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ABSTRACT

'>)Aspects of the in vitro cytotoxic effects of T-2 ,lcotoxin on murine

thymocytes were investigated. Cytotoxicity was found to be consistent when

tested bi-weekly for a four month period. Cytotoxicity reached maximal

values over a narrow range of doses and was dependent on temperature (37fC

optimum) and number of cells in the reaction mixtures. Quercetin, a

flavonoid compound was able to decrease the effect of T-2 toxin when the drug

was added within an hour of mixing the T-2 toxin with the thymocytes
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INTRODUCTION

Trichothecene nycotoxins are a chemically related group of secondary

metabolites of Fusarium and some other fungal species which have been shown
to be toxic in both man and animals. Mycotoxins have been implicated as the

cause of inadvertent food intoxication following fungal contamination of
foodstuffs (1-3) and recent studies have suggested their deliberate use as
biological warfare agents (4, 5). Many organ systems in the body can be
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affected by this toxin through its radiomimetic effect i.e. its ability to

inhibit protein, RNA and DNA synthesis in actively growing cells (6). Hence,

a major target of its action is the haematopoietic system resulting in

anemia, leukopenia and immunological aberrations (reviewed in 7). To date

there are no effective drugs or treatment regimens for this type of

poisoning.

Previous work from this laboratory has shown that mycotoxins, in
particular T-2 toxin, have potent cytotoxic capabilities in vitro expressed

as a loss of viability of thymocytes and other leukocytes (8). The intent of

the present communication is to suggest possible mechanisms of this cytotoxi-

city and to describe compounds which offer some protection against T-2
induced cytotoxicity.

MATERIALS AND METHODS

Animals

C-57 black male mice, 3-6 weeks of age, were used in all but one

experiment, in which case mice up to 24 weeks of age were used. They were
housed and cared for in accordance with guidelines prescribed by the Canadian

Council on Animal Care.

Collection of Cells and Culture

Isolated thymus cells were prepared as described by Mischell and

Shiigi (9). Briefly, mice were sacrificed by CO2 inhalation and the thorax
was flooded with 70% alcohol prior to removal of the thymus. For each assay

at least two thymuses were collected. After removal, the thymuses were
placed in a petri dish containing Joklik's media (Flow Laboratories, McLean,

Virginia) and minced with scissors to dissociate cells. The cell suspension

was washed by centrifugation and the pellet was resuspended in the same

medium to give a concentration of 2 x 107 cells/mil.
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Cytotoxicity Assay

T-2 toxin and other mycotoxins (Sigma Chemical Company) were

dissolved in dimethylsulphoxide (DMSO) to give a stock solution of 20 mg/ml.
Further dilution in ONSO allowed addition of specified amounts of mycotoxin

to 0.5 ml of cell suspension (1 x iO7 cells). The amount of DMSO added did

not exceed 25 P1 and controls, containing cells and ONSO alone, were tested

to detect any inherent cytotoxicity of DISO.

Cytotoxicity was assessed by determining viability of thymocytes

using dye exclusion with 0.2% eosin (9). At specified times after addition

of T-2 toxin to the cells, an aliquot of the mixture was removed and mixed
with an equal volume of eosln solution. Cells were examined microscopically

using a Neubauer hemocytometer and viability of at least 200 cells was deter-

mined.

Quercetin or other flavonold compounds were dissolved In DMSO and

added to the T-2/thymocyte mixture at specified times and concentrations.

Controls were included to determine if quercetin and additional OMSO had a

cytotoxic effect on the thymocytes.

RESULTS

Figure 1 shows the results of 8 separate experiments performed at 2

week intervals for 14 weeks. Despite possible variation between mice of the

same and different ages and week to week variation ther? was a consistant
pattern of cytotoxicity induced by T-2 toxin. For the controls, the mean
percentages (n 8) of viable cells at 0, 2 and 4 hours of incubation were

89.4 ± 5, 93.0 ± 5 and 91.0 ± 6, respectively. In the presence of T-2 toxin

the mean percentage of viable cells at these time points were 84.9 : 6, 36.3

± 10 and 6.6 t 4.
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Previous work performed in this laboratory determined that 400 wg/ml

T-2 mixed with 1 x 107 cells could produce significant cytotoxicity in the

:1 thymocytes (8). To further define the dose response relationship of T-2

"toxin cytotoxicity, thymocytes were incubated with a lower range of doses of
T-2 toxin. Figure 2 indicates that T-2 toxin has a narrow dose response

curve. Cytotoxicity is evident at 175 ug/ml and reaches maximal levels at

200 pg/ml. Similarily, increasing the numbers of cells decreased the

cytotoxicity induced by a constant amount of T-2 toxin (Figure 3) suggesting

that a critical concentration is required before cycotoxicity can be

expressed.

The temperature dependence of T-2 induced cytotoxicity is shown in

Figure 4. Full expression of cytotoxicity was not apparent until the

incubation temperature was raised to 37*C.

2 T-2 proved to be the most toxic of the mycotoxins tested in this

system (Figure 5) and subsequently was used in the evaluation of prutective

compounds.

"Addition of flavonoid compounds afforded protection against T-2

induced cytotoxicity. In Figure 6A, quercetin is show, to give a significant

reduction of 44% in the cytotoxicity induced by 400 ug/ml T-2 toxin. In

I; separate experiments and with a different preparation of T-2 toxin, quercetin
was able to decrease the cytotoxic effect of 200 ug/ml T-2 by 37% (Figure

6B). Quercetin was most effective when added before or at the time of

addition of the T-2 toxin to the thymocytes. Delaying the addition of

quercetin by 2 hours significantly reduced its protective effect (Figure 7).

Quercetin was active over a range of concentrations (Table 1) with an

apparent decrease in effect with increasing concentration. This may be due

to an observed cytotoxic effect of the drug itself (Figure 8).
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DISCUSSION

Although the toxic effects of T-2 toxin and other trichothecene myco-

toxins have been known for some time, it is only recently that research has
focused on the cellular and molecular basis of this toxicity. It is impor-

tant that this knowledge be obtained as it will allow for a more logical and
fruitful search for compounds which may be able to counteract the effects of

T-2 toxin.

It has been suggested that inhibition of protein synthesis and, to a

lesser degree, inhibition of DNA and RHA synthesis is responsible for the

observed toxic effects of T-2 toxin (10, 11). More recent studies, however,
have focused on possible membrane effects as mechanisms of cytotoxicity.

Ethanol, detergents and other membrane modifying agents increase sensitivity
of yeast to T-2 toxin as measured by inhibition of growth (12). Decreased

temperatures, known to decrease membrane fluidity, also decrease the effect
of T-2 toxin. It was also found that a yeast with reduced plasma membrane
fluidity was resistant to T-2 toxin. Additional evidence for a major role of
membranes in T-2 toxin induced cytotoxicity comes from studies of mycuplasma

(13). Although T-2 toxin inhibited growth of the organism, no changes in
gross protein DNA or RNA synthesis could be observed although precursors of
these macromolecules were inhibited from crossing the cell membrane into the

cytosol.

Membrane changes have also been implicated in T-2 toxin induced

damage in eukaryotic cells. Hemolysis of red blood cells has been studied
and an effect on the cell membrane has been described (14, 15). Hemolysis
was evident over a narrow dose range and was temperature dependent. It was
concluded that T-2 toxin induced membrane lesions of less than 5.5 A which

precipitated osmotic lysis.
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Our studies suggest that interaction of T-2 toxin with thymocyte

membranes is involved in the observed cytotoxicity. The narrow range of

doses which distinguish between cytotoxicity and non-cytotoxicity (as

observed in red cells) is similar to the effect of certain anesthetics (16,

17) and polyene antibiotics (18). These agents are incorporated into cell

membranes up to a critical point after which damage quickly ensues. Their

ability to intercollate into the membrane structure is likely responsible for

their action. Likewise, due to the amphipathic nature of the T-2 toxin

molecule (15), it too may have membrane reactivity and be able to bind to

hydrophobic sites in that structure. T-2 toxin has been shown to bind to the

membranes of thymocytes although the exact nature of the receptor was not
identified (20). The dependence on temperature for cytotoxicity supports the

concept that membranes could be involved as fluidity is dramatically altered

by decreased temperature. The fact that T-2 toxin is the most active of the

mycotoxins tested adds further evidence for the membrane bieing targets for
its action. The HT-2 toxin has hydroxyl group at C4, whereas the T-2 toxin
has a acetyl group at this position. It may be that increasing the

hydrophobicity of the T-2 toxin molecule in this manner allowed better
menmbrane interaction. A reported age difference in the susceptability to T-2

toxin cytotoxicity in mice (19) may reside in membrane differences. Although

we could not see any age effects between recently weaned and older mice,

there may have been a difference if cells from newborn animals had been used.

Quercetin (3,3'4,5,7-pentahydroxyflavone) is among a large number of

flavonoid compounds commonly found in a variety of fruits and vogetables.

Flavonoid compounds have been reported to have substantial biological

activity and have been used as antitumor drugs, heart stimulants, diuretics,

antivirals and antihistaminics (21). Somc of these compounds have been shown

to protective against whole body irradiation which is significant with the

knowledge of the radiomimetic effects of the mycotoxins (22). Quercetin

Al• itself has been investigated for its ability to reduce histamine release from

mast cells as well. as other anti-inflammatory properties (23). Quercetin, in
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our experiments, clearly had a protective effect against T-2 toxin induced
cytotoxicity. It was necessary for quercetin to be present during the early

stages for full protection to be manifested.

There is no clear evidence of how these flavonoids, including

quercetin, exert these effects. Quercetin has been shown to decrease calcium

transport across membranes (24), inhibit NADPH oxidase in neutrophils (25)

and decrease spontaneous lipid peroxidation following giutathione depletion

in rats (26). Other flavonoids have similar antioxidant activity (27).

From evidence implicating participation of cell membranes in the
cytotoxicity, it may be possible that activities relating to inhibition of

lipid peroxidation or, cellular enzyme activation may be involved. This
protection does not appear to be a general property of the flavonoids as

0 related compounds do not possess the same protective effect as quercetin

(data not shown). Rutin, in particular, a precursor molecule of quercetin,

shows little activity. This molecule is far more hydrophilic than is

quercetin and it may be that the interaction of quercetin with membranes in a
r competitive manner may be a mechanism of protection against membrane active

T-2 toxin. Similar structtre/function relationships have been found for

other biological activities of flavonoid compounds (28).

It is imperative that the mechanisms of cytotoxicity of mycotoxins be
elucidated so appropriate countermeasures can be devised.

U
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TABLE 1 Relation Between Concentration and Protective Effect of Quercetin

on Cytotoxicity of T-2 Toxin on Murine Thymocytes.

Concentration of Quercetin Protection*

(jig/ml) (M)

5 29 ± 6**

10 37 ± 4

30 33 ± 4

50 23

* Present reduction in observed cytotoxicity of T-2 toxin

** Data represents mean t 1 standard deviation of at least three

(3) separate trials
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Figure 3

Effect of cell number on the cytotoxicity of T-2 toxin on murine thymocytes.
0 2 x 107 cells/mL; 0 4 x 107 cells/mL; 0 6 x 107 cells/mL. All cell
preparations were incubated with 200 /pg/mL T-2 toxin. Cells representing

a pool of 3 mice were used.
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Figure 7

The effect of time of addition of quercetin on protection from cytotoxicity
of T-2 toxin on murine thymocytes. Cells were mixed with 200 jpg/mL
T-2 toxin at 0 hr. 10 p•gtmL quercetin was added at times indicated.
Cytotoxicity Assay was performed 5 hours after addition of T-2 toxin.
Except for -2 hour, which was a single trial, data represents the mean

± 1 standard deviation of at least 3 separate trials.
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Figure 8

Effect of quercetin on murine thymocytes. 0 control cells; cells incubated
with 0 5 pg/mL; A 10 j/g/mL; V 50 /yg/mL quercetin. Data represents t•'e

mean ±1 standard deviation of at least 3 separate trials.

U
UNCLASSIFIED

, ,, •' , .• , ,,• • -,• • • • •. -. • • - ,.-•%. .••... .•



8-4____________ _

This Sheet Security (lassification

DOCUMENT CONTROL DATA - R & 0
ISg.j,,t, -Cs s,€oto. of titol body o# anstme i Ind=Wql witoultkm must be entsred wwn the o•well dcumen a c~amefid)

I ONIGIINATING ACTIVITY 2& OOCUMENT SECURITY CLASSIFICATION

Defence Research Establishment Suffield - Un
2b. GROUP

0 DOCUMENT TITLE

Investigation of T-2 Mycotoxin-Induced Cytotoxicity In Vitro and Protective

Effects of Flavonoid Compounds

J 4 DESCRIPTIVE NOTES IType of reoprt and ,nclusveg detes)
SM-1150 _

96 AUTHOR(S) MLost nme. twe noim. molnidditiWOW

R.J.F. Markham, V.L. DiNinno, N.P. Erhardt, D. Penman and A.R. Bhatti

6. DOCUMENT DATE 7s. TOTAL NO. ,6 PAGES I 7b. NO. OF REFS

January 1986 21| 28
&. PROJECT OR GRANT MdO. e& ORIGINATOR DOCUMENT NUMSERIS)

16A-10 SM1150

Sb CONTPACT NO. 9b. OTHER DOCUMENT NO.iSI (Any othmr numnws et may be
audvwi this docuffwnu)

10. OISTRIOUTION STATEMENT

Unlimited

11 SUPPLEMENTARY NOTES 12. SPONIORING ACTIVITY

N/A 
N/A

13. AIISTRACT
Aspects of the in vitro cytotcxic effects of T-2 mycotoxin on murine thymocytes

were investigated. Cytotoxicity was found to be consistent when tested bi-weekly for
a four month period. Cytotoxicity was found o be consistent when over a narrow

range of doses and was dependent on temperature (37°C optimum) and number of cells

"in the reaction mixtures. Quecertin, a flavonoid compound was able to decrease the
effect of T-2 toxin when tue drug was added within an hour of mixing of T-2 toxin with
the thymocytes.

a
IiII III I I II II I II II I ll~ III

I _ _ _ _ _ _ _ _ _I_ _ _i_ _ _i i _ _ _ _ _ _ _ _ __•_ _•



This Shent Security Classification

T-2 Mycotoxin E WO S

Quecertin
Flavonoids

INSTRUCTIONS

IiF4IGINAI ONG, ACTIVITY Entries the namiie arnd address of the qb. OTHER DOCUMENT NUMeERl1SI: it the document has, been
. .cciiciti.%swe~t the 0ocucrent. assignied eny other document numbers loteith by the originator

ise DOCUMENT SECURI rY CLASSIFICATION Enter the overall o yteWno ,as itrti ub;W

Security Oijssigcestgion of the document including tioaclsa *wising 10. OISTRIBUTI/)N STA~rEMENT- Enter any Itmotatsons on
term whioevr aplicaleby security classification, using standard statements such as:

I -,R(uP fciti., %feiurity reclassilication group number. Tha threse
icicijiji .,#. lehferle Is Aipar'd-m 'Mao' lih ORO Security Regiulationst. III -Oualiftred requesters may obtain copies of this

document from thetir defence documentation center."
J 00tCtJMI:NYT TlLL 1.11t1i" the complete documnfent titles in alliiv.vjjtf Ifeitris Tn,ti- -it ill cases shouldi h unclassified. if a (21 *'Annouscerman arid dissemination of this document

%ctlnonivc~i deffc,.pive title cannot be selected without cleestili is not authorized without prior approval from
vittoi iii.',. title, t iuisitCgtione with thes iursua one- capital-letter originatsing activity.,.

... sic pa-im*ithesP *mmnelsaiely following the title.
11. SUPPLEMENTARY NOTES Use for additional exiplanatlory

4 If S'CRIPT tIrE NOTES Eister the category of document. e.g. s11tes.
.Ih-cal 111poflt tiss,.hn.cal note of tochniciel letter If approperi-

ii n..the. tysfe.' I ifcumeont. e.g. intefrim. Progress, 12. SPONSORING ACTIVITY: Enter the name of the dopatmental
i.. e.ionusef or final Give the inclusive dates when a project office or tabortory sponsoring the rieseiarch and

Ilesosi..ic reijxrtinV seriod is covered. development. Include addrese.

S. AUTHOi4ISI Entoe the# niinelsl0 of uthorts) as shown on or 13. ABSTRACT, Enter an abstract giving a brief orio factual
* .1 the. dcKccytiii i ksifr fail neovie, tirst namne. iniddle initial, summey of the document, seven though it may also appear

It inoriery show .eitik. The. name of the. principal author Is an elsoewhere in the body of the document itself It is highly
%Ilciiuflfe minimum 1.4iJ.i'seenent desirable thatf the abstraict of classified documents be uncla~ssi

ý% lied. Cach paragraph of the abstract shall ent) with an
Gi DOCUMENT DATE Enterl the latle (month. vow)l of indclation of the security classification of the information

Eicistlshmiivini approval for publication of the document. in the paragraph lunleti the document itself is unclassified)
represenfted a" ITS). (S), IC), MR, or (UI.

.01'" 4 la OTAL NUMBE 1 OF PAGES The totall ~aecount should
i1iilr'w iiimi ert paeg-mitttoc peeroduresl. i-.e. enter the numebes The lengh of the aefietract should be limited to 20 single-spaced

*'I low .i Itp - ictiiig misl ornetiu-n standared typoierillin 'infes. 7i/t inches long.

I~ . 1,Iki kUMif #4 () itt lLittlE NES Enter the total numtbor of 14. KEY WORDS. Key words wre technically moeeningful terrms or
.. iiiui.,..iI-i i it'..' I.% ... reenti. short phrases that '-ftractwnits a dlocument and could be herlpful

in castalegling the -. smono. Key weords shouldo he soleg-teil so
lHe W10ifrtt I I)## tIIANI NUK48EI If astioprgprtc. entere the that no miacurty ciasiailicetion ia requirited. lIdentifiers, such ast

supsi As .. tI' ...r~ isissi Ifw isqestflolurtsfent prositert or ejrant numbers Wfusirmnao Mordel deosigination. 11ilets10 military profect Corde
-l.'. wvhi 11Ois, Io-ossinentl wit wiuilteii name, geoegrapelic location. tnevy he used as key words but will

lte foellowed by an indreicatioen of technical constent,
Hb 1:01,4 14~iAL I NUMNE R:14f .forcsoprieain. renote the applicable

..... Jst w"icil with hi the-di~i orentin was written

its ORIGINATOitS U0CUMINT NUMSEiRISI Entoer the
ielne *I s-vinseinicu sitwiihi Icy wlctch the deCculrnant Will tiel
.,-~ld,fcql mini onft'.liedi Ivy the origienatingt activity This
-- l beir rese-l lie imtiiiii to this document


