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AESTR.ACT

T-2 toxin has been shown to affect the nervous system,

however/ neurochemical- mechanism of T-2 toxin action has not

been documented wel-l. To j-nvestigate the ef f ect of T-2

toxin on the central nervous system (CNS), three sets of
experiments \^/ere conducted. In the first experiment, rats
\Á/ere dosed oral-J-y with Ot 0.1, 1.0 or 2,5 mg I-2 kg-tBlnI;

ki]led 2t 6 and 10 hrs post dosing; and brain nucl-ei hrere

anal-yzed for monoamines and their metabol-ites " T-2 treatment

increased serotonj-n (5-HT) and 5-hydroxy-3-indol-eacetic acid
(S-HIAA) throughout the brain, produced a transient increase

in nucl-eus raphe magnus (NRM) and locus coeruleus (LC)

norepinephrine (NE) and a decrease in substantia nigra (SN)

NE. T-2 altered dihydroxyphenylacetic acid (DOPAC), but did

not effect epinephrine (EP) and dopamine (DA). Few

treatment differences were observed, with 0.1 mg T-2 kg-l ew

(22 of the LDro), affecting brain monoamines in the similar
manner to higher dosages, which suggests that T-2 may affect
the CNS directly. In a second study rats were fed Ot 2.5 or

10 ppm T-2 toxin daity in a semi-synthetic diet, and killed
after 7 or 1,4 days. NRM's s-HT, S-HIAA and NE increased in
a dose dependent manner and a transient DA increase was

observed. Animal-s fed 10 ppm T-2 had increased SN Ep after 7

V



days, and decreased SN NE after L4 days. In the

paraventricular nucl-eus and medial forebrain bundl_e, DOPAC

concentration was l-ower in T-2 treated animal-s at all Ievels

of toxin. In the third study, rats \^rere dosed

intraperitoneally (ip) with 0, 0"2 or 1 mg T-2 kg-1 BW. Two

hrs post treatment blood-brain barrier (BBB) permeability,
protein synthesis, and MAO enzyme activity \^/ere determined"

BBB permeability increased f or mannitol, a smal-l- mol-ecul-ar

weight saccharide, throughout the brain, but not for
dextran. Acute T-2 treatment decreased brain protein

synthesis, howeverr rro effect on MAO enzyme activity was

observed. Rats \^/ere fed diets contaj_ning 0, 2"5 and 10 ppm

T-2 for 7 days and blood-brain barrier (BBB) permeability,
protein synthesis, and MAO enzyme activity r¡/ere determined.

Dietary T-2 toxin increased BBB permeabiJ-ity to mannitol in
cerebel-l-um and pons+meduÌl-a, whiJ-e permeability to dextran

ï/as not affected in any brain regj-on examined. In T-2 toxin
fed rats braj-n MAO enzyme activity decreased, howeverr tro

effect on protein synthesis v/as observed. The results
suggest that T-2 toxin directly affects the CNS. That T-2

affects BBB transport, brain protein synthesis and enzyme

activity which may provide an explanation for the observed

neurochemical- perturbations and physiological- manifestations

of trichothecene intoxication.

v.l_
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CTilAPTER, I.

IBTTR,ODUCTTO}g

Mold spores are ubiquitousJ-y distributed in nature and

under suitable environmental conditions they germinate to
produce fungal growth. The secondary metabol-ites produced

by fungi, cal-J-ed mycotoxins, can spoil foods, animaÌs feeds,

or the raw material-s used in their manufacture, making them

potential-ly toxic to animal and humans (Fitzpatrick, 1989)"

Trichothecene mycotoxins are a group of chemicaÌIy

rel-ated metaboÌites produced mainJ-y by Fusar-Í.um moJ_ds, and

are also synthesized by Myrothecium, Trichodermal

CephaTosporium, and Stachybotrys mold (Ueno, I9B0).

Trichothecenes are potent mycotoxj-ns, with DON considered

one of the l-east toxic and T-2 toxin one of the most toxic
of this group, based on the LDro values (Ueno, 7984).

T-2 toxin cont,amination of agriculture products has

been reported worldwide (Pathre and Mj-rocha, I979) " In

Canada, trichothecenes received ÌittÌe attention untit there

\^/as a outbreak of mycotoxi-cosis (Pu1s and Green\¡/ay, L976).

In the Peace River region of British Columbia wet, cool-

harvest conditions resulted in motd growth and trichothecene

production, with T-2 toxin was identified as a major



contaminant the grain and the cause of the mycotoxicosj-s

(Greenway and Pul-s | 7976).

T-2 toxin intoxication is characterized by multisystem

disorders includi-ng alimentary tract, cardiovascul_ar and

respiratory mal,functioning. T-2 toxin affects reproductive
function, disrupts hemopoiesis and energy metaboJ-ism, and

depresses immune function (Ueno, 1980)" T-2 toxin affects
the central- nervous system (CNS) with T-2 intoxication
characterized by impaired function. Clinical_ signs of
intoxication incl-ude motor, sensory and autonomic nerve

system malfunctioning (Feuerstein et al_. 1989) as well as

changed behaviors (Forsyth et aI. 7977)" Collectively,
these observations suggests T-2 toxin is neurotoxic.

The biogenic monoamines serotonj-n (5-HT), dopamine

(DA), norepinephrine (NE) and epinephrine (Ep) are

neurotransmitters in the CNS, and their regional

concentration controls diverse physiological functions
(Cooper et aI. 1991). They are invol_ved in regulation of
autonomic nerve function, feeding behavior, motor activity,
body temperature as well as having a rol_e in the control_ of
j-mmune function. The physioJ-ogical- manifestations of T-2

intoxication, especialry the neural- disturbances may be due

to the effect of the toxin on these transmitters. Only

recentry have attempts been made to investigate the central
neurochemical- mechanism underrying these pathophysiorogical
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manifestatj-ons. rnvestigators report that acute T-z toxin
treatment affects the concentrations of brain biogenj_c

monoamines and thej-r metabol-ites (Boyd et al-" 19BB; cavan et
aL" 19BB; Chi et al-" 1980; WeekJ_ey et a7" 1989). Ho\nrever,

these neurochemical- perturbations have not been wel-l-

documented and there is no consensus on the physiorogicat

ef f ects of 'I-2 toxin.
Previous investigators examined the effect of T-2 toxin

on biogenic monoamine concentrations in whol_e brain or in
dissected main brain regions. However, the distribution of
biogenic monoamines in the CNS is not uniform, monoamine

neurons are present in clusters and axons of the neurons

travel- along specific areas. Therefore, it j_s of more

physiorogical and crinical significance to examine biogenic

monoamine l-evel-s in specific brain regions or nucl-ei which

contain either the major cetl- groups or the important

projections of catechofamines and serotonin systems.

Furthermore, previous experiments on the neurochemical_

effects of I-2 toxin used dosages approaching the LDro value.

Such high doses made it impossibl-e to ascertain whether T-

2's CNS effect is a dj-rect action t ot is secondary to T-2's
peripheral- effect, such as cardiovascular failure"
Therefore, dose-response acute experi_ments and chronic

feeding trial-s, designed to determine the effect of low
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level-s of T-2 toxin exposure on brain biogenic monoamine

l-evefs are needed to clarify this issue..
The mechanism of T-2 toxj-n actj-on on the brain biogenic

monoamines has yet to be determined. Major factors
affecting brain biogenj-c monoamine l-evel-s incrude the

availabiJ-ity of precursors f or monoamine synthes j-s, which is
partly control-led by the specific amino acid transport
systems of the bl_ood-brain barrier, and activity of the

enzymes which are responsibre for synthesis and degradation
of monoamines (Cooper et al_. 1991). The effect of T-Z on

these factors may account for the central- effect of the
trichothecenes " vrre hypothesized that T-2 toxin af fects brain
biogenic monoami-ne concentrations and, that arterations of
brain biogenic monoamine concentrations are associated with
effects of r-2 toxin on factors which are rel-ated to the

synthesis or degradation of biogenic monoamines in the cNS.

Therefore, the general objectives of this thesis
research are to characteríze, in more neurochemical detail
the effect of trichothecene T-2 toxin, especial-Iy at l-ow

doses on central- biogenic monoamine concentrations and to
probe the mechanism which is rel_ated T-2 toxin induced

central- neurochemicar perturbations. The specific purposes

incl-uded:

1 ) To examine the dose and time related acute effects of
T-2 toxin on regional- concentrations of monoamines and
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their metabolites using a micropunch technique for
samp]-ing serected brain areas which are either the main

cerr groups or the important projections of monoamine

systems in the brain"

To examine the effect of dietary T-2 toxin on regional
concentrations of monoamines and their metabolites in
the brain areas which have been indicated to be

sensitive to T-2 toxin treatment in the acute

experiment.

To examine the effect of both acute T-2 toxin treatment

by ip and chronic exposure to T-2 toxin by feed on the

blood-brain barrier permeabiJ_ity.

To examine the effect of both ip f-2 toxin treatment

and dietary T-2 toxin on activity of brain monoamine

oxidase, a major enzyme invo]ved in metabolic breakdown

of monoamines"

To observe in vitro the effect of both acute T-2 toxin
treatment and dietary T-2 toxin on protein synthesis of
the brain.

3)

4)

s)



CHÃPTER 2

REVIE&Í OF LTTERATURE

CHEMICAL A3üD TOXTCOLOGICAT ÃÀSPECTS OF T-2 TOXI¡T

Chemist,ry And Metabolism of T-2 Toxin and Relat,ed

Tríchothecene mycotoxins.

CHEMISTRY: Trichothecene mycotoxins are a group of
chemj-cal derivatives of a "trichothecene" ring system. The

structure and numbering system for this ring are shown in
Figure 2-ra. Arl natural-J-y occurring trichothecene contain
an ol-efinic bond at C-9, 10, an epoxy ring at 12, 13 and

they are cl-assified as 12, 13-epoxytrichothecenes. In
general, the carbon atoms at 3t 4t 7t Bt t4, and 15 are

occupied by hydrogenr hydroxyr, acyJ-, additional epoxide t or
macrocyclj-c ring functions (Figure 2-1b). fn some groups,

the carbon-B is substituted by a ketone base (C=O). With

the development of sophisticated anaryticar methods, more

than a hundred of trichothecenes have been identified, and

most of these mycotoxi-ns have derivatives. Trichothecenes

have been classified into four groups A, B, Ct and D

according to structural_ and fungal- characteristics.
substitutions of R1-5 by different chemical group result. in
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the derivatives of the parent trichothecene " f-2 toxin
belongs to group A of this cl-assification and represents the

so-cafl-ed 'simpJ-e' trichothecenes, which carry only simple

substituents in the 3-ring structure. The substituents in R

positj-ons of T-Z toxin are Rr = Ra = H; R2 : R3 : -COCH:; Rs :

-COCH2CH(CHE)z) (Figure z-Lb) .

METABOLISM: T-2 toxin distribution and excretion was

investigated in broiler chicks given a single dose of ['tt]-
label-l-ed T-2 toxin (Chi et af , 1978). Radioactivity reached

a maximum concentrations 4 hrs after dosing in most tissue.
The gastrointestinal- tract and bile, including the gaJ-1

bladder, contained the highest specific radioactivity among

organs and tissues examined during the 48 hr test period,

indicating the highest metaboÌic transformation and

excretion rate of I-2 toxin in this organs. The

distribution of T-2 toxin in the brain was not examined in
this study.

Most trj-chothecenes, incJ-uding T-2 toxin and DON, are

J-ipophilic and should readily penetrate the blood-brain

barrier (BBB). When the distribution ¡14C¡-oon was examined,

the brain, like other organs examined, had its highest

distributions of radioactivity t,hree hours after systemic

administration (Prelusky et al-. 1986 and 1990). Thus rapid

uptake into the brain make it possibl-e for trichothecenes to
directly affect the brain.



9

Following systemic application of T-2 toxin, there are

two main metabol-ic pathways, a stepwise hydrol-ysis of the

three ester groups i-n T-2 toxin and oxidatj_on at 3'-carbon

of the iso-val-eroxy residue at positj-on B " Rat liver
homogenate hydrolyses I-2 toxin rapidly to HT-2 toxin and

final-Iy to T-2 tetraol- and hydroxy derivatives j-ncluding

metabol-ites with open L2tL3-epoxide ring, a process which

l-eads to much l-ess toxic products. Brain metabol-ism of T-2

toxin, ho\uever, does not lead to measurabl-e oxidized

metabol-ites because of low level-s of cytochrome P-450

oxidase, but l-eads to de-esterified products, i.e. HT-2

tox-in, T-2 triol- and T-2 tetraol- in sequence (Bergmann et

a7. 1985 and 19BB). The cerebral hydrolase, a enzyme

responsible for the conversj-on of T-2 toxin to HT-2 toxin j-n

the braj-n, exhibits pronounced specificity. When T-2 toxj-n

was incubated with rat brain homogenate without bl-ood

contentt HT-2 toxin was the sol-e metabol-ite (Yagen et a7.

1991). HT-z toxin is six times more toxic than T-2 toxin,
when applied directly to the rat brain (Bergirnann et aL.

1985). That is metabol-ism of T-2 toxin in the brain is
toxic activation processes and resul-ts in production of more

potent neurotoxic metabol- j-tes. Formation and accumulation

of HT-2 toxin in the brai-n, upon direct T-2 administratj_on,

woul-d cause more neurological- damage than systemic exposure.

Thus, the neurological- toxic effects of T-2 toxin on the CNS
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may not be specific, however, the selective metabolic fate
of the toxin in the brain makes the toxic expression there

different from that observed in other systems (Bergimann et

a7" 1985).

Lethal Toxicit,y of T-2 Toxin.

The toxicity was compared between T-2 toxj-n and several

other trichothecene mycotoxins in mice and rats (Ueno I L9B4)

(Table 2-I) " The LDro vaÌues of T-2 toxin in 6-week-old mice

and rats \^rere l-0.5 and 5.2 mg kg-i BW respectively when

adminj-strated by mouth (po). Intraperitoneal (ip) injection
and intravenous (iv) injection of T-2 toxin resulted in LDro

val-ues 5.2 and 4.2 mg kg-l BW respectively in mice. The LDro

values of DON and 3-acetyJ-deoxynival-enol ranged from 34 to

70 mg kg-i BW in mice, about 10 times higher than those of T-

2 toxin. Newborn and immature mice \^/ere much more

susceptible than adults to T-2 toxin exposure. In rat the

LDro val-ues for intramuscular (im) injection of T-2 toxin was

0.85 mg kg-t BW (Chan and Gentry, 1984).

The acute toxicity of T-Z toxin was compared j-n several

species when administrated by iv, ipr sc, po and

intratracheal- (Fairhurst et aI 1987). The LDro val-ues

observed ranged from 1.0 to 14 mg I-2 kg-t BW in different
species. The mouse v/as shown to be less sensitive to T-2

toxin exposure than the rat, which agrees with the
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Table 2-I" LDso values (mg kg-t body weight) of T-2 t,oxin
and related trichothecenes

AnimaLs Routes f-2 Fusarenon-X Nivalenol DON 3-Acety[deoxy-

toxìn nìvatenol

Hice (maIe)
ó-week-otd po 10.5 4.5 46 34

ip 5.2 3.4 4.1 70 49
sc 2.1 4.2
iv 4.2 3.4 6.3

4-week-o[d sc 1.6
Neu born sc 0.15 0.23

Rats (naLe)
6-week-otd po 5.2

po per oral-; ip intraperitoneal injection; sc
subcutaneous injection; iv - venus injection"
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observations of Ueno (1984). In chicken, the LDro value of

'I-2 toxj-n were 4 " 0 mg kg-l BW when the animal received a

single oral- dose of the toxin (Huff et aI" 1980). Kubena

and col-Ieagues ( 1989 ) compared combined toxicity of T*z

toxin and DON with their individual toxicity in broifer
chickens, and observed that thej-r combination produced a

synergistic toxic effect. Only an additive effect, however,

!üas observed when T-2 toxin and di-acetoxyscirpenol (DAS) /

another trichothecene mycotoxin v¡ere administrated together

(Hoerr and Carl-ton, 1981) .

fn sunmary, the LDro values of T-2 toxin is ten times

iess than that of DON. The toxicity of trichot.hecenes

varies with the animal specj-es, with rat being more

sensitive to trichothecenes than mice and, young mice are

more sensitive than matured mice. There is potential for a

synergistic toxic effect between the various trichothecenes.

Toxic Ex¡lressíons Of T-2 Toxin in The 3{on-Neural Syst,ems

Effect of T-2 toxin on the cardiovascular system has

been observed in both man and experimental animals. The

patients with al-imentary toxic aleukia, a human heal-th

problem in Russia, associated vrith the ingestion of moldy

cereals infected with T-2-producing strains of fusarium, had

a disease syndrome characterized by tachycardia, cyanosis,

headache and col-d in the extremities. Bl_ood pressure of

seriousl-y affected peopJ-e felI to 80/50 mm Hg, significantJ-y
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l-ower than normal values of 120/80 mm Hg and the heart rate
was 180 beats min-l, significantly greater than the normal-

val-ue, J-ess than 100 beats min-r (Bubien et a7. 1989).

Cardiovascular effects of T-2 toxin were observed in
experimental animals. T-2 toxin treated rats had reduced

contractility of myocardj-um and bl-ood pressure (Magnuson et

al-" I9B7). In swine, acute T-Z toxin exposure decreased

blood pressure to shock l-evel- (diastolic pressure l_ess than

40 mm Hg) and reduced bl-ood flow to the brain, heart, kidney

and gastrointestinal tract significantJ-y (Beasley et aI"

L987; Lundeen et a7.1986). These effects may be due to a

direct action of T-2 toxin on cardiovascular system.

Pathological changes were observed in the heart of rats
treated with high repeated dosage of T-2 toxin (Yarom et al-.

1983a). Heart l-esj-ons included j-nterstitial- edema, damaged

myocytes and disrupted smal-l- blood vessel-s accompanied by

myofibril-Iar disorganization, diJ-ation of sarcopJ-asmic

reticul-um and formation of hypercontraction bands (pang et

aI . 1986). fn cul-tured myocardial- cell_s, T-2 toxin
decreased the beat rate and inotropic response of the

myocyte (Yarom et aL. 1986). However, the cal-cul-ated dose

needed to elicit pathological changes in the heart was

rel-atively high. That is T-2 toxin is capabJ-e of damaging

the heart directJ-y, however, the l-ethal dose was too high to
make this the cause of cardiovascular fail-ure in vivo. An
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indirect mechanism for the development of T-z toxin induced

cardiovascular fail-ure has been suggested (yarom et a7"

1983b and 1986). It has been reported that T-2 toxin
treated rats demonstrated a high peripheral resistance and a

simul-taneous increase in catecholamine rel-ease from adrenal-

medul-Ia, suggesting an involvement of sympathetic nerve

system in changed hemodynamics ( Siren and Feuerstein , 1986 ) .

Furthermore, altered blood pressure and elevations j_n

arterial- plasma catechol-amj-nes, observed in conscious rats
and guinea pigs, \^/ere not obtained in pithed rats, f oll-owing
j-v administration of T-2 toxin (Feuerstein et aL" 1985).

Taking these resul-ts as a whol-e, it would suggest that the

central- sympathetic nervous system play an important role in
1-2 toxin induced cardiovascul-ar f ail-ure. Decreased

myocardium contractility and altered sinus node cel-I

function after T-2 toxin treatment coul-d be a result of
suppressed sympathetj-c activity.

The hematological system is an important site of

trichothecenes' action. Subacute systemic T-2 toxj-n

administration decreased hematocrit, white blood cel-I count

and serum alkaline phosphatase activity in rabbits (Gentry

and Cooper, 1981). T-Z toxin is hemolytic, causing complete

erythrocyte hemolysis after a lag period, the length of
which depended upon toxin concentration (Segal- et aL. 1983).

The hemoJ-ytic action of T-2 toxin depended upon the species.



15

Man, pig, rabbit, guinea pig, horse, dog, rat, and. mouse

erythrocytes were al-l- l-ysed by T-2 toxin, but co\¡/, sheep,

goat, buffalo, and deer erythrocytes r¡/ere resistant to
hemolysis by T-2 toxin" The different erythrocyte

susceptibility was thought to be related to their membrane

composition" That is rumj-nant animal- erythrocytes contain

Ìittl-e or no phosphatidyJ-choline and it has been suggested

that phosphatidylcholine is required for T-2 toxin to exert

its hemolytic action.

I-2 toxin affect pJ-atelet behavior. When human

plateJ-et was intubated with T-2 toxin a dose rel_ated

inhibition of platelet aggregation and reÌease of dense

bodies u/as observed (Yarom et aL. 1984). T-2 toxin affects
bl-ood coagulating f unction. A single iv dose of 0 .25 mg kg-l

BW T-2 toxin decreased the pl-asma activity of several_ bl_ood

coagulating factors (Gentry and Cooper, 1983). The

deleterious effect of trichothecene mycotoxins to both

erythrocytes and platelet observed jn vivo or in vitro coul-d

be the result of their generaÌ cytotoxic effects.
T-2 toxi-n has been shown to affect the immune function

(Corrier I L99I). Hematol-ogical changes observed in the

animals acutely exposed to T-2 toxin include lymphopenia and

leucopenia, suggestj-ng that l-ymphocytopoiesis v/as affected
by trichothecenes (Gentry et aL" 1984). Histological_

observation indicated extensive necrosis occurred in
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lymphoid organs, such as thymus and lymph nodes in acutely
trichothecene-treated animai-s (Fekete et aL. L989, ForseJ-l-

et al-. 1987). Chronic exposure to T-2 toxj_n resulted in
Iower pJ-asma immunogJ-obul-in IgG, IgM and complement protein
B concentrations in cattl-e (Mann et a7. 1983) " In sheep¡ âD

oral treatment with T-2 toxin 0.3 and 0.6 mg kg-t BW caused

J-eucopenia and Ìymphopenia (Friend et al_. 1983) " At

necropsy, lymphoid atrophy of mesenteric lymph nodes and

spJ-eens was most marked. Depressed immune function was also

demonstrated when animals fed low dose T-2 toxin containing

diet (Friend et a7. 1983; Fekete et a7. 1989). These

observations cÌearJ-y indicated that lymphoid system is
sensitive to T-2 toxin exposure and that immune toxicity is
an important feature of T-2 mycotoxicosis.

Emesis and reduced food intake are conìmon symptoms in
acute, subacute and chronic trichothecene-treated animals

(Forsyth et aI. 1977; Ueno I I9B4). Damage of digestive
function by T-2 toxin exposure may contribute to these

pathological manifestations but can not account for all-

changes in feeding behavior, especial-Iy at l_ow dosages, at
which T-2 toxin exposure did not cause discernable digesti-ve

tract damage, but still resulted in suppressed food intake
and weight gain (Fekete et al-" 1989) " DON, a tri-chothecene

mycotoxin with much l-ower toxicity compared with T-2 toxin,
demonstrated even more potent action in inducing emesis in
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experj-mental animals. An oral dose of 0 "2 mg DON kg-t BW, a

dosage of O"4Z of LDro value, would cause vomiting in swine

(Forsyth et ar. 1977) " At this level, DoN woul-d not cause

distress of alimentary tract.
Feeding behavior is centrally controlled through

certain neural structures mainly l-ocated in the hypothalamus

(Martin et al-. 1991). CNS neurotransmitters, especially
catecholamines and serotonin have been shown to play an

important rol-e in feeding behavior regulati-on (Leibowitz,

L982). Therefore, suppressed food intake and body weight

gain after trichothecene exposure coul-d be due to their
effects on feeding control-l_ing system or on rel_ated

neurotransmitters in the brain"

In summary, l-2 toxin intoxication is characterized by

a mul-tisystem disorder. Ho\^/ever, based on the information

revj-ewed in this chapter, it is impossible to attribute all-

of the T-2 toxin-induced pathophysiologicar manifestatj-ons

in the peri-pheral- systems to local- toxicity. Altered
sympathetic nerve activity and neurobehaviors observed in T-

2 toxin treated animals suggest a rol-e of the CNS in T-2

toxicity. It is necessary to realize that malfunction of
the CNS coul-d resul-t in pathophysiological changes j_n both

central and peripheral- systems " For example , T-2 toxin
could caused the cardiovascul-ar marfunction by affecting the

central- autonomic nerve system. It is possible that T-z
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affects both cardiovascul-ar system and the cNS directly"
These effects may be independent of each other but interact
synergi-caJ-Iy resulting in cardiovascular failure.

Cent,ral Pdervous System Ef fect,s Af T-Z Toxín.

The effect of T-z toxin on the cNS has received rimited
attention, but evidence of T-2 toxin neurotoxicity exists.
Rats acutely exposed to T-2 toxin had neurobehavioral

changes with a decrease i-n the motor activity and an

impairment in the passive avoidance test being most

prominent behavioral manifestation of toxì_city ( Sirkka et

aL. 1992)" In chickens, it has been observed that dietary
T-2 toxin caused abnormal- positioning of wing, hysteroid
seizures, and impaired righting reflex. The incidence of
behavioral- symptoms depended on the length of exposure and

T-2's concentration in the diet (Wyatt et a7" (7973).

chicken acutery dosed with T-2 toxin exhibited inactivity,
l-oss of appetite and restlessness, and devel-oped diarrhoea,
panting and coma (Chi et aI. 7977). These observations

suggest that I-2 toxin affect nervous system.

A series experiments by Bergmann and colleagues ( 1gB5

and 19BB) demonstrated that ,1-2 toxin has greater l_ethal-

toxicity when applied di-rectly to the brain than systemic

administration. Direct application of T-2 toxin to rat
brain causes death with doses that are onJ-y r-2% of those

required by systemic administration (Bergimann et al-. 1985).
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rt has been suggested that higher toxicity of T-2 toxin upon

direct cerebral- admi-nistration is due to its Iimited
metabol-ism in the CNS (Bergimann et al_. 19BB).

only recentJ-y have attempts been made to characteríze
the central- neurochemical- processes associated with the

neural symptoms caused by T-2 toxin exposure. The effects
of acute I-2 toxin treatment on neuronal_ DNA/ RNA and

protein in selected brain areas of rats were examined

(Ballough et al-. 1989; Martin et al_. i_986a). Rats were

dosed j-ntraperitoneally with 0.75, 1.0 , I.5 and 6.0 mg T-2

toxin kg-l eW and decapitated I hrs post exposure.

Mj-croscopic observations reveal-ed no gross evidence of T-z

toxin induced brain cytopathoJ-ogy (Martin et al. 1986a) "

While cortical and striatal neurons exhibited a dose-

dependent decrease in DNA hydrolysability (i"e. impaired

chromatin actj-vity) and protein level_. Moderate RNA

depletion was evidenced in the cerebral- cortex with 1.5 mg

T-2 toxin kg-t BW j-n the striatum with a 6 mg T-2 toxin kg-l

BVü dose (Martin et al-. 1986a; BaJ_J_ough et aL. 1989). These

observation suggested T-2 toxin inhibits protein synthesis

in central- neuron cell-s.

Acute exposure to trichothecenes perturbs bJ-ogenic

monoamine metabolism in several animar models incJ-uding

chicks, rats and swine, ho\i',rever, the mechanism of
trichothecene action is unknown (preJ-usky et ar. rgg2) " rn
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chickens, a single intubation of 2.5 mq T-2 toxin kg-r BW

af f ected whol-e brain catechol-amines, with DA concentration

significantly increased, whil-e brain NE was reduced (Chi et
al-" 1981). fn subsequent studies, intubation of T-2 toxin
or DON did not affect whol-e brai-n concentrati_ons of
monoamines in rat. However, when brains \^rere dissected into
five brain regions, j-ncreased regional- 5-HT and S-hydroxy-3-

indol-e acetic acj-d (S-HIAA), and decreased regional NE and

DA concentrations \¡/ere observed (Boyd et aL" 19BB;

Fitzpatrick et a7. 19BBb). In rats, MacDonal-d et al-. (1988)

observed that intubation of T-2 toxin caused an initial
increases in whole brain tryptophan and 5-HT, folÌowed by an

increase in DA. Weekley and coworkers ( 1989 ) reported that
in rats intraperitoneal- T-2 toxin administration increased

cerebral and brain stem tryptophan, but reduced 5-HT in the

same areas. Ho\¡/ever, in our l-aboratory it was observed that
'I-2 toxin or DON intubatj-on elevated regional- concentrations

of the indol-eamines, 5-HT and 5-HIAÀ in al-I brain regions

examined, whereas NE and DA Ìevel-s were not significantly
altered (Boyd et a7. 19BB; Fitzpatrick et al-" 19BBb). In
swine, acute intravenous administration of DON el-evated NE

and depressed DA concentrations in the hypothalamus,

cerebell-um and frontal- cortex, but had few effects on the

indoleamj-nes (PreIusky et al-. 1992). preJ_usky suggested

that changes in brain monoami-ne concentrati-ons in
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trichothecene treated animal-s, depend upon the toxin and.

species invol-ved. However, given the limited number of
experiments conducted, the ptethora of experimental- designs

and anal-ytical techniques employed, the rack of consensus on

the central effects of trichothecenes is understandable"

Based on the information revj_ewed in thj_s chapter,

several- questions related to the effect of T-2 toxin on

brain monoamine metabolism need to be addressed. The

dosages used in previous experiments were from 2 Lo 2.5 mg

kg-l eW which cl-ose to a half of LDro value. Considering the

natural- contaminatj-on Ievels of T-2 toxin in agriculture
commodities and the potential- effects on human and

agricultural- animal-s, it is of the importance to examine the

ef f ect of T-2 toxin on the CNS at l_ower doses.

To dat,e, numerous experiments have been conducted to
examine the acute effect of T-2 toxin on biogenic monoamine

(Cavan et aL. 19BB; Chi et al-" 1981; MacDonal-d et aL" 1988;

Boyd et a7" 19BB; Fitzpatrick et a7. 19BBb). However, these

effects have not been demonstrated in feeding trial-. When

administered by feed, T-2 toxin coutd have a different toxi-c

expression compared with acute exposure. A chronic exposure

to low dose of T-Z toxin by feed resulted in reduced food

intake and feed efficiency (Fekete et a7.1989) as wel_l as

suppressed immune function (Jagadeesan et aL. IgB2). Since

central monoamines have been shown to be invol-ved in energy
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metabolism, feeding behavior regulatj_on and immune

modulation, the pathophysiological manifestations occurred

in T-2 fed animal-s courd be rel-ated to the chronic effects
of this mycotoxin on central- monoamine metabolism.

So far, no effort has been made to determine the

mechani-sm of T-2 toxin induced central_ neurochemical_

alterations. The factors which may influence brain biogeni-c

monoamine l-evels include the precursor avail_ability for
monoamine synthesis and the activities of the enz)rmes which

are j-nvolved in the synthesis and degradation of monoamines

in the brain . T-2 toxin coul-d aÌter brain biogenic

monoamine level-s by affecting these factors. It has been

observed T-2 toxin treatment alter large neutral- amino acid

concentrations in both blood (Cavan et al_" l_9BB) and the

brain (Weekley et af. 1989). Additionally, T-Z toxin are

potent inhibitor of protein and nucleic acid synthesis

(Martin et a7" 19B6arb; Ueno, 1980 ), therefore, T-2 toxj_n

may infÌuence brain biogenic amine concentrations by

inhibiting synthesis of the enzymes which are responsible

for degradation of monoamines. since the substance exchange

between the brain and bl-ood is largeJ_y mediated by the BBB,

a speculation could be made that the altered brain amino

acid and biogenic monoamine concentrations after T-2

treatment may be, in part, caused by an increase in BBB

permeability. T-2 toxin has been shown to cause l-esions in
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the bl-ood vascul-ar system. In rat T-Z toxin-induced
pathology in the hear was characterized by dilation and

swerÌing of the microvessels, damage to the endothelial- cel-l-

membrane, and tearing of the vessel wall (yarom et al.
1983a). rn isol-ated rat heart sinirar damages occurred in
the microvessel-s when T-2 toxj-n was directly infused into
the heart (Yarom et aL. 1983b). Since the BBB is formed

with endothel-ial- cerrs through the tight junction , T-2 toxin
may also interrupt brain endothel-ial- cel-Ì membrane which

constitutes the BBB. changes of BBB integrity and specific
transport functioning could al_ter infl_ux of large neutral_

amino acid from plasma to the brain, thereby affect the

biogenic monoamine synthesis.

Biochemical Mechanism of T-2 foxícít,y.
The toxic effects of trichothecenes in mammals, birds,

farm animals and yeast have been attributed to their
cytotoxicity. Several mechanisms for trichothecene

cytotoxicity have been suggested, incl_uding inhibition of
protein synthesis (Mclaughlj-n et aI. I977; Rosenstein and

Lafarge-Frayssinet, L983; Ueno, 1980), damage of cel_l_

membrane function (Gyongyossy-Issa et aL l_986), impaired

mitochondriaÌ respiration function and energy metabol-ísm

(Koshinsky et a7" 19BB; Pace, l-983). The inhibition of
protein synthesis is considered the critical feature for
cel-l- toxici-ty (Fe-inberg ei aI. 1989).
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Inhibition of DNA and protein synthesis by T-2 toxin
has been demonstrated. DNA and protein synthesis was

inhibited in spJ-een, thymus and bone marrow in mice given a

singJ-e dose of T-2 toxin (Rosenstein and Lafarge-Frayssinet,
1983)" This effect was time specific with the inhibitory
effect observed being reversed in bone marrow and liver 20

hrs after a single exposure to the toxin, however, T-2

effect on thymus and spleen was longer lasting. T-2 toxin
inhibited DNA and protein synthesis both j-n hepatoma cel-l-s

and in phytohemagglutinin (PHA)-stimulated lymphocytes

(Rosenstein and Lafarge-Frayssinet, 1983) . Replicatj-on and

transl-ation rates of DNA were comparably diminished in
hepatoma cell-s by T-2 toxin, where in pHA-stimul_ated

lymphoid cell-s, DNA synthesis l¡¡as inhibited to a greater

extent than was protein synthesis. Lymphocytes v/ere shown

to be more sensitive to T-2 toxin acti-on than r¡/ere tumor

cel-ls (Rosenstein and Lafarge-Frayssinet, 1983). This

observation may provide an explanation for the extensive

damages observed in J-ymphoid tissues in acute and subacute

trichothecene intoxication (Fekete et al, 1989).

Inhibition of protein synthesis by trichothecenes was

also demonstrated in eukaryotic and yeast cel_Is. In

mammal-ian celIs, Wei and colleagues (I974) observed that
protein synthesis \^ras al-most comp]-ete1y inhibited when the

celI intubation medium contained trichodermin concentration
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of 2"5 or 25 pM. In yeast cel_Is, 30 ¡.rM trichodermin

completely inhibited protein synthesis (Mclaughlin et al_.

7977 ) " It has been suggested that trichothecenes suppress

protein synthesis by inhibiting peptidyl transferase
(Feinberg and McJ-aughlin, 1989). This enzyme is part of the

605 ribosomal- subunit and is invol-ved in elongation and

termínation during peptide synthesis " Trichothecenes have

been demonstrated to be abl-e to bind 60s ribosomal- subunit

and inhibit actj-vity of peptidyl transferase in vitro
(Cundliffe et a7. L974; Mcl,aughlin et al-. 1,977).

Inhibition of DNA and RNA by trichothecenes \¡/as

reported in yeast and eukaryotic cel-l-s (Cundliffe et a7.

I974; Feinberg and Mclaughlin, 1989; Mcl,aughlin et al_.

1977). However, this effect appears to be a secondary

effect in that alteration in cell-ul-ar DNA or RNA synthesis

can be explained by the primary effect of trichothecenes on

protein synthesis (Feinberg and Mclaughlin, LgBg). However,

protein synthesis inhibition can not explain all the

cytotoxic actions of trichothecenes. For example , T-Z toxin
can al-ters the morphoJ-ogy of erythrocytes and resul_t in
hemoJ-ysis at very low concentration (Sega1 et aI" 1gB3).

Since erythrocytes lack nuclei and protein synthetic
capacity, the hemoJ-ytic action of f-2 toxin must be due to
other mechanisms, not the inhibition of protein.
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It has been suggested that trichothecene mycotoxins may

exert their cytotoxicity by acting directly on the cel_l_

plasma membrane. To gain access to the cytoplasm and

varj-ous cell- organelles, trichothecenes must pass through

the plasma membrane. T-2 toxin is a Iipophilic and easily
enters the plasma membrane. f-2 toxin is also one of the

amphj-pathJ-c substances which have both hydrophilic and

hydrophobic ends. Thus , T-2 toxin cou1d interact with the

membrane and cause membrane perturbations, similar to those

caused by other amphipaths (Khachatourians, 1990). pace and

Watts ( 1989 ) examined subcel-Iular distribution of ¡3H1-r-Z

toxin in a perfused rat liver noting that after 5 min, the

plasma membrane f raction contained 3BB of l-abell-ed T-2, a

concentration greater than that observed for the smooth

endopJ-asmi-c reticulum, mitochondria and nuclear fractions,
which \¡/ere 27, 10 and 78, respectiveJ-y. Atthough T-2 toxin
v/as concentrated i-n the membrane for a limited period, this
distribution provides T-Z the opportuni-ty to exert its
noxious effect there.

Bunner and Morrj-s (1988) examined perturbations in cell-

membrane function induced by T-2 toxin in L-6 myoblast. I-z
toxin was shown to affect numerous cell- membrane functions,
with many of these effects starting at a concentration of
.l-ess than 4 pg ilI-l, which is in the mol-ar range of steroid
hormone which also produce significant cellular effects.
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observed perturbations of membrane functions \^/ere noted

within 10 min of exposure to T-2 toxin, a time interval- is
too short to attribute these effects dj-rectly to protein
synthesis inhibition since even short-l-ived membrane

proteins have half-life measured in hours (Bunner and

Morris/ 1988)" Therefore, T-2 toxin directly infl-uences

membrane function and perturbation in membrane functions are

an important, feature of trichothecene cytotoxicity"
rmpaired mitochondriar function is a prominent feature

of trichothecene cytotoxicity. urtrastructural- studies
indicated that the mitochondrion membrane and the rough

endoplasmj-c reticul-um v/ere most susceptibre to T-2 toxin
(Trusal- and o'Brien, 7986). pace (1983) observed that r-2
toxin inhibited oxygen utitization of rat liver mitochondria
and site r al-ong the electron transport chain was identified
as the principar locale of T-2 toxin action. A similar
inhibition of el-ectron transport function was observed in
yeast, with 0.1 and 0.2 mM T-2 toxin causing a 24 and 68%

decrease in oxygen consumption, respectiveJ-y (Koshinsky et
aL. 19BB). This mitochondrial effect is another example of
T-2 induced breakdown of membrane function.
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T}TE CE3üTRåL CÃ,TECHOLÃ3/ÍINüE Ã3TD SER.OTONTBü 8ü'ER,VOUS SYSTEM

Anatomy @f cat,echolamine A.nd serotonin B{eurons rn The cB{'s.

Only with the development of histofluorescence and

immunohistochemistry techniques in the last two decades has

it been possible to map the monoamine neuronar system in the

CNS (Falck et al-" 1962). The ce1lul_ar organization of
catecholamines and serotonj-n systems in the brain and spinal-

cord has been extensively studied. A briefl-y description of

catechol-aminergic and serotoninergic ceÌl- groups and their
major axonal- projections in the CNS follows "

Dopamíne Ëdeurons: Dopamine-containing neurons can be

divided into three main groups: nigrostriatal, mesocortical,

and tuberohypophysial (BjorkJ-und et aL. I9B4; Cooper et a7.

1991). The major dopaminergic tract in brai-n originates in
the zona compacta of the substantia nigra and sends axons

that provide a dense innervation to the caudate nucl-eus and

putamen of the corpus striatum with nearly B0B of all_ brain
DA is found in the corpus striatum. Dopamine-containing

ceII bodi-es that lie medial to substantia nigra provide a

diffuse, but modest, innervation to the forebrain, including
the frontal- and cingulate cortex, septum, nucleus accumbens

and ol-factory tubercre. Dopamine-contaj-ning cel-r bodies in
the arcuate and peraventricul-ar nucrei of the hypothal-amus

send axons that innervate the intermediate lobe of the

pj-tuitary and the median eminence. These neurons play an
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important role in regulating the rel_ease of pituitary
hormone, especial-Iy proJ_actin. In addition to these major

pathways, dopamine-containing neurons have been found in the

ol-f actory burb and in the neural- retina. Figure z-2 shows

the main central- neuronal- pathways containi_ng DA.

Pdorepíne¡rhrine Ïi[eurons: The NE ce]-I groups divide into
two major groups, the l-ocus coeruleus (LC) group and the

l-ateral tegmental group (Cooper et al. 1991). NE cell groups

are confined to the l-ower brainstem, with the most rostral_

located in the pons in the LC, and the l_ateraÌ pontine

reticul-ar formation. More caudal-ly l-ocated celI groups are

found in the ventrol-ateral part of the medulla oblongata

(Bjorklund et al-. I9B4; Weiner and Molinoff, I9B9). The LC

cel-I groups have three projections descendj_ng to end in the

spinal cord, projecting to cerebellum, and ascending

anteriorly through the medial forebrain bundle (MFB) to
innervate the entire cerebral- cortex and hippocampus (Figure

2-3) (Cooper et aL" L991). The NE neurons of the l_ateral_

tegmentum system send fibers that innervate the brain stem

and hypothalamus (BjorkJ-und et aL. L9B4; Weiner and

Mol-inoff, 1989)"

Epinephrine Neurons: Epinephrine neurons have a much

more restricted distribution compared to DA and NE systems,
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igure 2-3 " Diagram of the projections of the l_ocus
coerul-eus viewed in the sagittar plane. Abbreviations:
AON, anterior ol-factory nucleus; Ct cingulumì CC,
corpus call-osum; CER, cerebellum; CTT, central-
tegmental- tract; CTX, cerebral neocortex; DpS, dorsal
peraventricular system; DTB, dorsal catecholamine
bundle; EC, external_ capsule; F, fornix; H,
hypothalamus; HF, hippocampal formation; LC, l_ocus
coerul-eus; ML, medial lemniscus; MT, mammil-othalamic
tract; OB, olfactory buJ_b; pC, posterior commissure; pT
pretectal_ area; RF, reticular formati_on; S, septal
area; SC, spinal cord; SM, stria medultaris; SOD,
supraoptic decussations; ST, strj_a terminalus; T,
tectum; TH, thal_amus.
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constitute a major source of the ascending pathways and

account for approximate 803 of the forebrain 5-HT terminals.
rn the raL, the principal ascendj-ng 5-HT pathways consist of
mediar and l-ateral- bund]es along the ventral- aspect of the

MFB. The medial pathway innervates limbj_c structures, the

hypothalamus and preoptic area. The lateral pathway

innervates the cingulate cortex. A third minor pathway

originates from dorsa] nucl-ei and innervates the caudate

nucleus.

In addition to the nine 5-HT nuclei described

classicalJ-y, recent immunocytochemj-cal- localization of 5-HT

has also detected reactive cel-Is in the area postrema and in
the caudal- locus coeruJ-eus, as well as in and around the

interpeduncular nucleus (Cooper et aL. 1991).

Biosynt,hesis Ãnd Met,abolism Of Catecholamines And Serot,onin

Catecholamines.

CÃ,ÎECHOLAMIR{ES: The catechol-amines DA, NE and EP share

a cotnmon amino acid precursor, tyrosine, for their synthesj_s

(Cooper et a7. 1991). Tyrosine is a nonessential- amino

acid. Phenylalanine must be converted to tyrosine before it
can be used to synthesize catecholamines. This conversion

is catalyzed by phenylal-anine hydroxyJ-ase in the liver.
Tyrosine is converted to dihydroxy-phenylal-anine (DOPA) in a

reaction catalyzed by tyrosine hydroxylase. This conversj-on

'i s cons i dered the initial step in catechol-amine synthesis
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(cooper et al-" 1991)" DopA is decarboxylated to DA by

aromatic-L-amino acid decarboxylase. Dopamine as an end-
product of this synthetic pathway is utiÌized by specific
neurons as a neurotransmitter. rn other neurons, it may be

converted to NE by the action of dopamine-ß-hydroxyrase,

while in stifl- other neurons NE can be N-methyJ_ated to Ep by

phenylethanoramine-N-methyl-transferase. The primary pathway

of catechol-amine synthesis is shown in Figure 2-s. All
three catechoramine neurotransmitters may not function in
the same neuron, the enzyme complement of the neuron

dictates which catechol-amine(s) it wilr produce (cooper et
aI. 1991; Fernstrom, 1990).

Tyrosine hydroxyJ-ation, the initial reaction i-n the
metabolic pathway, is rate-limiting and thought to be the
control- point for catechol-amine synthesis (Fernstrom, L990).

Tyrosine hydroxylase is a mixed-function oxj_dase that uses

molecular oxygien and tyrosine as substrates, and. biopterin
as a cofactor for the synthesis of DOPA. Tyrosine

hydroxylase has multj-pre controls on its activity, incruding
direct end-product inhibition and indirect phosphorylation-
mediated effects (Fernstrom, 1990). rt has a J_ow K_ value

for tyrosine and under normar condition is saturated by the
tissue concentrations of endogenous tyrosine. Therefore,
the influence of tyrosj-ne l-evels on hydroxyJ-ase enzyme

activity has not, been thought physioJ_ogicalJ_y important with
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some exceptions. That is tyrosine l_evel_s can af f ect

catechol-amine synthesis in the brain reg.ion containing high

firing-rate neurons (j-e mesocortical area) or when

catechol-amine neurons are first activated with a drug or a

physioJ-ogicai- challenge such as col-d stress (Fernstrom,

1990). In other words, under special_ized conditions,

avail-ability of tyrosine in the brain can be an important

factor to infl-uence synthesis and the functions of
catechol-amine systems.

In the brain, approximately B0B of DA j_s deaminated and

oxidized forming 3r4-dihydroxyphenylacetj-c acid (DOPAC) by

monoamine oxidase (MAO) and aldehyde dehydrogenase, and 20?

of DA O-methyJ-ated to 3-methoxytyramine by cat,echol_-o-

methyJ-transferase (COMT), then deaminated into 3-methoxy- -
hydroxyphenyl-acetaÌdehyde (Kopin, 1985). fn most species

DOPAC is O-methylated primariJ-y to 3-methoxy-4-hydroxy-

phenylacetic acid (homovanillic acid, HVA), with DOPAC

conjugation with sulphate being onJ-y a minor metabolic

pathway" Around 408 of the HVA is conjugated and the

remainder is el-imi-nated as free acid. The relative
concentrations of DoPAc and HVA and their conjugates differ
among the various brain regions and with species. In rat
brain DOPAC and HVA level-s are simirar and present mainry in
conjugated form. Whereas in other species, free HVA

predominates (Kopin, 1985). These metabol_ites can be
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rel-eased from brain into the circulation possibJ-y through

active acid transport processes. DOPAC or HVA

concentrations in the brain or plasma have been used to
evaluate DA metabolism and functional- activity of

dopaminergic neurons in the brain (Cooper et aL" 1991"

Kopin, 19B5 ) .

The initial pathway for metabol_ism of NE in the brain
and cerebrar-spinal fruid invol-ves MAo catal-yzed oxidative
deamination fol-l-owed by reduction to 3,4-dihydroxyphenyl

(ethylene)-gJ-ycol (DOPEG) and subsequent methyl_ation to 4-

hydroxy-3-methoxyphenyl (ethylene)-glycol (MHpc) (Cooper et
a7. 1997; Kopin, 1985). There are, however, species

differences in the metabol-j-sm of DHpG; in mice the glycoJ_

metabol-ites are almost al-I unconjugated, whereas in rats,
most of the metabolites are present in the conjugated form.

In primates, as in mice, free MHPG appears to be the major

NE metabolite rereased from the brain into the blood (Kopin,

19Bs ) .

Concentration of EP j-n the brain is quite low.

Metabolism of EP in the brain may be simirar in the adrenal-

medulla. rt is possible that brain Ep can be metabol-ized to
MHPG and vanill-yl- manderic acid. The role of conjugation in
EP metabolism has not been adequately defined (Kopin, I9B5).

serotonin: Tryptophan is the precursor for s-HT synthesis.

s-HT synthesis from tryptophan occurs in a twc-step reaction
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sequence v/ith tryptophan first hydroxylated to S-hydroxy-

tryptophan, in a reaction catalyzed by tryptophan

hydroxylase and then decarboxy]-ated to 5-HT (Figure 2-6), in
a reaction mediated by aromatic-L-amino acid decarboxyJ_ase,

the enzyme which also catalyzes the decarboxylation of DopA

to DA (Green, 1989). Tryptophan hydroxyration is considered

as the rate-rimiting step in 5-HT synthesis. According to
enzymatic kinetics study, brain tryptophan hydroxy]_ase is
not saturated at physiological concentration and fluctuation
of brain tryptophan concentration affects 5-HT synthesis
(Carlsson and Lindqvist, 1972; Wurtman et al_. 1980).

Therefore, any factor which al-ters tryptophan level in
plasma or brain can affect s-HT synthesis in the brain.

The primary metabol-ite of 5-HT is S-hydroxyindolein in
the same neuron, the enzyme complement of the

neuronacetaldehyde. This reaction is catalyzed by I,IAO

enzyme, preferentialJ_y by the MAO-A isoenzyme. S-Hydroxy-

indoleacet-aldehyde is oxidized to 5-hydroxyindoJ-eacetic

acid by NAD+-dependent al-dehyde dehydrogenase (Figure 2-6) "

The regionar distribution of 5-HÏAA in the brain is similar
to that of 5-HT, a resul_t of the precursor product

rerationship (Green, 1989). Measurement of S-H]AA in brain
ti-ssue and calcul-ation of the ratio of S-HrAA to s-HT can

provide useful information about functional and metabol-ic

activities of central- serotonergic system.
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Transport of amino acids across the BBB takes place via
specific transport mechanisms (cjedde, ISBB; Skeie et aL.

1990). All of the large neutral amino acid (LNAA) which

incfude aromatj-c amino acids tyrosine and tryptophan, and

branch-chain amino acids alanine, leucine and isol-eucine

share the common transport system (skeie et al-. 1990). This

transport system is normal-ly saturated and LNAA compete for
transport into the brain with each others. The absol_ute

amount of any individual- LNAA entering the brain depends

upon the ratio of this amino acid to the other LNAA rather
than its absolute concentrati-on in the circul_ation (Gjedde,

19BB). An increased ratio of tryptophan to the other LNAA

through diet manipulation or administration of tryptophan

resulted in enhanced 5-HT synthesis (Wurtman et a7. 1980).

rnsulin affects the ratio of tryptophan to the other LNAA in
the plasma by affecting the upt.ake of amino acids by ce11s.

Tryptophan dispJ-ays a different behavior than the other

LNAA. rnsurin promotes the transport of branch-chain amino

acids into cel-Is, but dose not affect cel-l-ular tryptophan

uptake (Fernstrom et a7. L972). Thus, elevated plasma

insul-in increases the ratio of tryptophan to the other LNAA,

increasj-ng the transport of tryptophan into the brain
(Jamnicky e¿ al-" 1991)" Furthermore, tryptophan is bound to
plasma al-bumin at a specific site. The stoichiometry of
this binding was shown to be one mol-ecul-e of tryptophan to
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one of aÌbumin. This property is unj_que to tryptophan; no

other amino acid binds to al-bumin. under norma.l- physì-orogic

condj-tions, about 903 of the total- tryptophan in pJ-asma is
bound to arbumin (skeie et aL. 1990)" rt has been suggested

that on]-y free tryptophan is abl-e to compete with other LNAA

for transport j-nto the brain. The factors such as free
fatty acids which promote dissociation of tryptophan from

albumj-n can resul-t in a increase of tryptophan to enter the

brain (Green, L989; Skeie et al_. 1990).

Physiorogical Funct,ions of cat,echoramínes and serot,onin.

The catechol-amines DA, NE, and Ep are neurotransmj_tters

or hormones in biological system. Norepinephrine is the

principaJ- postgangJ-ionic, sympathetic neurotransmitter in
both peripheral and cNS. Dopamine has biologica]- activity
in peripheral tissues, particuJ_arJ-y in the kidney, and

serves as a neurotransmitter in several- important pathways

in the CNS. Epj-nephrine, a hormone re1eased from the

adrenal- gland stimulates catechoÌamine receptors in a

variety of organs. Small amounts of Ep are al_so found in
the CNS, particuJ-ar1y in the brain stem. However,

information concernj-ng the physiological function of Ep

neurons in the cNS j-s still very rimited, but based on its
distribution in specific brain regions attenti-on has been

directed to their possible role in neuroendocrine mechanisms
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and blood pressure control (Cooper et af" IggI; Weiner and

Molinoff, 1989 ) .

BriefJ-y, functions in which catecholamines may be

invofved in the CNS incl-ude modul-ation of autonomic

activity, cardiovascular function and bl-ood pressure, eating
and sexual behaviors, endocrine secretion, body temperature,

l-ocomotor activity, emesis as wel_l_ as pain. peripherally,

they pfay important rore in regulation of gastrointesti-nal
tract movement, secretion of digestive glands, nutrient
metabol-ism and energy utilization (Green, ]-9B9; Weiner and

Molinoff, I989).

5-HT has an ubiquitous distribution in both central and

peripheral nervous systems. Research has indicated that 5-

HT, as a neurotransmitter in the CNS, is associated with
many physiological functions (Green, 1989). Based on the

pharmacoJ-ogical-, biochemical- and behavior observations,

brain 5-HT invol-ved in feeding behavior regulatj-on and body

weight control- (Leibowitz, I9B2). 5-HT was shown to have an

inhibitory influence on feeding (Beczkowska and Bodnar,

1991-). Administration of 5-HT and its agonist

norfenfluramine into the mediat hypothalamus t oy j_n

hypothal-amic paraventricul-ar nucleus resulted j_n a dose-

dependent suppression of feeding (Leibowitz and Brown,

1980 ), and a decrease in meal size, duration of meals and

rate of eating was observed. Whil_e the latency to meal_
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onset and the frequency of meal-s taken was not effected,
suggesting that endogenous 5-HT may primarily be responsj-ble

for t,he termination of feeding, rather than the ini-tiation
of feeding (Leibowitz and Shor-posner/ 1986). Changed

preference for specific macronutrients after central 5-HT

administration has also been described.

Experimental- evidence supports the rol_e of s-HT in
thermoregulation (Hillegaart, 1991). Increase of 5-HT

concentration in the brain, especialJ-y in the anterior
hypothalamus by peripherally administratj_on of 5-

hydroxytryptophan, or centralJ-y injectj-on of 5-HT to
cerebral fluid or directì-y to anterior hypothal-amus resulted
in hyperthermia. Cool- j-ng induced 5-HT rel-ease f rom the

anterior hypothalamus (Myers | 7973).

5-HT has al-so been associated with modul-ation of immune

function. Admini-stration of 5-HT precursor 5-hydroxy-

tryptophan resul-ted in a depressed state of immunity

(Devoino and Ilyutchenok, 1968). In contrast, the

tryptophan hydroxylase inhibitor, p-chlorophenyJ_alanine, has

been found to have a potentiating effect upon T-cell
dependent response (HalI and Goldstein, 1985). Destruction
of the nidbrain raphe nucl-eus, a 5-HT cel] group, \¡/as

correl-ated with a increase in immune responsiveness (Eremina

and Devoino, L973). Col-lectiveJ-y, these studies suggest

that brain s-HT pJ-ays an inhibitory roJ-e in immune response.
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Elood-tsraín Earríers ånat,omy And Fhysiology.

The brain endothelj-al cefl_s are structural-1y and

functional-Iy different from endothelj-al- celIs in capillaries
of other organs. Structurally, the BBB is a modified tight
epithelium (Crone, L9B6). The nonneural capiJ_1ary wall is
made up of flat endothel-j-al_ celÌs, joined by loose

junctions, with gaps between cel-l-s providing a major route

for exchange of most molecul-es across the waÌl. However, in
the brain continuous tight junctions are present between the

endothel-ial cel-Ìs. These junctions prevent transcapiJ_lary

movement of polar molecul_es varying in size from protein to
j-ons, and there are no transendothel-ial- pathway. Thus,

substance exchanges between bl-ood pl-asma and brain must pass

through these membranes and the cytoplasm of the endothei-ial

cell-. These two membranes and the interposed cytoptasm

constitute the BBB (Oldendorf, 1990). The term BBB implies

a general impermeability, which is not true. Within healthy

adul-t brain, there is a continuous BBB, except for small

regions in the floor of the third ventricl-e and the area

postrema. These regions have capirlaries which structurally
resembl-ing nonneural- capillaries and may provide sites for
brain directly to receive information from circul_atj_on

(Green, L989; Oldendorf, 1990). Furthermore, there is
active substance exchange cross the BBB (Oldendorf, 1990)"

Therefore, the BBB is sel-ectively permeable, and it is



46

selective permeability that functions to control substance

exchanges between the brain and circul-ation and to keep the

brain in a special- environment required for normal CNS

function "

The permeability of the BBB to substances depends upon

lipid soJ-ubility, polarity, moJ-ecular size and existence of
specific transport system on the endothelial cells (Crone,

1986; OJ-dendorf , 1990). Lipid sol_uble compounds such as

ethanol, freeJ-y cross the BBB" The BBB is al-most

impermeabJ-e for hydrophilic and polar molecules, such as

acetylcholine and catecholamines, thereby isol_ating the

brain from plasma neurotransmitters.

Water, because of its sma1l mol-ecul-ar size, readily
enters the brain by diffusj-on. The hal-f-time of the

exchange of brain water varies between 12 and ZS seconds.

Glucose, monocarboxylic acids (L-lactate, pyruvate and

ketone bodies ) , and amino acids have low lipid solubility
but easily enter the brain. The permeabiJ-ity of BBB to
these compounds is mediated by specific transport proteins

in the plasma membranes of the endothel-ial- cell-s comprising

the BBB"

General-ly, the BBB functioning to maintaj-n a unique and

homeostatic envj-ronment f or brain . ol-dendorf ( 19 9 0 ) def ined

the functions of the BBB j-n foll-owing aspects:
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Exclusion of bl-ood-borne toxic substances. Many foreign
substances and endogenous metabolites might find their
way into brain extra cel-l-ul-ar fluid in much g,reater

concentrations than al-l-owed by the BBB. Most of these

will be poJ-ar and not a substrate for any of the BBB

carrier systems. Just as the renal tubule wil-l- not

resorb most foreign substances not needed by the body,

the BBB carries out a similar role in brain.
Protection from systemic neurotransmitters and hormones.

The BBB is quite impermeable to neurotransmitters such

as NE and 5-HT. Sudden bursts of these substances in
plasma will not result in simil-ar bursts in brain extra

cel-luÌar fluid. Similarly, circuJ-ating peptide which

could cause perturbations in brain growth and function
are excluded.

Maintenance of brain eJ-ectrolyte levels. It is possible

that the BBB control- of i-ons to move in or out of the

brain" These processes are essential- for maintaining

substantial ionic gradients exist across the BBB. Some

organj-c anions, such as organic acidic metabolic end

products and iodide, are actively pumped out of brain.
Modul-ation of substrate entry by saturable transport
system. The BBB has several saturable transport systems

which coul-d present the brain with nutrients at a

4)
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rel-ativeJ-y constant rate j-n the presence of shifting
bl-ood plasma levels.

5 ) Chemical barrier of endothel-ial- cell enzymes.

Endothelial cel-l-s contain various active enzyme system.

Passing from blood to brain expose substances to
endothel-ial cel-} cytopJ-asmic enzymes. Chemical_

modification of the substances can prevent them from

penetrating the outer membrane to affect the brain.
AJ-though the BBB has both a physical (impermeability to

hydrophilic substances ) and a metabolic (metabolic enzymes

in the endothelial- cytosol) barriers, which provide an

efficient protective system controlling the passage of
chemicals from the bl-ood into the cerebral tissue (Minn et

al-. I99I) | this barrier can be disturbed by either physical

or chemical factors. Perturbation of the BBB due to
physical stimulation or chemical exposure has been reported

( d'AveIl-a et al- " 1992; Stewart, et al-. l-9BB ) .
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CTÍAPTER 3

EIOGENIC MONOAMII$E COT{CE3g'TRÃTIOATS I}ü' DTSCRETE BRÃTNü Ã,R,EÃ,S OF

RATS TBüTUEÀTED WTT}T STST'GLE LOW DOSES OF T-2 TOKIBS

AESTRÃCT

T-2 toxin is a trichothecene mycotoxin which has been

shown to affect the cNS. only recently have attempts been

made to characterize the neurochemj_cal perturbations

associated with T-2 intoxication. To examine the dose-

dependent effect of I-2 toxin on regional_ brain biogenic

monoamines and serected metaborites, male rats were oralJ-y

dosed with T-2 toxin in corn oil- at 0 . 1, 1 . 0 or 2 .5 mg kg-t

BW. At 2,6 and 10 hrs post dosing, rats !üere killed,
braj-ns \^rere corrected and stored at -B0o until analyzed.

Seven brain nucl-ei, including nucleus raphe magnus,

paraventricul-ar nucl-eus, locus coeruleus, substantia nigra,
medial forebrain bundle, nucJ-eus accumbens and ol_factory

tubercl-e, were extracted for neurochemical_ analysj_s. T-z

toxin treatment increased 5-hydroxy-3-indol-eacetj-c acid and

serotonin throughout the rat brain at 2 hrs post-dosi.g, and

produced a transient increases in norepinephrine in the

nucl-eus raphe magnus and a temporary decrease in the

substantia nigra. No regional_ changes in epinephrine,
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dopamj-ne or dihydroxyphenylacetic acid concentration \^/ere

observed" Few differences vùere observed between treatment,
with the 0. 1 mg kg-1 T-2 toxj_n treatment (22 of the LDro) ,

significantly affecting brain monoamines. It had been

suggested that neurologicar manifestations of T-2 toxin are

the resul-t of brain hypoxi-a, however, the al-tered profi-J-e of
brain monoamines observed at dosages which do not alter
heart function, suggests that T-2 toxin may affect the cNS

directly.

TSqTRODUCTIOs{

Fil-amentous mol-d spores are ubiquitous in nature and

under suitable environmental- conditions in the field or in
storage they germinate and fungaÌ growth occurs. During

this growth process, toxic secondary metabol_ites, known

collectively as mycotoxins, are synthesized and these

natural- fungal products have the potential to disrupt
proteJ-n and nucl-eic acid metabol_ism in man and animals

(Mil-Is, 1990).

The trichothecenes are a group of chemical_ly related
mycotoxins produced by Fusarium mold species endemic to
North American agricurturar products (Abramson et aL. 1987).

Trichothecenes can be potent, with T-2 toxin (3a-hydroxy-

4ß, 15-diacetoxy-Ba- ( 3-methylbutyrloxy ) -L2 ,1 3-epoxy

trichothec-9-ene) being one of the most toxic (ueno, L9g4).

rngestion of r-2 reduces food intake, irritat.es cut,aneous
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and mucous membranes, and is pathogenic in numerous tissues
(Kravchenko et al-, 1986; Uenot !gB4; yarom and yagen, 1986),

disrupts hemopoiesis and the functional integrity of the

cardiovascul-ar, digestive and j-mmunol_ogical_ systems

(Fairhurst et al-" 1987; Friend et a-2. 1983; yarom and yag.en,

1986). Acute T-2 toxicosis is characterized by hemorrhages,

sepsis and cardiopuJ-monary failure (Kravchenko et a7" 1986;

Ueno, L984; Yarom et aL. 1983). The effects of T-2 toxin on

the CNS have recej-ved l-imited attention (Carson and Smith/

1983; Chi et a7. 1977; Martin et a7.1986; Wyatt et al_.

I973). Dj-etary T-2 produces abnormal_ positioning of the

wing, hysteroid seizures, and impaj-red righting reflex in
young chickens, with the j-ncidence of neural symptoms

dependent on the length of exposure Lo T-2 toxin and its
dietary concentration (Wyatt et al-" I973). Acutely dosed

birds became inactive, inappetent and developed diarrhea,
panti-ng and coma (Chi et al-. 1977). In the rat, dietary T-2

depresses feed consumption and body weight (Carson and

Smith, 1-983) " Acutely dosed rats became subdued with a

hunched posture, exhibiting sruggishness with skel-etal-motor

weakness and ataxia of the hind limbs (Fairhurst et al-.

1987). All discernable signs of nervous system \'üere

depressant in nature (Fairhurst et aL. 1gB7). Signs of
neural- intoxication and pathology are observed when
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trichothecenes are centrally administered as brain implants

(Bergmann et aL" 19BB) and when rats h/ere exposed at
intraperitoneaÌ dosages approaching the LDro for T-2 toxin
(Ba1lough et al," 1989 ) "

OnIy recently have attempts been made to characterize
the neurochemicaf mechanisms or sites underlying these

neurobehavioral-, and pathophysiol-ogical- symptoms (Boyd et

al-" 1-9BB; Cavan et al-" 19BB; Chi et al-" 1980; Fi_tzpatrj_ck et

al-" 19BBb; MacDonal-d et aL. 19BB; Weekley et al_. 1989). For

example, in chickens I-2 toxin increases whol-e brain DA,

whil-e reducing NE (Chi et a7. 1980). In rats, MacDonal-d and

coworkers (1988) observed that acute ingestion of T-2 toxin
produced an initial el-evation in whole brain l-evels of the

amino acid tryptophan and 5-HT, foJ-lowed by el-evations in
whol-e brain DA. WeekJ-y et aI (1989) reported that
intraperj-tonear T-2 toxj-n administration el-evated cerebral

and brainstem tryptophan concentrations, but reduced s-HT in
rats. However, Fitzpatrick and coflaborators (19BBb)

observed that the oral administration of T-2 toxin or the

trichothecene DON, increased the concentratj-ons of 5-HT and

its metabolite 5-HIAA, but had minimal- effect on NE and DA

concentrations in the five brain regions analyzed in rats.
In young chickens, however, T-2 toxin and DON increased

regional- S-HIAA without al-tering 5-HT, and decreased

regional- NE and DA concentrations. These observations
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suggest that the trichothecenes' ability to influence
biogenic monoamine metabol-ism may not be species specific.

Therefore, this study was designed to characterize, in
more neurochemical detail the dose related effects of T-2

toxicity on regional metabol-ism of sel-ected brain monoamines

and their metabolites using a micropunch technique for
sampling discrete brain areas.

MåTER,TAT,S A¡{D METHODS

Ãnimals: Sprague-Dawl-ey male rats weighing 140-160 g

\¡/ere obtained from unj-versity of Manitoba breeding facility
in two groups of 60 animals. Atl animals \^/ere housed

separately in galvanized steel- cages and kept on a 14-10

hours light-dark cycle. The room temperature \¡ras maintained

at 2I t 1oC with a relative humidity of 509. Animal_s v¡ere

gi-ven a 5 day acclimatization period during which they h/ere

fed a semi-purified diet and water ad libitum. Use of
experimental- anj-mal-s conformed to the guidelines of the

Canadian Council on Animal- Care"

Treatment,: Following a 5 day adaption perì_od each rat
ü/as assigned, in a counter baÌanced order, to recej_ve one of
the four doses of T-2 toxin (corn oil_ vehicle, 0.1, 1.0 or

2.5 mg T-2 toxin kg-l eW) and, for each dose r âssigned to
one of three sampling interval_s (2, 6 or 10 hrs). On the

day of the experiment diet was removed at 0600 hr for aÌt
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rats. Later, ât 1000 t 7400 or 1800 hr the singÌe dose of T-

2 toxin was administered through esophageal intubation. T-z

toxin (Myco-Lab Co., Chesterfield, Missouri) was dissolved
in 0.5 ml- corn oil- and intubated into the stomach using a

pJ-astic infant feeding tube attached to a syringe.

Fol-l-owing intubation, ât 2000 hr, the rats \¡/ere sacri-ficed

by decapitation, producing the three (2, 6 and 10 hr)
sampling interval-s. Accordingl-y, the depravation time

interpolated between the removal- of the diet and sacrifice
\^/as constant (I4 hrs ) for rats assigned to every dose x

sampJ-ing interval condition.

Tissue Dissect,ion and Freparat,Íon: Rats \¡/ere killed by

decapitation at 2000 h, which resul_ted in sample intervals
of 2t 6 or 10 hrs. The brains v¡ere then immediateJ_y

extracted and frozen in liquid nitrogen and stored at -BO.C

until dissection. All tissue samples \¡rere analyzed within
60 days. The seven brain regions sel-ected for neurochemical

analysis \¡rere the nucl-eus raphe magnus (NRM), paravent-

ricular nucleus of the hypothalamus (pVN), l-ocus coeruleus

(LC), substantia nj-gra (SN), medial forebrain bundl_e (MFB)

at the level- of the hypothalamus, nucleus accumbens (NA) and

olfactory tubercre (or) " These reg.i-ons constitute main cel1

groups or fibre projection systems for NE, DA or 5-HT

(Biorklund et a7. L9S4).
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Brains \^rere transferred a -zooc freezer 20 min prior to
sectioning. A temperature controÌl-ed microtome (Mino, rEC

Equipment Ltd., Needham Heights, Massachusetts) set at -BoC,

v/as used to sl-ice the ti-ssue. Brain \¡/ere sl-iced into 0"5 mm

sections and placed on glass sl-ides " When the sectioning

approached regions containing the specific nuclei, 20 pm

sections \^/ere cut and brain slices were temporariJ_y stored

at -20oC prior to dissecting the nuclei. The procedure for
tissue mj-crodissection, extraction and preparation for
analysis fol-rows that described by palkovits and Brownstein

(1988). Visual- identification of the relevant nucl_ei and

pathways was done under a dissecting microscope. Dissection
\^/as perf ormed with stainl-ess steel trochars, 0 .5-1 .5 mm

diameters or a scalpeJ- depending on the region being

dissected. Braj-n sl-j-ces v/ere hel-d on a cold pJ-ate (FJ_exi-

cool-, FTS Systems fnc., Stone Ridge, New york) precool-ed to

-10'C during dissection. A trocar with a diameter smal_ler

than nucleus, \^/as used to isolate the nucl_eus . The pelJ_ets

punched from the brain sections h/ere placed into 1 " 5 ml

centrifuge tubes that contaj-ned 0.5 mI of 0.1 N perchloric
acid buffer sol-ution with 50 ¡.rM EDTA (Mallinckrodt fnc.,
Paris, Kentucky). Sample preparations \^rere performed at
1-4oC. The tissue pellets \^rere homogeni_zed with a

micropestl-e. Homogenate was centrj-fuged at 16r000 x g for
30 min (Eppendorf Microcentrifuge 54L4, Brinkmann, Westbury,
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New York) and the supernatant filtered through 0"4s ¡:m nylon

filter (MSr/ westboro, Massachusetts). The supernatant was

analyzed for NE, EP, DA, DOPAC, 5-HT and S-HIAA. The

supernatant of OT and AN were diluted 5 times using 0.1 N

perchJ-oric acid buffer prior to analysis. protein

concentrations of tissue homogenate were determined

according to Lowry et al-. (1951) and the concentrations of
monoamines were expressed as ng mg-r protei_n.

HPLC Analysís: Catechol- standards and 3,4-

dihydroxybenzyJ-amine hydrobromide, the internal standard,

hrere obtained from sigma chemical- co. (st. Louis, Missouri).
sol-vents \^/ere HPLC grade; other chemicals v/ere reagent grade

and were obtaj-ned from Fisher scientific (ottawa, ontario).
High-performance liquid chromatography was performed using a

Beckman Model- 116M Solvent Delivery Module liquid
chromatograph (Boyd et a7" 1988). The analytical- col-umn was

an Ultrasphere IP, C,u column (250 x 4.6 mm ID, 5 ¡.¿m particJ-e

size) (Beckman Toronto, Ontario). A precolumn was used to
protect the column. Electrochemical- detection was

accomplished usi-ng an EAS Coul-ochem detector, model- 5100A

(Bedford, Massachusetts). The catechols \¡/ere oxidized and

reduced at the applied potential-s of +0.25, +0.1 and -0.45 v
(60 x 10) using a porous graphite electrode.

The mobile phase was a modification of the buffer used

by Martin et aL (1983) consisting of 75 mM sodium phosphate
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and 7"064 mM of octane sulphonate (Eastman Kodak Co.,

Rochester, New York) as an ion-pair reagent, 50 ¡:M EDTA and

11 .53 acetonitrile (Ma1J_inckrodt fnc. , paris, Kentucky) .

The mobil-e sol-ution \,,¡as adjusted to a f inar pH of 3 "2s using
phosphoric acid. The fl_ow rate was maintained at 1.0 ml_

min-l.

St,at,ístícal Analysis: For each of the sampJ_ed brain
area, monoamine and metabol-ite concentrations v/ere anal-yzed

with a 4 x 3 (Dose x sampling rnterval) factorial- analyses

of varj-ance (ANovAs). Linear contrasts (sAS rnstitute rNC. )

yieJ-ded comparisons on main effects, interactions, or a

pri-ori hypotheses. An overall- alpha level_ of p < 0.05 was

set for statistical comparisons.

RESULTS

T-2 toxin affected s-HT concentrations in six of seven

brain regions examined (TabJ-e 3-1). Toxin intubat,ed rats
exhibited greater overal-l mean 5-HT concentrations in the

NRM, LC, MFB and NA regions than did vehicl-e treated
controls. This effect was transient. That is, s-HT

concentrations v/ere greater in T-2 treated animars than

control-s 2 and 6 hrs post dosing, with significant
differences observed for NRM, LC, SN and NA 2 hrs post

dosing, MFB and PVN 6 hrs post dosing, howeverr Do

differences observed at the 10 hr sampJ_ing interval.
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Table 3-1" 5-'r:1 concece=ã.Èlons in disc=ece brain ragicos of 1-2 toxir. i¡.È,:.baE.ec rats
Regioo Sar¡:ling

(hr)

Vei:ic ! e
conÈ:cI

,.ox!n È=ea!:!ene (rôç kg-, Þw)

0.1 1.0 2-S
1-ô t ÞñðF t

¡lea¡s*
lfÂ.M n

b

10

¡{eåns

5 .9 : O.6a
5.7 * O.5a
5.9 - 0.4

-^a:-ð

6.5 : o.4a¡ 8,3 : o.4c z.B : o-gbc 7.52
7.3 + o.sb 6.6: o.4ab 6.6 * o-7ab 6-8
7.2 ! 0-6 6.4 ! 0.5 6.4 È 0.4 6.7

7. ob z. 1b 6 .9b
¿

6

10

HeanE

8.2 : O-44
7.9 : 0-3
7.2 ! O.S

-^a

g.7. o.6aÈ 10.s: o.4b lo.2 r 1-3b 9.8*
8,6 r 0.7 7.8 ! 0.5 9.2 É 0.6 8.5
8.7 + 0.8 8.0 :0.8 8.1 : 0.5 8.3

8. 7ab g.8ab 9 . zb
SN I

6

10

12.8 : 0.6trt
13.7 i 0.7 r ff
15,1- : t.0";;'

13 .9

14.3 + o.6ab 1s.9 ! o.sb r+.ò =ã.iE r+.2"
14.5:0.6 13.5 ! 0.9 13-9: O_5 14-O
1s.2 å l.oab 13.0: o.6abc !2.i ! o.7c 1J.6

L4 .7 13.5
VFP 1

10

¡{eans

8.6 È O.6a
7.6 - O.6a
8.5 = 0-4

8.24

B.g * o.7a lo.5 r o.6b 9.6 - o.6ab 9.7
9.6 * o-sb B.s È o.ss 9.3 = o.7b 9.2*
9.7 ! 0.6 9.1 ! 0.4 8.4 - 0.3 9.1

9, 4b 9. Sb 9 . 1ai¡

z

10

Means 9.8

9.2 - o.8er 9.5 a o.ga
9.0 * o.r"i,r= 11.6 * o.7b

11.2 : 0.4 li 10,4 : 0.8

12.4: c-95 10.6 - o.g3è 10.B
9.7 i o.6ab 12.3:1.Ib LL-2þ
9.8 :0.5 9.4 - O.7 9.9

10.5 10.810.5

2

6

10

: ¡ * a ¡å

4.3 - 0.4
4.0 : 0.3

4.0 I O .4a
4.8 ! 0.5
4.2 + O.3

. -abq.J

5.0 : O.4b
ÉAt^C

3.8 ! 0.3

4. S-

4.3 . o. sal] 4.4*
4.1 : 0.2 4.9
4.8 r 0.3 4-2

OT 1

6

10

Heans

6l-^,

8.2 - 0.5
>.u : u.b

oo

8.8 I 0.7
8.1 r 0.3
ot.ñ3

9.5 :0.5
9.! ! 0.7
8,0 10.5

8.9

9.5 * O,7
9.2 ! O.4
8.8 : 0.4

ôt

a?
oo

a-7

Val-ueg a-e exrressed in ng rng't procein and, represerlts Èhe mean : H.SE cf eighc,
anlna!s,
Meang witshin row designated wilh diÍfe:enÈ letier sucerscript a-re significanÈIlt
dif,Ée:enc, Þ < o.05.
# Re-oresents t'he mean of 24 ani*ralg.
i Heån tseaEiilen: value signlficanÈly differenÈ frcm vehicle coairol wa:.ue,

p < 0.05.
t Heans contro! valueg wiEh d!Éfa=enE numerlcal subsc;ipt, are significantly

¡iF:óÉôâL Þ ¿ 
^ ^c



59

Differences in 5-HT concentrations \¡¡ere observed between T-z

toxin treatment groups" In general, 5-HT concentrations

\^Iere greater at the 2 hr sampJ-e interval- in animal-s treated
with 1"0 or 2"5 mg T-2 toxin kg-l bw, than rats treated with
the lower dosage.

Relative to the vehicle treated controls, T-2 toxin
treated animal-s dispJ-ayed severa.l- instances where greater

mean concentrations of S-HIAA in the NRM, MFB and PVN

occurred (TabJ-e 3-2). S-HIAA concentrations in T-2 treated
rats were significantJ-y greater in the NRM and MFB 2 lnrs

post dosing, whil-e SN 5-HIAÀ l-evel-s appeared to decrease 6

and 10 when compared to control vafues. Few differences

\^/ere observed between treatment groups, and no changes 5-

HIAA concentrations were observed in the AN or OT.

With the exception of the LC regional DA concentrations

for the 6 hr sampJ-ing interval , T-2 toxin treatment dj_d not

af f ect DA ( TabJ-e 3-3 ) . Regional- DOPAC concentrations were

affected by f-2 toxj-n treatment, with increased DOPAC

concentrations observed in the LC, MFB and PVN, and

decreased DOPAC in the OT 6 and 10 hrs post dosing (Table

3-4) 
"

Norepinephrine concentrations in the NRM, LC and MFB

were affected by T-2 toxin, with NE concentrations greater

in toxin treated animals in the NRM and LC at 2 and 6 hrs

post dosing, respectively, whiJ-e for the MFB, mean treatment
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lebte 3-2. 5-=I.\À cóncent,raÈiocs in dlsc=eÈe Þrail1 reg!oné of 1-2 Èoxin i¡rÈr:baÈed traÈ

Region SaIIlPling
of, fnter¡al

Brain (h¡)

vehlcle T-2 Èox!n, Ëreatserit (Ing kg'' bçr)
cÕ nÈro L

0.1 1.0
îFê â lFâ ñÈ

Hean.s#

ñv ',

o

10

Heans

9.1 r o.sa 1o.o - o.7ab 12.1 È o.gb
9.5 + 0.5 11.5 ! 0.6 9.5 à 0.5
9.2 ! 0.5 10.0 ! 0.7 10.2 È 0.7

9.4a lo. sai¡ 11.2b

1o.o: o.Sab 10-70
10.1 + 0.5 10.4
11.5 ! 1.1 10.6

h
L7 -2"

Lg 2

o

10

Heans

4.2 ! o.7
8.7 ! 0.6
7. O + O.6a

8.0

9.7 ! O.4 9-0 È 0.6
8.1 + 0.5 7.5 ! 0.6
7,s ! o.7ab 8.3 ! o.gait

8.4 7 .A

8.1 r 0.9
7.5 + 0.3
9.2 È O.8b

8.3

8.9

2

b

10

Meang

7.4 ! O.4
8.4 ! O. 5a
8.3 t O-44

8.0

I .0 : o.4 8.5 - 0.3
7.9: O.3ab 7.0 È O-5b
8.6 r O-34 8.1 ¿ O.6ab

Ô5 7-9

a1+^tr?o

8.1 r o.zab 7.7
7.1 ! O.2b 7-g

/.5

v=Þ a

6

10

Mea¡1s

s.B ! o.Ba
at¡il

qa5^o

f.:

5.7 ! O.1a
6,1 r 0.7
6.3 È 0.7

- ^a-bo.u

6.3 r o.7ab 7-o ! L.zb
6.8 ! 0.8 6.4 : 0.5
6.5 + 1.1 6.1 + 1.3

--b --bÞ.: o.f

ê1

6.4
6.3

PI¡N ¿

Þ

10

Means

6.4 È 0.5
6.2 + 0.5
6.9 + 0,5

oe-1À

6.4 - 0.5
6.3 i 0.6

- .ab

6.9 ! 0.5
rr¿tt

7.6 ! 0.5

- -abLJ

8.0 : 0.7
.ALAO

a1*1ô

7.8
7-O
7-3

AN 2

b

10

Ueans

+.2 ! O.3
5.0 ! 0.4
4.9 . 0.4

4.1

4.6 : 0.3
4.2 = O.2
4.8 : 0.4

4-5

5.0 + 0.6
4.8 r 0,6
5.0 : 0.3

4.9

^cL^aÉ^¡^¡
6.0 ! 0.7

Ét

5.3

2

6

10

Means

tt¡n?

2.4 : 0.3
1e+^a

3-0

aô¡ña

2,5 : 0.3
2.4 ! O.3

2-6

to+^1

2.4 - O.3
z.: = u.+

¿.ó

2.7 ! O.!
1a'ñt
îo¡^1

2.A

1A

¿.ë

values a=e expressed in ng mg-l proÈein and regresenÈs the mean' t HsE o.f eight
animals.
¡{e¿ns wiËhin row Ceslgna:ed wi-.h dif,ferenÈ let--e. supersc=ipt are significantly
dlfferent, p < 0.05.
# Regresents the mean o!- 24 ani-nals.
* Mean t=ealme|1È val-ue sign.i-Í!-cantsly dí f f,erenè from vehicle conE.rcI value,

p < 0.05.
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Table 3-1. DÀ ccncentsallons in dlsc=ete brai-n reglonà oE r-2 toxln intubated rats

ccrnÈ ro I

1-2 Èoxln UreacmenÈ 1mg kg-t bw¡Regi-on sampling
of Iflce57a!

Braj-n ( hr ) 0.1 1.0 2.5
lreat-EeE.Ë
Me.a¡rs#

NR.¡{ )
6

10

¡fe¿ng

^ ¡^ ¡ ^ ^¡
0.55 r 0.08
0.65 È 0.27

0.55

0.52 ! 0.04
0.64 ! 0.07
0.7! r 0.10

0.62

0.5ó r O.04
0.6! + 0.07
0.47 i O.O3

0.56

0.63 + 0.08 0.57
o-?2 i 0.11 0.66
0.45 ! 0.04 0.54

o.60

!g a

ê

10

Meang

1.3 å 0.2
!-2 ! O.2a
1<¡ôt

1.4

r.7 2 0.2
ah

2 .0 + 0.4*
1.4 È 0.3

1.8 r O-3
2 .1 ! O,sb
1.4. ! 0 .2

1-8

1.8 I 0.4
1,? I o.2ab
1.5 r 0.3

11

1Q

1 0*

1Â

SN

6

10

r!.9 ¡ ¡-¿

!2-8 + L.7
11.3 + 0.5

11 0

rt l ¡ 1 t

10.5 . 1.0
13 .0 ! 0.9

II.5

1L. 1 ¿ 0.7
11,4 ! 0.9
J-U.5 = l.. U

11 .0

L¿-¿ = U.t

!2.4 ! r.2
9.8 ì 0.8

11 q

11. s

11.4
11.1

'GÊ
.)

6

10

2.1 ! 0.3
to+nt

1.9 : 0.2

2.O

lo¡ôl

.ALA'z.* : 9..

a 1+^)

2.L

2.O ! O.2
2-3 ! O.2
1ô¡n1

.t1

alt^a

2.3 ! O-2
lt+n?

at

a1

,a
a1

P!1{ a

b

10

7.A a O.7
7.4 X O.9
8.r ! 0.7

8.8 È 0.9
ôô¡ôQ

9.1 I 0.9

9.0

9.3 ! O-9
ôo+1Á

'6.8 ! 0.7
oo

9.6 ! 1.3
8.7 : 1.4

9.0

8.9
9.5
é.¿

NÀ a

6

10

64.1 ! 2.3
73 .4 ! 6.4
<a a + 1 L

68.3

64.0 ! 4,7
,/u.ö : 5.o

64.9

76.3 ! 4.2
63-2 ! 5-7
aa a t a A

69.1

67.5 + 6.6
/1. / : Þ.r
67-9 ! 3.0

69.3

6/.5

¿

b

10

74-4 ! 3.O
aãa+)L

75.6 :3.5

lz-z ¿ t.a
ro t + ? q

79.5 I 4.5

/o.b

77.4 . 5-4
73.L ! 4 -7
?0.3 r 4.5

73.6

aa 1 ¿ À 1

tt-6 = ê.¿

70.2 ! 4.3

75 .0

/5-b
/Þ.J
73 .3

Values a.re expËessed in ng mg't protain and. representss Èhe mean È HSE of elghÈ

ani-rnals.

¡feans wit,hin rcw d.esiEûated wir-h dlffe=ent leÈÈer suPe:scíigc a:e slg'ßif,icantly
differents, p < 0.05.

t RegresenÈs the mean of 24 animals'

Þ ¡tean treatfleßt value signiÍicanEly differene f,rom vehlcle cont¡ol value'
Þ < 0.05
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Îaàle 3-4. DoPAc ccncent:ations in dlsc:eÈe brain regions of T-2 toxln intubated. raÈs

Region
of

Brain

SamoI.i-ng
Interqal

Vehic Ie T-2 toxin treat¡ent ¡mg kg-t bw¡

0.1 1.0
lreaeúec,È.

l{eans*
LC a

b

Means

2.7 ! O.6
1.7 : O.2a
1.9 I 0,4

11

2.6 ! 0-5
2 .9 ! 0.6@
.1L^A
¿.J : V.9

¿.6

3.4 r 0.4 2.A t O-7
2-6 ! o-24¡ 3-2 I o.sb
2.4 t 0.6 2.4 + O-S

na 2.4

2-9
t oÉ

2-4

a

b

10

Heans

to¡^t

2.8 a 0.3
to+^a

z.t

3.0 ! 0.4
to¡^t
aat^a

3.O

3.0 i 0.2
2.9 ! O.2
2.6 ! 0.3

2.4

3.0 ! 0.1
3.0 ! 0.3
ta+^1

ta

3.0
¿.)
2.7

¿

b

10

Heans

^ô¡^1

0.6 + o, la
0.5 ! 0.1

o-64

0.7 : 0.1
1.4 : O ,4b
0.6 r 0.1

h

^ 
ôr

0.6 ! 0.1
0.8 r o. la
0.5 È 0,L

o.7ab

0.5 J 0.1
0.7 * o.1a
^t¡Ârv., ¿ v.!

o. 6a

0,6

0.6

F\nf 2

6

10

HeanE

¿.9 = U. t
2.0 : O.3a
1.8 : O.3a

2.O

2.0 ! 0.6
1.8 r O.2a
3.0 r 1.Ob

aa

1at^a

2 .0 : O.5a
3,1 r 0.8b

¿.5

1,6 + 0.3
3.9 ! 1.Ob
3.2 È 1.Ob

ta

2.O
2.6
3.1È

NÀ )

1ô

Hears

19 .2 ! 1.6

1q 
^ 

+ I e

19 .0

1¿ 1 L a a

10 t ¿ I e

10 a

20 .4 ! L.4
L7 -7 ! !.2
11 Ê L 1 1

18. 6

1a a + 1 Ê lo t

19.4 È 1.5 !8.7
L1 .L ! L-2 17.9

13.1
)
6

10

Means 12.14 10. 7ab

I0.7 - 0.4 ., 9.9 : 0.9
13.3 = t.."; 11.2 - o-Bab
12.3 * 1.0 r,ri 10.9 ! 1.0

11.3 + 0.9 10.9 + 1.0 lo .7
10.s ! t.ob 11-3: o.6eb 1t.o*
9.9.0.5 10.5 r 0.5 10.4

10.5b 10.9aÈ

values are expressed in ng arg-l proEein anc reoresents the mean i HsE of, eighêaninals.

Heans within row CeslgnaÈ,ed çr!Èh Ci:-ferent letier Euperscr!-Þi are signlficanÈJ_y
di.€f erent, o < O. 05,

# Representss the mea¡r of 24 an:_-foal_s.

* Mean treat¡ile3c value sí-Enir-!-cantly d!.€rerent, froo vehicle control ,ru.r,r",
P < 0,05.

I Means ccntsol values wich d,iÉferent numericaL subsc;i¡lt are significanÈIydifr-e:=nÈ, F < O.Os
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NE concentrations were greater that control- values (Table 3-

5 ) . SN NE concentratj-ons \^/ere lower ín T-2 toxin treated
rats than vehicÌe treated controls, however, the decrease in
NE observed at the 2 hr sampling intervaÌ was not detected

at the 6 and 10 hrs post dosing" None of the T-2 toxin
doses significantl-y i-nfl-uenced NE concentrations in the PVN,

NA and OT nuc]ei. No dif f erences in EP l-evel- in the PVN or

MFB (Table 3-6), and the EP concentration was insufficient
for quantitative anal-ysis in the other nuclei examined.

Drscussrosü

These resul-ts indicate that a single intubation of T-z

toxin disrupts the metabolism of the indoteamines,

increasing S-HIAA and 5-HT concentratj-ons increased

throughout the rat brain" A transient increase in NE in the

NRM and SN, but no alteration in DA or DOPAC concentrations

\^/as observed, suggesting that j-n rats the dopaminergic and

noradrenergic systems appear l-ess sensitive to the effects
of I-2 toxin than the indoleamine system. These data are

consistent with previous reports (Boyd et aI" 19BB;

Fitzpatrick et a7.19BBb), that single oral doses of 2"5 mg

kg-t BW of T-2 toxin or DON resulted in increased S-HIAA and

5-HT in the pons and medulla, cerebellum, hypothalamus,

hippocampus and cerebral cortex, but produces few effects on

the catechol-amine systems " Our observation that T-2

treatments of 0.1 mg kg-l BW affect brain monoamine
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lable 3-6. EP cor:.ce!:.Èrations in disc=eÈe braia regions oE !-2 toxin incubated raÈs

Region Samp!ing
o f I!'t e¡-zal-

Brain (hr)

Vehicle
cont.Eol

1-2 Èoxrn treaÈ.ment lmg lcg 1 nr.r¡

0.1 1-0
TreatEent

a
6

10

Heans

1.86 t 0.48
t:72 !, O.70
1.50 + 0.50

1.69

1.78 + 0-54
1.57 È 0.84
1.30 ! 0.27

1.55

1.82 + 0.64 1.95 r 0.61 1.85
1.26 r 0.39 1-32 + O.81 1.3S
1.24 å 0.52 0.09 r O-22 0-s8

I-44 t.t2
z
b

10

o.49 + 0.09
o-36 ! 0.10
o.34 r 0.06

0.39

0.42 + 0-07
0,40 r 0.09
0.36 ! 0.08

0.39

0,43 * 0.11 o.42 ! O.08 0.42
0.28 r 0.07 0.36 + O.09 0.35
0.27 i 0.08 0.15 i 0.o5 0.26

0 .33 0 .31Mearts

Means r.rithin row designated with diffe=ent letter superscript are sig:nif,icajrtly
different, p < 0.05.

f Re¡lresents t'he nean oÉ 24 anL.nals.
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demonstrates that these effects can be obtained at
considerably lower doses.

The effect of I-Z toxin on brain monoami_nes and the

resul-ting neurochemical- imbalance, may contribute to the

physiological and behavioraÌ manifest.ation of trichothecene

intoxication. For example, the regulation of ingesti-ve

behavior depends, in part, upon the reciprocal relationship
between PVN 5-HT and NEr ên increase in NE stimulating
feeding behavior, whiJ-e increases j-n 5-HT suppressing

feeding (Leibowitz, 1980) .

Satiation is modulated by both central- and peripheral

mechanisms (Carruba et al-. 1986) " NRM, a large caudal-

serotonergic cel-l- group, projects down the spinal- col-umn

influencing the pregangleonj-c activation of the sympathetic

nervous system (Baum and Shrophj_re, L975). According:-y,

disrupted NRM S-HT metabolism may influence food intake by

altering hormone secretion, peristal-tic contractions or

thermal- energetics. Therefore, increased 5-HT in the pVN

and the NRM observed in I-2 toxin treated rats provi-des a

neurochemical expJ-anation for decreased feed consumption

associated with trichothecene j-ntoxication (Ueno, 7984).

The MFB provides a path\^ray for the fibers from dorsal_

and medial raphes, two serotonin-containing nucl-ei l-ocated

in the midbrain and projecting to most areas of the

forebrain (Steinbusch, 1984). Therefore, a 5-HT increase in
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MFB may be amprified through their effect on other brain
regions to alter peripheral organ function and. account for
the behavioraÌ disturbances observed in T-2 toxi-n treated
animals.

fn rats the neurochemical effects of trichothecenes,

incruding r-2, have been rel-ated to cardiac j-nsuffj-ciency

induced systemic hypoxia (Ballough et aI. 1989; Martin et
al-. 1986a,b) . For exampfe, Ballough et al_ ( 1989 ) observed a

dose-dependent decrease j-n systoric bl-ood pressure. However

the lower dosages of T-2 toxin ( 0.45 and 0.68 mg kg-i BW

i.p. ) which produced only moderate hypotension, \^ras as

effective or more effective in induci_ng a supraoptic-
magnoceJ-l-ul-ar cytopathogenesis than the highest dosages

(1.35 mg kg-l BW by i.p. ). The effects observed in the

present study \^rere obtained at dosages as l_ow as 0.1 mg kg-l

BW (22 of the LDro value) (Ueno I L9B4) | a dosage far too

modest to al-ter myocardi-al function (yarom et a7. 1983;

Yarom and Yagen 1986). Additional-J-y, the observation that
DoN, a trichothecene with neg]igible cardiovascul-ar effects,
but alters brain monoamine metaboJ_ism, suggests a primary

central- site of trichothecene action (Fitzpatrick et a_2.

19BBb). CoIl-ectively, these observations strongly suggest

that the trichothecenes effect on the CNS is not

hemodynamically mediated.
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The fact that trichothecene mycotoxins are potent

inhibitors of protein and nucleic acid synthesis (Ueno,

I9B4) | suggests that DON and T-2 may influence brain
biogenic monoamine concentration by directly inhibiting
protein synthesis (Chi et aL. 1gB0). Therefore, increased

concentration of s-HT in animal-s dosed with DoN or \-z toxin
may reflect an effect of these mycotoxJ-ns on the synthesis

of MAO, the enzyme required for the metabol_j_c breakdown of
5-HT. However, the observed increase in S-HIAA and the l_ack

of effect on the catecholamine transmitters which are al_so

inactivated by MAO (Fernstrom, 1990), does not support the

suggestion that trichothecene toxicity is due to a direct
inhibition of protein synthesis (Chi et al-. 1980).

T-2 toxin is pathogenic to the vascul-ar system, causing

dilation and swelling of microvessels, damage to the plasma

membrane, and tearing of the blood vessel waII (yarom and

Yagen, 1986). Therefore, T-2 toxin coul_d compromise the

endothel-iaÌ cel-l-s j-n the capillaries of the blood brain
barrier and al-ter amino acid transport into the brain.
Increased concentrations of tryptophan (Cavan et al_" 19BB;

vrleekJ-ey et aL. 1989) and tyrosine (weekrey et al-" 1989) have

been observed in the brain of T-2 toxin treated rats.
Dopamj-ne and NE share precursors and biosynthetic

pathway (Nagatsu I I973) " Tyrosine hydroxylase, the rate-
limiting enzyme f or catechol-amine biosynthesis, has muJ-tiple
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controfs on its activity, including end-product inhibition
and is generalJ-y insensitive to the infl-uence of tyrosine
concentration (Gessa , 7974¡ Fernstrom, 1gg0 ) . Ho\¡/ever,

kinetic studies indicate that tryptophan hydroxylase, the

rate rimiting enzyme in 5-HT synthesis, is not saturated at
a physioJ-ogical concentrati-on of tryptophan (Fernstrom,

1990). Accordingly, 5-HT synthesi_s depends on the brain
precursor concentration, while DA and NE biosynthesj-s are

not responsive to precursor concentrations. Therefore,

increased brain 5-HT and S-HIAA may be a reflection of
increased concentration of precursors, and. explain the

observation that trichothecenes affect the indoleamj-nes,

while the dopaminergic and catechol-amine systems are l-ess

sensitive to the effects of T-2 toxj-n (Boyd et aL. 19BB;

Fitzpatrick et aI" 19BBb).
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CHJåPTER. 4

EFFECT OF DTETåRY T-2 TOXTBT ON BTOGEßTTC MONq'OAMTBqES TÞq'

DISCR,ETE AREÃS OF RÃT BRÃT3g'

AESTRACT

Physi-ological- manifestations of T-Z toxicosis may be

explained, in part, by the effect of trichothecenes on the

CNS. Acute T-2 toxj_n treatments alter brain biogenic

monoamine concentrations, however, these perturbations have

not been welr documented or demonstrated in feeding trj-aÌs.
To examine the effect of dietary T-2 toxin on regiona] brain
biogenic monoamj-nes and their metabolites, male rats (r7s g)

\^/ere fed a semi-synthetic diet containing Ot 2.5 or l_0 ppm

T-2 toxin for either 7 or 14 days. Whole braj-ns \^rere

collected, stored at -B0oC until_ sectioning and

micropunching, and four brain nuclei \^/ere analyzed by high

performance liquid chromatography, using erectrochemical

detection. A reduction in feed consumption, body weight

gain and feed efficiency \,vas observed. These effects \¡/ere

transient and tj-ssue necrosis was not observed, therefore,
the notion that trichothecene induced feed refusar- was due

to irritation of the oral cavity was not supported. T-z

toxin affected brain biogenic monoamine concentrations.

Nucl-eus raphe magnus' 5-HT, S-HIAA and NE increased in a
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dose dependent manner, and a transient j-ncrease in DA was

observed. rn the sN, animals fed 10 ppm T-2 had increased

EP after 7 days, and decreased NE after 14 days, when

compared to controls" pVN and MFB bundle dihydroxy-
phenyj-acetic acid concentrations \¡/ere l-ower in T-2 toxin
treated rats than control- animal-s. The observed ef f ects of
T-2 toxj-n on brain monoamines and the resul-ting
neurochemj-cal- imbal-ance may account for the physiotogicar

manifestation of trichothecene intoxication.

ÏhTTRODUCTIONT

T-2 toxin is an natural_ly occurring trichothecene
mycotoxin synthesized by various Fusarium molds (Ueno,

1986). T-2 toxin is endemic to western canada (Abramson et
aL" I9B1; MiJ-ls, 1990; Puls and Greenv/ay I I97 6) . It is one

of the most potent trichothecenes. The ingestion of T-2

toxin contamj-nated grain and grain products resul_ts in
serious mycotoxicosis in man and animals (Bhat et al-. 1989;

Pul-s and Green\n/ay, 1916).

T-2 toxicosj-s j_s a multisystem disorder
(Khachatourians, 1990ì Ueno, 1986). Ingestion of T-z

reduces food intake, irritates cutaneous and mucous

membranes, and is pathogenic in numerous tissues (Kravchenko

et al-. 1986). T-2 toxin interfere with hemopoiesis and

disrupts the functional- integrity of the cardiovascular,
d-igestive and immunologicar systems (Fairhurst et aL. L9B7;
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Friend et al-. 1983). Acute T-2 toxicosis is characterízed,

by hemorrhages, sepsis and card_i_opulmonary fail_ure

(Kravchenko et al-" 1986; yarom et al_. 1983; Ueno, 1986).

NeuroJ-ogj-cal- dysfunction, including impaired motor, sensory,

and autonomic nervous system functionj-ng (Bergmann et al.
19BB; Lorenzana et al.1985; Wyatt et al_. 1973) as well as

changed feeding behavior (WeJ_Iman et a7. 1989) are

manifestations of trichothecene intoxi-cation.
The effects of trichothecenes on the cNS have received

limited attention and while I-2 toxin al-ters neuro-

transmj-tter concentrations j-n chicks, rats and swine, the

mechanism of trichothecene action is stirl- unknown (preJ-usky

et al-. 1992; also see chapter 3 ) . In poultry, Chi and

coworkers (1981) reported that with T-2 toxin intubation
whole brain catechol-amj-nes \^/ere affected, with DA

concentration significantJ-y increased, whereas brain NE was

reduced" rn subsequent studies, intubation of T-2 toxin or
the DoN, a trichothecene which affects the cNS (Huff et ar.
1981 ), did not affect whol-e brain concentrations of
monoamines, however, when brains \^rere dissected into five
brain regions, i-ncreased 5-HT, S-HTAA and decreased regionaJ-

NE and DA concentrations \^/ere observed (Boyd et al. 1988;

Fitzpatrick et al-. 19BBb). rn rats, MacDonald et aL. (1998)

observed that intubation of T-2 toxin caused an initial
increases in whol-e brain tryptophan and 5-HT, folJ-owed by an
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increase in DA" weekrey and coworkers ( 19Bg ) reported that
intraperitoneal- T-Z toxin administration increased. cerebral-

and brain stem tryptophan, but reduced 5-HT in rats.
Howeverr we observed that T-2 toxin or DON intubation
e]evated regional concentrations of the indol-eamines / 5-HT

and S-HIAA in al-l brain regions examined, whereas NE and DA

l-evel-s were not significantly altered (Boyd et a7. 19BB;

Fitzpatrick et aL. 19BBb). Simil-ar resul-ts r¡/ere observed

when a micropunch technique \^/as used to isolate discrete
brain areas of rats intubated with T-2 toxin (chapter 3).

fn swine, acute intravenous administration of DON elevated

NE and depressed DA concentratj-ons in the hypothaJ_amus,

cerebel-l-um and frontal- cortex, but had few effects on the

i-ndofeamines (Prelusky et al-. 1992). preJ-usky suggested

that changes in brain monoamine concentration in
trichothecene treated animal-s, depends upon the toxin and

species invol-ved. However, given the limited number of

experiments conducted, the pJ-ethora of experimental- designs

and anal-ytical- techniques empJ-oyed, the lack of consensus on

the central- effects of trichothecenes is understandable.

Therefore, this study was desj_gned to characterize, in
more neurochemical- detail the effects of dietary T-2 toxin
on regii-onal- metabol-ism of sel-ected brain monoamines and

their metabol-j-tes using a micropunch technique for sampling

discrete brain areas.
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MPÀTER.IAÏ,S A3üD METHODS

Animals and maÍnt,enance: Sixty Sprague-Dawl_ey mal_e

rats weighing 160-185 g v¡ere purchased from the universiLy
of Manitoba central- breeding facitity. All animar-s \^/ere

hosed separately in gal-vanized steet cages and kept on a 14-

10 hours light-dark cycle. The room temperature \^ras

maintained at 2L + 1oC with a relative humidity of 509"

Animal-s \^/ere given a 2-day accl-imatization during which they

v/ere fed the standard semi-synthetj_c diet (Tab1e 4-I),
formulated according to National Academy of Sciences-

National Research council guiderines (1978). Animal-s \¡/ere

randomly assigned to treatment groups, with 10 animals per

group and fed the standard diet cont.aining 0, 2.5 or 10 ppm

I-2 toxj-n for 7 or 14 days. Use of experimental_ animal_s

confirmed to the guidelines of the Canadian Council on

animal care.

Tissue dissection and preparat,ion: Upon decapitation,
brains were immediateì-y extracted and frozen j_n J-iquid

nitrogen and stored at -B0oC until sectioned and

micropunched. A1l tissue sampJ-es were analyzed within 3o

days " The four brain regions sel-ected for neurochemicar-

analysis \¡/ere the NRM, pVN of the hypothalamus, SN and MFB

at the revel- of the hypothalamus. These regions constitute
main cell- groups or fibre projection systems for NE, DA or
5-HT (Bjorkrund et aL. 1,984) and lvere previousry shown t,o
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Table 4-1, Composition of experimental diet

Ingredj-ents Content (8)

Caseinl
DL-nethioninel
Choline bitartratel
Corn oi12
Lard.3

Corn sta::cha
Glucose5

Vitarnin pre-mixturel
Mineral pre-mixturel
CelluIosel

17 "24
0"30
o "20
5"00
5"00

31.38
3t-"38
1.00
3 .50
5. O0

lunited States Biochemical Corporation, Cleveland., oH.

2St. Lawrence corn oil, St" Lawrence Starch company,
Mississaugâ, ontario.

3Tend.erfrake lard., Maple Leaf Food.s rnc., Toronto, ontario.
4St" Lawrence corn starch, St. Lawrence Starch Company,
Miss is'sauga, ontario .

5R-Wine BarreL, Winnipeg', Manit,oba.
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sensitive to T-2 toxin (Chapter 3). The methods and

procedures for brain slicing, nucleus isolation, sampJ_e

preparation, and anal-ysis are that same as those previousJ-y

described.

St,atístícal analysis: Data v/ere anal_yzed using the

Statistical- Analysis System, Inc. (SAS, !985). Treatments

!ùere ana]-yzed by analysis of variance and means, within the

same feeding period, compared using Duncan's t-test, p(0"05.

RESULTS

Dietary T-2 toxin al-tered feed consumption, wej-ght gain and

feed efficiency (Tab1e 4-2). T-2 toxin animals consumed

l-ess diet than control animal-s; 24"8, 2I.7 and 11.1 g per

day in week one, and 24.5, 22.7 and 1,6.7 g per day during

week two for the control , 2.5 ppm T-2 and 10 ppm T-2 animals

respectively. The effects of T-2 toxin on food intake was

transi-ent with animals fed the 10 ppm T-2 toxin diet
increasingtheirdailyfoodconsumption(11.1VS1'6"79,P<

0.05) (Figure 4-1) / average daily weight gai_n (2 vs 5.7 g, p

< 0.05 ) and feed efficiency ( 0.15 vs 0.34 | p < 0.05 ) during

week two. Dj-etary trichothecene exposure, caì_culated from

the food intakes, during weeks one and two was 54 and 56 ltg
per day for animals on the 2.5 ppm T-2 toxin diet and 110

and 167 pg per day for anj-mal-s on the 10 ppm T-2 toxin diet.



Table 4-2

Sampling
interval

Feed consumption, feed effíciency and weight gain of rats fed semi-purified diets contai-ning T-2 toxin.

7 days

T-2
(PPM)

L4 days

weight (gì
rnitial Fina1 Gain

0"0

2"5
l-0"0

Mean t MSE of

Means within
significantly

1,7 6

L76

1_7 0

0.0
2"5

10"0

t
t
t

3.7
2"7
3"9

L69

1-73

L69

l-0 animals.

sampling intervals
different, P<0.05,

248

236
1-8 4

+

t
+

2.

3"

2"

t
t
+

2

2

2

4.La

4"6u

7. Ob

298

286

22L

72

60

L4

t
I
t

5. 5u

5"5u

5. 4b

t 2. l-o

t 2.8b

1 4"6"

Feed intake
(q)

not designated with the same
Duncanrs test"

t29
1-1_3

54

+

+

t

L74

L52

78

4u

3b

3"

158
+4b
t4c

Feed
efficÍency

346

3 1-t-

l_95

o"42 + 0.01_Â

0"40 + o"0l_À

0"1-5 t o"olb

+gu
+gb

t6"

0.37 + 0"ol_u

0"36 + 0.01-a

o "27 ! O. 02b

Ietter superscript are

\¡{
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T-2 toxin affected biogenic monoamine and metabol-ite

concentrations in the MFB/ sN and NRM. T-2 toxin treated
animals had greater 5-HT and 5-HTAA concentrations j-n the

NRM than control- animal-s after 7 and 14 day (TabJ_es 4-3 and

4*4). Regiona] DA concentrations \^/ere greater in sN and NRM

in 10 ppm T-2 toxin treated animafs after 7 days (Table 4-

5 ) , but returned to control_ val-ues af ter L4 days . In

general, regionaÌ DOPAC levels \^/ere lower in T-Z treated
animal-s than control-s, wj-th pvN and MFB concentrations being

significantly l-ower than control val-ues at 7 and L4 days,

respectively (Table 4-6). T-2 toxin feeding al-tered. NE

concentrat,ions in the NRM and SN (Table 4-7) " NE

concentration in the NRM increased in a dose dependent

manner and significant difference was observed in the 10 ppm

groups compared to the control-. substantia nigra NE reduced

after 14 day feeding of 10 ppM T-2 toxin" A transient
increase in sN EP was observed, with animals fed 10 ppm T-2

having greater EP concentrations than contrors after 7 days

f eeding ( TabJ-e 4-B ) .

Drscussrosü

The depressions in growth rate, feed consumption and feed

efficiency observed in animars fed diets containing 2.5 or
10 ppm T-2 toxin \^/ere consi_stent with previous reports
(carson and smith,7983; Rukmini et al" 1980, Marasas et aL.

1969). ueno {L977 ) suggested that trichothecene induced



Table 4-3 5-HT concentration in discrete
containing T-2 toxin.

Sampling
interval

7 days

T-2
(PPM)

1,4 days

0.0
2"5

l-0. 0

.Mean + MSE of

Means within
significantly

0.0
2"5

1_0. 0

l-1. 0

1,2 .1
12.5

brain regions of rats fed semi-purified diets

t
t
+

0.6
o"7
0"6

1-0 animals.

sampling intervals
different, P<0.05,

12 "L
L3"4
1-3.7

t
t
+

1,2 .9
l_3.1

1_3"9

0.6
l_"1_

0"4

t
t
+

0.4
0.6
o"7

1-3"8

L3 "2
l_3.3

t
I
t

not designated with the
Duncanrs test"

20"t
1_9"8

LB.7

0"4
0.6
o"4

t
I
t

0.6
o"7
0.8

20 "7
22 "L
22"O

+

+

+

8.4
9"7
9"5

l-.1-

0.6
1"2

t
t
t

0.6
0.6
0.3

same letter superscript are

8.4
9"5

1-r-. 5

t
t
t

o"4u

0"3u

o.3b

@
o



Table 4-4 HIAA concentration in discrete
containing T-2 toxin.

Sarnpling
interval

7 days

T-2
(PPM)

1"4 days

0.0
2.5

1-0"0

--Mean t MSE of

Means within
significantly

0.0
'2"5

10. o

1-0"9

1-1-. 5

1_0"4

brain regions of rats fed semi-purified diets

t
t
+

0.5
o"7

o.7

1-0 aninals.

sampling intervals
different, P<0" 05,

1,O "7
1,2.r
1-0"5

+

+

+

1-t-. 3

11-.9

l_1-. B

0.4
0"9
0"5

t
t
+

0.6
0.8
0"8

1_1_ " 3

L2"O

t-0. 6

t
t
+

not designated with the same
Duncants test"

L4"L

1_4. 0

1_3"3

0.4
0"8
0"60

+

t
t

0.6
0.6
0.6

1_3.6

1_4. 5

1_3"8

1-6. 1_

L9 "7
1_8.0

t
t
t

0"5
0"6
0.6

t
t
t

0"4n

l-.0b

0.70b

1_6.3

1_8"0

20 "3

letter superscript are

t
t
t

0"6u

o"4u

o.9b

o
F



Tabl-e 4-5 DA concentration ín discrete
containing T-2 toxin"

Sampling
interval

7 days

T-2
(PPM)

1,4 days

0.0
2"5

1_0"0

Mean + MSE of

Means within
significantly

0.0
2"5

L0. o

6 "23
6"62
6"1,6

brain regions of rats fed semí-purified diets

J

t
t

o " 37

0"36
o"42

1-0 animals.

sanpling intervals
different, P<0. 05,

7 "43
7 "79
6. BB

MFB

+

t
I

2

3

3

"79

" 1-O

"32

o"42
o"46
0.36

t
t
t

o "z+
o "27
o "37

3 "1,2

2 "96
2"69

t
t
t

not designated with the same
Duncanrs test"

L2 "8
t-2.L
l-5. B

o. 1_4

o "22
o "2L

t
t
t

0"7u

1-"0u

L.2b

L4 "2
L4"8
1,3"4

0"84

0. 98

1-. 03

+

t
+

o"7
1-. 1

0"8

t
I
t

0"03u

0. 05b

0.05b

0"99

o"97

0. 99

letter superscript are

+

t
+

o. 05

0"06
0. 07

co
t\J



TabIe 4-6 DOPAC concentration
diets containing T-2

Sarnpling
interval

7 days

T-2
(PPM)

L4 days

0.0
2"5

l_0. 0

in discrete brain regions
toxin

'-ND: not detectable"

Mean + MSE of 1-0 animals"

o.o
2"5

L0"o

I "94
2"OL

L.44

Means wíthin sampling intervals
signif icantJ-y dif f erent, p<0. 05,

t
t
t

0. 0gu

o.l_7u

0"17b

1_.90

r.79
1" 81_

t
t
+

1_.05

1-"03

o.94

0. l_l-

0. 1-l_

0"09

of rats fed semi-purified

t
t
t

0. 1-l_

o"07

0. l-5

r. 02

o.90
0.78

t
t
t

4. 0B

4"04
4"44

0. 05u

o. 0gnb

0. o6b

not designated with the
Duncanrs test"

t
t
t

0. l_9

0"36
o.32

4 "32
4"4r
3 "92

+

t
+

0. l_3

0"20
0"14

ND

ND

ND

same letter superscript are

ND

ND

ND

@
UJ



Table 4-7 NE concentration in discrete
conta j-ning T-2 toxin.

Sampling
interval

7 days

T-2
(PPM)

L4 days

0.0
2"5

1_0. 0

Mean t MSE of

Means within
significantly

0.0
2"5

l_0"0

56. l_

59.7
55. 4

brain regions of rats fed semi-purified diets

+

t
t

4"3
4"6
4.0

1-O animals.

sanpÌing intervals
different, P<0" 05,

58 "2
67 .8
6t-"8

t s.3
1 4"8
t 4"3

1.8. B

20"5
21,.4

t
t
t

0"9
0"6

1_"0

1-8 .4

1_9"8

L7 "9

t 1-. l-

I 1_"0

t L"2

not designated with the same letter
Duncanrs test"

2"6
3.0
3.3

t
t
+

o.2
0.3
0.3

3

3

2

"2
.3

"6

t
J
+

6.0 t
7"O t
7"2 t

o "24

o "2n

o.2b

0. 5u

0. 40b

0"3r'

6"0
6"4

7.7

+

t
t

o"3u

o. 3u

0"4b

superscript are

co
È



Table 4-8 EP concentration in discrete
containing T-2 toxin"

Sanpling
interval-

7 days

T-2
(PPM)

L4 days

0.0
2"5

1-0. 0

Mean + MSE of

Means within
significantly

PVN

0.0
2"5

1_0"0

5"20
5.83
6"10

brain regions of rats fed semi-purified diets

+

t
t

0"46
o"49
o"47

1-0 animals 
"

sanpling interval-s
different, P<0" 05,

4"92
5"1_9

4"66

MFB

I
t
t

2"1-O

2.L2
2.70

o"46
0"41
0"r_4

t
t
t

o "23
o. 1-B

o "29

l- " 61-

1-. 56

1_. s5

J

t
+

not designated with the
Duncanrs test"

o .97
0. B6

L"43

o "L2
0. 1-5

0"08

t
t
+

0"090

0. 0go

0"11b

l-;00
0.98
L"04

l-.30
t_. 15

1. s4

t
t
+

0.09
o. 1-2

0"1-1

J

t
t

0"1_6

0. 1_6

o "20

same letter superscript are

1, .2L
l_. 16

t.23

t
t
+

0. 09

o "L2
0"1_6

co
lJl
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feed refusal was due to irritation and/or infl-ammatj-on of
the oral cavity and gastrointestinal_ tract. Our

observations do not support this notj-on. At the l-evers of
T-2 exposure in the current experiment, no acute effects of
T-2 toxin were observed (Ueno, L986) | no signs of tissue
necrosis or haemorrhage u¡ere observed (Marasas et af. 1969)

and the effects of T-2 on feed intake, growth and feed

efficiency \^/ere transient. If tissue necrosis were

principally responsibl-e for feed refusal, proJ_onged exposure

to r-2 toxin would have exacerbated this condition and feed

refusar would have continued for the 2 week duration of the

experiment.

The NRM was the most sensitive region among the seven

nucl-ei examined to neurochemical changes induced by T-2

toxin (Chapter 3). The dose-dependent increases in 5-HT, S-

HIAA and NE concentrations observed in the NRM are

consistent with previous observations (Boyd et aL. 19BB;

Fitzpatrick et al-. 19BBb; Chapter 3).

Neurochemical_ imbalance may account for the

physiological manifestations of trichothecene intoxication.
Feeding is modulated by both central and peripheral

mechanisms (Carruba et al-. 1986). NRM, a large caudal_

serot.oninergi-c ceÌr groups, projects down the spinar corumn

infÌuencing the pregangteonic activation of the sympathetj-c

nervous system (Baum and Shrophire, 1-97S) " Disrupted NRM
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monoamine metaborism may infl-uence food intake by al-tering
hormone secretion, peristaltic contractions or thermal

energetics. The regulati-on of ingestive behavior depends,

in part, on the reciprocaÌ rel-ationship between pVN 5-HT and

NE, an increase in NE stimul-ating feeding behavior, while
j-ncreases in 5-HT suppressing feeding (Leibowitz, 1980).

Therefore, increased 5-HT in the pVN and NRM observed in T-z

treated rats may provide a biochemica] expJ_anation for
decreased feed consumption associated with trichothecene
i-ntoxicatj-on (Ueno I 1977).

Intubation with t-2 toxin el_evates brain s-HT and 5-

HfAA and produces modest chang.es in the catecholamine

transmj-tters in rats (Boyd et al-. 19BB; Macdonal-d et a7.

19BB). These perturbations occurred after anj-mal-s received

a single, largie dosage of I-2 toxin, 2 2.5 mg kg-r BW,

approximately 450 trg of the trichothecene. Their

physioJ-ogical significance has been questioned by preJ-usky

et al-. (L992) | who suggested that these neurochemical

effects \^/ere probably the nonspecific consequence of the

l-ethal- doses of toxin. The trichothecene doses in question

were 5 to 10 ford greater than the daily anj-mar exposure of
this current experiment. Therefore, our observation of
altered monoamine and metabolite concentrations confirms the

significance of the previous reports, further supporting the
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belief that non l-ethal doses of T-2 toxin influence brain
biogenic monoamine metabol-ism (Chapter 3).

The central inffuence of the trichothecenes has been

considered to be secondary to toxin induced hypoxia (Martin
et aL. 1986; Ballough et aL. 1989). Hov/ever, this notion
seems difficult to reconcife with observations that (a)

fower dosages of 'I-2 toxin, which produces onJ_y moderate

systemic effects, are as effective or more effective in
inducing a supraoptic-magnocell-ular cytopathogenesis than

the highest dosages (BaJ-lough et a7" 1989), (b) significant
changes in brain monoamines v/ere observed in rats intubated
with T-2 toxin at dosages of 0. 1 mg kg-t BW, 2% of the LDro

value (Chapter 3), or fed diets containing 2"5 ppm T-2

toxin, dosages too modest to alter heart function (Bal]_ough

et a7. 1989; Yarom et aL. 1983), and (c) DON al-ters brain
monoamine metabol-ism wj-thout inducing hypoxia (Boyd et al.
1988; Ueno, 1986). Furthermore, the trichothecene

fusarenon-X (FX) induced emesis in dogs was suppressed by

preJ-iminary administration of chJ-orpromazine and

metocJ-opramide (Matsuoka et al-. 1979). These resul_ts

suggest a direct action of FX in the stimul_ation of the

chemoreceptive trigger zone in the medul-l-a oblongata. These

observations, taken co]l-ectj-ve]_y, strongly suggest that the

trichothecenes directly affect the CNS.
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CITA,PTER. 5

EFFECT OF T-2 TOXIN Orq ELOOD-BRå,I}ü BARRTER pERS4EAErLrTg,

MONüOåS4I3üE OXIDåSE ÃCTIVITY A}üD PR,OTEIN SY3üTHESIS I3ü RA,TS

ABSTRÃ,CT:

Exposure to or consumption of the mycotoxj_n T-2 toxin
resul-ts in a disruption of brain biogenic monoamine

metabol-ism. lVe have suggested T-2's neurochemical_

perturbations are a refl-ection of j_ncreased blood-brain

barrier (BBB) permeability or altered brain enzyme

activities, however, the mechanism of T-Z action has not

been determined. To examine T-2's effect on the bl-ood-brain

barrier rats lrrere dosed with Ot 0.2 and 1mg T-2 kg-l eW i_p,

and 2 hrs post dosi-ng, brain permeability was determined

using ¡ 
lac 

1 -mannitol and ¡ 
14C 

1 -dextran with [ 
3H 

] -water as the

dif fusible ref erence. Permeability increases \^iere observed

in al-l- brain regions examined for mannitol, but not for
dextran. To observe T-2's effect on brain protein synthesis

and enzyme activity, animals \¡/ere dosed with 0 or 1 mg T-2

kg-t eW ip. Two hrs post treatment, T-2 reduced jn vitro
protein synthesis, as determj-ned by Cla-l_eucine

incorporation, but did not affect in vitro MAO enzyme

activityr ês determined by HrO, production. When rats were

fed a semipurified diet containing 10 ppm T-2 for 7 days,
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BBB permeabirity increases were observed for mannitol- but

not for dextran. Dietary T-2 treatment reduced protein
synthesi-s and MAO enzyme activity was significantly l_ower

than control- varues. These observatj-ons support the notj-on

that T-2 affects amino acid transport into the brain,
altering precìrrsor avaj-l-abiIit,y and neurotransmitter
synthesis " That I-2 inhibit.ion of protein synthesis may

reduce MAO enzyme activity, contributing to the

perturbations in brain neurotransmitters previously

observed" CollectiveJ-y, T-2 toxj_n's affect on the BBB,

protein synthesis and MAO enzyme activity may account for
the neurochemical imbal-ance observed in T-2 intoxication.

T3üTRODUCTION:

T-2 toxin ( 3a-hydroxy-4ß, 15-diacetoxy-Ba-( 3-

methylbutyrloxy)-72,13-epoxy trichothec-9-ene) is a

trichothecene mycotoxin endemic to western canada (Mirrs,
1990). Trichothecene intoxication is characterized by an

injury of hematopoietic and immune-competence systems,

disturbed functions of the cardiovascular system and

gastrointestinal tract, hemorrhage syndrome, J-eucopenia and

thrombocytopenia (Khachatourians, 1990¡ Ueno, I9B6).

Neurological- dysfunctions invol-ving motor, sensory and

autonomic nervous systems (Bergmann et al-. lgBB) and feeding

behavior (WeIJ-man et a7" 1989) have been observed. T-2 is
one of the more potent trichothecenes (Ueno, 1986).
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Exposure to the trichothecene mycotoxins, T-2 toxin or
deoxynivalenol- (DON), al_ters brain neurotransmitter
concentrations, however, the mechanism of toxic action is
stirl- unknown (Prerusky et al-" 1-992) " rn pourtry, chi and

coworkers (1981) reported that r-2 toxin intubation elevated

whole brain dopamine (DA) concentration, while reducing

whole brain norepinephrine (NE). They suggested this
profile was consistent with the notion that T-2,s capacity
to inhibit protein synthesis interferes with the production

of the enzyme dopamine-ß-hydroxyJ-ase, reducing the rate of
DA hydroxyJ-ati-on to NE. In rats, MacDonald et aj. ( 19BB )

observed that T-2 toxin intubation produced short term

increases in tryptophan and S-hydroxytryptamine (5-HT) /

fol-l-owed by an i-ncrease in DA. They concluded that these

changes in biogenj-c amines refl-ected the dual- contribution
of alterations precursor avail-ability and sel_ective

disruptions of membrane amino acid transport (cavan et al.
19BB; MacDonal-d et a7" 19BB). T-2 j_s lipophiJ-ic and an

amphipathic moÌecul-e and wouÌd be expected to cause membrane

perturbations simil-ar to those caused by other amphipathic

(Gyongyossy-Issa et aL. 19BB)" However, the observation

that r-z treatment increased both tryptophan and tyrosine,
precursors to both the catechol-amines and indoJ-eamines,

suggested to vrleekJ-ey and coworkers (1989) that changes in
the transport system v¡ere unrikely. rn swine, prerusky et



92

aL. (I992) observed that acute intravenous administration of
the DoN eÌevated NE and depressed DA concentrations in the

hypothal-amus, cerebel-Ìum and frontal- cortex, but had few

ef f ects on the j-ndol-eamines. The absence of any apparent

l-ink between these alterations and any neurochemical- model-

of anorexia suggested to the investigators a peripheraÌ,
rather than central-, primary site of trichothecene action.

It has been suggested that neurochemical_ perturbations

are due to the systemic effects of trichothecenes,

specificall-y that intoxication l-eads to cardiac

insufficiency and hypoxemia with changes in brain monoamines

considered a secondary effect (Martin et al_" 1986; BaIlough

et al-. 1989). This woul-d seem somewhat inconsistent with
the observation that DON, a trichothecene with neg]_igible

cardiovascul-ar effects, alters brain monoamine metabolism

(Fitzpatrick et a7.19BBb) or our observation that 0"1 mg T-

2 toxin kg-i BW treatment, 2% of the LDro, a dosage too modest

to affect heart function, stilJ_ altered brain monoamine

concentrations (chapter 3).

The bl-ood brain barrier (BBB), a continuous layer of
capiJ-J-ary endotherial- cel-l-s, contributes to the maintenance

of normar brain metabol-ism and function by control-ring the

distribution of substances between bl-ood plasma and the

brain (Betz et ar. 1989). capilJ-ary endothel-ial- cel-l-s are

highly susceptible to T-2 toxin treatment (yarom et aL.
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1986). The cytotoxic properties of T-2 toxin can inhibit
nuclej-c acid and protein synthesis, and disrupt cytoplasmic

membrane function (Trusal et a7. 1986). Therefore, T-2

toxin may disrupt monoamine metabolism dj_rectly by

inhibiting the synthesis of the enzymes responsible for the

metabolic breakdown of neurotransmitters or by indirectry by

compromising the BBB permeability. AccordingJ-y, this study

v/as undertaken to characterized the effect of T-z toxin on

brain protein synthesis, monoamine oxidase (MAO) activity
and BBB permeability.

PIATERIAT,S AI{D METHODS S

Animals and maintenance. Use of experimental_ animals

conformed to the guidelines of the Canadian Council_ on

Animal Care. Sprague-Dawley male rats \^rere purchased f rom

universit,y of Manitoba breeding facirity. ArI animars \¡/ere

received when required for the forlowing two experimental

studies. Arl- animars vrere housed separateJ-y in garvanized

steel- cages and kept on a f4/10 hours light/-dark cycle.

The room temperature \^/as maintained at 2L + 1 oC with a

rerative humidity of 50t. Animals \^/ere introduced into the

animal ho]-ding facility, al-J-owed 5 days to adjust to the new

feeding regimen. Animals to be fed T-2 toxin were given a

2-day accl-imatization peri-od during which they !üere fed a

semj--purified diet (Kiritsy et al-" 7987), formulated
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according to Natj-onal Academy of sciences-Nationaf Research

Council guidel-ines (1978) and water ad ]ibitum"

Ã,cut,e T-2 t,oxin treatment. Rats weighing 180-200 g

!üere randomly assigned into five groups, with 10 animal_s per

group. To examine BBB permeabiJ-ity, anj-mal_s \¡¡ere given

single dose of T-2 toxi-n (Myco-Lab Co., Chesterfield,
Missourj-) dissol-ved in corn oil, at dosage of 0, 0"2 or 1"0

mg T-2 kg1 body weight, intraperitoneally. To examine the

effect of T-2 on MAO enzyme activity and protein synthesis,

rats \^/ere given a singJ-e dose of 0 or 1.0 mg T-2 kg-l body

weight intraperitonealJ-y. Two hours post i-njection, either
BBB permeability was examined or the brains \¡/ere collected
for the determination of MAO enzyme activity and in vitro
protein synthesis "

Chronic T-2 toNin t,reatment,. Animal_s having initial-
body weight 130 g !úere randomJ-y assigned to treatment

groups, with 10 animals per group and fed, ad Tibitum, for 7

days. For the BBB permeability study, animal_s hrere fed a

standard diet containing 0 or 10 ppn T-2 toxin, whiJ_e, for
the MAO enzyme activity and protein synthesis assay rats
hiere fed a standard diet containing 0 , 2 "5 and l0 ppm T-2

toxin (chapter 4).

Brain uptake studies (bnaín uptake index, EUI). D-

¡14C1-mannitol (50 mCi mmol-l) with a moi-ecular weight of
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I82"2, lt4cl-dextran (50 mCi mmol-r) with a molecutar weight

of 70r000 and [3H]-water (25 mci g-1) u/ere purchased from New

England Nucl-ear Co. (Boston, Massachusetts) " AnimaÌs \¡/ere

anesthetized with intraperitoneal injection of sodium

pentobarbital (60 mg kg-l BW) " Brain uptake of D-[loC]-

mannitol or ¡14c1-dextran was determined by a modifj-cation of
the single-injection technique of Oldendorf (1981).

ApproximateJ-y, L5 min after the administration of the

anesthetic, the right carotid artery was exposed and

cannulated with a 27-gauge needl_e. The needl_e was l-eft
intact throughout the procedure. An injecti-on mixture \^ras

prepared that contained approximately 0.75 ¡.rCi of a [toC]-

l-abeIled substance, 1.0 IrCi [3H]-water and sufficient
Ringer's sorution buffered to pH 7 .ss to bring the injection
vol-ume to 200 yL. The test sorution was rapidly injected to
prevent the mixing of the 200-¡_tI bol_us with the bl-ood.

After 5 s, the time according to inulin cl_earance studies

necessary for the bol-us to complete one microcj_rculatory

passage of the brain (Oldendorf 1981), the rat was

decapitated. rmmedj-ately forlowing decapitatj-on the brain
\^Iere removed from the cranium and frozen in powdered dry

ice. Six main brain regi-ons incl-uding lateraÌ cortex,

hypothalamus, hippocampus, midbrain, cerebellum, and pons

and medulra ipsilateraì- to the injection were dissected

according to Gl-owinski and rversen (L966) and put into 20 ml
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glass vial-s. The brain tissue was digested with 1 ml-

aliquots of NCS tissue sol-ubirizer (Amersham co., rJ-linois,
USA) in a shaking water bath set at 45 oC, and then mixed

into l-0 mI aliquots of ready safe J_iquid sci-ntil_Ìation
cocktail- (Fuì-rerton, carifornia) " To j-ncrease the counting

efficiency 50 p¡l of glacial acetic acid was added.

Radioactivity \¡/as measured with a Beckman LS-6000 ]iquid
scintifl-ation counter, equipped with an external- standard

and automatic quench control- for counting dual_ isotope

sampJ-es. The counting ef f iciency hras greater than 47? for
3H and 7l2 for 14C.

The brain uptake index (BUI) \^ras calcul_ated as follows:
BUr = ¡rac dpm (brain)/turo dpm brainl/l,lac dpm (mixture)/tÐro

dpm (mixture)l X 100. Because the movement into the brain
of 14C substrates was expressed rel-ative to the [3H]-water

reference, measurement of brain weight was not necessary

(Oldendorf, 1981 ) .

Monoamine oxidase enzyme assay" The mitochondria-

enriched brain tissue fraction was prepared according to
Kalaria et a7, (1987). Upon decapitation, brains \¡¡ere

immediateJ-y removed from the cranium, the right cerebral

hemisphere r¡ñras dissected and homogenized in 10 nl- of chilled
0.3 M sucrose 0.01 M sodium phosptrate buffer, pH 7 "4.
Sample preparations \^rere performed at 1,-4 oC. Homogenate

v/as centrifuged at 1000 X g for 10 min (Beckman L5-508
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ultracentrifuge, rotor type 50 Ti). The supernatant was

recentrifuged at 50r000 x g for 20 min and the peJ-J-ets \,.¡as

washed in 50 mM rris/ucl pit 7.4 buffer and dissol_ved in 1.5

mr of the rris/ucl buffer. samples \Àrere stored at -80 oc.

Protein concentration v/ere determined according to Lowry et
al-" (19s1).

MAo activity was determined by a modification of the
method described by Szutowicz et al" (1984). The assay

medium contained 100 mM sodium phosphate buffer pH 7.4, 1"0

mM substrate and 3. 1 mM sodium azide in a f inar- vol-ume of
0.75 ml. octopamine, benzylamine and tyramine specific for
type A, type B and for both MAO enzyme forms \^/ere used as

substrates. The addition of 0.75 ml- of the sampJ_e,

containing 0.4 mg protein initiated the reaction and the
assay \^/as performed in a shakj-ng v¡ater bath at 37 oc. After
20 min, the addition of 0.75 ml HrO, measuring soJ_ution,

containing 0.5 M phosphate-citrate buffer pH 4.0, 1.9 mM

ABTS, and 6 U of horseradish peroxidase, stopped the

reaction. Fifteen seconds later, 0.3 mI of O.7S M HCI

containing 53 sodj-um dodecyr sul-fate was added, thoroughly

mixed and the coloured product \^/as measure at 414 nm. Brank

assays in which the reaction medium did not contain

substrate \¡/ere run. Readings were matched with a HrO,

standard curve. The production of Hro, was demonstrated to
be l-inear with intubation time and protein concentration
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(unpublished data). oxidase activity was expressed as nmol_

of HrO, produced mg-l protein min-I.

In vitro prot,ein synt,hesis. protein synthesis was

determined by a modifj-cation of the method of schlj_ebs et
al-" (1985). upon decapitation, brains u/ere immedi-atery

removed from the cranium, the l-eft cerebral hemisphere was

dissected and homogenized 10 mI of chil-led minimum essential
medium (MEM) cel-l curture medium pH 7 "4 (sigrma chemical_ co.,
st. Louis, Missouri¡ . Homogenate protein concentrati-ons

lvere determined according to Lowry et al_. (1951).

Duplicated r "2 ml- homogenate al-iquots were put into 25 mI

pyramid fl-asks containing 4 ml of MEM sol-ution and the flask
praced into a shaking water bath at 37 oc. After 10 min

preincubation peri-od, 75 ¡rci of t4c l-abel-led L-l_eucj_ne (314.8

mci mmor-l, New EngJ-and Nucl-ear co., Boston, Massachusetts)

\^/as added. After 60 min, 5 mI 109 trichl_oric acid (TcA)

soruti-on was added to stop the reaction and precipitate
protein. Fl-ask contents \¡/ere centrifuged at 2800 X g

(International Equipment Co., Model_ CS, Boston

Massachusetts) for 15 min. The pelrets \^rere washed twice
with 58 TCA, then dissolved j_nto 1"5 ml_ NCS tissue
solubil-izer and then mixed into 10 mr aliquots of ready safe

liquid scintillation cocktair (Furlerton, cal-ifornia).
Radioactivity vras measured with a Beckman LS-6000 liquid
scintil-lation counter, equipped with an externar standard
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and automatic quench control- for counting dual isotope

samples. Prelimì-nary experiments demonstrated that L-
l-eucine incorporation rate was rinear with intubation time

for 90 min and with protein within the rang.e of 2"5 to 16 mg

(unpubl-ished data). Leucine incorporation rate was

calculated j-n DPM mg-l protein hr-r.

Stat,ist,ical analysis. Data v/ere analyzed using the

Statistical Analysis System, Inc. (SAS, 1985).

R.ESULTS:

T-2 toxin increased the regional- brain uptake of
mannitol- in a dose dependent manner (Table 5-1).

Intraperitoneal treatment increased BUI for al-l brain
regions examined for both dosages, with anj_mal_s receiving 1

mg T-2 kg-t ew having significantJ-y greater mannitol- uptake

than contrors. rntraperitoneal- T-2 toxin treatment did not

affect regional brain uptake of dextran (Table 5-2). Two

hours post treatment, protein synthesis as determj-ned by

leucine incorporation rate was significantly l_ower in T-2

treated animals as compared to control (Table 5-3). Whi1e

MAO activity was lower for all- three measures of enzyme

activity in T-2 animals, these differences were not

significant 
"



Table 5-1- Brai¡ uptake index: Regional brain uptake of mannitol in rats t.reated witha single intraperitoneal dose of f-Z toxÍn.

Brain Region

Lateral Cortex

Hypothalamus

Hippocarnpus

Midbrain

CerebelÌum

Pons * MeduIIa

Vehicle
Control

]i[ : 10, mean * SEM"

Each value is expressed as the ratio of rac-mannitor to 3H-water.

MeansdesignatedwithdifferentSuperscriptsaresignificantIydifferent,P<
Duncanrs test

1-"5 1

3"6

3"3

1_"7

1-4"8

1_9 " l-

o "24

0. 6u

o"5u

0. 4u

l-"3u

4"0u

T-,? Toxin (mg kq-r BW)
. o"2 1.0

L.9

5.0

4.0

2"4

l_8. 6

26"5

o "2u

o,6ub

o. Bu

0. 4'b

3.Oub

3.g'b

t

3.3

6"4

0"5b

l-"Lb

l-.0b

l-.2b

2.gb

6"]-b

6.8 +

4.6 t

24 .4

36"6

H
O
O



Table 5-2 Brain uptake index: Regional
a single intraperitoneal_ dose

Brain Region

Lateral Cortex

Hypothalamus

Hippoeampus

Midbrain

Cerebellum

Pons * Medulla

Vehicle
Control-

N - 10, mean t SEM.

Each value is expressed as the ratio of lac-dextran

Means designated hrith different superscripts are
Duncanrs test"

2"4

6"2

3.6

3.4

L7 "O

42 "7

brain uptake of
of T-2 toxin.

t
t
+

0"3

1_" 1_

0"5

0"3

))

3"0

t-2 roxin lmg kq-r ew)
o"2 1.0

+

+

dextran in rats treated with

3"0

8.0

4"5

4.5

1_8. O

4A "7

t
t
t
t
t
t

0.3

1_. 0

o"7

o"4

3"8

8.0

2"6

8.2

5.0

3.9

18"9

50.5

to 3H-water.

significantly different, p

t
t
t
+

+

+

o"2

1-"0

o"7

0"6

3"6

1_0 " r-

Ho
H



Table 5-3 Brain netabolisn:
in brain tissue of

Group

control
T -2 toxin

N

@

#

¿

Protein Synthesis@

= 10, mean * SEM.

lac-L-Leucine incorporated, DpM mg-l protein hr-l.

nmol Hro, ng-r protein min-l.

SignificantJ-y different frorn control, p

Protein synthesis and monoamine oxidase
rats given an intraperitoneal injection

28.0

26 "3

+

t

0"5

o. 4'

MAO

Tyramine

4"9

4"5

t
+

Activity#

o.2

0"2

Octopamine

enzyme activity
of T-2 toxin

2"O

l-. I

t
t

0"1_

0. 1_

Benzylamine

1_. 5

L.4

t
t

0.1

o.2

H
<)
t\)
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Dietary T-2 al-tered feed consumption, weight gain and

feed efficiency (data not presented) in a manner consistent
with prevj-ous observations (chapter 3). Dietary T-2

increased brain uptake of mannitoJ-, with si_gnificant
differences in BUr observed in the cerebel-rum and the pons

and medull-a region (Tab]-e 5-4). Dietary T-2 did not affect
dextran uptake in any of the brain regions examined (Table

5-5). the rate of brain protein synthesis tended to be

l-ower in anj-mals fed T-2 toxin, however, these differences
were not significant (Table 5-6). Brain MAO activities
toward octopamine, benzylamine and tyramine \¡/ere

signif icantJ-y l-ower in animal-s fed either 2.5 or 10 ppm T-2

toxin compared to control values (Table 5-6).

DISCUSSIOIü;

To gain access to the cytoplasm and various cel_l_

organelJ-es, trichothecenes must pass through the plasma

membrane. T-2 toxin is a lipophilic, an amphipathic

mol-ecul-e that coul-d enter the membrane and cause membrane

perturbations, similar to those caused by other amphipaths

(Khachatourians, 1990). Pace and Watts (1989) examined

subceflul-ar distribution of [3H]-T-2 toxin in a perfused rat
l-iver noting that after 5 min, the pJ-asma membrane fraction
contained 3BB of the l-abelled T-2 toxin, a concentration
greater than that observed for the smooth endopJ_asmj_c

reticul-um, mitochondria and nuclear fractj-ons, 27, 10 and



Tab1e 5-4 Brain uptake index: brain region uptake of mannitol in rats fed dietscontaining 1-O pprn t-2 toxin.

Brain Region

Lateral- Cortex

Hippocampus

Hypothalamus

Midbrain

Cerebellum

Pons * Medulla

l{ = 10, mean + SEM"

Each val-ue is expressed as the

'* Significantly dífferent from

Control

2"2

3.9

4"2

2"2

5"8

L2.t

0. 1_

o.2

0.4

0"1

0"4

1" l-

ratio of lac-mannitol- to 3H-water.

controÌ values P < 0.05, t-test"

1-0 ppm T-2 toxin

2"3 t 0.2

4.5 t 0"3

4"L

2"4

7"5

1-7 "O

0.3

o"2

o "7"

l-.4.

t
+

Ho
È



Table 5-5 Brain uptake
containing j"O

tsrain Region

Lateral Cortex

Hippocarnpus

Hypothalamus

Midbrain

Cerebel-l-um

Pons * Medull-a

index: brain region uptake of .dextran in rats fed diets
ppn t-2 toxin

.N-10rmean*SEM"

Each value is expressed as the

* Significantly different from

Control

2"2

4.8

5. 1-

2"8

9"9

19 "2

t
1

t
t
t
f

0. 1_

0"5

o"2

o"2

L"2

2"4

ratío of lac-dextran

control values P <

l-0 ppm T-2 toxin

2"6
ø,

5"2

5"3

2"9

1_0. 5

L7 "B

t
+

t
t
t
+

ö"2

0"6

0.3

0"3

L"2

0"9

to 3H-water.

0. 05, t-test.

Ho
(.'l



Table 5-6 T-2 toxin feeding
activity in brain
1_0 ppn t-2 toxin

T-2 toxin

0

2"5

1-0

Protein Synthesis@

N - 10, mean * SEM.

@ - lac-L-Leucine incorporated, DpM mg-l protein hr-I.

# - nnol Hro, mg-l protein min-r.

Means designated with different superscripts are significantly different,Ðuncanrs test"

trial- - protein synthesis and monoamine oxidase enzyme
t.issue of rats fed a semipurified diet containing z"Ë orfor 7 days"

28"4 t

28. 1-

27 "9

0.6

0.6

0.5

t
t

MAO

Tyramine

5.3

4.7

t
+

0. lu

0. 2b

o"1b4.6 t

Activity#

Octopamine

2.O

1.6

L"7

t
t

0"1-u

0.]-b

o. l-b

Benzylamine

l-. 5

L"2

t
+

0. Lu

0"]-b

0. l-bL"2 t

P

H
O
Or
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7%, respectivel-y. Al-though T-2 toxin was concentrated in
the membrane for a limj-ted perj_od, this distribution
provides T-2 the opportunity to exert its noxious effect
there" Bunner and Morris (1988) reported that T-2 toxin
affected multiple celI membrane functions, with many of
these effects starting at a concentration of less than 4 pg

flf-r, which is in the molar range of steroid hormone.

Membrane function perturbations were noted within 10 min of
exposure, a time intervaÌ is too short to attribute T-2,s

effects to protein synthesis inhibition (Bunner and Morris,
19BB) " Therefore, T-2 toxin directJ_y j_nf luences membrane

function and perturbation in membrane functions is an

important feature of trichothecene cytotoxicity.
The BBB comprises a continuous J_ayer of endothelial_

cel-l-s that are joined by seaml-ess junctions and contributes

to the maintenance of normal- brain metabol_ism and physiology

(Betz et aL" 1989). The transfer of essential_ nutrients
such as the essential amino acids, from blood to brain is
carrj-ed out through the specific facilitated transport
systems (Pardridge, 1983). The increased BUI for mannitol-

observed after T-2 treatment suggests that this toxin may

disrupt the functional integrity of this barrier" The

resul-ting impairment in substance exchanges coul-d al-ter

brain biogenj-c monoamine homeostasis and contribute to the

el-evated regionar brain cat.echolamine and 5-HT level-s that
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r¡/e have obtained in T-2 toxin treated animal-s (chapters 3

and 4)" T-2 exerts cytotoxic effects on myocardial (yarom

et al-" 1986) and skin (Ueno I I9B4) endothelial cell_s " T-2

toxin inhibits protein and nucfeic acid synthesis (Ueno,

1980) and breaks down cel-l membrane (Bunner et al. 19BB).

Therefore, the effect of T-Z on the BBB may refl_ect its
disruption of endothel-ial- cel-l-s.

The decrease in MAO enzyme activity observed may be due

to T-2 toxin induced inhibition in protein synthesis (Ueno,

1986). T-2 inhibits protein synthesis by suppressing

peptidyl transferase activity (Cundliffe et al-. 1,974).

Trusal and coworkers (1986) demonstrated in vitro that
inhibition v/as dependent upon T-2 dosage and duration of
exposure in hepatocytes. At a Ìow dosages, protei_n

synthesis \¡¡as initially inhibited initially, but activity
recovered to near control l-evels, even with continued toxin
exposure" At higher dosages of the toxin, protej_n synthetic
rates \^rere able to recover from a short period of exposure,

but not when the exposure \¡/as prolonged (TrusaJ- et al_"

1986). This may explain our observations of a decrease in
protein synthesis j-n brain tissue of rats given an ip
injection of T-2 and the lack of effect of dietary
trichothecene on protein synthesis" Therefore, the observed

effect of T-2 on MAO enzyme activity may be due to T-2's
initial effect on protein synthesis.
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Tnhibition of brain MAO activities after T-2 toxin
administration may contribute to increases of brain
monoamine concentrations. However, this notion is difficult
to reconcil-e wj-th the increased concentratj-ons of S-HIAA, a

major 5-HT metabolite, observed in T-2 treated rats
(chapters 3 and 4). one possibirity is that the increased

S-HrAA concentrations is secondary to T-2-induced disruption
of the BBB e¡rdothelial- cel-l- acidic transport system that is
responsible for moving acj-dic monoamine metaborites out of
the brain. Inhibition of this system with probenecid

promotes an accumulation of brain S-HIAA (Cooper et al_.

1991). Therefore, a thorough investigation on the dynamics

of brain monoamine metabolism is needed to clarify the

rel-ationship between T-2 toxicity, brain biogenic monoamine

concentrations and enzyme actj-vity, precursor avail-abirity
and metabolite cl-earance.
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CHåPTER 6

GEBüER.AL DISCUSSTOSü A}üD EO}üCLUSTONE

Previously, observations on the effect of T-Z toxin on

central monoamine concentrations r¡/ere made by usi-ng whole

brain analysis (Cavan et al-. 19BB; Chi et al_. 1980;

MacDonald et aL. 19BB). The brain is a heterogeneous organ

having different functions dependent upon j-ts anatomicar-

regions, in which an uneven distribution of monoamine

transmitters has been confirmed (Ungerstedt, 1"97I) "

Therefore, it is anticipated that regional brain analysis
woul-d be more informative than whol-e brain analysis. This

lab previously examined the acute effect of T-2 toxin and

DoN on whol-e brain and regional- concentrations of monoamines

and thej-r metaborites in rats (Boyd et al. 19BB; Fitzpatrick
et a7" 19BBb). No al-terations of whore brain monoamines or

their metabol-ites were observed, however, when five serected

brain areas were dissected and anaryzed, significant changes

of 5-HT and S-HIAA concentrations i^/ere demonstrated. in alr
the area examined in T-2 treated rats. T-2 toxin induced

al-terations of regional brain monoamines \^/ere also reported

by other investigators (Weekly et al_ " 1989 ) .
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Compared with whol-e brain analysis, regional_ brain
anal-ysis could provide more specific information and a

better understanding of the central- effect of T-2 toxin.
However, the l-imitations of regional ana]-ysis shoul-d not be

overl-ooked. Most brain neurons are distri-buted in cl_usters

cal-l-ed neural cell- bodies or nucl_ei. Thus, analysis of
monoamines and their metabolites in specific cel-l- bodies

would be even more informative than analysis of main brain
regions. AJ-so, examination of the effect of T-2 toxin
administration on brain monoamine concentrations in selected

monoamine cell bodies or important projections made it
possible to associate neurochemical- changes due to \-2
exposure with alteration of physiological function based

upon known neuroanatomical_ and neurophysioJ_ogical

information.

In the first experJ-ment, Chapter 3t acute experiments

were conducted in rats using micropunch technique to sample

the sel-ected brain areas to examine the effect of T-z toxin
on central- monoamines and their metaborites. These regions

represented major cel-l- groups or important projections of
dopaminergic, norepinephrinergic or serotoninergic systems

in the brain (Biorkrund et aL. 1984). The resurts indicate
that r-2 toxin affects biogenic monoamine metaborism and

that the effect was primariry in the serotoninergic system,

with few effects observed for dopaminergic system" That is,
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a singre oral- dose of T-2 toxin increased 5-HrAÀ and 5-HT

throughout the brain. Increased NE in the NRM and LC,

whereas a transient decrease in the SN NE \^rere al-so observed
j-n T-2 intubated ani-mars . The indoleamines, 5-HT and S-HIAA

were more sensitive to T-2 treatment, an observation which

is consistent with our previous observation made in
dissected main brain regions (Fitzpatrick et al-. 19BBb, Boyd

et al-" 19BB). Previous reports v/ere based upon dosages of
2-2.5 mg r-2 kg-l ew (Cavan et a7. 19BB; Boyd et aI. 19BB;

chi et al-. 1980; Fitzpatrick et a7" 19BBb; MacDonald et ar-.

19BB). Therefore, the neurochemical effects of the toxin,
observed at dosage of 0. 1 mg T-2 kg-l BW, 2% of the LDro

(Ueno, 1984), suggest that T-2 is a more potent CNS toxin
than previous thought. The neurorogical manifestations of
T-2 intoxication have been attributed to the systemic

effects of this toxin, that is the central_ effect is
secondary to T-2 induced cardiovascul-ar failure and hypoxia.

However, 0"1 mg T-2 kgr BW, a dosage insuffi-cient to produce

cardiovascular effect (Yarom et al-. 1983; yarom and yagen

1986), produced CNS effects suggesting that I-Z toxin may

affect the CNS directty.
In the second experiment, Chapter 4 | the effect of

dietary T*2 toxin at l-evel-s of 2"5 and 10 ppm on monoamines

in brain regions shown to be sensitive to T-2 toxin \Àrere

examined. A reduction in feed i-ntake, body weight gain and
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feed efficiency were observed in T-2 toxin feeding animal-s.

However, these effects \^/ere transient and no overt tissue
necrosis or bl-eeding were observed, therefore, the notion
that trichothecene i_nduced feed refusal- was due to
irritation of the oral cavity was not supported (Ueno,

L977 ) . Dietary T-2 toxin affected brain monoamine

concentrations, however, the pattern of altered monoamines

and metabolites observed in the acute trial was not

observed" fn t.he NRM, 5-HT, S-HIAA and NE increased in a

dose dependent manner, and a transient increase in DA was

observed. In the SN, animals fed 10 ppm T-2 toxin had

increased EP after 7 days, and decreased NE after 14 days.

Decreased DOPAC in the PVN and MFB was al_so observed.

Because of the physiological rol-e of monoamines in feeding

behavior reguJ-ation and body weight controÌ (Leibowitz,
1980), the perturbations of monoamine metabolism in the cNS

may account for the physiol_ogical_ manifestatj_ons of
trichothecene intoxication such as feed refusal- and low body

weight gain. The neurochemical- al-terations caused by T-2

toxin exposure were observed at 2.5 and 10 ppm exposures,

which do not produce systematic effects (Marasas et al_.

1'969; ueno, 1986; Yarom et a7" 1983), strengthens the notion
that, trichothecene mycotoxins directly affect the cNS"

Altered regionar concentrations of biogenic monoamines

and their metaboÌites in sel_ected brain nucl_ei of T-2
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treated rats indicate the perturbations of monoamine

transmitter metabofism. However, the functional state of
neurotransmitter system is more dependent upon the turnover
rate of the transmitters. For a better understandj_ng of T-2

toxin effect on the cNS, rt is necessary to examine the
turnover rate of serotonin, DA and NE in the brain.

The first two studj-es hrere toxicity trials, therefore,
was necessary probe the mechanism through which T-2 toxin
affect brain biogenic monoamines. BBB permeability to
different size of mol-ecul-es, brain protein synthesis and MAo

enzyme activity in T-2 treated rats was examined in the

third experiment (chapter 5). The administration of 0"2 or
1"0 mg T-2 kg-l nw of by i.p. resul-ted in an increase in BBB

permeabiJ-ity to smafl- molecular substance mannitol (MW

782.4) in dose dependent manner in atr six major regions of
the brain. BBB permeabirity to dextran, MW 70,000, \¡/as not
changed by T-2 treatment. Rats fed diets containj-ng 10 ppm

T-2 toxin had increased BBB permeabi-lity to mannitor in two

of the regions examined. Again, T-2 treatment did not
affect BBB permeability to dextran. These results suggested

that the BBB, the system essential to control the brain
environment, was compromised by T-2 toxin. rt is expected

that the detrimental- effect of T-z toxin on BBB integrity
and physiologicar function courd resurt in more adverse

effect on the brain function.
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Acute T-2 toxin treatment inhibited the protein
synthesis as indicated by decreased incorporatj_on rate of
lac-L-leucine into protein, holn/ever, this inhibit.ion \^ras not
observed in the feedi-ng trial. These observations are in
agreement vrith Rosenstein and Lafarge-Frayssinet (1983) that
T-2 toxin treatment at a l-ow dose caused an initial decrease

in protein synthesis and 20 hrs post dosj_ng protein
synthesi-s returned to the normal_ l_evel.

Decreased MAo enzyme activity in T-2 toxin fed rats
\nlas demonstrated. This may contrj-bute to the increase in
brain 5-HT, NE and DA concentratj-ons. However, el-evated 5-
HIAA and DOPAC, the major metabol-ites of 5-HT and DA after
MAo actj-on respectiveJ-y were also observed in some brain
regions of T-2 treated animal-s. The significance of MAo

inhibition in T-2 toxin induced perturbations of brain
biogenic monoamine transmitters needs further investigation.

In concl-usions: 1 ) Acute intubation of T-2 toxin
affects the concentrati-ons of monoamines and their
metabol-ites j-n sel-ected brain regions. The neurochemical-

changes \¡/ere observed at dosage which producing negligibre
effect on hemodynamj_cs, suggesting the T-Z toxin may

directly af f ects the cNS. 2) Dietary T-2 toxin at l_evel_s of
2.5 and 10 ppm alters monoamine metabolism in selected brain
regions " The nucreus raphe magnus v/as more sensitive to T-2

toxin treatment, which is in agreement with the observations
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