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. ABSTRACT 

!.koxynivalenol (vomitoxin) a toxic secondary metabolite 

produced by the fungi F u s a r i u m  q r a m i n a r i u m ,  contaninates food sources 

of animals and humans when infection of crops by the fungal organism 

occurs. The most common toxicity symptoms observed in animals that 

consume deoxynivalenol contaminated feedstuffs are feed refusal, 

reduced weight gain and vomition. At a biochemiczl level deoxynivalenol 

inhibits protein synthesis producing lesions in many systems of the 

body. Previous toxicological studies indicate wide species variation 

in the toxicity of deoxynivalenol. Poultry in general have been shown 

to be more tolerant of deoxynivalenol in their rations than other 

species and data on the toxicokinetics, metabolism and tissue 

accumulation of deoxynivalenol residues in chickens is available. 

Very little is known about the biological fate of deoxynivalenol in 

turkeys. 

The purposes of this study were (1) to determine the 

toxicokinetics of deoxynivalenol in turkeys ( M e l e w  m) that 

have been dosed orally and intravenously, ( 2 )  to examine turkey tissues 

for the presence of deoxynivalenol or its metabolites, and (3) to 

determine the chemical structures of deoxynivalenol metabolites 

produced by turkeys. 

Statistical analysis of deoxynivalenol blood concentration 

versus time profiles from intravenous dosing could best be described 

iii 



as a three-compartment open toxicokineti c model. Dcoxy111 va 1 cnol  

blood levels declined very rapidly producing a t c r m ~  na 1  I n i l  na t I o n  

half-life (t 1 / 2 &  ) of approximately 44 minutes. Oral  s t u d  lcs  

revealed deoxynivalenol to be poorly a b s o r b e d  f r o m  t h e  g a s t r n i n t c s t ~ n ; r l  

tract (0 .96% of the dose was absorbed). Ellmination of d e o x y n l v n l c n o l  

follows first order kinetics with the majority of the toxin appearing 

in the excreta within three hours. In turkeys deoxynivalenol and its 

metabolites are rapidly excreted by the kidney into the urine. 

Deoxynivalenol metabolites were observed in the excreta and urine but 

they were not chemically identified. Tissue residues o f  deoxynivalenol 

and/or metabolites were apparent but they declined rapidly down to 

trace levels. 
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Fungi are a diverse group of parasitic organisms, qeneral. 1 y 

saprophytes, that grow and reproduce on a wide variety of n u t r k n t  

zources including many human foods and animal rations. Under 

specific growth environments several genera of fungi are known to 

produce metabolites toxic to animal and humans. These toxic metabolites 

originate from secondary fungal metabolic pathways: a series of 

biochemical reactions that result in the production of specialized 

biamlecules (Lehninger, 1982). The specific function of toxic 

metabolites is not clear although Jenzen (1977) speculates they m y  

have evolved as the microorganism's strategy to preserve sources of 

nutrition, giving these organisms a method of competing for food 

sources. 

Mycotoxicosis, the developent of undesirable biological 

effects due to exposure to mycotoxins, may develop frcm direct 

ingestion, skin contact or inhalation of these toxins. Secondary 

exposure to mycotoxi~s may occur through the consumption of animal 

tissues containing residues of mycotoxins or their metabolites. The 

undesirable biological effects vary fran symptans associated with 

acute toxicity (vomiting, diarrhea, skin irritation, sudden death) to 

syntptms associated with mre chronic toxicity (neoplasia, 

teratogenesis, and nrcltagenesis). Incidences of mycotoxicosis have 

been reported fran many areas of the world as a result of the ability 

of fungi to grow and develop under a variety of environmental conditions. 



Ir, addjtjon, mjrcotoxicosis has k e n  reported throughout history. 

However, it fms o n l y  been in recent years with the development of 

muderii analy';icai cr;.hiunistry and fungal culture techniques that the 

prdiictlon and identification of specific toxins has been possible 

and defi9itive toxicological studies undertaken. Many aspects of 

mycotoxln toxicity need to be elaborated to establish the significance 

of the various toxins to both human and animal health. The information 

generated by research efforts in Canada and other countries has 

demonstrated the potential of specific mycotoxins to adversely affect 

the various systems of the body when exposed to small quantities of 

these toxins. It is the work of current researchers to pursue these 

initial findings and expand the toxicological information to cover 

the many aspects of mycotoxins that are still unknown. 

In Canada, surveys of crops for mycotoxins have demonstrated 

the presence of deoxynivalenol (m) contamination in cereal grains 

used for animal ration and human food (Scott et al., 1981; Trenholm 

et al., 1983). However, only a l i m i t e d  number of toxicology studies 

using deoxynivalenol have been carried out on farm animals such as 

sheep, dairy cattle, chickens and swine. These investigations 

provided preliminary information on the biological fate of DON in these 

species and the accumulation of DON or its metabolites in the tissues. 

Previous investigations have determined the accumulation of residues 

in eggs and meat of laying hens, the effect of DON on the health and 

productivity of adult laying hens and growing chicks and poults, and 

DON toxicokinetics in chickens. 



The biological fate of DON in turkeys has not been studied. 

Considering poultry tend to be cmparibly tolerant to the effects of LON 

could the consumption of DON contaminated feeds lead to the accumulation 

of tissue residues and what is the chemical nature of these residues? 

Knowing the kinetics of DON and its metabolites is important to an 

understanding of the risks to the health of the birds and potentially 

to humans who consume the meat. 

Therefore, the purpose of this study is to investigate the 

biological fate of DON in broiler turkeys. Kinetic studies have been 

undertaken to determine the absorption, distribution, metabolism and 

excretion of DON. Tissue samples were analyzed to determine the 

chkcal nature of the major metabolites of DON i.n turkeys. I n  

addition, a residue study was carried out to determine if DON or its 

metabolites accumulate in the tissues of turkeys. 

Mycotoxins in General 

There exists a great diversity of mycatoxins, over one hundrcd 

at the present time, have been identified. In his work on mycotoxins 

prevalent in cereal grains, Osweiler (1990) placed the mjor 

mycotoxins into eigh, major groups based on similarities of chemical 

structures and properties and sum~lcized several general but 

noteworthy characteristics of mycotoxins and mycotoxicosis: 

(a) several genera of fungi produce toxic metabolites, (b) these fungi 

can gruw and develop in a wide variety of substrates that serve as 

foods for both animals and humans, (c) many species of animals are 



susceptible to mycotoxins, and ( d )  mycotoxins can be toxic to many 

systems of the body. These mycotoxinsP prowrties have resulted in 

incidences of severe mycotoxicoses occurring in humans and a variety of 

animal species in many locations throughout the world. 

With the worldwide movement of agricultural ccmdities, it 

is possible for countries to both import and export mycotoxin problems 

with their trading partners. Analysis of feed samples to determine the 

levels of myootoxins present in Canadian crops have been conducted 

periodically. Prior (1976) screened samples of food-stuffs for 

aflatoxins and found mostly negative results. The National Research 

Council (1985) reported that 1% of all peanut butter samples screened 

contained aflatoxin above the 15 q/kg tolerance level and detectable 

quantities of aflatoxin were found in 10 of 60 imported cheese samples. 

In Canada, ochratoxin has been detected in muldy grain samples at 

levels of up to 4000 mg/kg and is suspected as a source of toxicosis 

in broiler chicks, dairy cattle and laying hens (Abramson et al., 1983). 

Ergot alkaloids have been found at low levels in only a very few feed 

samples (Prior, 1976). Zearalenone may affect all farm animal species 

and produces a number of changes in reproductive physiology; prolonged 

estrus, vaginal prolapse, testicular atrophy, infertility, stillbirths, 

and fetal murmnification. It is considered a major mycotoxicosis in 

Canada because it is regularly detected at potentially toxic levels in 

suspect feed samples. Fennel1 (1979) reported that, of the 2000 

suspect feed samples analyzed in Ontario fran 1972 to 1977, levels of 

zearalenone were detected between 0.07-141 xrg/kg. Sutton (1980) found 



up to 29% fungal contaminated corn samples contained detectable 

munts of zearalenone. Citrinin, tremorgenic mycotoxins and t mmn i siris 

are not considered to be significant sources of mycotox.icosis in 

Canada at this time. 

Trichothecene Mycotoxins 

As a group, the trichothecene mycotoxins, which includes 

deoxynivalenol, represent a major global health problem for both humans 

and domestic animals. In this group of chemically related 

sesquiterpenoid compounds approximately eighty different isolates have 

been identified (Ueno, 1987). Based on their chemical properties Ueno 

(1987) classified the major trichothecenes into four distinct groups 

(A, B, C, and Dl. Within group A of the trichothecenes mouldy corn 

toxicoses and alimentary toxic aleukia, due to T-2 toxin has resulted 

in mortality of animals and man. Group B trichothecenes whicii include 

deoxynivalenol will be discussed in the next section. Crotocin, 

group C, is an antibiologic agent and is not a significant trichothecene 

(Ueno, 1987). Group D mycotoxins are classified as macrocyc1.i~ 

trichothecenes because of their unique chemical structure and in 

general they are the most toxic with the contaminating fungi frequently 

colonizing the straw bedding of the animals. F u s a r i u m  spp. are the 

major fungi producing the trichothecene mycotoxins, although 

C e p h a l o s p o r i u m ,  T r i c h o t h e c i u m ,  M y r c t h e c i u m ,  S t a c h y b o t r y s ,  C y l  indocarpin 

and V e r t i c i m o n o s p o r i m  spp- produce the group C and D trichothecenes. 

Mycotoxicoses due to Fusarium contamination of cereal grain crops 

develop frm the consumption of these food sources by animals and humans. 



Ikoxyn i v a l  en01 - 

Sporadic deoxynivalenol toxicoses associated with Fusar ium 

yraminarium (Schwabe telemorph G i b b e r e l l a  zeae) contamination of animal 

and human food have been identified for many years. In Japan and 

Korea a toxicoses identified as red mould intoxication has occurred 

as a sporadic health problem in humans and domestic animals in several 

years; 1901, 1914, 1958, 1963 and 1970 (Ueno, 1980). This toxicosis 

was attributed to Fusar ium graminarium contamination of the local cereal 

crops such as oats, corn, barley and wheat. Similarly in the United 

States, corn ear toxicosis due to Fusar ium graminarium parasitized 

cereal corn has been reported. In 1923 in Russia, a major outbreak of 

Fusarioses in humans and animals associated with Fusar ium graminar ium 

contamination of cereal crops was reported (Doceman et al., 1930). 

Dickson et al. (1930) published a report of illness in swine 

characterized by emesis as a result of feeding barley that was 

contaminated by G i b b e r e l l a  z e a e .  

In many of the cereal growing regions of Canada, DON has been 

identified as a major contaminant of the cereal crops. The 

trichothecene found most commonly and at the highest levels in 

Canadian feedstuffs is DON. Extensive screening work by Scott (1931, 

1984) and Trenholm in 1981 found significant levels of DON in the 

1980 and 1981 wheat crops in eastern Canada. Scott et al. (1981) 

surveyed the 1980 wheat crop from Ontario and Quebec after noting 

extensive infection by Fusar ium spp. resulting in head blight. The 

results of the survey of seventy-two wheat samples found DON 



Production Conditions 

concentrations ranging fran 0.01 - 4 . 3  mg/kg. Samples € r a n  =s tu rn  

Canada were found to be free of deoxynivalenol that year. 'I'renholm 

et al. (1951) in 1980 analyzed 41 feed winter wheat samples from 

Ontario and reported deoxynivalenol levels of 0.38 - 0.98 q / k g .  

In surveying the 1982 and 1983 wheat crops, Scott et al., (1985) 

produced the following data: for Ontario in 1981 the average of all 

samples analyzed contained 0.18 mg/kg DON and in 1982 the avexage was 

0.70 mg/kg. In 1981 for QU&EC, the average contamination of all the 

wheat samples analyzed for DON was 2.27 q/kg and in 1982 the samples 

averaged 0.28 mg/kg. In general, the analysis of wheat samples frcm 

western Canada in 1982 detected trace levels of DON (0.1 mg/kg). 

Samples of white winter wheat fran Alberta had levels of DON ranging 

from 0.02 to 0.07 mg/kg. The survey of corn samples in Ontario 

reported DON present at the following levels: 1981 - 0.33 q/kg, in 

1982 - 0.22 q/kg and in 1983 the average sample contained 0.17 mg/kg. 

Of interest, a single feed wheat sample from Quebec contained 7.71 mg/kg 

deoxynivalenol (Scott et al., 1981) and Trenholm et al. (1981) reported 

a single feed wheat sample containing 8.5 mg/kg DON. 

The existence of environmental conditions that support muld 

gruwth and toxic production are critical for the developnt of 

mycotoxin problems. The sporadic nature of mycotoxicosis relates to 

there being suitable conditions in the field and/or on storage 

facilities, that favor fungal growth and mycotoxin formation. In the 



field the major source of spre contamination of crops, seeds and 

soil i.s old crop debris; previously infected staltks, stubbie and ears 

of corn (Warren et al., 1973). Crops become contaminated and infected 

by spores that originate from the soil through a number of mechanisms; 

as growing seedlings, aerosols, and spores carried on insects and 

birds (Attwater and BuSch, 1983, Sutton et al., 1980). Hesseltine 

(1976) identified a number of factors that would lead to the productim 

of mycotoxins during the harvest period - moisture, humidity, 

temperature and weathering. Physical damage to the plants by insects, 

birds, heavy rains, wind and hail which give the spores access to the 

deeper plant tissues will aid the parasitism of crop plants by the 

fungal organisms, In the field, warmer temperatures (15-35OC) and 

persistent wet conditions favor progressive developnt of the F u s a r i u m  

life cycle stages (Sutton, 1982, Liang et al., 1981). Field crops 

are not readily susceptible at the flowering stage while corn ears are 

mst susceptible when the silks have first emerged (Sutton 1982, 

Anderson 1948). Mechanical injury to the green kernels at harvest and 

spore inoculation due to soil contamination of grain helps establish 

fungal growth in stored grain. 

In storage facilities critical factors influencing F u s a r i u m  

growth and toxin formation are degree of spore contamination, misture 

content of the grain, temperature and relative humidity. Marten and 

Gilman (1976) found that the moisture content of grain critical for 

F u s a r i a  developnent was between 22 and 33% moisture. A temperature of 

12-20•‹C will support mycelial growth but optimum growth occurs at 



20-30•‹C (Jof fee 1963 . Under specific laboratory condi t l o n s  IJUSJ r.1 urn 

growth occurred at temperatures as low as 7OC and a moisture contcnt 

of 18% (Sherwood and Peabody 1974). Vesonder et al. (1982) reported 

that Fusarium roseurndeveloped in corn resulted in optimum levels ot 

DON being produced at 30•‹C, 30% misture content and after 41 days  of 

incubation. 

Chemical/Physical Properties 

Trichothecenes are classified as sesquiterpenoids because 

they contain the tetracylic 12, 13 epxytrichothecene skeleton. 

Chemically these mycotoxins can be separated into four distinct groups 

based on their functional groups and specific fungal origin (Ueno, 

1977). Group A toxins (T-2 toxin, diacetoxyscripenol, etc.) are 

characterized by a functional group other than a ketone at C-8. 

Group B trichothecenes (nivalenol, deoxynivalenol, fusarenon-X) are 

identified by the carbonyl group at C-8. Crotocin is the mjor 

trichothecene found in Group C and is chemically identified by a 

second epoxide found at C-7, 8. The rnacrocyclic trichothecencs 

caprise Group D ( verrucarins, roridins, sa tratoxins etc. ) and 

contain a macrocyclic ring structure between C-4 and C-15. The 

structwe and numbering system of deoxynivalenol, a keto-derivative 

trichothecene is illustrated in Figure 1. 

Noteworthy structures within the mlecule are; an olefinic bond 

at C-9-C-10, an epoxy ring at C-12-C-13, and the hydroxy groups at 



Fig 1 .  Chemical Structure 
of Vomitoxin 

DEOXYNIIVALENOL 
(VOMITOXIN) 

(Rd Toxin) 



C-3, 7 and 15. DON (C  H 0 has an m.p. of 153-154OC and is solublc 15 20 6 

in ethyl acetate, methanol, ethanol, chloroform, acetonitrile and is 

insoluble in hexane. It is only slightly soluble in water (Banburg 

et dl., 1971). While only marginally water soluble it has a low 

water-lipid partition ratio (Prelusky et al., 1991). The other 

trichothecenes are more soluble in chloroform, acetone and ethyl 

acetate. Under severe acidic conditions (pH 1) the epoxy ring is 

stable to nucleophilic attack but beccxnes unstable if heated (pH 1 for 

6 hours at 90•‹C). The conjugated carbonyl system allows for both U-V 

detection (absorbance at 220 nm) and fluorescence detection. Com~lon 

methods of analysis include TLC, GC, HPLC and mass spectrometry. 

Combination GC-MS analysis of the trimethylether of DON using a 

selected ion monitoring system results in diagnostic mass fragments at 

M/Z 422, 325, 295, 235, and 197 (M+ = 512) (Yoshizawa, 1983). 

Toxicology DON 

In general, similar chemical signs of toxicity have been 

observed for most of the trichothecenes including LX>N; with varying 

degrees of potentcy depending on the toxin. Ueno (1973) reported 

the major symptoms of DON toxicity as vomiting, nausea, feed refusal, 

diarrhea, bone marrow destruction and hemorrhage in the intestines, 

brain, vagina, adrenals and uterus. These symptoms were observed in 

cows, pigs, sheep, goats and chickens. Ogasarwa (1965) reported 

observing similar clinical signs in humans due to the consumption of 

wheat flour which was contaminated by F u s a r i u m  g r a m i n a r i u m  mould. 

Chung (1975) observed these signs in humans and animals that consumed 



9rai.n contaminated hy Gibberella zeae in Korea. Trenholm et al. 

(1.984) and P d l m a n  et al. (1985) reported that DON in the diet of 

swjne at 1-2 q/kg produced reduced weight gain and stimulated feed 

refusal. Swine ingesting higher concentrations of DON (20 mg/kg) can 

result in emesis (Trenhoh et al., 1988). In rats, a diet containing 

DON at 2 q/kg stimulated feed refusal (Vesonder et al., 1979). Mice 

exhibited feed refusal and reduced weight gain at a dose of 1 mg/kg 

(Tryphoras et al., 1986). Acute toxicity studies in mice fed 

deoxynivalenol contaminated rations resulted in gastrointestinal 

necrosis and intestinal hmrrhage (Forsell et al., 1987). Coppock 

et al. (1985) dosed swine intravenously (0.5 mg DON/kg of body weight) 

and reported necrosis of pancreatic acinar and Islet cells causing 

reported deoxynivalenol to be imnunosuppressive in mice at 5 q/kg 

of the diet. 

In reproductive and teratologicai studies in mice fed DON, 

Khera et al. (1984) reported an increased incidence of fetal death, 

malformation, and neonatal death. 

Deoxynivalenol has been shown to be cytotoxic (Newbeme and 

Rogers 1981, Ueno 1980) and at a cellular level there is inhibition of 

protein and deoxyribose nucleic acid synthesis through disruption 

of ribosomal functions. Ueno and Fukishima (1968) noted the inhibition 

of amino acid conversion into protein in turnor cells after treatment 

with nivalenol at a concentration of lO,qg/rnl. Tatsum et al. (1968) 



reported that protein synthesis was disrupted due to inhibition of 

ribosomal synthetic e n q w  activity. Wei et al. (1974)  reported that 

trichodemin interacted with the 60s  subunit of the riboscme. A l t h o u g l ~  

t m  proposed modes of action of inhibition of protein synthesis have 

been identified, that is, initiation inhibition of protein synthesis 

and elongation - termination inhibition of protein synthesis (Ueno, 

1987), the exact mechanism of ribosomal dysfunction has not been 

elaborated. DNA and RNA synthesis is inhibited by trichothexenes but 

this is considered to be seoondary to disruption of protein synthesis 

since a higher level of toxins was required and the extent of 

inhibition was less (Iwahashi et al., 1982). 

The imbibition of protein synthesis explains the radiamimetic- 

like injuries C O I I I I [ K ) ~ ~ ~  observed in animals suffering frcm DON 

intoxication, ie., damage to the imnune, I.smtologic, gastrointestinal 

and dermal tissce, All these tissues depend on rapidly dividing cells 

to maintain the function and with the inhibition of protein synthesis 

the normal division and growth of cells is impaired. Bone marraw 

destruction results in imrmnosuppression due to decreased white blood 

cell production, anemia due to decreased cell formation, and hemorrhage 

may develop fran reduced platelet formation (Sato et al., 1978). 

Poultry seem relatively insensitive to the toxic effects of 

DON. Huff et al, (1981) reported no mrtaiity in broiler chicks dosed 

w i t h  DON (70 q/kg of body weight). Wran et al. (1982) reprtd no 

decrease in feed oonsmption os growth in 6 - 11 day old broilers fed 



JXAi up  LO l l  6 ir~j/kg ~ j f  ration. Hamilton et al. (1983) fed a 

n~ t u r d  l j y mntrz~tinat~ vk~eat ration containing 4.9 q/kg to Leghorn 

c h i c k s  for 24 TZ~C&S &rid reymrted no significant effects. Feeding a 

diet conti3ining 5 wc/kj to young chicken and turkey poults was well 

t ~ l e r a t e d  by these birds (Hamilton et dl,, 1985). Trenholm et al. 

(1984) fed a DON contaminated ration to Leghorn chickens for 10 weeks 

and reported no significant changes to weight gain, feed consmption 

or egg production. h%en laying hens were fed wheat rations naturally 

contaminated with DON (up to 4.9 mg D/kg of feed) Hamilton et al. 

(1985) reported small but significant decrease in shell weight, shell 

thickness, and percentage shell. Kubana et al. (1987) fed mature 

laying hens a naturally contaminated wheat ration containing 18 mg 

DON/kg for 16 weeks and reported no significant effects on body 

weights, efficiency of feed production, and ten-day egg production. 

There was a slight significant decrease in eggshell weight. 

El-E3anna et al. (1983) fed groups of laying hens a ration 

containing 4-5 mg DON/kg of ration for 28 to 190 days and could not 

detect M3N residues in eggs or tissues of the chickens, Kubana 

(1985) fed t m  levels of DON contaminated wheat ration (9 mg and 

18 mg OON/kg) for one to 35 days and found no detectable DON in the 

tissues in henoglobin or he~latcrcrit of the birds fed the high dose 

ration between day 18 and 35 of the experiment, at a detection limit 

of 10 xg/kg of t issue. ' 



,Metabolism/Kinetics/Elimination of Trichothecenes 

The metabolism of trichothecenes involves four principle 

biochemical pathways; deacylation, hydroxylation, de-epoxidation and 

conjugation, with many possible metabolites resulting frm the 

combinations of those reactions on the parent molecule. The metabolism 

of T-2 toxin has been intensively studied and deacylation and 

hydroxylation reactions are very important in its metabolism. The 

deacylation of T-2 toxin and its intermediate metabolites has been 

observed in a variety of animals; rats (Ueno, 1987), chickens (Chi 

etal., 1978) (Yoshizawa, 1980) and lactating cows (Yoshizawa, 1981). 

The biotransformation of T-2 toxin occurs in the microsml fraction 

of the hepatocytes and are enzyme catalyzed reactions (Ohta et al., 

1977). The T-2 metabolites produced are similar to T-2 metabolites 

produced by fungi (Visconti, 1985). Other trichothecenes that are 

subject to deacylation reactions are fusarenon-X and 

3-acetyldeoxynivalenone (Matsumto et al., 1978) 

Hydroxylation reactions are another significant process in 

the ~tabolism of tricho+hecenes. Kobayaski (1985) concluded that 

the cytozhrane P-450 enzyme system was an important mechanism in the 

hydmxylaticm reactions for the metabolism of T-2 in mice. The major 

m+&lite of T-2 ad W-2 toxin that has ken identified in aninals 

(rodents, chickens, cows) are the hydroxylatd moiet-ies 3'-hydroxy 

T-2 toxin and 3 ' -hydrox-y El'-2 toxin ( Ueno , 1987 . 



In de-epoxidation reactions the 12,13 epoxide ring c m n  

tri all trichothecenes is converted to a vinyl bond which is an 

i m p r t a n t  step in the detoxification of these compounds since the 

epoxy ring is responsible for much of the toxicity. Swanson et al. 

(1988) isolated, extracted, and analyzed for the de-epoxy metabolites 

of T-2 toxin, diacetoxyscripenol, monacetoxyscripenol and scripenol. 

The de-epoxy metabolite of DI>N (DCM-1) was initially identified in 

the urine and feces of rats which had been dosed orally with DON 

(Yoshizawa et al., 1983). King (1984) reprted the conversion of 

DON to iXM-1 by r m n  microorganisms. Other trichothecenes subject 

to de-epoxidation reactions are diacetoxyscripenol, (Sakamoto, 1986), 

T-2 toxin (Yoshizawa, 1985), T-2 tetra01 (Chattergee 1986), and 

nivalenol (Onji et al., 1989). 

The major metabolite of DON identified in the urine and feces 

of animals is the de-epaxid~ metabolite DOM-1. Lake et a;. (1987) , 

Worrell et al. (1989), Yoshizawa et al. (1983) found that DOM-1 was 

excreted in the urine and feces of rats. Prelusky et al. (1985) 

noted the presence of this metablite in sheep urine and feces. 

In vitro investigations using bovine rumen fluid maintained under 

strict anerobic conditions reported the conversion of DON to DOM-1 

(King, 1984; Swanson et al. 1987). The role of aerobic microflora 

of intestinal origin in the formation of the IX>N de-epoxide metabolite 

was further confirmed by Wrrell et al. (1989) using both in vitro 

mdin viva metl-~udology. Studies designed to show the role of the 

liver enzymes in the fomtion of DCM-1 metabolite have been 

inconclusive (Worrell, 1989) and this anetabolite is believed to be 



microbial in origin. 

Conjugate metabolites have been identified for the fol.lowirq 

trichothecenes; T-2 toxin, HT-2 toxin, DON and DOM-1. Prelusky et a.1. 

(1986) and Worrell et al. (1989) identified DON glucuronide conjugates 

in sneep bile and rat bile respectively. The microbial conjugation 

of EFT-2 and T-2 toxin involves 3-O-acetyl conjugation pathway and is 

carried out by Fusarium, Ulocladium and Mucor sp. (Yoshizawa, 1980) . 

The pharmacokinetics of DON has been studied in several 

species. Prelusky et al. (1988) administered l4c-D0~ I .V. to swine 

and determined that the plasma distribution of DCN corresponded to a 

three-compartment open model with the half-life values (t 1/2) for the 

ocphase of 5.8 min (rapid distribution), phase of 96.7 win (slow 

distribution) and 8 phase of 510 min (terminal distribution). Coppock 

(1985) found swine plasm concentration values (I.V. dosing) gave a 

one-ccary?artment model with an elimination phase half-life of 

125-213 min. Other pharmacokinetic paraters reported by Prelusky 

et al. (1988) for swine include; volume of distribution 1.34 liter/kg, 

volume of the central compartment 0.166 liter/kg, and plasm clearance 

1.81 ml/min/kg. k m  the same study data collected following 

intragastric dosing gave a t 1/2 for the elimination phase of 7.1 hrs; 

DC)N plasma levels reached peak concentrations with 15-30 min of 

administration, and IXXJ plasma levels plateaued Setween 730-130 ny/rnl 

for approximately 9 hrs, before they slowly declined. Bioavaiiabi-lity 

of DON in swine was 48-65%, and it is excreted prhxily in the ~ l r i n e  



(80-1048) unchanged (> 45%), Prelusky et al. (1988). Friend et a:, 

(1986) found the bioavailability of IXlN and its metabolites in swine 

to k 6 5 % -  The estimated bioavailability in some other species is 4% 

i.n dairy cattle (Prelusky et a l . ,  1984) and 6-10% in sheep (Prelusky 

et a l . ,  1985). 

Prelusky et al. (1985) reported a two phase exponential 

decrease of DON in p1as.m levels of sheep dosed intravenously; the 

rapid distribution phase (t 1/2 812-23 min) and a slower elimination 

phase (t 1/2q 57-78 min). There was no evidence of significant tissue 

binding of J3DN. Oral dosing resulted in t 1/2g sf 100-125 min with 

DON completely eliminated in 20-30 hours. When dosed orally, 

approximately 75% of the DON was converted to the 30N glucuronide 

metabolite which was slowly eliminated from the body (6.1-7.1 hr). 

Only a small amount of the de-epxide con jugate was detected (4 2% ) . 

In another study in which sheep that were dosed intravenously 

with DON (0.5 mg DON/kg), it was found to be eliminated in the urine 

in several forms; unchariged DON or the metabolites DON glucuronide 

conjugate, DOM-1 and DOM-1 glucuronide conjugate (Prelusky et al., 

1986). With I.V. dosing the t 1/2 (elimination phase) for DON in the 

urine is 1.2 hr, while the t w o  n'ajor n-ietabolites were found to have 

t 1_/2 as follows: DON glucuronide - 2.2 hr, -1 glucuronide - 3.1 
hr. PreLusky et a.1. (1986) found that 63% of the total dose was 

eliminated in the urine with maximum urinary excretion occurring 

0.5-1.5 hr after dosing. Further, approximately 3.5% of the I.V. dose 



was excreted into the bile as conjugated DCM-1, with p e a k  biliary 

sxcretion being established within 1 hr of dosmg. In the oral dosing 

studies, approximately 55-75% of the oral dose was recovered f r a n  

the feces unchanged (Prelusky et al., 1986). Approximately 7.18 of 

the a&-inistered DON was recovered in the urine (7%) and bile (0.11.%). 

Urinary excretion (t 1/2) of metabolites were as follows - DON - 

3.2 hr, conjugated DOIvl-1 - 5.0 hr, conjugated DON - 4.0 hr, with 

mimum rate of excretion occurring 6-9 hr, after treatment. DON and 

its ~tabolites are rapidly excreted from the body with metabolism 

king a major mechanism of elimination in sheep. 

Few studies have been carried out to determine if mycotoxin 

residues are accumulating in animal tissues. Yoshizawa (1981) reported 

for dairy cattle that 0.2% of the administered dose 02 T-2 toxin could 

be found in the milk. Robinson (19791 in a similar study using T-2 

toxin, found a small portion of the dose accumulated in the milk. 

Prelusky et al. (1984) found trace munts ( L 4  ng/ml) of DON in thc 

milk of dairy cows administered 1.9 mg of DON per kg of body weight. 

El-Banna (1983) fed DON to layer hens and broiler chickens (4-5 q / k g  

of body weight for 28-190 days) and was unable to detect DON in the 

tiss~es or eggs. The presence of only trace amounts of radioactivity 

in tissue samples of swine fed low levels of DON contaminated rates 

over an extended length of time suggests sequestration of DON or its 

-etabolites in tissues may be insignificant (Prelusky, 1991). 



14 Unlabelled deoxynivalenoi (DON) and labelled ( C-DON) was 

prcduced from methods described by Miller and Arnison (1986) 

Agriculture Canada, Ottawa, Or.tario. The chemical purity of the 

u.rllabelled DON was determined by TLC and HPLC analysis (97% pure); 

similarly the l4c-D0N was found to be 96% pure with a specific 

14 radioactivity of 1=3,qCi/mg. The C-!ION was produced by a biospthetic 

process using 14c-acetate and resulted in non-specific labelling of 

the DON. 

All solvents were HPLC grsde or better. 

$-glucur~nidase (Sigma Type IX from s. c o l i )  was obtained 

from S i q a  C h d c a i  Co., St. Louis, MO. for enzymatic hydrolysis 

studies. 

For the clean-up columns, non-activated carbon (Darco G-60, 

7-E343, J.T. Baker Chemical Co., Phillipsburg, N.J.) and chranatgraphic 

grade neutral alumina (70-230 Mesh, Merck M 01077-36, BDH Chemiczls, 

Toronto, Ontario) were used. 

In the preparation of the HPK mobile phase both solvents were 

filtered under vacuuw. Methanol was filtered through a E'H - 0-5 mM 

filter (Millipore Ltd., Mississauga, ON.). The water was double 

distilled (Sybron-Barnsted distiller) and then filtered through a 

HA - 0.45 mM Millipore filter. 



Biofluor (New England Cljucle;ir, Liichine, Que.) was used for 

liquid scintillation counting. 

Apparatus 

The HPLC utilizeci a variety of mponents: Spectra-Physics 

Model SP-8000-03 L.C. containing a temperature programned oven, 

autoinjector with 1 0 0 ~ 1  sample loop, Spectro-Flow 773 W detector 

(Kratos Analytical Instruments, Westwood, N.J.)  and a cathode ray tube 

display unit. Sample separation was obtained using a stainless steel 

L.C. column (25 cm x 4.6 rnn id) packed with reverse phase RP-18, 

OD-5A Sphere-5 (Brownlee Labs, Santa Clara, CAI and a guard column 

packed with Spherisorb S5 ODs, 5krn OD-5, (Phase Separations, Hauppage, 

N.Y.) inserted between the injector and +be L.C. column. 

Measwaents of radioactivity were carried out by two methods, 

direct liquid scintillation counting (L.S.C.) and oxygen ccmbustion 

followed by L.S.C. Beckman 8000 liquid scintillation counter (Beckman 

Instrument Co.) was used. Determination tissue radioactivity was 

accmplished using a Tri-Carb Model 306 aukosampler ~xidizer, (Packard, 

Downers Grove, Ill.). 

T.L.C. plates were Merck pre-cuated 20 x 20 cm silica gel 60 

F254 plates (Terochem, Unit 3, 2740A Slough Street, ~ssissauya, ON.). 

Clean-up columns were made from 10 m l  (18 m id x 30 an) 

disposable glass pipettes (Fisher Scientific, Pittsburgh, PA.). 



A l l  glassware was washed in distilled water and heated in a 

muffle f u r n a c e  !500•‹C for 2 hours) prior to use to remove all organic 

ma teria I . 

Animals and Treatments 

One-day old broiler poults (!&l~agr& -) were obtained 

from a cannercia1 turkey hatchery (Hybrid Turkey Incorporated, Dorval, 

Quebec) and mved to the brooder rocm, Agriculture Canada Research FarmI 

Nepean, Ontario. Groups of 24 birds were received every three weeks 

for the duration of the project to facilitste having birds of three to 

four kilograms for the various studies. 

During the eight-week growing period the groups of turkeys 

were housed in poultry floor pens and were gi-ven feed and water 

ab libetun. For the first two weeks the poults were fed a turkey 

starter crumble ration and then they were switched to a turkey grower 

ration. All feeds were formulated by Agriculture Canada nutritionists 

following N.R.C. guidelines and processed on the farm. Samples of 

rations were analyzed to check the nutritional content of the feed and 

to check for the presence of the mycotoxins deoxynivalenol and 

zearalenone. 

The following environmental conditions were maintained: 

relative humidity (ambient), temperature ( 2 0 0 ~ )  and day length 

(12 light-12 dark). 



Routine gross post-mortem examinations bere ~~orlductmd on a1 1 

birds thzt died. All systems were systematic~l l y  csanu r ~ u l  I 0 1 -  cv id~~tit-c  

of gross pathology and tissues showing evidence of diseasc were 

submitted for further microbiological and histologicdl exan:na t ion .  

In preparation for the various experiments, groups of eight 

turkeys were transferred to the radioactive studies wing of the 

pathology laboratory. At this stage, the birds weighed between three 

and four kilograms and were approximately eight weeks old. They were 

individually identified and caged and assigned to a specific 

treatment group. 

The turkeys were given free access to feed and water and 

environmental conditions maintained similar to those in t he  growing 

area. 

In studies where repeated blood sampling and/or intravenous 

dosing was necessary, the brachial veins were catheterized according 

to the following procedure. Turkeys were administered a general 

anesthetic using a non-rebreath anesthesia system. Anesthesia was 

induced and rmintained with halothane (Ayerst 0.5%-2%) and a O2 flow 

of 2 litres/minute. Once stabilized under anesthesia the brachial 

vein in the proximal d n a r  region was plucked free of feathers and the 

skin swabbed with alcohol in preparation for catheterization. Intravenous 

teflon catheters (22 ga x 1 in - Angiocath) were inserted into the  veln 

and anchored in position by folding cloth tape across the hub of the 



c: ;~t t~c: tcr  and suturing the tape to the skin. TG maintain the patentcy 

of the catheters they were flushed with 0.5 ml of scdium citrate 

solution (3.9%). After both brachial veins had been catheterized, the 

turkeys were re-weighed and allowed to recover frcm anesthesia. The 

turkeys were given 24 hours to recover frcm anesthesia and surgery 

prior to dosing. 

Urine was collected by cannulating the ureters. The birds were 

anesthetized as previously described, the openings of the ureters in 

the cloaca identified and plastic cannula (50 cm) were inserted into 

the ureters approximately 2.0 cm from the orifice. The cannula were 

secured in place using a purse string suture (3-0 Dexon). After 

recovery from anesthesia, birds were placed in narrow cages to restrict 

their mvement. The cannula for collecting urine extended from the 

cloaca to 15 m l  screw-top vials in test tube racks securely attached 

to the outside of the cages, The urine samples were identified and 

frozen (-20•‹C) inmediately after collection. 

For the tissue residue study, tissue samples (breast muscle, 

thigh muscle, spleen, brain, proventricules, gizzard, kidney, liver, 

adrenal, heart, akdomiral fat, subcutaneous fat, bile, small 

intestine) were collected inmediately after euthanasia. The birds 

were euthanized by intravenous injection of T-61 (Hoechst - 1 ml) for 

necropsy. Each tissue sample was collected and stored in an 

individual plastic bay. All the individual samples from a single bird 

were kept together in a large container and frozen (-20•‹C) until 

analyzed. 



Analytical Techniques 

1. DON Administration 

For the kinetic studies, DON was administered orally and 

intravenously at t m  doses - 5 mg/kg and 1 q/kg body weight. To 

facilitate dosing DON was dissolved in a 3% ethano1:sterile water 

solution at a concentration of 10 mg/d for the high dose studies 

(5 mg/kg) and at a concentration of 2 q / m l  for the low dose studies 

1 k g .  For those birds dosed with I4c-DON in addition to cold 

CON, the quantity of CON contained in the '%-DON material was 

calculated to maintain the total dose administered at 5 mg DON/ky or 

1 mg DON/kg. 

For I.V. dosing, the dissolved DON was drawn up into a 3 ml 

syringe (Monoject) injected into the right brachial vein using the 

implanted catheter which was then flushed with 0.5 ml of saline. For 

oral dosing, the dose of DON was placed directly into the crop by 

tubing the birds (per 0s) using a neonatal stomach feeding tube ( s i z e  

8 Fr. x 10" long). After administering the DON solution with a 

syringe, the tube was flushed with 1 cc of sterile water. 

In those experiments used to determine the urinary excretion 

of DON and/or its metabolites, the birds were given a total dose of 

i xCi 1 4 ~ - ~ ~  intravenously or orally. 

The birds used for the tissue residue studies were dosed 



w u l l  y at twri leiid s ; 5 mg D3N/kg ba3.y weight ( 0.5 &Ci - 14c-DON/kg 

,id I rry iY-H.i/kq of bOdr weight 0 .  S w C i  - 1 4 ~ - ~ k g ) .  These birds were 

then sacrificed at the following intervals: 0.75, 1.5, 3, 16, 12, 24 

and 72 hours. 

Sample Collection 

~lood samples (1 m l )  were collected via the left brachial vein 

catheter illto 1 ;nl. syringes. The samples were transferred to 1.5 ml 

disposable polypropylene centrifuge vials (Eppendorf) containing 

lO0,q~ of 3.9% sodium citrate as anticoagulant. After adding the 

blood to the vials, they were capped, shaken to mix the anticoagulant 

and blood, and then refrigerated (3OC) until they were prepared for 

analysis. For the intravenous dosing studies, blood was collected at 

the following intervals: 0, 2.5, 5, 10, 15, 20, 30, 40, 60, 80, 100, 

120, 150, 180, 210, 240, 300, 360 minutes. For the oral dosing 

studies, blood was collected at 0, 20, 40, 60, 80, 100, 120, 140, 

160, 180, 200, 220, 240, 259, 280, 300, 320, 340 and 360 minutes. 

Excreta samples (containing both urine and feces) were 

collected at 3, 6, 24, 36, 48 an8 72 hour intervals •’ram birds dosed 

with l4t-~. T h e  exc, was collected on plastic wrapped fiberglass 

trays placed under the wire cages. At the proper time intsrval the 

excreta was removed, placed in plastic containers and frozen (-20•‹C) 

until analyzed. 



3. Extraction, Clean-up and EPIC .%=?ysis of B l o o d  Scmpl~s 

The HPLC technique used for the a n a l y s i s  for EON i n  b l o d  

was a modification of n;ethds developed by Trenholm et dl. (1985) tor 

the extraction, clean-up and analysis of cereal g r a i n  samples. 

In brief, the &taction, clean-up and ana1yt;rcal procedcre 

is outlined below. Clean-up cof-imns (Fig 2 )  were packed in the lab 

according to the following procedure. 

The top portion of the pipette was removed and the distal 

tip was plugged wit!! a small amount of silanized glass wool. Addcd 

irito the pipette was 0.75 g non-activated charcoal which was packed 

mder vacuum to approximately 2/3 of its original volume. Added on 

top of this layer was 0.7 g of aeutral alumina which was pckd under 

vacuum and then a glass -mol plug was lightly tamped into pla, re to 

retain contents. 

Prior to the extraction of blood samples, clean-up columns 

wexe attached to a multiple smple vacuum system (Trenholm et dl., 

1985) and pre-washed w i t h  15 ml. of an acetonitrile water s~lutivn 

(84:i6). Eluant flow rate was adjusted by vacuum to approximately 

1 drop every 10 seconds. Vacuum was removed &fore the pre-washing 

solutiori reach& the level of piptte contents to prevent the 

contents f ran drying, 



Figure 2. 
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For extraction of IXX from the stored blood samples thc 

samples were mixed ( 3 0  sec) and 1 cc of sample was t ransferrid L o  a 

15 ml screw-top vial. Acetonitrile ( 5  ml)  was added and the mixture 

was nixed for 1 hcur at 1000 r p  IIKA-Bibrax-VXR). This mixture was 

centrifuged ( 5  min at 1500 rpm) and the suprnatant was pipetted into 

*e pre-washed clean-up columns, ancl vacuum started to facilitate 

filtration of q l e .  The remaining blood sample was re-extracted 

with acetonitrile (1 d), mixed for 30 min, centrifuged (5 min), and 

the supernatant was added to the clean-up column. An additional wash 

of 8 m l  of acetonitri1e:Hf (84:16) was added to the column, and when 

the clean-up column was ilry., vacuum was removed and the eluant that 

had been collected was removed from dryinrj. Eluant samples were dried 

using a gentle flow of N2 and a heating block (50•‹C). The residues 

remaining were dissolved in 1 ml. of HPLC mobile phase solvent 

(ri~hano1:water - 91:9) transferred to HPK vials, capped and 

refrigerated until analyzed. 

For samples obtained from oral dosing studies +be residue 

that remained after drying with N2 was dissolved in 300+ of HPLC 

solvent, transferred to 300aL HPIX: vials, capped and refrigerated. 

The concentratim of DON in the eluant was determined by 

HEW analysis using the instmiwntation described previously. Analysis 

was  performed under the following conditions: mbile phase - 

methano1:water (91:9); detector wave-length - 220 nm; solvent flow 

rate - 1.2 ml/min, column temperature -30•‹C and injection volume - 

100&L. 



standard solutions were prepared and standard cuLrves 

derived using peak heights, An external standard method of sample 

analysis was used. Peak height was linearly related to DC>N 

concentrations between 5 ng/100~1 to 100 ng/100~1 (Fig 4). 

4. Liquid Scintillation Ccuntinq (L.S.C.) 

Liquid scintillation counting was used to determine the total 

radioactivity in blocd, urine and T.L.C. extracts. The radioactivity 

in the sample was determined by liquid scintillation counter (Beckman 

8000 L.S. counter, Eieckman Instrument Co., Irvine, CA). Measurements 

made by L.S.C. were autcrratically corrected for dilution, quenching, 

background, and counting efficiency. 

Whole blood samples (iOOyL) were counted in triplicate. The 

blocd sample was pipetted into plastic scintillation vials and 15 ri 

of Biofluor was then added into the vial, mixed and counted. 

Urine samples i200.4L) were also counted in triplicate. These 

samples were air-dried in L!e scintillation vials before 15 rJ of 

Biofluor was added. The vials w e  then mixed, all& to stabilize 

for 12 hours and counted. 

The T.L.C, extracts of the excreta studies were counted in 

duplicate ( 2  ml) by L.S.C. after the extract was air-dried in 

scintillation vials. Biofluor (15 ml! was added before L.S.C. For 
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the T.L.C. extracts of the urine studies, triplicate 50hL samples of 

extract were air-dried in the vials, 15 m l  of Biofluor added and the 

mixture was counted in L.S.C. 

5. Oxidizinq Techniques 

Triplicate tissue samples containing l4c-IlON or its mtaboli tes 

were weighed (100 - 200 mg) and "&en burned in an autosampler oxidizer 

14 (Tri-Carbo Model 306 autosampler oxidizer). The C-m2 released frm 

the tissues was captured in Carbo-Sorb, mixed with Permafluor 

(scintillation cocktail) and counted on the L,S.C. Tissues from 

control birds that had been administered l 4 C - D 0 ~  were oxidized as a 

source of background samples. Excreta samples were oven-dried, weighed 

and pulverized with mortar and pestle prior to being oxidized, Quenching 

was determined by external standard method. 

6. Thin Laver Chronaatoara~hv Studies 

(a) General Procedures 

Precoated silica gel plates (20 x 20 cm) were etched vertically 

into several channels for a variety of widths according to the number 

of samples being analyzed (Fig 5). Plates were developed in a 

solution of CHCL :acetone:isopropanol (40:30:10). The origin was 3 

located 2 cm •’ran the edge of the plate and the total distance frm 

the origin to the top of the sampie channel was 14 cm. The plates were 

developed in an equilibriated T.L.C. tank and took approximately 1 

hour to develop. A t  the capletion of developnt, the T.L.C. plates 
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were air-dried in a fume hood and then exa~ned in a W viewing 

cabinet using UV long wave radiation (365 nm) . DON was observa3 as 

a spot of blue fluorescence approximately 10 an •’ram the origin. A l l  

plates included two reference DON channels that were run concurrently. 

(b) T.L.C. of Excreta Samples 

These studies were carried out with excreta obtained from birds 

dosed orally with 5 mg DON/kg body weight. Air-dried excreta samples 

(50 mg) were rehydrated for 24 hours in 2 ml of sdium phosphate 

monobasic buffer (pH 5 )  prior to extraction in 15 ml screw-top glass 

vials. Blank excreta samples and samples from blrds dosed with DON 

were extracted. The hydrated feces were extracted twice; initially 

with 5 ml of ethyl acetate followed by 5 id of methylene chloride. 

After the addition of extraction solvent, the tubes were vortexed for 

30 min, centrifuged (10 min at 1500 rpm) and the supernatant removed. 

The supernatant from both extractions was combined, dried slowly using 

a gentle flow of N2 and a heating block (30•‹C). The residues were 

redissolved with 200,qL of ethyl acetate:methanol (50:50) and spotted 

(100~L) onto the plates. Each TLC plate contained two DON standards. 

After the spotted areas on the plates were dried and the plates were 

developed in the T.L.C. solvent system described previously, the plates 

were examined under W radiation (365 nm). These studies revealed two 

major zones of fluorescence on the T.L.C. plate, one approximately 

5 cm from the origin, the other at approximately 1C am. 

These studies were performed with the following extraction 

solvents: (a) ethyl acetate and methylene chloride 

(b) acetone 



( C) acetonitrile, and 

(d)  ethanol and ethyl acetate 

~ t h y l  acetate and rrethylene chloride were found most efficient in 

extracting the radioactivity from the excreta. 

( C )  T.L.C. ( Excreta Samples Containing l4,-00~) 

These studies were wried out with excreta samples (50 mg) 

obtained •’ran turkey dosed with 5 mg/kg wkich included 0.5,qCi 

14C-DQN/kg. The T.L.C. plates were developed as outlined in section 

(b) and were then scanned to observe areas of radioactivity. The 

T.L.C. plate showed two areas of radioactivity - one corresponding to 

DON, the other an area containing an unidentified metablite(s). 

Autoradiography of these same plates revealed t h e e  bands of 

radioactivity; the origin, a zone 5 an frm origin, and a zone 10 an 

•’ran origin. W scanning of the plate established DON at 10 cm from 

the origin. 

(d) T.L.C. - Analysis of Enzyme-Treated Excreta 

In preparation for the enzymatic studies, air-dried excreta 

samples (200 Q) were rehydrate3 in 2 niL of sodium phosphate monobasic 

buffer (pH 5) in 15 ml screw-tcp vials for 24 hours. 

@ -glucuronidase ( 2000 units ) was added ta the rehydrated 

excreta sample and incubated at 37OC for 6 hours. A second rehydrated 

excreta sample which did not contain the enzyme was subjected to the 



saw incubtion conditions. At the end of the incubation ~ r i a j ,  

samples were extracted and analyzed by the T. L.C. rnethds out1 i ncd in 

section (b). After development, the T.L.C. piaLes were scanned for 

radioactivity and autoradiographed. Each vertical channel was 

sequentially divided into 1 cin wide horimntal strips, starting a t  the 

origin. The silica scraped from the 1 cm strips was added into a 

pre-washed scintered glass filter sitting on top cf a 15 ml screw-top 

vial and washed with 13 m l  of methanol. Aliqaots of the methanol were 

used for HeLC analysis and L.S.C. Fer analysis of KIN, 0.5 ml of the 

methanol eluant was dried down in HPIC vials using N2 gas and then HPLC 

solvent (1 ml) was added to the vials. Standard procedures for HPLC 

analysis of DON were then followed. 

For L.S.C. analysis of aliquots ( 2  ml )  of the methanol el.uant 

frcm each strip were pipetted into scintillation vials, air-dried, and 

Biofluor (15 nl) added. The prepared samples viere then counted to 

determine the quantity of radioactivity using an automatic L.S. 

counter, as outlined previously. 

Mass spectral analysis of eluant containing metablite(s) fran 

strips 4 to 7 was performed (no record of conditions utilized). 



Recovery Study of D3N from Whole Blood - HPLC Analysis 

A recovery study was carried out with pure crystalline DON 

dissolved in a solution of methano1:water (9:91). Various 

concentrations of DON (Table 1) were prepared to facilitate the 

additicn of 25,qL of DON to the blood samples (975,qL). The spiked 

blood samples were then mixed, extracted and analyzed by HPLC 

according to the methods cutlined earlier. The results indicated 

that recovery of DON frcxn whole blood samples was greater than 87%. 

A repeatability study was initiated to determine the accuracy 

of the HPLC technique. The blood samples (1 ml) from two birds were 

split into two equal proportioris ( 0 - 5  ml!, extracted and analyzed 

according to the procedures outlined previously. The analysis of the 

samples containing trace concentrations of DON/ml of blood show an 

acceptable level of variatior, since the analysis of the paired samples 

was similar (Table 2). 
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TQ detehne the accuracy of L.S.C. a study r m s  iiniler-t ,~kerl 

cmparing the results of L.S.C. and HPLC analysis of spl it bl~)cx< 

samples contsinins EON. The HPLC analysis is spcif  ic for DUN o r t i b S ,  

whereas L.S.C. courtting measures total radioactivity which can 

originate froin unchanged DON and/or DON metablites. Therefore, it 

is necess?~y to investigate the accuracy of the DON blood concentration 

determined by L.S.C. The accuracy of analysis is determined by 

comparing the results obtained by the two nethods of analysis 

(Table 3 ) . 

The dzta in Table 3 is derived from two separate studies. The 

radioactivity measurements of blood DON (L.S.C.) are similar to  the 

results determined by EPLC analysis iadicatiny that L.S.C. of bloocl 

samples for DON concent~ations under these circumstances, is an 

appropriate technique. This study indicates that little or no 

metabolites are present in the blood in the initial 60 minutes. 

Therefore, L,S.C. data for the time period studied, provides a g o d  

estimation for the DON profile in blood. 

The blood K M  concentrations versus time (C-T) profile for 

the turkeys dos& intravenously are s h m  in Fig--e 6, 7 anC: 8. The 

semilogari+,h-aic pl&s of the declining DON concentratims follm a 



Table 3 

Cbnprisan of Blood  DON V a l u e s  Utilizing !ho IWAods 
of Analysis - EPIC and L.S.C. 

sample Time &?LC Analysis L.S.C. Analysis % Change of 
(min) ( ng DON/ffJ of Blood) ( n r ~  DON/ml of Blood) Averages 

* HPIC - - + S - D ,  four samples analyzed/unit t h e  

*L.S.C, - - + S.D- for 10 samples analyzed/unit time 



Figure 6 
Blood concehtration of DON in Turkeys 

Following single intravenous administration of 1 mg of DON/kg 

(HPLC analysis) 



Figure 7 

Blood concentration of DON in Turkeys 
Following single intravenous administration of 

O.ShCi/l;g 1 4 ~ - ~ ~ ,  total dose DON - I &kg 

(LSC analysis) 



Figure 8 
Blood concentration of DON in Turkeys 

Following single intravenous administration of 

(LSC analysis) 



triexrmnential profi-le best described by a three-cmpartment open 

toxicokinetic &el. The C-T profiles for I.V. and oral studies 

represent the best fitted computer model of the data. The empirical 

data was calculated using the means of each group of birds, either 

three or six (see appendix 1). 

Figure 9 illustrates an open three-cmprtment toxicokinetic 

&el described by the I.V. disposition of DON in turkeys. 

I.V. injection 

In utilizing the &el it should be noted that the intravenous 

injection results i n  DGN entering the central compartment (1) and a 

number of rate anstants (K) describe the distribution, redistribution, 

and elimination of DON into and out of the other ccbnpartments ( 2  and 3) 

of the &el. 



Analysis of the b i d  C-T curves indicates t h e r e  is J rapid 

two phase distribution phase F,g) followed by a slower pro1ot;ytul 

elimination phase (8). 

For the high dose I .V. study ( 5  mg DON/kg) (Fig 81, the 

following kinetic values were obtained (Table 6 )  t 1 / 2 a -  0.84 n ~ i n  

t 1/26 - 9.31 min and t 1/28 - 141.63 min respectively. For the low 

dose I.V. study (Table 41, based on MPLC analysis, the distribution 

figures are t l/W - 0.44 min, t 1/28 - 5.27 min and elimination 

half-life (t 1/2 8 )  is 44.35 minutes. Lczw plasma levels of DON were 

detectable at 6 hours post-dosing, the time period for which sequential 

blood samples were taken. Blood samples collect& at 12 hours 

post-dosing did not show any measurable amounts of DON. The high 

dose I.V. data was determined entirely by L.S.C. counting of samples 

(6 birds) and the low dose data was derived by a cambination of 

techniques, L.S.C. for 3 birds and HPLC analysis of blood for 3 birds. 

Previous studies indicated that the blood radioactivity counted 

essentially is measilring unchanged EON for the initial 60 minutes of 

the experiment. 

The toxicokinetic parameters for both I.V. dosages are given 

in Tables 4 fl mg/kg), 5 (1 mg/kg) and 6 ( 5  mg/kg)- 



Table 4 

Pharrnacoicinetic Parameters of DCN in Turkeys 

1.0 -/kg 1.V. dose of DON - average values for 3 turkeys - HPLC 

DON .- 

t 1/2 El (min. 1 



Table 5 

~~~~racokinetic Parameters of DON in Turkeys 

1.0 q / k g  1-17. dose of DON - average values for 3 turkeys - LSC 



Table 6 

Pharnaamkinetic Parameters of DON in Turkeys 

5 q / k g  I.V. dose of D3N - average vaiues for 6 birds - LSC 

Value 



The low dose I - V .  study (1 mg/kg) data is presented as tw 

separate tables reflecting two methods of analysis of t h e  samples WIX' ,  

( 3 birds 1 and LSC ( 3 birds . Although bath  analyticai 111etho.3~ 

resulted in a three-compartment model, the rate constants of the 

terminal phase of the blood C-T curve are very different; the C-T 

curve decline is faster in HPLC. Th2 HPX measures unchanged DON and 

LSC measures unchanged IXIN + mtabolite. 

The DON blood concentration versus time pxofiles for oral 

studies are shown by Figures 11 (1 mg/kg) low dose study and 12 

(5 mg/kg) high dose study. This data best fits a one-compartmnt 

model as illustrated below (Figure 1 0 ) .  

The DON plasma profile observed has two ccmpnents, an 

absorptive phase followed by a mnoexponential phase of declining 

plasma DON levels. Table 7 and 8 give the toxicokinetic parameters 

calculated from the profile data collected. 



i;igurc 11 
Blood concentration of DON in Turkeys 

Following single oral administration of 1 mg DON/kg 

time (minutes) 



Figure 12 
Blood concentration sf D8N in turkeys 

Following single oral administration sf 5 mg DON/kg 

time (minutes) 



Table 7 

phw~~cokin&ic ~xameters of DOM in Turkeys 0W.X) 

1 q/kg oral dose of DON - average values for 6 birds 

*-volume f l/kg 

*K 0 + 1 ( 2 1 )  

K 1 + o  ( 8 )  

T(iagf min 

*AUC (ng min 

*t 1/2 - K 0 4 1 (min.) 

t 1/2 - K 1-20 (min.) 

*t max. min. 

*C -. (ng 

*Large Standard Error 



Table 8 

P h a m w m ~ c  Parameters of DON in Turkeys (HPLC)  

5 mg/kg oral dose of - average values for 6 birds 



r t  of the c ~ r ~ l l y  acimnistered dose was rap id  with 

m~xirnun blocxi IeveLs =curring w l t h l n  65 minutes of dosing. A 

ri ic in~xx~~,nenti  ?I pmf I:P ckiaracterizcd the ellmination process with 

ft. 1 / Z  for 5 mg TXlrr/kcj kin9 90.65 minutes and t 1/2 for 1 mg DC;+'kg 

tE rn.; 1 f 1-8 minute5 f , Only low levels of blood DON were detectable 

after oral administration C !m,) - 23.9 ng for the high dose study 

and 6.8 ng for the lcw dose study. Bioavailability of DON to turkeys 

based on the amprison of the low dose intravenous and oral AdC 

calculations was 0.96%. Similarly, bioavailability calculated by 

caparison of the high dose intravenous and oral AUC figures is l.G4%. 

From the ord studies, the fag time absorption observe3 was 

1.6 minutes in the low dose study to 3.6 minutes in the high dose 

study. This short period of lag time between dosing aria when blood 

concentration of I33N began to increase +a measurable levels and occurs 

as a result of the b i r d s  being dosed into the crop. The crop is a 

storage compartment of the digestive system and does not have an 

absorptian function. Tt-te lag time of absorption reflects the transit 

time St takes the DON to pass frm the crop, tlmough the gizzard and 

into the proventriculils where &scI~tion begins. 

The calculated volumes of distribution V* frm the low and 

high dose oral studlies were quite similzr (0.195 - 0.206 L/kg). The 

resufts frm the ILm dose oral study were very near the lirrits of 

detection of the HPLC analytical bzchnique but the similarities of 

the ~-01ume ~f distribution helps m f i m  the accuracy of the l m  dose 



data. Although representative of no specific physiolcqical 

comparLant in the body, it does indicate the CON was conf i n &  to 

cardiovascular and extracellular water fluid cmpzirtnent. 

Excretion Data 

The elimination of D3N Frm Lurkeys was studied using l4c-D0~. 

The amount of 14c-lX?Y in the excreta and urine was measured over time. 

Three separate studies were utilized to determine the elimination 

profile. In the first study (Table 9) the quantity of radioactivity 

present in the excreta, when dosed intravenously was determind. 

These values include radioactivity eliminated in both the urine and 

feces. In the second study (Table lo), the quantity of radioactivity 

eliminated through the kidneys and excreted in the urine was 

determined. The binds -were dosed intravenously and had both ureters 

catheterized which providai a means of physically separating the uriric 

and feces. In the third study (Table 111, the birds had been 

catheterized to facilitate urifie collection but were dosed orally. 

The radioactivity present in the urine was determined. 



Table 9 

E l i m i n a t i o n  of Radimctivity in Excreta 

dose - ( 5  mg DON/kg - I.V.) 

( 0  - 5  ,uci - l 4 c - ~ / k 9  

Time Period 
( hours ) 

% Dosf3 
Excreted 

Cumulative % 
Excreted 

* 4-5 birds/unit tim 

*excreta samples mted i n  triplicate 



Table 10 

Elimination of Radioactivity in Urine 

Time Period 
( hours ) 

% Dose 
Excreted 

Cumulat.ive 8 
Excreted 

- data collected fran two birds 

- each sample axrite5 in triplicate 



Table 11 

Elimination of Radicxctivity in U r i n e  

dose - l p C i  - l4c-XN Orally (0.77 mg) 

Time Period 
( hours ) 

% Dose 
Excreted 

Cumulative 
% Excreted 

- data collected frcm two birds 

- each sample counted in triplicate 



A large proportion ( 7 5 8 )  of radioactivity is found I n  ttw 

excreta within 3 hours and approximately 90% of the dose wiis  elirninatecl 

by 12 hours. At the end of the study period ( 7 2  hours) 97.3% ot- the 

radioactivity had Seen account& for in the excreta. 

Excreta in birds is a mixture of wastes eliminated by the 

urinary system and the digestive system. 7 b  nmre accurately determine 

the quantity of radioactivity eliminated frm each system it was 

necessary to collect the urine separate •’ram the feces. Birds that 

had the ureters catheterized, allowing for the collection of urine 

separately from the feces, eliminated a large proporti.on of the 

radioactivity into the urine when dosed intravenously (Table 10). 

Within 0.33 hours of injection 19.5% of the dose could be accounted 

for in the urine and this value rapidly increased 58.8% of 

radioactivity in 1 hour and 68.3% in 3 hours. In total approximately 

74.6% of the total dose administered was accounted for in the urine. 

When the catheterized birds were dosed orally (I,aCi of DON) on.ly a 

small portion of the radioactivity could be accounted for in the 

urine (Table il). At the end of 0.33 hours, no radioactivity was 

measured; at 1 hour, 1.6% of the total dose was measured in the urine; 

at the end of 18.0 hours only 1.82% of the total radioactivity 

administered was accounted for in the urine. 

Preliminary T.L.C. work established a T.L.C. technique which 

61. 



el u!.d IJ3I.i a distance of approximtely 10 an fran the origin R - 0.67) 

111 t h e  developed piate. Further T.L.C. studies using extracts frm 

14 
excreta of birds dosed with C-DON produced a zone of fluorescence 

and radioactivity beyinning 5 an fran the origin (R_F - 0.33). This 

zone was fairiy broad and could cover several centimeters (Fig 13). 

'Phe zone with an RI vilce of 0.33 was interpreted as a region of unknown 

rnetabolite(s) of DON since the only source of radioactivity available 

to turkeys was the 1 4 ~ - ~ ~  administered to then. Autoradiography of 

urine samples subjected to T.L.C. reveal& three zones of radioactivity 

- zone 1 at the origin, zone 2 at approximately 5 cm from the origin 

corresponding to unknown rt~etdbolites, and zone 3 at 10 cm frm the 

origin which corresponds to l4c-D0~ ( autoradiograph 1 1 . L. S . C . of 
eluant fran 1 cm horizontal strips revealed levels of radioactivity 

which corresponded to the visual observation seen in the 

autoradiography results, and HPLC analysis of these eluants established 

that only the radioactivity at 10 cm on the T.L.C. plate is associated 

with the parent toxin, IX>N (Table 12). 

Studies were undertaken to chemically characterize the unknown 

met&olite(s). Samples of excreta extract subjected to enzymatic 

hydrolysis (6 hours) by @-gliieuronidase and sulphatase did not s h w  

substantial observable differences fran non-hydrolyzed sample. 

(Autoradiograph 2) .  

In another study acid treatment of excreta extract using a 

variety of conditions (Tabie 13) t c t  attempt to hydrolyze possible 





Autoradiograph 1 

TLC o f  Urine Sample 

DON 

Unknown 
Metabol i tes 

Or ig io  

Calumri 1 Column 2 
U r i  ne Ur ine  



Table 12 

Analysis of T.L,C. P late  ESrtracts 

T.L.C. Strip 
L.S,C. 

D P M k 1  of Extract 
HPLC 

(ng/100 ~i of Extract 1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5.2 ny 

0 

0 

0 

0 

0 

- analysis of strips  begins at the origin 



Au to rad iog raph  2 

Enzymatic Hydrolysis of Metabol ite(s) 

DON 

Unknown 
Metabolite 

O r i  gin 

Column 1 Column 2 
Non- hydro1 ysed Hydro1 ysed 

extract extract 



conjugated metabli tes result4 in partial hydro1 y s i s  in the 

region of unknown metabolite(sf (autoradiqraph 3 )  but-. also c l~omposcc !  

the free DON. 

Table 13 

Conditions Used for Acid Hydrolysis of Metabolite 

Sample 1 - control - only extracted 
2 - control pH 8 - no heat - extracted 
3 pH 1 - heated 30 min. at 60•‹C 
4 pH 1 - heated 120 min. at 60•‹C 
5 pH 1 - heated 120 min. at 90•‹C 

Radioactivity scanning of excreta samples subject to 

4-glucuronidase hydrolysis for varying lengths of time (2, 3, 4, 6, 

18 hours) and varying quantities of enzyme (2000, 4000, 6000 units) 

did not appear to change the amount of radioactivity found in the 

region of unknown metabolite(s) when canpared to non-hydrolyzed 

samples. Furtherrimre, enzymatic hydrolysis studies of putative 

conjugate metabolites using blood samples drawn from tlrrkeys at 5, 15 

and 60 minutes (Table 14) rsvealed slightly but not significantly 

higher levels of DON in the hyc?rolyzed samples. Mass spectrccrretry 

analysis of samples of unknown metabolite(s! obtained from the scrapincjs 

from the T.L.C. plates was unsuccessful due to the presence of 

interferring oarrpounds. Attempts to utilize the HPLC column as a 

means of separating and purifying the unknown mebbolite(s) dmnstratcd 

that the metdmlite(s) were very polar canpunds. No separation or 

purification of canpmds could be achieved and mass s-r;ectral analysis 

of unkrwwn metabolite(s) samples obtained after passing through the 



Autoradiograph 3 

Acid Hydrolysis o f  Metabolites 

DON 

Co 1 umn 1 2 3 4 5 
(see t a b l e  i 3 )  



Table 14 

Lack of Effect cxl ~-qlucuz~Onidase on DON levels in Blood  

Non-Hydrolyzed Hydrolyzed 
Time (min . ) (ng DON/ml) (ng DONjrnl) 

* + S.D. four samples analyzed (HPLC) per u n i t  time - 



'I'G d e t e r m i n e  if tnere arc s i g n i f i c a n t  tissue residues ( E O N )  or 

~ t s  w:tahlrtes t~ccumolatiny in the various tissues of the turkeys ,  

LXO residue studies were carrltd out .  In the high dose s tudy t-he total 

close of LXXU administered was 5 mg/kg including O.5,qCi 14c-D0N/kg; and 

in the low dose study 1 -/kg mcluding 0.5~Ci 14~-~q/kg. The various 

tissues were ana lyzd  for total radioactivity. The distribution and 

elimination of DON or its metabolites is shown in Table 15 (1 mg IXXJ/kg) 

and Table 16 (5 my DC)N/kg). By the first sampling the (0.75 hours) 

rdd i c w t i  vity was f~t ind in af 1 the tissues analyzed and had reached 

its mxirnrm level except for the brain, kidney, liver, aMominal fat, 

subcutaneous Tat, arid bile. Tnese tissues all showed peak levels of 

radioactivity by 1.5 ;~aurs psi dosing. Once maxim~m radioactivity 

levels had been reached in ~ 5 e  tissues, there was a rapid, steady 

decline of tissue radioactivity with the exception being the bile 

levcfs following the high dose which f l ~ ~ ~ ~ a t e d  over time. The tissues 

with the h~ghest levels of radioactivity were the k i ~ e y ,  liver, 

spleen, arid adrenal with the exception of the gastrointestinal tract 

which reflected the effects of oral dosing. The eiimination of 

radimctivity frm the tissues was rapid with mst tissues being 

essentially cleared by 6 hours il mg/kg) or 24 hairs for the 5 *kg 

i d s  19..ose tiss~es still containing significant levels of 

radimctivity at this the period were kidney, liver, spleen, adrenal 

and small intestine. 
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Fcr accurate blood DON concentration-tim profiles dnd  

subsequent toxlcoklnetlc ana lys i s  it is necessary to ensu t  c that  tho 

blood DON can be accurately quantlkatd. In the inltial stacje.; of 

t h e  p ro j ec t  the use of pu r i f i ed  IXlN (797% pure) to establish ff1~1XI 

a n a l y t i c a l  techniques w a s  undertaken to enslire accuracy. I n  the 

recovery s tudy pure DON solut ior ls  of knawn concentrations were added 

to b i d  sanrpks- These samples were then extracted and analyzed 

according to es t ab l i shed  protocol  to ensure accuracy of DON 

concentrat ions  i n  the b l d .  Tine o the r  method used f o r  ana lys i s  ot 

DON i n  the blood w a s  LSC. LSC while  simple, rapid and relative1 y 

accura te  has  Lbe major disadvantage of not  k i n g  a b l e  to disti r ~ g u i s h  

between rad io labe l fed  paren t  ccmpounds and possible metabolites t h a t  

may r e t a i n  the radiolakl. 

The low dose intravenous study analyzed by LSC i l lus t r -d tcs  the 

l i n i t a t i o n s  of a techrriqie which measures total r ad ioac t iv i ty  as  d 

method of  a n a l y s i s  =or k i n e t i c  s tud ies .  Canpr i son  of the C-'A' protlle 

derived f r a n  i-IPIX: analysis versus  LSC ana lys i s  shows sane differences 

concerning the prolonged e l imina t ion  phase determined by E C  a n a l y s ~ s .  

(Fi5 6 and 7) . I n  t h e  C-T p r o f i l e  generated by HPE ana lys i s  there 

is a fairly rapid decline of blood DON l eve l s ;  with no DON detectable 

z i t  approxkstely 6 hws. We C-T p r o f i l e  generated by EX shcjtii.; a 

p ~ o l q e d  e l imina t ion  wi*h trace q u a n t i t i e s  of KBi (21 rw at 

240 min., 16 ng at 300 min,, and 12 ng a t  360 min.1 present  towards 

the end of the sample collection period. Cne possible explanation f o r  



t h i  <, ccr;r~i:i ijc: that t h c  i,:C technique is measuring both DO5 and DON 

:::c.r ; i i , r , l  : t e - ,  1 o g e t  t i e r .  and thc.1-efore an elevated and kn ?tical ly 

I n:iccur;l t e  proi'i l e  of' DON wc~uld  he generated. A second factor involved 

c f : !~ id  i)e ?-i1:1 t basic i nscnsi t I v i  ty of the LSC technique in accurately 

ns!ic:sr~ng MJK values at extremely low levels, levels very close to 

background levels ( ~ 3 0  ng DON/ml). 

In studying the raw data (Table 17) the blood DON concentration 

values derived from LSC in two of the three birds showed quite erratic 

blood concentrations at later sampling times, dropping to zero at 

100-120 minutes before "rebounding" to 30-60 ng DON/ml of blood, 30 

mtnutes later. While not discounting the possibility of Doh metabolites 

resulting in the prolonged C - T  value derived by L S C  counting since the 

analysis of excreta do indicate the presence of metabolites, the ability 

of LSC to accurately measure the lower concentrations of DON should be 

considered as well. In the study undertaken to compare blood DON 

concentrations using HPLC analysls versus LSC, the results indicate the 

two mcrhods of analysis were comparable in accuracy during tile first 

hour of t h e  study, and i f  there were "c-DON metabolites present up 

t o  that time, they were found in such small quantities as to not 

significantly affect the results. In addition when using 1 4 C - ~ 0 N  as 

n marker for the low dose 1 .Y. study (1  m g  D O N / k g l f . S & i  1 4 G D 0 ~ / k g )  

each dpm i s  equivafent to 1 - 6  ng of DUN and variability in counts and 

therefore blood DON values will be magnified by this factor, Alsa, some 

of t h e  increased variability in L S C  arose from the procedure of counting 

whole blood instead of serum or plasma. 



Table 17 

Sumnrary of Blood DON Concentration Data -- 
From L o w  Dose I .  V. Study 

( ng  D O N / m l  of Blond) 

B I R D S  1 . D .  

Time [min) I *  2* 3 * 4 1  Sd 6 8  

*Determined by HPLC single szmple analysis 
#Determined by LSC triplicate l O 0 h L  samples 

N.S. - no sample 



'I tic; I nt railenous blood concentration versus time (C-T)  prof i le 

- . 
j > r O ~ l t : e i  ~ n f  ormat i o n  a b o u t  DON distribution and elimination. Using 

the three-compartment model the DON is injected into the central 

ccmprtrnent which nol-rrtally consists of the cardiovascular system and 

cxtrz tcel lu lar  water component of the body. The distribution of DON 

through this compartment is an extremely rapid event, (t 1/2%0.8 - 

0.4 minutes), the decrease in blood concentration is very rapid, 

resulting in a C-T profile that has a very steep slope. In turkeys, 

there is a second distribution phase (t 1 / 2 @ 5 . 2 7  - 9 . 3  minutes) which 

cor~esponds to the movement of DON into some tissues of the body at a 

slightly slower rate. This phase lasts approximately 40-60 minutes. 

?71e distribution of DOH to the tissues is a more rapid process than 

elimination of DON and therefore, is the major factor in determining the 

shape of C-T profile duriag the early stages. As DON reaches equilibrium 

between the serum and the various tissues of the body, then it is the 

elimination processes that will determine the rate of decline. For DON 

in turkeys, half-life of the elimination phase is 44 min. DON appears 

to be eliminated from the blood of the turkeys very rapidly. 

The C-7' profile observed wtth oral dosing are comparatively 

s impler than the I.V. dosing profiles. From the data gathered it appezrs 

to best fit a one-compartment model, with only an absorption and 

elimination process - no observable distribution. This apparent 

inconsistency between the two models could reflect the dynamics of the 

distribution process in that distribution to the tissues is so rapid 

that it was not being detected by the sampling times used. A possible 



explanation for this based on AUC calculnt i o n s  is t h n  t : i b s o ~ - p r  l o 1 1  01' 

DOK from the digestive tract is qt:ite Limited. itppro:iching the 1\11\its 

of detection and therefore analytical vnriahi lit ?  nay 1 ~ '  t t i i l i l ~ l . i l l g  

observing distribution phases in t h e  bload prof  i l c .  'l'hc t.1 I ~ I I  na t l o i ~  

processes i n  the oral studies have elimincition ha1 t ' -1  ivcs (!)O- l :;I I I I I I I ~  

in comparison t o  the 1.V. stcdy elimination half-lives. 

Although limited absorption explain the features thc orai 

C-T profile and kinetics, it may also be possible that DON is being 

extensively eliminated from the body before reaching systemic circulatiorr 

resulting in low blood concentrations. This could occur if t h e  I ) O N  

that is absorbed by the small intestine is carried directly t .  t h c  

liver via the portal vein where it would be eliminated froin t h e  body. 

If this was the case it would account for the apparent low absorpt inn 

from the gut, low blood levels fallowing oral dosing, and low l cvc l s  

eliminated in the urine following oral dosing. However, this doesn't 

correspond with the findings that with I.V. dosing urinary cxcrctivn 

appears to be the major route of elimination, not through the l i v e r .  

Therefore, it would appear that there is jn fact very limited 3bsorpt1orl 

of DON from the gut. 

The blood samples collected from the oral studies were analyzed 

by HPLC only. Oral administration of the DON resulted in very low 

blood levels which were close to accurate detection limits ( 1  ng/ml 

of blood). However, in comparing the data between the high dose oral 

and low dose oral studies, the volrunes of distribution obtained arc 



r 1 , 3 7 9 :  5,025) gave app rox ima te ly  a 1 : 4  ratjo which is close r c  what 

wr;uld hc- expected for the t w o  doses of 1 mg/kg:S mg/kg. In considering 

these f a c t o r s ,  even though t h e  low dose studies v a l u e s  are very close 

i o  t h e  detection l i m i t  and many of the parameters did display 

individual variation, the data generated appears to be consistent. 

?'he residue study traced the specific radioactivity of the 

major tissues of the body over a 72 hour time period (Table 15, 16). 

The highest levels of radioactjvity were found in the kidney, liver 

and adrena l  glands with the kidney containing 9300 dpm in the low dose 

study an3 13,000 dpm in the his.;. dose study. The clearance of the 

radioactivity from the tissue in thc low dose study resulted in a 

wide range of elimination half-lives - 10-12 hr for the fat to 76.1 hr 

for the gizzard. Further, the major tissues of the body had the 

following elimination half-lives; muscle (20.5 hr), kidney (20.5 hr), 

liver (56 .8  hr) and fat (11.2 hr). In the high dose study the range of 

elimination half-life was 8.1 hr for the heart to 83.6 hr for abdominal 

far. In comparing the major tissues, the following results were 

observed; muscle (29.5 hr), kidney (33.3 hr), liver (51.6 hr), fat 

t56.8 hr). Although the higher dose did take marginally longer to be 

cleared from the tissues, it would appear that the clearance processes 

are not dose dependent. The clearance processes appear to be 

reIatively efficient in removing the radiocarbon as the levels of 

radioactivity in the organs dropped to very 101. levels within 24 hours 

of dosing. 



The distribution of DdX t o  tissues will dcpcnd on scyc.r;ll 

factors, the physio-chemical propert ics of W N ,  conccnt rat i ens 

gradients, ratio of blood florlj to the tissue mass arid rh t*  :tft-irlity 

of the DON for tissues components. 'i'hc tissuc distr.ihuiivn of '  [ ) O N  or- 

its metabolites was very high to the liver and kidney in pirt 

because these tissues receive a large portion of the cardiac output 

and also in pzrt because they are involved in the elimination process. 

Other tissues with high blood flow to mass ratio; brain, heart, and 

endocrine glands (adrenal) were the other tissues to show high levels 

of radioactivity, DON, or its metabolites. The adipose tissues of 

the body showed persistent levels of radioactivity which, although 

quite low, were slow to be eliminated from the body. Adipose tissue 

has a low systematic perfusion so lipid soluble compounds, in general, 

are slowly released back into circulation. 

In a similar study using 1 4 ~ - ~ ~ ~  Prelusky et al. (1986) found 

that laying hens dosed orally retained residues the longest in t h c  

kidney, liver and fat. These results are similar to the tcsults 

obtained in this study when dosing at 5 mg/kg. Further in a study using 

swine Prelusky et al. (1991) similarly found that residues pers~stcd 

the longest in these three particular tissues; liver, kidney and fat. 

The elimination half-lives of DON in swine (dose 1 mg/kg I.V.) are 

considerably shorter (range from 1.16 hrs - 5.5 hrs) than in turkeys 

(10.3 hr - 76.1 hr), 



Af'tcr IJON d! stri bution has reached an equi li  briua, then 

c f j : ; i ~ n ; l t i o n  from The b ~ d y  is the primary process that results in the 

rleclinc of blood concentration. Elimination of DON froa the turkeys 

1 4  
~ r ~ i l o l  vcd 1~0th thc 1 i ver and the kidney. Using C-DON, it was 

dctcrrnincd that a large proportion of the dose (81%) could be found 

i n  the excreta within 6 hours and that most of this radioactivity was 

being eliminated through the kidneys (74%). Unchanged DON and a large 

amount of unknown metabolite(s) were present in the urine. A smaller 

portion of DON or its metabolite(s) were excreted into the bile. 

In summary, the calculated kinetic parameters support the 

conclusion that DCN and/or its metabolites are rapidly eliminated from 

turkeys following I . V .  administration. Analysis of the excreta 

regealed 75% of the dose was eliminated within 3 hours and 95.8% within 

24 hours. On intravenous dosing (1 mg/kg), the blood C-T time curve 

showed a two-stage distribution process followed by the rapid 

eiimlnation of DON to trace levels within 6 hours of administering the 

DON. Similarly, the disappearance of tissue radioactivity to trace 

levels within 12 hours of dosing after peaking at 1.5 hours, indicates 

that the radioactivity was rapidly removed to trace levels. However, 

both tissue residue studies have detectable levels of radioactivity 

through to 72 hours, indicating there is a slower elimination process 

with temporary retention of trace amounts of radioactivity in the 

tissues. On oral administration, the characteristic blood DON C-T 

profile is prolonged by on-going absorption compared to the I.V. data. 

Also, the distribution phase of DON on oral administration does not 

correspond as closely to the intravenous kinetic data as absorption 



from the gut may be too slot$ to alloli obscrv:tt  on ot' t h e  v:~rioi~s 

stages. The elimination hinetlcs arc important i n  p1-educ 111s 

relatively lox peak blood levels that occurred shortl!. aftc.:. 

adninls~ration (t mas - 65 min]. 

Physiological based pharmacokinetics nwdel ling may be used ; IS  

an alternative to compartment modelling. This approach attempts to 

define the physiolcgical processes that determine drug disposition in 

the body 2nd develop from that information a model that explains the 

physiological structure of the body. For the development of the 

physiological-based pharmacokinetic model, the body is depicted as a 

member of organs interconnected by the circulatory system. 'I'hc 

tissues important in the disposition of the drug arc ident~fled 

separately and the remaining tissues are pooled in general tissuc 

compartments. In utilizing the principlcs of physiological modelling 

for this study, the following data are needed; cardiac output, organ 

weights, partitioning coefficient and blood distribution to the various 

organs (Tables 18, 19, 20 and 21). Data for both chickens and turkeys  

has been included to illustrate the sirniiaritles between the two 

species. The partitioning coefficients of DON for the various organs 

in turkeys and chickens is unknown. 

If all the necessary data was available then the distribution 

of DON to the various organs of the body and the organism as a whole 

could be calculated. Elimination of DON fro3 the liver and kidney 

would be calculated and it would be possible to establish the kinetics 



(1) frm Sturkie, P.D. 
(2) fram Martine Boulianne, PhQ thesis, University of Guelph, 1991 

Table 19 

Organ -weights 
(mean % of live weight) 

Organ 

Muscle 

Proventriculus 

Brain 

Liver 

Gizzard 

8ea rt 

Kidneys 

Intestines 

(3.) from msden, S.J. 
i 2 )  frm Sturkie, P.D. 
- no data available 



Table 20 

Organ 

Kidney 

Heart 

Liver 

Duodenum 

Colon 

Pancreas 

Spleen 

Distribution of Blood Flew in Chickens 
(average -weight 1.850 kg) 

% Cardiac Ou tpu t  (1) Per Organ i~nl/m i n ) 

(1) from Sturkie, P.D. 

Table 21 

D i ~ t r i D u t j - o n  of Blood Flow in Turkeys 
(average weight 3.674 kg) 

Organ % Cardiac Outpu t  (1) Per Organ (:nl/rni n )  

Kidney 

H e a r t  

Liver 

Duodencrm 

Cohm 

Pancreas 

Spleen 



of DC'K in these species based on the physiological and n n : l t o ~ n ~ c n l  

information available. Of interest the t i s s u e  r e s i  due sttltl i e s  t ~ ; \ . ~  

shown the highest levels of radioactivity in the heart, 1ivc.r ;tritI 

kidaey, whjch also are the organs which are r e c e i v i n g  t h e  h i g t l ~ ~ s r  

percentage of blood flow. 

The comparison of DON kinetics between species is one of the 

advantages of physiologic modelling over the traditional compartment 

modelling. From the data found in the tables, it appears that 

chickens and turkeys are very similar physiologically and anatomically. 

Using physiological modelling techniques, it may be possible to 

determine DON kinetics in turkeys  fro^ the quantity of data already 

available on chickens. 

Studies undertaken to chemically identify the unknown 

metabolites were unsuccessful. The unknown metabolite(s) are more 

polar molecules than DON as evidenced by the distance removed on 1'LC 

and how rapidly they moved through the HPLC column. Treatment of t h e  

met;bolite(s) with -glucuronidase, sulfatase and acid hydrolysis 

were unrewarding. Similarly the enzymatic hydrolysis of blood with 

q-glucuronidase did not reveal the presence of glucuronide metabolites. 

From these studies it was ascertained that the metabolite(s) were not 

sulfate or glucuronic acid metabolites. The acid hydrolysis study did 

decrease the concentration and therefore it was impossible to observe 

the expected increase in DON after acid hydrolysis. These enzymatic 

hydrolysis results indicated that DON metabolism in turkeys does not 



p r c x u c e  t h e  c m m n  cjlucuronide or sul fa tase  conjugates found in other 

species. The acid h;arolysis studies showed that hydrolysis of a 

conjugate metablite!~) was possibly occurring but since the I X N  

concentration also decreased any definite conclusion regarding the 

chemistry of the metabolite cari~ot be made. The metabolites of DON 

prcduced in the turkeys may be chemically unique of fowl, perhaps 

ornithinine or taurine amino acid cocjugates that have been reported 

to occur in birds (Casarett et al., 1986). 

Visconti (1985) attempted to identify the metabolites of T-2 

toxin, a closely related trichothecene, in chicken excreta. In total 

ten different metabolites were identified. with 3'-hyclroxy HT-2 toxin 

being the major metabolite found in excreta and organs. These 

metabolites are produced by deacetylatiofl and hydroxylation of the 

parent compound. For DON, however, only a limited n e r  of metabolites 

have been observed in the various species: DON glucuronide conjugate, 

the de-epoxide DOM, DOM glucuronide conjugate. These are products 

of conjugation or de-epoxidation reactions. The chemical nature of 

the pssible metabolites that are produced in turkeys remain unknown. 

Turkeys can metabolize DON extremely rapidly and excrete it 

into the urine very efficiently, as significant quantities of DON 

metabolites were not isolated fran the blood. The presence of the 

unknown metalxrlite(s) does make it more difficult to definitely interpret 

the tissue residue study where total radioactivity is measured. The 

ratio of radiactivity due to DON and to the metabolite(s) is unknown, 



however the elimination pattern of tissue radioactivity is very s i m i l a r -  

to the elimination ~rofile for the intravenous DON C-T profilc. 

The absorption of DON given orally results in an increasing 

C-T profile, but the nature of the absorption profile will depend on 

these simultaneously occurring processes - absorption, dis"cribution, 

and elimination. The C-T profile for the orally administer-& DON was 

best represented as a one-compartxrtent model with two rate constants; 

absorption and elimination. The observed difference between the 

onecomparUnent oral model and the three-ccnnpartment I.V. model could 

be a function of the rapid sequence of distribution processes with 

the distribution phase of DON being lost in the absxption processes. 

F'urther, these rapidly occurring processes may have been missed in 

the the spacing 'between samples. The elimination phase for the oral 

studies (t 1/2 elimination 90-130 minutes) is very similar to the 

results obtained for the intravenous studies. Only very low b l d  

levels of DON were observed in the oral studi.es, with maximum 

concentrations occurring within 65 minutes of dosing. Bioavailability 

on a measure of the total quantity of drug absorbed on oral 

administration of DON in turkeys is 0.96%. The low bioavailability 

of DON is consistent with laying hens where the bioavailability was 

sham to be less than 1% (Prelusky et al., 1986). 

The C-T profile is commonly used to calculate severiil other 

variables; volume of distribution and clearance. V o l m  of 

distribution is an estimate of toxin distribution expressed camonly 

as L/kg. Although the Vldoes not refer to any particular physiological 
r, 



sp3c~ t n  t h e  M y  it can offer useful information on distribution. 

Fcx the C-T profile determined in these studies, the dynamic processes 

led to a large m u n t  of variation between birds and therefore the 

phamcokinetic parameters calculations based on the C-T profiles. 

The V -  based on the 5 q / k g  I.V. dose C-T profile was 0.66 L/kg and 
d 

- 
C1 was 10.4 ml/min 'kg -1, an extremely high value in amparison to 

other species. 

In this study the volume of distribution and clearance values 

were quite variable. The volume of distribution figures indicate that 

DON is not king extensively bound to plasma protein or tissues of the 

body. If binding to tissues were occurring then excretion and 

elimination processes would k slower since less of the DON would be 

available in the plasma. However, the calculated clearance value of 

D3N from the turkeys were quite high values indicating the DON is 

being removed fran the tissues and eliminated from the body rapidly. 

Lun et al. (1989) orally dosed chickens with 3 ~ - D O ~  and 

determined that the majority of the radioactivity was found in the 

urine within 3 hours of dosing. In their study, 60% of the dose 

appeared in the urine in 6 hours, while 2% of the radioactivity 

appeared in the feces. The corrcparable data for this study are 74% 

and 1,76%, respectively. In the study by Lun et al., 82% of the total 

radioactivity was accounted for in the exreta of chickens after 24 

hours, the canparable data for turkeys was 95.8%. Similarly, both 



studies found low blod levels of radioactivity after oral dosir~q 

with radiolabelled DON, with blood levels peaking k i o m  nwxin~un  

urinary excretion occurred after which the rate of renal excretion w a s  

greater than the rate of absorption, leading to declining blcxxi 

concentrations of DON, 

Urinary excretion is the major route of elimination (>go% of 

the administered dose) of DON or its metabolites fran sheep 

(Prelusky, 1986) and swine (Prelusky, 1988) with bile being a minor 

route of elimination. 

Preldsky et al. (:986), in a tissue distriblkion and excretion 

study of 14c-DON in chickens, found that an oral dosing DON was prly 

absorbed and reached plasma levels in 2-2.5 hours, slightly slower 

than the 0.2-1.0 hours found in turkeys. In chickens, maximum 

tissues levels of radioactivity occurred in 3 hours (except for 6 hours 

in fat, muscle, oviduct) which in turkeys most of the levels of 

radioactivity occurred within 45 minutes of dosing with kidney, 

liver, fat, brain tissues reaching maximum in 1.5 hours. Similarly, 

the kidney, liver, and spleen had the highest levels of activity. 

Clearance of radioactivity frcm tissues occurred rapidly with only 

trace levels being found within 24 hours, as would be expected frm 

data from C-T profiles and excretions. El-Banna et al. (1983) and 

Kubena et al. (1985) who conducted tissue residue stl~dies in chickens 

using cold DON were unable to detect measurable amounts of DON 

residues. This study using l4c-IX3E wuld account for bsth D3N and 



j t, mtakmli.te!s) i r L  tissues and, founC! only small quantities of DON 

or its metrtblite(s) present for short periods of time, similar to 

results obtained by Prelusky (1386) in study with chickens. 

I n  turkeys it appears that DClN is wtaboliz4 by the liver 

shortly after absorption to a polar metabolite(s) that is then rapidly 

and very e f f i c i e n t l y  excreted i n t o  the urine and eliminated from the 

body. The law l eve i s  of t i s s u e  residues that occur are removed, 

with fat having the s l e s t  rate of elimination, 



APPENDIX I 

Table 22 

Data Summary of Blood Concentration in Turkeys 
Followirlg Single Intravenous Administration of 1 mg of DON/kg 

Time 
(min. ) 

0 

2.5 

5 

10 

15 

20 

30 

40 

60 

80 

100 

120 

150 

180 

210 

240 

300 

360 

Bird 

1 2 3 Mean * S.D. 

0 

3,163 

1,220 

970 

321 

268 

193 

137 

7 5 

5 7 

34 

2 1 

13 

9 

9 

3 

4 

N.S. 

* N.S. - No sample recorded. 



T a b l e  23 

Data Summary of Blood Concentration of DON in Turkey 
Polloving Single Intravenous Adminis trat ion of .5p C i l k g  4C-D0N 

Total Dose DON - 1 rng/kg 

Time 
(min. ) 1 2 3 - Mean i S.B. 

170 

113 

60 

4 7 

50 

46 

N.S. 

56 

2 5 

* N.S. - No sample recorded. 



T a b l e  24 

Data Summary of Blood Concentration of DON in Turk fXS Following Single Intravenous Administration of .5p C i  C-DON 

Total Dose of DON - 5 mg/kg 

B i r d  

Time 
(min.) 1 2 3 4 5 6 Mean * S.D. 

10,086 

1,517 

848 

538 

444 

447 

560 

309 

228 

213 

N.S. 

235 

135 

121 

0 

30 



Table 25 

Data Summary of Blood Concentation of DUN in Turkeys 
Following Single Oral Administration of 1 mg DON/kg 

Time 
(min. ) 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

220 

240 

260 

280 

300 

320 

340 

360 

Bird  

1 - 2 3 4 5 6 Mean + S.D. 

0 

7.0 + 2.7 

6.3 3.0 

6.8 * 4.2 
3.8 * 1.5 
4.5 + 1.3 

3.3 0.5 

2.5 * 1.0 
3.6 * .8 
3.1 1.2 

2.5 + 2.4 

2 . 5  + 1.8 

1.2 * 1.3 
. 3  * - 8  

.8 + 1.3 

.5 + - 5  

.7 + 1.2 

.5 + 1.2 

- 3  s .5 

* N.S. - No sample recorded. 



Table 26 

Data Summary of Blood Concentration of DON in Turkeys 
Following Single Oral Administration of 5 mg DON/kg 

Bird 

Time 
(min.) 1 2 3 4 5 6 

0 

6 

20 

44 

19 

22 

15 

15 

14 

12 

N.S. 

11 

10 

16 

8 

5 

5 

4 

N.S. 

0 

11 

14 

20 

57 

19 

18 

6 

9 

8 

5 

8 

N.S. 

3 

4 

3 

0 

0 

4 

Mean 2 S . D .  

0 

10.0 5.6 

23.8 * 9.3 
37.3 a 10.3 

37.0 * 15.7 
23.3 * 5.3 
15.6 + 2.9 

13.0 2 4.3 

14.0 * 4.5 
11.5 + 3.0 

8.0 + 5.0 

10.1 4.2 

9.0 3.2 

9.0 2 4.9 

6.5 4.2 

4.1 * .9 
3.5 * 2.6 
2.1 + 2.5 

2.0 2 2.8 

* N. S. - No sample recorded. 
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