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treatment times significantly decreased lethality. As the time between toxin
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lethality.D The mean times to death and mean survival times wers ulso deter-
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conclusion, steroidal, but not non-steroidal, anti-inflammatory agents were
effective in decreasing T-2 toxin-induced lethality. All of the anti-inflam-
wmatory glucocorticoids were effective with dexamethasone producing the highest \
efficacy. Deramethasone was most effective when administered before exposure
to toxin, with decreasing efficacy as treatment was delayed.
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‘ltuﬁehl effects of dexssathasone in improving survival in acute T-2
toxicosis. IFricke, R. F. (1986). Toxicol. Appl. Pharmacol. R - .

Steroidal and non-steroidal anti-inflammatory agents were evaluated for effec~-
tiveness for treatment cof acu;e T-2 toxicosis in mice. Non-steroidal agentas,
indomethacin, phenylbutazone, and acetylsalicylic acid, were either ineffec-
tive, or potentiated the lethality of T-2 toxin. Steroidal agents, assessed
at equivaleat doses for anti-inflammatory activity, were all effective, with
dexamethasons being more effective than either utﬁylprednisolou or hydrocor-
tisone. The doses of dexamethasone producing the higheat efficacy were 1.0
mg/kg and 12.5 mg/kg for im and 1ip routes of administration, respectively.
The mean time to death, mean survival time, and percent lathality were deter-
mined for untrested and dexamethssone-treated mice injected with a lethal dose
of T-2 toxin. Dexamethasone (13 mg/kg, ip) was adminiscered 1 hr before, the
same time as, or 1, 2, and 3 hr after injection of T-2 toxin (5 mg/kg, uc)‘.

Compared to 100X lethality for untreated mice, dexamethasone at all of the
tr'eatmn: times sign’ficantly decreased lethality. As the time between toxin
exposure and treatmant was increased, there was & corresponding increase in
lethality. The mean timeg to death and meen survival times wers also deter~-
uined and, in all cases, were found to be greater in the treated groups. 1In
conclusion, steroidal, but not non-ster ' ial, anti~-inflammatory agents were
effactive 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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METHODS

Animals. Msle 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 teaperature (21-22 °C.), humidity
(45-50%), and regular 1light cycles (12 hr). Animals were housed in
wire-bottom cages and allowed feed and water ad libitum. After a 1 week
acclimation period, the animals were prescrzened by body weight and randomly
assigned to control and treatment groups.

Toxin and drugs. T-2 toxin (Myco-Labs, Chesterfield, Mo.), 997 purity, was

dissolved in 100X ethanol to yield a stock solution of 25 mg/ml. Before use
the stock toxin solution was diluted with propylere glycol:ethanol (90:10) to
the desired concentration. LD50 values for T~2 toxin were determined using
six equally spaced logarithmical doses of 1 to 5 mg/kg. Groupr of 10
mice/dose wers injected sc with 100 ul of toxisa.

Dexamethasone sodium phosphate (Hexadrol®, Organon, Inc., W. Orange, N.J.),
ssthylprednisolone sodium succinate (A-Methapred®, Abbott Laboratories, N.
Chicago, Il11.), and hydtocortisone sodium succinate (Solu~Cortef®, The Upjohn
Comp., Kalamazoo, Mich.) were diluted with sterile saline before use. The
non-steroidal anti-inflammatory agents, indomethacin, phenylbutazone, and
acetylsalicylic acid (all obtained from Sigms Chemical Co., St. Louis, Mo.)
were diluted with sterile saline before use. Injection volumes were 100 ul

and 57 pl for 1ip and im administracion, respectively. Untreated animals

received an equal volume of sterile saline.
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- Kffectiveness of steroidal and non-staroidsal asnti-inflsmmatory agents. The

efficacy of steroidal and non-_ateroidal anti-inflammarory agents for tr2atment
of acute T~2 toxicosis was assessed in mices 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-inflam-
matory activity (Sayers and Travis, 1970) all showed improved survival (Table
1)¢ Since dexamethasone showed the highest efficacy, further experimeats were
carried out with this drug.

Effect of dexamethasone dose and route of administration om 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 efther saline or dexzmethasone
sodium phosphate at the indicated doses and routes of administration. LD5S0Q
and relative potency values were determined 48 hr after toxin injection.
Dexamethasone .t.ru:n-nt. by either route of administration, resulted in signi-
ficant increases in the LD50 and relative potency values. The highest effi-
cacy was achieved at aa ip dose of 12.5 mg/kg, while im administration pro-
duced equal protection at | mg/kg.

Rffect of time of dexsmsthacone administration on lethality of T-2 toxin., The

efficacy of dexamethasone administered either before, the same time as, or
after injection of a lethal dose of T-2 toxin was determined. The cumulative
percent survival of mice in the different treatment groups was determined at

approximately 2 hr intervals for a totsl ocosarvation time of 72 hr (Fig. 1).

The untreated mice showed an accelerated decline in the percent survival,




reschiag 0% 23 br efter tomin administratica. All of the dexsmetbesoos~

treated uice groupe showed {sproved survival, with 1| hr pretrestmsst producing
higher survivel than either sisultanecus of postaxposure trestsent.

The survival curves were analyted to deteramine the effect of treataent time
on the time to death, survival rime, and percent lethslfty (Tabls 3). Mice
were treated with dexamsthasone either defore, the sams time as, or ot diffe-
reat timss after a lethal dose of T-2 toxin. Pretreatssnt with dersmethssoce
wvas wore effective then treatmsnt st the same time as of after irlectiosn of
T-2 toxin. Animals pretreated with dexamethascne showed the lowest perTcent
lethality. As treatmenot wvas delayed, thire was a progressive decreass in the
percent lethality, reaching 30X when treetment was delayed 2-3 hr. All of the
_survival times for dexamethasone-trestad mice were significently higher than
untrested eon:toh'. Pretrestment with dexzamethasons resulted is the loaogest
survival time, but the tims was oot significantly different froa the others
treatment times. The survival times for stmultanecus or dulayed trestment
were all approximstely the same, with no apparent corralation betwesn treat~
ment tise and the survival time., The times to desth for the dexsmetnasone~
trested groups were all higher than untreated controls. There wes no corre-
lation detwesea either the time to death or the degree of significance for the
diflerent :reatwent times. For all of the treated groups, sean time to death
values averaged 29.8 hr, s twofold incresse over the value of 4.4 for
untreated coatrols.

DISCUSSION

Although all of the glucocorticcids tested sfforded significaant protection
against the lethal effects of T-2 toxin, dexamethasone showed the greatest
efficacy whean compared to equivalent anti-inflammatory doses of efther pred-

nisolone and hydrocortisone. Tha low efflicacy of prednisolone and hydrocor=-

tisone suggests that elther the protective effect may not be directly related




to their anti-inflammatory activity, or that the doses of these steroids were
not optimume. Vargish et al. (1976) showed that dexamethasone at 15 mg/kg or
methylprednisolone 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 Jecreased. Further, methylprednisolone
at 60 mg/kg, a dose approximately equivalent ia anti-inflammatory activity to
the optimal dexamethasone 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
deternined for both ip and im routes of administration. There was a clear
dose-response relationship between the dose of steroid admfnistered and the re-
sulting relative potency value. The nost effective doses of dexamethasone were
12.5 mg/kg aad 1.0 wg/kg for 1ip and im adainistration, respectively. This
marked iifference in the effective doses by these two routes of administration
may be due to differences in release, rates of absorption, or metaboliszm.

The protective effect of dexamethasone {n the mouse subatantiates a previous
report for the treatment of T-~2 toxicosis in the rat (Tremel et al., 1985). In
this report, dexamsthasoune treatment (1.6 mg/kg, iv) either 30 ain before or 1
hr after T-< toxin administration (0.75 mg/kg, 1v) resulted in significant re-
duction in the percent lethality. At a higher dose of toxin (1 mg/kg, iv),
rats pretreated with dax;n.thasouo had survival times of 19 hr compared to 9 ur
for untreated animals. Although dexamethascna prolonged the onset of death,
the overall mortality rate was not altered.

There 18 not, however, full agreement on the efficacy of steroids in treac-
ment of T-2 toxicosis. In contrast to the data presented here and by Tremel et
8l. (1985), Ueno et al. (1984) found that pretreatment with prednisolone was

not an effective therapy. The {neffectiveness of prednisnlone might be due to



the length of time (24 hr) bdetweea the final steroid dosing snd toxin

challenge. Imaf et al. (1979) showed that glucocorticoid pretrestment times
greater than ] hr were ineffective in decresasing the lethality of endotoxin-
«Teated mace. Furlher, pharmacokinetie studies ian dogs 3zhowed that the mwean
plasna hali-life of prednisolose was i66 mia (Hankes et al., 1985). This
finding suggests that the plasma prednfsolone concentration in mice aight have
reached insffective levels after 24 hr.

The ti-iné for the adminfstration of glucocorticoids may be critical for
decreasing the letlislity of T-2 toxin, since thers are clear indicatfons that
delayed treatment results in reduced efficacy. A single bdolus injectioc=s ~7

dexamethasune (13 mg/kg, 1p), given 1 hr bdefore adainistration of T-2 toxin,

. was more effective than either simultanecus or delayed trestment. As the time

interval between toxin injection and steroid treatment was increased there was
& markad decresse in efficacy as masured dy the percent luthality. These
findings are similar to those reported for the treatment of endotoxin shock in
baboons. Whea the time between endctoxin infusion and treatmen: with ssthyl-
prednisolone was increased, the survival rate was wmarkedly decreased (Archer
et al., 1983). Similarly, for treatmeat of septic shock 1in rats, Ottosson et
al. (1982) demonstrated a direct correlation between the onset of glucocor-
ticoid therapy and the resulting survival times.

Schaefer et asl. (1983) showed that large doses of methylprednisolone were
effective when adainistered afiar the onset of hypotension during endotoxin
shock. The treated animals showed not only iaprovement 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 {ndicate a rapid onset cf the effect of toxin on cardio~

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

into conscious rats, there was a décrease {n hindquarter blood flow, which was




mirrored by an increase in vascular resistance (Sirea and Feuerstein, 1986).
These 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 tne lethal effects of T-2 toxin. The
mechanism for tha protective effect of steroids in the treatment of T-2 toxi-
cosis is, at preseat, not known. However, as summarized by Haukes (1976), the
beneficial action of glucocorticoids may be due, in part, to (!) 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 glucocorticoide, thers 18 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 (Feuerstein et al., 1985);‘
(3) 1lysosomal enzyme release (Fricke, 1985); and (4) decreased energy

matabolism (Pace, 1983).
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FOOTHOTES
l. Presented in part at the 24th Annual Meeting of the Soclety of Toxicology
in March, 1985, San Diego, Ca. and the 8ch World Congress on Animal, Plant,

and Microbial Toxins in Augusﬁ, 1985, Newcastle upon Tyne, U.K..

In conducting the research described in this report, the investigators
adhared to the "Guide for the Care and Use of Laboratory Animals”, as promul=-
gated 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 author do not purport to reflect the positions of the

Department of the Army or the Department of Defense.




Table 1.
EFFECT OF STEROIDAL AND NON-STEROIDAL

ANTI-INFLAMMATORY AGENTS ON LDSO VALUZS FOR T-2 TOXIN®

DRUG DOSE LD50P

(mg/kg, 1ip) (mg/kg, sc)

Nonsteroidal agents

Saline - 3.22 (2.54=4.14)
Indomethacin 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)""
Methylprednisolone 53 3.47 (2.06-9.40)"
Hydrocortisone 266 3.00 (1.83-6.70)

% Mice were injected sc with T-2 toxin and treated immediately with the drugs
listed at the indicated doses.
b Lpso values for T~2 toxin were determined 48 hr after administration of

toxin. Values in parenthesis represent 957 confidence intervals for the LD50

value.

¢ significant difference compared to corresponding control value, p<0.05, *;

p<0.01, **; p<0.001, *#xn,




Teble 2
EFFECT OF ROUTE OF ADMINISTRATION AND DOSE OF DEXAMETHASONE

ON LD50 AND RELATIVE POTENCY VALUES OF T-2 TOXINa

ROUTE OF DOSE wsod RELATIVE
ADMINISTRATION (mg/kg) (ag/kg) POTENCY®

1p 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)*4 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

& Mice were injected sc with T-2 toxin and immediately administered with
cither saline vehicle (0 nmg/kg) or dexamethasone sodium phosphate at the
indicated doses and routes of adainistration. Volumes for 4ip and im
injections were 100 ul and 50 ul, respectively. |

D The LDSO values were determined 48 hr after the admintstration of T-2
toxin. The values in parenthesis represeant the 951 confidence intervals for
the LD5C values.

€ Relative potency = LD50 {dexamethascne-treated)/LDSO (saline-treated)

d Significant difference compared to corresponding control value, p<0.05, *

and p<0,001, #wwn,




Table 3
EFFECT OF DIXAMETHASONE TREATMENT TIME ON TIME TO DEATH, SURVIVAL TIME, AND

PRRCENT LETHALITY OF T-2 TOXIN IN MICE®

TIME (hr) TIME TO DEATHY (hr) SURVIVAL TIME (hr)¢ % LEIHALITYd

CONTROL 14.4 % 0.81 14.4 & 0.81 100
{n=20)

-1 32,5 & 5.18"*"e 56.2 £ 5.07" 4OwA%
(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  S.40™"* 42.5 £ 5.50™*" 80*
(n=13)

+3 22.5 & 3.24 £2.3 £ 5.99"*" 80*
{(n=16)

& Mice (20/group) were treated with dexamathasone (13 mg/kg, 1p) before (=),
the same time as, or at different times after (+)'1njectiou with T-2 toxin (5
mg/kg, s8c). Control mice were injected at the same time with saline (100 ul)
and T=-2 toxin.

b Mean + SE. Number of observatiras (n) is indicated in parentheses.

€ 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<0.05, *

p<0.01, #*; p<0.001, *=»%,




LIST OF FICURKS

Mg- 1: The effect of treatment time on the survival time course was deter-
mined in aice (20/group) treated with saline (100 ul, ip) (O=~==() or dexa-
methasone sodium phosphate (13 mg/kg,-1ip), injected either 1 hr before (+——
—+), the same time z8 (O=—=0), or 1 (A---3), 2 (X~—X), or 3 (data not
shown) hr after T-2 toxin (5 mg/kg, sc) injection. The cumulative percent of
surviving mice 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 q,larity, were, however, analvzed and are summarized with the other

data in Table 3.
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