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20 ABSTRACT (Cimiiaue an rov ohin ¥ uy and B by deak munber)
In a previous paper, we reported that inhalatioan of an ethanol/T-2 serosol was
20 to 40 times more toxic to mice than systemic or dermal admintistration of T-2.
There was concern, however, that the aerosolized ethanol vehicle might alter
absorption of inhaled T-2 from the respiratory tract. In order to eliminste
this question, we exposed mice to aerosols of T-2 in saline. We found that the
g LCgp for mice after a 10-min aerosol exposure to T-2 in saline was 0.04 ¢ 0.008
mg T-2/1liter of air, lower than the LCgg (0.080 10.02 mg T-2/1iter) for an aerof
sol of T-2 in ethanol. We also found that, for any comparable total body
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burden of T-2, mice exposed to T-2 in saline ratiined a greater percent of T-2,
This suggests]

in tho respiratory tract than did mice exposed to T-2 in ethanol.
that the respiratory tract may be a target organ for inhaled T-2 mycotoxin.
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~—r Acute Iahalation Toxicity of s Saline Suspension of T-2 Mycotoxin in Mice.
CREASIA, D.A, NEALLEY, M.L., JONES, L.J., III, YORK, C.G., WANNEMACHER, R.Y.,

JR., AND BUNNER, D,L. (1986). Toxicol. Appl. Pharmacol. . - e In

a previous paper (Creasia et al., 1986), we reported that inhalation of an
eLhanol/T-2 aerosol was 20 to 40 times more toxic to afce than systemic or
dermal administration of T-2. There was concern, however, that the aeroso~
1lized ethanol vehicle might alter absorption of inhaled T-2 from the respira~
tory tract. In order to eliminate this question, we exposed mice to aerosols
of T~2 in saline. We found that the ICq, for mice after a 10-min aerosol
exposure to T-2 in saline was 0.0.008 ng T-2/1liter of air, lower than the
ICqq (0.080 «02 mg T-2/11tar) for an aerosol of T-2 in ethancl. We also
found that, for any comparable total body burden of T-2, mice cxposgd to T-2
in saline retained a greater percent of T-2 in the respiratory tract than did
mice exposed to T-2 in ethanol. This suggasts thst the respiratory tract may

be a target organ for inhaled T-2 mycotoxin. Ku,ww«b ! fl“l’(" Foxion s S
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The chealstty and systealc toalclty of T+l and relsted tetchesimcense in
s varlety of ladoratory end fars asnisels 18 well documested sod Ras dewr eu-
tensively veviewnd., (Bendurg end Strong, (971 Usns, 1977 Do, 1980,
1930%; Ueno, 132Y; Committse on Pratectionm Agsinet Trichathscenm Wronuwning,
138)),

T™he report by the Comm{ttee on Protection Ageine? Trichatwceny Myoo-
toxing (1%8)) aoted the lack of (nhalation exposuze eZwdies aad revwmsadad
that the fshaletion toxicity of trichethecenss b studied. Pollowieg thet
recomsendetion, this leaderatory begen ¢ sertes of T-1 mroesl-erscesre sindles
designed to elucidate the arute {a2halation toxicity of T-1 tonis., Preetioue
work from this lelorstory (Cresefs ot al,, 1984]), showed that inhaletion of ea

setonol of T=1 in sthano!l wae &t lesst 1} timee rore tomic to aice tham sye«

temic sdatnletretica and at leset I0 Clame sore tusie has derwel agplication .

ol T-2. ¥Yowewver, there was concers that ethenzl, the T<2 servesl weiicle,
aight alter the translocstion of T«] from thw respliratory Cract to other vitsl
ergans, which would produce systenic rathwr thas local respitretney temfcity.
Since T-1 {s omly eliglhitly eoludle {n squacus medis, wa developed the wmido~
dology for genersting sercesle of T-2 toxin e & suspensinn i phystologlcesl
saline, which elininated the ethennal velicle. 1Ia thie paper wa repart the
resuits of experiments {n which uice wre exposed to sscoeols of T2 in

saline.




METHODS

Animals. Male Swiss ICR S-week-uld mice, were obtained from the Walter
Reed Army Institute of Resea (Bethesda, MD) animal breeding colony and held
for 1 to 2 weeks for observation before being used in this study. All mice
were held five per open-bottom polycarbonate cage, with free access to food
(NIH formula 07) and water. Hic;.vere held in rooms maintained at 75°F, 502
relative humidity, and air flow was 12 room aif‘changes per hr. Animals used

in this study had an average body weight of 30 gns.

Chemicals. Purified (>99Z) T-2 mvcotoxin was obtained from Mycolahs Inc.,
Chesterfield, Mo., as a wnite c;yntallinc povdar., Purity was confirmed to be
>99% by both high-pressure liquid chromatography and gas chromatography-mass
spectrometry analyses. Synthetic [3H]T-2 (specific activity 11 Ci/mmol; 1-1 ‘
umola/ml) dissolved in ethanol (ETOH) was obtained from Amershanm :
|

Internstional, Amershaa U.K., for use as a tracer.

Aerosol Exposure. The inhalation chamber was designed for nose-only

exposure. Basically, aerosol exposure was acccaplished by placing mice in an
open-ended, cone-shaped holder with only their noses protruding into 2 1,5~
liter aerosol chamber. The chamber was operated dynaoically at 2.2
liters/min. Test serosols were generated by atomizing cold saline suspensious
of T-2 mycotoxin with a Lovelace nebulizer (Intox Products, Albuquerque, N.M,)
operated at 2.2 liters/min (Mercer et al., 1968). Saline suspensions of T-2
were prepared by gently grinding weighed quantities of crystalline T-2 in

measured volumes of cold, physiological saline in a tissue homogenizer with a
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stated clearsnce (0.12 to 0.15 um) betweea wall and pestle (Thomas Scientific,
Philadelphis, Pa). Prior to preparatioa of the T-~2 suspension, 30 ul of
{38]T-2 in ethanol wes sdded to the crystalline T-2 as a tracer for serosol
mage concentration measurenments, and 0.5 ml of the same solution was sdded ss
a tracer for T-2 deposition and retention studies in mice exposed to the T-2

. sercsol. The ethanol solution of [3H]T-2 was thocoughly mixed with the dry,
unlabeled T~2 (50 mg) and the relldual ethanol was allowed to evaporate

overaight at room temperature before homogenizing the T-" ia cold saline. The

concentrations of the T-2 saline suspensions and [IH]T-2 was mea3zured by
scintillaticn counting (Beckman L55800 Scintillation Counter, 3eckman
Instruments, Inc., Irvine, Calif.). Samples for sercsol msss conceuntration
msasurements wvere obtained from l.0~1liter ssaples taken on fiberglass filters
(Gelman Scientific Inc., Ann Arbor, Mich.). The range of the serosol mass
concentrations used in this study was 1.5 to 0.002 mg T-2/1iter air. Aerosol
particla size was determined for each aercsol conceatration with a Meicer type
(Mercer et al., 1962) cascade impactor (Intox Products, Albuquerque, M.M.),
operated at 100 cad/min. The average serodynamic median diameter of the
asrosol particles was 0.6 um with a og of 1.5 to 2.2, The serosol remained as
spherical liquid droplets as observed under the light microscope, indicating
that the "T-2 serosol™ in this study was in actuslity an aserosol of a saline
suspension of T-2 and not dry T-2. All serosol exposures were 10 ain.

Animals were observed at least twice daily for 2 weeks post-exposure but only

]i
mass concentration of the T-2 aerosol was varied dy atomizing different 5
,:

those animals dying within 24 hrs post-exposure were included in the data to :
deternine the 24 hr ICq5. The slope of the concentration~response lines were

analyzed by probit analysis to calculate the LCys (Finney 1977).

AR R G

R L CH S YU v S Lo D S




Reten”ion of Inhalad T-2 Mycotoxin Aerosol. Two groups of 24 mice each

were exposed to selected concentrations of T-2 asrcsol. One group of 24
animals was exposed to 1.5 mg/liter and the other group of 24 animals was
exposed to 0.04 mg/liter. Both groups were arbitrarily further divided after
aerosol exposure into two subgroups of 12 mice each; one of which was obcerved
for lethality for 48 hrs post-exposure while the other was killedby CO,
asphyxiation immediacely ({i.e. within a few minutes) post-exposure. The
intact carcasses of six of the mice killed by CQz asphyxistion were placed in
75 ml of 2N KOH. The intact lower respiratory tract ({.e., larymx, trachea,
and lung lobas) and the nasal turbinates were removed from each of the other
six mice. Lower respiratory tracts were fread from extraneous lymphoid and
cardiac tissue and placed in 25 ml of 2N KOH. Thes external nares and
surrounding skin were removed from the nasal turbinates which were also placed . .
in 25 ml of 2N KOH. All tissues were then incubated overnight at 37°C.
Triplicate 1.0-ml aliquots were subsequently takea and assayed for [34]1-2

_(Beckman Instruments Inc., Irvine, Calif.).

RESULTS

Concentration-response data comparing lethality in mice against T-2
aerosol mass concentration are summarized ‘n Table l. All of the mice that
died after exposure to either 1.0 or 0.5 mg/liter T-2 aerosol died within 12
hr. The single aberrant mouse that survived exposure to.O.S mg/liter T-2,
survived for the full 2-week observation period without exhibiting any obvious
signs of toxicity. Mice exposed to either 0.07, 0.1, or 0.15 mg/liter T-2
aerosol all died within 24 hr. All mice that died after exposure to aerosol

mags concentrations of 1.0 to 0.07 mg/liter tended to appear relatisely normal

%

R
¥ l:fr%«

X, 7 kY W) . v LY N, "ot
U IO ST S PRI L LI A T MY I AR wy ity % ENEO0D
RS :»:\"'-‘4‘:Wy‘.’gﬁ"?ﬂ;‘ a??b“l‘u‘& a% iy woe AEM «.'0-.&"7,,5 A M\




when comparud immediately after aerosol exposure to control animals. By 4 to
6 hr, however, these mice became lethargic, remained separate from their
cagemates, assumed a hunched body position, and died in that position. Mice
exposed to <0.07 mg/liter T~2 also appeared normal immediately after aerosol
exposure, but began to exhibit signs of toxicity at 4 to 6 hr post-exposure,
Depending on the aerososl mass concentration, a number of these animals
recovered, and some survived fof.the 2-week obgservation period. Mice that

survived for 24 hrs but died within the 2 wk observation psriod after exposure
unpredictable time points, but mostly within 24 to 30 hr post exposure. We
calculated the 24 hr ICgq for mice of aerosolized T-2 in saline to be 0.04 %

0.008 mg/liter.

Retention of Inhaled T-2.

In the group of 24 mice exposed to 1.5 mg T-2/liter, 12 out of the 12 mice
arbitrarily ;elec:ed for 48 hr observaticn diad within 10 hr post aerosol.
These data are summarized in Table 2. Scintillation counts of [3H]T-2 in
tissues of alce in the other subgroup of 12 mice showed that 32 + 3 ug

to the lowe). serosol concentrations (i.e. < 0.07 mg/liter) died at otaggered, !

equivalents of T-2 were retained immediately after a 10-min exposure. Of

that, 12.52 was retained in the nasal turbinates and 5.6% in the respiratory
tract. The remaining [3H] (81.92) was distributed throughout the rest of che
carcass.

From the group of 24 mice exposed to 0.04 mg T-2/liter air, (LCSO) aix of
the 12 mice arbitrarily selected for 48-hr observation died within 15~hr post

.exposure, Scintillation counts of [3H]T-2 in tissues of mice in the other
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.subgroup of 12 mice showed that 17 % l.4 ug equivalents of T-2 were retained
immediately after a 10-min exposure. Of this total, 22.2% of T-2 was retained

in the nasal turbinates and 2.4% retained in the reapiratory tract. The

remaining T~2 (75.4%) was distributed throughout the rest of the carcass.

DISCUSSIONS

The acute inhalation toxicity of aorouola'gf T-2 in saline was
investigated. We found that the 24 hr ICgy for mice exposed for 10 min to
this aerosol was 0.041 % 0.008 mg/liter. When we measured total body
reteation of ug equivalents of T-2 in mice exposed for 10 min to either 1.5 or
0.04 mg/liter T-2, we found a tétal body burden of 32 ug and 17 ug,
respectively. The latter aserosol mass concentration (i.e. 0.04 m3z/liter) was
an 1850. and the total T-2 retained (i.e., 17 yg) was equivalent to an LDgq of
0.6 mg/kg body weight.

' The above data is quantitatively different from those previously reported
from this laboratory (Creasia et al., 1986) for a study in which mice were ex-
posed under similar conditions to aerosols of T-2 in wthanol. In the previous
study we found the LCgy for T-2 in ethanol to be 0.24 mg/liter for mice of a
similar age and weight range as those used in this study. More importantly,
wvhen we (Creasia et al., 1980) previously measured the total body burden of
T-2 (expressed as ug equivalents of T-2) in aice exposed to a T-2/ethanol
aerosol of 0.24 mg/liter (i.e. the ethanol-T-2 LCgy; 6 oé 12 wmice so exposed

died within 24 hrs.) we found the total body burden of T-2 to be 28 %+ 1.5 ug

T-2. Data presented in this report, however;mgh;w that a total body burden of
32 £ 3 ug T-2 was surficlent to kill 1007 of mice exposed to T-2 in saline.

If the lethality observed in mice after inhalation of T-2 mycotoxin was a
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result of systemic toxicity of T-2 (i.e. total body burden), the death rates
of mice exposed to aerosols of either a saline suspension or an ethanol
solution of T=2 should be similsr when the total body burden is similar, ({i.e.
28 ug and 32 ug), regardless of the type of T-2 aerosol. Since this is
obviously not the case, we postulate that acute toxicity from lnhaled T-2 is
manifested through orgar burden (i;o. targst organ), rathaer than total body
burden, and that the rasﬁiratoryfcrac: is a 1likely target organ. Studies ara

currently underway i{n this laboratory to inveuétgate this theory.
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In conducting the research described in this report, the investigators
adhered to the “Guide for the Care and Use of Laboratory Animals,” as
promulgated by the Committee on the Care and Use of Laboratory Animals of the
Institute of Laboratory Animal Resources, National Research Council. The

facilities are fully accredited by the American Association for Accreditation

) of Laboratory Animal Care.

The views of the authors do not purport to égflcct the positions of the

Department of the Army or the Department of Defeunse.
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ACUTE INHALATION TOXICITY OF A SALINE SUSPENSION OF

T-2 MYCOTOXIN IN MICE®

Aerosol Mass

Concentration ‘ Dead/Exposed
(mg/Liter) (24 hrs)
1.0 12/12
0.5 11/12
0.15 - 12/12
0.1 12/12
0.07 : 10/12
0.04 .7/12
0.03 2/12.
0.002 1/12

Saline Control 0/12

LCgg = 0.041 + 0.008 mg/liter

3 10-Min serosol exposure

- e ") ot PR ILAYD PSRN ARSI AT
R R LRI e j‘ii_?vv";?;i&ﬂi!\?w@i?;ﬂf A S e Y2




irN

"gl'

R TS
AR RN

3
X

poaomol -ou-t«ausu Teseu pue 30va3 Liojeajdsaz 19mOT 393jJe sujEmay 5

.‘ _3“';?*'

LW
£

gS ¥ ueom {9 = N q

*, 22"
e

5

31ngodxa J0so0l13® AINUTH-QT e

A

¥
*.

]
6'8 FYCL  YEFILL 70 F vz , v 1 F L1 z1/9 $0°0 =
€°01 ¥ 6°18 T°9 ¥ 621 Y0 ¥ 9°¢ € FZE T/t €1 \mm
2q®99219) aueuet«.—uzh FEETEY? qAPou eToun pesodxy/peag (Ie371/8m) m..m
ud.-...z. Ax03vaydeay - wlw 3O sjusjwaynby § uoFIrAIVUIOUO) :

asnorg | B8V T080IOY

uorinqiaysiq g

wZ-1 40 NOISNAdSNS ENI'IVS V 40 ‘I0SOUAV NV
0l @3aSOdXH HOIR NI NIXOIOJAR Z-1 QEIVANI 40 NOIINALNYS

z Tavy :
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