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,pSteroidal and non-steroidal anti-inflaa~mtory agents were eval~iated for effec-
tiveness for treatment of acute T-2 toxicosis in mices. Non-steroidal agents,
indonethacin, phenylbutaxone, and acetylsalicylic acid, were either Ineffec-
tive, or potentiated the lethality of T-2 toxin. Steroidal agents, assessed
at equivalent doses for ant i-inf lammatory activity, were all effective, with
dexamethasone being more effective than either mthylprednisolone or hydrocor-
tisone. The doses of dexamethasone producing the highest efficacy were 1.0
mg/kg and 12.5 mg/kg for in and ip routes of administration, respectively..
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2 The mean time to 4eath, mean survival time, and percent lethality were deter-
(A amined for untreated and dexamethasone-treated mice injected with a lethal dose

of T-2 toxzin~qxamethLasone (13 mg/kg, ip) was administered 1 hr before, the
same time an, or 1, 2, and 3 hr after injection of T-2 toxin (5 mg kg, so).
Compared to 100% lethAlity for untreated mice, dexamethasone at all of the
treatment times significantly decreased lethality. As the time between toxin
exposure and treatment was increased, there was a corresponding I -rease in
lethality.' The mean times to death and mean survival times wet-v dlso deter-
mined and, in all cases, were found to be greater in the treated grou Fs'. In
conclusion, steroidal, but not non-steroidal, anti-inflammatory agents were
effective in decreasing T-2 toxin-induced lethality. All of the anti-inflam-
matory glucocorticoids were effective with dexamethasone producing the highest
efficacy. Deramethasone was most effective when administered before exposure
to toxin, with decreasing efficacy as treatmnt was delayed.
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Beneficial effects of dexamathasone in Improvig survival in acute T-2

tomICOeS. tricks, i. F. (1986). Toxicol. Appi. Pharmacol. ,

Steroidal and non-steroidal anti-inflammatory agents mere evaluated for effec-

tiveness for treatment of acute T-2 toxicosis in mice. Non-steroidal agenti,

indomethacin, phenylbutazone, and acetylsalicylic acid, were either ineffec-

tive, or potentiated the lethality of T-2 toxin. Steroidal agents, assessed

at equivalent doses for anti-inflammatory activity, were all effective, with

dexamethasone being more effective than either methylprednisolone or hydrocor-

tisone. The doses of dexamethasone producing the highest efficacy were 1.0

mg/kg and 12.5 mg/kg for im and ip routes of administration, respectively.

The mean time to death, mean survival time, and percent lethality were deter-

mined for untreated and dexamethasone-treated mice injected with a lethal dose

of T-2 toxin. Dexamethasone (13 mg!kg, ip) was adminisrered 1 hr before, the

same time as, or 1, 2, and 3 hr after injection of T-2 toxin (5 mg/kg, sc).

Compared to 100% lethality for untreated mice, dexamethasone at all of the

treatment time sign:.ficantly decreased lethality. As the time between toxin

exposure and treatment was increased, there was a corresponding increase In

"lethality. The mean times to death and mean survival times were also deter-

mined and, in all cases, were found to be greater in the treated groups. In

conclusion, steroidal, but not non-stee 4^1, anti-inflammatory agents were

effective in decreasing T-2 toxin-induced lethality. All of the anti-inflam-

matory glucocorticoids were effective with dexamethasone producing the highest

efficacy. Dexamethasone was most effective when administered before exposure

to toxin, with decreasing efficacy as treatment was delayed.
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HRMODS

Animmls. Male mice (Swiss ICR), with a mean body weight (* SD) of 24.3 * 2.61

g, were obtained from Buckberg Lab Animals (Tompkins Cove, N. Y.). Mice were

maintained in animal rooms with controlled temperature (21-22 *C.), humidity

(45-50%), and regular light cycles (12 hr). Animals were housed in

wire-bottom cages and allowed feed and water ad libitum. After a I week

acclimation period, the animals were prescraened by body weight and randomly

assigned to control and treatment groups.

Toxin and drugs. T-2 toxin (Myco-Labs, Chesterfield, Mo.), 99% purity, was

dissolved in 100% ethanol to yield a stock solution of 25 mg/ml. Before use

the stock toxin solution was diluted with propylevr glycol:ethanol (90:10) to

the desired concentration. LD50 values for T-2 toxin were determined using

six equally spaced logarithaical doses of I to 5 mg/kg. Groupr of 10

mice/dose were injected sc with 100 lil of toxin.

Dexamethasone sodium phosphate (HexadrolO, Organon, Inc.. U. Orange, N.J.),

-mthylprednieolone sodium succiuate (A-Methapred*, Abbott Laboratories, N.

Chicago, Ill.), and hydrocortisone sodium succinate (Solu-Cortef*, The Upjohn

Comp., Kalamazoo, Mich.) were diluted with sterile saline before use. The

non-steroidal an'.i-inflammatory agents, iniomethacin, phenylbutazone, and

acetylsalicylic acid (all obtained from Sigma Chemical Co., St. Louis, Mo.)

were diluted with sterile saline, before use. Injection volumes were 100 pl

and 51) pl for ip and is administratiou, respectively. Untreated animals

received an equal volume of sterile saline.
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R&SUMT

Effectiveness of steroidal and no--staroldal anti-Inflammtory agents. The

efficacy of steroidal and non-jteroidal anti-inflammatory agents for tr'.atment

of acute T-2 toxicosis was assessed in mice. Compared to the control LD50

value for T-2 toxin, treatment with indomethacin or phenylbutazone potentiated

lethality, while acetylsalicylic acid was ineffective (Table 1). However,

mice treated with glucocorticosteroids at equivalent doses for anti-Infla-

matory activity (Sayers and Travis, 1970) all showed improved survival (Table

1). Since dexamethasone showed the highest efficacy, further experiments were

carried out with this drug.

Iffect of dexazthaaone dose and route of administration on lethality of T- 2

toxin. The effect of dexamethasone dose and route of administration on the

lethality of T-2 toxin was determined (Table 2). Mice were injected sc with

T-2 toxin and were immediately administered either saline or dexamethasone

sodium phosphate at the indicated doses and routes of adninistration. LD5O

and relative potency values were determined 48 hr after toxin injection.

Dexamethasone treatment, by either route of administration, resulted in signi-

ficant increases in the LD5O and relative potency values. The highest effi-

cacy was achieved at an ip dose of 12.5 mg/kg, while in administration pro-

duced equal protection at I mg/kg.

Mffect of tUm of demzmthasoue administration on lethality of T-2 toxin. The

efficacy of dexamethasone administered either before, the sama time as, or

after injection of a lethal dose of T-2 toxin was determined. The cumulative

percent survival of mice in the different trestment groups was determined at

approximately 2 hr intervals for a total ooservation time of 72 hr (Fig. 1).

The untreated mice showed an accelerated decline in the percent survival,
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reaching 01 23 hr after toxin ada•iaitratioe. All of the deamsthaoee-

treated mice groups showed Improved survtval, with I ýtr pretreatmnt prowcing

higher survival than either sieultaneous or poetexpo•eure treatment.

The survival cuarves were analyzed to determine the effect of treatmet time

on the tim to death, survival rim, and percent lethality (Table 3). Kice

were treated with dexemthaeon. either before, the same tim as, or at diffe-

rest tiese after a lethal doe" of T-2 to2il. Pretreatmet with dzexamthisone

wee more effective than treatmet at the sam tim as or a t ter injectioo of

T-2 toxin. Animals pretreated with dexsmathaeone showed the lowest pe-.ceot

lethslity. As treatmnt vwa delayed, there wan a progressive decrease is the

percent lethality, reaching 302 when treatment mee delayed 2-3 hr. All of the

survival time for dexamthaone-treated mice were significantly higher than

untreated controls. Pretreatmnt with dexamthasone resulted is the longeet

survival tim, but the tim wee not significantly different from the other

treatmentn tiuse. The survival time for staultaseoua or dulayed treatment

were all approximately the sam, with no apparent correlation betwae. treat-

met tim and the survival tim. The time to death for the deuamtnasote-

treated groups were all higher than untreated controls. There vas no corre-

lation betweta either the tim to death or the degree of significance for the

diflerent treatment time. For all of the treated groups, man tim to death

values averaged 29.4 hr, a twofold increase over the value of 14.4 for

untreated controls.

DI•SSMIONI

Although all of the glucocorticoida tested afforded significant protection

against the lethal effects of T-2 toxin, dexamethasone shoved the greatest

efficacy when compared to equivalent anti-inflammatory doses of either pred-

nsolone and hydrocortisone. The low efficacy of prednisolone and hydrocor-

tisoms suggests that either the protective effect my not be directly related
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to their anti-inflammatory activity, or that the doses of these steroids were

not optimum. Vargish et al. (1976) shoved that dexamethasone at 15 mg/kg or

sethylprednisolone at 30 mg/kg produced the highest efficacy in partially

reversing hypotension in hemorrhagic shock. If doses higher than these were

used, the anti-hypotensive effect was decreased. Further, methylprednisolone

at 60 mg/kg, a dose approximately equivalent in anti-inflammatory activity to

the optimal dexausthasone dose (15 mg/kg), was not only less effective, but

also increased the degree of hypotension.

The most effective dose of dexamethasone for treatment of T-2 toxicosis was

determined for both ip and ia routes of administration. There was a clear

dose-response relationship between the dose of steroid administered and the re-

sulting relative potency value. The most effective doses of dexamethasone were

12.5 mg/kg and 1.0 mg/kg for ip arnd L administration, respectively. This

marked difference in the effective doses by these two routes of administration

may be due to differences in release, rates of aboorption, or metabolism.

The protective effect of dexamethasone in the mouse substantiates a previous

report for the treatment of T-2 toxicosis in the rat (Tremel et al., 1985). In

this report, dexamethasoae treatment (1.6 mg/kg, iv) either 30 min before or I

hr after T-2 toxin administration (0.75 mg/kg, iv) resulted in significant re-

duction in the percent lethality. At a higher dose of toxin (1 mg/kg, iv),

rats pretreated with dexafhthasone had survival times of 19 hr compared to 9 hr

for untreated animals. Although dexamethasone prolonged the onset of death,

the overall mortality rate was not altered.

There is not, however, full agreement on the efficacy of steroids in treat-

ment of T-2 toxicosis. In contrast to the data presented here and by Tremel et

al. (1985), Ueno et al. (1984) found that pretreatment wich prednisolone was

not an effective therapy. The ineffectiveness of prednisolone might be due to

8



the length of tim (24 hr) betweea the final steroid dosing and toxin

challengae. ls, et &10 (1979) showed that glucoortlcoid pretreatment time.

greater than 3 hr were irAffective in decreasing the lethality of endotoxin-

•rested sacs. Furher, pharaacokinstic studies in dogs 3howed that the man

plasma half-life of prednisolone vs. 166 min (Hanks# et al., 1985). This

finding suggests that the plasm& prednisolone concentration in nice might have

reached ineffective levels after 24 hr.

The timing for the administration of glucocorticoids say be critical for

decreasing the lethality Gf T-2 toxin, since there are clear indications that

delayed treatment results in reduced efficacy. A single bolus injection -f

dexamethasne (13 mg/kg, ip), given 1 hr before administration of T-2 toxin,

vs" more effective than either simultaneous or delayed treatment. As the time

interval between toxin injection and steroid treatment was increased there was

a marked decrease in efficacy as measured by the percent lithallty. These

findings are similar to those reported for the treatment of endotoxin shock in

"baboons. When the time between sndrtoxin infusion and treatment with nathyl-

prednisolone was increased, the survival rate was sarkedly decreased (Archer

et al., 1983). Similarly, for treatment of septic shock in rats, Ottosson et

Al. (1982) demonstrated a direct correlation betveen the onset of glucocor-

ticold therapy and the resulting survival times.

Schaefer etal. (1983) shoved that large doses of mthylprednisolote were

effective when administered after the onset of h.potension during endotoxin

shock. The treated animals shoved not only improvement in cardiovascular and

metabolic parameters, but also significantly higher survival after 24 hr.

Although a similar treatment schedule has not been evaluated for T-2 toxi-

cosis, available data indicate a rapid onset of the effect of toxin on cirdio-

vascular function. Within 10 2in after an iv bolus injection of T-2 toxin

into conscious rats, there was a decrease in hindquarter blood flow, which was

9



mirrored by an increase in vascular resistance (Siren and Feuerstein, 1986).

Thes findings suggest a rapid development of the toxicosis, which would indi-

cate that steroid treatment should be initiated as early as possible.

In summary, the present study indicates that glucocorticosteroids were

beneficial in protecting mice against the lethal effects of T-2 toxin. The

mechanism for the protective effect of steroids in the treatment of T-2 toxi-

cosis is, at present, not known. Ho•ever, as summarized by Hatks (1976), the

beneficial action of glucocorticoids may be due, in part, to (1) improved car-

diac function and improved vascular perfusion, (2) increased metabolism of

lactic acid, (3) stabilization of lysosomal membranes, and (4) improved energy

production. For these proposed actions of glucocorticoids, there is a corres-

ponding observation concerning T-2 toxicosis. Thus, glucocorticoids may be an-

effective treatment for T-2 toxicosis by attenuation of (1) the development of

shock, as previously discussed; (2) lactic acidosis (Feueretein st al., 1985);

(3) lysosomal enzyme release (Fricke, 1985); and (4) decreased energy

metabolism (Pace, 1983).
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Institute of Laboratory Animal Resources, National Research Council. The
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"of Laboratory Animal Care.
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Department of the Arny or the Department of Defense.

15



b p

Table 1.

I.lhCT Of STEROIDAL AND MON-STEROIDAL

ANTI-INJLAMKATORY AGENTS ON LD50 VALUES FOR T-2 TOXINa

DRUG DOSE LD5Ob

(mg/kg, ip) (mg/kg, sc)

Nonsteroidal agents

Saline - 3.22 (2.54-4.14)

Indomthacin 10 1.78 (1.41-2.23)***C

Phenylbutazone 100 2.14 (1.65-2.74)***

Acetylsalicylic acid 300 2.69 (2.10-3.54)

Steroidal agents

Saline - 2.40 (1.55-3.47)

Dexamethasone 10 3.91 (2.45-10.6)**

Msthylprodnisolone 53 3.47 (2.06-9.40)*

Hydrocortisone 266 3.00 (1.83-6.70)

a Mice were injected sc with T-2 toxin and treated immediately with the drugs

listed at the indicated doses.

b LD5O values for T-2 toxin were determined 48 hr after administration of

toxin. Values in parenthesis represent 95% confidence intervals for the LDSO

value.

C Significant difference compared to corresponding control value, p<O.05, *;

p<O.Ol, **; p<O.O01,
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Table 2

EFFET OF ROUTE OF ADMINISTRATION AND DOSE OF DEXAMETHASONE

ON LD5O AND RELATIVE POTENCY VALUES OF T-2 TOXINa

ROUTE OF DOSE LD50b RELATIVE
ADMINISTRATION (ag/kg) (ag/kg) POTENCYC

ip 0.0 2.46 (1.97-3.19) 1.00

0.125 2.77 (2.14-4.33) 1.13

1.25 3.09 (2.40-4.97)*d 1.26

12.5 4.04 (3.10-6.99)*** 1.64

in 0.0 2.28 (1.83-2.80) 1.00

0.1 2.43 (1.25-3.41) 1.06

0.25 3.54 (2.93-4.38) 1.55

1.0 3.75 (2.93-5.08) 1.64

a Mice were injected sc with T-2 toxin and imediately administered with

either saline vehicle (0 mg/kg) or dexamethasone sodium phosphate at the

indicated doses and routes of administration. Volumes for ip and im

injections were 100 ,1 and 50 pl, respectively.

"b The LD50 values were determined 48 hr after the administration of T-2

toxin. The values in parenthesis represent the 95Z confidence intervals for

the LD50 values.
C c Relative potency - LD5O (dexamethascne-treated)/LD50 (saline-treated)

d Significant difference compared to corresponding control value, p<0.0 5 , *

.' and p<0.001, *-*.
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Table 3

EFFECT OF DSXAKETHASOME TREATMENT TIME ON TIME TO DEATH, SURVIVAL TIME, AND

PERCENT LETHALITY OF T-2 TOXIN IN MICEa

TIME (hr) TLD TO DEATHb (hr) SURVIVAL TIME (hr)c Z LETHALITYd

CONTROL 14.4 * 0.81 14.4 *k 0.81 100
(n-20)

-1 32.5 * 5. 18 ***e 56.2 * 5.07* 40***
(a-8)

0 25.3 * 4.28 44.0 * 5.92*** 60**
(n-12)

+1 33.4 * 5.73 45.0 * 5.50** 70**
(n-14)

+2 35.1 * 5.40*** 42.5 * 5.50*** 80*
(n-1S)

+3 22.5 * 3.24 42.3 * 5,99*** 80*
(n-16)

a Mice (20/group) were treated with dexamethasone (13 mg/kg, ip) before (-),

the same time as, or at different times after (+) injection with T-2 toxin (5

mg/kg, ec). Control mice were injected at the same time with saline (100 u1)

and T-2 toxin.

b Mean * SE. Number of observati'as (n) is indicated in parentheses.

C Mean survival times (* S.E., n - 20/group) were calculated with a limiting

time of 72 hr.

d The percent lethality was determined at the end of the 72 hr observation

period.

e Significant difference compared to corresponding control value, p<O.05, *

p<O.Ol, **; p<O.01,
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Ig. 1: The effect of treatment tim on the survival time course was dater-

mined in mice (20/group) treated with saline (100 4l, ip) ([3-0[) or dexa-

mthasone sodium phosphate (13 mg/kg,-ip), injected either 1 hr before (+-

*-+) the same time '.s (C---). or I (A-A), 2 (X-X), or 3 (data not

shown) hr after T-2 toxin (5 mg/kg, sc) injection. The cumulative percent of

surviving nice was determined at different times with a final observation time

at 72 hr. The survival data for 3 hr post treatment, although not plotted for

sake of clarity, were, however, analyzed and are summarized with the other

data in Table 3.

19



in= TZMl

T-2 toxin

Trichothecen. sycotoxins

Dexanaethasone

Anti-inflammatory glucocorticolds
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