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Block 19. livers of the high dose females contained two hepatocellular lesions: minimal

hypertrophy in the centrilobular region and minimal cytoplasmic vacuolation in
--- the periportal region.
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FOREWORD

Opinions, interpretations, conclusions and recommendations are those of the
author and are not necessarily endorsed by the U.S. Army.

Where copyrighted material is quoted, permission has been obtained to use
such material.

Where material from documents designated for limited distribution is
quoted, permission has been obtained to use the material.

_____Citations of commercial organizations and trade names in this report do
not constitute an official Department of the Army endorsement or approval of
the products or services of these organizations.

In conducting research using animals, the investigator(s) adhered to the
"Guide for the Care and Use of Laboratory Animals," prepared by the Committee
on Care and Use of Laboratory Animals of the Institute of Laboratory Animal
Resources, National Research Council (NIH Publication No. 86-23, Revised
1985).

_____For the protection of human subjects, the investigator(s) have adhered to
policies of applicable Federal Law 45CFR56.

"Y 11-- 7
George(j.']Schiefeestein, Ph.D. Date
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EXECUTIVE SUMMARY

There is a paucity of toxicologic and pathologic information on
1,4-dithiane. This 90-day investigation was undertaken to determine the

*. subchronic toxicologic and pathologic effect(s), if any, of 1,4-dithiane in
the rat. Several doses (three doses per sex as well as a control) were used
in order to obtain as much information as possible at non-toxic dose levels.

- For each dose, 30 animals of each sex were used in order to provide a sample
size sufficient to detect any low-incidence pathologies. A complete pathology
work-up was done in order to obtain as much pathology information as possible.
A preliminary 14-day range-finding study was conducted in order to select a
maximum tolerated dose for the 90-day study. Five dose levels (6 animals/sex/
dose) and a control group (6 animals/sex) were used in the range-finding study
in order to obtain toxicologic information over a wide range of doses. The
results of the 14- and 90-day studies are summarized in this Final Report.

In a preliminary 14-day range-finding study, rats were gavaged daily at
0, 25, 50, 100, 210 and 420 mg/kg/day (6 rats/sex/dose). No overt toxicity or
mortality was observed. There was a non-significant (p> .05) decrease in body
weight at 420 mg/kg/day in the males and females of 5 and 8%, respectively.
In the 90-day subchronic study, rats were gavaged daily at 0, 105, 210 and 420

- mg/kg/day (30 rats/sex/dose). No overt toxicity, treatment-related mortality
. or treatment-related clinical chemical, hematologic or ophthalmologic change

was found. The female livers and the male kidneys were significantly (p<.05)
.-heavier in the treated animals. There was deposition of anisotropic crystals

of an undetermined chemical composition in the nasal olfactory mucosa of both
sexes of the high and intermediate dose groups. Their presence in the
low-dose group was characterized by a greater involvement in the females. The
crystals were not observed in the control animals. Other treatment-related
lesions were eosinophilic cytoplasmic granulation of the convoluted renal
tubule cells of the high dose males. The livers of the high dose females
contained two hepatocellular lesions: minimal hypertrophy in the centrilobular
region and minimal cytoplasmic vacuolation in the periportal region.
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I SPECIFIC AIMS

This 90-day study on 1,4-dithiane in the rat was undertaken in order to
expand scientific knowledge of the compound's subchronic toxicologic and
pathologic effects. 1,4-Dithiane is an environmental contaminant found in
the vicinity of former mustard gas spills.

II. BACKGROUND

1,4-Dithiane has been identified as a ground water contaminant at certain
military installations (Dr. Rosenblatt, personal communication, 1986). Since

- a computer-assisted literature search yielded little information on the com-
pound's toxicity to man, experimental animals, or to other organ'isms, USATHMA
(U. S. Army Toxic and Hazardous Materials Agency) requested USABRDL (U.S. Army
Biomedical Research and Development Laboratory) to provide toxicologic infor-
mation on 1,4-dithiane. Ohmoni et al. (1985) reported that 1,4-dithiane did
not augment the antibody response-Tosheep erythrocytes in BALB/c mice.

In an Army-sponsored mutagenicity study on 1,4-dithiane conducted at
Letterman Army Institute of Research, tester strains TA 98, TA 100, TA 135, TA
1537, and TA 1538 were exposed to doses of 1,4-dithiane ranging from 5
mg/plate to 0.00016 mg/plate. The 1,4-dithiane was not mutagenic under the
experimental conditions used (Sano and Korte, 1985). An LD5P study on

°" 1,4-dithiane in the Fischer 344 rat at American Biogenic Corpora ion showed
the oral LD to be 3,680, 2,768 and 3,473 mg/kg, respectively, for the males,
females ancr0both sexes combined (Mayhew and Muni, 1986). In response to a
requirement for the toxicologic and pathologic data, USABRDL instituted an
Interagency Agreement between the FDA (for NCTR) and USABRDL for the 14-day
study (NCTR Exp. 490) and for the subsequent 90-day study (NCTR Exp. 491) on
September 25, 1985. The 14- and the 90-day studies began on January 21 and
April 8, 1986, respectively. The preliminary results of this project were
presented to and discussed with USABRDL at its annual research review on
Monday, September 15, 1986. The results were presented at the Society of
Toxicology Meeting in Washington, DC in February, 1987. The abstract

(Schieferstein et al, 1987) for the February, 1987 meeting was reviewed by and
discussed with USTDL (See Appendix 1 for a copy).

III. EXPERIMENTAL METHODS AND MATERIALS

A. Dose Preparation

The 1,4-dithiane (CAS Registry Number: 505-29-3) was dissolved in sesame
oil and administered by gavage in both the 14- and 90-day studies. Each batch
was characterized before use and after dosing by the Division of Chemistry,
NCTR, by GC, GC/MS and NMR. The Division of Chemistry performed a 90-day
stability study in sesame oil on 1,4-dithiane at two concentrations (2 and 35
mg/ml). The purity determination and other gas chromatographic chemical

•- analyses were performed using a Varian Model 3700 Gas Chromatograph equipped
with a flame ionization detector and a 3' x 2 mm, i.d, glass column packed

- with 3% SP-2250 on Supelcoport 100/120 mesh. The column oven temperature was
set at 800C and the injection port and detector were operated at 120 0C and
280 0 C, respectively. The carrier gas nitrogen flowed at a rate of 30
mL/minute. All injections were 2 uL using a lOuL syringe (#701, Hamilton Co.,
Reno, Nev.) fitted with a Chaney adapter. The solutions were prepared at 1

3
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,, , , ntylene chloride (J. T. BaKer) for direct comparison to a
d,4-r tia'c h Adricn hemical Co.) reference standard. Gas chromatographic

-w'. 5;'; tral i>) aalyses of the 1,4-ditniane samples were performed on a
ii jan Y(,2ul 4j23 luadrupole mass spectrometer (FINNIGAN-MAT, San Jose, CA)

iii tnc stanoarl electron impact (El) mode with a source temperature
pt .r a pratiun was achieved on a 30 meter DB5-30N bonded phase

1 ,iIIari nn IC A S.,IENT1F IC, Rancho Cordova, CA) operated at 20 psig
3"" Is - O lu iin oven temperdture was controlled at 60'C for 2

, 'n t'_n rfn1,ped to 2 4,C at 15°C/min. Injections were made on a Grob
t r uitud ini the splitless niiode with a septum sweep rate of 30 mL/min

-1 1 -y It s, . Retention time for the major component was 4.55 min.
'ss s_ , t re visually inspected and computer matched to the NIH/EPA

e trc1, IiL rary. :ecause the sj iples were dissolved in methylene
i i ri, o,!y ce :y1,pnent was observed. Library matches were on the order

, , ,h- rs s;)ectroneter was not scanned below 50 daltons due to
,t.s,, 1jn]s frjl the solvent. Tne proton Nuclear Magnetic Resonance (NMR)

,al VsI s .ri prfor 1 o a i.ruktr I I-50U instrument (Bruker Instruments,
"'iinj rark, ilerica, '1A) at room temperature (300'K) in chloroform-d1

e r;. s)t,)PeS, -, anay, -Tne mg of recrystallized 1,4-dithiane (see V.
A. 'hemi al Analyses for a discussion of the need for recrystalliza-

tio,) is Ii ssolved in chloroforn-d One transient was collected for each
,itnpl. j . (. oree flip angle Vii.5 u second 90 degree flip), 32K data

,ni' t5, ?,-r ,in uw, and 2i sec delay prior to pulse. The data (FID) was
tir,.at4 witn a _.5 Hz line Loroadening prior to Fourier transformation. The

[i-trcCtrr_ vrt analyzed for methylene chloride (singlet, approximately 5.3 ppm)

* . ar> etnariol lethylene quartet at 3.55 ppm and methyl triplet at 1.11 ppm) by
ail sti ft osi q,; Yr.-, a rotiated proton chloroform (7.24 ppm) as an

t ,er)3l re,'f ren'x ctandarr. The qudntitation of the observed im[purities were
1, ,1 i led by i te' rati on ut illpurity resonances with respect to the

-i-i t'ianlr r'es~indflCC.

T1here is -)nly Dri - iAnft3ct,,rer of 1,4-dithiane in the U.S.: Fairfield
-eiical >o., (Pwu. ;,:x !u, n)lythewood, SC 29U16). Aldrich Chemical Co., Inc.
(94> . ,t. Paul Ave., Milwaukee, WS 53233) resells 1,4-dithiane thdt it has
purchased from Fairfield Cheical Co. After the 14-day study had been
completed )ut '>efort! the start of the 9O-day study, the 1 ,4-dithiane was found
to be contaminited with a small percentage (U.2r) of methylene chloride. All
1,4-ditniane use,1 in tne 9-day study was free of methylene chloride, a known

hi animal carcinlen. The iethIlene chloride contaminant was removed by
recrystallizin1 the containated 1 ,4-dithiane from absolute ethanol. The
recrystallizrl 1,4-dithane contained 1.5 + U.5 ethanol. The following lots
of 1 ,4-di tniie: ,vert! rect-iv d at .T .

. Fairfield Treical -o. 1 t 1,2 (lob gi) . This methylene-chloride-
co )tan a t- 1 )t ,a ,d in the 14-day range-findinj study and in the

anrclstvii it! t "dy .

i. Fait i II ,ne ,icl 1 I t I , <ou k 9v ). This lot contained
,I 2 I tny l une l t) I t it iiS r,,1 ovod oy r e rys-ta I i zati o f roui othanol
r .r crystall izjt i:n A . tr Lr'ystill izati,)n this 1ot was used for

- doSi ,j inI tn I- ny " i it .ty

@4.
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3. Fairfield Chemical Co. lot 103 (700 gin). Initially 300 gm of this
methylene-chloride-contaminated lot was recrystallized (recrystallization
#1). Subsequently, the other 400 gm was recrystallized at the same time
lot 102A was recrystallized (recrystallization #2). After recrystalliza-
tion lot 103, lot 103A, and lot 102A were used for dosing in the 90-day
toxicity study.

4. Fairfield Chemical Co. lot 103A (700 gm) contained methylene chloride
and was recrystallized (recrystallization #2).

5. Aldrich Chemical Co. lot 03222 CM (200 gm). This lot was found to be
free of methylene chloride and, accordingly, was used for dosing in the
90-day toxicity study without recrystallization.

6. Fairfield Chemical Co. lot 106 (800 gm). Four hundred grams of this
methylene-chloride-contaminated lot was recrystallized (recrystallization

-# 3) and was used for dosing in the 90-day toxicity study. Four hundred
grams of methylene-chloride-contaminated material remains stored at NCTR
as does about 100 gm of recrystallization #3.

The results of the 90-day chemical stability study are given in Table 1.
Within the limits of experimental variation, there was no chemical
deterioration of the 2 mg/ml or 35 mg/ml solutions of 1,4-dithiane during the
90-day study period. In the 14-day study 2.0, 8.75 and 35 mg/ml solutions of
1,4-dithiane in sesame oil were used. In the 90-day study, only a 35 mg/ml
solution was used. The dosing solutions were stored for a maximum of 3 weeks
in a freezer.

Table 1. Results of the 90-day chemical stability study on a 2 mg/ml and a 35

mg/ml solution of 1,4-dithiane in sesame oil.

Solution (mg/ml)

* Day 2 35

0 1.77 + O.0 1 a()b 32.73 + 0.94a() b

1.68 + 0.04 (94.9) 33.43 7 1.36 (102)
2 1.64 7 0.04 (92.6) 33.00 1.23 (101)
7 1.62 7 0.03 (91.5) 33.63 7 0.40 (103)

14 1.63 7 0.10 (92.1) 33.04 + 0.59 (101)
21 1.64 + 0.04 (92.6) 33.77 + 0.58 (103)
28 1.67 7 0.03 (94.4) 32.70 7 0.77 (100)
42 1.59 7 0.08 (89.8) 34.34 + 1.01 (105)
56 1.77 + 0.07 (100) 32.98 + 0.75 (101)
90 1.81 7 0.06 (102) 34.45 7 0.86 (105)

a Mean + SD of 3 determinations.

Percent of day 0 value.

The solutions were thawed on the day of use. Any unused dosing solution
was incinerated.

'.4 5
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The various lots of 1,4-dithiane were checked by flame ionization gas
chromatography, by GC-MS, and by NMR. The lots were identified by GC-MS and
by NMR as 1,4-dithiane before being used as dosing solutions. The
1,4-dithiane remaining in lot 106 (recrystallization #3) was certified to be
1,4-dithiane by GC-MS and by NMR after the end of dosing. The percent purity
by flame ionization gas chromatography of the various lots against a reference
standard (Aldrich Chemical Co. lot 3210 KL) was:

Lot % Purity

Fairfield lot 102 97.4
Fairfield lot 102A 98.2
Fairfield lot 103 >99.9
Fairfield lot 103A >98.4
Aldrich lot 03222 CM Q9.9

Fairfield lot 106 100.5

The various lots were 97.4% or greater pure 1,4-dithiane. The dosing

solutions concentration in the 90-day toxicity study was adjusted for the
percent purity of a given lot.

The results of the bedding and feed analyses are shown in Tables 2 and 3,
respectively. All results are within NCTR's Guidelines for acceptable bedding
and feed.

Table 2. Results of the analyses on the bedding.

NCTR Lot Numbers NCTR Guidelines

- ~ Variable analyzed 2 3 4 5 6 Minimum Maximum

Moisture (%) 6.2 2.4 5.0 4.8 4.1 8

Sizing, 20
(% retained) 92.9 84.6 94.8 91.9 88.7

Sizing, 08
(% retained) 6.2 14.3 4.1 6.8 10.6 17

Sizing (%

passed into pan) 0.98 1.1 1.1 1.3 0.72 6

Pentachlorophenol a

(ppm) <MDL <MDL <MDL <MDL <MDL 10,000

Polychl orinated

biphenyls (ppb) <MDL <MDL <MDL <MDL <MDL 2

a Minimum detectable level.

6



Table 3. Results of chemical analyses on the feed. Lot 85121511 was used in

the 14-day study. Lot 85121021 was used in the 90-day study.

Lot Number NCTR Guidelines

Variable analyzed 85121511 85121021 Minimum Maximum

* Arsenic (ppb) 530 520 1000
Total fat (%) 7.1 5.4 4.2
Vitamin B (mg/g) 0.09 0.078 0.075 0.125
Selenium Ippm) 0.26 0.33 0.05 0.65
Total protein (%) 21.0 20.1 18
Mercury (ppm) <0.05 <0.05 0.1
Lead (ppm) 1.27 0.57 1.5
Cadmium (ppb) 106 180 250

B. Dose Certification

The Chemistry Division analyzed the concentrations of each 1,4-dithiane
stock solution (35 mg/ml) used in the 14- and 90-day studies. In the 14-day
study, the animals were gavaged with appropriate volumes of either a 8.75 or a
2 mg/ml solution that were made by dilution of the 35 mg/ml solution. In the
90-day study only the 35 mg/ml solution was used. The acceptance criterion in
the 90-day study was + 10% of the target concentration. There was no
acceptance criterion in--the 14-day study. The dosing solutions, which had
been kept frozen, were thawed and sonicated on the day of their use. The
dosing solutions were kept at ambient temperature in the dosing room until
use. Any leftover solutions were placed in a plastic bag and disposed of by
incineration.

The flame ionization gas chromatographic determinations of the dosing
solutions used in the 14- and 90-day studies is given in Table 4. In the
90-day study there was a + 10% of target concentration acceptance criterion.
All the dosing solutions used in the 90-day study were within + 5% of the
target concentration of 35 mg/ml (Table 4).

C. Dosing Procedure

In the 14-day study, CD rats obtained from the NCTR breeding colony were

- gavaged daily for 14 consecutive days. The rats were randomly allocated to
. the various dose levels at four weeks of age (acceptable age range : 24-33

days of age) and were started on dose at 5 weeks of age (acceptable age range
31-40 days of age.) The animals were randomly assigned to the varioustreatment levels on a weight basis. The animals were weighed and arranged in-I.. order from the lightest to the heaviest. The lightest and/or heaviest animals

from the allocation pool of animals were discarded until 36 animals/sex
remained. The allocation procedure that was used assured that six of the
lighter animals were randomly assigned (one/dose) to each of the six dose
levels. Then six of the successively next heavier animals were assigned until
all the animals had been assigned. Accordingly each dose level had six
animals ranging from light to heavy. The rack configurations for both sexes
are given in Table 5.
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Table 5. Rack configurations in the 14-day study.
Males

Rack 1 Rack 2

210 4 - 0 7 -100 10 - 25 13 - 420 16 - 50

2 -210 5 - 0 8 - 100 11 - 25 14 - 420 17 - 50
3 -20 6 - 0 9 - 100 12 - 25 15 - 420 18 - 50

Females
a.

Rack 3 Rack 4

b- a - - - -
19 - 210c 22 - 0 25 - 100 28 - 25 31 - 420 34 - 50
20 -210 23 - 0 26 - 100 29 - 25 32 - 420 35 - 50
21 -21R 24 - 0 27 - 100 30 - 25 33 - 420 36 - 50

a The top and bottom shelf levels were not used.
b Cage number.
c Dose (in mg/kg/day).

* There were two rats per cage. The animals were weighed on day 1 (when dosing
began), on day 7, and on day 14 (when dosing stopped). The dose for days 1
to 7 was determined by the day 1 weight. The dose for days 8 to 14 was
determined by the day 7 weight. All survivors were euthanized on day 15.
Food (NIH-31) and water (filtered potable NCTR) consumption was determined
weekly. The animal weight and observations, food and water consumption were
recorded on manual forms.

In the 90-day study, CD rats obtained from the NCTR breeding colony were
gavaged daily for 90 consecutive days. The allocation, dosing ages, housing,
and observations were performed in the same manner as in the 14-day study.
The rack configuration for both sexes are given in Table 6. Each cage
contained a no-ear and a left-ear clipped animal. Males were started on dose
on a Tuesday, (April 8, 1986) and the females were started on dose on the
following Thursday (April 10, 1986). The males were sacrificed 13 weeks later
on a Monday through Wednesday (89 to 91 days on dose) and the females were
sacrificed 13 weeks later on a Wednesday through Friday (89 to 91 days on
dose). The animals were not gavaged on the day of terminal sacrifice. Food
(NIH-31) and water (filtered potable NCTR) consumption were determined on a
weekly basis. Dosing on day I (when the study started) to day 7 was
determined by the day I animal weight. Each succeeding week's dose was
determined in a similar manner. There were 10 gm increments in the dosing
chart and the gavage volume varied with the animals' weight. The cages were
rotated one level down on the rack every two weeks on dose. The cages on the
bottom shelf were placed on the top shelf when cage rotation occurred. The
control and high-dose males were gavaged twice per day from week 8 to week 13
on dose in the 90-day study in order to keep the volume per gavaging less than
5 ml.

ii.' 9

• N1,



--- P P

Table 6. Rack configuration in the 90-day study.

Males Females
Rack 1 Rack 4

1- 420b 6- 105 11-0 16-210 61-0b 66-210 71-420 76-105

2- 420 7-105 12-0 17-210 62-0 67-210 72-420 77-105
3- 420 8-105 13-0 18-210 63-0 68-210 73-420 78-105
4- 420 9-105 14-0 19-210 64-0 69-210 74-420 79-105
5- 420 10-105 15-0 20-210 65-0 70-210 76-420 80-105

Rack 2 Rack 5

21 -0 26 -210 31 -105 36 -420 81 -420 86 -105 91 -210 96 -0
22c-0 27c- 210 32 -105 37c-420 82 -420 87 -105 92 -210 97 -0
23c-, 28c-210 33c-1 05 38c-420  83c-420 88c-105 93c-210 98c-0

24c-0 29c-210 34c-105 39c-420 84c-420 89 C-105 94c-210 99 c-025 -0 30 -210 35 -105 40 -420 85 -420 90 -105 95 -210 100 -0

Rack 3 Rack 6

41-105 46-420 51-210 56-0 101-210 106-0 111-105 116-420
42-105 47-420 52-210 57-0 102-210 107-0 112-105 117-420

-. 43-105 48-420 53-210 58-0 103-210 108-0 113-105 118-420
44-105 49-420 54-210 59-0 104-210 109-0 114-105 119-420

45-105 50-420 55-210 60-0 105-210 110-0 115-105 120-420

a Cage number.
b Dose (in mg/kg/day).
c Animals used for clinical chemistry.

D. Experimental Design

The experimental design for each sex in the 14-day study was:

Dose Number of animals
(mg/kg body weight/day)

0 6
25 6
50 6

100 6
210 6
420 6

'V Total per sex 36
-' Total on test 72

In both the 14-day and 90-day studies the control animals' weights were
averaged and each control animal was dosed with the same volume of sesame oil
as received by the high dose group. The 14-day study was conducted from
January 21 to February 3, 1986. Survivors were euthanized on February 4,

.4 I 1



1986. The 90-day study started on dose on April 18 and had its final

sacrifice on July 18, 1986.

The experimental design for each sex in the subsequent 90-day study was:

Dose Number of animals
'(mg/kg body weight/day)

0 30
105 30
210 30
420 30

Total per sex 120
Total on test 240

The Army Project Officer approved the high dose suggested by the Principal
Investigator for use in the 90-day study. As in the 14-day study, the control
animals weights were averaged and each control animal was dosed with the
volume of sesame oil it would have received if it had been on the high dose in
order to detect any vehicle-induced effects. The animals were dosed and
housed in Building 4 at NCTR from April 8 to July 11, 1986.

E. Pathology

No pathological evaluations were done in the 14-day study. In the 90-day
study:

1. A complete necropsy was performed on all rats. Dead and moribund
animals removed before the terminal sacrifice had a complete necropsy but
histopathologic examination of these animals was limited to the nose
because of the anisotropic crystals found in the olfactory mucosae of the
90-day sacrificed animals. Tissues from terminal sacrifice animals were
processed for histopathologic examination. At the terminal sacrifice the
liver, thymus, spleen and brain were weighed.
2. An ophthalmologic examination was performed by a board-certified
veterinary ophthalmologist (Robert J. Munger, DVM of Dallas, TX) on all
animals before the start of dosing (on April 7, 1986) and during the
twelfth week of dosing (on June 30, 1986).

3. A detailed histopathology evaluation was performed on all high-dose
and control animals in the terminal sacrifice. An "inverse-pyramid"
procedure was used. Organs having treatment-related lesions in the
high-dose group were examined at successively lower doses until a
"no-effect" dose was found or until all animals were examined.

4. Analysis of serum aspartate aminotransferase (AST), alanine
W aminotransferase (AAT), serum sorbitol dehydrogenase (SDH), amylase and

lactic dehydrogenase isoenzyme and a complete blood count (CBC) with
leukocyte differential and reticulocyte count were performed on 6
animals/sex in the three dose groups and in the control group on the day
before dosing began and at 30, 60, and 90 days on dose. Samples for
clinical chemistry were taken in sterile, silicone-coated tubes. Samples
for hematology used EDTA as the anticoagulant. The samples were collected
within a 3-hour period and assays were completed on the day of collection.

" 11



F. Statistical Methods

An analysis of variance was performed on the body weight data in the
14-day range-finding study.

In the 90-day study, PROC CHRONIC (developed at NCTR) was used to
statistically test for dose-response trends in the olfactory nasal crystal
data. An analysis of variance was run on the body weight data. The analysis
of the food and water consumption data was performed using the repeated
measurements (profile) technique described in Multivariate Statistical
Methods. When a significant dose effect was found, a Bonferroni multiple
comparison between each dose and the control was calculated. The organ weight
and the organ over terminal body weight data were analyzed by a linear
regression analysis (SAS Version 5.08, Proc. Reg.). The clinical chemistry
and hematology data were also evaluated by a linear regression analysis (SAS
Version 5.08, Proc. Reg.). The clinical chemistry and hematologic values
before the start of dosing were subtracted from the values obtained at 30, 60
and 90 days on dose and the resultant differences were statistically analyzed
by a linear regression analysis. The ratios of the values at 30, 60, and 90
days on dose to the pre-dosing values were also analyzed. The values at 30,
60, and 90 days on dose were pooled and the differences from pre-dosing values
were analyzed. Finally, the pooled data were analyzed as fractions of the
pre-dosing values. Since there was no days-on-dose effect, the pooling
increased the power of the statistical tests.

IV. RESULTS

A. 14-Day Range-finding Study

The rats were gavaged daily from January 21 to February 3, 1986 and were
euthanized on February 4, 1986. There was no mortality or overt toxicity.
The water consumption, food consumption and weight gain data are given in
Table 7. There is no apparent treatment-related effect upon water fnnA
consumption. In the 14-day study in the males and females there w
non-significant (p>.05) 5.3 and non-significant (p>.05) 8% weight los

--- respectively, at the high dose (420 mg/kg/day). In view of the absence
toxicity at the high dose level, and in view of the low solubility (35 mg/m'

-' ~-of the 1,4-dithiane in sesame oil, 420 mg/kg/day was chosen for the high dose
in the 90-day study.

B. 90-Day Subchronic Study.

1. Body weight, food consumption, and water consumption. The body weight,

food consumption, and water consumption data are presented in Tables 8 to 13
and in Figures 1, 2, and 3, respectively. The left-ear clipped control male
in cage 14 had malocclusion (a bite defect) and was excluded from all
statistical analyses. An ANOVA on the body weight data showed no significant
(p>.05) treatment-related effects.

In the statistical analyses of food consumption data in the females, the
parallelism hypothesis was rejected. This mandated looking at each week
separately rather than the mean of all weeks when comparing dose levels to
determine if any significant differences existed. A separate univariate ANOVA
for each week was run to determine if a dose effect existed. The p values for
the tests for dose effect were:
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Week on dose P value

1 .64122 .0001 a

S3 0020 a

4 .0529
5 .0847
6 .0001a

7 .0138a

8 .0129 a

9 .0048a
10 .0314
11 .0020a
12 .3118

13 .0376 a

a Significant (p <.05) difference.

There is a significant dose effect for weeks 2,3,6,7,8,9,10,11, and 13.
During each of these weeks the 105 mg/kg/day dose level animals consumed
significantly more food than the controls. At weeks 6, 10, and 11, the 210
mg/kg/day dose level animals also consumed more food than the controls. The
420 mg/kg/day dose level animals consumed more food than the controls in weeks
6 and 11. A separate single-sample repeated-measurements analysis was run for
each dose level to determine if any difference in weekly means existed. The
results were:

Dose (mg/kg/day) Fa DF P value

0 854.95 12, 3 .0001b

105 32.16 12, 3 .0078 D

210 8.46 12, 3 .0524.
420 21.06 12, 3 .0144

a Approximate F.
b Significant (p <.05) difference.
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The 0, 105, and 420 mg/kg/day dose levels had significant differences in their
weekly means. In the statistical analyses of food consumption data in the
males, the parallelism hypothesis could not be rejected. An ANOVA on food
consumption indicated:

Source DF SS MSa F P>F

Doses 3 .0132 .0044 1.95 .1316
Within doses 55 .1242 .0023
Total 58 .1372

a Mean Square.

There was no significant dose-related effect. The equality of the weekly
means was tested and produced the following results:

Hotelling T-square 206.62
Approximate F (12,44) 206.62
Probability >F (p value) .0001

a Significant (p <.05) difference.

There was a significant difference in the weekly means. Accordingly,
conclusions about food consumption in the males can only be made about a
specific week.

In the statistical analyses of the water consumption data in the females,
the parallelism hypothesis could not be rejected. An ANOVA on water
consumption indicated:

Source DF SS MSa F P>F

Doses 3 .1840 .0613 4.61 .0060b

Within Doses 56 .7448 .0133
Total 59 .9288

Mean square.
Significant (p<.05) difference.

There was a significant dose-related effect on water consumption in the
females. The following Bonferroni confidence intervals compare the controls
to the dose groups:

Difference
Doses being compared Lower limit in Means Upper limit

0 vs 105 -0.2307 -0.1268 -0.0229 a

0 vs 210 -0.2251 -0.1212 -0.0173 a

0 vs 420 -0.2381 -0.1342 -0.0303a

a Significant (<.05) difference.
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The equality of weekly means was tested and indicated:

Hotelling T-square 2541.80
Approximate F (11, 46) 189.87

Probability >F (p value) .0001a

a Significant (p<.05) difference).

There was a significant difference in the weekly means. Accordingly,
conclusions about water consumption in the females can only be made about a
specific week. In the statistical analysis of the water consumption data in
the males, the parallelism hypothesis could not be rejected. An ANOVA for a
dose-related effect indicated:

Source DF SS Mean Square F P>F

Dose 3 .0178 .0059 .055 .6524
Within doses 55 .5915 .0108
Total 58 .6093

There was no dose-related effect. The equality of weekly means was tested and
indicated:

r. Hotelling T-square 4172.54
Approximate F (11, 46) 278.17
Probability >F (p value) .0001a

a Significant (p<.05) difference.

There was a significant difference in the weekly means.

2. Ophthalmologic examination. The rats' eyes were examined before the
start of dosing and during week 12 on dose. No treatment-related effect was
observed.

3. Organ weight. The organ weight and terminal body weight data are
presented in Table 14. Six animals (Carcass identification numbers 65, 129,
131, 102, 223 and 194) were excluded from all organ weight statistical
analyses because they had a lesion that would bias the results. The animals
that were excluded from the statistical analyses had the following pathology:

CIDa Lesion Sex Dose level (mg/kg/day)

65 Hydronephrosis M 210
129 Kidney malformation M 210

131 Hydronephrosis M 105
102 Hydronephrosis F 420
223 Kidney mass F 105

*-193 Abnormally low right kidney F 105
weight but no mention of gross

*. pathology at necropsy.

a Carcass identification number.
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As shown in Table 14, linear regression statistical analyses revealed a
significant (p<.05) treatment-related effect upon the female liver, spleen and
brain and upon the male kidneys and thymus. The changes in the male spleen,
brain of both sexes and male thymus weights were not considered biologically
significant because of the small magnitude of the changes and because only the
female liver to terminal body weight ratio (see Table 15) showed a significant
dose-related trend.

4. Clinical Chemistry and Hematology: The clinical chemistry (serum enzyme
activities and lactate dehydrogenase isoenzymes) and the hematology (complete
blood count and leukocyte differential) data are presented in Tables 16
through 23. Linear regression analyses by days on dose are presented in

" Tables 24 through 27. In Table 28 a summary linear regression analysis of
data pooled across dates is presented. Significance is defined as p<0.05.

Statistical analysis (Tables 24 and 28) of the serum enzyme activities
(Tables 16 and 17) identified a significant treatment-related trend in amylase
activity in females. A statistically significant treatment-related trend in
the pooled data for sorbitol dehydrogenase in females was observed (Table 28).
Linear regression analysis of this parameter, however, across dates is not
significant (Table 24). Data on total serum lactate dehydrogenase activity" and electrophoretically separated isoenzymes is presented in Table 22. This
enzyme is particularly subject to preanalytical sources of variation (e.g.
animal stress or trace hemolysis) and results are often ambiguous. Linear
regression analysis on pooled data (Table 28) is not significant. Across
dates, however, linear regression analysis (Table 27) indicates several
significant treatment-related trends: (1) LDH-1 at 30 days in females and at
60 days in males, (2) LOH-3 at 60 days in males, and (3) LDH-5 at 60 days in
females and at 90 days in males. Only in LDH-5 in males at 90 days is the
control different from the treated groups, using the latter test. In
addition, LDH-5 in males at 90 days is significant in all tests at p<O.Ol.
This isoenzyme is associated with liver and skeletal muscle. A decrease might
suggest muscle atrophy. Inspection of the data (Table 23) with attention to
the magnitude of the standard deviations reinforces the inherent variability
in this enzyme parameter and the subsequent difficulty in claiming biological
significance for relatively small fluctuations in activities. No clear
dose-response relationship is evident.

Linear regression analyses of the data on the complete blood counts
(Tables 20, 21, 26, and 28) indicate a significant difference in the white
blood cell count in females at 90 days. The effect is not seen in the linear
regression analysis of the pooled data and is probably a random effect. Using
linear regression, a significant effect is detected in the pooled data for
reticulocytes in females which, however, is not significant in the similar
analysis across dates.

In summary, no clear dose-response relationships in the clinical chemistry
was observed. Some quantitative variations due to animal aging, as documented
in the literature, or due to logistical considerations (i.e., removal to
different quarters immediately prior to sacrifice and terminal bleeding by
different personnel) which may be seen in the raw data (e.g., sorbitol
dehydrogenase at 90 days) are detected by the statistical analyses. While 7
parameters for females and 2 for males show statistical significance by linear
regression analysis, the changes are probably random and not due to overt
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toxicity of 1,4,-dithiane. Among these parameters a change of at least I or 2
,' fold is usually considered necessary for biological significance.

5. Pathology. The computer-generated pathology summaries are stored in the
NCTR Archives. The following seven animals died before the 90-day sacrifice
and were excluded from all statistical analyses:

Dose level Days on Condition at arrival
CID Sex (mg/kg/day) dose for necropsy

1 M 210 1 Dead
2 M 210 1 Dead
3 M 0 3 Dead
4 M 420 7 Dead
5 M 420 12 Dead
6 F 105 51 Moribund
7 M 0 62 Dead

Gavage accident was listed as the cause of death in 6 of the 7 rats. Animal
number seven's cause of death was listed as "unknown." However, this animal
did have lesions in its lungs. Histopathologic examination of these seven
animals was limited to the nose and the only animal to have anisotropic

.- crystals in the nasal olfactory mucosa was the male dosed with 420 mg/kg/day
of 1,4-dithiane for seven days (CID Number 4.)

The microscopic lesions observed in the high dose groups (420 mg/kg/day)
and in some instances, in the lower dose groups that were attributed to
1,4-dithiane involved three organs: nose, liver and kidney.

The nasal lesions, crystals and granulomatous inflammation, were present
in both sexes (Table 29). The severity was the greatest in high and
intermediate dose groups of both sexes. In the low dose groups at 90 days,
these dose-related (p<.O0005) lesions were present in 2/30, (6.7%) males and
24/29, (82.8%) females. The severity of the lesion, as measured by the number

" of crystals and the degree of inflammation, was much less in the low dose
'"group. The lesion consisted of the presence of anisotropic crystalsbilaterally distributed in the olfactory mucosa of the turbinates and nasal

septum. These lesions were the severest in the posterior portion of the nasal
cavity, possibly because the olfactory mucosa are the predominant covering of
this area. The lesions were not observed in nasal respiratory epithelial
mucosa of any animal. The crystals varied widely in size and shape. Many
were extremely large while others were considerably smaller, perhaps fragments
of the larger crystalline deposits. The crystals were present in the
olfactory epithelium and dispersed between the glands and nerves of the lamina
propria. Wherever the crystals were present in the mucosa, there was an

. accompanying granulomatous inflammatory reaction. This was characterized by
phagacytosis of the crystals by multinucleated giant cells. The crystals were
apparent when viewed with tungsten light but were very brilliant when viewed
with polarized light. These crystals, in some cases, also induced focal
osseous and cartilagenous inflammation and degeneration where they were
closely associated with bone and cartilage. In some instances the crystals
extended beyond the mucosa into the nasal cavity and in these instances there
was a prominent accumulation of neutrophils around the crystals. The crystals
were observed only once outside the nasal cavity and they were present in

9
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association with a chronic inflammatory urethritis (animal 236). This animal
also had chronic cystitis and chronic active inflammation in the kidneys. A

Table 29. Incidence of 1,4-dithiane-induced lesions in animals surviving to
the terminal (90-day) sacrifice.

Dose (mg/kg/day)

Lesion Sex 0 105 210 420

Nasal crystals M O/28a(0 )b 2/30(6.7) 28/28(100) 28/28(100)
F 0/30(0) 24/29(82.8) 30/30(100) 30/30(100)

Hypertrophy of centri- F 0/30(0) 0/29(0) 0/30(0) 26/30(86.7)
lobular hepatocytes

Cytoplasmic vacuolation F 0/30(0) 0/29(0) 0/30(0) 7/30(23.3)
of hepatocytes

Eosinophilic cyto- M 0/28(0) 0/30(0) 0/28(0) 26/28(92.8)
plasmic renal granules

a: Number of animals with the lesion over the total number of the animals in
the treatment group.

b. Incidence as a percent.

few crystals were also present in the renal pelvis of this animal, perhaps the
result of reflux.

The liver lesions associated with the administration of 1,4-dithiane were
limited to females and almost exclusively to those in the 420 mg/kg/day group
(Table 29). The changes were minimal to mild in their severity. One of these
changes consisted of hypertrophy of the centrilobular hepatocytes that caused
a minimal amount of distortion of lobular architecture. This change was
observed in 26 of 30 (86.7%) high dose females. The other lesion seen in the
livers of 7 (23.3%) of the high dose females was cytoplasmic vacuolation of
hepatocytes in the periportal region of the lobules. This change was also
observed in two additional females at lower doses: one each in the
intermediate and low dose groups.

The renal lesion associated with the administration of 1,4-dithiane was
observed in 26 of 28 males (92.8%) in the high dose group (Table 29). This
lesion was not present in the kidneys of the males in the intermediate dose
group. The lesion was diagnosed as a cytoplasmic alteration which was a
diffuse change throughout the renal cortex that was characterized by multiple
eosinophilic granules or droplets of varying size in the cytoplasm of the
convoluted tubules. The distal convoluted tubules appeared to be the most
commonly involved.

In summary, four distinct 1,4-dithiane treatment-related lesions were
present in three organs. In the liver, predominantly in the high dose
females, there was minimal centrilobular hepatocellular hypertrophy and
cytoplasmic vacuolation of the periportal hepatocytes. The reason for these
minimal changes is not understood except that it is morphological evidence

.1>, that this organ is responding to the toxicity of 1,4-dithiane. The kidneys of
the high dose males also exhibited a 1,4-dithiane-related lesion which was
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eosinophilic cytoplasmic droplets or granules. These droplets or granules
were probably products of either cellular absorption or excretion. These
droplets were only observed in the cortical convoluted tubules and their
importance, like those of the liver lesions, is not known. The most
interesting and certainly the most unusual lesion was the presence of
anisotropic crystals in olfactory mucosa of the nasal cavity. This type of
lesion has not been previously reported in computer-assisted literature
searches. It is well known that this tissue is biologically very active and
capable of metabolizing many xenobiotics. The only finding that was revealed
by this 90-day study was their presence and the assumption that they caused a
granulomatous inflammatory reaction. The identification of these crystals was
not accomplished and it is not understood how or why they were formed in this
particular tissue. The fact that 1,4-dithiane is a sublimable, volatile and a
very odoriferous chemical may have great significance in the eventual
understanding of this crystallization. The crystallization in the olfactory
nasal mucosa is the major observation of this 90-day study and additional
studies directed towards the understanding of this lesion are certainly
warranted.

V. DISCUSSION

The deposition of anistropic crystals in the olfactory nasal mucosa of both
sexes at all dose levels is the most significant pathologic finding in this
90-day study. Giddens (1972) reported that the olfactory mucosa of the DF
mouse was most sensitive to inhaled, very water soluble SO Giddens (1972)
suggested that the S02-induced damage might be intensified ue to S02-induced
nasal exudates which could diminish nasal airway patency and increase SO
absorption. Guckley et al (1985) reported that dimethylamine in
twelve-month inhalation study produced pathologic changes in both the
respiratory epithelium in the anterior nasal passages and in the olfactory
epithelium, especially that lining the anterior dorsal meatus. Dimethylamine
is highly water-soluble (55% by weight at 250C) and, accordingly, would
readily be absorbed by nasal surface secretions. The importance of water
solubility for respiratory tract lesions has been discussed by Buckley et al.
(1984). Morgan et al. (1986, 1986a) reported the effects of acute and c-ro-Tc
formaldehyde inhTa-ton experiments in Fischer 344 rats and suggested that
both regional exposure and local tissue susceptibility may account for the
distribution of formaldehyde - induced tumors. In contrast to the high water
solubility of SO dimethylamine, and formaldehyde, 1,4-dithiane is
essentially insolub 'e in water. This insolubility makes 1,4-dithiane unusual
among nasal irritants. Also, 1,4-dithiane is unique in that it caused
deposition of anisotropic crystals in only the 1,4-dithiane-treated animals.
1,4-dithiane is the only compound known to cause deposition of anisotropic
crystals in the turbinates. There was a very strong odor in the animal room
for 4 to 5 hours after the daily gavagings. Accordingly, it is possible that
some 1,4-dithiane was inhaled. However, the anistropic crystals were located
within the nucosa of only treated animals and were probably deposited by some
unknown mechanism after systemic absorption of the 1,4-dithiane given by
gavage. The Material Safety Data Sheet supplied by Fairfield Chemical Co.
(ee copy in Appendix 1) reports that vapors of 1,4-dithiane are irritating to
the hJin3n nose and human upper respiratory tract. It is unknown if
1,4-dithiane causes crystal deposition in the human nose. However, it is
interesting that the human nose is sensitive to 1,4-dithiane and that the rat
nos, exnibits ;rysta) deposition after dosing with 1,4-dithiane.
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In view of the pathologic lesions in the nose, liver, and kidney observed
in the 90-day study, future work is indicated in the following areas:

1.) Determining the chemical composition of the crystals. Enzymes could
be used to digest the organic mucosal material and a subsequent
sucrose-gradient density procedure could separate the crystals from the
organic material. Thereafter, various chemical procedures could be used
to chemically characterize the crystals.

2.) Studying the time needed for deposition of the nose crystals. A male
dosed with 420 mg/kg/day for seven days had the crystals but another male
on the same dose for 12 days did not have the nose crystals. The time
required for deposition of the nose crystals is important for a risk
assessment analysis for 1,4-dithiane.

3) Studying the reversibility or persistence of the nose crystals by
stopping dosing and killing at various times thereafter. The nose
crystals were associated with a granulomatous inflammation that may
progress to a more severe chronic rhinitis and, possibly, to carcinoma.
Determining the progression or regression of the 1,4-dithiane-induced
tissue damage is essential for a risk-assessment analysis for
1,4-dithiane.

4.) Studying the strain and species specificity of crystal deposition by
dosing F-344 rats and B C Fl mice (the rodent strains used by NTP in its
bioassays) and by dosin8 RALB/C mice (the mouse strain used in the 24,000
ED "megamouse" study conducted at NCTR to determine a 1% carcinogenic
do for 2-acetylaminofluorene). While unlikely, it is possible that the
CD rat used in this study is unique in its response to 1,4-dithiane
administration. Determining the crystal deposition, if any, in other
species and strains is essential for a risk-assessment analysis of
1,4-dithiane. The rodent is an obligatory nasal breather. It may be
prudent to test an oronasal species, e.g., a rabbit.

5.) Studying other compounds (e.g., 1,4-thioxane or other mustard
metabolites or 1,3-dithiane) for crystal deposition. It is of scientific
interest to know if close chemical congeners (e.g., 1,3-dithiane) of
1,4-dithiane would also deposit nose crystals.

b.) Determining the ultrastructure of the crystals and granules by
electron microscopy.

7.) Performing a metabolism study in the CD rat. In view of the
uniqueness of the nasal crystals, a determination of the metabolites of
1,4-dithiane is mandated if an understanding of the mechanism responsible
for the crystal deposition is to be achieved. Knowledge of the
metabolites of 1,4-dithiane and of the composition of the crystals can be
tied together by a study of the pharmacokinetics of 1,4-dithiane to
establish a temporal framework for these transformations.

A suggested drinking water calculation was performed (see XII. DRINKING
'jr WATER CRITERION). The suggested drinking water criterion was calculated to be

2.45 mg of 1,4-dithiane/liter of water.
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VI. LOCATION FUR SPECIMENS AND RAW DATA

The location for the animal husbandry, analytical chemibtry, microbiology
and pathology records or specimens is given in Table 30. The computer tape
containing the toxicology (weights and observations) and pathology
(microscopic) data is in Building 5 Computer Center. The manual records and
other records for the range-finding study are in the NCTR archives. The disk

. (PNCT-21) which is used for statistical analyses is also in the Building 5
Computer Center. The Final Report is located in Building 5D, Room 189 (the
NCTR Quality Assurance Archives).

Table 30. Location of specimens and raw data.
Location

Support Element Building Room

Animal Husbandry 15 114a
Analytical Chemistry 13 118

(Assay records, notebooks) 51 109
Bldg. 51, Room 110 is the Chemistry Archives

Microbiology 61 Various labs
e Dose Preparation 5D 167

Pathology
Blocks (491-1 to 491-240)

Wet tissues 5B 158
Gross and microscopic forms 56 121C

DRIM4S Stored on database (5C-112)
Comparative Toxicology 5D Schieferstein's office

The 1,;-dithiane and sesame oil left over at the end of the 90-day study is
stored in Diet Preparation (Building 5).
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"nclosed on the lower nght hand comer of envelope.
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MATERIAL SAFETY DATA SHEET

Fairfield Chemical Company, Inc.
Post Office Box 20

Blythewood, SC 29016 Emergency Phone Number: (803)754-3856

SECTION I - PRODUCT IDENTIFICATION

Product Name: 1,4-Dithiane
FCC Catalog #: D-819000
(Synonyms):
Formula Weight: 120.24
Formula: C4H8S2

Hazardous Components: 1,4-Dithiane: STENCH

- SECTION II - PHYSICAL DATA

-- Boiling Point: Not Known SP Gravity: N/A
Melting Point: 110-112 °  % Volatile, by Volume: 100
Vapor Pressure (mm): Not Known Water Solubility: Insoluble
Appearance: White crystals Refractive Index (20C): N/A

SECTION III - FIRE AND EXPLOSION HAZARD

Flash Point: Not Known LEL: Not Known UEL: Not Known
Extinguishing Media: CO2, Dry Chemical

Special Firefighting Procedures: Wear full protective equipment including
self-contained breathing apparatus (eye, body, respiratory).

Unusual Fire Hazards: Combustion may result in the release of toxic/hazardous
gases.

* - - SECTION IV - REACTIVITY DATA

Instability: Stable
Hazardous Polymerization: None
Imcompatibility: Keep away from excess heat
Hazardous Decomposition: None
Decomposition Products: Hydrogen sul fide (thermal), sul fur dioxide
(combustion).

SECTION V - SPILL, LEAK, AND DISPOSAL PROCEDURES

Z--- Spill - Assure personnel safety. Collect solids in a container and neutralize
with sodium carbonate. Wash area with dilute hydrogen peroxide. Followapplicable state and federal disposal laws.

Disposal - Observe applicable local, state, and federal regulations.
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MATERIAL SAFETY DATA SHEET Fairfield Chemical Company
Product Name: 1,4-Dithiane Revised: December 3, 1985

SECTION VI - SPECIAL PROTECTION EQUIPMENT

Use only with adequate ventilation. Keep container tightly closed.

Chemical safety goggles. Full-face respirator with mask. Rubber-soled boots.
Impervious gloves. Rubber apron. Mechanical hood.

SECTION VII - HEALTH HAZARD DATA

- TLV: Not Known Mutagenicity: Not Known LD50: Not Known

Effects of Overexposure
The vapors are irritating to the nose and the upper respiratory tract.

. Contact with skin, eyes, and mucous membranes should be always avoided. The
toxicological properties of this compound have not been fully investigated.
Regard this compound as a poison.

First Aid
0 In case of contact with skin rinse the affected area(s) with copious amounts

of soap and water for at least 15 minutes. Seek medical advice. Launder
clothing before reuse.

In case of contact with eyes, immediately flush with water for at least 15

minutes and seek medical attention.

Immediately move personnel to open air should excessive inhalation of vapors
result in loss of consciousness or breathing difficulty. Provide necessary
respiratory assistance. Seek medical attention quickly.

SECTION VIII - SPECIAL PRECAUTIONS

Store in cool, dry place in an air-tight container. Use in properly
ventilated areas only.

The data provided is correct to the best of our knowledge. We shall not be

held liable for any damage resulting from handling or from contact with above
product. See pages 4-5, Catalog No. 8 for additional terms and conditions of
sale.

N/A - not applicable
Not Known - information unavailable within the limits of our resources
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DISTRIBUTION LIST

Number of copies Address

30 Commander
A. ATTN: SGRD-UBZ-C

U.S. Army Biomedical Research and Development Ldboratory
Fort Detrick, Frederick, MD 21701-5010

2 Commander
U.S. Army Medical Research and Development Command

- ATTN: SGRD-RMI-S
Fort Detrick Frederick, MD 21701-5012

1 Dean
School of Medicine
Uniformed Services University of the Health Sciences
4301 Jones Bridge Road
Bethesda, MD 20014

1 - Coimmandant

ATTN: AHS-CDM
Fort Sam Houston, TX 78234

15 Commander
U.S. Army Toxic and Hazardous Materials Agency
ATTN: DRXTH-ES
Aberdeen Proving Ground, MD 21010

2 Commander
U.S. Army Environmental Hygiene Agency
ATTN: Library
Aberdeen Proving Ground, MD 21010

54



1Jw

.. ,

XI. GLP AUDIT SUMMARY

a.5

'.,

"-"-2-'



The 14-day range-finding study on 1,4-dithiane was exempt from GLP compliance
because it was a preliminary range-finding study. Even though technically
exempt from GLP compliance, the 14-day study had the following GLP audits and
inspections:

Type of Audit or Date Date QA
Inspection Inspected Reported Inspector

Protocol Review 12/18/85 12/18/85 JBa

Review of Revised
Protocol 1/9/86 1/9/86 JB

Diet Analysis, 1/12/86 3/24/86 ASb

Mixing, and 1/17/86 3/24/86 AS
Delivery Procedures 1/26/86 3/31/86 AS

Interim QA Review of
Study 2/9-2/24/86 2/24/86 DTc

Final Report Review 1/9/86 3/13/87 DT
0a

aJohn Berky, Ph.D., Director of QA at NCTR, now retired.

b binmon Swartzentruber, a QA inspector at NCTR and Acting Director of QA.

CDelbert Taylor, a QA inspector at NCTR.

CThe 90-day subchronic toxicity study on 1,4-dithiane was conducted as a GLP

experiment and had the following audits and GLP inspections:

Type of Audit or Date Date QA

Inspection Inspected Reported Inspector

Protocol Review 12/18/85 12/18/85 JBa

Review of Revised
Protocol 1/9/86 1/9/86 JB

Start-up Meeting for
Support Personnel 2/24/86 2/24/86 DTb

Animal Room
Animal Allocation 4/2/86 4/2/86 ASc

Collection of Animal
Weights and 4/8-4/11/86 4/11/86 AS
Observations

Gavage Procedures 4/8-4/11/86 4/11/86 AS

Diet Analysis, Mixing,
and Delivery 4/20/86 5/14/86 AS
Procedures
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Review of Protocol
Support Procedures 4/27/86 4/27/86 DT

Review of Computer-
Supported Animal 4/28/86 4/28/86 DT

-Allocation

Diet Analysis, Mixing,
and Delivery 5/4/86 5/14/86 AS
Procedures

Verification of

Computer-Stored Data 5/16/86 5/29/86 DT

Review of Final Report 1/9/87 3/18/87 DT

ajohn Berky, Ph.D., Director of QA at NCTR, now retired.

CDelbert Taylor, a QA inspector at NCTR.

bAmmon Swartzentruber, a QA inspector at NCTR and Acting Director of QA.

Results of the Quality Assurance investigations and audits on Experiment 491
were reported to management on the dates indicated. All work observed was

* conducted in compliance with the Good Laboratory Practice Regulations
promulgated by the Food and Drug Administration.

Ammon Swartzentifuber
Acting Director, QA

The study was conducted in accordance with FDA Good Laboratory Practice
Regulations and no problems were encountered which would adversely affect the
scientific validity of the study.

George J. Schieferstein, Ph.D.
Principal Investigator

457



XII. DRINKING WATER CRITERION

-~ 58



A suggested drinking-water criterion for 1,4-dithiane for tile protection
of human health was calculated according to EPA guidelines (1979, 1980).
Since tile toxicity data on 1,A- ditniane are limited to 14- and 90-day data,
the acceptable daily intake (ADI) was derived from the 90-day toxicity data.

The subchronic (90-day) study showed a significant (p<.0 5 ) increase in
the female livers and in the male kidneys at the highest dose level (420
mg,;kg/day). No change was found in organ weight in either sex at the lower
dose levels of 105 or 210 mg/kg/day for 90 days. Hypertrophy of centrilobular
hepatocytes was observed only in the females at the 420 mg/kg/day dose level.
Anlisotropic crystals of an undetermined chemical composition deposited in the
nasal olfactory mucosa. This crystal deposition was seen in lowest dose level
(105 mg/kg/day) in the males and in the females at an incidence of 6.7 and
32. 8,, respectively. Based on these toxicologic data, a severity rating
factor (RVe, see Table 31) of 3 was assigned at a dose level of 210 mg/kg/day.

Table 31. Rating Constants (RVe) for Noncarcinogens

Severity
Effect Rating (RVe)

* Enzyme induction or other biochemical change with no pathologic 1
changes and no change in organ weights.

Inzyme induction and subcellular proliferation or other changes 2
in organelles but no other apparent effects.

iyperplasia, hypertrophy or atrophy, but no change in organ weights. 3

. Hyperplasia, hypertrophy or atrophy with changes in organ weights. 4

reversible cellular changes: cloudy swelling, hydropic change, 5
or fatty changes.

Necrosis, or metaplasia with no apparent decrement of organ 6
function. Any neuropathy without apparent behavioral, sensory, or
physiologic changes.

, Necrosis, atrophy, hypertrophy, or metaplas4a with a detectable 7
decrement of organ functions. Any neuropathy with a ,neasuraole

*. .hange in behavioral, sensory, or physiologic activity.

-. ~ Necrosis, atrophy, hypertrophy, or netaplasia with definitive
- organ dysfunction. Any neuropathy with gross changes in behavior,

nesory, or motor performance. Any decrease in reproductive?
capacity, any evidence of fetotoxicity.

Pronounced pathologic changes with severe organ Iysfuntion. ,Njy
neuropathy with loss of behavioral or motor control or loss )f
sensory ability. Reproductive dysfunction. Any teratoenic ,fF. t
with maternal toxicity.

Death or pronounced life-shortening. Any t,/ratp'ic ft, t ^it. .
igns of maternal toxicity.

-.. Rating scale identical to tnIt t,,, , t - - - >t
- process, as described in LPA (11)l,13).
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An ADI was derived by estimating a no-observed-effect-level (NOEL) in the
experimental animal and from this NOEL, a NOEL in humans. The first step in

the process was to divide the lowest-observ, 1-effect-level (L(IEL ) in tile
animal by the RVe as follows:

NOEL (animal) = LOEL/RVe.

The RVe was chosen according to EPA guidelines (-PA, 198o) given in Table

31. A human NOEL or ADI is obtained from the animal NOEL by dividing the
appropriate uncertainty factor (10 for extrapolation from laboratory animals
to humans, I0 for variability among humans, and IJ for, extrapolation from

- subchronic to chronic exposure: an overal l uncertainty factor of 1,000") as

follows:

AlI = NOEL (human)

= NOEL (animal)/uncertainty factor.

Hence:

AD! = LOEL (animal)/(RVe x uncertainty factor).

= 210 mg/kg/day/(3 x 1,000).
4 0.07 mg/kg/day.

A suggested drinking water criterion (%W) is calculated from the ADI. In

performing this calculation, a 70-kg adult human is assumed to drink 2 liters

of water per day. Accordingly, the C , is ootained as follows:

CW =U.7 mg/kg/day x 7u kg/2llday.

= 2.45 mg of 1,4-ditniane,'l of vater.
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