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T-2 toxin is a fungal metabolite which can cause death or illness upon inges-
tisn. As a potential antidote, activated charcoal was assessed for efficacy
in decreasing the lethality of both oral and parenteral exposure to T-2 toxin.
In vitro binding studies, using the Langmuir adsorption isotherm, showed that
activated charcoal had a maximal binding capacity of .48 mg toxin/mg charcoal
and a dissociation constant of 0.078 mg charcoal/l. In vivo, orally adminis-
tared, activated charcoal wss assessed for treatment of acute oral or paren-
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untreated mice showed only 6% survival after 72 hr. Charcoal treatment
(7 g/kg, po) either immediately or 1 hr after toxin exposure resulted in signi-
ficant improvement in survival, with values of 100X and 75X, respectively.
After parenteral toxin exposure (2.8 mg/kg, sc), untreated and charcoal-treated
(7 g8/kg, po) mice showed 50X and 90% survival, respectively, after 72 hr. LDgg
value for T-2 toxin, determined at 96 hr after intoxication, increased signifi-
cantly from 2 mg/kg for untreated controls to 4.5 mg/kg for ac*  sted charcoal
treatment.
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ABSTRACT

T-2 toxin {s 8 fungal setabolite which cam cause desth or
filnens upon fagesticon. As & potentisl enti{dote, activeted char«
coal was assessed for efffcacy ia decreseling thwe lethality of both
oral and parenteral exposure to T-2 tomfa. In witro binding
studies, vaing the Lengmuir sdsorption (sothera, showed that sctie
vated charccas had 8 meximal binding capecity of (.48 wg tonin/eg
charcoal and a dissocietioe constant of 0.078 eg charcosl/l. In
viva, orally administered, activated charcoal was sssessed {or
treatment of acute coral or pereateral exposure to T-2 tonia (=
sice. After orsl toxia aduintistestion (5 wg/kg), untrestsd nice
showed only 6% sutvival after 72 hr. Charcosal tzeatmmnt (7 g/ kg,
po) either tamediately or | hr after toxia exposure tesulted 'a
significant improvement ian survivael, with values of 10CY and 733,
tespectively, After parenteral toxin exposurs (1.8 eg/ug,ec),
untreated and charccal-treated (7 g/kg, po) nice showed 5CI and
902 survivel, respectively, after 72 hr. Wy value for T-2
toxin, determined at 96 hr efter {ntoxicat{on, increased signi-
ficantly from 2 mg/kg for untreated coatrols to 4.3 ag/hg for
activated charcoal trestsent,
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INTRODUCTION

=== T-2 toxin is a toxic secondary metabolite produced by a
variety of Fusarium fungi>f£}fL This trichothecene mycotoxin is
highly texic and has produced illness and death in humans and
livestock after ingestion of food or grain contaminated with fun-
gal toxins. Oral exposure to T-2 toxin has profound effects on
rapidly dividing tiasuelkflf?' Thus, the spleen, testes, thymus,
bone marrow, gastrointsstinal tract, and hair follicles all show
significant necrosis [3;4]:

One of the most consistent and well-defined effects of T-2
toxin in several animal species is the dramatic cytotoxic changes
in the gastrointestinal tract'T2737¢TT°‘Aftet parenterale3T?*topi-
cal({Siber oral Tz?gtkposure. there is severe and prolonged diar~
rhea 167, accompanied by increased intestinal perneability“T?fE

The severe gastrointestinal effects of T-2 toxin may be a .
result of the preferential excretion of T-2 toxin metabolites via
the bile into the intestine [81. Activated charcoal might be ef-
fective in decreasing lethality by binding toxin metabolites in
the gastrointestinal tract. The toxic compounds would therefore
remain in the gastrointestinal tract, decreasing the reabsorption
via enterohepatic recirculation. In the studies presented here,
efficacy of activated charcoal for treatment of both oral and

parenteral toxin exposure was assessed. ~——y Lu?%}

MATERIALS AND METHODS

In Vitro Experiments

In vitro adsorption experiy 1its were performed to determine
the equilibrium binding and diss. :iation constants for T-2 toxin
and activated charcoal (Amoco AX-21, Anderson Development Co.,
Adrian, Mich.). The charcoal used in these experiments was highly
activated and has heen shown to be superior to other forms of ac-

tivated charcoal for treatment of a variety of lntoxications [9].
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A atack salstion of T-3 tonte, DL purity (e y-lada,
Chostorlield, Mo.), was presered (s (000 sthusel of & comcpetres
tiom of 23 mgal. THe stack wer $lleted with ethawsgl Co Firal

2V e WL Temat gnt emewsety ol

concontrmtions of ML, Doel, amd .
TRITAD tonta (New Dagland Weclesr, Rosian, %Ness.) were eiied ¢
st of the ahoes S1latrons te glve final epecific saclvitine 3f
Th, 058, end 1B L0t wmg tonla, tespectively. Allowsts of ledeied
T=1 touls wers nined vith suspenalons contelning €. 03 te 100 o
tharcsel st wl of sodiem phoepiute Wlfer (G.0% o, o 1.4},
After Yi-win jncudation st roos temperatere, free omd bwomnd taxls
wore paparated by ce<trifugation (Flenar Wicrofugm, ¥ aly, wnime
speed). Fadlosctivity wes detersiwmd (a sa eliqent of the super<
natant fraction,

By using the ewmecific radioactivitieos of T-7 2oxis, tw
eacunt ef lres, C (tn tmx!n!l). oad iﬂﬂ&‘. Q (I‘ ttin/eg
charcoal), tosin were calculsted. The date were anairted W othe

equation for the langmir teethere [10;!
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The values of K, the equtlidriee M nding conetent, o . Qge the
saximm dinding casactity (mg tonia/eg cherzoal), vere devived
sfter linmar regrecstion enalysls of the *Sove egueticon.

g Vivn Turertimmntsy

Kale wice (Swise ICN), weighing 21-14 g, vwre wmintained ot
controlled temperature (11<22%) {n wire-Yottow cagee and aflowed
ferd and water ad 1i%1tam, The ecock tonla eslutina was fiiuted
with propylene glycol:iethanol (97:10) end (0O 31 was edmialsleres
either subcutaneocusly or oraliy to lé-hr fueted atce. Activeted
chatcoal was suspended tn distilled vater ond adaintstered by

gavage (n & total voluee of 500 i,
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The nuaber ol sucviving mice was deterained at different
tices after adminigtration of T-2 toxin. Data were analyzed for
statistical significance uging the Fisher's exact test [l1]. LDgn
values for T-2 toxin were calculated by the probit regression
analysis based on best fit common slope [12]. Statistical signi-
ficance of the LDg values was determined by least significant
difference analysis on the pooled variance of the LDg, values

(13].

RESULTS

In Vitro ®xperiments

Langmuir isotherm (Figure 1) was used to calculate the maxi-
mum binding capacity, Qps and the dissociation consrant, K, for
the adsorption of T-2 toxin onto activated charcoal. The calcu-
lated values (& S.D.) for Q, and K were 0.48 + 0.136 g toxin/mg
charcoal and 0.078 £ 0.0197 mg charcoal/l, respectively.

In Vivo Experiments

Efficacy of orally administered chatcoallfot treatment of
oral toxin exposure was as:essed in mice. Mice were either un-
treated or Created with activated charcoal at the same time as or
1 hr after challenge with T-2 toxin (5 mg/kg), po). The number of
surviving mice was determined over a 72-hr time course (Figure 2).
The percent survival of mice in the untreated group declined
steadily throughout the observation period, reaching a value of 62

after 72 hr.® All of the mice in the group treated immediately
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with activated charcoal were prctected against the lethal effects
of T-2 toxin., If treatment was delayed for ! hr, the percent sur-
vival was lower than that of the group treated immediately. The
percent survival cf animals in the delayed treatment was, however,

significantly higher than in the control group. ewt— .
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Lftcacy of sctiveted charcoal far trestment of parvaterelly
sdnlaistered T2 toaln wes also assersnd. lmmmdiletely following »
suhoutanesus fnltaction of T-2 toxin (2.8 ewg/hg), wice wore eitner
left untreated or trested with activeaied chatccal (7 g/kg). The
nusbat of sutviving sice was agsin deternined over Yi~-hr (Flgure
3} The percent of surviving mice in the untresied gfoup wes &,
wiich was sigoificently lowe: thes the valus of X3 for the
trested group.

Becauss orel charcoel adulnfstretion was effective la
deczesning the lethality of sudcutaneous totin expoeure, Lssm
values for T-) toxin were daterained f.r untreated and chercosle
trested nice. The LD¢, velues were calculated st li-hr fotervals
alter toxia fajection for a total of 96 hr (Figure &), AL sll
time pointe, the Wyn values for the chazcosl-tristed aice wte
sigatficantly higher than for the wntrested costrols, Wy valese
for ustrested mice decreased frow & 24-hr WDeqy valus of adout )
ng/kg to a value of 1 sg/kg at % hr., The chercosl-trested utce,
on the other haad, (id aot show & sixilar decline in LBSQ valoes,
Throughout the observation period, the mm velues tot chatinale
trestsd nice resained constent ot appronimstely 4.9 og/kg.

DISCUSSIoN

Activated charcosl hes deen used for the trestment of o wide
variety of fatoxicaticns. Aflatoxicosis is goets (i4] end
chickens [13] has Deen treated successfully with ectiveted chare
cosl. Por trestment of T-2 toxicosis, there ate saversl repotts
{a the litersture which suggest that adsotding agents (a the gas~
trointestinal tract sight be effe~tive antidotes. The presence of — -
intestinal roughage effectively sltered both the toxicity and ex=«
cretioa >f amycotoxins., 4inf{asle (ntoxfcated with efther T=1 touim
ot zearalenone and subiejuently fod dlets Righ Ltn crude alfalfa
fider [16,17] or dentontte [{9] not only showed facreased
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survival, but had fmproved weight gain and feed consumption as
well. As the percent of fiber in the diet was increased, there
wvas a proportionél increase in the fecal, but not urinary, ex-
cretion of toxin [19,20). - Thesa data suggest that other, more
effective adsorbing agents, such as activated charcoal, might be
effective as well.

Activated charcoal was evaluated for efficacy on treatment of
acuts T-2 toxicosis in mice. Based vpon in vitro experiments, T~2
toxin was found to b"cightly adsorbed onto activated charcoal,
with binding and dissociation constants siamilar to those reported
for nefopam [10]. Since activated charcoal was effective in
vitro, further in vivo experiments were carried out to assess its
efficacy in treatment of oral and parenteral toxin exposure. For
oral administration of charcoal and toxin, if treatment was
initiated immediately after toxin exposure, there was a 100%
survival of the mice., If treatment was delayed up to 1 hr, there
was still significant, but lower, survival.

Perhaps the wmore ioportant finding is the protective effect
of activated charcoal against parenterally administered toxin.
Following subcutaneous toxin administration, oral administration
of activated charcoal resultecd in significant improvement in the
proportion of surviving animals and a significantly higher LDg,
value for T-2 toxin. Parenteral exposure to T=2 toxin results in
both free and conjugated metabolites appearing in the bile (8],
which may be reabsorted via tha eaterohepatic recirculation. The
presence of adsorbing agents in the gastrointestinal tract
effectively binds the metabolites, thereby short=circuiting the
enterohepatic cycle.

In summary, we found activated charcoal to be an effective
antidote for treatment of T-2 toxicosis in mice. Survival after
oral or subcutanecus toxin exposure was significantly fmproved by

charcoal treatment.
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FOOTNOTES

1. 1In conducting the research described ian this report, the
invest!gators 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
Aniwsal Rasources, National Research Council. The facilities are
fully accredited by the Azerican Association for Accreditation of
Laboratory Animal Care.
The views of the authors do not purport to reflect the

positions of the Deparcment of the Army or the Departmant of

Defense.

2. To whom correspondence and reprint requests should be sent.
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FIGURE 1. Langmuir isotherm for adsorption of T-2 toxin onto
activated charcoal.

FIGURE 2. Effect of activated charcoal on the percent survival of
mice after oral T-2 toxin exposure. Mice were all gavaged with
T-2 toxin (5 mg/kg) and elther untreated (closed circles), treated
immediately (open circles), or 1 hr later (squares) with activated
chsrcoal (7 g/kg). Significant differances from untreated control
values are indicated by * {p < 0.05), ** (p <0.0l), and #*** (p <
0.001).

FIGURE 3. Effect of activated charcoal oa the percent survival of
mice after subcutanecus T-2 toxin exposure, Mice were injected
with T-2 toxin (2.8 mg/kg) ana either untreated (closed circlea)
or treated with activated charcoal (7 g/kg) (open cirlces).
Significant differences from untreated control values are
indicated by * (p < 0.05).

FIGURE 4. Effect of activated charcoal om the LDgy value for
subcutaneously administered T-2 toxin., LD, values were
determined for untreated (open bars) or activated charcoal-treated
(crosshatched bars) mice at times indicated. Significant
differences from untreated control values are indicated by * (p <
0.05), #* (p <0.01), and *** (p < 0.(01).

X

SRERE

T ath ¥ SR Ay &
At e e

Pt G ey

R ARt 0t Bty




(1/8w) o
oco? o8t oTi 08 (L] 4 o
1 1

A. - A

ore
L

A i A 1 A (1)

ool

00T

00€¢

0/9

oo¥

\

00S

T

R 009




. v 96 wne Lo 22 oo [ L1
100 T --.......?o...e.......@.,......@ e QO
-
~ 804 . &--—g--y
R ]
8 ., |
3
. L)
z
2 40
>
- 4
-
(73
20 -
o ] 7 i J ¥ T ¥ L
0 10 20 30 40 50 60 70 80
TIME (ar)
4 -p ' . .




SURVIVING MICE (%)

‘oo ..'...E
: . »
6o o )
80 4
*—o—
60 -
o
40 -
20
o i I 1 L} i 1 1 1
o

10 20 30 40 50 60 70 80
YIME (hr)

)
.




96

N _sT

72

TIME (hr)

L R

48

24

T —r . .
- ] < " o T 1




