
Afl' 1Q5 A~laarspn ,,an:.Form Ap~proved

*', RWRC-i.JMpI )tLJý VtrM'j

2& JCURi-Y CLAWSFICATION AUTHOIT"v 3 OS-,Ri~uT-O1% AVA;LA6)'.I~ Oý REPORT

t~r Distrlbt-tion unlimited - approved for
2b DECLApublic releasc

4 PERFORMING ORGAN ZA, ON Rpl ~ Rv~itRis) 5 MONTOR;NvG 04GAN'ZATIQN REPORT N-JMBERIý)

6.. NAME Or PERFO0RM'NtQ ORGA%;ZATiN 600( SYMBOL ?a NAME OF MON T0RiG O)RGANAT!UN

-S. Ar-ny Mledical Reserch ON & ~PP)Kjb1#) U.S. Army Medical Research and

Institi~re of ln1fecttolls)t,.iez S6IRD-121IP-C Developmient Com'¶ind

Fort Detrlck, Frederick, MD 21701-5011 Fort Detrick, Frede~rick, Mb 21701-5012

Sa NAME O)F FUNOýNGiý$PONSOWYG 18b OFWCE SYV9OL 9 PROCUREMENT INS)RUMENT IDENWrrl(A~ON NuMBEP
ORGANIZATION (it applicable),

SC ADORE SS(City, State. and ZIP Code.) ¶1) SQ'kCE OF fliNO'NG N ""BERS

PROOPAM PROjECT TAS NOR'4
ELEME11 NO0 NO NO jCCESSTQN NO,

1 1iTE (Irxlw*i S*cur'ty ClouffK.ron)

~rt.troepreventsi T-2 togI-rdc~ drrlcrta necroosi In mcee

12 PERSONAL AUTHOR(S)
,1.0. Thtwnria ).,i. Crenvjia,, and P.W. Trotter
13a tYPE OF REPORT 1)ib TME COVERED ~ 4ATE Of RfPQRT tVpor. M4onth. 0ay) IT) PAi.A (O.N 7

* % >t o r Im FROM to 7 April 19888
1 6 SUPI'EMENTARY NOTATION

19 AS~RAT Xo{Vtinve on revert* 4 n~cetsary at )jnf#*y by' b~ook muumbet)

oviloit p the ef fert of c-xogtr noto1 tea-t cgat erhh1' on the orctrttrentie of T-2to I-Idn.

* orrwi1. rf ad roni l ,ind , lc we ro livi dejt i nt( I t reR Iment grtimps. t( roiy IMl(-

Ce I w'd 12 go bc i tn'oi It n IP- din 4.fte Lei1 t #ronr, At. 48-br tote rvai I pr I or to at 1

ox.'pofsitro to the toxin; grotip 2 nlkce rorceiVpd Rt-.'f l~r fol ect joriq of ottly th(' v-4itclt,ý

rmp3, ini ri rk-c.o I vo.d rio t re~l I nnt . ~toh troteameot. grou p c*ont A)Aned (sra..ttr a w' ilt.,

-- iirited fk-male, -Mid~ lntar~t fer~~! 0i. All mfi-e Ative 24-hr Aftor a 'Irepoi'-t

T-2 tilnaerownl wore killed and the Adronal glmmiq and thymu~e examli eel

f -4 t -) I ofiC ally. I 4p Ia y. Ner a of :he' Adren it coin F ci wnt4 rqt p roenet I)in an oftli T i ce

Y-ce I vi :iV p r ee x i i rot r k-n t me I It W Ith1 e X 09,e 1ouR1 t et t oa R tf rt I'I %ý r n'i v A I 11if Cc r co' V I

ivhfclro olilv 4arao#p 2) or iioý trentrwttt -(Vroup 1) had T-2 tox1il-111ifilcd eerr~of thtý

f nrie r 4d r oy),111 r c e. ktdd t t Ional tyl, the. pr.'aence of I vrPhor vtol,-vat a in 0 Fr v ý,r tx of t he

cone I ritiel tht each notisa Ifa t reit iiwt g rioup had e.vile don of ci v- 1iaC

(J ,(. a'. 'iV '9' .V~F El ,AIA', AS OPT f p

00 Form 1473, JUN B16 Pr#vowt ettol ae obso~e#t
A0:



mycotoxicosis. The consistent severity of the thyminc lesion laall mIce' suggests that thethymic lesion was unaffected by exogenous testosterone administration or the castrationstatus of the mice. We propcse that, in mice, T-.2 toxin-induced adrenal necrosis ioprevented by the presence of testosterone. t .
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Testosterone prevents T-2 toxin-induced adrenal cortical necrosis in mice

J. D. Thurman, DVW, MS; D. A. Creasia, PhD; R. W. Tr(tter, DVM

SUMMARY

To evaluate the effect of exogenous testosterone o the occurrence of

ST-2 toxin-induced necrosis of adrenal glands, m ice w ere c ivided into 3

.treatment groups. Group 1 mice received 12 subcutaneous injections of

testosterone at 48-hr intervals prior to aerosol exposure tc the toxin; group

4 2 mice received similar injections of only the vehicle, and group 3 mice
a,'

received no treatment. Each treatment group contained c strated male,

castrated female, and intact female mice. All mice alive 2,-hr after a
O.

, 10-min exposure to T-2 toxin aerosol were kitled and the drenal glands and

thymuses examined histologically. Necrosis of the adren a cortex was not

present in any of the mice receiving preexposure treatment with exogenous

testosterone (group 1). All mice receiving vehicle only (group 2) or no

treatment (group 3) had T-2 toxin-induced necrosis of the nner adrenal

cortex. Additionally, the presence of lymphocytolysis in th ) cortex of the

thymus, confirmed that each mouse of all 3 treatment groti ps had evidence

of systemic mycotoxicosis. The consistent severity of the ihymic lesion in

"ail mice suggests that the thymic lesion was unaffected by! exogenous

testosterone administration or the castration status of the nice. We

propose that, in mice, T-2 toxin-induced adrenal necrosis is prevented by

the presence of testosterone.

T-2 toxin is a trichothecene mycotoxin produced by Fusarium fungi and

is a potent inhibitor of eukaryotic protein synthesis.', 2 The mycotoxin is

cytotoxic for immature lymphoid, hematopoietic, and intestinal crypt

epithelial cels.' 4  In addition to these commonly observed lesions,

histopathofogical changes have been reported in several organs, including



* pancreas and heart.' 6 We recently reported the sequential de,,elopment of

lesions in mice after exposure to T-2 toxin aerosol7 In an additional paper,

we also reported that exposure to T-2 toxin aerosol caused adrenal cortical

necrosis in female, but not male, mice.8 In a subsequent unpublished study,

we found that the toxin caused similar adrenal cortical necrosis in male

mice castrated either before or after puberty.a

We therefore hypothesized that, in mice, T-2 toxin-induced adrenal

cortical necrosis occurs only in the absence of testosterone. The purpose of

the present study was' to test this hypothesis by studying the effect of

exogenous tesiosterone on T-2 toxin-induced necrosis in the adrenal gland

of castrated male, castrated female, and intact female mice.

Materials and Meth6ds

Animals--Castrated male, castrated female- and sham-operated

(intact) female, CD-1 mice, 6 months of age, were obtained from Charles

4 River Laboratories, Stoneridge, NY. They were grouped 6 per open-bottom

polycarbonate cage and fed a commercially prepared rationb and water ad

libitum. Room conditions were maintained at 24 C and 50% relative

humidity; room air was changed 12 times per hour. The light cycle was 12

hr. The mice were acclimated (4 to 6 weeks) before the studies wvere begun.
S~Chemicals--Purifled (>99%) T-2 mycotoxin was obtained as a white

crystalline powder.' Purity was confirmed in this laboratcry to be >99% by

both thin-layer chromatography and gas chromatography/mass spectrometrytI
analyses. Synthetic [3H] mycotoxin in ethanol was obtained from Amersham

International, Amersham, UK (sp act: 11 Ci/mmol; 1.1 pmol/ml).

Testosterone propionate was obtained as a white crystalline powdernd -

Sesame oil was used as the injection vehicle.e Testosterone was mixed

with the vehicle at a concentration of 1.6 mg.'ml.

Testosterone treatment--Prior to T-2 aerosol exposure, mice were

divided into 3 treatment groups: Group 1 was testosterone-treated; group 2

2



was vehicle control; and group 3 recieved no treatment. Group 1 consisted

9, of 6 castrated male mice, 6 castrated female mice, and 6 intact female
f,,

mice. At 48 hr intervals, each mouse in Group 1 received a subcutaneous

injection of 0.16 mg testosterone propionate in 0.10 ml sesame oil for a

total of 12 injections. GrouD 2 consist.ed of 3 castrated male mice, 3

castrated female mice, and 3 intact female mice. These mice received 0.10

ml vehicle only on the same injection schedule as group 1. Group 3

consisted of 3 castrated male mice, 3 castrated female mice, and 3 intact

female mice. These mice received no treatment prior to T-2 aerosol

exposure.

Aerosolgeneration-Crystalline T-2 mycotoxin was dissolved in

pharmaceutical-grade ethanol to produce a final solution cf 25 mg/ml. Fifty

*1 gil of [3H]T-2 mycotoxin in ethaool was added as a tracer. The test aerosol

was generated by nebulizing the ethanol solution of T-2 with a Lovelace

nebulizer.a

4Aerosol exposure--The dynamically opoiated aerosol chamber was

designed for nose-only exposure to-the T-2 mycotoxin aerosol. The 10-min

exposures were accomplished by placing each mouse in an open-ended,

cone-shaped holder with a hole small enough so that only tha nose protruded

into a 1.5 L aerosol chamber. The chamber was operated at 2.2 L/min. The

mice were exposed in 3 groups cortaining 12 mice each. The aerosol mass

Sconcentration varied between 225 to 275 pg of T-2/L of air and was

determined for each aerosol. exposure from a grab sample taken from the

aerosol exposure chamber. Grab samples were obtained by drawing the T-2

* aerosol from the exposure chamber across a fiberglass filterg at the rate of

1.0 Umin for 1.0 min. The fiberglass filter was then placed in a standard

scintillation vial. T-2 was extracted overnight from the filter in 1.0 ml of
ethanol, 10 ml of scintillation fluid was added, and the [3 H] on the filter

was quantitated by scintillation counting.h The quantity of T-2 on the filter

was then calculated based on the known ratio of [3 H]T-2:T-2 that was



* present before nebulization. Mice in all 3 groups were exposed to the

aerosol 24 hr after the last injection was given to groups I and 2.

Light microscopy--Adrenal glands and thymus from each animal

i surviving 24 hr after aerosol exposure were collected at necropsy and fixed

v in 10% neutral buffered formalin. After paraffin embedding, sections of

each tissue were cut at 5 lam and stained with hematoxylin and eosin (H&E).

"All tissue sections were examined by light microscopy. The extent of
i.,."necrosis was characterized as minimal, mild, moderate, severe. The

criteria for necrosis inc ,uded any of the following: nuclear pykrosis,

I karyolysis, karyorrhexis, or lysis of plasma cell membrane. Two veterinary
,." pathologists (JDT, FWT) independently evaluated the 2 target tissues for

evidence of necrosis. The final results were obtained with the concurrence

* of both pathologists.

Results

I Immediately after the aerosol exposure, 3 castrated female mice from

the testosterone treatment group died. Additionally, one sham-operated

(intact) female mouse from the vehicle-only group and one castrated female

4 mouse from the no treatment group died approximately 15 hr postexposure.

These 5 mice were not necropsied.

We did not observe adrenal cortical nc usis in any of the mice treated

with testosterone and subsequently exposed to T-2 aerosol. There was

necrosis of !ymphocytes in the cortex of the thvmus was in each of the mice

in group 1. This lymphocytolysis was a striking lesion involving

approximately 60% to 90% of the lymphoc,'tes.

* Adrenal cortical necrosis was observed in each of the mice injected

with.vehicle only before exposure to T-2 aerosol. The adrenal lesion was

similar to the one previously reported in female mice.7,8 Necrosis was

nA



* restricted to parenchymal cells in a zonal distribution within the zona

fasciculata (fig 1). The innermost cells were always affected W• e there

was some varibility in the extent of the necrosis into the outer zona

fasciculata. Borders of the necrotic zone were generally well demarcated

by an abrupt change from necrotic cells to normal cells. Organization of

parenchymal architecture within the necrotic areas usually remained

discernible due to structural support from unaffected radiating capillaries.

"The necrotic zone often had sparse numbers of neutrophils present' (rg 2).

* In addition, we observed necrosis of lymphocytes in the thymic conex in

each of these mice. This lymphocytolysis was similar in severity to that

present in mice from group 1.
"• •Group 3

¶ Adrenal cortical necrosis as well as necrosis of lymphocytes in the

thymic cortex was observed in each of the untreated mice exposed to T-2

toxin aerosol. Distribution and severity of the adrenal necrosis were

A similar to that present in group 2 mice. The percent of lytic lymphocytes

was analogous to that observed in mice of both group 1 and group 2.

Discussion

In previous papers we reported that necrosis of lymphocytes in the

thymic cortex was an early and sensitive indicator of T-2 toxicosis in both

male and female mice. In the present study, we used necrosis of thymic

"lymphocytes to confirm the presence of T-2-induced toxicosis in each

mouse. Since this'lesion was present with similar severity in all mice

examined histokcgically, we confirmed the presence of mycotoxicosis in

each mouse. Additionally, this lymphocytolysis in the thymic cortex of all

mice examined histologically suggests that occurrence of the thymic lesion

is not affected by castration status or by the treatment received prior to

* exposure to the aerosol.

Our original paper reported that a sublethal dose of T-2, toxin causes

adrenal cortical necrosis in female, but not male, mice. 6 In the present I



* paper we report that a similar sublethal dose of T-2 toxin produced adrenal

cort~ca! necrosis in castrated male and castrated female in adcdition to

intact ferna!e mice. We al.o report that testosterone treatment prior to

ri2 toxin aerosol exposure prevented adrenal cortical necrosis in each of

the above groups (i.e, castrated male, castrated female, and intact female).

These data support our original report that adrenal necrosis caused by

sublethal doses of T-2 toxin does not occur in intact male mice. We further

I conclude that the presence or absence of ovarian hormones had no effect on

occurrence of the adrenal cortical necrosis, -as ths necrosis was present in

all of the intact (sham-operated) female, castrated female, and castrated

male mice that did not receive exogenous testosterone.

Further studies are needed to elicit the mechanism(s) by which

testosterone protects adrenal cortical parenchymal cel!s from the

necrotizing effects of T-2 toxin.
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Fig 1 - Adrenal gland of T-2 mycotoxin-exposed castraied female

mouse receiving vehicle only (group 2). Note te zonial necrosis (between

arrowheads) in the inner zona fasciculata; 224-hor postexoosure; H&E stain: X

- 25.

Fig 2 - Adrenal gland of T-2 mycctoxin-xposed intact female mouse

receiving vehicle only (group 2). Note coagula~ive necrosis of parenchymal

celis with sparse numbers of neutrophils in the zona frasciculata; 24-hr

postexposure; H&E stain; X 64.


