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SUMMARY

A repeated inhalation toxicicy szudy of diechyldisulfide {n rats
was conducted at mean exposurse concentrations of 53, 150 and 437 ppam
(will be called 50, 150 amd 450 ppm throughout tais repoct). The
duration of exposure was 6 houyrs daily for 1C consecutive days. Body
vweights were recotrdad every other day and the rats were observed daily
for signs of toxicicy. Hematological 2ud clinical chemistry, including

thyroxine, data wvere obtained. A measure of icdine uptake by the

thyroid was obtained using 1251 oL a3 separats group of male rats which

were added to the study for this purposa. Gross and microscopic patho-
logical examinations were conjucted at the terminacion of the experiment.
Weights of various organs were recorded and organ/body wxight ratios

wvera calculated.

Slightly decreasad body weight gain was the only effeat attributed
to inhalation of dizthyldisulfide at 50 pem in both male and female
rats. Eye firritation wss observed in male and female rats exposed to
150 ppm diethyldisulfide. Thig was accompanied by body weight and
relative ovgan weight =ffects in both sexes. The female vats of this
exposure group exhibited darkened spleens upon gross pathologic exami~

nation.

Inhalation of 450 ppm diethyldisulfide produced extepsive body
weight and orgau weight effects in male and female rats. Eye irritation

and slight urine staining were obsarved in both scxes during and after




exposure. The males also .ad slightly swollen scrotal sacs. Hematology
revealed effeccs suggestive of hemolytic anemia in males and females in
the 450 ppn exposurs group. This phenomenon could account for effects
on bilirubin level, PCV, RBC and the histological and weight changes of
the spleens. The liver was also effected in both sexes and thyroxine

levels were decreased in males.

There was no effect on iodine uptake by the thyroid in male rats

at any concentration tested.

Based on the rasults of this study, it is not possible to predict
the results of repeated inhalation of diethyldisulfide at concentrations
below 50 ppm. It is certain that corcentrations sustainad at or above
50 ppm are too high for bumans both from an odor/comfort standpoint and
for toxicity reasons. The cliuical signs suggestive of a hemolytic
anemia which were observed at 450 ppm have not been characterized as to

time of ouset nor as to reversibility.

An Industrial * -;iene Guide (IHG) may be chousen using these data if
at least a 100 fold safaty factor balow 50 ppm {s used bringing the IHG
to 0.5 ppm. This could be done because the effects az 50 Ppm were only
on body weight and are not considered serious. It is recommended that
this IHG be for total momo- and disulfides in light of the similar toxic

effects attributed to dimethylsulfoxide (DMSO) and DEDS's likelihood of

being the sazea or similar to metabolites of various mono~ and disulfides.




INTRODUCTION

Diethyldisulfide (DEDS), H3C-CEZ—S~S-CHZ—CH3, is a decomposition

product of Dursban*. Its formation is promotced by the presence of the

‘—‘3 DEDS {8 an

e

oily liquid with a high vapor pressure and a strong "rotten cabbage”

odor which is noticeable in the pPpb range.

Diethyldisulfide Ls low in acuce oral toxicity with am LD50 in rars
of 2030 mg/kg.' Disulfides, including DEDS, have been shown co {ahibie
thyroid function in the rat after cral dose~ of 600 mg/kg.2’3 In a
study by Gage& rats were exposed to 250 ppm dimethyldisulfide for 13 x 6
hours. The rats were lethargic, had respiratory difficulty and reduced
weight gain. Their organs were "congested"”. Twenty é-hour exposures

to 100 ppm had no adverse effects upon four rats. Am ae

€2 inhalarion
study ( > using a "saturated" atmosphere of DEDS (4390
PPR - nominal) at room temperature caused the deach of all six rats
exposed. A "half-saturated" atmosphere of DEDS (2156 ppm - nvmirnal)
resulted in the death of ome of six exposed rats. In a Dow raport (HET

))6 the oral LDSO for rats was reported to be approximately

2000 mg/kg, and DEDS was shown to be slightly irritating to the eyes aad
skin.

The purpose of this study was to determine what the target organ(s)
are and to define a no-adverse effect level in rats to facilitate selec~

tion of an Industrial Hygiene Guide.

*Trademark of The Dow Chemical Company.
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Test Material
Diethyldisulfide is an oily liquid with a boiling point of 150°C
and a high vapor pressure. The DEDS used in this study was purchased

from Eastmsn Organic Chemicals and included 1.5 kg of Lot No. A6 and 1.0

kg of Lot No. 5B, both at least 98.9% pure by gas chruuntography.7

Exposure Chanbers, Vapor Generation and Analysis

The exposure chambers used in this study were made of . rainless
steel and glass and were 1 cubic meter in size with pyramidal shaped
tops and bottoms. The chambers weare operated under dynamic airflow
conditions. Diethyldisulfide vapor vas generated by metering the liquid
compound at a concrolled rate into a glass flask maintained at a tempera-
ture high enough to vaporize the liquid but not so high as to cauge
charring or decomposition (approximately 130°C). The vapor was ewapt
into the air inlet of the exposure chamber where it was further diluted
by the msin chamber air to the desired ccucentr=tion. Chamb=r airflow
vas regulated to provide 4 to 8 air changes per hour. The nominal
concentration of diethyldigulfide in each exposure chamber was calculated
as the ratio of the weight of DEDS used to the racte of airflow through
the chamber. Analytical concentrations of DEDS vapor in the ex ‘ayre
chambers were determined by gas chromarsgraphy using manual in.  _ion.

The chromatographic conditions were as follows:




Instrument: Varian Aerograph Model 2440

Column: 6' x 2 om glass packed with 107 OV-17 on
CWHP (80/100 mesth)

Deteactor: Hydrogen flame icnization
Temperatures: Injectoxr: 160°C
Detector: 160°C
Column: 150°¢
Gas Flow Rates: Helium: 20.7 ml/min
Air: 300 ml/min
Hydrogen: 30 ml/min

Gas Sample Vol'me: 0.5 ml (injected by hand)

Standards for the analysis were prepared by injecting known volumes of
DEDS into 100 liter Saran bags coataining filtered air. Samples of the
chamber atmosphere were collected chree times each day for each chamber
in Saraa bags, and 0.5 ml aliquots were manually injected into the GC

immediacely after collection.

Animal Exposure

Four groups >f Fiscner 344 (Charles River) rats '0 weeks of age

consisting of 10 rats/sex/group were used. Females were put on test one

day later than males. The groups were exposed to O (room air), 53, 150

and 450 ppm diethyldisulfide vapor 6 hours per day for 10 consecutive
days. Another 5 male rats were added to each exposure group (plus 10
for comtrol) at tne beginning of the study for use in the iodine-125

experimest described later im this report.

Rats were rardomly assigned to treatment groups from a single lot

of animals by use of the computer program GRAND. CLIST (Computations
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Research Laboratory, Dow Chemical, U.S.A.) which generates rangom
numbers. Rats were housed two or three per cage and controls were kept
in cages in an animal holding room for the duration of the experiment.
Food and water were removed during the exposure period (including ccu-
trols), but were available ad {ibitum at all other times. Due to an
oversizht, fiod was not removed from control rats on the firsc exposure

day.

Animal Observation and Body Weights

411 rats were weighed prior to exposure on exposure days 0, 2, 4,
6, 8 and 10. aAll rats wera cbserved during each exposure day for
chaages in appearance or demeanor. Two rats from the 1251 group (1-50
ppm, l-negative control) were found in a moribund state at the end of

the seventh exposurs day and were sent for pathologic examination at

-

ok I PO R S S S
PiiLALAL OLUGQILEY

Hematologic~l parameters, including red cell count, hemogiobin
concentration, packed cell volume, total and differential white cell
counts? and reticulocyte count (females only) vere determined on blood

from 5 rats/sex/group prior to necropsy. Blood for hematology was

obtained from the tail veins. At necropsy, clinical chemistry determinations

3pCV: Microhematoerit Centrifuge*, Clay-Adams Co., New lork; RBC,
WBC Counts, Hgb: Coulter Counter Model 2BI and Hemoglobinometer,

Coulter Electronics, Hialeah, FL.




: = Kl -«
) ' .. . s .
' - i =
\\ - ) - Py
) £
\ ] - L - N -
d ]
i - 3 -
’ ‘ 2t o .
- ® - o e ~
. . s
; o o \
| ~
1 b .
¥ . i » @
' B - ) . . .
b w - & ’ 4 . .
EC t
’ e P A Lt )
- ] =] -
: i o ) = e
) -
\ ) N ~ -
. ® ;) N N
. e . '
. K N . =
i N ((‘: R
‘ . . , { “k
.
. . . . . -
rd . . f
) L
Sy N . D .
N ‘
. . N ) |
N ‘ »
' : P R
. . A R N N "
’ ] . |
Y g - ‘ .
® ) 0
; 5
‘ N Sw . .
/ : » \
] - )
- M - ‘,,,_‘_//
- . ) | |
| ’ N * . .
. s
M )
L4 B X ) 4 ‘
. ‘ » . |
‘ ) - ]
; &
Pay . “ )
, . .
»
M *
) ) * R ¢, -
- !\‘ : Py - L.
. . }
- — “
N +
X ) .
' - & . .
' i f : . ,
5; . ! A N
T R . )
' ! Y
A .



of blood urea nitrogen (BUN), alkaline phosphatase activity (AP),
bilirubin and serum glutamic pyruvic transaminase activicy (SGPT)b were
performed on serum from 10 rats/sex./group. A portion of each clinical
chemistry serum sample was sent to Bioscience Laboratory, Van Nuys,
California, for determination cf thyroid functiom by the T4 (thyroxine)
test. Blood for the clinical chemistry and T4 tests wvas obtained from

the cervical trunk after decspication.

Iodine-125 Uptake

In order to assess the effects of DEDS on thyroid functiom under
the conditions of this inhalation experiment, I-125 uptake was measured

in the extra groups of 5 male rats per exposure group by the method of

Saghir, gs'gi.z In this method, each rat was givem, by intraperitomneal

injection, 1 uUCi of carrier-free Nulzsl in 0.5 ml of 0.9 saline solution.

A positive control was also rum on a group of 5 male rats treated with 1
mg each of propylthiouracil (PIU, a known goitrogen). The I-125 was
tdministered 20 hours after the 10th exposure for the DEDS expesed rats
and ome hour after administration of PTU in the case of the positive
control rats. Thr:i: hours after administration of the I-125 the rats
were anesthetized by methoxyflurane, decapitated and thyroidectomized.
Each thyroid was digested inm 1 ml of NCS* Solubilizer for 24 hours in
plastic scintillation tubes. Toctal radiocactivity was then measured

in each tube using a Nuclear Chicago automatic gamma counting system -

Model #4230. Percentage uptake was calculated by comparing the radioactivity

bCentrifi-Chem* System 400, Methods File.




ia 1 mg of thyroid tissue with that {n a staadard dose. The standard
dose was 50 ul of a standard doeing solution: 25 ml volume containing
50 uCi of 1251. Rats used in this part of the study (I-uptake) were noct
sent for pathologic examination, but were disposed of in accordance with

regulations for radicactive waste disposal.

Pa:hologz

Twenty-four hours after the last exposure a necropsy examination
was performed on 10 rats/sex/group excluding the rats used in the iodine
uptake experiment. Prior to necropsy, the rats were fasted overnight,
weighed, anesthetized with methoxyflu-ane to facilitate the ciamping of

the trachea, and taen killed by decapitatiom. All eyes were examined

using a glass microscope slide technique. The eyes from 5 rats/sex/group

were fixed in Zenker's solution. Eyes from the remaining rats wvere

presarved 1in buffered 107 formalin. Wweights of the train, heart, liver,

Y o . ____x_.1
SELTTIAUEU anRu ruuolaed.

Due to the hematological and gross findings during the necropsy of the
male rats, the spleens of females were weighed at the time of their

nezropsy on the foliowing day.

The brain, liver, kidneys, lungs, spleen, thyroid, testes (males),
sasal turbiloates and a taction of the thoracic vertebral column were
collected and preserved in phosphate-buffered 102 formalin. Routine
histologic procedures ware used to prepare hematoxylin and eosin stained

sections from liver, kidnevs, lung, spleen, thyroid, testes (males) of 5




rats/sex/group. Excluding those rats exposed to 50 ppm DEDS, the

vertebral coiumns from 5 rats/sex/group were processed for subsequent

bone marrow evaluation.

Statistical Bvaluation

Clinical chemistry, thyroid T4, organ weight, and body weight data

were evaluated using an analysis of variance and Dunnett's test (Steel

and Torrie, 1960).8 The level of significance 1in ai. cases was p<0.05.




Chamber Analvysis

Results of the analyses for diethyldisulfide in the inhalation

chambers during the 10-day experiment are summarized 2 Table 1.

Animal Observation and Body Weights

Male and female rats in the 450 ppm exposure group had eye i “ica-
tion as evidenced by blinking and moderate palpebral closure on each day
during the exposure. Occasionally the rats in the 150 pPm group also
showed eye irritation during exposure. On seven of the exposure days
1/4 to 1/2 of the male rats in the 450 ppa group were stained with urine
in the perineal region upon removal from tha exposure chambers. OQne to
three of the females of the 450 ppm group were also urine stained after
@xposure on two days. All of the male rats began to have alight seroral
swelling on the fourth exposure day in the 450 and 150 ppm groups. This
effect was observed only im the 459 ppm group for the remainder of the
study. On the eighth study day it was observed that 3 to & rats of
various groups had slight lung rales, but thia observation was not made

at any other time. There ware no obvious signs of toxicity in the 50

ppm exposure group.

Individual and mean body weights for male and female rats are given

in Tables 2, 3, and 1l. Body weights of male rats vere statistically

significantly lower than control values in the 450 ppm group throughout

the study and in the other two concentration groups at the last two




-11~

weighings. Body weights for female rats were aratdsi.cally vigmifd-.
cancly lower in the 450 ppm group at the last three “mighing - .nd on iha
seventh day in the 50 ppm group. Due to the difre. cce aroz . ‘ay zero
mean weights in the various groups, body weight change ‘rom p~=ex .sure
body weights was calculated (Tables 4 and 5) in . -der to WOT 2 curately
asgsess the effect of jnhaled DEDS ou body weight. The Lady ‘~ight
changes show statistically significantly lower body weight gains for
both male and female rats in easch dose group for the last half of the
study, and in female rats for the entire study except for day 1 of the
50 ppm group. In genera., inhalation of diethyldisulfide was associsced
with a decreased body weight gain in both male and female rats at all

conceuntrations of the study.

Clinical Sctudies

Individual aad mean hematological values obtained prior to sacri-
fice of male and female rats are given in Tables 6 and 7. In male rats,
statistically significantly elevated white blood cell counts were seen
in the 450 ppm group by use of the Coulter Counter technique. This
effect was accompanied by low packed cell volume and red cell counts in
the same group of rats. Examination of blood smears revealed numerous
nucleated and immature red blood cells. Thus, the white blood cell

count was redetermined by visually comparing blood smears from this

group to the controls. What was counted by the Coulter Counter included,

in all due probabdbility, nucleated red blood cells and immature red

blood cells as well as white blood cells. White blood cell counts for
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texsle rats in the 530 ppm group were de”ermined only by visus®

TeMg inem Do Lovtrols. A slight increase {n the total vhite blood
zell count was shserved in femsle rats exposed to ppm DEDS.

Toi . w#as not a scatisrically significant increase the values were
withip the range ot white bluod :ell count values f historical
covtrol :ats of the identical strain and age used in this study.
Teexafcre this sffect is aot corsiderea tos be related to inhalation

of diethyl disulfide. Packed :ell volumes and red cell counts of both
nales anc females o< the 450 ppm group were statistcically significancly
decreised and spur-ous vesults were obtained for hemoglobin due to the
turbidity cr the samp..s. Iz che fenale high dose group the samples
vere cenirifuged arter adding lysing solution ia order to obtain a
better hemoglob n ~eading and in this group the mean hemoglobin value

was statisticilly significantly lower than that of controls.

411 .7 ‘he abcve-mentioned blood effects are consistent with a
diagnosils of hemolytiz anemia brought about by the inhalation of diethyl-
disu.f.ue {or 10 davs at a concentratisn of 450 ppm. There were no
effects of a hexmarclogic ~ature in male or female rats exposed for 10

adys to 153 or 50 ppa ~f DEDS.

ipdividual :md mean clinical coemisory values for male and female

ravy ave :ives 1a Talles 8 and 9. Tor xales in the 450 ppm exposure

group theTe were 47 .tisv*cally significantly raduced mzan BUN, AP and T4

values. Biliiubin vas nta.istically signiiicantly greater in this

group; the aean 5GYT a~i.vicy for this group was lower than that of
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controls and the other trearment groups but the difference was not
statistically significant. Female rats had lower mean BUN and AP values
in the 450 ppm group than in the other groups and the mean AP value was
statistically significantly reduce. crom the control value. There was
also a statigtically significantly elevated bilirubin for the 450 ppm
female rats. Althouga a statistically significantly reduced T4 level
was seeti in females of the 50 ppm grouo, this was not seen at higher
concentrations and was thus not considered to be related to inhalation
of diethyldisulfide. It was concluded that inhalation of 150 or 50 ppm
of diethyldisulfide for 10 consecutive days had no adverse effect on

BUN, SGPT, AP, bilirubin or T4 in male or femsle rats.

lodine-125 Uptake
Inhalstion of dlethyldisulfide by male rats for 10 consecutive days

at concentrations of 450. 150 and 50 ppm had no effect upen the untaks

1251 by thyroid tissue of these rats as compared to positive and

of
negative controls (Table 10). Although the mean i1odine uptake of the

450 ppm group was lower than the control value, the decrease was attribut-
able to a low uptake in only one of the five animals and i{s thus not
indicative of a group effect. Body weights for the male rats used in

this 1251 experiment are givem in Table 11.

Pathology

Two rats from the 1251 group (ome 50 ppm, one negative coatrol)

vere found in a moribund state at the end of the seventh exposure day.

Both rats showed a poor body condition at necrops . The negative control




-14-

rat died sponraneously just prior to necropsy. Necropsy revealed bdboth
rats to be off feed and possibly water. Microscopic examination of the
brains from both rats showed a suppurativs meningoencephalitis caused
by, in all due probability, an unidentified bacteria. Table 12 lists
the results of the gross and microscopic examinations of the afcremen-

tioned rats.

Table 13 lists the gross observarions made on 10 rats/sex/group

after 10 consecutive days' exposure to vapors of diethyldisulfide.

Enlarged salivary glamds and exophthalmus were not considered
treatment-re_ated but were, wost likely, signs of a possible concurrent
sialodacryocadenitis infection. Observations made at necropsy that were
considered tr -ment-relared were darkened or congestad liver, kidneys
and spleen. These changas cccurred in both male and female rats exposed
to 45C ppm DEDS. The spleens from these rats were also enlarged,
alchough the spleens of the male rats were rot weighed. An anemic and,
in some cases, a slight icteric appearance was noted in 10/10 male and

9/10 female rats exposed to 450 ppm DEDS.

Individual and mean fasted body weights, organ weights and orgaa to
body weight ratios for male and femals rats are givea in Tables 14 and
15. There were no effaects on the organ w-ight values for male rats
exposed to 50 ppm DEDS. The fasted body weights of males exposed to 150
and 450 ppm DEDS were statistically significantly lower than controls
and this also reflects a dose-related trend which carried over into the
50 ppm group. The low mean body weight for the 50 ppm group is not

statistically significant but is comsistent with body weight effects
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seen during the course of the study. Statistically significantly
elevated relative brain, kidney and testes wveights in both the 150 and
450 ppm male groups were related to the decreased body weights. Male
rats in cthe 450 ppm exposure group had statistically significantly
decreased absolute liver and testas weights which may have been related
to creatment, though these effects were noﬁ accompanied by histological

findings.

Female rats exposed to 150 ppm DEDS had slightly darkened spleens.
This observation may or may oot be related to exposure to DEDS.
Histopathologic examination of the spleens did not show a treatment
related effect. At necropsy, 1 out of 10 of the females in the 450 ppm
exposure group had decreased adipose reserves. The remaining necropsy
observations on female rats in these two groups are not considered

treatment-related.

Female rats in the 50 ppm exposure group had a statistically
significantly lower relative liver weight but this is not considered to
be related to the inhalation of DEDS judging by the lack o a dose-
Telated response and the fact that the mean was low due to a low value
for only one rat. There were no organ weight effects in feualcs of the
150 ppm group. There was a statistically significantly low mean fasted

body weight for female rats exposed to 450 ppm diethyldisulfide. There

were also statistically significantly elevated relative heart, liver,

and kidney weights. Thesa effects in the 450 ppm female group reflect

the decreased weight gain caused by the inhalation of DEDS. Absolute




and relative splean weights for this group of female rats were also
statistically significantly elevated. Spleen enlargement was due to
increased congestion of the red pulp, an observation consistent with

hemolytic anemia.

Histopathologic findings on 5 rats/sex/group have been listed in
Table 15. Histopathologic alterations comiidered to be related to
exposure to DEDS were seen in the liver and spleen. From the 450 Ppm
exposure group, 3/5 males and 2/5 females had livers with a slight
degree of extramedullary hematopoiesis. Microscopic examination of the
spleens from the same rats revealed all to have treatment-related changes
congisting of moderate congestion of the red pulp accompanied by a
moderate degree of excramedullary hematopoiesis. These findings are

consistent with the animals' response to a hem 'ytic condition. The

remaining microscopic observations listed in Table 1§ wera not considered

to be related to exposure to diethyldisulfide.
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DISCUSSION AND CONCLUSIONS

Body weight effects were the only effe¢ ts attributed to inhalation
of dieihyldisulfide at 50 ppm in both male and femsle rats. Eye irrita-
tion vas observed in male and female rats exposed to 15" ppm diethyldisulfide.
This was accompanied by body weight and relative organ weight effects in
both gexes. The femala rats of this exposurae group exhibitad dar aqed

spleens upon gross pathologic examination.

Inhalation of 450 ppm diethyldisulfide produced ixtensive body
veight and organ weight effects in both male and female rats. Eye
irritation and slight urine staining were observed in boch sexes during
and aiter exposure. The males also had slightly swollen scrotal sacs.
Hematology revealed effects suggestive of hemolytic anemia in both males
and females in the 450 ppm exposure group. This phenomenon could account

for effects on bilirubin level, packed cell volume, RBC, the_histological

Thyroxine levels were decreased in males.

There was no effect on iodine uptake by the thyroid in male rats

at any concentration tested.

The suggested detoxification mechanism for DEDS includes reduction

to ethyl mercaptan, methylation to ethylmethylsulfide, and then oxidation

to ethylmethylsulfone via ethylncthylsulfoxide.9 It 13 interesting to

note that dimethylsulfoxide (DMSO) produces a reversible hemolytic

anemia and diuresis in experimental aninals.lo The anemia was produced
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tious.lk Daily topical administration of 2.5 ml of 907 DMSC to rats
resulted in a 10-fold increase in urinary outpu:.lz
reported in various industrial hygiene and analytical reportsl3
sulfide, dimethyldisulfide and dimethylgulfide are found in the same
work areas as diethyldisulfide it would seem likely that their toxic

effects may he additive because their metabolites may be DMSO i.self or

structurally similar (ompounds.

Based on the results of this study, it is not possible to predict

the results of repeated inhalation of diethyldisuifi

below 50 ppm.

too high for humans both from an odor/comfort standpoint and for toxicity

reasons. The clinical signs suggestive of a hemolytic anemia which were

obgarved ar 450

as to reversibilicy.

in dogs and rats after repeated intravenous or intraperitoneal injec-

If, as has been

, diethyl-

de at concentrations

It 18 certain chat conceatratioms at or above 50 ppm are

-ngracterized as to time of onset nor




An Industrial Hygiene Guide (IBG) may be chosen using these data if
at least a 100-fold safety factor below 50 Ppm is used. This could be
done because the effects at 50 ppu vere only on body weight and are not

considered serious. It is recommended that this IHG be for total mono-

and disulfides in light of the similar toxic effects attributed to DMSO

and DEDS's likelihood of being the same or similar to metabolites of

various mono-and disulfides.

Reviewed By:

J

Written by:
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Table 1

INHALATION CHAMBER AIR ANALYSIS FOR DIETMYLDISULFIDE

Target Concentration, ppm

Nominal Coacentration, ppm
X2S.0.
Analycical Concentraticm, (TWA) ppm

X+5.D.

P, b
Total Exposure Days

Expeosure Days Within #1027 of Maan
Analytical Concentration

Exposure Days Within #2027 of Mean
Analytical Concentraction

Daily Temperatura, °F
X:5.D.

Daily Relative Humidity, 2
X25.D.

aControls were kept in an animal holding roow at ambient conditions; nc
record was kept of temperature or humidity.

bBecause females were placed on test one day later than males (staggeresd
start), .he total number of days during which animals were expoged is 1l.




Tabla 2

INDIVIDUAL AND MEAN (= 5.D.) BODY WEIGHTS (g) OF MALE RATS

EXPOSED TO VAPORS OF DIETHYLDISULFIDE IN A 10-DAY INMALATION STUDY

Days on sure

0 PPM

77-3680 184
-3681 205
-3682 174
-3683 193
-3684 190
-3685 184
-3686 202
-3687 209
-688 200
-3689 197

Animal No.

193.8
10.91

Maan
*+ S.D.

350 PPYM

77=3740 202
=3741 182
-3742 203
~3743 185
~3744 197
~3745 206
=3746 194
=3747 181
=-3748 192
-3749 189

193.1
8.90

Maan
s 8$.D.

150 e

77-3720
-3721
-3722
-3721
-3724
-3725
-3726
-3727
-3728
=-3729

Maan
* S.D.

450 PMM

77-3700 195
~3701 175
~3702 196
~3703 199
~3704 198
-3705 187
-3706 179
~3707 180
-3708 181
~3709 194

188.4
9.02

Mean
t S.D.

178
208
174
199
193
168
206
0
204
200

195.8
12.35

16
188
210
189
206
faty
200
187
202
196

200.8
16.73

186
170
186
191
188
174
171
175
172
18%

179.8*
8.08

205.4
12.28

21
186
12
188
206
214
198
187
198
191

199.1
10.99

06
196
209
208
209
198
209
204
a3
196

204. 4
6.75

187
174
189
190
186
173
167
171
174
186

179.7»
8.64

188
22
182
ae
198
i98
23
209
10
202

203.2
12.07

as
187
211
192
209
29
202
192
201
197

202.5
10.73

204
194
214
202
209
196
a1l
204
209
200

204.3
6.52

190
175
194
190
186
173
166
(933
176
189

181.2*
9.67

218
193
228
a2
as
230
223
230
22

219.1
13.71

201
198

07.2¢
u.s60

209
200
A8
203
207
205
216
207
16
206

208.7+
6.04

194
173
192
192
190
174
168
173
180
185

182.1»
3.68

a

a

234
220
224
233
224
238
223

228.0
6.86

224
200
218
189
214
226
199
203
0
12

208.6*
12.06

210
207
219
21
13
11
220
219
226
12

213.9*
5.86

191
173
182
185
191
174
166
161
173
184

179.0*
11.10

*Statiscically significantly lower than control asan using analysis of variance

and Dunnett's test, p<0.0S.
) body wvaights available; rats inadvertently omitted from veighing.
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Table 3

INDIVIDCAL AND MEAN (: S.D.) BODY WEIGHTS (g) OF FEMALE RATS
EXPOSED TO VAPORS OF DIETHYLDISULFIDE IN A 10-DAY INBALATION STUDY

Days on Exposure

Q PPM

77-3690 143
-3691 168
-3692 il4 & 138
-36%3 138
-16% 142
-3695 22 144
~3696 143
-3697 141
~3898 134
~3699 16

Maan . . 140.7
s 8.0, . . 4.19

50 PPM

77~3750 137 138 136 137
~3751 131 141 140 129 141
-3752 124 132 130 132 126 133
-3733 123 131 12¢ 128 118 136
-375%4 140 147 144 1458 132 146
-3755 126 137 136 138 121 129
-3756 131 138 134 138 125 138
-3757 130 137 136 137 140 139
-3758 124 130 31 134 133 133
-3759 132 136 134 140 141 139

Maan 129.6= 136.8 133.2 137.0 130.1» 137.2
: $.D. 5.44 5.14 4.73 4.7 7.72 4.80

150 rry

77-3730 143 150
-371 127 133
~-3732 120 12¢
=3733 132 136
=373 134 137
~3738 128 133
~3736 128 133
-3737 134 136
-3738 127 132
~373% 129 138

Maan 130.2» 135.1
*+ S.D. 6.07 €.08

«50 PPM
77-3710 134 133 126 127 130 125
~3711 128 126 122 121 123 118
-3712 138 142 137 115 136 129
-3713 126 129 122 121 119 17
-3714 138 142 136 132 133 128
-3715 128 132 128 125 124 118
-3716 136 137 140 134 134 120
-3717 133 134 130 126 125 122
-3718 129 130 132 129 128 125
-3719 134 138 137 133 131 129

Mean 131.6* 234.0 131.0 128.3¢ 128.3» 1231 =
t §.D. 4.79 5.25 §.48 5.14 5.06 4.72

*Statiscically significancly different from control mesn uaing snslysis of
varisnce sod Dunpett’a tasc, p<0.0S.
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Table &

UMIVIDUAL AND MEAN (25.D.) BODY WEIGHT CRANGES (g) FROM PREEXPOSURE WEIGHT

(s
FOR MALE RATS EXPOSED TO VAPORS OF DIETHYLDISULFIDE I¥ A 10-DAY INNALATION STUDY

Days on sute

0 PMM

77-3680
~l681
~3682
-)683
~3684
~3683
~3686
~3687
-3688
-368%

Lo ol ol NI WO NP Wy

[
.
(-3

Mean
t §.D.

w
~
L3

50 M

77-3740
-3741
~3742
-3743
3744
-3745
=-3746
-3747
~3748
-3749

("

o e g
NG @M

I
~NO PO ®WS u

NRE POWO S0

14.1» 15.5%
.18 7.1

~

-3
L]

o
&

Maan
t §.D.

[
o
~

150 reM
17-3720
-7
~3722
~3723
~3724
~3728
~3726
-3727
~3728
-3729

L R N I A
MMNNIASNNUIMD
coruonball
IR FYNYSYPIS IO of of 1

Maan
£ S.D.

430 PPM

77-3700
-3701
-3702
-3703
=3704
-3705
-3706
-3707
-3708
~3709

Mean ~8.6% -8.7% ~7.2" ~6.3% ~9.40
¢ §.0. 2.37 31.59 &4.47 4.19 5.38

-9 -8 ~5 -1 -4
-5 -1 [+] -2 -2
-10 =7 -2 -4 -4
-8 -9 -9 -7 -1a
-10 -12 -12 -8 -7
«13 -14 -12 ~-13 -13
-8 -12 -13 -11 -13
-5 -9 -9 -7 -19
-9 -7 -5 -1 -8
~9 -8 -5 -9 ~-10

L2 I B I |

*Statistically significantly differenc from contzol sasa using analyais of

variance and Dunnett's tesc, p<0.0S.
body waights availsble:; racs inadvarcently cmitrec from waighing.




Tadble §

INDITTJOAL AND MTAN (25.D.) BODY WEIGHT CHANGES (g) FROM PREEXPOSURE WEIGET
FOR FEMWLE RATS EXPOSTD 10 VAPORS OF DIETEYLDISULFIDE IN A 10-DAY INHALATION STUDY

Laye ot Expom.oe

o ™

77-36%0
-3691
-3692
-3633
-3694
-3633
-169¢
~3687
-3698
-1699

Anime) No.

$.D.

50 PPm

77-3750
~3781
-3732
-3753
-3754
-3755
-3756
~3757
-3734
-3759

Eu

-
LK VIR IR
o
LB I - IR VRIR N T N N VY
- o
WD~ NP DD

7.a%
2.63

-
~

Mean
* §.D.

»
w -
~

136 Frs
7-3730
~373
-3732
-3733
=373
~3738
~1736
-37%
-~3738
~3739

AN R AN b G
LR RV B RV SN

o
WW SV AN BRI wWwO
© G0 4~ ot

P

Maan
+ 5.0,

450 pPM

77-3710
-7
-3712
-3713
-3714
-3715
~3718
-3717
-3718
-3719

-9

-2 -7
1 -6
-3 -7
-3 -10
-4 -i0
-3 -16
-8 -1l
-1 ~4
-3 -5

-

[l ol I

Mean . . ~3.3» ~8.5#%
: 8.D. - 2.50 3.50

*Scatistically significently diffsrsac from control mean using analysis of
variance aod Dunnaect's tast, p<0.0S5.




Tadle 6

INDIVIDUAL AND MEAN (t S.D.) PRETERMINAL SFMATOLOGY VALUES POR MALE RATS
EXPOSED TO VAPORS OF DIETEYLDISULFIDE IM A 10-DAY INNALATION STUDY

gbd Differential Counts
g/100 3
sc Lym. Mom. Eos. Bas.

3

Animal No.

16.9 a3
16.9 . 81
17.1 61
16.2 76
17.0 87
16.8 . T4
0.4

77-3680
~3681
~3682
-3683
-3684

Maan

£ S.D.

PR LR
e =N S K- Ry
FmOWVwWLOO

16.7 76
16.4 77
17.8 80
16.8 77
16.7 67
16.9 . 75
0.5

50 PPM 773740
~3741
-3742
-3743
~3744
Mean
£ §.D.

M
wroOo0oOo0OoO

N ALY B
OO N®M
oCC OO0

82
69
75
70
72
75

16.7
17.4
16.9
16.3
16.8
16.8

0.4

17=-3720
-3721
-3722
-3723
~3724

Maan

: §.D.

OCOO0O000

DAL e
~FOO0OO0O0OWw
Lwwuwmoooo

15.5" . )

16.7 7

18.0 85
16.6 77
17.0 79
16.8 77
0.9

A - N-N-RV RV .

77-3700
=3701
-3702
-3703
~-3704

Maan

¢t §.D.

B
CWwWwOOwew
»

77=-3700
Visual =-3701
Comparison -3702
to Coatrol -3703
-3704
Mean
* §.D.

*Stacistically significant deviation from concrol mean using anaiysis of variance and Dunnett's tast
p<0.05.

*Yalues invaltd due co technical iffficuities and not used for statisctical analysis.

leC wvere eatimated in this group; values were not used for scacistical analyvsis.
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Table 8

INDIVIDUAL AND MEAN (: S.D.) TERMINAL CLINICAL CEEMISTRY
PARAMETERS FOR MALE RATS EXPOSED T0 VAPORS OF DIETNYLDISULFIDE
IN A 10-DAY INBALATION STUDY
Tocal Toeal

.11 L~ o AP Bilirubin Thyroxine
Animsl No. ag/100 ml a/al sl/al ag/100 =l ug/100 al

77-3680 19 20
-3681 22 16
~3682 17 16
~3683 21 21
~3684 a 15
-3685 17 26
-3686 19 18
-3687 18 19
-3688 18 20
~3689 19 18

Maar. 19 19

¢ §.D. 2

[~ E-N-N-]

IR IR R
ONWRNMNWWBLNNNNMN
[N )

cooo0ocooo0
(= RV NVN. S NV NNy
HOWBK O SR O

h

77-3740 2
=-3741 20
~3742 20
=3743 18
-3744 20
~3745 a
-3746 16
~3747 20
-3748 2%
=-3749 16

Masn 20

¢ S.D. 2

BRI
P

P 2o R R NWW NN

>

LR - NV Y Y A

OOOO_ODOOOOOD
[ N VN RV N S VR,

77-3720 18
=370 19
-3722 20
-3723 b1
-3724 20
-3728 18
-3726 Fal
-3727 18
-3728 19
-3729 16

Maan 19

¢ §.D. 2

OOOOOPOOOOOQ
S e v e e e
HRNRNDWROUPRPRUBDN+E O
QEFLWLEVBEIWELrwuw
DR IR IR AR A

LI B VY N - W WPy

77-3700 135
=-3701 18 98
-3702 18 96
-3703 18 81
-3706 17 104
-3705 14 97
3706 16 80
-3107 14 94
=170: 18 107
-3709 14 104

Maan 16» 97

2 §.D. 2 10

oO0ooo
L O O 2
(=N «)

OOOO?OOO
[~ o LRI A S

»
€ o ket L N W s b

Py

(VR - T - W WY

*Statistically significant deviation from control msesn using analysis of
variance and Dupnatt's test, p<0.0S.




Table 9

INDIVIDUAL AND MEAN (= S.D.) TERMINAL CLINICAL CHFMISIRY
PARAMETERS POR FEMALE RATS EXPOSED TO VAPORS OF DIETEYLDISULFIDE
IN A 10-DAY INBALATION STUDY

30N T. Mlirubia (T4)
Dose Animal No. 2g/100 ol g/100 4R/100 i

Q 773690 pa
~3691 24
-3632 8
~3693 18
-3694 i1
-3695 22
-369%6 22
-3687 17
-3698 i9
-3699 17

Masn pas
+ S.D. 3

Qoo
Lo S ey
, e
Lo

Coooouooo
L N S L X" ™)
(= R S Y W
OO N R

77-3750 as
~3731 20
~3752
~3733 22 118
-37%4 u 123
-3755 20 131
-3756 22
-3;87 22 112
-37358 23
~3759 2
Maan a 116
: 8.D. 4 DI

B W O D 0D o

»

L= e e e ol Sl W S PN,
ONHNwHNNNNrJN

G.
0.
Q.
g,
Q.
3.
Q.
Q.
0.
Q.
Q.
Q.

(=]

77-3730 28 4 128
-3731 22 17
-3732 27
~3733 21 104
~3734 18 113
~3733 18 97
-3736 23 119
-3737 25 113
~3738 s 131
~3739 Iy

Maan | 118

+ 5.D. 3 : 12

»obe b
.P‘N
% un

Lo SN P I T

QOO CoOoOLOo
=R L b W e
[ R W N VS

77-3710 17 67
-3711 17 73
-3712 16 80
-3713 15 69
-3714 17 62
-3715 22 77
-3716 19 79
3717 14
~3718 15 ]
~3719 16 80

Maan 17

* 5.D. 2 13

[~ RN - Nole])
NIRRT
v e oo

LI S W PP ORI

QOO0 OO
Ll S N Y
»
OUM‘
Pne B LN O -0

*Statiscically significant deviation from comtrol mean using ansalysis of
variance and Dunnett's test, p<0.0S.

‘Imffician: sample for repest of taechnically deficienc firet trial.
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Table 11

INDIVIDUAL BODY WEIGHTS OF MALE RATS EXPOSED TO VAPORS OF DIETHYLDISULFIDE
IN A 10-DAY INHALATICN STUDY (1-125 GROUP)

Days on Exposure

Ear Tag #
Negative Control

N391
N392
N393
N394
N395

Positive Coatrol

N396

N397 144
N398 158
N399 149
N4Q0 162

N386 158

N387 152 151 . 164
N388 157 154 139
N389 162 160 119
N390 i34 148 154

150 PPM N381 157 156 166
N382 155 153 - 161
N383 i56 154 158
N384 153 153 - 165
N385 156 153 L 165

450 PPM N376 145 136 141
N377 148 142 148
N378 le0 133 , 151
N379 154 145 150
N380 136 147 155

No body weights available; rats inadvertently omitted from weighing.

bRa: with Ear Tag # N396 was removed from positive control group and placed inm
negative control group on the last day of exposure.
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Tadle 13

GRCSS OBSERVATIONS ON MALE AND FEMALF RATS EXPOSED TO
VAPORS OF DIETHYLDISULFIDE IN A 10-DAY INHALATION STTRY

Sex

Male

Jcse _avel (ppwm)

g

3¢

38

«30

Number of Rats Per Stoup

10

10

18

i0 i

No visible lesiocns

Enlarged salivary glands

Zxophthalmus, excessive lacri-
aaticn \probable stalodacrvo-
adenicis)

Cornesl cloudiness - unilacers)

~ dilazeral

Lenticuiar opacity - unilateral

Jecreased adipose raserves

Clear fluld filled cyst arising
from thyroid (I x I mm tn

dimension)

Liver nodule consistant with sice
of old diaphragmatic hernia

Anemic and/or slightly ictsric
appearanca

Darkened liver
Darkened kidaeys
Derk and enlarged splaen

Slight darkened appearance to
spleen

‘D‘:a ilsted as oumber affected/number of

~ Indicates observation not prasant.

s/10*

3/10

/10

1/10

racs

6,10

/10

/10

8710

1/10

examined .

/10 - - -

- /10 - -

1¢/10 - - -
10/10 - - -
8/10 - - -
10/2) - - ~

8/10

/10

1719

9/10
8/10

10/10
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Weight
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et A d b ood ed ot rd ed

rouzga
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quﬂulss‘
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Weight

S sasgomeggn
ulmmmmmmmmmm
h{
3
13235338

.
b A d 4D

/100g Bod

w e - ” O wv
L”“““” LA
. .

4

and

&l 2978588y
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