, Azan-Mallory and anti-oly,-globulin reaction
were also graded similarly for positive-stained drop-
lets. In addition, computational image analysis was
carried out to verify the above-mentioned grading cri-
teria using three typical immuno-stained samples for
cach grade. Images including almost all the renal
superficial cortex were captured using a light micro-
scope (Olympus BHS) and a digital camera (Olympus
DP12). The captured images were ineasured for posi-
tive area using an image analyzing systern (C-Imaging
System, Compix Inc.), and the positive area (%) was
then calculated from the data.

RESULTS

Experiment 1 Specific reactivity of the antibody to
Oy -globulin

On the HE-stained sections of the kidneys, hya-
line droplets with round o irregular shapes were
observed in the renal proximal tubular epithelium only
in males administered d-limonene (Photo. ta). The
hyaline droplets were negative for PAS reaction (Photo
1b) but stained positively with Azan-Mallory staining
(Photo lc)., With immuno-staining with the anti-oty,-
globulin antibody, the hyaline droplels were more
clearly stained and morc distinguishable than with
Azan-Malory staining (Photo 1d). The hyaline drop-
lets showed a dose-dependent increase on the HE-
stained sections (Photo 2, a-¢) and positive reactions
for hyaline droplets showed a correlational increase
with immuno-staining (Photo 2, d-f). Very fine positive
granules were also detected on the immuno-stained
sections for all the males as background, but no posi-
tive reactions were observed in otber tissue compo-
nents. This background was observed generally in
male kidneys and was, therefore, excluded from the
grading in experiment 2. In the liver, all the males
showed a positive reaction for the antibody in centri-
lobular hepatocytes. The degree of intensity was
weaker than in the kidneys, and thcre was no clear
intensification by d-limonene. No positive reaction for

the anti-oy-globulin antibody was detected in the liver
or kidneys in any females.

With electron microscopy, electron-dense and
jrregular-shaped inclusions surrounded by a single
membrane were observed as changes corresponding to
the hyaline droplets in the renal proximal tubular cpi-
thelium, and positive reactions were observed for the
antibody with post-cmbedding method in the inclu-
sions (Photo 3). A similar positive reaction was
observed in the lysosomes of the renal tubule cpithe-
lium, but no positive reaction was detected in the hepa-
tocytes.

The 0,,-globulin conteot in the kidneys of the
males was incrcased dose-dependently by administra-
tion with d-limonene (Fig. 1). A dose-dependent but
mild increase in Oly,-globulin content was also
observed in the liver of the males. While no dose-
dependent increase in the urine was noticeable, a lower
molecular type of 0,,-globulin appeared in the males
in the highest dose group, with the a,,-globulin type
reported as an carly marker for oy, -globulin nephropa-
thy (Saito er al. 1991).

Experiment. 2 op,-globulin analysis for industrial
chemicals

Table 2 indicates the grades of all the samples
with respect to hyaline droplets, positive droplets and
immunological positive droplets analyzed with HE,
Azan-Mallory and anti-o,,,-globulin antibody staining,
respectively. In the controls there was a mjnimal to
moderate amount of hyaline droplets in some animals
and consequent variation for Azan-Mallory and anti-
iy, -globulin reaction. This variation was due to the
arbitrary sampling of specimens, or probably related to
the lot of the animals or to the difference of food used
in each study, Dose-dependent increases of hyajine
droplets in the renal proximal tubular epithelium were,
however, confirmed for HE-staining of 10 chemicals
suspected of being CIGA (1,4-dibromobenzene, dicy-
clopentadiene, 3,4-dimethylaniline, 1,4-dicyanoben-
zene, tetrahydrothiophene-1,1-dioxide, 1,3-dicy-
anobenzene, acenaphthene, 3,4-dichloro-1-butene,
3a,4,7,7a-tetrahydro-1H-indene, 3,5,5-trimethylhexan-
1-o}). This was described in the original reports (Toxic-
ity Testing Reports ot Industrial Chemicals), although
the occurrence of hyaline droplets varied in shape, size
and number/cell with chemicals and showed no clear
common features. In the highest dose groups of these
chemicals, basophilic tubules, granular casts in the
tubules and/or tubular dilatation were intensified or
occurred as in the original rcports, These changes
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showed similar features in spite of the various severity
and incidence with the chemicals. In serial sections
prepared simultaneously, Azan-Mallory-positive reac-
tions for hyaline droplets wetre detected dose-depen-
dently in these 10 chemicals. No PAS-positive reaction
was detected in any chemical. These staining behaviors
of the hyaline droplets were the same as those in the
case of d-limonen described above. Immunohis-
tochemical staining using the anti-oi,,-globulin anti-
body revealed thoroughly dose-dependent positive
reactions for hyaline droplets in all these chemicals.
The resulting grades from three types of analysis were
the same, demonstrating that a highly positive correla-
tion exists among the three staining methods. As for
the remainder not suspected of being CIGA (2,4-di-
tert-butylphenol, 4-aminophenol), there was no
increase of hyaline droplets or positive immunohis-

- «
2 :

Photo L. d-Limonene induced hyaline dmpiet acc
they were stained positively with Azan-Mallory staining (c). Immunohistochemistry using the anti-o,-globulin antibody
showed a clear positive reaction consistent with the hyaline droplets (d). Original magnification, x66,

Vol. 31 No. 1

tochemical reactions in any dose groups, as well as no
stain in cither PAS or Azan-Mallory staining. In addi-
tion, computational image analysis using threc typical
immuno-stained sections for each grade (Photo 4)
showed a close correlation between the quantitative
analysis and semi-quantitative grading (Fig. 2).

DISCUSSION

Many toxicity studies using laboratory animals
have been conducted on environmental and industrial
chemicals to ensure their safety or toxicity levels con-
cerning human health, On extrapolating the results to
humans, toxic mechanisms that are unlikely to accur in
humans should be taken into account. A typical exam-
ple of such toxicities is 0oy -globulin-related nephropa-
thy and the consequent renal tumarigenesis in repeated
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dose toxicity studies using male rats. This male rat- icity results from dly,-globulin-CIGA complex accu-
specific nephrotoxicity is not considered to occur in mulation. Detection analysis of o.5,-globulin in the
humans (Hard et al,, 1993). To exclude this male rat- nephrotoxicity has not been conducted in most conven-
specific toxicity from chemical risk assessment, it is tional toxicity studies, however, especially in sub-acute
necessary to demonstrate properly that such renal tox- toxicity screening studies for industrial chemicals. As

s 2805 L3

ine droplets in the

n increase of hyal
limonene(HE, a - ¢). Positive reaction for the anti-oi;-globulin antibody also
increased with similar dose dependency (d - ). Original magnification, x33.
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induced hyaline droplets, in the epithelial cell of the renal proximal tubule. Colloidal gold
particles are dispersed in the inclusions. Original magnification, x10,000.
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Fig. 1. Western blot analysis of 0ip,-globulin in kidney from male rats treated
with d-limonene.
Results are expressed as meun + SD (n=4),
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an alternative detection method, it is well known that
0iy,-globulin droplets in the kidneys are negative for
PAS reaction, but that they are stained positively by
Azan-Mallory staining (U.S. EPA, 1991; Alden et al.,
1984). Although these additional stainings can distin-

guish hyaline droplets resulting from ¢,,-globulin
accumulation from those resulting from other causes,
these analyses provide only indirect evidence. Direct
evidence of 0y,-globulin accumulation in renal hyaline
droplets could be required for appropriate risk assess-

Table 2. Grading results of histological/histochemical examination.

Chemical Staining Rosulis
Control Low dose High dose
1,4-Dibromobenzenc HE D —/—/t A+ A
Azan-Mallory ¥ -/~ A+ A
e Anti-ope-globulin ? ~—It A+ A
Dicyclopentadiene HE I~ H A+ oA
Azan-Mallory —~/- A+ A
e Anti-o-globulin__ =~ A Het
3,4-Dimethylaniline HE el et Ht
' Azan-Mallory I/~ i~ i+
e Anti-ou-globulin s e S~ S
1.4-Dicyanobenzene HE i 4+ A
Azan-Mallory ~/~/- /- A
e Anti-ccglobulin ___ == HiHt B 2.
Tetrahydrothiophene-1,1-dioxide HE -/~ 4+ el
Azan-Mallory +/—~l- /A A+
Anti-ope-globulin 1~ A
1,3-Dicyanobenzene RE —I—t +/k +HAH
Azan-Mallory -/t +Hi/t A A
_ _Anti-oa-globulin ~It/t MYt ASIARNLA NS
Acenaphthene HE -1+ A~ HAH++
Azan-Mallory t/-/+ +HE/+ +HHA+
_____ Anti-0-globulin -+ Y
3,4-Dichloro-1-butene HE A H+E A+
Azan-Mallory —f~{++ HH+ A/ A
______ Anti-ope-globulin_ =/~/++ +H+/+ A
3a,4,7,7a-Tetrahydro-1H-indene  HE A+ 4 A
Azan-Mallory HAH+ +HH A
__Anti-ozu~globulin A e HHH A
3,5,5-Trimethylhexan-1-ol HE ~/-I+ 4+ M
Azan-Mallory -+ A+ A
o Anti-oge-globulin e T 4 A
2,4-Di-tert-butylphenol HE B B
Azan-Mallory ~/-I- —/——
e _Anti-otzu-glnbulin _ -_—/_—_—; o _ __—_/:/__—_ .
4-Aminophenol HE It~ ~—I- —/-I-
Azan-Mallory /4~ et —fl~
Anti-ou-globulin -/~ —/—/- —/-/-

2 Grading for positive droplets.

No PAS-positive reaction for the hyaline droplets was observed in any sample.
Low dose for 2,4-di-fert-butylphenol was not examined.
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ment, and 4 reliable detection method for the existence
of 0iy,,~globulin is therefore necessary.

Using both immunochemical staining for paraf-'

fin-embedded sections and the immuno-electron
microscopy technique, we demonstrated that our pre-
pared antibody reacted specifically to o, -globulin in
renal hyaline droplets in the male rats administered d-
limonene, a well-known o,-globulin nephropathy
inducer. The dose-dependent positive immuno-reac-
tion of the antibody in both the tissue sections and the
homogenates from d-limonene-treated rat kidneys
indicated that the antibody could be applicable for
semi-quantitative analysis. In addition, computational
image analysis revealed that classical visual micro-
scopic grading was also useful for semi-quantitative
analysis of oy,-globulin accumulation,

Although immunohistochemical o,,-globulin
analysis of the glycolinethacrylate-embedded sections

.
TS *?\@g% e
A fg‘? AR &,«

Photo 4. Immunohistochemical features of the anti-oip-globulin

erate (¢) and severe (d). Original magnification, X5,
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had already been reported by Bumett ef al. (1989), our
method was advantageous from the standpoint of
applicability to the paraffin-embedded sections. The
paraffin-embedded specimens were usually prepared
and stored for the general toxicity studics. In fact, all
the sections used in experiment 2 in this study origi-
nated from study specimens which were prepared in
the Japanese Existing Chemicals Survey Program con-
ducted previously and stored for a long time. It indi-
cated that our method is applicable to specimens
derived directly from ordinary toxicology studies ret-
rospectively. Hashimoto and Takaya (1992) previously
investigated the application of 0iy,-globulin immun-
ostaining to paraffin sections by modifying the proto-
col of Burnett et al. (1989). The protocol includes pro-
nase B treatment owing to enhancement of the antigen
reaclivity and removal of the non-specific reaction.
Our method also includes the pronase E treatment, but
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Fig. 2. Correlation between semi-quantitative and quantitative analyses for

immuno-stained sections.

Results are expressed as mean = SD (n=3).

the treatment is performed only in order to enhance the
antigen activity and not to remove the non-specific
reaction. This may suggest that our prepared antibody
has a high specificity for o,,-globulin. Caldwell et al.
(1999) had couducted a similar quantitative immuno-
histochemical oiy,-globulin analysis, but it seems that
the actual analyzed area was limited to narrower fields
than in our study.

Urinary immunochemical analysis for detection
of tigy-globulin accumulation in male rat kidneys has
been developed by Saito ef al. (1996). Although the
couvenient urinary analysis is sufficient for detecting
CIGA, the detectability is weaker than with kidney sol-
uble protein analysis. The aim of the present analysis is
not only to detect CIGA, but also to exclude the oy,
globulin-induced nephrotoxic effects from risk assess-
ment of chemicals. For 10 chemicals suspected of
being CIGA, the occurrence of hyaline droplets in the
kidneys with treatment was the lowest endpoint. In the
process of evaluating chemical toxicity, if the most
sensitive nephrotoxicity is concluded to be a neglected
effect for human health, the NOAEL could be set based
on other kinds of toxicological effects.
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