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INTRODUCTION 

Hycotoxi~ are secondary metabolites, produced by 

various fungi. The most important mycotoxin producing fungi 

a.re Eencilium, Fusarium, Cladosporium, Aspergillus, 

Trichoderma. The most important mycotoxins are Aflatoxins, 

Trichothecenes which include T-2 Toxin, Ochratoxin, Patulin. 

Hycotoxin production is favoured by high humidity and high 

wa.ter a.ct ivi ty. 

T..r..i.chothecene mycotoxins a.re sesqu i terpenoid met abo-

lites produced by several groups of filamentous Fungi. The 

most investigated Trichothecene mycotoxin is T-2 Toxin. 

which is produced by Fusarium sporotrichioides. 

T-2 Toxin is a ma_jor Trichothecene mycotoxin often 

involved in causing serious losses to agriculture in terms 

of crop production, and food contamination. The compound 

is a natural contaminant of cereal grains and has been 

associated with widely prevalent outbreaks of Toxicosis in 

animals and Human beings, e.g. in Russia (1942-47), Finland 

(1982-84), and India (1987). Human exposure to T-2 has also 

occured as a result of Biochemical warfare and is evidenced 

by the detection of this Toxin in samples collected in the 

warzone of South East Asia. 

Contamination of this toxin in various food results 

in a variety of d1seases, of which most important 1s 
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Alimentary toxic Aleukia (ATA) and Stachybotriotoxicosis. 

affecting mucosa and immune systems. Leucopenia, anemia, 

Bone marrow aplasia, haemorrhagic diathesis are important 

pathological symptoms of these diseases in both animals and 

humans. T-2 Toxin has been known to cause severe haemato-

poietic damage, as one of the principal features of ATA in 

man. T-2 Toxin has also been observed 8.S potent 

immunosuppressive agent , affecting the Lymphocytes 

Lymphocyte is unique, as it is the only cell that is 

highly differentiated to perform one of the most vital 

functions of the body. During this immune response, it 

becomes large in size, builds up all the necessary synthetic 

machinery, to start synthesizing protein, lipid, RNA and 

DNA. Simultaneoulsy it acquires the capabilities of per-

forming its functions of defense preparedness for the anti

genic offensive attack on its targets. This awakening of 

lymphocytes is variously called as lymphocyte transfor

mation, lymphocyte activation, lymphocyte blastogenesis. 

Physiologically lymphocyte proliferation must occur 

only when the specefic clones of lymphocytes encounter the 

foreign antigens in. Y..i..YQ. Culture T and B lymphocytes can be 

induced to prolifer3.te in. vitro by specific stimuli 

including specific antigens and 

Unfortunately, mechanistic studies on 

allogenic cells. 

the initiation of 

proliferation are rendered difficult because very small 

percentage of lymphocytes actually respond to specific 
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antigens. They are generally not detectable within the 

limits of accuracy of standard Biochemical methods. 

The studies on proliferation of lymphocytes has been 

fortunately overcome by the use of mitogens which stimulate 

70 to 80% of the lymphocytes to proliferate irrespective of 

theii antigen specificity. Though mitogens are diverse in 

their chemical nature. Most of them are derived from the 

p ia.nt lect ins - a group of ca.rbohydrate-bind ing proteins 

(eg. Con-A, PHA, PWH etc.) and Bacterial polysa8charides 

(eg. LPS). 

T-2 Toxin was shown to inhibit rapidly dividing ~ells 

of the haemopoietic tissue as well as those of the 

gastrointestinal tract. It has been shown to suppress the 

lymphocyte response to T a.nd B ce 11 mi to gens. 

The extreme se~sitivity of lymphoid tissue to T-2 

Toxin may also be explained by the fact that _these cells 

low level of detoxification enzymes such as posses only 

Glutathion transferase or there may be receptor for this 

the surface of the cells. Several lymphocytic toxin on 

functions such as lymphokinin production, antibody response 

to T-depende~t antigen, have shown to be severely impaired 

after in. Y..iYu trea.tment with T-2 Toxin. The reduct ion in 

number of lymphocytes may be a primary cause of impaired 

immunity. The immunosuppressive effect may partly be 

explained by the ability of T-2 Toxin to inhibit DNA. RNA 
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and -protein synthesis in con-A. PHA. poakweed mitogen 

stimulated lynphocytes. When a.dministered in. YiY..Q. it 

decreased serum immunoglobulin and suppressed 
~ a.nt 1body 

synthesis against SRBC. 

This study is concerned ~ith the effect of T-2 Toxin 

on cell-mediated immunity. Among the various in. vitro 

methods available. for assaying cell mediated immunity. the 

lymphocyte transformation test is one of the widely accepted 

tools. The present study is an attempt to find out whether 

T-2 Toxin can cause any impairment to the normal immologic 

response in. Y..iY.Q. using in. vitro lymphocyte transformation as 

a. tool. 
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l.Mycotoxin Producing Fungi 
-~ 

Aflotox.in and Sterigmatocystin Producing Fungi 

Aspergillus flavus var. columnaris and ~ parasiticu~ 

were first recognised as ~flotoxin producing fungi. Later 

several investigators have studied the aflatoxin producing 

a.bi l i ty of other funga.l species like ~ n jger, ~ ory;:;ae, ~ 

weotii, PenicilliUJit eitirinum, E_._ freguentans, L expansum, 

L digjtatum, Mucor amcedo and Streptomyces. ~ Aspergillus 

versicolor is the major sterigmatocystin producer, while A...._ 

nidulans, a.nd ~ ru:;tulosus have also been recognised a.s 

major. Mycotoxin producing strains.(l) 

Yellowed Rice Fungi 

They are of four types. 

A) Luteoskyrin and cyclochlorotine producing fungi: 

Luteoskyrin and cyclochlorotine are hepatotoxic and 

hepatocarcinigenic mycotoxins obtained from cultures of 

Penicillium islandicum. 

B) Citrinin producing fungi: Citrinin is a representative 

mycotoxin among the yellow rice toxins an~ was first 

d~tected from Penicillium citrinum. Tne following 

citrinin producing fungi known at present are L 

~itrinum, L viridicatum, L implicatum, L canescens, 

E._._ notatum., L expansum., ~ niveus a.nd L flavips.(2) 
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It is interesting to note that the species ~ 

vir idicatum. and ~ pali tans a.re producers of both c i tr in in 

and ochratoxin A. 

C. Rugulosin producing Fungi: Rugulosin, a.n anthraquinoid 

fungal metabolite was first isolated from mycelia of 

Penicillium rugulosum. Other rugulosin producing fungi 

are ~ brunneum and ~ tardum. 

D. Citreoviridin Producing Fungi: Citreoviridin is 8. 

neurotoxic mycotoxin produced by certain stra.in of 

Penicillium citreoyiride. Other species which produce 

citreoviridin are ~ ochrosalm.oneum. and ~ pulyillorum. 

Patulin and Penicillic Acid Producing Fungi 

.) 

Patulin was isolated from both Penicillium. and 

Aspergillus sp. e..._ p.atulum, f..... expansum, f..... lapidosum, e..._ 

griseofulvum, A...._ clavatus, L gjganteus, and A...._ terreus. 

Penicillic a.cid was first isolated from Penicillium 

puberulum.. Producibility of this compound ha.s been 

demonstrated in the following fungal species namely 

puberulum, sotoniferum., e..._ P8litans, Aspergillus 

ocbraGeus, A...._ sulphureus and A...... ostianus. 

Griseofulvin Producing Fungi 

It wa.s first iso la.ted from Pen ic i l.li.u.m. gr iseofu lyum. 
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The other fungi reported to produce griseofulvin are 

Penicillium patulum, ~ viridi-cyclopinum. a.nd E._._ a1bidu~n.(3) 

Ochratoxin A Producing Fungi 

Ochratoxins are metabolites of Aspergillus ochraceus. 

The known ochratoxin producing fungi a_re L ost ianus, A....._ 

melleus, L sulphureus, Penicillium yiridicatum, E._._ commune 

and E._._ variabile.(4) 

Rubratoxin producing fungi 

Rubratoxins are toxic metabolites produced by 

isolates of Pencillium rubrum. Rubratoxin B is produced- by 

Penicillium rubrum and L purpurogenuin.(5) 

Trichothecene Toxin Producing Fungi 

Tricothecene, the group of Sesquiterpen6ids previously 

known as Seripenes, include a number of fungal metabolites 

produeed in cultures of various _species of the genera 

Fusarium., Cephalosporium., Trichoderma,Stachybo~. 

Aceording to structural variation at the C-8 position and 

Taxonamic situation of the toxin producing fungi have 

divided the Toxic trichothenes into two types A (T-2 toxin, 

neosolaniol, HT-Toxin Diacetoxy seiripenol) and Type B 

toxins (Fusarenon-X, Nivalenol).(6) 
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Zearalenone Producing Fungi 

Zearalenone (F-2 toxin) is an estrogenic ·mycotoxin 

produced by several species of Fusarium. It w a.s f irs t 

isolated from r.:u l tures of L graminearun invading stored 

corn, L roseum, L.. niyale, L sporotrichioides a.re a.lso 

known to produce this Toxin.(?) 

2. Kicroflora of Various Food 

It is well known that cereal grains, stored grains 

and processed food of both plant and animal origin harbour 

large number of fungi under certa.in natural conditions. 

These Fungi ca.n be divided into (1) Field Fungi (2) 

Stora.ge fungi (3) Adva.nced deca.y fungi. The principa.l 

genera of field fungi are Alt~:t:n~ria, Eus~ I: i'.lm., 

Helminthosporium., and CladosQorium. The microflora 

Aspergillius 

of 

and stored fungi include Pencillium., 

Sporendonema. These stored fungi are the dominant type of 

moulds associated with stored seeds. 

Fungi that invade cereal graih can be categorised 

into three groups which h:J.ve different moisture 

requirements. These include (a) Field fungi which invade 

grain in the field before harvest and include species of 

Alterna:t:ia, Eusa:t:ium., Cladosporium, and Helminthosporium.. 

(b) Storage fungi, which predomin~.-t-e in the gra.in during 

post-harvest storage and consist of primarily Aspergillus 

~. a.nd Penicillium~. (c) Advanced deca.y fungi such a.s 
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Fusarium and Chastomium, which grow after considerable 

deterioration has occurred. (8) 

Table No 1: Cereal Grains Invade Fungi 

-----·-------··----··----------·---·-·-----·---------

Group 

Field Fungi 

Organism 

Alternaria 
Fusarium 
Cladosporium 
Helminthosporium 

Storage Fungi Aspergillus 
Penicillum 

Advanced Decay Fusarium 
Fungi Chaetomium 

Occurrence and 
moisture requirements 

Field 20 to 25% 
moisture 

Storage 13 to 18% 
moisture 

Storage 20 to 25% 
moisture 

Among the chief rice field fungi are Helmin-

thosporium., Fusarium., Alternaria, Epicoccum · a.re 

predominant.(9) Chief fungi which invade wheat are Fusarium 

gralllinearum, Cladosporium sp. Aspergillus candidus, 

Penicillium chrysogenum and Botrytis cinerea.(lO) Major 

field fungi that invade corn are Alternaria, Cladosporium, 

Helminthosporium, Trichoderma and Eusarium.(ll) Simila.rly 

the fungi which invade sorghum are Fusarium, Cladosporium, 

Helmntbosporium, etc. 
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Heat represents ideal culture medium for many micro 

organisms due to its high noisture content and rich 

nutritive value. Cold meat allows the growth of 

psychrophilic fungi such as Mucor recemosus, Bhizopus sp, 

Pencillium expansum, Cladosporium herbsrum. 

3. Source of Food Contaaination 

Hycotoxins are considered to be one of the most 

dangerous conta~inants in food and feeds. Toxicogenic mould 

spores are almost universally present in the atmosphere in 

the soil a.nd in agricultural crops and products. The main 

entry of mycotoxins into human and animal food chain is from 

agricultural products such as cereal grains, oil seeds and 

products derived from these sources. The three genera 

Aspergillus, Pencilliun and Fusarium ar~ considered to be 

the most significant toxigenic mould at the present 

time.(11) 

4.-0ccurrence of Mycotoxin 

Mycotoxin concentration in cereals is high enough to 

cause toxic symptoms on both humans and on domestic ~nimals 

have been reported in years. There are some well documented 

cases of occurrence Fusarium Toxins in USRR (1942-47),(12) 

and Finnish grains and feeds during 1970. Ylimaki (1979) 

d u., ( 1979) Bns.lysed 230 ss.mples f-rom different p~nts of 

the Finland and showed that 24 of the 230 samples contain 

Zearalonone (ZEN) and four samples contains T-2 Toxin at 
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~ concentration ranging from 100 to 40000 u gjkg and 10 to 50 

ugjkg respectively. 

Later it was suspected that the mycotoxicosis in the 

Finland occured in 1982, 1983, and 1984. The summer and 

autumn of 1984 were rainy and generally wet in Finls.nd 

creating favourable conditions for the growth of mould (14). 

Karppanen et al., (1985), analysed 167 samples of commercial 

feed and different species of cereals in 1984 crop. They 

had found that the cereals and feed samples were 

contaminated with Trichothecenes. The Trichothenes detected 

were Deoxyvinalenol (~ON), nivalenol (NIV), T-2 and HT-2 

Toxin.(14) 

In many countries DON, NIV and ZEN produced by 

Fusarium, GramineriU!n s.re the ms3or toxicants in cere'l.ls 1J.nd 

feeds,(16) DON is the most important mycotoxin in grains in 

the U.S.A., Canada, Australia, S.Africa, Italy a.nd IJ.K. ZEN 

is also widely distributed throughout the world in cereals 

a.nd feeds. ( 14) 

During .June to Sept.;:mber, 1987 s.n outbrea.k of a. 

gastrointestinal disorder occurred in the Kashmir Valley 

especially in the city of Srinagar and the surrounding 

areas. The outbreak was identified as being due to 

Trichothecene mycotoxins present in bread made from rain 

damamged mouldy wheat. The 4 mycotoxins detected were 

Ergosterol, DON, NIV, T-2, Ac-DON.(17) 
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Enormous amount of information on natural contamination 

by mycotoxins have been collected mostly in the U.S.A. 

Important naturally occuring mycotoxins contaminated food 

stuffs are listed below. 

Aflatoxins Peanuts, Rice, Wheat, Corn 

Sterigmatocystin Grain samples, moldly stored rice 

Ochratoxin A Wheat, Barley, oat, corn, rice 

Citrinin Barley, wheat, oat, corn, Rye 

Patuli~ Apple juice 

Penicillia acid corn 

T-2 Toxin corn 

Deoxynivalenol Barley, wheat 

Zearalenone Corn, feed stuffs 

; 

5. Detection and Identif~cation 

Various methods have been used for detection and 

identification of the mycotoxins. They are: 1) physical 

methods; 2) Chemical methods; and 3) Immunoassay methods. 

5.1 Physical Methods 

Thin layer Chromatography has play an important role 

in the purification of many naturally occuring 

trichothecenes and has been used for identification in 

different samples. 
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5.2 Cheaical Methods 

High performance liquid Chromatography. The method used 

to analyze these compounds generally have low sensitivity 

and need extensive instrumentation. A good method should be 

very specific, ~ensitive and relatively simple to operate. 

One method which has gained great popularity for analysis of 

mycotoxins is high performance liquid chromatograph (HPLC). 

HPLC methods combined with fluorescence ~nd UV detection 

system ha.ve shown good sensitivity a.nd excellent 

reproducibility. Because of high sensitivity. sample must 

first be subjected to an extensive clean-up treatment before 

separation by HPLC. 

5.3 Ianunoassay Methods 

.) 

Recent developments, for detection of mycatoxins are 

immunoassay which involves the inter~ction of Biological 

materials. Two assays systems have been developed i.e. 

ra.d io immunoa.ssays (RIA) a.nd Enzyme-linked immunoassa.y 

(ELISA). 

5.3.1 Radio Immunoassay (RIA) 

The RIA procedure involves simultaneous incnba.tion of 

the unknoWH sample or known st~.nda.rd dissolved in phosphate 

buffer with a constant amount of labeled Toxin and a 

specific antibody. 

14 



Several methods have been used for the sepa.ra.tion of 

free and bound Toxin. The ammonium sulphate precipitation 

method is simplest and has been used for T-2 Toxin. 

Analysis of AFB1 , has been achieved by either the double 

antibody technique or solid phase RIA method in which the 

IgG is conjugated to CNBr-acti~ated sepha.rof_;e gel. A 

dextran-coated charcoal columfi which has been co~monly used 

for RIA for other compounds.(18) 

5.3. 2 Enzyme-linked Im.nunoassay [ELISA] 

In ELISA of mycotoxins, specific antibodies are first 

coated to a solid phase, such as a microplate or a 

polystryrene tube. Among several methods tested for coating 

antibody to the microplate, the G luta.ra.lde hydes a.nd 

bicarbonate methods appears to be most suitable for the 

assay. Once the antibody is dried on the plate. and is 

washed before use. The sample solution or standard Toxin 

generally incubated simultaneously with enzyme conjugate. 

The plate is washed again, and the residual enzyme bound to 
. 

the plate or tube is then determined by incubation with a 

subst ra.te solution containing a.nd a.ppropr ir.;.te 

oxidizable chromogens. The resulting colour is measured 

spectrophotometrically or by visual conpa.rison with 

sta.nda.rds. The oxidizable chromogens used for ELISA of 

mycotoxins include 0-Toluidine or 5-anino-salicyclic acid. 

In general ELISA 1s 10 to 50 times more sensitive 
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than RIA when purified mycotoxin are used. ELISA is more 

a.dva.nta.ge when radioactive liga_nd of the Toxin is not 

8.V1Jila.ble. ( 18) 

Table No 2: Sensitivity of RIA for Hycotoxins.(18) 

Hyco toxins 

AFB1 

AFH 1 

T-2 

Zea.ralenone 

AFB ~ Af la.tox in B 1 

Standard range 
(ng) 

0.5-5.0 

5-50 

0.2-2.5 

0.25-10 

AFM ~ Afla.toxin M 1 

Detection limits 
(}lg/kg) 

5.8 

5 

1.0 

.5. 0 

Table No 3: Sensitivity of ELISA for Mycotoxins (18). 

Mycotoxins 

AFB 1 

AFM l 

OA 

T-2 

OA. Ochratoxin A. 

Sta.ndard ra.nge 
(pg) 

25-1,000 

25-1,000 

25-500 

25-200 

16 

Detection limits 

3 

0.25 

1-2 

2.5 



5.3.3. Indirect Enzyne Linked Ianunoassay for T-2 Toxin in 
Biological Fluids 

An Indirect enzyme-linked immunosorbent assay (ELISA) 

which can be detected 0.2 to 1 ng of T-2 Toxin per ml in 

urine-~ serum .. and milk has been developed. T-2 

Hemisuccinate was conjugated to polysine which was then 

coated to a microtiter plate and incubated with rabbit anti 

T-2 antibody and sample extrabt. The amount of anti-T-2 

antibody bound to the plate was then determined by reaction 

with goat anti ra.bbit IgG-peroxida.se complex and subsequent 

reaction with the substrate. Samples spiked with T-2 Toxin 

~ere subjected to ~imple clean up procedure by passing them 

through a reversed-phase Sep-pa.k ca.tridge. ( 18) The 

recoveries of tritiated T-2 Toxin added to the urine, serun, 

and milk sample were between 71 to 90% after clean up step. 

In indirect ELISA, much less antibody is required for 

each analysis. hence it is more economicBl to perform than 

the direct ELISA. Indirect ELISA is adqeuate for monitoring 

trace amounts of T-2 Toxin in Biological fluids. Direct 

ELISA has always the problem of Enzyme instability in the 

prepa.r<lt ion of T-2 Toxin-enzyme conjugate and during 

storage, the preparation of T-2 HS-PLL is relatively simple 

and the conjugate is also very stable.(19) 
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6. Mycotoxin Biosynthesis 

Hycotoxins are secondary metabolites produced by a 

variety of filamentous fungi. They are secondary sesqui

terpeniod metabolites of fungi. The trichothecene and 

aflatoxin are the most important members of this ve~y 

diversed class of Toxins. 

Mycotoxin are produced in the late exponential or 

early stationary phase of growth~ Moisture and temperature 

are two factors that have a crucial effect on mould growth 

and colony production. Generally mould growth favoured by 

high humidities in combination with high tempera.ture. 

Temperature is very important factor affecting mycotoxin 

formation. Fusarium species produce Zearalenone and the 

T~icholhecene (include T-2) Toxins are capable of producing 

at low temparature. 

They can be mainly derived from the following 

pathways :-

1) Hycotoxins derived 

fr01n a.m ino a.c ids 

2) Hycotoxins 3) Hycotoxins derived 

18. 
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6.1 Kycotoxins Derived from Amino Acids 

In the pathways of amino acid metabolism in higher 

plants, decarboxylation of amino acids commonly occurs to 

form corresponding amines. These amines are regarded as 

'proto-alkaloids' and they· ac~ as precursors for 8.lka.loid 

biosynthesis. However decarboxylation is less important in 

fungi and various amides or peptides are produced in fungi 

in place of the amines or alkaloids formed in higher plants. 

Some important mycotoxins containing nitrogen are known to 

be produced from Amino acids. 

Sporidesmin from Pithomyces chartarum is one such 

nitrogenous metabolite which also contains sulfur in its 

structure. Obviously all the sporidesmins are basically 

derived from two amino acids, Tryptophan and alanine forming 

cyclodipeptide. 

Gliotoxin, an antibiotic isolated from Mvrothecium 

Verrucar ia ( G lioc ladium. fimbr iatum) a.lso contains thiad ioxo-

piperazine moiety. It was shown that the phenylalanine and 

serine and also a c1 unit from methionine provide the carbon 

skeleton of Gliotoxin.(20) 

Aspergillic acid and neoaspergillic acid (produced by 

Aspergillus flavus and A..... oryzae) or pulcherriminic a.cid 

produced by Candida pulcherrina are formed from 

dioxopiperazine. 
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Roquefortine. a 2.2.5 Dioxopiperazine compound formed 

from Tryptophan and histidine was isolated from Penicillium 

rogueforti has tremogenic acitity.(21) 

Ergot alkaloids contain peptides linked to carboxyl 

group of lysergic acid. These peptides are of derived from 

amino acids. Lysergic acid and isolysergic acids are known 

to be derived from Tryptophan by condensation with one 

.. isoprene" unit formed from mevalonic a.cid. 

6.2 Hycotoxins Derived from the Aromatic 
Path~ay (Shiki11ic acid pathway). 

Biosynthetic 

An important role of the Shikimic acid pathway in 

secondary metabolism is to provide intermediates for the 

biosynthesis of aromatic compounds including amino acids. 

The shikimic acid pathway plays a_ relatively sma.ll pa.rt in 
,I 

secondary metablism in fungi. 

Xanthocillin has been isolatedr from Penicillium 

notatum a.nd a.lso from Asperg:illn_;,;__ chevalieri. It exhibits 

heptotoxicity in experimental animals. This compound is an 

unusual isocyanide and is usually obtained as a mixture of 

xanthocillin X and Y. 

6. 3 Hycotoxins Derived fron the Acetate Hevs.lonate Pathway 

Acetate melonate pathway for the biosynthesis of 

various compounds including phenolic compouds. The most 

important mycotoxins derived from this pathway are citrinin 

Trichothecenes. Aflotoxins. 
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Citrinin is an yellow crystalline antibiotic compound 

isol~ted from Penicillium citrinum and its has P-quinone 

methide structure.(22) Ochratoxin A is a toxic metabolite 

of Aspergillus ochraceus. Ochratoxin A is a dihydro-

isocoumarin carboxylic acid linked through its carboxyl 

group to the amino nitrogen of phenylalanine.(23) 

Among the fungal Heptaketides, a.n anti fung.!3.l 

8.ntibiotic Griseofulvin, was isolated from Pencilliuro. 

griseofulvuru and subsequently isolated from a large number 

of p~nicillium species. Griseofulvin was derived from 

acetate. ( 24) Aflotoxin.biosynthesis can occur through the 

acetate-malonate pathway, eventhough this mycotoxin contain 

6"-- couma.r in ske let ion. As general rule. coumarin compounds are 
~) -· formed through t t\P. aromatic · pathway of biosynthesis 

involYing phenylalartne .. cinnamic acid a.nd shikimic acid as 

~ inter11edia.teS ~ Biosynthesis of a.fl8.toxin in a.ceta.te-m.a.lona.te 

F=- pathway takes place via c20 anthraquinone.(25) 

Jones and Lower (1960) were first showed that acetate 

1- 14-c and mevalonate 2- 14c were incorpora.ted in to the ske le-

ton of trichothecolone. Incorporation of mevalonic acid and 

farmesol pyrophosphate doubly labelled with 3 H and 14 c into 

trichodermal, Trichothecins and Trichothecolone indicate 

that a 6-7 Transfarmesol pyrophosphate is a precursor of 

these compounds.(27) 

The Biosynthesis of Trichothecenes proceeds from the 
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alicyclic hydrocarbon trichodiene which is a cyclization 

product of farnesyl pyrophosphate.(28) 

7. Some Aspects of Structure and Activity Relationship in 
Hyco toxins 

It has been established that conpounds containing a 

lactone ring possess a wide range of cytotoxic a_nd 

carcinogenic properties. Since a snall nenbered lactones is 

·subject to nucleophilic attack, the biological a_nd 

tox ico log ica.l a.ctivities of these lactones may be 

attributed to their alkalating ability. 

In adition to lactones. epoxides and halo-esters, are 

important alkylating agents. It is known that Diepoxides 

are more frequently carcinogenic than monofunctional ones. 

It has been d'emonstrated that diepoxybuta.ne reacts ea.sily 

with Guanine a.t N-7 position in vitro. With many fungal 

metabolites, Trichothecene possesses an epoxy group. It is 

interesting that biologically active trichothecenes lose 

their activity when they lose their epoxy group. 

Chlorinated mycotoxins such a.s ochra.toxin A, 

griseofulvin and cyclochlorotine are highly hepatotoxic. 

Ochratoxin B, a dechloro derivative of ochratoxn A, has no 

Toxicity. 

8. Trichothecene Mycotoxins 

Trichothecenes are secondary metabolites produced by 

22 



severa.l groups of fungi including Fusarium, Tr ichothec inm, 

and Mvrothecium sp. Biosynthesis of trichothecene proceeds 

from the alicyclic hydrocarbon trichodiene, which is a 

cyclization product of Farnesyl pyrophosphate.(28) The 15 

carbon skeletion of the trichothecene suggested that these 

compounds are susquiterpenoid. 

All naturally occurring Trichothecenes mycotoxin 

contain an olefinic bond and an epoxy group at 9, 10 and 12, 

13 respectively and may therefore be characterized as 12, 13 

epoxy trichothecene. Inaddition all have at least one 

hydroxyl or ester group at position 4. Naturally occurring 

Trichothecenes are colou~less, crystalline, optically activ~ 

solids which are generally soluble in moderately polar 

organic solvents b~t only very slightly soluble in water. 

Table 4 : Trichothecene Producing Fungi(29) 

1) L.. SporotrF:hioides 
L equiseti 

2) L.. graminarum 
L Culmorum 

3) Cephalosporium 
Crotocigerum. 

T-2, HT-2, neosolaniol, 
Diacetoxyscripenol 

Nivalenol Deoxynivalenol 
3-Acetyldeoxynivalenol 

Crotocin 

Hacrocyclic trichothecene such as Verrucarin A and 

roridin A are most toxic agents, while Trichothecin, 

trichodermin and +- • cro._ocln are with 



other Toxions. 

All trichothecenes possess skin irritant or skin 

necrotizing activity for animals. The type-A Toxins (T-2 

Toxin, HT-2 Toxin) are about ten times more toxic than the 

type-B Toxins (nivalenol, fusaremon-X) .. !he other important 

characterstic symptoms are vQniting, Leucocytosis, and 

Leucopenia 1n experimental animals. There is no marked 

difference in lethal trichothecene doses are observed 

according to different route of administration indicating 

that both the orally and inter peritoneally administered 

toxin are quite smoothly absorbable in animals. 

9. T-2 TOXIN 

~ource: The most investigated trichothecene tnycotoxin, T-2 

Toxin is a secondary metabolite of fungi belongs to 

different species of Fusarium and some species of 

Trichothecium CePhalosporium and Stachybotrys. 

~.1 Precursors of T-2 Toxin 

The following precursors of T-2 Toxin are able to 

coverted Toxin in L sporotrichioides MB5493.(29) 

1. 3 OC -Hyd roxytr ichothecene ( isot ric hodermo l) 

2. 3oC -Acetoxytrichothecene ( Isotrichodermin) 

3. Tricho- 9 -ene 2X:, 3ooC 11.£ - triol 

4. Tricho- 10 ene - 2oC , 3 oC , 9 oC Trial (Trichotriol) 

5. Tricho- 10 ene -- 2oC , 3.,..(, 9 f3 -- Triol. 
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9. 2 Cheaical Nature of T-2 Toxin 

Molecular formula and F.W. 466.5 

Structurally they are sesquiterpenes and have an epoxy ring 

at C-12,13. The toxin contained one free a.cety la.b le 

hydroxyl group and an definite bond which was easily 

hydrogenated to a dihydrocompound. T-2 toxin was shown to -

be - 3 -Hydroxy 4 -15-Diacetoxy 8 -C3-methyl butyl Hydroxy-

12,13-epoxy 9- Trichothecens.Trichothcene contain olefinic 

double bonds between 9 and 10. Reducing the C-9, C-10 

double bond results in a slight decrease in activity. They 

are relatively stable, optically active solid. The Toxin 

are extractable with Polar solvents but have low solubility. 

T-2 Toxin posses a tetracylic 12, 13, epoxy 

Trichothece - 9 enee core structures. This core structure 

is formed from Farnesylpyrophosphate. In a reaction 

catalysed by Trichodiene synthase, Farnesylphyrophosphate .. 
cyclizes to form Trichodiene, the parent hydrocarbon of the 

Trichothecene. Among remaining steps in the pathway of T-2 

Toxin are six oxygenations which are catalyses by molecular 

oxygen dependant enzyme.(30) 

It was reported that carbonyl oxygen of the acetate 

at C-4 & C-15 and of the isovalerate at C-8 were derived 

from water. The oxygen at position 1, the 12, 13 epoxide 

and the Hydroxyl group at C-3, C-4, C-8, C-15 were all 
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derived from molecular oxygen.(31) They all show atleast 

Hydroxyl or ester group at 4th position. 

10. Regulation and Control 

Formation of mycotoxins can be controlled to a 

certain extent by controlling the factors that affect 

formation of mycotoxins. Mycotoxin production is favoured by 

high humidity and high water activity. For eg. Aflatoxin 

production is 

30°C.£.enicillium 

a.nd ochratoxin 

favoured by temperature of to 

sp. can produce putalin. penicillic acid 

~t temperature from 0 to 31°C where A 

ocbraceus does not produce ochrat6xin or penicillic acid 

be low 12 OC. Fusarium sp. can produce Zearalonone a.nd 

Trichothecenes at temperatures below 10°C and near or even 

below ~reezing point. If moisture contents-can be reduced 

and maintained at sufficiently low levels. mould growth and 

mycotoxin production will not occur, and controlling storage 

temperature may also be a means of preventing production of 

certain mycotoxins. 

Mycotoxic moulds are highly aerobic organisms and 

these have a requirement for oxygen. A low oxygen 

concentration and high concentration of other gases may 

depress the mould growth and mycotoxin f~rmation. Sanders 

(1968) ~- al found that at constant temperature. high level 

of c~ 8.nd low r-elative humidity prevents a.f la.toxin 

production. 
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The presence of coapeting microorganisms can 

restrict fungal growth and mycotoxin production. Aflatoxin 

production by L flavus is less {oihen grown in mixed culture 

with A...._ niger than grown in pure culture. The other moulds 

sueh as A_._ oryzae and Rhizopus nigricans have also been 

reported to inhibit A...._ parasiticus and a.flatoxin production. 

A number of lactic acid Bacteria can also grow competitively 

with A...._ parasiticus and resulted in less af v~. toxin 

production. 

Mold growth can also be prevented through the use of 

antifungal and Antimicrobial agents. A number of chemicals 

that have anitmycotic properties are approved for use in 

foods, several of those substances are organic acids or 

their salts, and include: Sorbic acid and sorbate, propionic 

acid and propionate, benzoic acid and benzoate and acetic 

acid and its derivatives. In a.dition, the phenolic 

ant ioxida.nts pa.rt icu la.r ly BHA have antimycotic p:ropert ies. 

Plant products like Cinnamon, cinnamo~ oil, clove and clove 

oil have been shown to be strong antimycotic properties.(32) 

·superactive· charcoal was assessed for efficacy in 

decreasing the lethality of both oral and pa.renteral 

exposure to T-2 Toxin. Activated eha.rcoa.l might be effective 

in decreasing lethality by binding Toxin !lleta.bo 1 i tes. 

Activated charcoal has been used for the treatment of a wide 

variety of intoxication. Aflatoxicoses in goat and chicken 

has been successfully treated with activated charcoal.(34) 
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To control the mycotoxin contamination of food and 

feeds, the following four kinds of measures are basically 

needed. 

1) prevention of the initial growth of moulds a.nd 
subsequent cont8.mi:na.t ion by mycotoxins. 

2) Detection of mycotoxins in food materials and selective 
removal of the contaminated portions. 

3) Inactivation or destruction of all Toxins either by 
chemica.l, physica.l and or enzymatic rnea.ns. 

4) Advance identification of possible new 
threats. (35) 

mycotoxin 

10. 1 Research Activities Related to Mycotoxin Control 

l) Determination of the agri6ultural practices which must 
be controlled to prevent contamination. 

2) Search for mold-resistant plant va~ieties. 

3) Development of plans for sampling commodities for 
conta.mination. 

4) Development of new analytical methods and improvement 
of existing methods. 

5) Development of reliable rapid screening methods. 

6) Establishment of techniques for removing contaminated 
portions from a lot of food. 

7) Development of procedures for ,detoxification of 
contaminated products. 
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8) Determination of the relativnship between levels of 
contaminatjon in a.nima.l feed and level in edible tissue, 
milk, or eggs. 

8) Determination of the toxicological effects of 

10) 

mycotoxins in farm animals. 

Establishment of the chemical and 
c~aracteristic of Toxic fungal metabolites 
potential food contaminents and which are as 
of unkown chemical structure. 

physical 
which a.re 

yet still 

International interest in the Economic and pUblic 

health problems associated with mycotoxin contamination of 

food and feeds have grown considerable. The Food and 

Agricultural organization (FAO) of the United Nations. The 

World Health Orga.nization (WHO), a.nd United Nations. 

Environment programme (UNEP) are rindertaking review of the 

entire problem.(36) 

11. Use and Applications 

The very considerable investment on the part of 

several large pharmaceutical firms in trichothecene research 

was apparently prompted by the hope of finding an effective 

antitumor agent. The antifungal activity has been exploited 

to a moderate degree. In particular trichodermin has been 

recommended for treatment of Candida albicans infection in 

human beings. It has also been claimed to control Fusarium 

rot of potatoes and to be active against several other plant 

pathogenic fungi. Trichodermin has been applied to cotton 

seeds and plants for prevention of wilt. 
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T-2 Toxin reportedly have been used as a biological 

warfare agent in South East Asi~ and Iran, and human exposure 

to T-2 Toxin as a result of Biological warfare is evidenced 

by the detection of these Toxins in samples collected in war 

zones. 
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12. T-2 TOXIN AND BIOLOGICAL RESPONSE 

12.1 General Toxicity 

T-2 Toxin, the trichothecene mycotoxin is believed to 

be the causative agents of number of mycotoxicoses affecting 

both human and domestic animals. The most common symptoms 

are food refusal, vomiting, skin inflammation, nervous 

disorders, L < ... 1kopenia, thrombocytopenia, haemorrhage etc. 

The toxic effect of the mycotoxin is characterized by aa 
·a. 

injury to haemotopoietic and immune competent systems, and 

disturbed functions of the ca;rd iova.scu la.r system., 

and gastro-intestinal~track.(37) Acute intoxication of T-2 

Toxin in Rats observed with decrease in serum free fatty 

acid levels an1 increased Blood urea nitrogen . levels 

(BUN)and increased activity of Lactate dehydrogenase (LDH) 1 

Alanine aminotransferase (ALT), Aspertate aminotransferase 

(AST) a.nd creatinkinase (CK) levels(38). In. vitro studies 

has shown that T-2 T6xin disturb the electron-Transport 

systetn in tnitochondria(39). Administra.tion of 1'-2 Toxin 

results in incr~ase of liver weight significantly. 3 [H] 

Thymidine incorporation into liver DNA was not significantly 

alter in animals treated with T-2 Toxin, while RNA levels in 

Rat liver was significantly increased after T-2 Toxin 

treatment.(40). LD50 value of T-2 is 3.8 mgjkg in Rat and 

3.0 mg/kg-l in guinea pigs.(41) 
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Lo50 Values (mgjkg) of T-2 Toxin(42) 

Mouse 

Swine 

Chick 

Mice 

I.P 

I.V 

P.O 

5.2 

1.21 

4.0 

10.5 

12.2 The Haematopoietic Systen with T-2 Toxin 

A concurrent decrease in haematocrit values was 

observed in the treated animals which may indicate that the 

decline in serum protein was caused by blood volume changes 

rather than a generalized inhibition of protein synthesis. 

T-2 Toxin causes damage to haematopoitic tissue such as bone 

marrow and spleen~ it is possible that the decline in 

haematocrit value is the result of the suppressive effect of 

T-2 Toxin on haematopoietic tissue.(38) 

T-2 Toxin is liophilic in nature. It apparently 

enter cells easily, and in platelets, it may rapidly alter 

surf~ce related functions, of these the most pertinent to 

the clinical picture of intoxication 1s the aggregation 

abnormality. The haemorrhagic diatheses although said to 

be due to damaged blood vessels, may be caused by direct, 

rapid and dose related effects of T-2 Toxin on platelet 

function. (43) 

T-2 Toxin is able to inhibit the aggregation of 
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bovine platelets suspended in homologous plasma following 

stimulation either with ADP or collagen. Inhibito~y action 

of the mycotoxin depends not on the length of the pre

incubation periods of the platelets with the Trichothecene 

but on the amount of Toxin to which the platelets are 

""'exposed. In a.ddition to the release of contents from the 

platelet granules, mycotoxin can also cause a significant 

decrease in the circulation levels of specific coagulating 

proteins. When both platelets and coagulation protein are 

functionally impaired, it would possibly be unable to 

produce an adequate haemostatic responses to trauma.(44) 

It wa.s suggested tha.t free radica:l. mecha.n ism is 

in·mlved in the haemolysis caused by a.nd 

polyoxyethylene surfactant. The similarity of time 

dependence curve of haemolysis induced 'by T-2 toxin to the 

curve observed for the ha.emolysis by free radica.l mecha.nism 

suggested that the same mechanism is responsible for the 

haemolysis induced by T-2 toxin. This suggestion was 

substantiated by the fact that histidine and methanol which 

are known t~ interfere with free-rad ica.l rea.ct ions, 

attenuated haemolysis caused by T-2 toxin. The inhibition of 

haemolysis by mannitol, specific OH quencher suggests that 

OH radicals may be involved in the haemolysis process.(45' 

12.3 Enzynatic Changes with T-2 Toxin 

T-2 toxin has ability to interact with thiol groups 
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of enzymes (46). Single oral administration of T-2 toxin 

at the LD 50 (3.8 mg/kg body wt), to Wistar rats inhibits 

the activity of majority of lysosomal enzymes, mitochondrial 

succinic dehydrogenase, and moderately decrease the UDP--

glucuronsyltransferase and glutathione-transferase(47). 

Administration of T-2 toxin significanty increased 

lipid peroxidation 1n rat liver as measured by formation of 

malondialdehyde. The malondialdehyde content inerea.sed 

signifieantly as early as 8 hr. after an acute single dose 

of T-2 Toxin. Rather multiple 3.dro.instra.tion of moderate 

doses of T-2 Toxin in these rats enhanced lipid peroxides 

sign if ica.n t ly. 

T-2 Toxin is known to bind SH-proteins. The epoxide 

1 
group · of T-2 Toxin competes with the substrates of 

glutathione- s - transferase. These may result in decreased 

content of GSH. Prevention of lipid peroxidation is primarly 

connected with GSH metabolism. It is possible that T-2 

Toxin reduces the level of GSH which is required for the 

elimination of peroxide radicals. The activity of all the 

three glutathione-shuttle enzymes (Glutathion~ Peroxidase, 

glutathione reductase, and Glucose-G-phosphate dehydro

genase) which markedly increase in all the stnges of T-2 

Toxin treated rats in short term experiments. 

Glutathione peroxidase and catalase the decomposition 

of the highly reactive peroxidase radicals to their 
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corresponding alcohol wit2 reducing equivalents of GSH. 

Glutathione reductase in turn restore the availability of 

GSH with reducing equivalents of NADPH through pentose-

phosphate shunt pathway. A significa.nt increa.se in GSH-

shuttle enzymes in T-2 treated animals appears that T-2 
~--

Toxin ma_y genera.te reactive oxygen radicals. Such 

generation of free rad ica.ls is responsible for haemo lysis of 

erythrocytes induced by T-2 Toxin .in. yitrQ. Generation of 

free radicals by T-2 toxin could induce lipid peroxidation. 

Induction of lipid peroxidation may be one of the possible 

causes of hepatotoxicity of T-2 toxin. The activity of 

Glutathione-s-transferase in liver homogenate decreases in 

T-2 toxin treated rats. It is possible that hepatotoxicity 

of T-2 Toxin may be due to depletion of GSH and induction of 

lipid peroxidation in liver. (48) 

T-2 toxin and other trichothecenes may be regard~d as 

potential non-competitive inhibitors of lysosomal enzymes. 

The damage caused by T-2 Toxin to the surface of endoplasmic 

reticulum membrane may be manifested in the inhibition of 

mono-oxygenase system activity and simultaneous increase 1.n 

the activity of UDP-glucuronosyltransfarase and epoxide 

hydrolase as a result of their conformation state, increase 

in the nembr~me permea.bility. It ha.s been demonstrated that 

induction of conjugated enzymes, completely or partially, 

prevents acute toxicity of T-2 Toxin while inhibition of 

conjugated enzymes is responsible for higher toxicity of T-2 
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Toxin.(48) 

Subacute Toxicity of T-2 Toxin results in sharp 

reduction in the level of cytochrome P-450, a key component 

in the system of microsomal oxidation. Furthermore, there 

is reduction in the microsomal protein level and in rate of 

aniline hydroxylation and also decrease occurs in the 

activity of carboxyesterase inyolved in deacetylation of 

trichothecene mycotoxin in Rat liver.(49) In contro.st 

activity of epoxide hydrolase, an enzyme thought to be 

primarily responsible for detoxification of epoxide 

containing compounds increased considerably.(48) 

The study of activity of enzymes connected with 

different cellular structure and representing three main 

enzymatic lines of cell protection-microsoJt.~.l oxida.tion, 

conjugation and cytosolic enzymes with high hydiolytic 

potential, demonstrated a subacute toxic effect of T-2 Toxin 

in producing a significant inhibition of the majority of 

these enzymes(48). 

12.4 T-2 Toxin Metabolism. and its Detoxification 

T-2 Toxin was readily metabolised in rat liver 

homogenates and intestinal tract. oral administration of T-2 

Toxin was found to be excreted in rats as HT-2 Toxin, 

neosolaniol, 

The a.ctivity 

micrnf_;omes of 

and several other unknown metabolites.(50) 

of T-2 Toxin hydrolysis was highest 

liver. It 1s highly possible 
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deacetylation of T-2 Toxin is a major metabolic pathway in 

the liver. C-4 acetyl group is more susceptible to 

hydrolysis than other acetyl substituents. Deacetylation at 

C-4, results in stepwise conversion to T-2 tetrol via 4-

dea.cetylneosol3.niol(50). T-2 Toxin wa.s hydrolysed -selecti

vely to HT-2 Toxin by the microsomal carboxyesterase. The 

C-4-acetyl residue of T-2 Toxin can be selectively removed 

by enzymes located in microsomes and from HT-2 which was 

slightly toxic than parent. The T-2 was biotransformed to 

HT-2 Toxin by the liver S-9 fraction(51) 

The substrate specificity of microsomal nonspecifi~ 

carboxylase ( EC 3. 1. 1. 1) sho~tha.t C-4 acetyl res iduces of 

T-2 Toxin was selectively hydrolyz~d by microsomal esterase 

to yield the C-4 deacetylate~ m~tabolite HT-2 Toxin. As 

far as the structure-activity relationship of hepatic 

carboxylase is concerned it appears that the enzyme attacks 

the C-4 acetyl residue of Trichothecenes, and that the 

substitutients at C-3 and C-8 play in important role in the 

enzymatic hydrolysis of the C-4 acetyl residue. (49) 
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13. Soae IDDunological Aspects with T-2 Toxin 

T-2 Toxin is well known inhibitor of both DNA and 

protein synthesis and there by damaging proliferating tissue 

of the haemopoietic system. Treatment with T-2 Toxin causes 

significant transistory decrease in thymus and ipleen 

weight, and a decrease in the number of bone marrow cells, 

lymphocytes, leucocytes and neutrophils. The damage caused 

by T-2 toxin to the cells of bone marrow, spleen, thymus and 

lymph nodes, leads one to ~uspect the functional abnormality 

of the immune system.(52) The reduction in the number of 

lymphocytes may be the p~imary cause of impaired immunity. 

Lafa.rge-Frayssinetu ~ .. L, 1979 showed that responsiveness of 

spleen and thymus cells to mitogen is severely impaired in 

the presence of T-2 Toxin. Gastric a.dministra.tion of T-2 

Toxin results in an impairment in neutrophilic function 

(54). 

T-2 Toxin alters several leucocytic functions both in. 

and in. vitro. T-2 toxin inhibits chemota.xis, 

phagocytosis, and the generation of chemiluminescence in 

granulocytes. It is well established that all the above 

mentioned leukocytic functions depend on the intactness of 

the membrane. The toxin might intercalate into phospholipid 

to either block the receptors or to modify the surface 

glycoprotein (55). It has also been shown that T-2 toxin 

inhibited phagocytosis ond chemota.xis in polymorphonucell8.r 
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cell. Toxin acts directly without being metabolised. (56) 

The lack of effect of T-2 Toxin in hepatic tissue 

could be explained by the fact that T-2 Toxin as well as 

other epoxides are reactive towards SH groups. Liver cytosol 

has gluta.thione Transferase which is able to cata.lyse the 

conjugation of Trichothecene with GSH.(57) The amphipathic 

behavior of T-2 Toxin suggested that cellular hydrophobic 

sites such as membranes are first possible point of 

interaction. 

T-2 Toxin treatment increases the metabolic capacity 

of mouse peritoneal cells and also increases the macrophage 

cells in murine spleen. (49) The in vitro 8.dministra.tion of 

T-2 Toxin, has stimulatory effect on various parameters of 

macrophage metabolism. The intracellular levels of both 

glucuronidase and lactate dehydrogenase were significantly 

enhanced. The high levels of these hydrolytic enzymes and 

increa.sed oxida.tive m.eta.bo 1 ism are c ha.racte rst ic of 

inflammatory macrophages. It was also shown that a.n 

increase in phagocytic capariity of murine macrophages.(58) 

13.1Humoral Response and Antibody Synthesis with T-2 Toxin 

T-2 toxin has been associated with enhancement of 

certain components of the immune system. Administration of 

T-2 Toxin enhanced antibody synthesis against antigen such 

as polyvinyl pyrrolidone or DNP-ficoll (Bosensten 1981) 

(59). But it depressed anti-SRBC antibody formation and 
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prolonged allograft survival. These results show that 

during antibody form'3.t ion, T-2 Toxin interferes 

differentially with the response to different antigens.(59) 

The administration of T-2 Toxin to animals resulted 

in the decline of IgH and IgA antibodies and also suppressed 

IgE and IgG formation.(60) 

13.2 Skin Response with T-2 Toxin 

T-2 Toxin is known a.s a. potent skin irrita.nt. It 

causes les=ion of skin ranging from slight redding to 

necrosis. The threshold for irritance (erythrema) and 

oedeml3. was a.pproxima.te O.l)lg in a.ll species. It ha.s been 

reported that skin of rabbit and guinea pig were more 

sensiti~e to the effect of T-2 toxin than rat skin.(61) 

Topical application of T-2 Toxin was the most efficient in 

producing skin lesions. Topical application of T-2 toxin 

results in necrosis in all lymphoid, haemopoitic tissue and 

germinal region bf intes~inal crop. 

13.3 Lymphocyte Response and Macromolecular Synthesis -with 
T-2 Toxin 

T-2 Toxin acts directly without being metabolised in 

lymphocytes.(53) T-2 Toxin is taken up by lymphocytes in a 

saturable manner. The amphipathic behaviour of T-2 toxin 

suggests tha_t ce llu la.r hydrophobic sites such a c• 
•-' the 

membranes are the first possible points of interaction.(62) 
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In dividing lymphocytes the e.a.r 1 iest demonstr.a.ta.b le 

T-2 Toxin effect could be measured is decrease in total 

protein synthesis. The effect on RNA synthesis takes longer 

time to demonstrate, while effect on DNA synthesis takes 

atleast one c&ll cycle for evidence. 3he decrease in 

nucleotide incorporation by T-2 Toxin treatetl cells ma.y .a.lso 

be interpreted <> c:• 
'J • ...:J inhibition of nucleoside tr.a.nsport. 

However T-2 Toxin can inhibit DNA synthesis at a much lower 

concentration than that can inhibit thymidine uptake. The 

higher the T-2 toxin dose, the faster the effect. The lower 

the dose, the_longer the effect takes to be detectable.(63) 

T-2 toxin inhibits DNA and protein synthesis both. in 

Y.iYQ. a.nd in vitro. T-2 toxin inhibit DNA synthesis mea.sured 

a.s 3(")Thymidine incorporation and t ra.nsformat ion to 

lymphobla.st on PHA stimula.ted HPBL (Huma.n Pheripheral Blood 

Lymphocytes). The inhibition of DNA synthesis in HPBL by 

the T-2 is dose dependent. 

Several authors demonstrated that T-2 Toxin and other 

trichothecene inhibit protein synthesis by blocking peptidyl 

transferase (64) or by destroying polysomes.(65) These 

effects on macromolecular synthesis are possibly responsible 

for the impa.it-::)nent of the immune system. T~;.rget organelle 

of T-2 Toxin is the 60s ribosomes subunit of eucaryotes and 

good correlation was observed between inhibition of protein 

synthesis and affinity to ribosomes. It was also well 
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~stablished tha.t trichothecene Toxin inhibited protein 

synthesis and did so by binding to Euca.ryot ic r ibosom~s. It 

has been shown that inhibition of protein synth~sis by 

binding to 60s subunit of the ribosomes is the primary 

ruachanism of T-2 cytotoxicity.(65) 

When the cells were incubated with 3 (H] T-2 a 

significant increase in th~ quantity of T-2 associat~d with 

the cells occurred during the first 30 min, this increased 

further from 10-16 hrs and decreas~d aft~r 24 hrs. The 

longer the contact period, the greater was the accumulation 

of the Toxin within the cells.(66) 

13.4 Effect of T-2 Toxin on lynphocyte Proliferation 

T-2 Toxin acts on both mitogen stimulated and non-

st i~nu la.ted 

lymphocyt~s _, 

lymphocytes.(61) In ra.pidly 

T-2 has the early demonstrable 

dividing 

~ffects. 

s~veral lymphocyt~ functions such as lymphokine production 

antibody ~esponse to T-dependent antigens, graft rejection 

ha.ve been shown to severely impaired a.f t~r in. 

o.dministra.tion of T-2 toxin (Hosenstain tl al., < 1979). 

Full receptor occupancy is the first step towards express1on 

<Jf T-2 Toxin activity. This suggested that the cell 

me~nbr8ne is involved in or modu-la.te T--2 Toxin t.)xic it y. ( 63) 

The extreme sensitivity of lymphocyte tissue to T-2 Toxin 

could be expla.ined by the fa.ct th3.t these <::ellS posses only 

level of detoxifying enzymes such as gluta.thion 

42 



transferase or there is receptor for this toxin on the 

surface.(68) 

Trichothecene have a broad spectrum of biological 

effects. They have been shown to be potent inhibitors of 

prot~in synthests• and they are considered as 

suppressor agents. 
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MATERIALS AND METHODS 

I 

T-2 Toxin with Molecular weight 466.5 was obtained 

from Sigma Chemicals. With this a stock solution containing 

1 mg/rul was prepared using 6% ethanol. 

Injection solution of T-2 toxin was prepared from 

stock solution diluting it with Phospate buffer saline. The 

injection solution was given intra.derma.lly to Wista.r rats. 

Single doses of T-2 toxin were injected in the ratio of 100 

ng and 100 pg to 200 grams body weight of experimental 

animals respectively. 

Toxin conversant animals were sacrifised by cervical 

dislocation after 7 days, 14 days, and 21 days. 

II - A 

1 . G la.ssware 

All the glass-ware which were used in this present 

investigation were washed ~nd sterelized using standard 

tissue culture techniques. 

2. Culture Media. & Supplements 

RPHI 1640 culture medium with L-Glutaruine 

(himedia) is supplemented with 

a. 2 rug% sodium bicarbonate 

b. Penicillin 100 u/ml 
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. 
c. Streptomycin 100 pg/nl 

d. Gentamycin 50 pg/ml 

e. Foetal calf serum was supplimented (10%) at the beginning 

of each experiment 

3. T-2 Toxin stock solution was diluted serially in PBS to 

obtain 100 ng/ml and 100 pg/ml before adding to the 

8ulture. 

4~ Equipments and other facilities used 

a. Surgical instruments 

b. Centrifuge (Remi) 

c. Menbra.ne filters (0.45)J pore size) (GF/C) 

d. Micropipettes (Sigma> U.S.A) 

e. Neubaur Haemocytometer (GDR) 

f. Simple microscope 
i 

g. Liquid Sciniillatio~ sp L 81 801 (Backman) 

h. Laminar flow Bench (Adair, Dutt & Co. India) 

i. Filteration assembly 

5, Miscellaneous assay reagents 

a. Con-A (Sigma, USA) 

b. Heparin - phenol fr~e (Biochemical division, P. chest 

Institute, Delhi) 

c. Sodium Bicarbonate (BDH) 

d. Trypha.n blue 

f. Trichloro acetic acid 

6. Scintillation fluid: Toluene based fluid 4g of 2-5-

Oiphenyloxazole (PPO) and 0.1 g of 1, 4 bis 2 (5 
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phenyloxazolyl) benzen/litre of toluene. 

7. Radioactive materials: Stock solutions were prepared in 

PBS. 

3(H)-Thymidine sp. activity 6500 mci/mole. The 

r8.dioa.ctive compound was obta.ined from BARC, Bonba.y. 

II - B 

l.Experinental animals 

Rats (Wistar strain) weighing 200 + 

obtained fron animal house, J.N.U. 

10 gms were 

2. The rats were separated into two groups. One group 

remained as su?h without any treatment and this served as 

control. The second group was divided into three sub-

groups. Each sub-group having a number of 6 rats, was 

administered with two different concentrations of T-2 

Toxin. The anitnals were sacrificed after a single dose of 

T-2 Toxin administration at different time intervals Viz 7 

days, 14 days & 21 days. 

Lymphocytes from the spleens were prepared from both 

control a.nd T-2 Toxin a.dmin istered a.n imals. The 

experimental protocol followed for the evaluation of T-2 

toxin effects can be seen below. The spleen lymphocytes of 

control animals were assessed .lll vitro for the effects of T-

toxin. Whereas the spleen lymphocytes from T-2 
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admini8tred a.nimals served for D-oth in Y..iYQ & in vitro· 

evaluation of T-2 Toxin effect. 

In second group of animals after, administration, for 

in. vitro study the isolated lymphocytes were ch'J.llenged with 

the Toxin in the culture meai1.lm. The similar doses were 

a.dministered to 3.nimals ·for the assessment of Toxic effect 

in v.i_Y.Q.. The splenic lymphocytes responses after the toxin 

'J.dmin ist rat ion served as in. Y.iYQ system. 

3. Preparation of the Spleen Cell Suspension (69) 

Lymphocytes were isolated from 3-4.months old rats. 

They were sacrificed by cervical dislocation and their 

abdominal skins were swabbed with 70% ethanol. A small 

dorsiverttral incision thr6ugh the skin of the left flank was 

made. The f.;kin wa.s pulled apart exposing the spleen which 

was easily removable by making a small incision through 

Peritoneum. Some fatty or connective tissues attached to 

the organ were easily excised. The organ was amputa.ted and 

kept in petridish containing 5 to 20 ml of RPM 1640 medium. 

4. Handling of Lymphocyte in vitro 

4.1 Preparation of Lymphocyte Suspension 

A single cell suspension is obtained by cutting 

spleen into small fragments with scissors and then pressing 

it through a fine stainless wire mesh in RPHI 1640 medium. 
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The single cell suspension~JA_s tra.nsfered to a test tube with 

the aid of pasteur pipette and centrifuged at about 1400 to 

1700 RPH. The residue remained in the centrifuge tube 

washed with lysis buffer and centrufuged till the white 

pellet was obtained and finally the cell suspension was made 

with a few ml of culture medium. 

4.2 Preparation of Lymphocyte Cultures (Waithe & Hirsh

horm, 1973) 

Using Tryphan blue ex-clusion principle, viability of 

lymphocytes were checked and were counted in an improved 

Neubauer hemocytometer. Then, the cell population was 

adjusted to 2 X 10 6 cell/ml using more fresh medium 

supplemented with foetal calf serum (10%). Lymphocytes in 

the triplicB.te culture wel'e incubB.ted a.t 37°C in round' bottom 

culture tubes contB.ining 2 x 106 cell/ml in HPHI medium 

with/ without con-A and with/without T-2 Toxin. The 

optimal concentratioMof Con-A was 20 pg/ml of culture were 

added. 

4.3 Labelling of Culture DNA synthesis 

The rate of DNA synthesis was determined by measuring 

the incorporation of 3 (H) Thymidine into TCA precipitate. 

E3.eh culture ~as la.belled by a.dding 1 pci of 3 (H) Thymidine 

1n 10 ~l of RPHI 1640 during 0. 30. 50, 60, 70 hrs. 
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5. Termination Labelling and measu~ement of Radioactivity 

5.1 Termination of cultures- Cultures were terminated by 

keeping them in the ice bath. 

5.2 Isolation of labelled DNA (Waithe & Hirschhorn 1973) 

'3.. 2 ml of ·cold TCA wa.:.:; added to the culture tube and 

allowed to stand over night at 4°c. 

b. Precipitate formed was suspended by vigorous agitation 

and collected on a (0.45~ pore size) millipore filter 

by carefully pouring the sample into the funnel of a 

millipore a.ssembly . Culture tubes were rinsed well with 

TCA, adding these ringes to the funnel. 

c. Suction was applied and the precipita.te wa.s rinsed with 

additional 5 ml of TCA. 

d. Filters were placed in scintillation vials, dried 

completely after which 8-10 ml of Toluene based 

scintillation fluid was added. 

5.3 Counting 

All the vials were uniformly counted in L 81 801 

scintillation counter for 1 minute per vial. 

6. Statistical Analysis 

The results presented in tables are the means of 

Triplicate cultures. Calculation done according to the 

formula suggested by Koosis (1972). 
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RESULTS 

1. Biosynthesis of DNA in lymphocyte culture stimulated 

with Con-A and without Con-A. 

") 
'-'. Optimal dose of mitogen Con-A for lymphocyte 

proliferation 

3. Inhibition of DNA synthesis by T-2 toxin. 

1. Biosynthesis of DNA in Lymphocyte Culture Stimulated with 
Con--A and without Con-A 

To investigate the DNA synthesis in lymphocyte with 

Con-A and without Con-A, isolated lymphocytes were incubated 

in. vitro with (20 ;1g/ml) of Con-A and without Con-A for 0, 

30, 50, 60, and 70 hours and radio a.ctive precursors were 

added at respective time intervals. The incorporation of 

3(H] Thymidine into Con-A stimulated and non-stimulated 

lymphocyte was determined. The results were shown in 

Table I. 

I. Con-A stimulated lymphocytes showed a maximum 3[H] 

Thymidine incorporation into DNA between 50-60 hours. Con-A 

non stimulated lymphocyte showed maximum incorporation at 

20-30 hours and 50- 60 hours. The incorporation of 3 (H] 

Thymidine into DNA of Con-A Stimulated lymphocyte was many 

fold higher than non-stimulated lymphocyte. 

II. Con-A stimulated lymphocytes showed ma.ximum 

incorporation at 50-60 hours. This is due to ·s· phase of 

cell cycle and maximum incorporation takes place only at 50-
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60 hours indicated that all cells are synchronized. 

In earlier investigations from this laboratory have 

shown that the duration of lymphocyte cell cycle, and 

investigations have been undertaken to find out the optimal 

dose of Con-A for higher proliferate index (Khannan,1979). 

2. Optimal Dose of Mitogen Con-A for 
Proliferation 

Lyllphocyte 

Con-A at sub-optimal dose sharply varies in their 

stimulating effects. Optimal dose based on the study, 

.(Bohidar,198~) a threshold value of 20 pg/culture concen-

tration of Con-A was employed uniformly in all experiments. 

3. Inhibition of DNA Synthesis by T-2 Toxin 

To evaluate the effect of T-2 Toxin, experiments were 

designed to analyse the effect of T-2 Toxin in the DNA 

synthesis on the Con-A stimulated lymphocyte cultures. 

An attempt was made to study the effect of T-2 toxin 

on prolifera.tive lymphocyte in culture. Further experiments 

were designed to investigate the alteration, if any in DNA 

synthesis at 7 day, 14 day and 21 days treated animals with 

two different concentration of T-2 toxin (lOOng, and lOOpg/ 

ml of culture). 
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Contra} Ex~ritents 

\ahle 1: Effects uf \-2 Toxin with titogen (Con-Al Stieulated Lytphocyte 
a~d No~-Stisulated Lyt~hocyte in vitro 

--------------------------------------------------------------------------------------------------------------
3nn 
'·''! Thyiiidine incor;:~c<ration !CP!'! f - S.D) 

--------------------------------------------------------------------------------------------------------------
Hcurs cf ~itogen HliJ ?g/!!1 ~ at 1M nq/el '!. (1.~ 1 IJ(l ?~ftl ! of 1 (l(i sgfal , of ' 
lncuhaticn Sti~ulated Chang~ Change Mo~· Change Change 

Lytphccytes Sti!!ulated 
\.Con-A 20 jlgitl) lyophocyte 

\lh 851. 2~( ?0.4 ! "J') 674.3.3 20.7!1 -~24 5B4 ! J. 586 ld~ c .. J ... !l.~l 

+ 22 t <11f f 34 ~Jl +39 +~t3 - - -

30h 70.70 bB3.4 14.25 3823..33 52.02 1no 1465 16 .2B Bl'~ ~~ . 
.~ L.l .. \,0 

+ 49 i- 49 + 43 !_S(i :53 +40 - - -

~.(ih m.f4.?s 1046~ 1 S~38 54'37. 33 55.Bb l~'l' .... <-"0 1382 9.43 68.2 55.30 
t l{L + 3(l + ·5 +3-4 +4(l :25 - - -

Hlh 198?b 15456 22.23 8326 ~B~H 1892 1696 10. 3~< b~<-4 6~<.43 

+ 17 t 44 + 19 ±_41 !_22 !]0 - - -

]~lh H-246.2~< 1412B 13.(!3 7B71 51. ~<5 UbB 1124 l7 .83 58(l 57 .M 
+ 31) + ~1· f 5 .~ ... +22 !_25 - ..:.. .. '.£ 

-----------------------------------------------------~---------------------------------------------------~----

The sate result:. are exj)rt>s::.ed in fiQ. 1 a •» 
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Rg. 1A 
[ffecf of T·-·2 To><in {100 pqj;rnl) on {=:on-J~ 
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Effect of T-2 Toxin (1 00 ng/mi) on Con-A 
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The toxic manifestation of T-2 Toxin i~relation to 

the dose effects (lOOns and 100 pg) with the time intervals 

(7. 14 and 21 days) were studied and summarized in table I 

to IV. 

. ~...:· 

T-2 toxin treatment at higher concentration (100 

ns/ml) showed significant reduction in 3 (H] Thymidine 

incorporation at both the time intervals (7 and 14 days). 

T-2 toxin treatment with less concentration (100 pg) haa 

little effect on 3 [H] thymidine incorporation for all time 

intervals (7, 14 and 21 days). 

7 da.ys: 

Administration with single doses of T-2 Toxin in two 

different concentritions were given to two set of Rats and 

after 7 days, the spleenic Lymphocyte proliferation was 

studied both in. YiY_Q_ a.nd in. vitro. The study clearly shoNed 

that a significant reduction in the pr6liferation of splenic 

lymphocytes wa.s observed in the experimental rats. · 

Rats administered with (100 ng) after 7 days clearly 

showed significant inhibition in spleenic lymphocyte 

prolifera.tion both in Yi.Y..Q. and in vitro. ln. Y.iY!l t he 

percentage of inhibition of 3(H) Thymidine incorporation was 

28.57, 35.70, 43.19, 50.67, 43.53 in 0,30, 50, 60, 70 hrs 

respectively. However the same lymphocytes were challenged 

with T-2 Toxin, in. vitro, prolifer3tion of spleenic 
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lymphocyte were further reduced. The percentage of 

inhibition of 3(H) Thymiding incorporation was. 30.57, 

76.68, 81.8, 85.78, 86.36 in 0, 30, 50, 60, 70 hrs 

respectively. 

In another set of experiments, rats administered with 

(100 pg) con. of T-2 Toxin, the in. Y..iY.Q percenta.ge of 

inhibition of 3 (H) Thymidine incarporation was 7.78, 10.58, 

12.93, 14.78, 10.94 in 0, 30, 50, 60, 70 hrs respectively. 

However, the same lymphocyte was challenged with T-2 Toxin 

in. vitro, the percentage of inhibition of 3 (H) Thymidine 

incorporation was 12.55, 18.75, 20.11, 26.92, 21.54 in 0, 

30, 50, 60, 70 hrs respectively. 

The effect of T-2 Toxin on spleenic lymphocyte 

proliferation wa.s ·'studied in dose effect rela.tionship, in 

~~ and iu vitro. At 100 ng con. of T-2 Toxin the 

inhibition of lymphocyte proliferation was higher than at 

the lower ocncentration (100 pg) of T-2 Toxin. The 

inhibit ion of lymphocyte prolifera.t ion was less in. v..iY.a tha.n 

the sa.me lymphocyte challeged in vitro. The results of the 

experiments were shown in Ta.ble IIa,Fig. 2 .a&. b. 

15 days 

Rats administered with single doses of two different 

(100 ng), (100 pg) concentration of T-2 Toxin were given 

separately to two sets of Rats. After 15 days, the spleenic 

lymphocyte (;ells prolifera.tion wa.s studied both in Y..i.Y!2 a.nd 
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ill vitro. It was clearly sho~ed, that the reduction in 

proliferation of spleenic lymphocytes was observed in 

lymphocyte isolated from these rats. The dose effect 

relation was studied. However, the percentage of inhibition 

of spleenic lympho~yte prolife~ation was less than the 

spleenic lymphocyte isolated from the rats sacrifised at 7 

days after treatment. The effect of T-2 Toxin effect on 

lymphocyte proliferation was decreased with increase time 

when T-2 Toxin present in the body. 

R.a.ts administered with ( 100 ng) a.fter 14 days, in 

the percentage of inhibition of Thymidine 

incorporation was 13.30, 22.40, 33.14. 37.48, 30.61 in 0. 

30, 50, 60, 70 hrs respectively. However, the sa. me 

lymphocytes were cha.llenged with T-2 Toxin in vitro, the 

percentage of inhibition of 3(H) Thymidine incorporation was 

24.69, 60.23, 73.79, 78.84, 80.99 in 0, 30, 50, 60, 70 hrs 

respectively. 

In another set of experiments rats administered with 

( 100 pg) con. of T-2 Toxin. In. Y.iyQ_ the percent age of 

inhibition of 3 (H) Thymidine incorporation was 6.25, 9.08, 

9.54, 9.97, 7.75 in 0, 30, 50, 60, 70 hrs respectively. 

However, the sa.me lymphocyte cha.llegned in. vitro with T-2 

Toxin, the in. vitro percenta.ge of inhibition of lymphocyte 

proliferation w&.fJ 10.01, 17.21, 18.34, 24.86, 17.35 HI 0_. 

30, 50, 60, 70 hrs respectively. 

55 



The effect of T-2 Toxin on lymphocyte cell 

pro l i fera.t ion was studied in dose effect relation . ' 
llY_Q_ 

and vitro. Inhibition of spleenic lymphocyte 

proliferation was observed in both 100 pg and 100 ng con. of 

T-2 Toxin. However, 100 pg con. of T-2 Toxin, has little 

effect. At 100 ng con. of T-2 Toxin~percenta.ge inhibition 

was higher than the 100 pg con~ T-2 Toxin effect. The 

inhibition of lymphocyte proliferation was less in. tiYQ. 

'Then, the sa.me lymphocytes were challenged in_ vitro. The 

inhibition of spleenic lymphocyte prol ifera.t ion 

decreased when compared with results of rats sacrifised at 7 

da_ys after treatment. The results of the experiments were 

shown in Ta.ble III and fig. 3a&b. 

Rats administered with single dose of T-2 Toxin with 

(100 pg) concentration, and after 21 days the splenic 

lymphocyte cells proliferation were studied, both in Yi.Y.Q 

a.nd in_ yi t ro. It clearely showed, at this concentration, 

when T-2 Toxin present for prolonged period in the body had 

3. little effect on lymphocyte pro l ifer8.t ion. Here 

percentage of lymphocyte proliferation was comparitively 

less than the 15 d:a_y::-_;, and 7 da_y:o-_; sa.c:rified a.nim8_ls. In 

vi•Jn, percent8ge of inhibition 3 (H) Thymidine incorpora.tion 

was 4.84, 7.75, 8.08, 8.81, 7.14 and the same lymphocytes 

'.Jere Gh3.llenged o;Jith T-2 Toxin in_ 'Jitro, the percent8_ge of 
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inhibition of 3(H) Thymidine incorporation was 8.21, 16.88, 

17.31, 22.90, 15.51 in 0, 30, 50, 60, 70 hrs respectively. 

The results <)f the experiment av-e showrt in Table IV a.nd 

Fig. 4. 
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Table ll Effect of T-2 Toxin ~n Con-A stiaulated spleenic Lytphocytes in vivo and in vitro·after 7 days. 

in vivo in vitro 
!ncutation Sti•ulated---------------------------------------------------------------------------------------

3.(i 

Ly~phocyte Hl{l ~·9/il ! ot :·;;;J qglal ! of 100 ;Jg/al ! of l(l(l ng/el ! of 
{Con A cf T-2 Change of T-2 Change of T-2 Change of T-2 Change 

8~·1.25 

t22 

7970 
+49 

123M.?S 
!_1(1 

19876 
+17 

16246.2~· 

!_}) 

Toxin 

712b 

1(1]1!5. 

+45 

144b!~ 

7,7B 

10.5S 

H.78 

10.94 

Toxin 

bOB 

9904 
41 

Values repre~.ent the ilear. of!_ S.li. fer three observatirsns 

The sa10e results were E-~pre::.sed in fig 2a!:<b. 
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2!U7 

43.19 

Toxin 

?44.4 
+48 

9B7B 

51J.b7 14~·24 

:!_24 

-B.S3 12746 
+~0 

12.SS 

T . .o.un 

591 
+53 

18. 7~· 1B~·B 

? 
7L6B 

2(1.11 2250. :u 91.8 
!_15 

2b. 92 2825.{:. 95.78 
40 

21.54 2214 .b Bb.3b 
!_lb 



Table Ill Effect of T-2 Toxin on Con-A sti«ulated spleenic lyephocyt£-s in vivo and in vitro after !~days. 

Hours of 
incuhation stieulated 

(t 

~(i 

70 

L yeplmc y t e 
!.Con A 

20 }!9fAl) 

a~.1. 2:. 
+22 

7970 

123b-U5 
+10 

19876 
*17 

16246.2l 
+30 

~UH Thyt~d~ne il'.cc•rporation I.CP~ !_ S .rn 

Hl{l pg/al 
of T-2 
To;. in 

7246 
tq] 

11!84 
+30 

t3.2 

in vivo 

~ of 100 ngiml 
change of T-2 

ToJ:in 

6 .• 2~ 

9.08 

9.~4 

9.97 

7.75 

82b7 
!_19 

12426 
!_30 

11272 
!_48 

! of 
change 

13.30 

:?2. 4(1 

33.14 

37.48 

30.61 

in 'i itro 

1_{10 pg/al l of 100 ngiel % c•f 
of T-2 change of T-2 change 
Toxin Toxin 

766 
+30 

6~98 

+32 

H934 
+36 

17. 2! 3169 
+13 

HU4 3240.64 
!_16 

24.86 4205 
+59 

24.69 

60.23 

73.?9 

78.84 

13426 
~}3 

17.35 2543.bb 80.99 
!_15 

Values rt-jlre!:.ent the tean of!_ S.D. for three observations 

fhe !:-iHie re!:.ults were ei?ressed in fig 3d & b. 
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Hours of 
tn cuhr.; irs 

(! 

30 

50 

bO 

70 

Tahle !V Effect cf T-2 Toxin on can-A stiaulated spleenic Lyephccytes 
in vi>·o and in vitro Att~r 21 days 

l'!itogen 
stitulated 
Lytphocytes 
i Cm: A 

;:\l p_l./all 

3~·1.2S 

+22 

7970 
H9 

123M.7~ 

t9 

!9B7b 
t!B 

1b24b.25 
+30 

in vivo 

!(i(f )lgf:!:l 
of T-2 
1o}:in 

81(! .00 
+39 

73.~2 

+41 

11364 
+2~ 

181M 
!.13 

1 ~!OB6. 
+ 3:~ 

60 

in vitro 

't of l(l(l ~glel ~ of ,. 
change of T-2 chiinge 

T . .ox1n 

~.84 78!."33 8.2! 
't ,.\ .. '-

7,7'j bb24 !6.88 
t'jb 

8.09 10224 17.31 
t3b 

B.9! 1 ~·324 22.90 

:!:.18 

7.14 12.254 15. :'·1 
+3.2 
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DISCUSSION 

Ou~ current knowledge of im~uno-suppressive effect of 

T-2 Toxin on cell mediated and humoral immunity is limited 

o.nd therefore ,l.t necessl.ta.tes further investigation of the 

effect of T-2 Toxin. lu yiyo and in vitro lymphocyte 

proliferati6n, over a reasonable duration of exposure, an 

attempt to study the effect of T-2 Toxin to repeated 

ch;:~.llenges, lymphocytes were chosen as the subject. 

Lymphocyte proliferation has been considered to be an index 

for in. vitro cellula.r immunity. 

The parameters chosen in this study were sensitive 

indicators of the lymphocyt~, reflecting the immological 

status of the subject (Oppenhein and Schector 1976). This 

in. vitro model is now widely recognised in 

immunotoxiclogical studies (Bacn 1975) 

clinical immunology and genetic toxicology. 

especially in 

The relevance 

of immunology along with toxicological evaluation has been 

stressed by many researchers (76). 

In the present study, only DNA synthesis was studied. 

because replication of DNA 1s the central controlling 

mechanism which controls all other cellular processes. 

Mitogenic Response of Spleenic Lynphocyte liith T-2 Toxin 

The present study showed that when con-A stimulated 
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lymphyocytes cultured with T-2 Toxin, in higher 

concentration i.e. 100 ng/rul, showed significant inhibition 

in lymphocyte mitogenesis. At this concentration T-2 Toxin. 

could manifest its toxicity on lymphocyte mitogenesis. 

However, at lower concentration (100pg/ml) did not show any 

significa.nce in mitogenic response. Laf.~J_rge Fra.yssinet tl 

ti., ( 1878) showed that T-2 toxin inhibited PHA-stimul3.tion 

of splenic lymphoid cells at concentrations of 2-10 ng/ml 

but enhanced the mitogenic response at concentration between 

0.05 and 1 ng/ml. However, there was no greater inhibition 

of mitogenic responses were observed in the present study. 

In another study conducted by Guongyossy Irsa d a.l., 

(1885), showed that at lower dose 125 pgjml the minimal 

toxic effect manifested itself severil hours after the 

introduction of the toxin into the·'c(Ilture. 

The present study clearly showed that there was a 

dose dependent inhibition of con-A stimulated lymphocyte 

proliferation by T-2 Toxin, (Table I) 

Proliferation & Blastogenesis 

This study for the first time has evaluated the 

temporal effect of T-2 toxin in rat over 21 days. 

Administrating with T-2 Toxin, the pattern of lymphocyte 

pro life rat ion was studied in. tiY.!2 a.nd in. y itro a.fte r 

different time periods viz 1,2,3 weeks, with two different 

concentrations namely 100 ng/ml and 100 pg/ml. 
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The lymphocytes isolated during these periods were 

evaluted with and without T-2 toxin, to understand the time 

dependent effect and a subsequent challenging dose effects. 

Both a.t 7 days, (Ta.ble II) and 15 d8.YS (T8.ble III) 

after administration of (100 ng/ml) T-2 Toxin in rats, the 

spleen ic lymphocyte pro 1 i fera.t ion in. Y.iYQ W8.S inhibited. 

However, the percentage of inhibition(lOO ng of T-2 Toxin) 

of spleenic lymphocyte proliferation was high in 7 days 

rather than in 15 days. When the Toxin present in body for 

long time, its effect on spleenic lymphocyte was reduced. 

When the same lymphocyte challanged in._ vitro with toxin, 

splenic lymphocyte proliferation was further reduced than in. 

The :study revealed the effect of the toxin after 7 

days, (Tab. II) i4 days (Tab III) and 21 days (Tab IV) at a 

lower c-:oncentration (100pg /ml) W8.S little effective on the 

3(H] thymidine incorporation of both in. Y..iY.Q and in vitro. 

In all the three sets of experiments this effect was 

gradually reduced with increase in time. 

This trend was highlighted by observing the result of 

the third set of experiment (after 21 days of 

a.dmini~.tra.tion) which wafJ ha.ving a.lmost similar effect o.s 

the .-::ontrol. 

Lymphocytes isolated from the experimental rats 
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showed reduction in 3 [H] Thymidene incorporation int6 DNA. 

However, in. vitro the a.ddition of T-2 toxin (i.e. repea.l:,ed 

challenge) to same lymphocyte isolated from treated animals 

showed further inhibition of 3[H] Thymidine incorporation 

was much more sign if ica.n t. Host impo r:t3.n t ly, it ~-.18.S n.<~l b~d 

that the inhibition of the cell prolifAration was observed 

both in. T.ri ~;o 3.nd in. 'li"t:t:Q. The inhibition of lYttlPhocy te 

prolifetation 1ms more in yit.rn than ill Yi..Y.Q. 

The Parameter chosen in this study is 3 [H] Thymidine 

in~;or-poration into DNA. which l c• ,_, the index for cell 

proliferation. Lymphocyte proliferation was inhibited by the 

toxin, which might be the reason why the immunosuppresion 

occured. Lymphocyte proliferation is very much essential for 

antibody mediated neuttalization of the toxin or for 

recognition of· the same by MHC (Hajor histocompatibility 

co~plex) mediated cyt6toxic effects. The T-2 toxin is also 

known as potent inhibitor of DNA, RNA and protein synthesis. 

We have shown th3.t in vitro, it inhibited lymphocyte 

proliferation which might be the better reason for: the 

inability to remove the toxin or to counteract, the effect 

of the toxin through immune system. 

Possible Entry of T-2 Toxin into Lymphocyte 

Wh th ll . .... t l "th 3 (H)T-2 . en " e ce s were 1ncuu8. Jec w1 J toxin 3. 

£.:ignificl3nt 1ncrea.se in the quantity of T--2 toxin 

association occcured,during first 30 min. This inc~eased 
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further from 10-16 hrs and decreased after 24 hrs. The 

longer the contact period the greater the accumulation of 

the toxin with in the cell (66). The amphipathic behaviour 

of T-2 Toxin suggested that the cellular hydrophobic s1tes 

suf..:h !3.S the membran':es are the first possible point of 

inter8.ct ion ( 62). Tht:m the toxin ~na:y- enter into the ce 11 by 

receptor mediated endocytosis: The extreme sensitivity of 

lymphoid tissue to T-2 toxin could be explained by the fact 

that these cells possess only low level of detoxifying 

enzymes such as Glutathion Transferase.(68) 

Effect of T-2 Toxin on Nuclear - Kenbrane Communication. 

It has been suggested that T-2 Toxin can . exert its 

influence on the cell membrane (56). In lymphocyte-antigen 

interaction after receptor occupancy, a signal must be 

transmitted from the membrane to the nucleus to have a 

response from the cell. Similarly, T-2 Toxin could interfere 

with membrane-nuclear communication may result in an 

inhibition of the communication between the nucleris and the 

me:nbr8.ne. At this point T-2 Toxin could interfere with the 

macromolecular synthesis.(63) 

T-2 Toxin and Immunoregulatory Molecules 

The mitogens (Con A, PHA) have receptors on surface 

of both B and T cells. The mitogens are capable of 

activating T-cells. This was reflected in their ability to 

stimulate the DNA synthesis. The mitogen activated T-cells 
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are induced to release hu~oral factors which ha.d 

physiological effects. T-cells are required for both 

inducing antibody sythesis and cell mediate 

rea.ct ions( 77). The present study showed that the toxin 

inhibits t~e Con A stimulated lymphocyte proliferation by 
-~--

measuring the incorporation of 3(H) Thymidine. Con-A has 

been shown to induce the release of humoral factors from 

the thymus lymphocytes which are required for the DNA 

synthesis in B cells(77). Buening !ll,. a.l. 1987 showed that 

Con-A and PHA responses were significantly depiessed in the 

toxin administered calves. 
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SUHHARY-

Experiments have been conducted to study the affect 

of T-2 Toxin on spleenic lymphocyte proliferation on Con-A 

stimulated rat lymphocyte cultures. Criteria employed for 

assessing the lymphocyte proliferation in the present study 

were based on - 3(H] Thymidine incorporation in culture 

cells, which were widely accepted in. vitro mode 1 to evalua.te 

cell mediated immunity. A brief account of the experiments 

conducted and the findings of the present study are 

summarised below. 

1. Rats were divided in 2 groups. One group was kept as 

the control experiment-while the other group was used 

f6r the test experiments. 

2. In control rats the 3[H] Thymidine incorporation into 
,} 

Con-A stimulated and non-sti~~lated splenic lymphocyte 

were studied only in. vitro. 

3. The test rats administered with a single dose of 100 ng 

~nd 100 pg (for 200 kg body·wt) of the toxin and 

lymphocyte proliferation were studied in. Y.iY.Q. a.nd in. 

vitro after 7, 14 and 21 days.-

4. Lymphocytes isolated from these administered animals 

were cultured a.nd 3 (H] thymidine incorporated into DNA 

were chosen as in. tiYQ model. 

5. The same lymphocytes isolat~d from the administered 

ra.ts a.nd cha.llenged with the toxin in_ vitro were chosen 

as in. vitro model. 
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6. The toxin inhibited 3 (H] Thymidine incorporated in 

both Con-A stimulated and non stimulated lymphocytes. 

7. Dose dependent inhibition relations were observed with 

different T-2 Toxin concentrations. 

8. 

9. 

10 

The results were discussed in terms of possible 

im111unosuppress i ve me chan ism of a.c t ion of T">-tox in on 

proliferating lymphocyte population at the cellular 

level. 

Biological implications of defective lymphocyte 

transformation are discussed in the light of cell 

mediated immunity, 

Immunoregulatory mechaisms are discussed as the 

possible antigenic response~ to the toxic action. 
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