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Uterine Changes in Female Mice Following Lifetime
Inhalation of Wholly Vaporized Unleaded Gasoline:
A Possible Relationship to Observed Liver Tumors?
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- ABSTRACT

Anincreased incidence of primary hepatocellular tumors was reported in female B6C3F, mice
followinglifetime exposure to high levels (2036 ppm) of wholly vaporized unleaded gasoline. This
effect was not obsersed in male mice, nor in females exposed to either 67 or 292 ppm gasoline. No
explanation for the sex and dose-specific effect was discussed in the initial report or has been
subsequently published, At necropsy, a decreased incidence of enlarged’cystic uteri was also
noted among high dose females: however, no correlating histopathologic changes were reported.
Because the liver neoplastic response was limited to the femnales, and because spontaneous liver
turnors are known to be influenced by the hormonal environment. we reexamined the uterine
tissues microscopically, We observed a dramatic difTerence among treatment groups in the
severity of cistic endametrial hyperplasia. The incidence of moderate cistic endometrial
hy perplasia at the terminal sacrifice was 76 % in the control animals whereas none of the animals
at the highest exposure level had lesions that were graded moderate or severs. In addition.
uterine atrophy was presentin 33% of mice examined at the high exposure level and was absent
in other groups. The changes noted are consistent with an altered hormonal influence on the uterus,
The finding ol a decrease in cstic endometrial hyperplasia and an increase in uterine atrophy in the
same dase group in which liver tumors were found suggests that these efTects may be interrelated.

INTRODUCTION

asohne is pechaps ene of the mast familar subsiances 1o people in indunimahized sociesies Every year, 100 billion
s<llensof gasoline zre produced inthe Uniie2 States alone Thousands of workess at sen ic2 stations 2nd g2soline
disimbution rerminals. and millions of consumess create a high potennial for human exposure to pnoline,

Ore lifetime study on the health effezts of gasoline has besm conducted in the mouse. In this study, a
compound-related ifvrease in priman hegatocellular iumors was reponed for femule BoC3F, mice exposed 10
20%6 ppm wholly vapuorized unlexded gasohne (IRDC, 1983, MocFarland et al. 1952, 1932..0). Significant
increases were not obsemved in fermu'e mice evposed 10w o lower treatment levels Among all female mice at risk,
liver mar incidences were 10, 17,15, and 37% for the 0. 67, 292, and 2C56 ppm reaiment groups. respestively.
The majority of turmors 2ppeared lae in the study without other signs of hepatotovicity A compound-relaied
increlse in hepatewellular tumors w 2s not present in male micer incidence rates were 36. 26, 39, and 35% for the
0.67.292, and 2086 ppmtreatment lzvels, respestively (Magaw eral., 1993) Othertreatment-related effects were
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limited 10 a decrease in enlarged/cystic uteri observed a1 gross necropsy in females exposed 1o the high ireaiment
level. No correlating histopathologic changes were reported for the gross observation and the effect was not thought
to be of significance and was given little auention (IRDC, 1983).

* No explanations for the increased incidence of liver tumors of the decreased intidence of enlazzed/eyniic uten
have been reported. It is unlikely that the carsinogenic response resulied from a direct mutagesic event. Unieaded
gasoline has been eatensively rested in several muragenesis assays and the results of these stuces suppon the
general conclyusion that unleaded gasoline is not mutagenic (Conaway et al., 1982, EPA, 1587  NESCAUM.
1989).

In 2ddition. several aspeets about the observed tumorigenic effect are unusual and also suggest fat the tumors
may not have been produced as a result of a direct action of wholly vaporized unleaded gasolire co hepatocytes.
The finding of a hepatorumongenic effect in female. but not male. B6C3F, mice is not commot Haseman and
Huff. 1987 Haseman #1 al.. 1987). The late appearance of the Jiver tumors without amy cthet signs of
hepatotoxicity and the fact that the final incidence obser ed in the high dose group was similar 10 tat observed in
control male muce iA the same study are also noteworthy.

The development of hepatoceljular tumors in the mouse is known 10 be hormonally dependesz (Agnew and
Cardner. 1952, Andervont, 1950, Warwick, 1971). Data and selected tissues from the ofigizal study were
reviewed 10 determnine whether there was any evidznce of compound-related endocnne effests Resulis of the
review arz presented in this paper The possibility of arelationship between the observed effects €n i uteri 2nd the
dervelopment of hepatocellular tumors is also explored.,

METHODS

The finai repon of the lifetime inhalation study of wholly vaporized unleaded casoling was theraozaly reviewed.
The Iniemational Research and Deselopraent Corporation (IRDC, 1982) conducied a 2-year studs 1rwhich groups
of 100 male and 100 female B6CIF, mice were exposed to 0. 67, 292, and 2056 ppm gasohize &y whols body
inhaiatvon. Interim sazrifices were conducted after approvimately 3, 6, 12, and 18 months expesere. Termunal
sacnfices were conducied afier 103107 weeks for male mice and afier 113 weeks for female mice.

Selected tissues from the study were obtained and sublecied to an independent histopatholegit review, The
onginal slides for livers. ovaries. and uten of a1l female mice were requesied from the Iaborators. Thae Jaboratory
could not locate the slides and. therefore. paraffin blocks containing tissues collected during e stdy were
obiained instead. Blocks containing ovarian tissue were prossls examined and many were found 1¢ Ye too small o
consistently obiain adsguate slides. Thereforz, effects on the ovaries could not be asszssed. Blocis comaning
livers and uteri were recur. sections were stained with hemaiex) lin and eosin, and new slides were repared The
liver slides were reviewed to confirm the original diagnoses. The uteri were evaluated hsiciog cally for the
presence of any compound-related effect.

Careful atiention was paid 1o the hisiopathologic obsenaiion of uterine endomeirial by perziasia, eystic
engomstial hy perplasia, and atrephy because of the decrease in the incicence of enlargedicystic stesi described 35
a possible tzeatment-relaied effect for female mice in the final study report. These lesions were ezreflilly graded on
a four-point szule of severity corresponding 1o subjective classifications of race, mild. mader=ie, 2ad severe. [t
w28 not possible 10 make precise measurements of thickness because the sections were recuts an2 bezause the
original embedding w2s not done anticipating the need 1o make such measurements.

Hyperplasia and'or cystic hyperplasia were recorded when there was an increase in endometnal thickness
beyond uwhkat was considered normal for an adult sexually mature fernale in anestrus. The grade of twce was used
for the minimal amourt of hy perplasia that could be subjectively differeniiaied from nornal. A hy perplastic uterus
with 3 grade of severe was approvimately four times as large (in cross section) as a ulerus with trace &y perplasia,
The severe hy perplastic epithelium included multiple cystic glands, vanving in size. The differsacz betneen a
uterus with trace and ssvere hy pesplasia was quite evident by examination of the slides with the nzied exe. The
grades of mild and moderate were equally spaced between the two extremes. Examples of uter w th trace and
senere  wstic hyperplasia are presenied in Figures | and 2, respectively,

The i=.nosis of atrophy was used when the uterus was smaller than 2 normal adult vierus A foo-point seale -

w2y als . vised to descnibe the severity of this fesion The grede of trace represenisd the slighizct Jezrease in
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GASOLINE LTERINE AND LIVER EFFECTS IN MICE

FIG. 1. Trace cystic endzmetrial hypesplasia of the wizrus. Mouse evposed to 2056 ppm wholly vaporized
unleaded gasoline and saznficed aterminal sacrifice. Same magnification as Figure 2 with a 20X objective.

thickness of the endomer~um and myometsium that could be detected. A uterus with moderate avophy was
approximately half normal s:ize. Mild was intermediate berw 22 trace and moderate.

RESULTS

Table 1 indicates that cysuc endomersial hyperplasia wz. presen: in the uterus of most of the female mice
exzmuned Cystic hyperplasiz was firs: obsenved in one animal that died afier @ months on study and the inciZence
increased by the 12-montk :nienm sacnfice and remaned 5:ph throughout the remainder of the study. Figure 3
presents low-power photemizragraphs demomstrating each of the four seveny grades Ovenall, the inzidence of the
lesion was si:ghily decrzase? only i the highest reatmen: [2vel 12056 ppm). However, there was 2 damatic
veatment-relaied change in soventy of the lesion that was evident as early as the |2-month sacrifice time and that
continued througnout the study,

Average severiny grades were derived for each treatment sroup by multiz!ving the number of animals scored for
each seventy by the severin g-ade, summung the results for 270 animals in the treatmens group. and ividing by the
toral number of animals i the group with ey stic hy pzoplasiz. Cystic by perplasia was much more severs in the

conirols and at the fow treziment lesel than ot the mid and Righ treaunent jevels. The severiny observed in the
control and jow expoture ammals was representative of the spontaneous picture for “nosmal™ animals of this age,
but the ahered panern of seremny obsened atthe tw o higher wzatment lesels was unusual and was eensidered to be
treaiment relaied.

When the severity of £y stic % perplaaia was evaluated separziely for lis e tumor-bearing and non-tumar-bearing
animals, thers was a lendency toward the lesions 10 be milder :n animals with tumors. Avenge seversities were 1.8

gt b e w—

W

FIG.2, Severecystic endemstrial by perplasiaof the uterus Conrrol imouse sacrifice 2 atferminal szzrifice. Same

magnification a5 Figure 1 wuh 3 20 objective.
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and 1.5 in wmer-bearing animals at the mid and high dose levels, respectively, and 2.3 and 1.9 in non-umor
bearing animals at the same dose levels. Because nearly all of the animals in the study developed cystic hy perplasti,
lesions, and the subjective nature of the seveniy scoring. it would be difficult 1o delinitively conclude that :
difference betw2en the tumor and non-tumo: bearing groups exisy.

Tabie 2 presents the incidence and severity of uierine atrophy. Atrophy was obsersed almost exclusively in mic:
exposed 10 2054 ppm. The first lesion was observed in an animal exposed 10 67 ppm that died between 12 and 1t
months on study. but the majority of lesions w.:re obsen cd only at the end of the study. Atterminal sacrifice, 13/4!
mice exposed 10 2058 ppm were diagnosed with utenne atrophy. while the lesion w as absent from corrrol animal
and those expesed 1o 67 or 292 ppm.

DISCUSSION

Cystic endomewrial hyperplasia is a common spontaneous condition in mice (Cosgrove eral.. 1978, Malinin an.

Mzlinin, 1972, Sheldon and Greenrman, 1979 Ward eral., 1979). It is generally believed to result from changes ir
s relative levels of esTrogen and progesierone (Chand and Chauhan. 1975, Lindahl and Willen. 1991: Tang etal.
1982). The inc Zence of this lesion in mice varies by s=2in an€ tends 10 increase with age. In many siins, nearhy
every fzmale older than 18 months will have some degree of endometsial hy perplasia (Burek et al.. 1932).

Excgenous esirogen can induce cystic hyperplasia (Tang et al.. 1983). Several radent diets have been shown i
k3ve esirogeniz acuv ity and this activity has been showT 1o increase the size and weight of the mouse vterus (Dranc
2:2..1981:Greenmaneral.. 1987 Thigpen et al.. 19872.b.¢). Lrerine changes that Cevelop as ar animal ages may
=erely be bioleg:zal indicators of endocrine function and animals in w hich this aging effect is marked may be more
seasinve indizzrars of differences in estrogen levels, Studies in which the vteri are affedted to a marked extent may
i effest. senve 28 bioiogical test systems that allow any reduction in the normal devzlopment of cystic endometria
Sypeepiasiato be eas]y observed,

The desreased severity and incidence of cystic exdometrial hy perplasia obsened after exposure 10 wholl:
vaponzed uniezlsd casoline are unusual. and indicai¢ that the normal development of the lesions in exposec
anmals was alizred Inis possible that a component of jasoline, or 3 group of compounds, interferes with norma
hernonal influsnces on the uterus. Another plausible ks pothesis imvohves modulation of the biotranslormation o:
srdogenous substanses at high hydrocarbon exposure levels. Several halogenated hy drocarbons (e.g.. chlordane.
Zieldnn, hepracnior. polybrominated biphenyls) are known to sumulate liver microsornal enzy mes and have beer
shown to devresse (he concentration of estrogen in raus and micz ang 10 inhibit estrogen’s vterowrsphic activity ir
£1p0sed 2nimals (Benkaus et all, 1581 Welch etal . 1979),

A raview of the iovicologic studies on gasoline produced some supponing evidence for this possibility
Increased hver weights, a gross observation ofien 2siociated wath induction of liver enzymes, wers obsenved ir
30-day inkalatizn stodies inrats (11T, 1985) and morkeys (Kuna and Ulrich. 1984, MoacFarlané. 1584). In the
RDC hfetime .zralation study. liver weights were increased inthe high dose female mice as early as the 3-montk
mienm sacrifice. masy months belore effects were obsexved in the uten,

TABLE 2. INCIDENCE AND SEVERITY OF UTERINE ATROPMY!
ALL FEMaLE MICE EXAMINED

Treatment level

0 pom 67 ppm 292 ppm 2056 ppm

Number examined 105 97
Atrzphy !
Trce
\Mild
Moderate
Severe
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CASOLINE. UTERINE AND LIVER EFFECTS IN MICE

Evicence for a possible alieration in the hormonal status of female mice exposed 10 high levels of unleaded
gasoline is interesting because of the possibility of a connection between this effect and the occumence of liver
turnors in these animals. Mouse liver tumors are one of the most controsersial endpoints in carcinogenesis testing.
Mezhanisms through which these tumors develop have not been fully worled owr and remain a topic of
consicerzble debare and research. Many factors can influence the spantaneous incidence or the induced incidence
(ECETOC, 1982; Turusov and Takayama, 1979: Warwick. 1971) of mouse liver umors and the incidence is
knowntosary from laboratory to laboratory and even from study 1o study within the same laboratory (Tarone etal,,
1981).

The sex of the animal has been shown 10 have a marked effect, The spontaneous rate of hepatocellular tumors for
B6C3F, and other strains of mice is known to be higher in males than females (Agnew and Cardner, 1952;
Andervont, 1950: Hasernan et al., 1985; Tarone et al., 1981; Ward e1a),, 1979). Haseman et al. (1985) reported
31% sponianeous incidence in B&CIF, males and 8% in females.

Reasons for this difference have been explored in many studies and the hormonal environment of the animals has
been shown to plas an imponant role. Experimentally. ovariectomy and the administration of tesiosterone have
been shown 1o enkance spontaneous hepatocellular tumor incidences in females, while orchieciomy and estrogen
admanisinon reduce the incidence in males. Castrated males and females generally express similar spontancous
hiver rumor rates (Agnew and Cardner, 1952: Anderont. 1950, Warwick, 1971).

Ir. the lifetime inkalation study of wholly vaporized unleaded gascline. the liver tumor incidences observed in all
grours of female mice other than the high dose proup were Jow and genenlly within the expecied spontaneous
rarge for female B&CIF, mice (Haseman et al.. 1985: Tarone et al., 1981), The incidence ir: the high dose group
was significantly greater than the other proups and w as. in fact. similar to incidence rates observed in male mice in
the same sudy (JROC, 1983, MacFarland 1982, 1984 MacFarland et al.. 1983: Magaw eral.. 1993) and 1o
¢xpesied spontanesys rates for male BOCIF, mice (Haseman eral., 1985 Tatone etal.. 198); Ward eral.. 1979).
These observations 2re consistent with the idea that uterine effects may serve as a marke: for some endocring
disiurtanie that aliess the inzidence of hepatocellular tumors in fermale mice.
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A Reexamination of Liver Tumors in Mice Exposed to
Wholly Vaporized Unleaded Gasoline
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ABSTRACT

A single lifetime inhalation study of the ¢fTects of wholly vaporized unleaded gasoline has been
conducted in the mouse. An elevation of bepatocellular tumors was reported only in females and
only at the high treatment level (2056 ppm). Several reports of this study have appeared
previously in the scientific literature, incfuding a comprehensive summary published in this
journal, Different incidence rates were reported for mouse liver tumors in these publications
without explanations of how they were caleulated of why they differed. To clarify the data, we
recently examined the final report of the gasoline study, the individual animal data, and slides
prepared from liver tissue collected during the study. The previously reported incidence rates
did not take into consideration all animals at risk for tumor development or all animals with
hepatocellular tumors. Revised incidence rates are presented for hepatocellular tumors in all
mice on study, These rates are approximately 20~25% lower than previously reported.

INTRODUCTION

lifetime inhalation study of the effects of wholly vaporized unleaded gasoline on mice was conducted by the

Intermational Research and Development Corporation (IRDC, 1983) and sponsored by the American
Peuvleum Instirute. The results of the study indicated that wholly vaporized unleaded gasoline induced a
statistizally significant compound-related increase in hepatocellular tumors in female mice. No incrsase was
observed in maje mice,

The siudy was originally reporied by MacFarland er al. in this journal (19%4) and elsewhere (1982, 1984), and
it was reviewed eatensively by the U.S. Eavironmental Protection Agency (1987) and other crganizations (HEL,
1685 NESCALM, 1989). Slightly different incidence figures were presented for mouse liver tumors in the
published reports, The differences could not be caplained on the basis of information presented in the amicles and
raised questions about why the published rases differed. The daw and the reponts in question hzve been thoroughly
reviewed and the actual liver tumor incidence observed in mice in this study was deternined,

IRDC STUDY SUMMARY AND PUBLISHED INCIDENCE DATA

IRDC (1983) conducted 3 2-year study in which groups of 100 male and 100 female BSCIF, mice wenn cxposed
100, 67, 292, and 2056 pzm of wholly vaperized unfeaded gasoline by whole body irhatation. Intesim sacrifices

ICF Kaiser Ergincers, 1830 Hamron Sueet, Tih Floar, Caldasd, CAL
TPt aee-LSR. East Mitistone. NI ) .
3Cherren Research & Techaolegy Co . P Q. Bos 28, Richmond. CAL
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were conducted after approximately 3, 6, 12, and |8 months of exposure. Terminal sacrifices were conducted afier
103-107 weeks for male mice and 113 weeks for female mice. The incidence rates for liver tumors have bees
reponied several times, as shown in Table | (MacFarland, 1982; MacFasland eral,, 1984: NESCAUM, 1985, EPA,
1987). Hepatocellular tumors were defined as adenomas and carcinomas in these publications.

LIVER TUMOR INCIDENCE REVIEW

In order to determine the true incidence of liver tumors observed in the study and the reasons why previously
reported incidence rates vary, the IRDC study hisiory and final report were carefully examined. In addition, an
independent histopathological review of liver sections way conducted. Because the original slides could not be
located by IRDC, paraffin blocks containing liver tissue were obtained from the laboratory. The blocks were recut,
sections were siined with hematoxylin and eosin, and new slides were prepared,

The criteria wilized in the histopathological review for the diagnoses of hepatocellular adenoma and carcinoma
were a3 summarized by Brooks and Roe (1985) and by Popp (1985) for adenomas and carcinomas, respectively,
Briefly, adenomas were sharply demarcated and they compressed adjacent liver parenchyma. The cytology of the
cells varied, with cytoplasm that was eosinophilic, basophilic, ¢lear, or vacuolated. Carcinomas were character-
ized by some or all of the fellowing: an increased degree of pleomorphism, grester nuclear/cytoplasmic ratio,
wabecular plates sc\ml cells thick, and increased mitotic activity. Some were large with irregular or invasive
grewth panemns.

The review of the IRDC final report indicated that the previously reported incidence rates do not take into
consideration all mice at risk of tumor development or all animals with hepatocellular tumors. The first
hegatocellulas rumor was observed at the 12-month interim sacrifice and thus all animals alive at that time should
be corsidered at risk for umor development and should be included in the incidence rates. The rates repored by
MacFarland, NESCAUM, arid those used by the EPA for estimating the carcinogenic poteney of unleadsd gasoline
correspond 1o the incidence of hepatocellular rumors in mice that died or were killed during the 18-month 1o
terminal saenfices period. Arimals that were killed or that died on study prior to 18 months were not included. The

TaBLE 1. PrRIMARY HEPATOCELLULAR NECPLASMS INCIDENCE RATES REPORTED IN MICE

Trec:mens level

0 ppm 67 ppm 292 ppm 2056 ppm

Female mice
EPA, pages S~14* 857 (14 10/52 (19) 1357 23) 28/56 (50)
EPA, pages 3-15* 8100 (%) 107100 (10) 121100 (12) 27,100 (27)
MacFasland /57 (14) 10152 (19) 1257 (21) 27/56 (48)
NESCAUM® 8/57 (14) s (19) 187 (@21) 2256 (48)
Revised incidence' 8779 (10) 1376 (17) 12779 (15) 2948 (AN
Male mice .
MacFarland® 23/51 (49) 1542 (36) 20'44 (45) 2454 (44)
NESCAUM® 23/51 (45) 15/42 (36) 0044 (45) 24/54 (44)
Revised incidencel 217718 (36) 18770 (26) 71 (39) 27217 (3%

*Incidence used 1o estimate carcinogenic potency in EPA (1987).

PPercentages art reported in sasentheses.

“Incidence reporied in summary section of EPA (1987),

“Incidences repored in MacFarland (1982, 1984) and MacFasland er al. (1984)
‘Incidence reporied in NESCAUM (1989).
Coreied incidence determined from this review.
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summary incidence figures reporied for female rice by EPA differ. In this case, the aumerators are based on mice

that died during the 18-month to terminal sacrifice period, while the denominators represent the total number of
mice initially stared on test, including those that died prior to 12 months. These animals should not be considered
at risk of tumor development and should not be included in the incidence rates.

The study history provides several possible explanations for why the data were reported incorrectly. The
histopathologic evaluation of the study was carried out by several pathologists st different laboratories. Separate
repors for the different sacrifice groups were prepared and reviewed at different times. The preliminary.dnft
terminal sacrifice reportincluded data for animals that died on study afier the 13-month interim sacrifice along with
the data for animals sacrificed atthe end of the experiment. It did not include or summarize any data for animals that
died prior to these tirnes, This report was reviewed, discussed, and summarized prior to completion of the final
IRDC report, When the final report was issued for the entire study many months later, the various reviewers did not
0 back and incorporate data for animals that died previously.

4n addition to problems in tabulating the dafa, there was a change in the terminalogy for proliferative liver lesions
used during the course of the study that resulted i= some mice with hepatocellular tumors being excluded from the
reporied incidence rates, The diagnosis of neoplastic nodule was used at the 12- and 18-month interim sacrifices,
but not at other time periods. This term was propesed by Squire and Leviet (1975) to describe proliferative lesions
only in the rat. Tt was proposed because of the Efficulty in differentiating between hyperplastic and neoplastic
lesions in the rat on morphologic grounds. The rerm neoplastic nodule is not typically used to describe mouse
tumors, but was used for diagnosing lesions in this study for mice at these two interim sacrifices. Animals
diagriosed with neoplastic nodules were not included in the incidence figures reported by MacFarland,
NESCAUM, or EPA.

Lesions diagnosed as neoplastic nodules by the ariginal pathologist were reevaluated as pan of this review and
their morpholegy was found to be consistent witk the diagnosis of hepatocellular adenoma. The morphology of
these lesions was also consisient with that of the 'ssions diagnosed as hepatocetlulat adsnoma at later times in the
study and animals with neoplastic nodules should be included in the rumor incidance figures.

REVISED TUMOR INCIDENCE

Tables 2 and 3 present the tetal number of animals with hepatocellular tumors by tumor type and for all tumoe
types combined for female and male mice, respestively. The ovenall revised incidence rates presented for all
"hepatoceltular tumors include all animals consider=d 10 be at risk for tumor development (i.e., all animals alive &t

12 months) and all animals with primary liver tum<rs, including those originally diagnosed as necplastic nodules.

TaBLE 2. PRIMARY HEPATOCELLULAR NEOPLASMS IN FEMALE MICE:
NUMBERS OF ANIMALS wiTH TUMORS aAND REVISED INCIDENCE

Trearment level

67 ppm 292 ppm 2056 ppm

Neoplastic nodule 0 k | 0 1
Adenoma 1 4 @° »
Carcinoma - 7 ] ) 2
Touwl benign ! 7 4 9
Total benign and malignant

With neoplastic nodules L] 3 2 20

Without nesplastic nodules : 10 ”* P30
Revised incidence 79 (10%) 13776 (17%) 12779 (15%) 2978 (371%)

*Ore mouse had an adenoma duning the 18-10 24.month study period.
¥Cne mouse had an adenoma and 3 carcinoma ard 's counted only for the most sdvanced lesion.
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TaBLE 3. PRIMARY HEPATOCELLULAR NEOPLASMS IN MALE MicE:
NUMBERS OF ANIMALS WITH TUMCRS AND REVISED INCIDENCE
L]

Treatment level

0 ppm 67 ppm 292 ppm 2056 ppm

Neoplastic nodule 4 3 -] 2
Adenoma 12 4 5 s
Carcinoma 12 14 19* a
Totwa! benign 16 7 10 7
Total benign and malignant

With neoplastic nobules m 18 bl o .

Without neoplastie nodules 2 15¢ 23 25
Revised incidence -~ 27715 (36%) 18770 (26%) 28771 (39%) 2177 (35%)

*One mouse had a carcinorma at the 12 month sacrifice (0 ppm) or during the 12- to 18-month period (2056 pprm).
*Three mice had a caminoma during the 12- 10 18-month pefiod.

¢One mouse had a neoplastic nodule and a carcinoma and is counted only for the most advanced lesion.

“Three mice had an adenoma and a carcinoma and are counted only for the most advanced lesion,

*Ore mouse had an adenoma and 2 carcinoma and is counted only for the most advanced lesion.

The revised inzidence rate observed in female mice exposed 10 2056 ppm wholly vaporized unleaded gasoline is
approsimately 25% lower than previously repored. The revised rate is the result of comecting several
inconsisiencies in 1abulating and analyzing daa from this study. Inkerent problems associated with multiple
pathelogists conducting the micrescopic evaluations further complicated the analysis and should be avoided,

The incorreet incidence data have been used to characterize the potential risks associated with human exposure
to gasoline by several regulatory groups (EPA, 1987, NESCAUM, 1989). These risks are based on a
wesument-relaied effect observed only at the high dose level and, therefore, the incidence changes identifisd in this
dose group could alter the estimated risks. This suggesis that these risk assessments should be reevaluated,

REFERENCES

BROOKS, P.N., and ROE, F.J C. (1585). Digestive System. T.C. Jones, U, Mohr, and R.D, Hunt (eds.). Sprirger-Verlag:
Berlin. pp. 4751,

HEALTH EFFECTS INSTITUTE. (1989). Gasoline Vapor Expasure and Human Cancer. Evaluation of Existing Scientific
Informatien an¢ Recornmendations for Future Researth. Repon of the HE] Health Review Committes.

INTERNATIONAL RESEARCH AND DEVELOPMENT CORPORATION. (1983). Motor Fuel Chronic Inhalation Study.
Vols. 1-6. Sponsared by the American Pewsleum Inwirute. Sepr. 15, 1983,

MacFARLAND, H.N. (1582). Clvonic gasoline toxicity, in: The Toricology of Petroleum Hydrocarbons, Proceedings of 8
Symposium, May, 1982. H N. MazFardand, C.E. Holdsworth, J.A, MaeGregor, R.W, Call, and M.L. Kane (eds.}: American
Peunicum [nsitute: Washingtza, D C., pp. 7586,

MacFARLAND, H N, (1584). Xeackiotic induced kidney lesions: Hydrocarbons. The $0-day and 2-year gasoline studies, in:
Advances in Mczern Envirormeniel Toxicolegy, Vol. 7, Renal Effects of Petroleum Hydrocarbons, M.A. Meh!maa, C.P.
Hemsireet, 1 J, Thorpe, and N.X. Weaver (eds.): Princeton Scientific Publishers, Inc.; Princeton, NJ, pp. 51-56.

MazFARLAND, H.N,, ULRICH. C R., HOLDSWORTH, C E., KITCHEN, D.N., HALLIWELL, W H._ and BLUM, §.C.
(1584). A chronie inhalation stwdy with unleaded pasaline vapor. J. Am. Coll, Texicol. 3:231-248,

NORTHEAST STATES FOR COORDINATED AIR USE MANAGEMENT (NESCALM) (1939). Evaluation of the health
effects from exposire to gasollse and gasoline vapers, Air Toxics Commines,

POPP, J.A. (1585) Digestire Sxmem. T.C. Jones, U, Mohr, and R D. Hunt (eds ) Springer-Verlag Berdin, pp. 1945,

198

CMA 120081




UNLEADED GASOLINE AND MOUSE LIVER TUMORS

SQUIRE, R.A., and LEVITT, M.H. (1975). Repart of 5 workshop in clasification of specific bepatacelhular levions in rus.
Cancer Res, 35:3214-3223, :

U.S. ENVIRONMENTAL PROTECTION AGENCY., (1937). Evaluation of the carcinogenicity of unleaded gasoline. Office of
Health and Environmental Assessment, Washingion, D.C., EF A/600/6-87-001.

’ Address reprint resuests to:

Dr. Judith A. MccGregor

Chevron Research and Tecknology Co.

. . P.O. Box 4034

Richmond, CA 94804

CMA 120082




FUNDAMENTAL AND APPLIED TOXICOLOGY 9, 678-686 (1987)

A Two-Generation Reproduction Study with
Monochlorobenzene Vapor in Rats'’

R. 8. NaIR," J. A. BARTER,} R. E. SCHROEDER,} A. KNEZEVICH,} aAND C. R. STACK§

*Monsanto Company. 800 North Lindbergh Beulevard, St. Louis. Missouri 63167; tPPG Industries, Inc., One PPG
Place. Pitisburgh. Pennsyivama 15272; $Bio/dynamics. Inc., East Millstone, New Jersey 08873, and §Chemical
Manufacturers Association, 2501 M Street, N.W., Washington, D.C. 20037,

A Two-Generation Reproduction Study with Monochlorobenzene Vapor in Rats. NAIR,
R. S.. BARTER, J. A., SCHROEDER, R. E., KNEZEVICH, A., AND STACK, C. R, (1987). Fundam.
Appl Toxicol. 9, 678-686. Groups of 30 male and 30 female Sprague-Dawley CD rats, desig-
nated as the F, generation. were exposed 10 vapor of monochlorobenzene (MCB) at target con-
centrations of 0, 50, 150, or 450 ppm for 10 weeks prior 1o mating and during mating, gestation,
and lactation. The progeny of the F, generation was designated as the F, generation and groups
of 30 male and 30 female F, animals were exposed to the same concentrations of MCB as the
Fy parents. Exposure of |, animals was initiated | week postweaning and lasted 11 weeks prior
to mating and through matng, gestation. and lactation. All F; pups were observed through
weaning at which time they were killed. Observations made during the study included body
weights, food consumption, mating and fertility indices. pup and litter survival indices, and
histopathology of selected tissues. No mortality was observed during the course of this study.
Body weights and food consumpuon for all treated groups were comparable to controls during
the growth period. Maternal body weight data during gestation and lactation were also compara-
ble between the control and treated groups. Mating and fertility indices for males and females
for both generations appeared unaffected by treatment. Pup and litter survival indices for all
treated groups were comparable to those of controls. Hepatocellular hypertrophy and renal
changes (tubular dilation with eosinophilic material, interstitial nephriuis, and foci of regenera-
tive epithelium) were observed among Fy and F, male rats exposed to 150 and 450 ppm MCB.
The incidence of bilateral degeneration of the testicular germinal epithelium was increased
among F; adults 1n the high-concentration group and this lesion was observed only unilaterally
1t the mid- and high—concentration group F, adults. The rclationship\of these testicular changes
10 exposure 10 MCB is unclear because there did not appear to be any increase in intensity and/
or incidence of tesucular lesions among F, adults that had longer exposure. In addition, overall
mean mating and fertility indices for all groups were comparable for both generations. In sum-
mary. exposure of rats to MCB at levels of 50, 150, or 450 ppm did not have any adverse effects
on reproductive performance or fertility of male and female rats. € 1987 Socieny of Toxicolony.

Monochlorobenzene (MCB) is used as a sol-
vent and an intermediate in the chemical in-
dustry. Under Section 4 of the Toxic Sub-
stances Control Act, in 1980 the EPA pro-
posed a test rule for chlorobenzenes which

' This study was sponsored by the Chlorobenzenes
Program Panel (CPP) under the auspices of the Chemical
Manufacturers Association. Members of CPP include
the Monsanto Co., PPG Industnes. In¢., and Standard
Chlorine Chermical Co.. Ine.

0272-0590/87 $3.00
Copvnght T 1987 by the Society of Toricology
Alt rights of reproduct.on in any form reserved

included reproductive effects testing for
MCB. In order to satisfy this need, the indus-
try has voluntanly conducted a two-genera-
tion reproduction study with MCB. The re-
sults of this study are reported below. The re-
production study was designed to assess the
long-term effects of MCB through two gener-
ations of rats and to determine whether the
test substance produces abnormalities in pa-
rental activities from mating through lacta-
tion, during pregnancy, or during growth and
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development of offspring from conception
through maturity. The inhalation route was
selected because it is anticipated to be one of
the primary routes of potential human expo-
sure.

The dose levels for this study were selected
on the basis of the following previously re-
ported toxicity studies with MCB. Mated Fi-
scher 344 rats exposed to MCB vapor at 590
ppm daily for 6 hr per day on Days 6 through
15 of gestation exhibited a slight weight loss
during the first 2 davs of exposure and
showed a significant increase in absolute and
relative liver weights at study termination.
No teratogenic effects were observed up to the
highest level tested. 590 ppm (John er al.,
1984). In a subchronic inhalation study, rats,
rabbits, and guinea pigs were exposed to 200,
475, or 1000 ppm MCB in the air, 7 hr/day,
5 days/week for a total of 32 exposures. His-
topathological changes were observed in the
liver and kidneys of all species at 475 and
1000 ppm (AIHA. 1964). Sullivan et al
(1983) investigated the excretion of mono-
chlorobenzene following exposure to 100,
300. and 700 ppm of MCB for an 8-hr period.
The total amount of MCB excreted (expired
air and urine) did not increase dispropor-
tionately between 100 and 400 ppm, but the
total excretion was increased more than two-
fold when concentration increased from 400
to 700 ppm. These data show that metabolic
clearance of MCB from blood becornes satu-
rated at exposure concentrations of 400
ppm for 8 hr. Sullivan’s data also indicated
a change in metabolic profile when expo-
sure concentration increased from 400 to
700 ppm.

On the basis of the above data. a concentra-
tion of 450 ppm was selected as the high-ex-
posure level because it was expected to pro-
duce liver and kidney changes. In addition,
the metabolic profile at this concentration
would be similar to that expected for the
lower concentration gencrally experienced in
the workplace. This concentration is also six
times the current TLV (registered trademark
of the American Conference of Governmen-
tal Industrial Hygienists). The middle and
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low concentrations selected were 150 and 50
ppm, respectively.

METHODS

Test material. MCB is a colorless liquid which has a
boiling pomt of 132.1°C. The test material was supphed
by Monsanto Company and gas-liquid chromatography
analyses of all drums provided to the testing laboratory
revealed a punity of 99.9%.

Ammals and housing conditions Male (129-233 g)
and female (131-162g) Sprague-Dawley-derived rats
(CD. registered trademark of Charles River Breeding
Laboratories, Portage, MI) were utilized for this study.
Animals were 6 weeks of age on the first day of exposure
and were acclimated to the housing conditions within the
amimal quarters (temperature 65-77°F, retative humidity
40-70%, 12-hr light/dark cicle) for at least 13 days prior
10 initiation of exposure 10 the test material. Rodent Lab-
oratory Chow/5$002 (registered trademark of Ralston
Purina Company, $t. Louis MO) and water were avail-
able ad libitum during the noneaposure penod. Water
was also available in the exposure chamber dunng lacta-
tion. All animals were indiniduaily housed in suspended
stainless steel cages with wire mesh floors except during
lactanon. On Day 10 of gestation, ¢ach female’s cage was
fitted with a stainless steel Joor pan and bedding (hard-
wood shavings) was provided. The stainless steel floor
pans were removed on Day 14 of lactation. Fresh bed-
ding was provided on an as-needed basis.

Exposure chamber and cperanng condinions. For ex-
posure 1o the test atmosphere of MCB. animal cages were
placed in 6-m? stainless ste=l and glass inhalation cham-
bers. The chambers were operated dvnamically at an air
flow rate of at least 2140 liters/min This flow rate was
caiculated to provide one complete air change every 2.8
min. For generating an atmosphere of MCB vapor. the
test material was fed into an atomizing nozzle viaan FMI
fluid metering pump. The vaporized test matenal was di-
luted with preconditioned air pnor to entry into the ex-
posure chamber. For determining analvtical concentra-
tion of MCB, a MIRAN 1A organic \apor analvzer was
used. At least four sampies were drawn daily at hourly
intenals from each exposure chamber A daily nominal
concentration was determired by dividing the difference
in weight of the generauon apparatus and test material
before and after exposure by the total volume of air deliv-
ered during the day.

Experimental design Four groups of 30 male and 30
femnale rats, designated as the Fj generation. were ex-
posed 10 MCB vapor (exposure chamber and operating
conditions given above) for 3 hr/dayv. 7 dayvs week at tar-
get concentrations of 0, 0. 150, and 450 ppm MCB for
a penod of approsimately !0 weeks prior to matng. For
mating. one male rat. was cohoused with one female rat
within the same treatment zroup at night unul evidence
of mating was observed or unul 10 nights of cohabitation
elapsed. If mating had not occurred after 10 days, the
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female was housed nightly with a different male within
the same treatment group (random selection) for a sec-
ond 10-day interval. The presence of copulatory plug
and/or the presence of sperm 1n the vaginal smear was
considered to be sufficient evidence that a particular fe-
male had mated. The day on which such evidence was
observed was designated as Day 0 of gestauon. Once the
ferale had mated, she was housed individually for the
remainder of the gestation penod. Exposure of females
and males continued through gestation and lactation.
Dams were not exposed from Day 20 of gestauon 1o Day
4 of lactauion (day of partuntion was considered Day 0
of lactation) in order to reduce the stress to dams at partu-

~Titon and 1o pups resulting from physical removal of the
mother for a period of 6 hr early in lactauon. Except for
this break, cxposure of Fy adults continued datly until
lermination.

The progeny of the F, generauon were designated as
the F, generation. After F, pups were weaned. all Fj ani-
mals were hilled. Some F, weanlings were used as parents
for the succeeding generation. The selecuion procedure
of F, pups to become the F, adult generation (30 ani-
mals/sex) was conducted 10 maximize representation
from the number of litters available. The pups selected
for the F, parental generation recerved the same concen-
trations of MCB as the F,, parents. Their MCB exposure
wasinitated | week after weaning and was conunued for
at least | | weeks prior 1o mating. Extreme care was taken
during F, maung to avoid sibling matings. Exposure of
the F, adults 10 the test matenal was continued through
maung. gestauon. and lactaton phases with a break in
treatment for the dams late 1n gestation and early lacta-
ton similar to that of the F, dams. F, adults were killed
after the weaning of the F. pups. All F; pups were killed
at weaning (Day 21 of lactation) and necropsied.

Alladult and weanling animais were obsen ed for mor-
tabty and chimical signs of 10xictty twice daily Detailed
physical examinations were performed weehly, Male
body weights were recorded weekly: female body weights
were recorded weekly pror 1o matng, on Davs 0, 4, 14,
and 20 of gestanion. on Days 0. 4. 7, 14, and 21 of lacta-
uon, and weekly again following lactanon. Food con-
sumption was measured weekls dunng the growth pe.
nod Litters were examined twice daily for general ap~
pearance of the pups and for dead pups The number of
pupsin each litter and pup sex distribution were recorded
at birth (Day 0) and Days 4, 7. 14, and 21 of lactation.
On Day 4 of lactation all litters with greater than eight
pups were culled 10 that number and the sex distnbution
within hitters was equahized when possible. Individual
pup weights were recorded on Davs 0. 4. 7. 14, and 21 of
lactation.

Complete gross postMortem examinslons were con-
ducted on all Fy and F, parens. all £, weanhngs not se-
lected 10 become parents of the £ generation, and all F,
weanlings Liver and brain weights of #, and F, adulis
were recorded. Liver, hidneys. pitwntany gland, and repro-
ductive organs (males—rtestes, epididy mides, serminal
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vesicle, and prostate; females—vagina, uterus, and ova-
nies) were examined microscopically for all £y and Fy
adult animals 1n the control and high-dose groups. Liver,
kidneys, and testes of male rats in the low and mid-con-
centration groups were examined histologically, also. For
histological evaluation, all issues were fixed in 10% for-
malin. Following fixation. the tissues were dehydrated,
defatted, and embedded in paraffin. A 6-um section of
each tissue (for paired organs one section from the left
and right organ was taken) was stained with hematoxylin
and eosin and evaluated by a pathologist on a scale of |
10 5, where 1 is considered 1o be mimmal (%1% of tissue
on slide affected), 2 is muld (2-10% of tissue on slide
affected), 3 is moderate (11-30% of tissue on slide
affected), 4 is moderately severe (31-60% of tissue on
slide affected). and 5 is severe (>60% of tissue on slide
affected).

The mating index for males (ratio of number of males
for which mating was confirmed in at least one female to
total number of males) and females (rauo of number of
ferales showing evidence of mating 10 total number of
females), pregnancy rate (ratio of number pregnant to
number mated), and fentility index for males (ratio of
number of males impregnating a female to number mat-
ing) were calculated for each of the two maungs. Pup sur-
vival indices (ratio of number of pups alive at a given
interval to number of pups alive at the previous interval)
at vanous intervals dunng lactation were also calculated.

Staustical analyses Mean body weights. food con-
sumption, organ weights, organ to body weight ratios,
gestation lengths, and numbers of offspring were evalu-
ated statistically using the following methods. A Bar-
lett’s test (Snedecor and Cochran, 1972) was performed
10 determine if groups had equal vanances. If vanances
were equal (p > 0.01), parametnc procedures were used
to test significance: if not (p & 0.01), nonparametne pro-
cedures were used. Parametnc methods utilized included
one-way analysis of variance (Snedecor and Cochran.
1972) which was followed by a Dunnett test (Dunnert,
1955. 1964) if a significant F-value was obtained. The
K.ruskal-Wallis test (Hollander and Wolfe. 1973) was the
nonparametric method emploved for determining equal-
ity of treatment effects. and if sigmificant differences were
obtained. Dunn’s summed rank test (Hollander and
Wolfe, 1973) was used to deterrmine which treaiments
differed {rom controls, The nonparametnc test for deter-
mimng monotontc trend was the Jonchheere's test (Hol-
lander and Wolfe, 1973) and the standard linear regres-
sion was unhized for the parametnc case Pup viability
indices and pup survival indices were analyzed with the
iitter as the expermental unit and these data were trans-
formed using the ar¢ sine transformaunon (Snedecor and
Cochran, 1972).

Incidence data, which included pregnancy rates. fertil-
1y 1ndices, maung indices. and hirter sunvival indices,
were analvzed using conuingency tables. First, a standard
chi-square analysis (Snedecor and Cochran, 1972) was
purformed to determine if the proportion of incidences
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differed between the groups tesied. Next, each treatment
group was compared to the control group usinga 2 X 2
Fisher exact test (Bradley, 1968), and the significance
level was corrected using the Bonferroni inequality
(Miller, 1966). Also, an Armitage test (Armitage, 1955)
for linear trend was performed.

RESULTS

Cumulative mean (* standard deviation)
“analytical concentrations forthe low-, mid-,
and high-concentration levels were 51 (+5),
151 (+8), and 451 (£25) ppm, respectively,
for the F; generation and 49 (=4), 150 (x11),
and 454 (+21) ppm, respectively, for the F,
generation. These concentrations are compa-
rable 10 the target concentration of 50, 150,
and 450 ppm. The nominal concentration
tended to be approximately 10% lower than
the analvtical concentration.

No monality was observed in the treated
and control groups during each of the Fy and
F, adult generations. Mean body weights dur-
ing the growth period for males and females
in the Fyand F, generations were comparable
for all groups. Food consumption for all
groups was also comparable during the two
generations.

Reproductive indices for the Fy and F,
adult generations are depicted in Table 1.
Mating and fertility indices for males and fe-
males for both generations appeared un-
affected by treatment. The mean (= standard
deviation) number of days for each male and
female to mate for the control. low-, mid-,
and high-concentration groups in the F; gen-
eration was 4.2 + 46, 3.1 £ 28,28 = 2.0,
and 3.1 % 2.9, respectively. In the F, genera-
tion, the mean ( standard deviation) num-
ber of days for mating to occur was 4.9 + 4.2,
3.2+ 23, 31 =24 and 4.6 x 4.1 for the
control, low-, mid-, and high-concentration
groups, respectively,

Mean litter and pup surviral indices for the
F\ and F; litters are shown in Table 2. In the
F litters, pup and litter surnvival for all treated
groups was comparfable to that of controls. In
the F; litters, a slight decrease in pup survival
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index (Days 0—4) was observed in the high-
concentration level only. The majority of the
decrease in pup survival index was attributed
to two dams; one dam lost 12 of 15 pups dur-
ing lactation Days 0—4, and the other dam
lost all 10 pups during the same time period.
If this had been a compound-related re-
sponse, more affected litters would have been
expected. Therefore, pup survival indices for
control and treated animals for both litters
were considered comparable.

Table 3 shows the absolute and relative (to
body weight) liver weights for the Fy and F,
generations. Significant increases in mean ab-
solute or relative liver weight were observed
in the F; and F, generations in the 150 and
450 ppm groups. The mean relative liver
weight for males (F, generation) in the 50
ppm group was also significantly elevated
when compared to that of the control group.

At necropsy, an increase in the incidence
of small flaccid testes and dilated renal pelvis
was observed in the high-dose group for both
F, and F, adults. The incidence of small
flaccid testes among Fy adults was 0, 1, and
3 in the low-, mid-. and high-concentration
groups. respectively, while in the F, adults the
incidence for this observation was 0, 1, and 5
for the 50, 130, and 450 ppm. respectively.
The incidence of dilated renal pelvis ap-
peared to be elevated in F high-dose males
and all treated groups among F, adults when
compared to that of controls (Table 4).
Among F, adults. the increase in incidence
was not dose related; therefore the relation-
ship of this observation to treatment is con-
sidered to be equivocal.

Microscopic c¢hanges refated to treatment
were observed in the liver and hidney. Hepa-
tocellular hypertrophy was observed in male
rats. The incidence of this obsen ation for Fy
adults was 0, 0, 5, and 14 in the control. low-,
mid-, and high-concentration groups, respec-
tively, while for F, adults the incidence was
2.0. 3, and 7 in the 0. 50, 130. and 450 ppm
groups, respectively. All affected male rats
showed.only minimal to mild hepatocellular
hypertrophy. Only one high-concentration-
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TABLE |

A TWO-GENERATION REPRODUCTION SUDY IN RATS WITH MONOCHLOROBENZENE
VAPOR; MATING, PREGNANCY, AND FERTILITY RATES

Mating

Preghancy, females Fertility, males
Females Males (No. pregnant/ (No. impregnating/
(No. mated“/total) (No. mated */total) No. mated) No. mated)
Group
(ppm) No. Percerﬁage No. Percentage No. Percentage No. Percentage

F, mating (for F, litters)

26/30 86.7 27/30 90.0 24/26 92.3

50 30/30 100.0 28/30 93.3 30/30 100.0 28/28 100.0
150 29/30 96.7 29/30 96.7 27/29 93.1 219 93.1
29/30 96.7 26/30 86.7 26/29 89.7

F, mating (for F, litters)

0 30/30 100.0 27/30 90.0 24/30 §0.0 2127 778
50 29/30 96.7 29/30 96.7 29/29¢ 100.0 29/29 100.0
150 29/30 96.7 29/30 96.7 23/29 79.3 23/29 79.3
450 28/30 93.3 25/30 83.3 25/28 89.3 22/25 83.0

“ Number of females showing evidence of mating (plug and/or sperm and/or preghancy).
# Number of males for which mating was confirmed in a1 least one female.

* Number of males mated with at least one female for which parturition was evident.

7 Stausuically significant at p & 0.05.

leve] female rat in the F, generation showed affected F, animals showed unilateral lesions
hepatocellular hypertrophy. only. In order to determine the effect of testic-
Renal degeneration and inflammatory le- ular lesions on reproductive- perforrnance,
sions were limited to the male rats. The in- the reproductive performance of the animals
cidence of this observation is presented in that showed degeneration of the germinal ep-
Table 5. As depicted, the incidence and se- ithelium was reviewed. These data revealed
verity of renal changes were elevated in the that the affected control animals in both the
mid- and high-concentration groups. These Fp and F, generations were successful in sir-
changes were considered to be related to ex- ing litters, while in the mid-concentration
posure to MCB. group, all Fy animals and two of three F, ani-
The incidence of unilateral or bilateral de- mals successfully sired litters. In the high-
generation of the germinal epithelium of the concentration group. three of six animals
1estes was increased in the mid- and high-con-  affected in each of the two generations were
centration groups in both the Fy and F, gen-  successful in siring litters.
erations (Table 6). However. there did not ap-
pear 10 be an increase in intensity and/or inci-
dence of testicular lesions among F, animals
that had longer exposure than Fyanimalsasa
result of their in urero exposure and potential This study was designed to evaluate the
exposure during lactation, Also, all animals  effects of monochlorobenzene vapor on the
in the high-concentration group in the Fy reproductive performance and fertility of rats
generation showed bilateral lesions while all  through two consecutive generations. Target

DISCUSSION
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TABLE2
A TWO-GENERATION REPRODUCTION STUDY IN RATS WITH MONOCHLOROBENZENE
VAPOR: PUP AND LITTER SURVIVAL INDICES

Pup viability Pup survival indices (days) Litter survival index¥
Group index at birth
(ppm) (live/total borm)* 0-4* 4-21c No, Percentage
F, linters
0 96.9=11.3" 924+ 146 96.7+10.2 27727 100.0
50 96.1 £ 12.0 96.7x 8.3 95.0x18.5 29/30 96.7
150 99.0x 24 94.1 £ 19.4 97.1x£102 26/27 96.3
450 9.4+ 74 90.5 =20.5 93.5 %201 24/26 92.3
F, livters
0 98.1x 49 944 £ 109 88.4 x 28.1 22/24 91.7
50 97.2% 56 932191 99.1x 3.3 28/29 96.6
150 979 38 97.6= 5.7 89.1x2838 21/23 913
450 974+ 49 87.7x24.6 89.6 = 28.7 22/25 880

* Total No. of live pups at Day 0/total No. of pups observed (live plus dead pups) at Day 0 for individual females.
® Total No. of live pups at Day 4 (precull)/iotal No. of live pups at Day 0 for individual femnales.

 Total No. of live pups at Day 21 /1otal No. of live pups at Day 4 (postcull) for individual females.

“ Total No. of litters with live pups at weaning (Day 21)/ 1otal No. of liters with live pups at birth.

* Mean = SD.

No statisncaily significant differences from control.

TABLE 3

MEAN LIVER WEIGHTS FOR Fy AND F, GENERATIONS OF RATS EXPOSED 1O MONOCHLOROBENZENE VAPOR

Males Females
Relative Relative
Dose level Absolute (g) (g/100 g body wt)® Absolute (g) (g/100 g body wr)*
F, generation

Control 19.25 £ 2.21° 3.6 =0.35 11.45=1.29 3.77£0.30

50 ppm 19.03x=3.12 3.60 £ 0.34 1200 £ 1.26 3.89 =023
150 ppm 21.48 = 2.33° 4.06 +0.30° 12.08 £ 1.13 3.95=0.214
450 ppm 21.84 = 3.84° 4.12%0.61° 13.27 £ 1.54¢ 441 £0.33°

F, generation

Control 18.31 =215 3472032 12.36 = 2.27 4.16 = 0.60
50 ppm 19.46 = 2.55 3.73x0.367 12.70 = 1,58 417%0.35

150 ppm 2171 = 3.49° 4.15=0.46° 13.13=1.55 4.36 = 0.41

450 ppm 23352409 4.44 = 0.40° 1395 £1.99¢ 4.59 2037

* Terrminal body werght.

® Mean = SD.

¢ Significantiy different from control p % 0.01 using the nonparametric Dunn test.
¢ Significantly different from control p % 0.05 using the parametnic Dunnett test.
* Signihcantly different from control p % 0.01 using the parametnc Dunnett test.
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TABLE 4

INCIDENCE OF DILATED RENAL PELVISIN Fg AND F; ADULTS

Male
(MCB. ppm)

Female
(MCB, ppm)

50 150

Foadults
F\ adults

4 6
1 2

~ exposure levels were 50, 150, and 450 ppm
and the analytical measurements revealed
that chamber concentrations were in agree-
ment with the target exposure concentra-
tions.

No adverse effect of treatment was evident
on body weight, food consumption. physical
observations, reproductive performance. or
fertility in both F and F, generations. Evalu-
ation of pup delivery, nursing. and weaning
data revealed no compound-relaied changes
in either generation.

Absolute and/or relative liver weights were
significantly elevated in the mid- and high-
concentration groups for both F; and F,
adults. In the low-concentration group, only
the retative liver weights of the £ male rats
were elevated. Histopathological examina-
tion of the liver revealed hepatoczllular hy-

pertrophy in the centrilobular region in males
only in the mid- and high-concentration
groups. Hepatocellular hyperirophy may bea
reflection of the ability of menochloroben-
zene to induce hepatic enzymes. In the ab-
sence of microscopic changes, the biological
significance of changes in the liver weight of
low-concentration-group males and mid-
and high-concentration-group females is un-
clear. Exposure of rats to MCB vapor at 130
and 450 ppm also resulted in degenerative
and inflammatory lesions in the kidneys. The
incidence and severity of the microscopic
changes in kidneys increased with dose and
are considered to be treatment related. The
observations of histological changes in the
liver and kidney following exposure to MCB
are not unexpected because these observa-
tions have been reporied previously (Hol-

TABLE S

INCIDENCE OF RENAL CHANGES AMONG MALE RATS INHALING MONOCHLOROBENZENE FOR TWO GENERATIONS®

Group (ppm)

Fyadults F, adults

50

150 450 50 150

Total No of amimals examined 3

U/tubular dilation/eosinophilic matenal
B/tubular dilation/eosinoptulic matenal
U/chronic interstitial nephntis
B/chromic interstitial nephntis

B/foci of regenerative epithelium

U/foci of regenerative ¢pithelium

3 3

Note U/, umlateral B/, hlateral.
? These lesions were absént in female mats at the samez concentrations.
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TABLE6

INCIDENCE AND SEVERITY OF UNILATERAL AND BILATERAL DEGENERATION OF GERMINAL EPITHELIUM AMONG
MaLE RaTs EXPOSED TO VAPOR OF MONOCHLOROBENZENE

Group (ppm)

Fy adults

F, adults

150

150

Total examined

Unilateral
Mimmai
Mild

~ Moderate
Moderately severe
Severe

Bilateral
Minimal
Mild
Moderate
Moderatels severe
Severe —

IR

¢ Two sections of tesiss eval.ated histologically and seventy of lesions graded from minimal to severe.

lingsworth et al., 1936: AIHA, 1964; Dalich
and Larson, 1983: NTP. 19853).

There was also an incr=ase in the incidence
of degenerative testicular changes (unilateral
or bilateral) in high-dose males (Fy and F,
generations) and the F, mid-dose males. The
relationship between testicular damage and
exposure 10 MCB is unclear because: (i) As
shown in Table 1. mean mating, pregnancy,
and male fertility indices for both £y and F,
generations were comparable for all groups.
(it} Overall. the number of males not siring
litters in the control, lew-, mid-. and high-
concentration groups ir the Fj, generation
was 6, 2, 3. and 4. respectively, while in the
F\ generation the incidence was 9. 1, 7,and §
for the control, low-, mid-, and high-concen-
tration groups, respectnz2ly. Thus, the num-
ber of males not siring litters in the Fy and
F, generations was similar. However, if one
examines the number of males not siring lit-
ters among animals with testicular lesions,
three of six animals with testicular lesions in
the high-dose group in zach gencration did
not sire litters. (iii) The mcan number of days
for males and females tc mate in each group

was comparable for all groups in the two gen-
erations. While there was a dose-related in-
crease in the incidence of degeneration of the
germinal epithelium in both Fp and F) adults,
there was no increase in incidence and/or se-
verity of lesions in the F, generation when
compared to the F, generation. Since the
length of exposure in the F; adult is longer as
a result of the in urero exposure as well as the
potential exposure during lactation, the F,
adults should have been more severely
affected. Moreover, previous subchronic
studies in rats given MCB at equivalent or
higher doses did not show any histologic tes-
ticular damage (Hollingsworth et al., 1956:
ATHA, 1964; NTP, 19835).

In summary. exposure to monochloroben-
zene at levels of 50, 130. and 450 ppm did
not have any adverse effects on reproductive
performance or fertility of male and female
rats through two consecutive generations.
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ABSTRACT

Pure benzene was administered to female rats by inhalation at dose levels of 1, 10, 30, and 300
ppm for 6 h'day. The exposure took place during a 10-week premating period and during
mating, gestation, and lactation periods. There was no effect on female reproductive perfor-
mance. A trend toward-reduced body and organ weights was observed in the 21-day-old pups at
the 30 and 300 ppm dose levels. Except for reduced body and [iver weights in the fernale pups at
200 ppm, these difTerences were not statistically significant. Kidney to-body weight ratios for
female pups were statistically higher than control values in the 10, 30, and 300 ppm esposure
levels. These organ weights and organ-to-body weight ratio changes appear to have been
reflective of difTerences in body weights. No treatment-related efTects were seen in pup survival
during lactation or in the gross postmortem evaluation of these pups on Day 21 of lactation. Thus
evposure of dams to levels as high as 300 ppm resulted in only minimal effects on the pups.

INTRODUCTION

T HE POTESNTIAL FOR REPRODUCTIVE rish due to benzene exposures is not a new concern of the occupational health
professional. Heu and Maak (1938) noted gonadal abnormalities in both male and female rats following an
urdefired benzene eaposure. This early research was later confirmed (Wolf et al., 1956) in males of two other
species. rabbite and puinea pigs. Although much of the original reproductive data were equivocal, they did
stimulate continued interest in and study of the potential effects of benzene on reproduction.

Kuria and Kapp (198]) noted fetotonicity in the form of decreased body weights after exposure of dams to 50
Frmhenzene during days 610 15 of gestation. Similar observations have alco been recorded by Green et al. (1978),
Hudal and Ungvan (1978). and Murray et al. (1979), how ever, they were all associated withmuch kigher chamber
conzentrations of benzene.

The present occupational exposure limits for benzene are: American Council of Governmental Industrial
H, gienists 10 ppm: and Occupational Safety and Health Administration | ppm with a shon-term ex posure limit of
S ppm (Guide 10 Occupational Exposure Limits, 1991). The above data descriding reproductive rish were derived
from eaposures which were markedly in excess of present exposure guidelines. Therefore, the current study was
desigred 10 evaluate exposure levels which are routinely encountered in many occupational settings as well as
higher expesures which have previously been demonstrated as having a fetotonic effect.

Study sponsored by U.S. manufarturers of benzzne under the auspices of the Chemical Manufacturers Association and
Americar Perroleum Indtituie (Ref. # BP 3.0).

'Nationa! Starch and Chemical Company. Bridpew aier, NJ.

“Exion Biomedical Sciences. Ing., West Amwell, NJ.

*Bio‘ds namics. Inc., East Mullsione, NJ.

‘Alied Sipral, Ine., Momdewn, NJ.
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MATERIALS AND METHODS

The benzene used was F-2m American Petroleum Instituie/Chemical Manufacturers’ Associatian and was shown

to b approaimately 99.95% pure (ASTM D-1016).

Five groups of 26 fermale and 13 proven fertile male Sprague-Dawley rats (Charles River Breeding Laboratories,
Wilmingion, MA) were used. Animals were housed two per cage during the first week and individaally during
week 2. Inthe premating teaiment period they were indis idually caged during exposure and nonea posure periods.
For mating., one male and 1eo females were housed per cage. Females were housed individually during gestation,
parturition, and with littet during Yactation. All rages were slainless-stee] wire mesh. Food (Purina Laboratory
Chow} and waier w.ere provided ad libitum, except for eaposure periods when females were without food. Water
analyses were performed dzing the premating treatment period and near termination of the study. Asssys were
performed for benzene, pesticides, metals, and PCBs. Al analyses were done according to propesed or approved
Environmental Protection A jency methodologies (Federal Register 44:69464). Animal rooms were maintained on
8 12-h lightdark cycle, and temperature and humidity were monitored. The two laner parameters were also
recorded in exposure chambers.,

. - Benzene vapor concemtrations (0, 1, 10, 30, and 300 ppm) were generated in 1 m” stainless stee! and glass
¢hambers using s flash-evaperation penerating system. In this system the benzene was pumped into a beated flask
(50°C for 1, 10, and 20 gy eaposures, and 80°C for the 300 ppm eaposure), flash-evaperated, ard the vaper
miaed with the chamber 2= supply. The three-neck flask was heated using a Glas-Col heating mantle and
temperature was measured _sing a Glas-Col laboratory pyrometer. Benzene defivery was accomplisted using a
Sage insrument Model 277 and 341 syringe pump. Modifications in chamber concentration werz made by
adjusting pump flow rates or chamber air flow. Air flow was determined by measuring the changs in pressure
across a one-inch orifice pla‘s using a Dwyer magnehelic pressure gauge. Air flows were maintained between 150
and 250 L'min for the durat'zn of the exposures.

Cramber atmospheric cc-centrations were monitored using a Wilks Instrument Co., Miran Long Pathlength
Infrared Model 1A, or an ex-"ine Tracor Gas Chromatograph Model S50. The exposure levels ugre 2esermined by
camparing the obsenved abez-Sance of these samples 10 a previously determined standard curve gererated using the
test material under the same <sirumental settings. The gas chromaropraph was used because of intzrTesence in the
inf*ated monitoring proced.~2 (pathlength 21,75 m) for the 10 and 1 ppm exposure groups.

Chamber e.posures for a7l swudy group females were conducted 6 h'day, § daysweel during a 10-week
prematng and mating peried. and daily from days 010 20 of gestation and days 510 20 of lactation.

Todeterrmine if estrous wasaffected by treatment, daily ~ aginal smears w ere made and ev aluated for each female
beginning 2 wesks prior 1o intation of mating.

During the mating periad, o females were caged with the tame male nightly, Females were the= examined
eazh moming for evidenze ef mating (vaginal plug and'or sperm in the vaginal smear). The day on shich such
evidence wac obsenved was ¢zfined a3 Day O of gestation. The male was initially caged for & days with e females
or untit both were mated Or:: mated. females were housed indiyidually for the duration of gestation. If a female
did not mate, she was placed with a different male for an additional 7-day intenal which was fellowed, if
necersary, with yet another *~Jay inferal with a third male,

Obwenations of females ‘or mortality and gross clinical signs were made twice daily. Detailed physical
eraminations were performed weekly throughout the study. Body weights were recorded once weel!y through
completion of the mating per:xd. Mated females were weighed on Days 0, 7, 14, and 21 of gestation a~d on Days
0. 4. 14, and 21 of lacration.

Pupswerecounted, weighs? andsexedonDays 0,4, 14, and 23 of lactation. Litters were obsen e d tuice daily.
On Day 4 of lactation, listers 3 more than 10 pups were randornly culled 1o 10 with an equal numter per gender
whete possible. Pups that die2 were weighed and sexed by intemal cxamination.

All dams were given a prews postmornem examination. Method of sacrifice was by overdose of eth.er, Abnormal

- tissues noved during these ex:'ations were saved in J0% neutzal buffered formalin. Uteri were examired for the
presence and number of imp'znration sites, and along with ovaries, were saved in 107 neutral buffere2 formalin
solution.

Grocs postmortem exziratens, including internal gender determinations were performed on all pups sacrificed
by eiker overdose on Day 21 ¢“lactation and pups found dead during lactation. The latter were also cmeched for the
presenceorabeence of milk in Se stomach Liver, kidrey, andinmales, testes weights were recorded for each pup.

- T 276°
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Thiny-three organs and tissues along with any abnormal lesions were saved from two pups per sea per liner in 10%
buffered formalin for possible future histopathological examination. Pups found dead prior 1o Day 4 of lactation
were preserved in 70% ethanol. ]

Suatistical evalvation of dam body weights and body weight changes during the teatment period, as well as
gestation length and the number of pups per linter was by 8 standard one-way aralysis of variance, Data were first
tesied with Banlen’s test for equality of variance.

The pregnancy percentage, viability index, and lactation index were 1ested for equality using a Chi-square test.
If this test indicated statistical differences. each treated group was cormpared with the control group using Fisher's
Exact 1est. This was done only afier comecting the alpha (Type | probability) level for multiple tests via the
Bonferone correction (Miller 1966),

Pup body weights st Days 0, 4, 14, and 21, organ weights and organ-body weight ratios at Day 21 were tested
using a nested design. Pups are taken as nested within dams, and dams nested within treatment groups. The
significance of the difference between proups is determined by the ratio of dose group mean square error divided
by the dam within group mean square error. I the ratio indicated a statistically significant difference in means,
individual group mean differences were determined by the least significant difTerence (two sample r-lest with the
poaled vanance) iechnique (Snedecor and Cochran, 1967).

RESULTS

Mzan chamber benzene concentrations and ranges, as determined analytically, are presented in Table 1. Body
weiphis of dams were comparable between the control and treated groups during the treatment period. Likewise,
mean bady Qeigh: gain during this same interval was comparable betw een these same proups, and no ineguality of
vanance was indizated (Table 2). The type and incidence of in vive cbien ations noted during weekly physical
evaluaiions were within the limits of that normally observed in the stzain of animal used in this investigation.

Parcrition and lactation data are presented in Table 3. These data reflect a statistically significant decrease inthe
lactauor index at the 10 ppm lesel, which was not seen in either the 30 or 300 ppm groups and was considered not
10 be Mologically significant.

Msas pup body weiphts on Days 0, 4. and 14 of lactation did not show a significant difference from
comespanding control values for either gender. Pup body and organ w eight values are presented in Tablzs 4and 5.
The only changes of statistical significanse in these data were the decr2ases observed at Day 21 in female body and
hier weights ascoziated with the 300 ppm exposure Jevel, Mean organ to body weight ratios (Table €) showed
nonugrificant dezreases in male and female pup liver weights, and a significant inzrease in female pup kidney
weigh: althe 10, 30, and 300 ppm exposure levels,

Gross necropsy obsen ations of benzene-¢xposed dams and pups as compared with contre! dams and pups did
not reveal any trestmenterelated effects Likewise, evaluation of gross pathology findings in dead pups recovered
during the stwdy or pups culled from litters at Day 4 did not reveal effects atiributed to treatment.

DISCUSSION

Expocure of adult fermale Sprague-Dawley rats to benzene in a one-gencration reproduction study praduced no
evidenze of waicity, body weight, and or altered reproductive perfesmance. However, Kuna and Kagp (1981),

Taste ). Mzaw LEVELS AND RANGES OF Bes2ewg v TEST CHAMBER ATMOSPHERE

Exposure Levels (ppm)

Repreductive

Prase 1.0 10 30 300
Premating 1.0 (0.3-3.5) 9.8(7.4-12.7) 30.3(26.3-35.4) 299 (273-334)
Maiing 0.7(0.0-1.4) 9.8 (8.0-12.1) 30.9(29.6-33.0) 300 (287-319)
Cestation 08(0.2-1.4) 10.9 (8.0-14.1) 30.9(29.6-33.0) 256 (260-319)
Laciation 1.210.2-1.4) 12.719.5-15.2) 30,729 0-32.4) 298 (260-337)

an
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Taste 2. MEAN MATERNAL BoOY WEIGHTS AND Bony WERGHT GAN {g) Dumms GESTATION AND LACTATION

Change Change
Gestation [Davs) it Henly Lactation [Days) in Body
'Group! Weipht Weight
ppm 0 7 it 24 n-24 n 4 4 2 n-2t
VO 253 * 200 mz=2n W23 men 2+ 4223 me =23 Miz24 nN1:23 913
N n n n n n 2> 2> 21 21 2
1] 35+ 1 P AR ] ) 0= 312 12t £ 20 M= =N Jig+13 30 =22 meas
N n n 22 2 2 2 2 2 2 21
o B2 )9 m2+20 MIL:2) s = M) 2oeeu m=n 90 = 26 N5+ hya Il =219
N M4 24 4 M M 24 M M M bl
o 2542 2 271+ 23 3o > 25 3sd 2 30 1%+ 18 me =22} 4225 Jig =+ 26 28+ 28 =12
] 9 19 i9 19 19 19 19 9 19 19
VI0Q 254+ 28 P AR ] M 29 N 126 £ 22 i 29 =+ Wi Jisx 28 30 =38 41 =18
N n n n n 23 23 2 n b7 n

*Mcao = standard deviation,

™Onc dam initiatcd defivery, pup in vaginal canal; however no litier found neat day. No data preseated for this snimal.
N = number of observations.
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FEMALE RAT FERTILITY WITH INHALED BENZENE

TABLE 3. PARTURITION AND LacTaTiON DATA

Group
Obsenation 1 n m v v

Percentage pregnant £8.5 96.2 92.3 84.0 £8.5

No. pregnant® no. mated 23126 25126 2426 21725 21126

No. of litters 2] b} 24 19 23

Mean gestation length (days) 21,7z 0.0 218201 219201 217201 21.6=0)

Mean no. pups Titter 1.7=06 118206 126=06 11.8=07 120=0.6

Gender ratio (M/F) 123,120 1371117 148/145 101122 144117

Mean no. UFC* 13 1.0 0s 1.1 1.5

Viability index (%) 97.1 9.s 9.0 99.5* 96.9

No. pupt alive at 4 days pee- 236/243 2517254 2501293 2177218 253726}
cull No pups borz alive

Lactation index (%) 9.0 100.0 943 59.4 98.0

No. pups alive at 21 days/No., 195/197 206/206 216229 119178 198202
pups alive at 4 days-posteul] '

*Number pregzant = number of females with either litters, uterine implants, or scars.
*Unaccounted-for-concepti. derived by subtracting total number of pups at birth from number of implant scars,
‘Sigmfizanmly different from convol, p < 0.05.

Green et al (1977). and Hudal and Ungvary (1978) have all obsered decreases in dam body weights afier
comparable exposures 10 benzens during the period of gestation. One explanation for this difference is that the
above body weigh: decreases were seen at doses in excess of w har was reporied in this paper. When usir g a chronic
exposure of 0C ppm., Synder et al. (1978) only obsersed rat body weight decreases after 30 weeks. Therefore, the
henzene expeture concentrations wsed in this study were neither high enough nor of long enough duration to cause
a response of materral weipht loss.

Investgators (Green et al., 1978, Hudak and Unprary, 1978, Kuna and Kapp. 1981, Murray et al.. 1979)
studying the teratogenicity of benzene have all obsenved decreased fetal body weights a1t Day 20 of pestation with
eaposure levels 10 2200 ppm  In this study. a similar fetal body weight response was obszned in new bom birth
weiphts. 300 ppm proup. Although male and female pup weights in the 300 ppm proup were lower than control pup
weights a12l) obsen ation times, statistical significance could only be established for 21-day-o0ld female pups. Male
and female pups in the 20 ppm eaposure proup tended 10 have lower body weighis at Days 14 and 21 of laciation.
The above pup body weight charges from this investipation and historical seferenzes were obsened a1 different
time intervals. This is most protably due to the difference in benzene eaposure schedules 1o the dams, but does not
diminish the similarity and ‘ot consistency of biological response. The data indicates that poor pup weipht pain in
male and female rat paps appears to be an effect of benzene exposure 10 adult rats,

In conjunction wiik the reporied body weight decreases in this study there was also a statisiically significant
reduction in fermale pop liver weighis in the 300 ppm group at Day 21 of lactation. Nonsignifizant decreases in liver
weights and liver to body weight ratios were seen in male pups in the 30 and 300 ppm eaposure levels. Kidney to
body weight ratios were statistizally higher than control values in the 10, 30, and 300 ppm eaposure lenels for
female pups and noa-statistizally higher in male pups. Although no other long-term benzene repraduction studies
are available for comparison of the data, these differences in liver and Kidney 10 body weight raties may simply
reflect differences ir Sody weights rather than a direct response to benzene exposure,

In conclusion, expasure of fermale ras 10 1, 10, 30, and 300 ppm benzene from premating through lactation did
not produce any treatment-related effects in the dams. However, pup body and liver weight decreases were noted
at the termination of the study in the 30 and 200 ppm groups along with increased Lidney to hady weight ratios in
the 10, 30, and 390 ppm exposure groups for male (not statistically significant) and femals pups. The sizmificance
of these chengss is u=hnown at this time.
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TAnLE 4. MaLe Pur Boiy WeEGHTS (g} AND OxGan Wesie (g) DATA

Day 0
Body Wi

Nav 4
Postenll
Baody Wi,

Dav 14
Boudy Wt

Davy X
Body Wi,

Organ weights

Testes

Liver

Kidneys

10

N

1H]

N
o
N
V130
N
Yo
N

6.27 * 0.66"
123
6.40 = 0.55
13
6.36 + 0.63
142
6.24 = 0.64
1l
6.05 = 0.56
144

9.69 = 1.49
102
10.03 = 1.3}
i
9.99 = L4
12
9.80 + .65
a0
949 + 149
102

23.29 £ 3.26
o
23.60 = 3.15
1
.32+ 409
150
2i.02 = )60
9
21.94 £ 300
m

31.5% £ 5.7)
[}
N2 =720
1
LIR/ENE. )
108
192622
I
MM 2575
104

0.16 £ 0.04
1]
0.18 * 0.05
11}
0.17 + 0.04
11 )
0.15 0.4

9
0.15 * 0.0
(L]

1.T1 £ 0.9
m
1L.71 2 0.4
1o
1.6% = 047
108
1.5¢ = 0.41
9
1452 0.33
0

0.44 £ 0.08
]
047 =2 0.10
i
047 £ 0.10
108
0.42 = 0.09
™
0.42 * 0.09
1]

*Mcan % standard deviation.
N = number of cbservalions.




FEMALE RAT FERTILITY WITH INHALED BENZENE

Tame 5. FEMALE Pur Boby WEIGHTS (g) AND OrGAN WEIGHT (g) DATA

Groupl!
Ppm

Day 0
Body W1,

Day 4
Posteull
Body Wi,

Day 14
Body Wi

Day 21
Body Wi.

Organ

Weighty

Liver

Kidnc‘y

0]

N

m

N
nvio
N
1v30
N

V 300
N

5.99 = 0.54°
120

595 =048
117

6.11 = 0.61
145

6.0l = 0.62
2

579 =05)
17 -

9.20=).28
95

925 =134
95

9.73 % 1.58
117

943 = 1.50
98

9.18=1.47
9

22.20 = 3.03
o4
21.94 = 2.87
2]
22.80=3.97
112
21.77 = 3.42
98
20.85 = 2.95

L]

36.3=5.20
™
15455139
95
MN=2114
108
3368 =540
o8
3259 = 5.08°
9

1.65=0.36
o4
1.55 = 0.4]
95
1.78= 0.43
108
1.5% =033
9%
1.46 = 0.34%
L1}

0.44 =008
X}

0.44 =0.08
o4

0.49=0.10
108

0.45=0.08
98

0.44 = 0.08
9%

“Mean = standard deviation.
*Significantly different from conrol group, p < 0.08,

N = number of obsen ations.

TaBLE b,

Meax Orcax/Day 21 Bopy WEIGHT Ramos x 10-2

Group!
PPm

Males

Females

Testes

Liver

Kidney

Liver

Kidnev

140

N

HE

N
nio
N
IvV:30
N
v/300
N

0426 = 0.068
101
0477 = 0.145
111
0443 = 0.059
108
0.442 = 0.078
™
046 = 0.060
101

4,493 = 0.513
101
4.438 = 0.479
110
4.435 = 0.665
108
4.380 = 0.536
T
4216 = 0.470
101

1.177 = 0.108
HrH]
1.226 = 0.145
m
1.24) = 0125
108
1.239 = 0.093
78
1.219 = 0.142
101

4 626 = 0.546
o4

4438 = 0674
95

4.700 = 0.492
108

4 601 = 0.507
b

4442 - 0489
9

1.23320.103
o

1.256 = 0.095
94

1.295 = 0.103*
108

1.330 = 0.115°
o8

1.333 = 0.136°
%

"Mean = standard 2aviation.

bgignificanily diffe-ent from control, p < 0.01.

N = number of obsenations.
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TERATOLOGY EVALUATION OF METHYL TERTIARY
BUTYL ETHER IN RATS AND MICE

C. Clifford Conaway
Texaco Inc., Beacon Research Center, Beacon, New York

Raymond E. Schroeder
Bio-dynamics Inc.._East Millstone, New Jersey

Neil K. Snyder
American Petroleum Institute, Washington, D.C.

Maled CD Sgrague-Dawley rats and CD-1 mice were exposed during the penod of
orgamcgeness (o larger concentrations of 0, 250, 1000, and 2500 ppm metnyi 1-dutyi
ether (MTZEL None of the control or test-grous amimals died duning the treatment or
pesiireatment serads. Females were sacnficed on o 20 (ratsi or d 18 irmice). No ad-
verse effects of treatmeant were reflected in maternal parameters of body weight,
W8 CONSUrTZLQN. OF liver werght or i physical examunauon data for either species.
food Consurmzstion fell .n (he geoups of treated :ats dunng d 9-12 similar but non-
sigrufican: effecis mere obsarved for muce dunng J 12-15,

Ir rats. no tr2atment-re/died changes were recorded in the ytenne implantation data,
fetal 578 pdrameters. or o013/ sex disinBution date. Framination of fstuses ror cxternal
isncrmahnes. skeletadl maliormatons, o 0sshcahon vanatons cid rot revsal any
chdnges Causes by MTED exzosure.

A sngaringredse in ietal rascipiions was obsened in the groups of micy ¢-, ned ta
fow and Migr concencai.ons, this increase was annduied to two femil- . each
2ouD that had an unus-alhy lugh nurmber of resorptions, rather than to tu¢ oo atment
iusals Mo sigmificant effegis weare observed in any groups of veaied mice o axternal
ang sOR-hssue exarmraucn or evaluation of she'etal abnormalities a1 @yviiicition
viranens The inc:idence of fused sternebrae in the hugh-concentriion Lroup in-
credsed shghily, which mmgrt be attnbuted (o fetataxicity.

This study was conducted under the auspices of the Americin Petroleum Insiitute fof the
follew.ag sponsar comzames: Arca Che~ncal Compamy, Exxon Carparation, Chemisghe Werke
Huls AC, Perraien Chemical Corporation. Philips Petroleum Csmpany, Sheil Qi Company, and
Texacs Chermical Company.
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C.C.CONAVWAY ET AL

INTRODUCTION

Methyl t-butyl ether (MTBE) has been approved by the U.S. Envi-
ronmental Protection Agency as an octane booster in motar fuei at
concentrations as high as 11% (Federal Register, 1979, 1981). Human
exposure may occur during the processes of manufacture, distribution,
and blending of MTBE; the greatest potential for exgosure, however, is
from the inhalation of gasoline vapor containing MTBE at service sta-
tions. -

MTBE has a characteristic odor but a low degree of acute toxicity. It
is slightly irritating to the eyes and mucous membranes and minimally
irritating to intact skin (Reynolds et al., 1974). The 4-n LC30 for MTBE in
Sprague-Dawley rats is approximately 35,000 ppm. When 3000 ppm
MTBE was administered 6 h/d, 5 d/wk for 9 d, signs of anesthesia—i.e.,
alack of response to stimuli— were occasionally observed. [n accition,
nasal irritation and liver enlargement were cbserved when the znimals
were sacrificec (American Petroleum Institute, 198<). Irritation conges-
tion, and loczlized inflammation of the nasal cavity :nd respiraion tract
were also regcrted when Sprague-Dawley rats were exposed ¢ 1000
ppm MTBE for 13 wk; signs of light anesthesia cccurrad curing the
periods of expesure (Huls, 1930). MTBE has been tesiec for icxic ef-
fects at concantrations of 10 or 13% (v/v) in high-oc¢izne premium gaso-
line. ~ddition of MTBE did not increase acute toxicity of motor gaso-
line, but it did lengthen the barbiturate-induced s'eep time, reduce
spontaneous motor activity, and cause slight disturbances in motior co-
ordination (Sramprogette S.P.A., 1972).

Methyl t-butyl ether was not mutagenic using the Ames Sa/imonella
micrcsome assay; it did not induce significant sister chromatid ex-
changes or chromosomal aberrations in Chirese hamster ovary cells in
vitro. Although MTBE was not mutagenic in the L3178Y mouse lym-
phoma assav without microsomal activation, it dic¢ incuce significant
mutations in the presence of a microsomal 59 fracton. It was surmised
that a metaboiite, possibly formaldehyde, was the mutsgenic agent,
rather than MT3E itself (Arco Chemical Company, 1980).

The present study was uncertaken to detarmine the potertizl em-
bryotoxic or teratogenic effects of MTBE in Sprague-Dawley rats and
CD-1 mice.

METHODS

Mated Sprague-Dawley-cderived rats (CD), Charles River Sreading
Laborztories, Inc., Kingston, N.Y.), 57 d o!d and weighing acproxi-
mately 203 g 2t d 0 of pregrancy, were rardomiy distridutes into 4
groups of 23 exch. Pregnancy was confirmed by the presence ¢’ sperm
inavaginarsmear or a copulatory plug. Each mated female w23 :[Jenti-
fied with a metal ear tag and heoused indiv:dually in a stairicss-steel,
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TERATOLOGY OF MTBE IN RATS AND MICE 799

suspended wire mesh cage, with tap water provided. Certified Purina
laboratory chow (5002) was provided ad libitum, except during
chamber exposures when the food and water were removed. Artificial
light was cvcled 12 h on, 12 h off. The temperature was maintained at
65-73F, with relative humidity ranging between 43 and 71%. Male rats
used for breeding were selected irom an in-house colony. Mating was
effected by overnight conabitation with two females per male.

Mated fernale strain CD-1 mice, 72 d old at the initiation of mating
and weighing approximately 26 g, were randomly distributed into 4
groups of 30. The mating and husbandry procedures were identical to
those used with the rats, excepi that the temperature fluctuated be-
tween 67 and 76°F, with a relative humidity of 35-72%. Pregnancy was
confirmed by a copulatory plug.

The methyl t-butyl ether (lots 0-28496 and AN-1993) was provided by
the American Petroleum Institute. The purity of the MTBE was deter-
mined to be 95.03-98.93% using gas chromatography, with less than
0.80% t-butyl alcohol, 0.43% methano!, and 0.25% diisobutylene as
contaminants, -

The MTBE was transported via Teflon tubes to FM! {luid metering
pumps imodel PP4-20), which de'ivered the test material directly to air
atomizing nozzles (Y ir, JSS Sprzyving Systems) mountad on the inlet
portals of 10-m3 st2inless-steel and glass chambers. The chambers were
cperzted at an airflow rate of 3020 I/min, with 1 complete air change
every 3.3 min (ty = 15.3 min). Exposures were conductad 6 h'd during
d 6-15 of gestation for both species, with target concentrations of 0
(group 1), 250 (group 1), 1000 igroup 111, and 2500 (group 1V) ppm.
Expesure concentrations of MTBE were monitored every 30 min using a
Miran 1-A infrared anah zer and a calibration curve. Nominal concen-
trations fcr each exposure chamtar were calculated dailv. The zerosol
content was determined a! least cnce per week using a Reyco portable
particle monitor {mode! 218).

Maternal body weights were recorded for both species on d 0, 6,
12, 15, and 18 and on d 20 for rats. Detailed physical examinations for
signs of toxicity were performed at the same time that weights were
recorded, after exposures, durirz d 6-15. Food and water consump-
tion were recorced for the following intervals of gestation: d 6-9, d
9-12,d 12-13, ard d 15-18 for bcth rats and mice, and d 18-20 for rats,
Dams were sacrificed on d 20 (rzis) or d 18 (mice! by CO; inhalation,
Laparotomies were performed, énd dams and pups were examined
careiclly for gross abnormalities. Zach fetus was weighed, the crown-
rump distance was reccrded, anc the sex of each rat fetus was deter-
mined from the a~ogenital distance. Mice were sexed intérnally at evis-
canvation or during the soft-tissue examination. Lite anc early resorp-
ttons were scored \When no uternine implartation sites were cbserved,
the uierus wasstained with a 10% solution of-ammonivm suliide (Sa-
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tuses in each litter were presenved intact in Bouin's solution and pro-
cessed for the evaluation of soft tissue using Wilson's (1963) free-hand
razor-blade sectioning technique. The remaining two-thirds cf the fe-
tuses were eviscerated, fixed, cleared, and stained with Alizarin red §
for skeletal examination (Crary, 1962).

The equality of means was evaluated statistically using a one-way
aralysis of variance (ANQVA) technique, followed by a multizle-com-
parison pracedure if necessary. Bartlett's test (Snedecor and Cochran,
1667) was performed to determine if groups had equal degreas of var-
iance. If the variances were equal. parametric procedures were used; if
not, nonparametric procedures were utilized. A one-way ANOVA,
using the F distribution to assess the significance level (Gill, 1878), was
fcllowed by Dunnett’s (1955 test if significznt differences among the
meazns were indicated. If n: :parametric methods were reguired, the
Kriskal-Wallis test was used. if significant cifferences were ircicated,
C.an’s summed rank test was performed to determine which ireat-
ment groups differed from the control group (Hollander a~c Wolfe,
1€73). Methceds for analyzing trands were also utilized, i.e., r2zression
a~zlysis or jonckheere’s test for monoteric trend (Holla~Z2ar and
Wzife, 1973).

Incidence data for treatment versus centrol groups—i.e., preg-
nenCy rates, the percentage of fetuses with malformations, the per-
cz-tage of fitters containing malformed fetuses, and ossificaticn varia-
ticns—were analyzed using standard chi-sguare analysis (S~ececor
ard Cochran, 1567). This analysis was followed by a2 x 2 Msker exact
test (Bradley, 1968), using the Bonferroni inecuality correcticn (Miller,
1¢23) to insure the stated significance level, Armitage’s (1953 test was
pe-iormed 0 determine if there was a lire:r dosage~-respcrse rela-
ticrship.

-
—

RESULTS

Experimental Exposures: Rats and Mice

The cumulative mean chamber concentrztions = SD for rat expo-
sLr2s as determined by infrared (Miran) were 0, 250 = 5, 1020 = 12,
ar2 2430 = 91 ppm, for group | (0 gpm), group 11(230 ppm), 2-cup 1
(1220 ppmi, and group 1V (2300 ppm), reszectively. Correszonding
m2in nominal concentrations were 0, 230 = 10, 1100 = <3, and
3320 = 127 ppm. For mice, the Miran cumulalive mean concanirations
wire 0,280 = 26, 1110 = 119. and 2710 = 255 ppm, raspects 2ly; cor-
reszonding cumulative mean numinal concerirations were 0,223 = 19,.
1220 = 94, 2nd 33500 = 153 ppm, respectivey, for group [ grouvp 1,

£22p il aod group 1V,

& T
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TERATOLOGY OF MTBE IN RATS AND MICE

A leak was discovered in the sampling manifold late in the study
and may have caused an underestimation of the chamber concentra-
tions from Miran data by as much as 10%. The possibility of error was
further indicated by higher nominal concentration data. No correction
factor, however, was applied to the Miran data to account for the leak.
A substantial amount of aerosol was measured in the mid- and high-
concentration chambers; the particle diameter was determined to be
less than 1-2 um for a substantial proportion of the aerosol, whichis in
the respirable range. The presence of aerosol would also explain some
of the discrepancies observed between the mean analytical and mean
nominal concentrations.

Experimental Results— Rats

Maternal changes. All dams survived the treatment and observa-
tion period. The mean body weight and the mean weight gain curing
the pretreatment (¢ 0-6), treatment (d 6-13), and posttraatment (d
15-20) intervals were comparable in the control and treatment groups.
Tre mezn food consumption data were unremarkable, excez! that
during the d 2-12 interval there was a significant reduction in mean
food consumption in all three treatment groups. Although there was
cznsiderable variahility in water consumption and a possible dose-re-
leted increase during ¢ 18-20, no concentration-related charges in
water consumpticn were observed during the period of MTBE expo-
sure.

No treatment-related effects were noted during the evaluaticns of

ke live test animals. L'pon sacrifice, the mean liver weights, beth ab-
solute and relative to the d 20 body weight, were not significantly af-
fected. No gross posimortem effects attributed 1o the exposure were
recorcded. The pregnancy rates for the control and treatment groups
were comparable.

The mean numbers of corpora lutea, uterine implantations, resorp-
tions, and live fetuses (Table 1) were not significantly difierent in the
treatment and control groups. Complete resorption of litters occurred
in 1 low-conceniration-group female and 1 mid-concentration-group
female, while 1 control- group female had anin utero litter censisting of
12 resorption sites and a single live fetus. Only 1 cead fetus was recov-
ered during the d 20 samfnces it was from the litter of a low-ccncen-
tration-g'oup female.

Fetal marphologic changes. The mean fetal weights and ¢rawn-
rump distances wers s:at'stica!ly comparable in all groups. A pr2pon-
derance of male feruses (58%) in the miC-concentration gr oup was at-
t' suted to biclegreal variability rather than to a treatment effect. Ex.

ernal meliormatcns noted in the con! rol amd treatec fetus2s are
p ssented in Tatie 2. The incidence of éxternal malformations was
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TABLE 1. Corpora utea and Uterine Implantation, Rats’

Mean per
pregnant

females = 5D
Treatment Number of —— Mean  Mean percent  Mean  Mean percent

group pregrant Corpora number  of implants aumber of implants
{(ppm) fernales lutea implants =5SD = SD = SD = SD

Resorptions Live fetuses

I -5 14.8 138 1.4 10.6 124 89.4
(v} - =13 =13 = 25 = 19.6 = 3.0 = 19.6

n n 15.1, 139 1.5 113 12.4 88.4
(250) =21 =15 =25 = 205 =32 = 204

n 14.0 12.7 0.9 72 1.3 92.3
(1000) = 2.4 =18 =26 =198 = 3.1 = 19.8

v 14.3 13.0 1.2 10.0 1.8 90.0
12500 =22 = 2.1 =16 = 144 =31 = 144

* No statsucany significant differences from the control group.

comparzzle 'n the control and treatment groups. Pale fetuses 3.6% in
the cont:ol g-oup, 0.7% in the low-concentration group, 0.3% in the
mid-concentration group, and 1.4% in the high-concentration group)
were not regzrded as biologically significant.

gs:
The incicdence of soft-tissue malformations, on both a per fatus and

TABLE 2. Summa= of Fetal External Malformations, Rats®

Treatment Fetuses Litters

group
(pprm) Malformation Number® % Numbert %

Alsence of cranium and muitiple
()] canodacial defects 1309 125
Totas 17309 . 1725

No malformations 0286

fxe~cephaly with open eye. protuding

tcrgue, and fleshy outgrowth above

srout 0.3
Total 0.3

Darizmed area on tail 1784 0.4

fde~atous with domed cranium and
e.e cefects 1284 0.4
Toa 1784 0.7 a2

*No staha ca'ly sgnificant differences {rom the control group.
bayumber zitetLses with the malfermation/purSer of fetuses examired per group.
¢ Nymber 2! Litass contaiming fetuses with 3 miiformation/number of litters evaluated.
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a per litter basis, was not statistically different in the control and treat-
ment groups (Table 3). ,
Fetal skeletal abnormalities. The incidence of skeletal malforma-
tions, on both a per fetus and a per litter basis, were statistically com-
parable in the control and treatment groups (Table 4). A cervical rib and
reduced cranial ossification were found in the one fetus with a ¢cranial/
facial malformation. In the mid-concentration group, reduced cranial
ossification was recorded for the fetus with exencephaly, and facial
malformations were noted upon external examination. In the high-
concentration group, fused ribs and fused cervical vertebral transverse
processes were observed in the edematous fetus.

Experimental Results—Mice

Maternal changes. A slightincrease in the incidence of lacrimation
was seen among females during the treatment period. The food con-
sumption data were not remarkable except for a slight nonsignificant,
dose-related decrease in mean food consumption during d 12-15, A
slight, dose-related decrease in mean water consumption, nonsignifi-
cant, was cbsenved during the d 9-12 gestation interval. No mortality
occurred among the treated females that were exposed to MTBE. One
low-concentration-group female died on d 0 of gestation, and an addi-

TABLE 1. ferai Scm-Tises wiaiformations. Rats?

Treatment Fetuses Litters
group
ppm Jaiiormation Number? % Number ;1
l Reral pe.. - Z:siended, ureter
(0 distances or doth anoe 4.0 Vs 20
fdemattLs suscutaneous) —tharacic
and sszornnal region e 1.0 1725 4.0
Total 5102 4.9 425 16.93
1!
(250) Ureter distended 195 1.1 722 45

Portion ot :.ght cerebral hemmsphere
outside cramal cavity (between

cramu™ and skin layer) 195 1.1 12 435
Total 295 2.1 12 9.1
Y Lreter & slanded 1% 1.0 1.24 4.2
11000 Total 196 1.0 1724 42
v Rema! pels ¢ and wreler distended. or
135000 both 3193 12 274 3.3
Toul 393 32 274 83
PNG et s ant daterencas trem the Control group.
EANLTEer O erusey o tne mallormangn dumizer O tetuses examined per 2r0up-
Pnamder Gty iz ~g refuces wath the Taltormytion number of hitrers eva'vated.
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TABLE 4. Fetal Skeletal Malformations. Rats®

Treatment Fetuses Litters
group
tppm) Malfermation Number? % sNyumbers 1
I Cexrvical rib and reduced ¢raniaj
(@ ossification: 107 0.5 k1711 4.0
Taotal 1207 0.5 125 4.0
H Wavy nibs (bilateral) 119N 0.5 R 4.5
(250 ~Total N 0.5 wn 45
H T Reduced cranial ossifications neywYe 03 124 4.2
{1000) Total 19 05 124 42
v . )
(2500 Angulated b (unilateral) . 1nNn 0.5 124 42
Fused nbs (bdateral) and fused cervical
vertebral transverse process 19 0.5 1724 42
Total nNn 1.0 plal) 8.3

? Na statisiicallv significant differences [rom the control group.
® Numbaer or fetuses with the malformanan number of tetuses examined ser grcun.
“Number or linters contaiming retuses with 3 malformanon. aumper ot hitters evaiuaied,

tional matec female was added to the group to provide a tctal of 30
mated ferrales.

The mean body weight and the mean body weight gain fer d 0-6, d
6-13, anc ¢ 15-18 were comparable in the control and treatment
groups. Mean liver weight and liver weight as a proportion of the cor-
rected ¢-i3 body weight were not affected by MTBE expcsures. No
treatment-related effects were recorded during the gross pestimortem
examiraticn of the mice.

The implantation data for the control and treatment grcups (Table
3) were net significantly different. The mean number of resorption sites
and the mean percentage of resorptions/implants were slightly higher
in the low- and high-concentration groups than in the contrel group, a
difference that could be atiributed to a high number of resorptlions in
two litters in each of these treatment groups. In the low-corcentration
group, 2 females had 10/11 (90.9%) and 7/9 (77.8%) resorgtions/im-
plants, reszectively. In the high-concentration group, two females had
litters cemporised entirely of resorptions. Excluding the data ior females
in the low- and high-concentration groups with a large number of re-
sorption sites, resorption data for these groups were similar to those
for the control group. The mean number of live fetuses per litter was
comparstiz in the control and treatment groups.

Fetal merphologic changes. There were no significant diffarencesin
the mezn felel weights and crown-rump distances of either sex be-
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TABLE 5. Uterine Implantation Data, Day 18 Gestabon Sacrfices, Mice®

. Resurplions Live Feluses
MMean

Treatmenl  Number of number of Mean Petcentage Mean Percentage Tatal
group pregnant implantavons number ol implanits number ol implanits number
(ppnd femnales® 2 5D 2 5D + 5D z 51 t 5l dead friuses

p {1 ns to .0 W) 0.4 2
0] = L8 12 ARl 1.4 z 9.7 '

1] 28 121 9 166 10.2 831
(250) + 1.7 N * 149 t 3.2 + 20

m 4 11.2 . no 9.9 an.l
(1000) * 2.0 . * 9.1 * 2.0 = 9.6

Iv 19 1n.n L
(2500) + 14 = 3.

1} 17.} G 8.1
] + .6 #3133 * 254

* No statbeally st ant difleaenges trom dthe control group

* Excludes females that delnoased prematirely lone control and one group ) femalel.

< Includes two lemales wha o ot nwere stamned with ammoniom sullide and in which loci were ideniitied
but that had ne fetuses. Data for 1hese females were nol included in the calculations of mean ulerine implan-
tation data lor this group.
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TABLE 6. Summary of Fetal External Examination Data, Mice?

Treatrnent Fetuses Litrers
growp
(ppm) Malformation Number® % Number< %
! Cleit palate 1w 0.4 127 3.7
{0 Totai | 28 0.4 v 3.7
It Spina hifida, filamentous
1250 ~ tail, imperforate anus 1266 0.4 1726 kR.)
Total 17266 0.4 126 3.8
1 KGnked tail 1251 0.4 R T 1 4.0
1000) Pornen of fail dark purple 1251 0.5 25 4.0
Total 3135 1.2 35 12.0
v Kinked tai 1290 0.3 W27 37
(2500 Hinelimb flexure 129 03 17 7
Poruen of 1l dark purpie 17290 0.3 ARty 7
Tew 3290 1.0 .27 ma

! No staustgilv s.gmiicant differences irom the control group.

b Number st -stuses delivered pups) with the malformation number of ‘etuses .delivere2 2ups)
exjmired per zroun.

f Number ot ‘ittars zontaining fetuses (delivered pups) with 3 malfornation numer ¢ litters
eviluated.

tween the control and treatment groups. No treatment-related effects
on the fetal sex distribution were reported. The incidence of mziierma-
tions obse~ved upon external examination (Table 6) was comparatle in
the control and ‘reatment groups. Malformations recorded durirg the
soft-tissue axaminations and the number of fetuses and litters afiected
were also ccmzarable in the control, low-, mid-, and high-concantra-
tion groups (Tazle 7).

Fetal skeletal abnormalities. The incidence of skeletal malfcrma-
tions in the mcuse, on both a per fetus and a per litter basis, was com-
parable in the cantrol, low-, and mid-concentration groups (Table 8). In
the high-ccncentration group, the incidence of fetuses with skaletal
malformat ans :nd of litters containing such fetuses increased, but the
increase wis rot significant. Cleft palates, not noted during the ex-
ternal eve'uaticns and suggested by irregularities in the ossification
pattern of :he palatinre’maxillary bone, were observed in one control-
group fetus and two high-concentration-group fetuses. Thus, the total
incidence f ¢l2it palaie observed in the external, soft-tissue, and skel-
etal evaluz:ions in this study was 0.7% (2/281), 0% (0 263), 0.4% (1.251),
groups, reszecively. A low incidence of sternebral zbnormalities (i.e.,
fused ste--2briz) was observed in the treatment groups, whiic aone
were obse= 22 n the control group.
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TABLE 7. Fergi Sem-Trssue Malfarmations, Mice?

Fetuses Litters

Treatment
group
{pavm)

Malfgemation Number® % Number -

|
] 22nal pehs disiended 29 22 rierg 7.4

Srairs issue (cerebral hemisphere—
‘% udel present berween
¢ranium and overlving skin layer 1, 1.1 W iz

Total m 13

Ne malformations 086

fye—collection of biood between

(7000} le~s and evelid ma 12 125 4.0
Ce= palate? 83 12 125 4.0
8.0

Touwi 2723

Hean defect—aortic and
500! sumonary arches exist as a

-

1/5 1.1 wo k)

czmemon vessel 7
Ce-anral hemisphere —lateral

veiricles distended 195 1.1 127 k I
Cle= nalgte? 1M5 11 17 iz

195 12 7 11.1

Total

I8e st st i s ngnificant differences from the control group.
-e:.585 (delivered pups; with the malformation' numbter of fetuses (delivered pups)

SN _mrgr s

-t ®T e

EXiTHAET I8 FTTLD.
fnumzee o hiters contaimng fetuses (delivered pups) with the maiformation number of litters

evaiyates.
5ot szies durng the fetal external examination.

"

DISCLSSION

Altmcugh there is some indication that food consumption declined
in b0t~ rats and mice during portions of the gestation period, this did
not have any significant effect on the terminal maternal body weight,
materral weight gain, or fetal body weight in either species.

The meir number of resarptions per litter in the control group of
Sgrague-Daunley rats was 1.4, somewhat elevated from the laboratory
historca’ mezn of 0.7 but within the range of 0.3-1.8 recorded for 24

'

iTa

studizs. The incidence of rescrptions in control mice was within the
ma! rarge; mice typically resorb 10-30% of fetuses, but the per-
cantziz s2p2nds on the strain of mouse and the laboratory. The inci-
cf-tissue malformations and major skeletal abnormalities in

‘¢z exposad to MTBE did not increase significantly. A slight

3

rass z~d =
Cose.-2'z'ed mcrease in minor skeletal abnormalities in mice (Table 8)
§ ~otstavstically significant. It was concluded that MTBE adminis-
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TABLE b F2:a) Suseral Malformations, Mice*

Treatmeat Fetuses Litters
group
(ppmi Mallormation Number® % Number® L3

Cle= palate? bl ] 1.1 122 37
0 Fused ribs ‘unilateral)
and musaligned thoracic centra nse L L vz iz
Totai N 1.4 blrig 7.4
. - n Eused sternebrae 1.1% s
. - {250) _Scamblec sternebrae 1180 05
Fusea ribs 'unilateral)
a~d vertenral defects: 1180 a5
Toml kRt ] iy

1] Fused siernebrae . 216d 1= 225 3.0
(10001 Fusad riks Junilateral) 1164 L&
Argulated sibs (unilateral) 1168 25
Tow 1163 ~4

[\ Cle= palatet 2% =] Loty 7.4
12500 Fused siermebrae 77 = 193 o v 14.8

&n9s

™ aea
ictal

4 N :latsheady sgmiicant ditferences from the control g-aup.

¥ Numzeestieroses (deivered pups) with the maliornation number st fetuses ideln erad pups)
erqimrsl cer grc_:l.

€ Numzee of lingss containing fetuses with the maliormation/number of litters evaluated.
uans ot the paatinesmaxillary ossifications suggest a clem-zalate malformauon: one
Lses wis acted dunng the external examination to have i cleit palate. The second
farus win maifor-zugns of the palatine/masMary mcaficatians was not ~¢ted 1o have a c'ent palate.

* Chsanaon o the sa'atine/maxillary ossifications suggest a clef-zalate malformaion; how-
ever, 3 2a ilai Cer2ct was not nqted during the fetal external examinason of these same fetuses.

tered =v ink:lation at the concentrations tested was not maiernally
toxic, 2—on cioxic, or teratogenic.
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METHYL TERTIARY BUTYL ETHER INHALATION IN
RATS: A SINGLE GENERATION
REPRODUCTION STUDY

ROBERT W, BILES,* RAYMOND E. SCHROEDERY
AND CHARLES E. HOLDSWORTH}

*Exxon Biomedical Sciences, Incorporated
Exxon Research & Engineering Company .
_ East Millstone, New Jersey
tBio/dynamics Inc.
East Millstone, New Jersey

$American Petroleum Institute
Washington, D.C.

Male rats exposed to 1arget concentrations of methy! tertiary butyl
ether (M1BE) at 300, 1300 and 3400 ppm for 6 hours/day, 5 days/
week for 12 weeks were mated to female rais exposed to the same
concenirations for a 3-week period. Exposures continued through
the mating period and the females continued exposures during ges-
tation and from days 5-21 lactation of the litters (Fi.) (no expo-
sures days 0-4 lactation). A second litter (Fis) was produced under
the same mating and post mating exposure regimen. No adverse
effect of treatment was observed with the adult animals (Fo)
throughout the in-life portion of the study. The only remarkable .
finding was an increased incidence of dilated renal pelves in the
low- and high-dose females (Fo). All gonad weights, male accessory
reproductive organ weights, organ-to-body weight ratios and
reproductive organ histopathology were unremarkable upon com-
parison of treated animals with air sham controls. The mating indi-
ces and fertility indices in exposed animals for both mating
intervals (Fi, and Fw) were not significantly different from con-
trols. Pregnancy rates were comparable between treated and con-
trol females for the first litter interval (Fi.) but were slightly lower
(not siatistically significant) than control on the second litter inter-

1. Address all technical comments questions to Robert W. Biles, Exxon Biomedical Sciencet, Inc., Exxon
Research & Engineering Co., P.O. Box 235, East Millstone, NJ 08873 Address reprnint requests to Charles E.
Holdsworth, Amencan Petroleum Institute, 1220 L Street, NW, Washingzon, DC 20005,

2. Kevr words' inhalanon, methyl tertiary butyl ether, oxygenated hydrocarbons, reproduction study. single
generauon.

3. Abbreviauons CHO, Chinese hamster ovary, M(BE, methyl teruary butyl ether
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val (Fw). Treated animal mean gestation length and the mean
number of pups at birth were not statistically different from con-
trols. The pup viability indices at birth were comparable for control
and treated groups for the F\, generation, but the mid- and high-
dose groups displayed a slight statistically significant decrease in
the F, generation; the decrease was not considered to be biologi-
cally significant and perhaps not treatment-related. Litter survival
indices were comparable berween control and treated groups for
both litter intervals. Pups of mid- and high-dose females had
slighthv lower (not statistically significant) mean weights at davs 14
and 2] of lactation but this was not considered treatment-related.
The most frequent post-mortem observation for pups sacrificed at
day 21 of lactation was dilated renal pelves. This did not appear to
be related 10 treatment. It is concluded that Mt BE inhalation in
rais results in little adverse reproductive toxicity as shown in a two
litter, one generation reproduction assay in rats.

INTRODUCTION

In the late 1970s, considerable attention was placed on the development and use of
oxygenated hvdrocarbons as either high octane motor fuels or as octane improvers.
This research effort was primarily driven by the anticipation of an EPA-mandated
decrease in lead antiknock usage (Revnolds et al., 1974). Methyl tertiary butyl ether
(MtBE) emerged as one of the leading oxygenated compounds for use in gasoline
blending. Currently, MtBE is used as an octane improver for motor gasoline, and the
use has increased as leaded gasoline phasedown continues as promulgated by the EPA
(Ember, 1984).

The primary route of exposure to workers is through inhalation which occurs during
the production and transportation processes, as well as when MtBE is blended into
gasoline, The primary source of potential exposure of the general public is from
gasoline vapors from those gasolines blended using varying amounts of MtBE (Rey-
nolds et al., 1974).

Animal studies have been used to assess the acute and subchronic toxicities of MtBE,
As well, studies have been completed 10 assess the genotoxic and teratogenic potential
of MtBE. The acute inhalation LCs to rats has been reported to be = 35,000 ppm-4
hour (Arco Chemical Company, 1980) and the acute rat oral LDso has been reported
to be =4 g/kg (API, 1980).

One subchronic inhalation study (Huls, 1980) conducted in rats for 6 hours/day, 5
days, week for 13 weeks produced minimal to no toxic effects through the dose range
tested (250, 500 and 1000 ppm). Another subchronic inhalation study (API, 1984) (6

CMA 120114




Toxicology and Industrial Health, Vol. 3, No. 4, 1987 521

hours/day for 9 days) in rats, conducted essentially as a probe for the present study,
produced areduced response to auditory stimuli, increased absolute and relative liver
weights and some minor deviations in clinical parameters at the highest exposure level
of 3000 ppm. These findings of relatively low toxicity suggested the selection of the
maximum exposure concentration for the current study in order to assure some
toxicity in the parental generation.

Other toxicity findings relevant to the present study have been derived from short-
term mutagenicity assays and a teratology study in rats and mice. MtBE was not
mutagenic when tested in Salmonella and Saccharomyces or in tests for sister chro-
matid exchange and chromosomal aberrations in Chinese hamster ovary (CHO) cells
in virro (AP, 1980). MtBE was mutagenic in the L5178Y mouse lymphoma assay
onlyin the presence of an $-9 metabolic activation system (AP1, 1980). Aninhalation
teratology study (Conaway et al., 1985) in rats and mice exposed to MtBE at nominal
concentrations of 260, 1100 and 3300 ppm produced no treatment-related effects in
the maternal rats or their offspring and only slight increases in fetal resorptions and
fused sternebrae in mice.

The work reported here was conducted to evaluate whether exposure to MtBE would
(1) affect the fertility, reproductive systems and performance of male and, or female
rats, and (2) be detrimental to the development of the resulting offspring.

METHODS

Test Material. MtBE was provided through the American Petroleum Institute and
was shown by GC analysis to be 95-99¢7 pure. Other prominent materials identified in
these analyses were (1) secondary-butyl methyl ether, < 0.45%%, (2) methanol, <
0.43¢%, (3) tertiarv-butyl alcohol, < 0.79% and (4) diisobutylene, < 0.22%,.

Inhalation Chamber Design, Vapor Generation and Analyses. The 10 cubic meter
stainless steel and glass exposure chambers were operated dynamically at an airflow
rate of 3000 liters per minute. The liquid was metered from reservoirs via Teflon
tubing directly to air atomizing nozzles, The MtBE was atomized into the chamber air
stream which, in turn, vaporized the test material. Target concentrations were 0
(control), 250, 1000 and 2500 parts per million MtBE (ppm v, vin air). The concentra-
tion of MtBE was determined in each chamber (including control) every 30 minutes
during the exposure period with a MIRAN® [-A General Organic Vapor Analyzer.
Backup analyses included daily checks of chamber concentrations and weekly verifi-
cation of the MIRAN® using on-line gas chromatography.

Animals. Male and female CD® (Sprague-Dawley derived) rats. approximately four
weeks old at receipt, were obtained from Charles River. Kingston, NY, and accli-
mated for 30 days. Animals were fed Purina Rat Chow (certified diet), and water was
available ad libitumi; however, neither were available during exposure periods. Hard-
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wood shavings were placed in each female’s cage on day 20 of gestation and fresh litter
was provided as needed through day 14 of lactation. All animals (male and female)
were sorted into treatment groups with a computerized program which also sorted
among the groups to equalize mean body weights between the groups. The animals
were housed individually in stainless steel mesh cages except during the mating period
and during lactation. Temperatures were maintained between 62-72°F; relative
humidity was kept between 30-70%; and there was a 12/ 12 hour light/dark cycle.

Experimental Design. Four exposure groups were established, each with 15 males and
30 females: Group I -0 ppm (sham control), Group I1-250 ppm, Group III- 1000 ppm
and Group IV - 2500 ppm. Exposures were conducted for 6 hours/day, 5 days/ week
during the premating interval, which was 12 weeks for males and 3 weeks for females.
Two mating intervals were conducted, and in each interval two females were caged
nightly with one male from the same treatment group. Once mated, females were
removed to litter. After a five-day interval, all unmated females were randomiy
reassigned to a different mating unit and exposed to a male from the same treatment
group for five additional days. Females unmated after 10 days of mating were
randomly assigned to a different mating unit for a third five-day interval.

Males continued to be exposed 6 hours, day, 5 days/ week during mating intervals and
mating rest intervals, while mated females were exposed daily 7 days, week, 6 hours/
day from day 0-20 of gestation. Females were not treated from day 21 of gestation to
day 4 of lactation. On day 5 of lactation, daily exposure for the females was resumed
for 6 hours, day untilday 20 of lactation. However, the litters (F),) were not exposed.

The Fi, litters were weaned, and the Fo males and Fo females underwent a two-week
mating rest period, after which a second mating period began in order to produce a
second litter (Fyy) of animals. (Fo) males were sacrificed at the end of this mating
period while (Fo) females underwent the same exposure regimen described for the first
mating period. Fo females were sacrificed at the end of the (Fis) weaning.

During the first and second mating periods, females that did not mate were treated 7
days, week, 6 hours/day until all Fy, (Fip) litters were weaned. Femnales that mated but
did not deliver a litter resumed daily treatment at completion of a 26-day postmating
interval,

In-life observations for Fo males and females were made for mortality and gross signs
of toxicologic and pharmacologic effects. Body weights were obtained initially and
weekly thereafter for males, while females were weighed weekly until mated and then
again on days 0, 7, 13 and 20 of gestation and days 0, 7, 14 and 21 of lactation.

At sacrifice, each Fo animal was examined grossly with particular attention given to
the reproductive organs, The testes and epididymides from each male and ovaries
from each female were evaluated microscopically.
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" The newborn pups from both litters were inspected and counted shortly after birth
and weighed on days 0, 7, 14 and 21 of lactation, External sexing was confirmed by
internal inspection of gonads at sacrifice. On day 4 of lactation, each litter with greater
than 10 pups was culled to that number using a randomization technique. Pups found
dead at parturition and during lactation were grossly examined both internally and
externally for malformations. Pups were sacrificed on day 21 of lactationand given a
gross postmortem examination. The gonads and abnormal tissue were saved for
histopathological evaluation.

Statistical procedures employed for parametric data included Bartlett’s test for equal
variance and standard one-way ANOVA with F distribution (Snedecor and Cochran,
1967). If significant differences among means occurred, then Dunnett’s test (Dunnett,
1955) was used to determine which treatment means were different from control. For
nonparametric data, the Kruskal-Wallis test (Gill, 1978) for equality of means was
used. If differences among means occurred, then Dunn’s summed rank test (Hol-
lander and Wolff, 1973) was used to determine which treatment means were different
from the control. All statistical tests, except Bartlett’s test, were conducted at the
0.05¢% and 0.01¢; two-sided risk level.

RESULTS

Fo-Adults. General. No control or treated animals died during the treatment or
mating periods. Mean weekly body weights and mean weight gain for males during
the pretreatment period, mating and post mating periods were comparable between
all groups (treatment and control); no adverse effect of treatment was evident.
Likewise, no treatment-related effect was evident in bodyv weight data for the female
animals during pretreatment and post mating periods. Gestation and lactation body
weights were also comparable between control and treated groups for both litter
intervals. The types and incidences of in-life observations were similar between

TABLE 1
Analysis of MtBE Exposure Concentrations

Chamber Group

Concentration Animals 111 v

Target (ppm) Male & 1000 2500
Female

Actual® Exposure*® (ppm) Male & 1180 £ 107 2860 = 254
Female ' 1240 = 37 2980 + 132

*‘Cumulauve mean = SD.
TMIRANT . a muran leak was discovered and correctzsd during male exposures Aciual final araiytical exposure
values are shawn 1n above table,
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control and treated animals; no adverse effect of treatment was noted. The most
‘common types of in-life observations noted were nasal discharge, rales, alopecia and
lacrimation.

Necropsy, Organ Weights and Histopathology. The only finding of note from the
gross post-mortem examinations was an increased incidence of dilated renal pelvesin
females from Groups I1 (250 ppm) and IV (2500 ppm). The incidence of dilated renal
pelves for females in the control and treated groups II, III and IV were 1/30, 4/ 30,
030 and 5/30.

Fo-Adults. General. No control or treated animals died during the treatment or
mating periods. Mean weekly body weights and mean weight gain for males during
the pretreatment period, mating and post mating periods were comparable between
all groups (treatment and control); no adverse effect of treatment was evident.
Likewise, no treatment-related effect was evident in body weight data for the female
animals during pretreatment and post mating periods. Gestation and lactation body
weights were also comparable between control and treated groups for both litter
intervals. The types and incidences of in-life observations were similar between
control and treated animals; no adverse effect of treatment was noted. The most
common types of in-life observations noted were nasal discharge, rales, alopecia and
lacrimation.

Necropsy, Orzan Weights and Histopathology. The only finding of note from the
gross post-mortem examinations was an increased incidence of dilated renal pelvis in
females from Groups I1(250 ppm) and IV (2500 ppm). The incidence of dilated renal
pelves for females in the control and treated groups 1I, III and IV were 1730, 4/ 30,
030 and 5, 30.

No treatment-related effects were evident in adult gonad weight data. Organ to body
weight ratio data for gonads from both adult male and females were not different
between treatad groups and controls. Mean ovary weight and mean ovary to body
weight ratio for the Fo females were comparable between the control and treated
groups (data not shown). In the Fo males, mean weight data (absolute and relative to
terminal body weight) for the testes, epididymides, seminal vesicles and prostate were
comparable between the control and treated groups (data not shown). Microscopic
evaluations of the gonads of both male and female animals revealed no treatment-
related effects.

Mating, Fertility and Pregnancy Indices. For both mating intervals (Fi, and Fu), the
mating indices for males and females were not statistically different between the
control and trzated groups (Table 2). The male fertility indices were also comparable
between the control and treated groups for both litter intervals (Table 3). No adverse
effect of treatment was evident in male fertility data. During the first litter interval
(F..), pregnancy rates were comparable between the control, low- and high-dose
groups and slightly lower (not statistically significant) than controls in the mid-dose
(Group I11) group (Table 3). In the second litter interval, pregnancy rates were slightly
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TABLE 2
Mating Indices for Male and Female Rats Exposed to MtBE for Two Mating Intervals

F\. Litter Interval Fuw Litter Interval

G Males' Females® Males Females
roup

[Target ( )} No.* % No.’ % . % No. %
{0 ppm) 12 80.0 27 %0.0 25

I1 (250 ppm) 14 30 29 96.7
1E (1000 ppm) 14 27 90.0 29

1V (2500 ppm) 15 pl 96.7 25

N = {5,

*N =30,

‘Number of males maling with s female.
‘Number of females mating.

L861 '# ON ‘194 “Y!vaH [pruisnpuf pup £30josixo]
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TABLE 3
Male Fertility Indices and Pregnancy Rates for Rats Exposed to MtBe for Two Mating Intervals

F1. Litter Interval Fy Litter Interval

Male Fertility Pregnancy Male Fertility’ Pregnancy
G Indices Rate Indices Rate
sroup

[Target ( )] No.! % No.’ % No. % No. %
1(0 ppm) 112 9.7 25127 92.6 22/25
1 (250 ppm) 14/14 100.0 28/30 93.3 23129
HI{1000 ppm)  13/14 929 20427 74.1 23429
IV (2500 ppm) 14715 93.3 24/29 82.8 19425

Y110MSPIO}] PUD 13p204YdS ‘SajIg

*Number of males impregnating a female/ number of males mating a female.
*Number of pregnant females/ number of mated females.
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lower (not statistically significant) in each treated group. No clear dose relationship
‘was evident in either litter interval. In the control group, two females did not mate
with a male during either mating interval; all treated females mated at least once
during these same intervals. During both mating periods, 28 control (93.3%), 28
low-dose (93.3¢7), 25 mid-dose (83.3%) and 26 high-dose females (86.75%) delivered at
least one litter. ’

Gestation Length, Parwurition Data and Litter Survival Indices. Mean gestation
length data (range 22.1 to 22.3 days) were comparable between the control and treated
groups for both litter intervals. The mean number of pups at birth (live, dead and
total) was also comparable between control and treated groups during both litter
intervals (Table 4). Pup viability indices at birth were comparable for ¢ontrol and
treated groups for the first litter interval, but in the second litter interval, the mid- and
high-dose groups displayed a slight, but significant, decrease in the pup variability
index (Table 5). The pup viability indices seen in the mid- and high-dose groups during
the second litter interval (Fi») were similar to the pup viability index observed for the
control group during the first litter interval (Fy,). Litter survival indices (ratio of litters
weaned to litters with live pups at birth) were comparable between control and treated
groups for both litter intervals (Table 5).

Pups. Mean pup body weights (distinguished by sex) throughout the lactation period
for both litter intarvals were comparable in the control and low-dose groups. The
mean pup weights for the mid-and high-dose groups were comparable to controls at
davs0and 7 of lac:ation, but on days 14 and 21 of lactation they were slightly (but not
statistically significant) lower than controls (Table 6). Pup survival indices during the
day 0-4 and 4-21 lactation intervals are summarized for both litter intervals in Table 7.

During the first litter interval, pup survival indices for the day 0-4 period were
comparable between the control and high-dose group and significantly lower than
control in the low- and mid-dose groups. Pup survival indices for the day 4-21 period
were comparable between the control and treated groups.

In the mid-dose group, the decrease in pup survival index during the day 0-4 interval
was, in part. auributed to the loss of one entire litter containing 12 pups at birth;
excluding data for this litter, the day 0-4 pup survival index for the mid-dose would be
94.0%%.

In the second litier interval, pup survival indices during the day 0-4 interval were
comparable betwesn the control and each of the treated groups. Likewise, during the
day 4-21 interval. pup survival indices were comparable between the control and
treated groups (Table 7).

Pup sex distribution indices at day 0 (pre-cull) and day 21 (post-cull) were similar
between the control and treated groups for both litter intervals (data not shown).

The most frequent post-mortem observation for pups sacrificed at day 21 of lactation
was dilated renal peives. The incidence of this observation was comparazble in the
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TABLE 4

Number of Litters and Parturition Data for Rats Exposed to MtBE for Two Mating Intervals

Group #of

) [Target{ )] Litters

F1. Litter Interval

F), Litter Interval

Mean ¥ of Pups at Birth*

Mean # of Pups at Birth

Live

Dead

Total

Live

Dead

Total

1 (0 ppm) 25
II (250 ppm) 28
{1000 ppm) 20
IV (2500 ppm} 24

13.2
124
1.5
13.3

0.3
0.3
0.7
04

13.5
12.7
12.2
13.7

13.3
128
12.1
123

0.1
03
0.6
0.6

134
13.1
12.7
129

'Data collected at the interval litter examination.

8¢s
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Pup Viability Indices and Litter Survival Indices for Two Litter Intervals

TABLES

Fi. Litter Interval

Fuu Litter Interval

Pup Viability Litter Survival Pup Viability Litter Survival
Group Indices Indices
[Target { )] No.* % No.! % No. % No. %
1 {0 ppm} 330{338 916 25425 100.0 292/295 99.0 21 1060.0
11 (250 ppm) 3471354 98.0 2727 100.0 2954302 91.7 22/23 95.7
(1000 ppm)  230/24) 94.7 18719 94.7 2781291+ 95.5 23423 100.0
1V (2500 ppm) 3204329 973 24424 0.0 2341245+ 95.5 19/19 100.0

“Total number of live pups at bisthf1otal number of pups (hve and dead) at birth.
*Nuniber of females that wean litiers (day 21){ number of females with live pups at birth {day 0).

*P < .05

L861 P "ON '€ '1OA “Yipaf] |DMISTIPU] pup £80]021X0]
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TABLE 6
Mean Pup Body Weight Data During Lactation—RBoth Litter Intervals

Mean Pup Weight' (grams)

Lactation Days

Group 0 7 14 2
[Target { )] Male Female Male Female Male Female Male Female
F. Litter Interval
1(0 ppm) 6.2 59 132 13.0 23.6 230 36.2 35.1
11 {250 ppm) 6.0 5.6 1.1 12.4 24.1 228 369 34.7
111 (1000 ppra) 58 55 2.5 12.2 246 21.0 329 325
1V (2500 ppm) 6.0 5.6 12.8 12.6 224 219 338 331
I Litter luterval
1(0 ppm) 6.0 5.7 13.2 12.5 238 221 369 35.1
11 (250 ppm) 6.1 5.7 3.3 2.6 236 226 368 344
11 (1000 ppm) 6.0 5.6 12.8 12.2 27 2.7 34.7 334
IV (2500 ppm) 6.1 57 13.1 12.5 228 221 349 16

“Litier as the experimetnal unit,

0Es
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TABLE 7
Pup Survival Indices for Both Litter Intervals

Pup Survival Index

Lactation Days

Group 0-4 (pre-cull) 4-21 (post-cull)
[Target( )] No.* % No.! %
F\, Litter Interval
1(0 ppm) - 324/330 98.2 2477250 98.8
I1 (250 ppm) 317/347% 914 246/254 96.9
111 (1000 ppm) : 205/230%* . 89.1 162/ 165. 98.2
IV (2500 ppm) 305/320 95.3 235/236 9.6
Fu» Litter Interval
1(0 ppm) 282/292 96.6 211/218 96.8
11 (250 ppm) 275/295 93.2 210/213 98.6
IT1 (1000 ppm) 273/278 98.2 214/215 99.5
IV (2500 ppm) 231/234 98.7 182/182** 100.0

*Number of pups on day 4 (pre-cull); number of live pups on day 0,
*Number of pups on day 21, number of pups on day 4 (post-cull).,
**p <01

control and high-dose groups for both litter intervals, but was slightly (not statistically
significant) elevated in the low- and mid-dose groups for both litter intervals (data not
shown),

Other observations noted for the weanling day 21 pups during the gross post-mortem
examination occurred infrequently and did not appear to indicate a relationship with
treatment.

DISCUSSION

The present study was designed as an evaluation of the potential reproductive system
toxicity of methyl-t-butyi ether, No adverse effects of treatment were seen in either
male or female adult rats exposed to MtBE for approximately 28 weeks (males) and 16
weeks (females) at the approximate concentrations of 300, 1200 and 3000 ppm.
Although a9 day probe study at 3000 ppm indicated some toxic potential (irritability,
possible CNS effects) the rats at all doses in the present study gained weight commen-
surate with control animals and displayed no unusual toxicological signs. The type
and incidence of in-life signs such as rales, lacrimation, nasal discharge and alopecia
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were also similar to the controls. In gross post-mortem, the only finding of note wasa
nonsignificant increase in dilated renal pelves in females of the low- and high-dose
groups. The effect was not considered to be treatment-related since it was apparently
not dose-related.

Gonad weights and gross and histopathological observations of the gonads from both
male and female rats exposed to MtBE were uniformaly consistent with control
animais; no treatment-related effects were evident. Also, weights and histopathology
results of organs of the male reproductive tract (testes, epididymides, seminal vesicles
and prostate) were indistinguishable between control and treated animals. Conse-
quently, MtBE displays little to no structural effect on the reproductive system of the
adult rat.

With respect to reproductive function, no adverse effects of treatment were seen in
male and female mating indices, male fertility indices, litter survival indices, litter size,
gestation length, or sex ratio of offspring. No treatment-related effects with respect to
pregnancy rates were evident during the first litter interval; however, pregnancy rates
from the second litter interval were slightly, but not statistically significantly lower
than the controls and no clear dose-response relationship was ¢vident. No adverse
effect on female fertility was indicated from this study. In summary, no significant
effects on reproductive performance were observed in this study at concextrations of
MtBE as high as 3000 ppm.

The effects of parental MtBE exposures were minimal to the offspring. The significant
decrease in pup viability in mid and high dose groups of the F., generation is
borderline with respect to biological significance. None of the pup viability indices of
either generation are below approximately 95%. The outstanding viability (99%) of
the F;s control group contributes to the statistical significance seen in the F:» mid and
high dose groups. Pup survival indices during the day 0-4 lactation period were
significantly (P <.05) lower than controls in the low- and mid-dose groups during the
first litter interval. However, the F1. high-dose group displaved no reduc:ion in pup
survival when compared to controls, and also no reduction in pup survival was seen in
any treated group during the second litter interval. Moreover, pup surviva: indices for
the day 4-21 lactation period (post-cull) were comparable between the control and
treated groups for both litter intervals. Consequently, the reduced pup survival in the
F.. low- and mid-dose groups is not believed to be a treatment-related zffect. Pups
nursing to mid- and high-dose females had slightly lower body weights at days 14 and
21 of lactation for both litter intervals. The reduction in mean pup weights did not
demonstrate a clear dose relationship. Moreover, the differences from centrols were
not statistically significant, and the mid- and high-dose groups weights were compar-
able on days 0 and 7 of lactation. Finally, gross external and internal examination of
pups delivered and subsequently weaned to MtBE treated females did ne: reveal any
adverse effects on any organ system due to treatment.

The current scientific literature is unexpectedly silent with respect to ¢ne or more
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generation reproduction studies with aliphatic, aromatic or oxygenated aliphatic/
aromatic hydrocarbons. Pesticides, drugs, and food additives, and certain chlorinated
hydrocarbons make up the majority of these studies. One multi-generation dietary
study of 1-3 butanediol in rats has been published which did report a decrease in
pregnancy rates of Fi, rats and some effects in fetal growth; however no terata,
dominant lethal or chromosomal aberrations were noted (Hess et al., 1981).

Finally, with respect to reproductive outcome, a report of a two species (rat and
mouse) inhalation teratology study on MtBE at doses similar to the present study
concluded that MtBE is not maternally toxic, embryotoxic or teratogenic (Conaway
et al., 1985). This present study indicates that an oxygenated hydrocarbon, MtBE,
possesses little adverse reproductive toxicity potential as defined in a two litter, one
generation reproduction assay in rats.
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SUBCHRONIC INHALATION TOXICITY
AND REPRODUCTIVE ASSESSMENT IN RATS
OF THREE CHLORINATED PROPENES

F R johannsen, G. ). Levinskas
Monsanto Company, St. Louis, Missouri

G. M. Rusch, R. E. Schroeder
Bio/dynamic3, Incorporated, East Millstone, New Jersey

Groups of 15 male and 15 female Sprague-Dawley rats were exposed to 1 of 3 chloro-
propene (2,3Dj = DCP; 1,2,3Tri = TRCP; and 1,1,2,3Tetra = TECP) vapors to provide
information on repeated exposures and the potential for reproductive impairment by
the most likely route of occupational exposure. Target exposure concentrations were
0, 1, 5, and 15 ppm, & h/d, 5 d/wk for 13 wk. The following parameters were evaluated:
pharmacotoxic signs. survival, body weights, hematology, climical blood chemistry,
urine analysis, gross and histopathology (over 40 tissues/rat), organ weights, and se-
lected weight ratios. Signs of nasal irritation were noted in rats exposed to 15 ppm of
either DCP or TRCP but not TECP Small decreases in overall body weight were ob-
served in female rats exposed to 15 ppm TCP An increase (~15%) in spleen weight,
with no corresponding histopathological or clinical findings, was observed in 15 ppm
DCP-treated male rats. No other effects considered related to treatment were observed
following exposure 0 any of the three chlorinated propenes.

Additional groups of 10 male and 20 female Sprague-Dawley rats were exposed to
DCP TRCP, or TECP apors at target concentrations of 0, 1, or 5 ppm for 6 h/d, 5 diwk
for a 10-wk premating period, a mating period, and the first 14 d (females only) of
gestation, Females were allowed to deliver litters and the offspring were evaluated
during a 21-d lactation period. Mating, pregnancy, and fertlity indices were generaily
comparable among all test groups, although female mating and pregnancy indices of
both DCP-treated females were lower than expected in the regular and postrecovery
reproduction phase. No effects were seen on pup survival, sex distribution. body
weights, organ weights, and ratios. A modest reduction in pup body weights was
observed following TECP exposure but was attributed to large litter size. No
treatment-related eects were seen following necropsy of adults or weanlings, nor
were such effects noted following microscopic evaluation of gonads from parental
animals.
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INTRODUCTION

Chlorinated propenes are important chemical intermediates used in
industrial and agricultural chemical processes. Because of the volatility of
this chemical class, inhalation of vapors in the workplace is considered
to be one of the principal potential occupational exposure routes. A
paucity of toxicity data by the inhalation route exists in the literature for
chloropropene isomers other than the 1,3-dichloropropene isomer. A
threshold limit value (TLV) of 1 ppm has been established for dichloro-
propene (isomers undefined) (ACGIH, 1986).

Inhalation toxicity data for 1,3-dichloropropene include single 4-h
LC50s of 729-900 ppm for Fischer 344 rats (Parker et al., 1982; Stott et al.,
1988) and subchronic inhalation studies both with 1,3-dichloropropene
(Torkelson and Oyen, 1977; Torkelson and Rowe, 1981; Stott et al., 1988;
Hanley, 1987) and with a mixture of 1,3-dichloropropene and 1,2-
dichloropropane (Parker et al., 1982; Linnett et al., 1988). Lomax et al.
(1989) also have reported on the chronic inhalation toxicity of technical-
grade 1,3-dichloropropene in rats and mice.

The present study was designed to provide a comparative toxicologic
profile of three chloropropene isomers not previously evaluated toxico-
logically, including the isomer of 2,3-dichloropropene (DCP), 1,2,3-
trichloropropene (TRCP), and 1,1,2,3-tetrachloropropene (TECP). For com-
parative purposes, each chlorinated propene was tested under a similar
exposure regimen following subchronic inhalation exposure. Additional
information was also derived on the ability of these chlorinated pro-
penes to affect reproduction/fertility in the rat at exposure levels that
were anticipated to produce no more than minimal irritation.

In preparation for this study, a series of range-finding studies were
used for subsequent dose level selection. In 1-mo inhalation pilot stud-
ies, groups of 5 male and 5 female Sprague-Dawley rats were exposed 6
h/d, 5 d/wk to vapors of either 2,3-DCP, 1,2,3-TRCP, or 1,1,2,3,-TECP (Mon-
santo Company, unpublished observations, 1976). Each chlorinated pro-
pene was evaluated at target levels of 0, 5, 20, or 100 ppm. Deaths related
to treatment resulted in groups of rats exposed to the high dose (100
ppm) of both TECP (1M, 2F) and TRCP (5M, 5F). Reduced mean body
weights were observed primarily in female rats, in treated groups ex-
posed to mid and high levels of DCP and TRCP and all levels of TECP.
Signs of irritation (droopy eyelids, alopecia) generally correlated to those
test levels with observed weight loss. Exposure to TRCP produced the
most significant irritation (droopy lids, lacrimation, red nasal discharge).
Only gross pathologic, not histopathologic, examinations were per-
formed. Noteworthy findings included red nasal and anal discharge on 2
high-dose (100 ppm) TRCP-treated males and the failure of lungs to col-
lapse, likely due to pulmonary edema, in those rats that died on test after
exposure to 100 ppm TECP.
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METHODS

Test Material and Atmosphere Generation

Each of the chlorinated propenes used in these studies were ana-
lyzed by gas chromatography to verify purity, as follows: DCP, >99%;
TRCP, 95%; TECP, >99%.

Each test article was placed in a 30-ml midget impinger while nitro-
gen gas was passed through the vessel. The resultant vapor was directed
into a 760-| dynamic airflow inhalation chamber system and diluted with
room air to producethe desired exposure concentrations., Chambers
were operated at average flow rates of 130 I/min for DCP and TECP expo-
sures and at 142 I/min for TRCP. This provided the theoretical 99% equili-
bration times of 27 and 25 min, respectively (Silver, 1946). After 2 wk of
exposure the delivery system for TRCP was modified to one using a me-
tering pump to assure uniform generation of the cis and trans isomers.
In this system, the test article was placed in a glass syringe and metered
into the side tube of a 250-mi filtering flask using a Sage model 341
syringe pump. This flask was warmed on a heating mantel with an auto-
transformer. Nitrogen gas was then passed through the flask and the
resultant vapor was directed into the inhalation chamber.

In developing the infrared chamber monitoring conditions, scans
were made on each material, and then a wavelength most sensitive for
each test agent was selected. The cell pathlength was determined as the
one giving the best response over the range of exposure levels. The
conditions selected are given in Table 1.

Chamber concentrations were determined intermittently at least
three times daily by direct analysis of chamber samples using a Miran
model A infrared (IR) analyzer (Wilks Instrument Co., Darien, Conn.).
Exposure levels were determined by comparison of the observed absor-
bance of these samples to a previously determined calibration curve gen-
erated using the same test material under the similar instrumental set-
tings. Estimation of the consistency of the IR was obtained by periodic
comparison of daily nominal concentrations throughout the course of
each study. No significant differences were observed that indicated a
change in the characteristics of the IR monitor.

The IR measurements for the low-dose (1 ppm) TRCP concentrations
appeared to be subject to water-vapor interference resulting in an over-

TABLE 1. Exposure Conditions

Pathiength
Compound Wavelength (um) (dial reading)

2,3-DCP 1.2 13.0
1,2,3-TRCP 12.6 14.0
1,1,2,3-TECP 10.9 9.0
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estimation of actual exposure concentrations. A colorimetric technique
using 4-p-nitrobenzy! pyridine reagent (Rusch et al., 1976) was used to
independently determine chamber concentrations at this test level. From
these results it was concluded that some water-vapor interference oc-
curred and that actual concentrations were even closer to target levels
than indicated by IR. No such problems were encountered at other TRCP
levels.

Animals

Charles River Sprague-Dawley-derived rats were acclimatized and as-
signed to study according to a random-number table procedure. Rats for
the subchronic phase were 7 wk of age at study inception, while those
used in the reproduction phase were 62 d old. Rats were pair-housed in
stainless steel wire caging during exposure and singly housed at all other
times, except during mating periods. Water and rodent feed (Purina Lab-
oratory Chow, St. Louis, Mo.) were available ad libitum during nonexpo-
sure periods.

Experimental Evaluation of Animals from 13-Week
Toxicity Studies

Groups of 15 male and 15 female rats were exposed to target concen-

trations of 0 (concomitant control), 1, 5, or 15 ppm of the respective
chloropropene for 6 h/d, 5 d/iwk for 13 wk.

All animals were observed for survival twice daily and given a de-
tailed physical examination on a weekly basis throughout the study pe-
riod. Individual body weights were recorded weekly from 10 d prior to
exposure through termination.

Clinical parameters were determined for all rats in the control and
the highest dose groups (15 ppm) exposed to each chloropropene.

Measurements were taken at the study midpoint (d 44-45) and for all
surviving animals in all test groups just prior (d 85-88) to term. These
parameters included hematology (hemoglobin, hematocrit, erythrocytes,
clotting time, and total and differential leukocytes) and serum chemistry
(serum glutamic pyruvic transaminase, alkaline phosphatase, urea nitro-
gen, and glucose). Urinalysis (gross appearance, specific gravity, pH, pro-
tein, bilirubin, ketones, glucose, occult blood, and sediment) was per-
formed on all animals in each of the 15-ppm chloropropene groups and
the control group on study d 47-48 and again on d 89. Complete necrop-
sies were performed on all animals sacrificed at study term. Organ
weights and organ/body weight ratios were recorded/calculated for
brain, gonads, heart, kidneys, liver, lungs, pituitary and spleen. Micro-
scopic examination of the following tissues were performed for all con-
trol and high-dose (15 ppm DCP, TCP and TECP) animals: adrenals, bone
marrow, brain, eye, gonads, heart, colon, duodenum, ileum, kidneys,
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liver, lung, lymph nodes, mammary gland, pancreas, pituitary, salivary
gland, skeletal muscle, skin, spinal cord, spleen, stomach, thyroid, uri-
nary bladder, uterus, prostate, and any gross lesions or tissue masses
possibly attributable to treatment.

Experimental Evaluation of Animals from Reproduction Study

Groups of 10 male and 20 female rats were exposed to nominal con-
centrations of 0 (concomitant control), 1, or 5 ppm of either DCF, TRCP,
or TECP. Test concentrations were selected such that no more than mini-
mal irritation would result, inasmuch as this toxicological parameter
would, in itself, significantly limit the potential level of repeated expo-
sure occupationally, Exposures occurred in the same chambers with rats
in the subchronic phase. Rats in the reproduction phase, however, were
exposed for a 10-wk premating period, a mating period (not in excess of
30 d), and from d 0 through d 14 (day exposure stopped) of gestation
(females only). All exposures were 6 h/d, 5 d/wk.

During the mating period, male and female rats from the same treat-
ment group were cohoused nightly, initially one male per two females.
Males were cohoused with females up to 10 consecutive days. if mating
had not occurred following this interval, females were paired with a dif-
ferent male for a second or if necessary even a third 10-d interval. Fe-
males were examined each morning for evidence of mating (vaginal plug
or sperm). Gestation d 1 was defined as the day mating was confirmed.

Mated females were housed individually for the duration of gestation.

On d 19 of gestation, dams were provided nesting material and were
examined twice daily for signs of parturition. The day all pups were deliv-
ered was defined as day 0 of lactation. All litters were weaned on d 21.

Both DCP-treated groups contained a higher frequency of female rats
that had not mated or did not bear litters after the full 30-d mating cycle.
These rats (6 per group) were held for a 60-d period during which they
incurred no exposures to DCP. Then each female was caged with a
proven male rat of the same strain from an in-house breeding colony.
Each female was caged with the same male nightly for 10 consecutive
days. Females unmated after this interval were caged with a different

male nightly for an additional 10-consecutive-day period. Mating and
pregnancy were determined, and if pregnant the animal entered the
study phase as outlined previously.

All'adult rats were observed twice daily for overt signs of toxicity and
survival. Detailed physical examinations were made weekly. Individual
body weights for both adult male and female rats were recorded weekly
throughout the study, beginning at initiation of the 10-wk premating pe-
riod. Mated females were weighed on d 0, 6, 15, and 20 of gestation and

on d 0, 4, 14, and 21 of lactation.
Litters were observed daily for the presence of dead pups, which
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were recorded. Surviving pups of each sex were weighed on d 0, 1, 4, 14,
and 21 of lactation.

All adult male rats on study were sacrificed after completion of the
30-d mating period; chloropropene exposures were terminated after mat-
ing. Mated females were sacrificed at weaning or 26 d postmating if
pregnancy was not observed. Female rats from the DCP-treated groups
were retained for a posttreatment period described earlier. Complete
necropsy was performed on each adult animal with particular attention
given to the reproductive tract. The following organ weights were re-
corded and body.weight ratios calculated: brain, gonads, epididymides,
spleen, heart, lungs, kidneys, and liver. Microscopic evaluations of the
ovaries, testes, and/or epididymides were made for each adult animal.
Offspring were killed at weaning (d 21) and a thorough gross necropsy
was performed. Sex was determined by internal inspection of the go-
nads.

Statistical Methods

Body weights, organ weights, and weight ratios from compound-
treated groups were compared to controls using Dunnett’s multiple
comparison test (Dunnett, 1964). Hematology, clinical chemistry parame-
ters, and gestation length, offspring weight, and number of offspring
from treated groups were compared to controls using appropriate tests
of variance (F-test), and when significant, the Student’s t-test was em-
ployed as modified by Cochran (Snedecor and Cochran, 1967). Survival
indices (offspring, litter, mortality), mating indices, pregnancy rates, and
fertility indices were compared using the chi-square method of analysis
(Snedecor and Cochran, 1967).

RESULTS

Analytical Concentrations

Chamber sample analyses indicated that rats in the 1, 5, and 15 ppm
test groups were actually exposed to the following cumulative mean ana-
lytical concentrations (£SD):

DCP: 1.3 (£0.4), 4.9 (£0.7), and 15.0 (£ 1.4) ppm
TRCP: 2.8 (£0.9), 5.5 (£ 1.8), and 14.9 (%2.4) ppm
TECP: 1.0 (£0.3), 5.0 (£ 1.4), and 14.3 (£2.3) ppm

The vast majority of daily analytical values were within £5%, and no
overlap between test levels was observed.
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Subchronic Study Phase

Daily Observations and Mortality With the exception of a single acci-
dental death occurring in the TECP high-dose group during blood draw-
ing on test d 45, all other test animals survived the duration of the study.
No abnormal behavioral reactions were noted in any of the treated ani-
mals. Red nasal discharge and yellow staining of the anogenital fur were
noted with increased frequency in the 15 ppm DCP and TRCP groups,
and both the 5 and 15 ppm TECP test groups. A 9% decrease in body
weight gain for female rats in the 15 ppm TRCP group was observed at
the conclusion of the study. No other effects on animal body weight gain
related to chloropropene treatment were seen.

Hematology, Serum Chemistry, Urinalysis A few scattered observa-
tions of statistically significant differences between control and individ-
ual exposed groups were observed in hematology, serum chemistry, and
urinalysis parameters measured at study term. However, none appeared
to be outside of normal biological limits, nor did any appear to be expo-
sure related.

Organ Weights and Weight Ratios Elevated mean, absolute (12%) and
relative (15%), spleen weights were observed in terminally killed male
rats exposed to 15 ppm DCP. Similar findings were not evident in groups
of female rats at this exposure level, nor were similar findings observed
in any lower DCP-treated groups. The lack of any significant changes in
the hematological profile and the lack of corresponding histopathologi-
cal changes in these 15 ppm DCP-treated male rats suggest these find-
ings are unrelated to treatment. Analysis of remaining absolute and rela-
tive organ weights from other DCP-, TRCP-, and TECP-treated groups
resulted in only sporadic, statistically significant differences between var-
ious treated and control groups, with no apparent dose- or treatment-
related trend evident.

Gross and Microscopic Pathology No differences were observed in
gross pathology findings between control rats and those treated with
DCP, TRCP, or TECP. Microscopic examination of animals of both
chloropropene-treated and control groups revealed no changes that
could be correlated to 13-wk exposure to DCP, TRCP, or TECP.

Reproduction Phase

Parental Generation Observations and Mating Indices A single male
rat in the 1 ppm DCP group was killed in a moribund state prior to
scheduled sacrifice. No treatment-related differences were observed in
group body weights between chloropropene-treated (DCP, TRCP, and
TECP) and control animals during the premating phase or in females
during gestation and lactation.

Small differences in mating indices (male and female) were observed
in both DCP-treated groups when compared to control values (Table 2).
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TABLE 2. Mating and Fertility Indices of Rats Exposed to 2,3-Dichloropropene (DCP), 123-
Trichleropropene (TRCP), or 1,1.2,3-Tetrachloropropene (TECP) Vapors

Mating Fertility

Vapor Female? Male* Female®

Control 20720 9/10 19/20

DCP 17120 &/10 14117
18197 810 14/18

TRCP 19/20 10 1719
2020 810 20020

TECP 20720 910 17/20
20720 9/10 20/20

Note. No significant differences between treated and control groups.
"Number mated vs. group total.

bNumber pregnant vs. number mated.

‘Number of males impregnating vs. number mated.

%xcludes consideration of one hermaphrodite.

However, none of these differences were statistically significant. No ap-
parent effects in similar indices were seen in TRCP- or TECP-treated rats.

With the exception of the DCP-treated groups, pregnancy and impregna-
tion indices appeared normal in all treated groups (Table 2).

Posttreatment Recovery Group Six female rats, all from the 1 and 5
ppm DCP groups, that either did not mate or conceive during the 30-d
mating period were retained for a 60-d posttreatment recovery period.
Several of these individuals mated, became pregnant, and bore normal
litters. However, both the mating index and the pregnancy rate for each
group remained somewhat lower than expected (Table 3). No clear evi-
dence of a dose response was seen, nor were there any physical findings
at necropsy that were indicative of a treatment-related effect.

Litter Data Gestational length, fetal viability at birth, litter size (Table
4), and litter survival (Table 5) did not appear adversely affected by DCP,
TRCP, or TECP exposures.

TABLE 3. Mating and Pregnancy indices oi 2,3-Dichloropropene
(DCP) Treated Rats Cohabitated with Proven Males in the Postre-
covery Mating Phase

Number of females

DCP (ppm) Cohabitated Mated Pregnant

1 6 4
5! 3

*excludes hermaphrodite.
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TABLE 4. Gestation Length, Fetal Viability at Birth, and Litter Size of Offspring from
Rats Exposed to 2,3-Dichloropropene (DCP), 1,2,3-Trichloropropene (TRCP), or 1,1,2,3-
Tetrachloropropene (TECP) Vapors

Fetal viability
Gestation

Vapor ppm length (d) Alive Dead
Control 0 222 10.2 0.3
DCP 1 21.8 109 0.2

5 2.1 10.6 0.4
TRCP 1~ 21 108 0.1

5 221 10.9 0.2
TECP 1 n9 .1 0.4

5 219 13.8* 0.2

significantly (p < .01 different from control.

Necropsy and Organ Weights The only remarkable gross lesion ob-
served after necropsy of control and chioropropene-treated adult rats
was that of a hermaphrodite in the 5 ppm DCP-treated female group.
This animal had a fully formed uterus with primordial epididymis, testes,
and seminal vesicles. Gross lesions were confirmed microscopically. This
observation is considered representative of a congenital malformation
and not treatment related. This animal did not mate throughout the
course of both the full and postrecovery portion of the study.

Histopathology Microscopic examination of the gonads of DCP-,
TRCP-, and TECP-treated rats was generally unremarkable. Sporadic, sub-
tle microscopic findings (mild focal testicular atrophy) were found in the
testes of two males from the low-dose 2,3-DCP group in the reproduction
phase. No such findings were observed at the next higher (5 ppm) test
level in this study phase or even at 15 ppm in the subchronic phase.
Thus, no dose-response relationship was established. This type of lesion

TABLE 5. Survival and Growth Indices of Offspring from Rats Exposed to 1,1,2,3-
Tetrachloropropene (TECP) Vapors

Mean number (=5D) Mean pup weight
of pups alive at g £ SD)atd
TECP
(ppm)  Birth d 21 0 4 14 21
0 10.2 % 3.4 102 = 2.1 65£07 10715 277 %37 456 £ 7.4
1 111 % 31 06 =29 63+05 103115 268t 49 432+ 77
5 13.8 £ 217 126 =25 62+07 94 12 244 = a1® 397 £ 62%

*Significantly different from control, p < .07,
bsignificantly different from control, p < .05.
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occurs spontaneously with increasing frequency in rats in an age-related
fashion (Heywood and James, 1985). Due to the protocol design, these
males were of an age (-6 mo) before termination when such lesions
begin to manifest themselves. An evaluation of several studies of >6 mo
duration at this laboratory confirmed the age change of this lesion in the
CD rat. Thus, this lesion is considered to be spontaneous in nature and
unrelated to compound administration. No such effects were noted in
other TRCP- or TECP-treated groups.

Weanling Generation

Offspring Data and Necropsy Mean pup survival of chloropropene-
treated groups was comparable to control levels, with one exception.
Pup survival from dams administered 5. ppm DCP was significantly lower
than control values after 1 and 4 d of lactation. These differences were
attributable to the loss of a single litter before d 1 of lactation in a dam
for which d 0 of gestation had not been confirmed. This single incident
was judged to be unrelated to treatment.

Significant reductions in group mean body weights were observed
on lactation d 4, 14, and 21 from pups whose dams were exposed to 5
ppm TECP (Table 5). This study group also exhibited a significantly (p <
.07) increased number of pups delivered at d 0 and remaining alive at
weaning (lactation d 21). Inasmuch as litters were not culled, it is possible
that reduced pup weights at the 5 ppm TECP level were reflective of a
reduced nutritional status due to the increased survivorship in this study
group. Mean pup weights have been shown to decrease with increasing
litter size. Khera et al. (1989) reported a difference of approximately 5 g
between mean litter weights of dams nursing 10 pups per litter versus 14
pups per litter. This 5-g disparity would account for the entire weight
differential observed in the present study observed through the 21d
lactation period. No other effects on pup weight or weight gain were
observed in other chloropropene-treated groups. Sex distribution ob-
served in this study was judged to have exhibited normal distribution.
Necropsy of pups found dead during lactation and killed on d 21 of
lactation revealed no treatment-related effects.

DISCUSSION

Lethal concentrations of the 1,3-DCP isomer in laboratory animals
can produce lung, liver, and kidney injury (Torkelson and Oyen, 1977).
However, multiple exposures to 1,3-DCP or a DCP-containing mixture at
lower exposure levels have resulted only in slight toxicological effects in
several mammalian species (Highman and Heppel, 1946; Torkelson and
Oyen, 1977; Torkelson and Rowe, 1981). Rats, guinea pigs, rabbits, and
dogs exposed to up to 3 ppm 1,3-DCP for 6 mo exhibited no histopatho-
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logic effects, except for slight, apparently reversible changes in the kid-
neys of male rats at the highest test level (Torkelson and Oyen, 1977).
Subsequent data from the same laboratory (Torkelson and Rowe, 1981)
reported no gross or microscopic changes in either the kidney or liver
(or any other tissue or organ) in mice or rats exposed to 1,3-DCP concen-
trations of 12-93 ppm for 13 wk. More recent data from that facility, using
Fischer 344 rats and B6C3F1 mice, have shown depressed growth rates
and degenerative change of the respiratory tract in animals exposed to
1,3-DCP levels at and above 90 ppm for 13 wk. Hyperplasia of the urinary
bladder epithelium was also observed in female mice.

The results observed in the present comparative study with three
chloropropene derivatives are consistent with subchronic inhalation tox-
icity results previously reported for 1,3-DCP. In the present study, no
specific target organ toxicity was observed with 2,3-DCP, TRCP, or TECP
when administered at atmospheric concentrations up to 15 ppm for 3
mo. Specifically, no changes in organ weights, gross or microscopic pa-
thology, or clinical chemistry findings indicative of a toxicologic effect
were observed in any of the tissues or organs for which toxicologic le-
sions had been reported after high-level acute exposure with 1,3-DCP.
The slight splenic weight increase seen with 2,3-DCP in the present study
is of questionable significance since it was not accompanied by corre-
sponding hematologic or pathologic changes. The fact that this organ
has not been reported as a target site in previous studies or with other
chlorinated propenes in this study supports a contention that this find-
ing is unrelated to exposure.

Findings in the reproductive phase of this study have shown no re-
productive and target tissue (testes) effects similar to that of a haloge-
nated alkane, dibromochloropropane (DBCP). In the case of DBCP, ef-
fects were noted in male germinal tissue that affected male fertility (Rao
et al., 1983). This lack of reproductive target tissue toxicity is consistent
with previous subchronic reports for 1,3-DCP (Torkelson and Oyen, 1977;
Stott et al., 1988). The lack of effects on male fertility observed after
treatment with DCP, TRCP, or TECP is also consistent with results of a
two-generation inhalation reproduction study in rats with the 1,3-DCP
isomer (Breslin et al., 1989). The lower-than-expected mating frequency
seen with DCP-treated females, while not significantly different from
controls, is of possible relationship to treatment in light of the reduced
mating/pregnancy frequencies also seen during the postrecovery period.
Still, no apparent physical aberrations related to treatment were ob-
served at necropsy to resolve this issue. No such effects were apparent
following either TRCP or TECP exposure at either exposure level evalu-
ated.

The results of the present study extend our knowledge regarding the
subchronic toxicologic effects of chlorinated propenes. The lack of sig-
nificant toxicity observed at levels greater than those expected to be
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tolerated because of irritation from occupational exposure thus supports
the present dichloropropene TLV and suggests that this occupational
standard would possess an acceptable margin of safety for TECP and
TRCP as well.
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Wholly Vaporized Unleaded Gasoline
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ABSTRACT

A single lifetime inhalation study of the effects of wholly vaporized unleaded gasoline has been
conducted in the mouse. An elevation of hepatocellular tumors was reported only in {emales and
only at the high treatment level (2056 ppm). Several reports of this study have appeared
previously in the scientific literature, including a comprehensive summary published in this
journal. Different incidence rates were reported for mouse liver tumors in these publications
without explanations of how they were calculated of why they differed. To clarify the data, we
recently examined the final report of the gasoline study, the individual animal data, and slides
prepared from liver tissue collected during the study. The previously reported incidence rates
did not take into consideration all animals at risk for tumor development or all animals with
hepatocellular tumors. Revised incidence rates are presented for hepatocellular tumors in all
mice on study. These rates are approximately 20-25% lower than previously reported.

INTRODUCTION

lifetime inhalation study of the effects of wholly vaporized unleaded gasoline on mice was conducted by the

International Research and Development Corporation (IRDC, 1983) and sponsored by the American
Petroleum Institute. The results of the study indicated that wholly vaporized unleaded gasoline induced a
statistically significant compound-related increase in hepatocellular tumors 1n female mice. No increase was
observed in male mice.

The study was originally reported by MacFarland et ai. in this journal (1984) and elsewhere (1982, 1984), and
it was reviewed extensively by the U.S. Environmental Protection Agency (1987) and other organizations (HEIL,
1985; NESCAUM, 1989). Slightly different incidence figures were presented for mouse liver tumors in the
published reports. The differences couid not be explained on the basis of information presented in the articles and
raised questions about why the published rates differed. The data and the reports in question have been thoroughly
reviewed and the actual liver tumor incidence observed in mice in this study was determined,

IRDC STUDY SUMMARY AND PUBLISHED INCIDENCE DATA

IRDC (1983) conducted a 2-vear study in which groups of 100 male and 100 female B6C3F, mice were exposed
10 0, 67, 292, and 2056 ppm of wholly vaporized unleaded gasoline by whole body inhalation. Interim sacrifices

YICF Kaser Engineers, 1800 Hamson Sureet. 7th Floor, Oakland, CA.
*Pharmaco-LSR. East Millstone, NJ
*Chevron Research & Technology Co , P O Box 4054, Richmond. CA
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were conducted after approximately 3. 6, 12, and 18 months of exposure. Terminal sacrifices were conducted after
103-107 weeks for male muce and 113 weeks for female mice. The incidence rates for liver tumors have been
reported sevéral times, as shown tn Table | (MacFarland, 1982; MacFarland eral., 1984: NESCAUM, 1989; EPA,
1987). Hepatocellular tumors were defined as adenomas and carcinomas in these publications.

LIVER TUMOR INCIDENCE REVIEW

In order to determine the true incidence of liver tumors observed in the study and the reasons why previousty
reported incidence rates vary, the IRDC study history and final report were carefully examined. In addiuon. an
independent histopathological review of liver sections was conducted. Because the original slides could not be
located by IRDC, paraffin blocks contintng liver tssue were obtained from the laboratory, The blocks were recur,
sections were stained with hematoxylin and eosin. and new slides were prepared. .

The cnteria unilized in the histopathological review for the diagnoses of hepatocellular adenoma and carcinoma
were as summarized by Brooks and Roe (1985) and by Popp (1985) for adenomas and carcinomas, respectively.
Briefly. adenomas were sharply demascated and they compressed adjacent liver parenchyma. The eytology of the
cells varied, with cytoplasm that was cosinophilic, basophilic, clear, or vacuolated. Carcinomas were character-
ized by some or all of the following: an increased degree of pleomorphism. greater nuclear/cytoplasmic ratio,
trabecular plates several cells thick, and increased mitotic activity. Some were large with irregular or invasive
growth patterns. '

The review of the IRDC final report indicated that the previously reported incidence rates do not take into
consideration all mice at risk of umor development or all animals with hepatocellular tumors. The first
hepatocellular tumor was observed at the 12.month interim sacnfice and thus all animals alive at that ume should
be considered at nisk for tumer development and should be included in the incidence rates. The rates reported by
MacFariand. NESCAUM, and those used by the EPA for estimating the carcinogenic potency of unleaded gasoline
correspand 1o the incidence of hepatocellular umors in mice that died or were killed dunng the [8-month to
terminal sacnfice penod. Animals that were killed or that died on study prior to |8 months were not included. The

TaBLE 1. PRIMARY HEPATOCELLULAR NEOPLASMS INCIDENCE RATES REPORTED IN MICE

Treatment level

0 ppm 67 ppm 292 ppm 2056 ppm

Female mice
EPA. pages 5-14° 8/57 (14)® 152 (19) 13/57 (23) 28/56 (50)
EPA, pages 3-15¢ 8/100 (8) 10100 (10) 127100 (12) 27/100 (27
MacFartand? /57 (14) 1052 (19) 157 (21) 27156 (48)
NESCAUM® 857 (14) 10/52 (19) 1757 2n 27/56 (48)
Revised incidence’ 879 (10) 13776 (1N S 1UT9 (15) 2978 (37)

Male mice
MacFarland® 23/51 (45) 15/42 (36) 20/44 (45) 24/54 (44)
NESCAUM® 23/51 (45) 15/42 (36) 20/44 (45) 24/54 (44)
Revised-incidence’ 27775 (36) 18/70 (26) 2871 (39) 27771 (3%)

*Incidence used to estimate carcinogenic potency in EPA (1987).

®Percentages are reported in parentheses,

“Incidence reported 1n summary section of EPA (1987).

“Incidences reported in MacFarland (1982, 1984) and MacFarland et al (1984).
“Incidence reported in NESCAL'M (1989)

'Corrected incidence determined from this review.
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summary incidence figures reported for female mice by EPA differ. In this case, the numerators are based on mice
that died during the 18-month to terminal sacrifice period, while the denominators represent the total number of
mice initially started on test, including those that died prior to 12 months. These animais should not be considered
at risk of tumor development and should not be included in the incidence rates.

The study history provides several possible explanations for why the data were reported incorrectly. The
histopathologic evaluation of the study was carried out by several pathologists at different laboratories. Separate
reports for the different sacrifice groups were prepared and reviewed at different times. The preliminary draft
terminal sacrifice report included data for animals that died on study afier the 18-month interim sacrifice along with
the data for animals sacrificed at the end of the experiment. 1t did not include or summarize any data for animals that
died prior to these times. This report was reviewed, discussed, and summarized prior to completion of the final
IRDC report. When the final report was issued for the entire study many months later. the various reviewers did not
go back and incorporate data for animals that died previously.

In addition to problems in tabutating the data, there was a change in the terminology for proliferative liver lesions
used dunng the course of the study that resuited in some mice with hepatocellular tumors being excluded from the
reported incidence rates. The diagnosis of neoplastic nodule was used at the 12- and 18-month interim sacrifices,
but not at other time periods. This term was proposed by Squire and Levitt (1975) to describe proliferative lesions
only in the rat. [t was proposed because of the difficulty in differentiating between hyperplastic and neoplastic
lesions in the rat on morphologic grounds. The term neoplastic nodule is not typicaily used to describe mouse
tumors, but was used for diagnosing lesions in this study for mice at these two interim sacrifices. Animals
diagnosed with neoplastic nodules were not included in the incidence figures reported by MacFariand,
NESCAUM, or EPA.

Lesions diagnosed as neoplastic nodules by the original pathologist were reevaluated as part of this review and
their morphology was found to be consistent with the diagnosis of hepatocellular adenoma. The morphology of
these lesions was also consistent with that of the lesions diagnosed as hepatocellular adenoma at later times in the
study and animals with neoplastic nodules should be included in the tumor incidence figures.

REVISED TUMOR INCIDENCE

Tables 2 and 3 present the total number of animals with hepatocellular tumors by tumor type and for all umor
types combined for female and male mice, respectively. The overall revised incidence rates presented for all
hepatocellular tumors include all animals considered to be at risk for tumor development (i.¢., all animals alive at
12 months) and all animais with primary liver tumors, including those originally diagnosed as neoplastic nodules.

TABLE 2. PRIMARY HEPATOCELLULAR NEQPLASMS IN FEMALE MICE:
NUMBERS OF ANIMALS WITH TUMORS AND REVISED INCIDENCE

Treatment level

0 ppm 67 ppm 292 ppm 2056 ppm

Neoplasuc nodule 0 3 0 ]
Adenoma 1 4 4 8"
Carcinoma 7 6 9 21
Total benign 1 7 4 9
Total benign and malignant

With neoplastic nodules 8 13 12° 29

Without neoplast:c nodules 8 10 12° 28°
Revised incidence 8/79 (10%) 13/76 (17%) 1279 (15%) 29/78 (37%)

*One mouse had an xdenoma during the 18- to 24-month study period.
*One mouse had an :denoma and a carcinoma and is counted only fdr the most advanced lesion.
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TABLE 3. PRIMARY HEPATOCELLULAR NEOPLASMS IN MALE MICE:
NUMBERS OF ANIMALS WITH TUMORS AND REVISED INCIDENCE

4

Treatment leve!

0 ppm 67 ppm 292 ppm 2056 ppm

Neoplastic nodule 4 3 5 2
Adenoma 12 4 5
Carcinoma 12t 14 19* 21
Total benign 16 7 10
Total benign and malignant

With neoplastic nobules raad 184 28 m

Without neoplastic nodules 24 15 2 25°
Revised incidence 27775 (36%) 18/70 (26%) 2871 (39%) 2UTT (35%)

*One mouse had a carcinoma at the 12 month sacrifice (0 ppm) or during the 12- to 183-month period (2056 ppm).
®Three mice had a carcinoma during the 12- to 18-month period.

“One mouse had a neoplastic nodule and a carcinoma and is counted only for the most advanced lesion.

“Three mice had an adenoma and 2 carcinoma and are counted only for the most advanced lesion.

*One mouse had an adenoma and a carcinoma and is counted only for the most advanced lesion.

The revised incidence rate observed in female mice exposed to 2056 ppm wholly vaponzed unleaded gasoline is
approximately 25% lower than previously reported. The revised rate is the result of comecting several
inconsistencies in tabulating and analyzing data from this study. Inherent problems associated with multiple
pathologists conducting the microscopic evaluations further complicated the analysis and sbould be avoided.

The incorrect incidence dara have been used (o characterize the potential risks associated with human exposure
to gasoline by several regulatory groups (EPA, 1987, NESCAUM, 1989). These nsks are based on a
treatment-related effect observed only at the high dose leve) and, therefore, the incidence changes identified in this
dose group could alter the estimated risks. This suggests that these risk assessments thould be reevaluated,

REFERENCES

BROOKS, P.N.. and ROE. F.J C. (1985). Digestive System. T.C. Jones. U. Mohr, and R.D. Hunt teds.). Spnnger-Verlag:
Berlin, pp. 47~51.

HEALTH EFFECTS INSTITUTE. (1985). Gasoline Vapor Exposure and Human Cancer. Evaluation of Existing Scientific
Information and Recommendanions for Future Research. Report of the HEI Health Review Committes.

INTERNATIONAL RESEARCH AND DEVELOPMENT CORPORATION. (1983). Motor Fuel Chyonic Inhalanon Study.
Vols. 1-6. Sponsored by the Amencan Petroleum Institute. Sept 15, 1983,

MacFARLAND, H N. (1982). Chronic gasoline toxicity, in: The Toxicology of Petrolewm Hydrocarbons. Proceedings of a
Symposium. May. 1982. HN MacFarland. C E. Holdsworth, ] A. MacGregor, R.W. Call. and M L Kane (eds.): American
Petroleum Insutute: Washungton, D C.. pp. 78-86.

MacFARLAND, H.N. (1984). Xenobiotic induced kidney lesions: Hydrocarbons The 90-day and 2-year gasoline studies, in:
Advances in Modern Epvironmental Toxicology, Voi. 7, Renal Efects of Petroleum Hyvdrocarbons. M.A. Mehlman, C.P.
Hemstreet, J.J. Thorpe, and N K Weaver (eds.): Pnnceton Scientific Publishers, Inc.: Pn NJ, pp. 5156

" MacFARLAND, H N, ULRICH. C.R.. HOLDSWORTH, C.E., KITCHEN, D.N., HALLIWELL, W H.. and BLUM. 5.C.
(1984). A chronic inhalation study with unleaded gasoline vapor 1. Am. Coll. Toxicol. 3:231-248.

NORTHEAST STATES FOR COORDINATED AIR USE MANAGEMENT (NESCAUM) (1989) Evaluanon of the health
effects from exposure to gasoling and gasoline vapors. Air Toxics Committee.

POPP. J.A (1985) Digesnve System T C Jones, U. Mohr, and R.D. Hunt (eds.): Springer- Verlag: Berhin, pp 3945,

y ’ 198 °

CMA 120145




UNLEADED GASOLINE AND MOUSE LIVER TUMORS

SQUIRE. R.A.. and LEVITT, M.H. (1975). Repon of a workshop in classification of specific hepatoceliular Jesions in rats.
Cancer Res. 35:3214-3223.

U.S ENVIRONMENTAL PROTECTION AGENCY. (1957) Evaluation of the carcinogenicity of unleaded gasolme Office of
Health and Envyr 3 A Washoyon, D.C.. EPA/600V6-87-001.

Address reprint fequests 1o:

Dr. Judith A. MacGregor

Chevron Research and Technology Co.
P.O. Box 4054

Richmond, CA $4304

CMA 120146




THE TOXICOLOGIST

An Official Publication of the Society of Toxicology

and

Abstract Issue of

FUNDAMENTAL AND APPLIED TOXICOLOGY

An Official Journal of the Society of Toxicology
- Published by Academic Press, Inc.

978 | AN INHALATION ONCOGENICITY STUDY IN RATS OF
METHYLETHYLKETOXIME

PE Newton, WL Wooding, W E Rinehart. Pharmaco LSR, East Millstone,
NJ; Industrial Health Foundation, Pittsburgh, PA

Fischer 344 rats (80/sex/group) were exposed 6 hrs/day, 5 days/week for 26
months via whole-body inhalation to MEKO (methylethylketoxime) vapor
concentrations of 0, 15 £ 1 (X + SD), 75 £ 2 and 374 £ 10 ppm. Survivorship
at 26 months (34% in the males; 60% in the females) was unaffected by the
MEKO exposures. Microscopically, MEKO related findings included: conges-
tion of the spleen with pigment in reticuloendothelial cells and extramedullary
hematopoiesis, hepatocellular carcinoma in the male 374 ppm rats, a dose re-
lated increase in hepatoceliular adenomas in the males at 75 and 374 ppm, an
increase incidence of basophilic foci in males and females at 374 ppm (with
increased severity in the males in the 15, 75 and 374 ppm group males and 374
ppm group females). In the nasal turbinates, primarily the dorsal meatus, de-
generation of the olfactory epithelium was seen in both males and females at
374 ppm with less severe findings at 75 and 15 ppm. These changes consisted
of thinning of the olfactory epithelium with some loss of apical cytoplasm and
fewer layers present.

In conclusion, under the conditions of this study, MEKO produced changes
in the olfactory epithelium in all MEKO exposed groups and was a liver onco-
gen in male rats at 75 ppm.

- Abstracts of the
34th Annual Meeting
Vol. 15, No. 1, March 95
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CHRONIC INHALATION STUDY OF COMMEBRCIAL HEXANE
INi MICE. W_D Daughtrzey. Exxon Bicmaedical
Sciences, Inc., Zast Millstone, NJ. J S Duffy.
Texaco, Iag., 3eacon, NY. L 5 Haddock. Unocal
Corp., Los Angeles, CA, D W Kelly. Phillips

. - Petroleum Co., -Bartlesville, OK. T _H Xaeenan.
Aghland Chemizal Co., Columbus, OH. W R
Richter. Phar-aco LSR, Bast Millstone, NJ. ’
R A Rhoden. Azerican Patroleum Institute,
washington, DC.

The oncogenic potential of compmarcial hexane
(CH] was evaluated ia 3.,C,F, mice. The CH tested
ceasigted primarily of six-carbon isomers in
the following liguid volume percents: n-hexane
(52%), mnethyl:zyclecpentana (16%), 3-nmethyl-
pentane (16%), 2-metiylpentana (13%) and
cyclobexane (i%). CH was administered to four
gooups of 50 a—izals per sex for & hours/day,
S days/week f£fzr two years at target coocen-
trations of 0, 900, 3000, and 9000 ppm in air.
There were o sigpificant differences in
gsurvivorship rezweea csatrol aad CH-axposed
groups. Body weight gain was reduced in high-
dese femaleg, Sut not in fenales of the zid-
and low-dose g-oups nor in males, Microscopic
exazination revealed a treatment-related
increase in heratocellular neoplascms (adencmas
and carxcinozmas) iz fezales of tha 9000 ppm
gToup. Thers was alse an increase in the
izcidence of pituitvary proliferative changaes in
all groups of CZ-axposed fenales cozpared to
ceatrols. A deczeass in tha severity and a
slight decreassa in the incidence of cystic
uterine endomeirial hyperplasia were olbserved
in the high-dose fexales. No neoplastic changes
wera found ip CE-exposed males.

Abstracts of the
33rd Annual Meeting
Vol. 14, No. 1, March 1994
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CHRONIC INHALATION STUDY OF COMMBRCIAL HEXANB
IN RATS. D W FKelly. Phillips Petroleum Co.,
Bartlesville, OK. J S Duffy. Texaco, Izec.,
Beacon, NY. L S Haddock. Cacecal Corp., Los
Angeles, CA. W D Daughtrey. Exxoa Biomedical
Sciences, 1Inc.,” East Millstone, NJ. T H
Feenan, Ashland Chemical Co., Columbus, OH.
2_E Newton, tarTiaco LSR, East Millstone, NJ.
R A Rioden. American Petrcleum Institutae,
Waghington, DC. '

Tia oncogenic potential of commercial lhexane
(CH) was evaluated in Piascher 344 rats, The
test sample of CH copsisted prizarily of the
following six-carbon isccers: na-hexaxe (52%),
methyleyelepentaze (16%), 3-maethylpentane
(18%), 2-methylpentana (13%), and cyclohexana
(3%). CH was adoizistered to four groups of 50
anicals per sex for 6 hours/day, 5 days/weak
for two years at target concentrations of 0,
900, 3000, and 3000 ppm in air, There were no
significant differences ia survivorship between
centrol and CH-exposed groups. 3ody weight gain
was significantly reduced iz both males and
feaales froa t:e 3000 amd 9000 ppm groups,
Histological evidenca of nuccesal irritation waa
ocbserved in the zasal turbinates and larynx of
CH-expegsed =ales and ferales. The incidence of
thig finding was gezerally greatest in anizals
rem the 5000 ppa group. No statistically sig-
nificant differezces in overall or individual
tunor incidences between control and exposed
anizals ware cbserved. Thus, lifetine exposures
te CH at levels up to 95000 ppm were not
carcinogenic in Fischer 344 rats.

Abstracts of the
33rd Annual Meeting
Vol. 14, No. 1, March 1994
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INHALATION TOXICITY OF PHOSPHINE IN THE
RAT: ACUTE, SUBCHRONIC, AND DEVELOPMENTAL

Paul E. Newton
Raymond E. Schroeder

Pharmaco-LSR Inc.
East Millstone, New Jersey

Jeremiah B. Sullivan

DEGESCH AMERICA, Inc.
Weyers Cave, Virginia

Wwilliam M. Busey
Deborah A. Banas

Experimental Pathology Labs, Inc.
Herndon, Virginia

Lethality is the primary hazard of phosphine exposures. All phosphine-related effects
seen at sublethal exposure levels were relatively small and completely reversible ej.
ther dunng the exposure or during a recovery period. Acutely, phosphine exposures
were lethal to female Fischer 344 rats at a cumulative concentration-time product of
about 180 ppm-hr if the concentration were greater than 5-7 ppm. For daily 6-hr expo-
sures, the median lethal times were 3 days at 10 ppm and 4 days at 7.5 ppm. Thirteen
daily 6-hr exposures to 5 ppm were not lethal. Decreased erythrocytes, lung conges-
ton, and increased kidney weights with coagulative necrosis of the tubular epithe-
liumn in the outer cortex were seen in the 10 ppm rats only. The effects were more
severe in females than in males. Subchronic exposures to 0.37, 1, or 3.1 ppm of phos-
phune were conducted. Ten ammals per sex per group were sacrificed arter 4 and 13
weeks of exposure and 4 weeks of recovery. These exposure produced a dose-related
decrease in body weight gain at 1 and 3 ppm. Food consumption was decreased at 1
and 3 ppm and transiently in the 0.37 ppm group. Five percent decreases in erythro-
cvres, hemoglobin, and hematocrit were seen in the 3 ppm group after 13 weeks of
exposure. All effects seen in the subchronic study were completely reversible either
dunng the 13-week exposure or the 4week recovery period. Exposure of pregnant
CD® rats (24 per group) 10 0.03, 0.33, 2.8, or 4.9 ppm of phosphine for 6 hriday over the
davs 6-15 gestation interval was not maternally or developmentally toxc

This research was supported by the Metal Phosphide Task Force. The authors gratefully ac-
knowledge the technical assistance of Doris Bowden, Ellen Whiting, Brian Pillshbury, and Albert

Couchman.
Requests for reprints should be sent to Dr. Paul E. Newton, Bio/Dynamics, Inc., Box 2360, East

Millstone, N} 08875-2360.
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INTRODUCTION

Phosphine, or hydrogen phosphide (CAS: 7803-51-2), is a highly toxic
colorless gas. Phosphine is flammable, explosive in air, and can
autoignite at room temperature. Because of impurities, the technical
product has a disagreeable garlic-like or fishy odor.

Phosphine has several different industrial uses. Aluminum or magne-
sium phosphides are used as fumigants because pellets of these pow-
ders can be rapidly hydrolyzed to phosphine in moist conditions. Zinc
phosphide is used as a rodenticide. Phosphine is also used in the synthe-
sis of organophosphines and as a dopant in semiconductor production.

Mary studies have reported the toxicity of phosphine in both hu-
mang§ and animals. Studies have been reported on this highly toxic gas as
early as 1829 (Klimmer, 1969). However, the toxicity of phosphine, and in
particular the low-level subchronic or chronic toxicity of phosphine, re-
mains unclear. Divergent opinions about the observed effects, exposure
levels that produce effects, and the mechanism of action are partially
attributable to flaws in earlier experimental designs. These problems in-
cluded insufficient numbers of animals, the purity of the test material,
and the use of estimated or nominal exposure levels.

The high toxicity of phosphine has resulted in low permissible expo-
sure levels. The current threshold limit value (TLV) for phosphine estab-
lished by the American Conference of Governmental Industrial Hygien-
ists (ACGIH) is 0.3 ppm. The ACGIH has also established a short-term
exposure level (STEL) of 1 ppm for exposures time-weighted over any 15-
min period. However, a recent occupational exposure survey reported
that during phosphine fumigation, worker exposure levels frequently ex-
ceed this STEL (Zaebst et al., 1989).

To characterize the inhalation toxicity of phosphine, a series of stud-
ies was conducted. The results of an acute, subchronic, and develop-
mental toxicity study are reported here. ‘

MATERIALS AND METHODS
Exposure Levels

For the single 6-hr acute exposures, 0, 2.5, 5, and 10 ppm were se-
lected based on a published 4-hr LC,, of 10 ppm (Waritz and Brown, 1965,
Muthu et al.. 1980). Fifteen animals per sex per group were exposed, with
5 per sex per group scheduled for sacrifice after the exposure and 10 per
sex per group after a 2-week observation period. Based on both minimal
effects seen in the acute exposure results and reports in the literature,
which indicated that exposures to 3 ppm would be tolerable for a 13-
week study, the subchronic exposure levels were set at 0, 0.3, 1, and 3
ppm. Thirty animals per sex per group were exposed with scheduled
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sacrifices of 10 animals per sex per group after 4 and 13 weeks of expo-
sure and 4 weeks of recovery. However, because there was no erfect seen
©in the interim sacrifice group after 4 weeks of exposure, concern was
raised over whether the high exposure level was close to a maximum
tolerated dose for the 13-week study. Therefore, satellite groups of 10
animals per sex per group were added at target concentrations of 0 and
10 ppm. Four of 10 females died after the third exposure. As a result, the
10 ppm exposures were stopped and satellite groups at target concentra-
tions of 0 and 5 ppm were added. All of these animals survived until the
scheduled sacrifice 13 days later. For the subsequent developmental
study, 24 pregnant females per group were exposed to target concentra-
tions of 0; 0.03, 0.3, 3, 5, or 7.5 ppm. Because of deaths at the high
exposure level, this group was terminated. .

Test Material

In order not to exceed the lower explosive limit during exposure
atmosphere generation, the phosphine was supplied as 1% in nitrogen
(AIRCO, Riverton, NJ). Impurities identified in the phosphine used to
generate the 1% phosphine in nitrogen mixture were as follows (PPM):
nitrogen (0.72), oxygen and argon (0.22), carbon monoxide and dioxide
(3.61), arsine (<2), total hydrocarbons (<0.5), other phosphines (< 50),
and moisture (0.6). Chemical similarity of the phosphine in the test cylin-
der with phosphine generated from a metal phosphide was confirmed
by gas chromatography.

Exposure System

All exposures were conducted for 6 hr/day in 10,000-L chambers. The
stainless steel and glass chambers (Harford Metal Products, inc.. Aber-
deen, MD) had pyramidal tops and bottoms. Chamber airflow entered
tangentially into the turret at the top of the chambers to facilitate mixing.
The chambers were operated dynamically at flow rates of 2000 Umin.
This provided one complete air change every 12 min and a 99% equilibra-
tion time of 23 min. All chambers were operated at a slight negative
pressure (—0.5 cm H,0O) relative to the surrounding area. Chamber air-
flow, temperature, and relative humidity were recorded hourly during
the exposures. In the subchronic study, each test animal’s location was
rotated on a daily basis throughout the chamber.

For the exposures, the 1% phosphine in nitrogen mixture was deliv-
ered to the chambers from the cylinder through a stainless steel regula-
tor equipped with a vent and purge valve. The flow of the mixture to
each chamber was monitored by a digital mass flowmeter (Sierra Instru-
ments Inc., Monterey, CA). The animals remained in the chambers for 30
min following each exposure. During this time the chamber was cleared
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using room air at the same airflow rate used during the exposure. Con-
trol animals were subjected to the same procedures as the test-exposed
animals, except that they were exposed to clean air only during the 6-h
in-chamber period. As a safety precaution, from the time the phosphine
ovlinder was opened until it was closed and the chambers flushed out,
all technicians wore fresh-air-supplied positive-pressure suits.

Exposure Atmosphere Analysis

Samples for GC determination of the phosphine exposure levels
were withdrawn hourly through a septum in a line being flushed with
chamber air from the breathing zone of the animals. Analvses were per-
formed on a Hewlett-Packard model 5890A GC/NPD. 100/120 Chromo-
sorb 102 packing was used in a 6-ft x 2 mm ID glass column. The nitro-
gen carrier gas flow rate was 20 ml/min. The air and hydrogen detector
gas pressures were 50 and 20 psi, respectively. The temperature settings
of the GC were injector 150°C, detector 300°C, and column 120°C. Each
dav the GC was calibrated before exposure initiation and checked after
each series of hourly measurements using certified gas standards
{AIRCO, Riverton, NJ).

Animals

Male and female Fischer 344 rats, 4 weeks of age at receipt, were
ottained from Charles River Breeding Laboratory (Kingston, NY) and
used for the acute and subchronic studies. Sprague-Dawlev derived CD*
rats. 6 weeks of age at receipt, were obtained from the Portage, Michigan
fac:lity of this supplier and used for the developmental toxicity study.
The animals were acclimated for at least 12 days during which time they
were examined by a veterinarian. Animals were doubly housed in ele-
vated, stainiess steel, wire mesh cages during the first week of acclima-
ticn and were individually housed thereafter. Tap water (via automatic
watering svstem) and Purina Laboratory Chow (Raiston Purina Co., St.
Louis, MO) were provided ad libitum except during the actual exposures.
The no. 5001 diet was used for the acute and subchronic studies and no.
5002 diet was used for the developmental toxicity studv. The animals
were maintained on a 12:12 hr light/dark cycle. The environment in the
animal’s quarters was maintained at 68-74°F and 40-60% relative humid-
it 0 the maximum extent possible. The animals were individually ear-
tagged for identification and randomly sorted for equal body weights
among ail the exposure groups. To provide mated animals for the devel-
opmental toxicity study, females were cohoused nightly with males (1:1)
of the same strain from an in-house breeding colony. Females were ob-
se~ved each morning for evidence of a vaginal plug and'or microscopic
obsenations of sperm in the vaginal rinse. The day evidence of mating
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was seen was identified as day zero of gestation. Females were at least 9
weeks of age at initiation of mating (186-281 g).

Clinical Laboratory Tests

In the subchronic study, hematological and clinical chemistry indices
were evaluated after 4 and 13 weeks of exposure and after a +week
recovery period. Blood samples were obtained from fasted rats via veni-
puncture of the orbital sinus under light ethyl ether anesthesia. Hemato-
logical indices including hemoglobin, hematocrit, erythrocyte count,
mean corpuscular hemoglobin, mean corpuscular volume, mean corpus-
cular hemoglobin concentration, and total leukocyte count were deter-
mined on an ELT-8 Hematology Analyzer (Ortho Diagnostic Systems,
Westwood, MA). Differential leukocyte counts and erythrocyte morphol-
ogy were determined manually. Serum biochemical evaluations includ-
ing aspartate aminotransferase, alanine aminotransferase, alkaline phos-
phatase, blood urea nitrogen (BUN), fasting glucose, total protein,
albumin, and chioride were determined using a CentrifiChem System
500 (Union Carbide, Rye, NY). Sodium and potassion determinations
were performed using an Electrolyte E2A Analyzer (Beckman Instru-
ments, Brea, CA).

Animal Observations

In both the acute and subchronic studies, animals were observed
during each exposure for viability and overt signs of toxicity. Detailed
observations were conducted weekly. In the subchronic studv, body
weights and food consumption were measured twice pretest and weekly
thereafter. Fasting body weights were measured at termination. Ophthal-
moscopic examinations were performed on all animals pretest and on
the day before their scheduled sacrifice. In the developmental toxicity
study, each animal was given a detailed physical examination on days 0,
6-15, and 20 of gestation. Body weights were recorded on davs 0, 6, 10,
12, 16, and 20 of gestation. Food consumptions were recorded over the
day 0-6, 6-10. 10-16, and 16-20 gestation intervals.

Gross Necropsy and Histopathology

In the acute and subchronic studies, complete gross postmortem ex-
aminations were performed on all animals. The external surface. all ori-
fices, the cranial cavity, carcass, the external and sectioned surfaces of
the brain and spinal cord, nasal cavity and paranasal sinuses, the tho-
racic, abdominal, and pelvic cavities and their viscera, and the cervical
tissues and organs were examined. The following tissues were preserved
in neutral burtered 10% formalin and following routine processing and
hematcxylin-eosin staining were examined microscopicallv: adrenal
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gland, aorta, sternum, brain, esophagus, eyes, heart, cecum, c¢olon, duo-
cenum. ileum, jejunum, kidneys, liver, right lung lobes, lymph nodes,
mammary gland, larynx, nasal turbinates, nerve, ovaries, pancreas, pitui-
tary, prostate salivary glands, seminal vesicles, skin, spinal cord, spleen,
stomach, testes with epididymides, thymus, thyroid/parathyroid glands,
trachea. urinary bladder, uterus, vagina, and any tissues with gross le-
sions,

Maternal Evaluations (Developmental Toxicity Study)

On day 20 of gestation, all surviving dams were sacrificed by exsan-
guination under ethyl ether anesthesia. Immediately following sacrifice,
the ovaries and uterus were excised intact and weighed. Along with re-
cording the number of corpora lutea on each. ovary, the numbers and
reiative locations of live and dead fetuses, early and late resorptions were
recorded for each uterine horn. If no uterine implants were grossly ap-
parent, the uterus was stained with ammonium sulfide (Salewski, 1964).
\When “oci were visualized following staining, the females were consid-
ered pregnant in the calculation of the pregnancy rate; however, the
number of foci was not included in the calculation of uterine implanta-
uen das.

Fetal Evaluations

Each fetus was individually identified, weighed, sexed, and examined
for external malformations/variations to include observation for palatal
cerects. Approximately one half of the fetuses in each litter were evalu-
ated for visceral malformations/variations using a microdissection proce-
cure similar to that described by Staples (1974. The heads of these fe-
tuses were fixed in Bouin’s solution and processed for evaluation using a
razor biade sectioning technique. The remaining fetuses in each litter
were processed for staining of the ossified skeletal structures with al-
izarin red S. These fetuses were then evaluated for skeletal malforma-
tons ard ossification variations. Fetal visceral and skeletal evaluations
were performed under a dissecting microscope.

Statistical Analyses

Stat:stical evaluation of equality of means was made by the appropri-
ate one-way analysis of variance (ANOVA) technique, followed by a multi-
pie comparison procedure if needed. First Bartlett's test was performed
to determine if groups had equal variance. If the variances were equal,
paramerric procedures were used; if not, nonparametric procedures
were used. The parametric procedures were the standard one-way
ANOVA using the F distribution to assess significance. If significant dif-
ferences among the means were indicated, Dunnett's test was used to
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determine which means were significantly different from the control. If a
nonparametric procedure for testing equality of means was needed, the
Kruskal-Wallis test was used. If differences were indicated, a summed
rank test (Dunn) was used to determine which treatments differ from
control.

: A statistical test for trend in the dose levels was also performed. In
the parametric case, standard regression techniques with a test for trend
and lack of fit were used. In the nonparametric case, Jonckheere’s test
for monotonic trend was used.

Statistical analysis of incidence data was performed using contin-
gency tables. First, a standard x* analysis was performed to determine if
the proportion of incidences differed between the groups tested. In
keeping with standard statistical practice, if any one-ceﬁ had an expected
value of less than 5, this step was not reported. Second, each treatment
group was compared to the control group using a 2 X 2 Fisher exact test;
the significance level was corrected via the Bonferroni inequality to as-
sure an overall test of the stated significance level. Third, Armitage’s test
for linear trend in the dosage groups was performed. All ratios were
transformed via the arc sine transformation prior.to analysis.

The test for equal variance (Bartlett’s) was conducted at the 1% two-
sided risk level. All other statistical tests were conducted at the 5% and
1%, two-sided risk levels.

RESULTS

Acute Exposures

Single acute 6-hr exposures to 0, 2.4, 4.9, and 10 ppm were con-
ducted. All animals survived these exposures. During the exposures, a
few animals showed red or mucoidal nasal discharge. During the 14-day
recovery period, these observations abated. There was no effect on body
weight. Gross postmortem and microscopic examinations revealed no
treatment-related findings.

Subchronic Exposures

The exposure concentration results for the subchronic study (Table 1)
show excellent agreement between the target, analytical, and nominal
results. Distribution measurements performed throughout the exposure
chambers showed no significant gradient. Aerosol measurements
showed similar particle size and concentration among all the groups (in-
cluding control), indicating that there was no measurable test substance
present as an aerosol. Temperature and relative humidity levels were
acceptable.
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Table 1. Target, Anaivtical, and Nominal Exposure Levels (mean £ 50) During the Subchronic
and Deveopmental inhalation Toxicity Studies of Phosphine

Target level Number Anaivtical leve Nominal level
Croup (ppm) exposures (ppm) (ppm)

Subchrors

| 0
1l 03
i 1.0
% 1.0
Vi 0
vi 10
vIP _ 0
vi® 3.0
Developrental

1 0 0 0

] 0.03 0.03 £ 0.01 0.03 £ 0.01
] 03 033 £ 0.07 0.30 £ 0.02
v 3 2306 27 0.1
v 3 49 £ 0.6 46 £ 02
Vi T3 T0+09 68 £ 0.7

1] -

837 £ 0.38 0.35 % 0.05
10 024 0.99 = 0.11
11£10 33+ 0.6

[1] -—
10 £ 0.7 9.1 £ 0.7
0 —
51%06 51%12

GEGH

- ek
W W

*Satelliza grouo. started midstudy and terminated after 3 cavs of exposure due to excessive
mortalit.

Satellize group. started arter termination of the 10 ppm group and sacrificed with groups -1V
animals.

Morality As described earlier, 4 of 10 females died after 3 days of
exposure to 10 ppm of phosphine. This resulted in the premature termi-
nation of that group. The concentration-time product (C x T) that pro-
duced ceath was 180 ppm-hr. Females were more sensitive than males to
the lethal effect of phosphine in this study.

Phyvsical Observations Weekly detailed physical observations
showec only sporadic effects or effects that were seen equally in all
groups. There was no indication of any exposure-related efrects. There
was no indication of any compound-related ocular disease.

Bocv Weight and Food Consumption There was a statistically signif-
icant decrease in body weight gains in both the males and females at 1
ppm and higher (Fig. 1 and 2). However, these bodv weight effects dif-
tered between the sexes. In the males, the decrease in body weight was
not statisticallv significant until the last 2 weeks of exposure. The body
weights then recovered toward control weights after termination of the
exposures. In the females, the body weights were transiently decreased
during only the first few weeks of exposure. The difference in the weight
gained during the first 3 weeks between the control and phosphine-
exposed females showed a dose-related decrease and is presented in
Table 2. After the initial decrease, there was recovery.

The significant decrease in body weight was associated with the sig-
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nificantly decreased food consumption seen in both males and females
(Figs. 3 and 4). The food consumption effect was more prolonged than
the body weight effect and also transiently included the 0.37 ppm group.
However, the food consumption effect was also reversible either during
the exposures or the recovery period.

Hematology No hematological effects were seen in the females. The
males had a 5% statistically significant increase in platelets in the 3.1 ppm
group after 4 weeks of exposure. The males also had a 5% statistically
significant decrease in hemoglobin, hematocrit, and erythrocyte counts
in the 3.1 ppm group after 13 weeks of exposure. These erythrocyte
effects appear to be exposure-related as the satellite 10 ppm group, sacri-
ficed after 3 days due to high mortality, also showed decreased erythro-
cyte counts. The 5.1 ppm group in this study did not show any effects
possibly because they only had 13 days of exposure prior to sacrifice.
The observed hematological effects were reversible. After a 4-week re-
covery period all parameters were normal.

Clinical Chemistry The males also showed a few changes in the clin-
ical chemistry parameters. Increased BUN levels were seen after 4 weeks
at 3.1 ppm (13%), after 3 weeks at 5.1 ppm (32%), and after 3 days at 10

GRAMS

PPM
+ 8.37 PPM
x 1.0 PPM ||
o 3.1 PPM |]

' i I

BODY WEIGHT,

1
7 T T .
PR S SRR S SR VUURY SR SN S L]
- RETOVERY -

=] i2 15 is

WEEK

FIGURE 1. Body weght gain of male Fischer 344 rats during a 13-week inhalation toxicity study of
phosphine followed by a 4week recovery period.
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FIGURE 2. Body weight gain of female Fischer 344 rats during a 13-week inhalation toxicity study
of phosphine followed by a 4week recovery period.

ppm (23%). Therefore, these appear to be exposure-related. However,

this effect was transient as BUN was not elevated at 3.1 ppm after 13

weeks. A 17% increase in alkaline phosphatase was also seen in the 10

ppm group. The only other change that was possibly exposure-related

was a decreased serum %lutamic pyruvic transaminase (SGPT) seen in the
a

3.1 ppm males and females after 13 weeks of exposure. However, there is
"no known toxicological significance for a decreased SGPT and the effect
may have been produced by two unusually high control animal values.

Tabie 2. Percent Difference in Body Weight Gain Between Control and Exposed ~emales During
a Subchronic Inhalation Toxicity Study of Phosphine

Exposure level .
(ppm) Week 1 Week 2

0.37 -1.8 -18
1.0 —4.1* -14
31 —3.6* —4.83"
5.1 -25 —8.1*"

First recovery week. *p < .05; **p < .01.
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) PPM
9.37 PPM
1.8 FPPM
3.1 PPM

G/KG/OAY

FOOD CONSUMPTION,

FIGURE 3. Food consumption of male Fischer 344 rats during a 13-week inhalation toxicity study of
phosphine followed by a 4-week recovery period.

Other changes occurred sporadically and were not consistent over sex or
time.

Terminal Organ and Body Weights and Organ/Body Weight
Ratios Significant changes in absolute or relative kidney and liver
weights occurred. The 12% increase in kidney weights in the 10 ppm
satellite group correlated with the observed microscopic changes. There
were also exposure-related, but not dose-related, decreases in male liver
weights and ratios in the 0.37, 1, 3.1, and 10 ppm groups. The toxicologi-
cal significance of decreased liver weights is unclear. '

Pathology Gross postmortem observations were random except for
an increased incidence of small seminal vesicles that were observed in
the 1and 3.1 ppm groups (6/10 and 5/10) after 13 weeks but not after the
4-week recovery period. This finding may be related to the test substance
bult because of a lack of a microscopic correlate its significance is equivo-
cal.

Microscopically, treatment-related lesions occurred in the kidneys of
animals of both sexes exposed at 10 ppm and consisted of coagulative
necrosis of the tubular epithelium of tubules in the outer cortex, pre-
sumably the proximal ccnvoluted tubules. These lesions were more se-
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MALES
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FIGURE 4. Food consumption of female Fischer 344 rats during a 13-week inhalation toxicity study
of phosphine followed by a 4week recovery period.

vere in females than males. Renal lesions were not noted in animals
receiving 3.1 or 3.1 ppm of phosphine under the conditions of this study.
Congestion was noted in the lungs of the female animals receiving 10
ppm of phosphine and dying during the study.

Following a 4-week recovery period, no treatment-related lesions
were noted in any of the tissues examined from animals exposed to 3.1,
5.1, or 10 ppm phosphine. Spontaneous disease lesions and incidental
findings were of the usual number and type commonly seen in Fischer
344 rats. They were essentially comparable between control- and treated
animals.

Developmental Toxicity—Maternal Parameters

Mortality Rates Exposure concentrations for the developmental
study are presented in Table 1. No mortality occurred in the control or in
the 0.03, 0.33, 2.8, or 4.9 ppm exposure groups. In the 7.0 ppm exposure
group, the first 14 females treated died after 3-10 days of exposure (days
8-15 of gestation). Due to this mortality, this group was terminated.

Pregnancy Rates Pregnancy rates for the 0.03, 0.33, 2.8, and 4.9 ppm
groups were comparable to control (Table 3).
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Body Weight and Food Consumption No adverse effect of treat-
ment at an exposure level to 4.9 ppm was evident from body weights or
weight change data over the gestation period (Table 3). Likewise, food
consumption data throughout gestation were not adversely affected by
treatment to the 4.9 ppm exposure level (Table 3).

Physical Observations No adverse effect of treatment with phos-
phine at an exposure level t0 49 ppm was evident from the detailed
physical evaluations. Even at the 7.0 ppm exposure level, which was ter-
minated early due to increased mortality, no adverse effect of treatment
was evident from physical observation data.

Uterine _Implantation Data No adverse effect of treatment with
phosphine. at an exposure level to 4.9 ppm was evident from uterine
implantation data (Table 3). In the low-exposure group (0.03 ppm) the
mean number of resorption sites, the mean resorption/implant ratio, and
the incidence of females with resorptions were higher than control and
these differences were statistically significant. The reason for this in-
crease in resorption data at the 0.03 ppm exposure level was unclear;
however, in the absence of similar responses in resorption data at the
higher exposure levels evaluated, no adverse effect of treatment was
indicated.

Gross Postmortem Evaluations No adverse effect of treatment up to
an exposure level of 4.9 ppm was evident from the maternal gross post-
mortem examinations. Discoloration (reddening) of the lungs and liver
was observed in some of the animals that died at the 7.0 ppm exposure
level. This was not considered unusual in animals that die and are not
exsanguinated before postmortem examination.

Developmental Toxicity—Fetal Parameters

Weight and Sex Distribution Data Mean fetal weights and the ratio
of male/female fetuses per group for the phosphine-treated groups were
comparable to that of control.

Malformation/Variation Data No adverse effect of treatment with
phosphine to an exposure level of 4.9 ppm was evident from the fetal
external, visceral, or skeletal evaluations (Tables 4 and 3). In the
phosphine-treated groups, low incidences of malformations/variations
on a per-fetus and per-litter basis were seen among all group. However,
these data did not differ statistically from the control data and, due to the
lack of similarity in the types of malformations seen among the
phosphine-treated groups, no adverse effect of treatment was indicated.

DISCUSSION

Lethality was the primary hazard of phosphine exposure (7.0 ppm
and above). The C x T product of 180 ppm-hr is similar to the results of
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Klimmer (1969) who found a C x T product of 213-hr for male Wistar rats.
Klimmer also found similar C x T products for cats, guinea pigs, rabbits,
turkeys, and chickens. This similar interspecies C X T product may also
hold for humans as Flury (cited in Klimmer, 1969) indicated that a single
inhalation of 5~10 min duration should be lethal to humans at 1000 ppm
(83-166 ppm-hr).

Tabie 3. Maternal Body Weight and Food Consumption Data, Uterine Implantation Data, and
Fetal Weight Data in Rats Exposed Prenatally to Phosphine

Exposure groups (actual levels, ppm)

it n v
Data 0-03) 0.33) 23

No. females: -
Mated 24 24 24 ' 24 24
Pregnant 2 (9.7%)  21(875%)  24(100%) 23 (95.3%) 23 (95.8%)
Maternal body weight data (g):

Gestation day (GD) 0 LA 17* 36 x5 236 £ 19 236 £ 18
GD 20 (actual) 360 + 21 361 =21 360 + 20 368 £ 25
GD 20 \corrected)® 83+16 288%18 287+ 18 290 x 21

Weight gain (g)

GD 616 4 =7 4“4 =8 4“4 =2 43 £+ 15
GD 6=-20° 20 £ 11 21+9 25+18 23+9
Maternal food consumption
(@/kg/dav):
GD 0-6 84 = 19* 8 = 13 8121
CD 610 748 72%6 75EN
GD 10-16 785 79%6 80 £ 12
CD 16-20 83 =6 86 =9 85 +8
Per pregnant female:
Corpora lutea (CL) 160 x20* 16319 160=x20 9 =25 16123
Implants (1) 15420 15718 147 %24 0= 154 £ 23
Preimplant loss index
(CL-LCL 0.04 £ 0.05 0.04 =006 0.08x013 005 =011 004 £ 0.07
Live fetuses 14921 141216 140£23 142 =27 47 =26
Resorptions (R) 0.5 %£09 16=12* 0710 09=09 07=x=10
R/I ratio 0.04 £ 0.05 0.10 = 0.07* 0.05 £ 0.07 0.06 = 0.06 0.05 £ 0.07
Litters with one or more
resporption (%) 8 (36.4%) 16* (76.2%) 9(37.5%) 14 (60.9%) 10(43.5%)
Fetal weights ()
Males ‘M) 3.30 £ 0.23* 3.28 £ 031 3.31 £ 0.17 3.35 = 025 3.30 £ 0.21
Femaies (F) 320£ 021 311 £022 322 %2019 320 = 0.2 3.3 £ 022
Both sexes 3242021 318 %025 325%0.17 328 = 023 3.2 £0.20
Ratio or totai M/F:
Fetuses 1.0 0.9 11 1.1 1.0

(™)

89 + 22
69 £ 10
84 + 18
91 = 8+

(I}
e

@

Mean = standard deviation,

*Corrected day 20 gestation body weight = actual day 20 gestation weight - the weight of
gravid uterus.

p = .05 **p s .00
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Table 4, Summary oi Malformation Data in an Inhalation Developmental Toxicity Study of
Phosphine n Rats

Exposure group (actual levels, ppm)

t i 1 v \%
Daa ) (0.03) 0.23) (2.8) (4.9)

No. tetuses Tmters) svaluated:
External 3@y MWQN  3135Q4H 326D 338(23)
Viscera 161 (21) 151(21) 174 24 167 23) 175 (23)
Skelemi 158(22) 146(21) 163024 1592 163 (23

No. fetuses (litters) affected

External exarunatior: )
Filamertous tail 00 ®*m o 0
Micrognamia anc small tongue 00 00 a0
Edematous with zurly tail 0O 0 0 0O

Visceral exa.natiore
sticropmr=almia 0 19 0 "M
Distercez lateral ventricies of brain 0O LG} 00 o
Foldec *a=na 0 10 oo o(m
Clent zuae 0 0(0 o 1% (1)
Persiste~: Tuncus arteriosus 0 00 om o
Abserca 2 ductus arteriosus 0(0) 0(0) oo oM
\VSD 0 0 [ R(V)] 00

Skelatal exa— nations:
Abserce zt vertearae (L, 5, O 0 *m 0o 0
Carvicas =3 0 00 1T 0
Crania cne derects 00 0O 1 0o
\ertetra, zefects alone) 0 [LX()] 0 1(1
\ertebra. b defacts 0 (0) 0 0 1M
3L verec-ae 0 00 0 1

Total %) feruses affected’ )
Exterra —aiformatons 0 110.3) 103 00
\iscers, —alformations 0(0) 1013 0O 1(0.6
Sxelew —aiformanons 0 140.7) 2(12 319
Totai %) ime=s affecsed'
Exterra —aiformations 0(0) 1(4.8) 142 0@
\isceru —aiformations 0(0) 219.5) 0w 1(4.3)
Skelera —alformations 0(0) 1(4.8) 283 3(13.0

isame rerus aving multiple malformations.

BSame ren.s taving multiple malformations.

‘Same 7em.s naving multiple malformations.

dSame ‘e~ 7aving multiple maiformations.

“Same terus qaving multiple malformations.

"o stat suezlv sigeificant differences in comparison o control data.

V8D, ve~r=~cular setal defect; L, lumbar region; §, sacral region; C, caudal region.

CMA 120164




P. E NEWTON ET AL

Table 5. Summary of Vanation Data in an inhalation Developmental Toxicity Study of Phosphine
in Rats

Exposure group (actual levels, ppm)

| ] 1 v \Y
()] 0.03 (0.33) a8 (4.9)

No. fetuses (litters) affected

External examination:
Shiny appearance 0O 1 1m 0 0@
Visceral examination:
Absence of innominate artery (aortic arch) 00 om 0O (1 0 (0
Uretars tortuous 403 oM 2 2(2) 2(n
Ureters distended 0(0) 0@ T(m 0(0 0
Skeletal examination®;
Cranial bones: ’
Interparietal | 29 (14) 79, 19010 7 (13) 28 (15)
Supraoccipital | 32014 29(13 9 A0 27(13)
Hyoid U 28 (10) 160 140 21(13)  19(10)
Parietal | 5@ 2(n 1 4(2) 1(1)
Vertebral observations:
Cr TP-I 54) 120 12 (8) 8(5) 16 (9)
Th C-l 2010 25013 1900 23074 21(13)
S TP 3006 29000 13¢10 2011 27 (14)
C TPl 65200 S0(1A  43(1D 381150 512D
CTP-U 130 1560 2@ 12(6) 14D
Stermebra
#2h | 12 (6) 16 8 (6) 6(3) 54
SthU 5918 S54(¢1%  S0(1N  31(15) 61(22)
6th U 7(5 133 12 (&) 64 1901
Ribs 1st L rud : 2(2 in S5 4(4) 2(2)

Total 1%) fetuses with variations?
External 0 103 1(0.3) 0(0) 0(0)
Visceral 4(2.5) o 20 2001 201D
Sketeral 115 (72.8) 112 (76.0 112 (68.7) 104 (65.4) 115 (70.6)
Total (%) litters containing affected fetuses®
External 0 148 14D 0 0@
Visceral 3(14.3) () 283 2:8.7) 1(4.3)
Skeletal 22(100) 2101000 23(1000 22195.7) 22(95.7)

“This is not a presentation of all ossification variation data seen during the study but summarizes
those variations seen with greatest frequency among the control and/or treated group fetuses.

®No statistically significant differences relative to control.

1, incompletely ossified; U, unossified; Cr, cervical; Th, thoracic; L, lumbar: §, sacral; C, caudal;
TP, transverse process(es); C, centrum; Rud, rudimentary structures).
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The results from this study also confirm Klimmer’s conclusion that a
threshold or nonlinear lethality effect exists. If Haber’s law of
C x T = constant were true, the 5.1 ppm group should have died after
approximately six 6-hr exposures. Instead, all animals in the 5.1 ppm
group survived and were unremarkable at the scheduled sacrifice after
13 days of exposure. In the developmental study, 7.0 ppm was fatal to
pregnant rats after 3-10 days of exposure. The median time to death, 4
days, also gives a C x T product of approximately 180 ppm-hr. Therefore
the lethality threshold for repeated daily 6-hr exposures to phosphine is
5.1-7.0 ppm.

All other phosphine-related effects seen at sublethal exposure levels
were relatively small and completely reversible. This included the effect
on body weight gain, as also previously reported by Waritz and Brown
{1975), and hematological effects, as also previously reported by Klimmer
“1969) and Muller (1940). The congestion seen in the lungs and kidneys of
animais that died was also similar to that previously reported in major
organs by Muller (1940) and in the lungs by Muthu et al. (1980).

The results of this study indicate lethality to be the primary hazard
from phosphine exposures. The current TLV of 0.3 ppm gives a safety
factor of approximately 20.
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INHALATION TERATOLOGY STUDIES ON CYCLOHEXANONE
Raymond E. Schroeder, M.S.,* and Elton R. Homan, Ph.D.**

This inhalation teratolegy study of eyclohexanone was undertzken pursuant to g
negotiated testing agreemen: with the Environmental Protection Agency and was
performed by Bio/Dynamics Incorpcrated. The study was conducted in rats and mice,
Findings with respect to rats ere besed on the draft report, Results of the mouse study
are currently incompletely eveluated and only qualitative results will be presented at
this time.

Slide 1

Cyclohexanone weas provides by Allied Corporation and weas sudjected to
"appropriate analytical and stedility aveluation. Vapor was generated using 2  Laskin
generator and diluted with precenditioned room air., Chamber concentrations of
cyciohexanone vapor were mcnitors¢ hourly by infrared absorption.

Experimental animals were ‘emale Sprague-Dawley derive¢c CD rats from
Charles River Breeding Leborziories. This strain was chosen on the basis of previous
experience, the existence of & broec data base and known sensitivity to acetylsalieylie
acid, a known rat teratogen. The lemeles were 69 days of age upcn receipt and 83
days old at first mating to prcven =zles, two females to one male. Successiul mating
was determined Dy vaginel smz2ars. Microscopic finding of sperm per=itted definition
of Day 0 of gestation. TFemeles wzre sacrificed on Day 20 of gests:ion.

Females were expose to cvclohexanone vapor on gestaticnal Days 6-19,
inelusive, for six hours/day. Ccncerzations of 0, 300, 630 and 1400 som wese selected
besed on previous experiments

Animals were weighed cn Dey 0, 6, 15 and 20. Animals were exarined twice
daily for mortality and gress signs of :cxicolegic or pharmacologic effeet anc subjected
to detailed physicel examinaticn cn Days 0, 6, 10, 15 and 20, Early ir the study,
following observations of iethergy, rcutine eveluation of startle respcnse wss injtiated
while animals were in the chambers before, during and after exgesure three times
weekly,

Following sacrifice by lethel exposure to diethyl ether vepor on Dey 20, all
femeles were subjected tc a ccmplete neercpsy. The intact uterus end overies were
removed and weighed. Numbe: anc lccation were recorded for live an¢ desd fetuses,
early and late resorpticns end implentation sites. The number of corpora iutea were
recorded for each ovary.

*  Manager, Reproducticn/Teratoleg: Section, Bio/Dynamics, Inc. , 2.0. Box 43,
East Millstone, NJ 08373

** Senior Toxicolegist, Bushy Run Research Center, Union Carpice Corperation,
R.D. #4, Mellon Roac, Export, 24 15632
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Each fetus was given a gross examination, weighed and¢ sexed, Approximately
one half the fetuses in each litter were examined for soft tissue malformations using
the Staples microcissection technique. Heads were sectioned serially following fixation
in Bouin's solution. The other half of the fetuses in esch litter were stazined with
Alizarin Red S for skeletal malformations and ossification veriations. Study results
were anaslyzed statistically using appropriate parametric or nonparametric tests for
interval cata and incidence date.

Turning to the results, clinical observations ineluded tte finding of laerimation
initially on Day 6 in high level females only. The incidence anc severity of this finding
decreased over the course of the study. Also notec in this group were nasal cischarge,
lethargy and, on Day 15 only, vaginal diseharge in severel fereles. Observations of
startle responses made during exposure disclosed & concentrstion and time related
pattern. At 300 ppm there were a few instances of sluggish response. At 650 ppm the
incidence was higher and became apparent as early as one hour after beginning of
- exposure. At 1400 ppm there wes a high incidence of lethergy =t one hour, and many
rats were essentially non-responsive for the duration of caily exposure.

Slide 2

In this slide, ané most of those which follow, cyciohexsnone eoncentrations are
shown as column heedings, eveluation criterie shown on the left. Stadstically
significant cifferences ‘rom control are indicated oy asterisks.

There were 26 [emales mated in each treatment group. None died during the
course of the study anc 23 or 24 became pregnant in eech groun. None aborted or
deliverecd ;rematurely. At necropsy, the pregnant or nor—pregrent stetus of each rat
was confirmed and all pregnant {emeales were founé to de car=ing viable fetuses.

Slide 3

There were no significant differences between meterne. body weights ét any
time except at the 1400 ppm level. At 1400 ppm the weight ciiierences with respect
to controls were statistically significant at Day 15 and Dey 2C.

Slide 4

In this presentation of maternal body weight changes, the toxic efiect of
treatment at the 1400 ppm level is gpparent from Dey 6 on. During the eriticel period
of orgenogenesis, Days §15 in the rat, the weight gain ir this group is 44% less than
the comperable control group velue. For the period of Days i3-20, the high level
weight gain is 30% less than control velue.

Slide 5

The first row of this table compares the mean weight of the gravid uterus in
each group. The recuction in the high level group is significant. In the next row, the
corrected maternal body weight was calculated by subtracting the uterine weight from
the Day 20 body weight shown on the previous table. Finally, the corrected bocy weight
change for the interval from Day 6 to Day 20 was calculaied by suntraction. Agsin the
1400 ppm group meean is significantly less than the control mear weight gain. Thus
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the reduction in weight gain assceiated with the high level of cyelohexanone, which
can be considered a meximally tolerated dcse, is the result of reduced gains in both
dams and fetuses.

Slide 6

Reprocuctive data are summarized in this table. No significant differences
between treated groups are apparent wiih respect to numbers of corpora lutes,
implantation sites, pups or resorptions. Eighly significant reductions are apperent in
mean body weights of pups of both sexes ir the high level litters. There was no effect
on sex ratio, reported conventionally as percent males.

8lide 7
Fetal effects are summarized in this table for the three types of examination
used- showing incidences for both fetuses and litters. External malformations were
absent or negligibie in all groups. Visceral mealformetions were significantly lower with
respect to fetal incidence in the €50 anc ::00 ppm groups than in the control grouw.
The predominant finding was slight distenzion of the renal pelvis. This is regardeC es
a minor malformetion and has been commoniy found in low incidence historically in
control rats of this strain. These findings indicate no adverse treatment effeet frem
fetal visceral eveluaticn.

The most commonly note¢ viscers! variation was tortuous ureter. VYiscersl
varietions were less frequent in the mic leve. concentration of eyclohexanone anc were
absent in the high level group, thus nc ecverse treatment effect was founc in this

category.

Skeletal melformaticns are represerzec oy one fetus with unilateral wavy ris,
one with unilateral fused ribs anc¢ thorecic vertebral malfoemations and one with &
mise.igned thoracic vertebral cenirum. T~hese three fetuses were in different litiers
and =1l were from the control exposure gmous. There were no skeletal malformeticns
in fetuses {rom any treatment group.

The incidence of fetuses with verious ossification variations was consicerec
simiiar in the control, lew and micdle concentration groups. In the high concentretion
group, the incidence of fetuses with ircompiete ossificaticn of the craniel bones,
and,or ossification irregularities of the hyoi¢ was notably increased from control cea.
Likewise, at the high ecneentration, the incidence of incomplete or unossified
sternebrae and unossified metatarsels anc Jorelimb phalanges was also increased. Thus,
at tne high concentraticn, there was a generalized retardation of ossification.

With respect to fetel examinations. tnen,eveluation of fetuses recoverec rom
femsles treated at 300 or 630 ppr. of cyciohexanone for external, visceral or skeletal
malformations di¢ not reveal an increase in mealformations. At the 1400 ppm level, no
increase in malformations was eviden: during fetal external visceral or skeletal
examinations. However, the incidence of fetuses with at least one ossification
varietion was increased at this concentrstion and some reterdation in ossification was
indicated, particularly in cranial ossificctions, sternebrae and phalanges. These are
regerded as evidence of felotoxicity rewer than teratogenicity.
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To summarize the results of this study of the teratologic po:ential of ecyclo-
hexanore vapor in rets, there were no treatment eflects at 300 or 65C ppm other than
transient lethergy. Detrimental effects seen at 1100 ppm included maternal toxicity
reflectec in significantly reduced body weight gain, and transient lacrimation, lethargy
and nasel discharge. Fetotoxicity was indicated by recuced fetal weight gain and an
inereasec incidence of variations in and retardaticn of ossification processes. There

was no evidence of teratogenicity.

Slide 9
This synopsis of an as vet incompletely evaluated mouse teretology study of
cyclohexanone shows a brief outline of the experimentel desigr anc preliminary

findings. CD-1 mice, 30 mated females per group were exposec to control air or 1400
pom of cyelorexancne for 6_hours/day during gesiation Days 6-17 and sacrificed on

Day 18. .

Preliminary Zindings include lecrimation, nasel discharge, marked lethargy and a
white materiei, possibly a diseharge, on the eyes of the females. Meternel weight was
reduceC on gestaticn Day 18, and weight gain in the irterval from Day 6 to Day 18.
The numzer of live fetuses per litter was reducec and the number cI resorptions per

litter increased. Fetal body weight was recucec.

There were o treatment relatec¢ external cr soft tissue abnorr.glities. Although
fused rizs were nctad in two fetuses from treatec dams, changes of similar severity
were sean in coniol fetuses. There was an incressed incidence of ossification
variaticns, representing retardec development. There was no evicence of terato-

genicity.

In clesing we weulc like 10 acknowledge the assistance of Dr. Rochelle W.Tyl,
Manage: of Teratc.ogy, Bushy Run Research Canter, in the preparetion of this
materic..
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Cvclohexanone Teratologv Study in Rats

Experimental Design

Route: Inhalation

Tes: 3Ivszea: CD Rats (26 feaales/zroup)
83 days old at mating
Sacrificed on gestational Zav 20

Regiman: 0, 300, 650, 1400 ppm
6 hours/day daily on gestatio-al dayvs 6-19

Observazions:

Ia ife - Phvsical/behavioral signs
Maternal body welght and bodr weight change

......

Resroductive sgvstem exam:

_ive fetuses

Dead fetuses
Resorptions
Implantatior sites
Corpora lutea

Fetal exam:

Body welght

Sex

Txternal

Soft tissues (Staples)
Skeleton

210
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Lyclohexanone Teratology Study in Rats

Maternal Survival and Pregnancy Status

Cyclohexanone Concentration

0 ppm 300 ppm 650 ppm 1400 ppm

Females mated T 26 26 26

Died 0 0 0
Pregnant

Aborted

Delivered premat:ze

Examined at
scheduled necrorsy

Nonpregnant
Pregnant

with viable fetusas
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Cyclohexanone Teratology Study in Rats

Mean Maternmal Body Weight During Gestation

Day 0
Day 6
Day 15
Day 20

< W05

{ WAL

R FEY |

* &

Cyclohexanone Concentration

0 ppm 300 ppm 650 ppm 1400 ppm

273 g 274 g 273 g 274 g
307 310 309 310
350 357 346 333 *
420 432 418 383 **
212
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Cvclohexanone Teratology Studv in Rats

Mean Maternal Body Weight Change During Gestation

Cvclohexanone Concentration

0 ppm 300 ppm 650 ppm 1400 ppm

- Dazs 0-6 . 34 g 36 g 36 g 36 ¢
Preexposure

Darg 6-15 43 37
Crganogenesis

Dzrs 15-20 70 71

Dars 6-20

*% p < LD
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Cyclohexanone Teratology Study "in Rats

Mean Uterine Weight and Net Maternal Body Weight Change

Cyclohexanone Concentration

0 ppm 300 ppm 650 ppm 1400 ppm

_ Gravid Uterine . 80.2 g 87.0¢g 80.0 g 59.9 g **
Weight (GUW) ‘ .
Corr BW 339.5 346.6 338.9 323.0
(BW ~ GUW)
Corrected BW 32.8 35.5 29.3 13.2 *=%

Change D6-20

** p < 01
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Cyclohexanone Teratology Study in Rats

Sumrary of Reproductive Data

Cyclohexanone Concentration

0 ppm 300 ppm 650 ppm 1400 ppu

Corpora lutea 15.9 17 .4 16.3 15.8

~  per dam -

Implant sites 14.8 15.8 14.7- 13.3
per danm

Preimplantation loss 7.1% 9.0% 10.0% a.6%

Mean litter size 13.8 13.1 13.6 13.3

Resorptions 1.0 0.7 1.1 1.0
per dam

Litters with | or 10 10 16 13

more resorptions

Mean body weight (g)

Viable fetuses 3.67 3.66 3.68 2.7 kR
Male fetuses 3.77 3,80 3.76 37 %
Female fetuses 3.56 3.53 3.58 T s R*
Percent males 48.6 48.3 53.4 32.9
*% p ¢ 01
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Cyclohexanone Teratology Study in Rats

Suamarv of Fetal Effects

Cyclohexanone Concentration

O ppm 300 ppm 650 ppm 1400 ppm

External malformations (T affected)

Fetuses
Litters
Visceral malformations (% affected)
Fetuses
Licters
Visceral variations (%
Fetuses
Litters
Skeletal malformations (% affected)
Fetuses

Litters

Skeletal variations (% aifected)

Fetuses 34,2 ) 97.9 *=(a)

Litters 130.0 100.0

* p < .05
** p < .01

(a) Incompletely ossified cranifal hcnes, unossified or incomplerely ossifled
sternebrae and unossified setatarsals and forelimb phalanges.
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Cvclohexanone Teratology Study in Rats

Summarv of Effects

No significant treatment effects at 300 or 650 ppm
Detrimental effects seen at 1400 ppm:
Maternal toxieity -

Reduced body welght gain

Lacrimation, lethargy and nasal discharge '

Fetotoxicizy -
Reduced fetal welght gain
Increased incidence of ossification variations

No evidence of embrvotoxicity or teratogenieity
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Cvclohexanone Teratology Study in Mice

Experimental Design:
CD~1 mice
Inhalation concentrations 0, 1400 ppm
6 hr/day gd 6-17
’Sacrifice gd 18
Praliminary findings:

Maternal lacrimation, nasal dfscharge,
marked lethargy, white material on eyes

Maternal body weight reduced gd 18 only
Matarnal weight gain reduced gd 5-18
Number live fetuses/litter reduced
Number and % resorptions/lizrer increased
Fetal body welght reduced

No treatment related external or soft
tissue abnormalities

Skelatal abnormalities - fused ribs in
2 fetuses

Increased Incidence of ossification variations

Yo evidence of teratogenicity

ERH/v1t/22L2
06/20/84
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