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Inhalation, LCS0 . T-2 mycotoxin

In a previous paper, ve reported that inhalation of an ethanol/T-2 aerosol was
20 to 40 times sore toxic to mice than systemic or dersal administration of T-2.
There vat concern~, however, that the aerosolized ethanol vehicle might alter
absorption of inhaled T-2 from the respiratory tract.
In order to eliminate
this question. we exposed mice to aerosols of T-2 in saline.
We found that the
LC5 0 for mice after a 10-mmn aerosol exposure to T-2 In saline was 0.04 t 0.008
mg 1-2/liter of air. lower than the LC
5 0 (0.080 tO.02
ag 1-2/liter) for an aeroj
We also found that, for any comparable total body
Lsol of T-2 in ethanol.
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burden of T-2, mice exposed to T-2 in saline retained a greater percent of T-2.
In tho respiratory tract than did mice exposed to T-2 in ethanol. This suggests
that the respiratory tract may be a target organ for inhaled T-2 mycotoxin.
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Acute Iahalation Toxicity of a Saline Suspension of T-2 Mycotoxin in Mice.
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In

1986), we reported that inhalation of an

eLhanol/T-2 aerosol was 20 to 40 times more toxic to mice than systemic or
dermal administration of T-2.

There was concern, however,

that the aeroso-

lized ethanol vehicle might alter absorption of inhaled T-2 from the respiratory tract.

In order to eliminate this question, we exposed mice to aerosols

of T-2 in saline.

We found that the TL5 0 for mice after a IO-min aerosol

exposure to T-2 in saline was O.Xý0O.008 mg T-2/1lter of air, lover than the
LC50 (0.080

.02 mg T-2/liter) for an aerosol of T-2 in ethanol.

We also

found that, for any comparable total body burden of T-2, mice exposed to T-2
in saline retained a greater percent of T-2 in the respiratory tract than did
nice exposed to T-2 in ethanol.

This suggesto that the respiratory tract may

he a target organ for inhaled T-2 mycotoxin.
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METHODS

Male Swiss ICR 5-week-old mice, were obtained from the Walter

Animals.

(Bethesda, MD) animal breeding colony and held

Reed Army Institute of Resea.

All mice

for I to 2 weeks for observation before being used in this study.
were held five per open-bottou polycarbonate cage,
(NIH formula 07) and water.

with free access to food

Mice were held in rooms maintained at 750F, 50%

relative humidity, and air flow was 12 room air changes per hr.

Animals used

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

Chemicals.
Chesterfield,

Purified (>99%)
Mo.,

T-2 m'cotoxin was obtained from Mycolabs Inc.,

as a white cryctalline powder.

Purity was confirmed to be

>99Z by both high-pressure liquid chromatography and gas chromatography-mass
spectrometry analyses.

Synthetic [ 3 H]T-2 (specific activity II Ci/maol; 1-I

Paola/ul) dissolved in ethanol (ETOH)
International, AmershAm U.K.,

Aerosol Exposure.
exposure.
open-ended,

for use as a tracer.

The inhalation chamber was designed for nose-only

Basically, aerosol exposure was accczplished by placing mice in an
cone-shaped holder with only their noses protruding into a 1.5-

liter aerosol chamber.
liters/min.

was obtained from Amersham

The chamber was operated dynamically at 2.2

Test aerosols were generated by atoaizing cold saline suspensions

of T-2 mycotoxin with a Lovelace nebulizer (Intox Products, Albuquerque,
operated at 2.2 liters/min (Mercer et al.,

1968).

N.M.)

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

4

stated clearance (0.12 to 0.15 us) between wall and pestle (Thomas Scientific,
Philadelphia,

Pa).

Prior to preparation of the T-2 suspension, 50 ul of

[ 3 HiT-2 in ethanol was added to the crystalline T-2 as a tracer for aerosol
mass concentration measurements,

and 0.5 al of the same solution was *dded as

a tracer for T-2 deposition and retention studies in mice exposed to the T-2
aerosol.

The ethanol solution of [ 3 HIT-2 was theoughly nixed with the dry,

unlabeled T-2 (S0 mg) and the residual ethanol wac allowed to evaporate
overnight at room temperature before homogenizing the T-ý in cold saline.

The

msos concentration of the T-2 aerosol was varied by atomizing different
concentrations of the T-2 saline suspensions and [ 3 HjT-2 was meazured by
scintillation counting (Beckman L55800 Scintillation Counter, 3eckman
Instruments,

Inc.,

Irvine, Calif.).

Samples for aerosol mass concentration

measurements were obtained from 1.0-liter samples takn on fiberglass filters
(Geluan Scientific Inc., Ann Arbor, Mich.).

The range of the aerosol mas

concentrations used in this study was 1.5 to 0.002 ug T-2/liter air.

Aerosol

particlit size was determined for each aerosol concentration with a Mtucer type
(Mercer et al.,

1962) cascade impactor (Into% Products, Albuquerque,

operated at 100 c* 3 /min.

N.M.),

The average aerodynamic median diameter of the

aerosol particle# was 0.6 us with a og of 1.5 to 2.2.

The aerosol remained as

spherical liquid droplets as observed under the light microscope,

indicating

that the "T-2 aerosol" in this study was In actuality an aerosol of a saline
suspension of T-2 and not dry T-2.

All aerosol exposures were 10 sin.

Animals ware observed at least twice daily for 2 weeks post-exposure but only
those animals dying within 24 hrs post-exposure were included in the data to
determine the 24 hr L5OW. The slope of the concentration-response
analyzed by probit analysis to calculate the LCWso

5

(finney 1977).

lines wore

Retention oZ Inhaled T-2 _Mycotoxin Aerosol.

Two groups of 24 mice each

were exposed to selected concentrations of T-2 aerosol.

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 obGerved
for lethality for 48 hrs post-exposure while the other was killedby C02
asphyxiation immediately (i.e. within a few minutes) post-exposure.

The

intact carcasses of six of the vice killed by C02 asphyxiation were placed in
75 al of 2N KOH.

The intact lower respiratory tract (i.e., larynx,

trachea,

and lung lob.s) and the nasal turbinates were removed from each of the other
six mice.

Lower respiratory tracts were freid from- extraneous lymphoid and

cardiac tissue and placed in 25 al of 2N KOH.

The 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-mi aliquots were subsequently taken and assayed for [ 3 HIT-2
(Beckman Instruments Inc.,

Irvine, Calif.).

RESULTS
Concentration-response data comparing lethality in mice against T-2
aerosol mess concentration are summarized In Table 1.

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 0.5 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

mass concentrations of 1.0 to 0.07 mg/liter tended to appear relati-ely normal

6

By 4 to

when compared immediately after aerosol exposure to control animals.
6 hr, however,

these mice became lethargic, remained separate from their

assumed a hunched body position, and died in that position.

cagemates,

Hice

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 aerosol mass concentration,

a number of these animals

recovered, and some survived for the 2-week observation period.

Mice that

survived for 24 hrs but died within the 2 Ak observation period after exposure
to the lovex

aerosol concentrations (i.e. < 0.07 mg/liter) died at ataggered,
We

unpredictable time points, but mostly within 24 to 30 hr post exposure.

calculated the 24 hr Ws50 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 selected for 48 hr observation died within 10 hr post aerosol.
These data are summarized in Table 2.

Scintillation counts of [ 3 H]T-2 in

tissues of mice in the other subgroup of 12 mice showed that 32 * 3 og
equivalents of T-2 were retained immediately after a 10-mmn exposure.
12.5Z was retained in

that,
tract.

Of

the nasal turbinates and 5.6Z in the respiratory

The remaining [ 3 H] (81.9%) vas distributed throughout the rest of che

carcass.
From the group of 24 mice exposed to 0.04 mg T-2/liter air, (LC 5 0 ) six of
the 12 mice arbitrarily selected for 48-hr observation died within 15-hr post
•exposure.

Scintillation counts of [ 3 HIT-2 in tissues of mice in the other

7

subgroup of 12 nice showed that 17 * 1.4 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 2.41 retained in the respiratory tract.
remaining T-2 (75.4%)

The

was distributed throughout the rest of the carcass.

DISCUSSIONS

The acute inhalation toxicity of aerosols of ?-2 in saline was
Investigated.

We found that the 24 hr 195

0

for mice exposed for 10 min to

When we measured total body

this aerosol was 0.041 * 0.008 mg/liter.

retention 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 total body burden of 32 Ug and 17 Ug,
respectively.

The letter aerosol mass concentration (i.e. 0.04 m=/liter) was

an LC50 , and the total T-2 retained (i.e., 17 Ug) was equivalent to an LDSO 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 ethanol.

In the previous

study we found the LC5o 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.
when we (Creasia et al.,

More importantly,

1980) previously measured the total body burden of

*T-2 (expressed as Ug equivalents of T-2) in mice exposed to a T-2/ethanol
aerosol of 0.24 mg/liter (i.e. the ethanol-T-2 LCS 0 ; 6 of 12 mice 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,

show that a total body burden of

32 * 3 Mg T-2 was sufficient to kill 100% of mice exFosed to T-2 in saline.
If

the lethality observed in mice after inhalation of T-2 mycotoxin was a

8

q p 111
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1,

ig[-

result of systemic toxicity of T-2 (i.e. total body burden),

the death rates

of nice exposed to aerosols of either a saline suspension or an ethanol
solution of T-2 should be simil&r 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 inhaled T-2 is
manifeqted through organ burden (i.e. target organ), rather than total body
burden, and that the respiratory tract is a likely target organ.
currently underway in this laboratory to investigate this theory.
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TABLE I

ACUTE INHALATION TOXICITY OF A SALINE SUSPENSION OF
T-2 NYCOTOXIN IN MICEa

Aerosol Mass
Dead/Exposed

Concentration

(24 hrs)

(ms/Liter)

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
0/12

Saline Control

LC5 o

a

-

0.041 * 0.008 mg/liter

10-Mmn aerosol exposure
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