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ABSTRACT 

Studies were initiated to determine whether 2,3,7,8-tetrachloro-

dibenzo-p-dioxin (TCDD) affects circadian rhythms of serum prolactin 

(PRL), corticosterone, thyroxine (T4) and triiodothyronine (T3) in male 

Sprague-Dawley rats. In addition, the effects of TCDD on PRL receptor 

activity, as assessed by the ability of PRL to induce ornithine decar

boxylase (ODC), were determined. The earliest effect detected following 

TCDD administration was a significant decrease in serum PRL levels 

compared to pair-fed controls within 4 hr (p<0.05). This was followed 

by a significant decrease in serum T4 and a shift in serum corticoster

one peak levels within the first 24 hr (p<0.05). This temporal sequence 

of hormonal changes suggests that PRL may be involved in the later 

alteration in serum T4 and corticosterone levels. Serum PRL levels 7 

days after TCDD administration were significantly higher (P<0.05) in 

TCDD-treated animals compared to pair-fed controls suggesting that these 

animals were hyperprolactinemic. By 7 days after TCDD administration 

liver ODC activity in response to PRL was only 12% that detected in 

pair-fed controls. Liver ODC activity in response to dexamethasone 

(DEX) and aminophyl1ine was decreased to 25% and 22% of pair-fed 

controls, respectively. This suggests that an ability to alter receptor 

coupling or receptor populations of diverse hormones may play a role in 

TCDD toxicity. 

v i i i  



INTRODUCTION 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), a polycyclic 

aromatic hydrocarbon, was first recognized by Kimming and Schultz 

(1957), who identified it as the cause of an outbreak of chloracne in 

industrial workers involved in the production of the herbicide 2,4,5-

trichlorophenoxyacetic acid (2,4,5-T). Since that time TCDD has been 

studied extensively to determine its mechanism of toxicity. The reasons 

for this search are because of its extreme toxicity in laboratory 

animals. The LD50 in guinea pigs is 0.6 iig/kg, which makes TCDD one of 

the most toxic chemicals in existence (Schwetz, 1973). With several 

incidences of human exposures having occurred in the past 40 years, both 

industrial and environmental, there are potential health risks to man 

(Table 1). Another concern is with its stability in the environment 

with a half-life estimated to be approximately 1 year but may be long as 

10 yrs (Garattini, 1982). 

Background 

The earliest major human exposure to TCDD occurred in Nitro, 

West Virginia in 1949 (IARC, 1977), with 228 people affected. The three 

most wel 1 known incidences of human exposure occurred in Seveso, Italy, 

Vietnam and Missouri. 

1 
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TABLE 1 

HUMAN SYMPTOM/SIGNS FOLLOWING EXPOSURE TO TCDDa 

Asthenia 
anxiety 
depression 
fatigue 
apathy 
loss of drive 
1 i bi do 
impotency 
sleeplessness 
emotional instability 
anorexia 
dizziness 
deer, learning ability 

hepatic disfunction 
incr. cholesterol 
incr. SGOT, SGPT, LDH 

GI disturbances 
nausea 
vomi ti ng 
diarrhea 
gastritis 
abdominal pain 
flatulence 

peripheral neuropathy 
hyporeflexia 
weakness 
paresthesias 
extremity numbness 
myalgia 
gait disturbance 
mild paresis 

dermatologic disease 
chloracne : 

porphyria cutanea tarda 
hyperpi gmentation 
hirsutism (body) 
alopecia of the scalp 

renal disfunction 
proteinuria 
deer, output 

tubular degeneration 
glomerular degeneration 
renal glucosuria 

cardiac disturbance 
bradycardia 
tachycardia 
atrial fibrillation 

aKimbrough, 1980 
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Seveso 

The Seveso, Italy incident occurred in 1976 at the ICMESA plant 

which was involved in the production of 2,4,5-trichlorophenol (2,4,5-

TCP). A runaway reaction resulted in an explosion which spread 

chemicals, one of which was TCDD, over a 700 acre area. The amount of 

TCOD that was released has been estimated to be 2 kg (Reggiani, 1980). 

This incidence affected a large number of people in the surrounding area 

with several cases of chloracne, especially in children, reported. 

Vietnam 

During the Vietnam War an Air Force operation known as Operation 

Ranchhand was responsible for defoliation and crop destruction. The 

herbicides selected for this operation were used because they could be 

manufactured cheaply and in large quantities. The herbicide used most 

extensively was Agent Orange which was a 1:1 formulation of the herbi

cides 2,4-D and 2,4,5-T. Levels of TCDD in Agent Orange may have been 

as high as 100 ug/g, with average levels estimated to be 2 ppm, suggest

ing that as much as 220-360 lbs. of TCDD were released (Young et al., 

1978). Use of Agent Orange was started in 1965 and reached a peak from 

1967-1969. Its use was stopped in 1970 after it was reported that 

2,4,5-T caused birth defects (Courtney, 1970). 

Missouri 

In Missouri waste by-products from a 2,4,5-T production facility 

were mixed with waste oils and sprayed for dust control on a variety of 

residential, recreational and work areas with contamination levels 
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ranging from 1 to 1600 ppb at 33 sites where TCDD has been identified 

(Exner et al., 1985). The highest recorded environmental concentration 

of TCDD was recorded at one of the spray sites with a level of 4500 

mg/rn^ reported, for an estimated total of 8.4 kg for that particu-lar 

spray area (Reggiani, 1980). 

In each of the above cases, in addition to several others, 

epidemiological studies have been undertaken and continue today. 

Chemistry of TCDD 

Physical Properties 

TCDD is a polychlorinated dibenzo-p-dioxin, which is a class of 

polyhalogenated aryl hydrocarbons, including the chlorinated dibenzo-

furans, certain polychlorinated biphenyls and certain chlorinated azoxy-

and azobenzenes (Kimbrough, 1980). The dibenzo- nucleus consists of two 

benzene rings linked together by two adjacent oxygen bridges (Figure 1). 

It may contain 2 to 8 chlorine atoms located at any of 8 positions, 

therefore there are 75 different isomeric forms, 22 of which are the 

tetrachloro- form, of which the 2,3,7,8- configuration is the most toxic 

(Rappe and Buser, 1980). The molecular weight of TCDD is 322.0 with a 

melting point of 303-305°C (Pohland, 1972). It is found as a solid and 

is extremely resistant to thermal degradation requiring temperatures up 

to 700°C (Stehl et al., 1973). It is also stable in acids and alkali. 

It is insoluble in water (0.0002 mg/L at 25°C) and only slightly soluble 

in benzene (57 mg/L) (Rappe and Buser, 1980). Because of this TCDD 
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Figure 1. The dibenzo-p-dioxin nucleus with available sites for 
chlorine substitutions shown and the 2,3,7,8-tetrachloro-
isomer (TCDD) structure. 
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tends to precipitate to the bottom of waterways and concentrate in the 

fatty tissues of animals. 

Formation 

TCDD is not manufactured commercially but is formed as a by

product in the synthesis of 2,4,5-TCP (Figure 2). The formation of 

2,4,5-TCP from tetrachlorobenzene is a hydrolysis reaction which is 

carried out under alkaline conditions at high temperatures and under 

pressure (Milne, 1971). Increasing amounts of TCDD are formed when 

these conditions are not carefully controlled. As temperatures exceed 

160°C, increasing amounts of TCDD are formed (Milne, 1971). It has 

recently been discovered that TCDD is formed in the combustion processes 

of municipal incinerators and found in the flue gases and flyash. This 

may now be the main source of environmental contamination (01ie et al., 

1977). 

In soil samples from Seveso, Italy, it was determined that 

ultraviolet light and gamma irradiation were capable of destroying TCDD 

but metabolism by microorganism was rare (Garattini, 1982). 

Toxicokinetics 

Absorption 

Little work has been done to determine the absorption of TCDD 

but it has been suggested that iii heavily contaminated areas, inhalation 

exposure may occur (Neal et al., 1982), however, the most likely routes 

of exposure are oral and dermal. The most complete study done to date 

was performed by Poiger and Schlatter (1980). In this study it was 
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Figure 2. The probable formation of TCDD as a by-product in the 
synthesis of 2,4,5-T from 1,2,4,5-tetrachl orobenzene (Rappe, 
1978). 
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determined that oral absorption was greater than dermal, however, the 

formulation or vehicle of TCDD was more important then the route of 

administration in assessing the amount of absorption of TCDD that 

occurs. When TCDD was first absorbed onto activated charcoal, oral 

absorption was almost completely prevented. TCDD in soil greatly 

reduced the amount of dermal absorption, while TCDD in aqueous solutions 

was absorbed in lesser amounts than in organic solutions in both oral 

and dermal routes. In a recent study by Umbreit et al. (1986), differ

ences in soil type also affected bioavailability. In those soil types 

with increased TCDD binding, bioavailability was decreased. The uptake 

of TCDD after i.p. injection appears to be very efficient, with studies 

suggesting that all TCDD is absorbed by this route of administration 

(Olson et al., 1980a; Gasiewicz and Neal, 1979). 

Distribution 

TCDD appears to accumulate chiefly in the liver and fat in most 

species studied thus far, with the liver being the predominate storage 

site (Rose et al., 1976; Olson et al., 1980a; Gasiewicz and Neal, 1979). 

The lowest levels were found in muscle, heart, blood and brain. In 

monkeys, however, TCDD appears to accumulate mostly in the skin and 

muscle tissue rather than the liver (Van Miller et al., 1976). It 

appears that the form of TCDD distributed throughout the body is the 

unmetabolized parent compound (Rose et al., 1976; Olson et al., 1980a). 

Subcel 1 ul arly, TCDD appears to concentrate predominately in the micro

somal fraction, with the nuclear fraction accounting for the second 

highest levels (Neal et al., 1982). 
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Excretion 

The elimination of TCDD appears to follow a first-order process 

(Rose et al., 1976). In most species TCDD is eliminated in the feces. 

In hamsters, however, urinary excretion is also a major route of 

excretion (Neal et al., 1982). All eliminated species appear to be 

metabolites of TCDD. The absence of TCDD metabolites in liver and fat 

suggests that once formed, metabolites are readily excreted (Neal et 

al., 1982). It appears, however, that the rate of elimination is not 

related to the species variation of toxicity. This is apparent since 

the oral LDQQ values for guinea pigs and hamsters differ over 5000-fold, 

while the elimination half-life differs by only 3-fold (Poland, 1984). 

Metaboli sm 

The metabolism of TCDD was first reported by Rose et al. (1976). 

Since then several studies have been done to learn about TCDD metabolism 

(Poiger and Schlatter, 1979; Olson et al., 1980a; Ramsey, 1976). It has 

been determined that the parent compound is the species found in various 

tissues following TCDD administration. Thus, the absence of metabolites 

suggests that they are readily excreted after their formation. The 

first studies that confirmed the excretion of metabolites of TCDD were 

done by Poiger and Schlatter (1979) who found that the metabolites were 

excreted in the bile and that they were probably glucuronide conjugates. 

It appears that the metabolites of TCDD vary with the animal species. 

In dog, it has been reported that the major metabolite is 1,3,7,8-

tetrachloro-2-hydroxydibenzo-p-dioxin (Poiger et al., 1982), while a 

tetrachlorodihydrodiphenyl ether and a trichlorodihydroxydibenzo-p-
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dioxin were found to be major metabolites in the rat (Poiger and Buser, 

1984). In isolated rat hepatocytes l-hydroxy-2,3,7,8-TCDD and 8-

hydroxy-2,3,7-trichl orodibenzo-p-dioxin have been identified as major 

metabolites (Sawahata, 1982). It appears that the cytochrome P-450 

monooxygenase system is responsible for the metabolism of TCDD, as SKF-

525A, a potent inhibitor of P-450, reduces the rate of TCDD metabolism 

and phenobarbital, a cytochrome P-450 inducer, increases the rate of 

TCDD metabolism (Olson et al., 1980a). Indirect evidence suggests that 

this metabolism of TCDD is a detoxification process (Beatty, 1978). 

Toxicity 

Animal Studies 

The toxicity of the polychlorodibenzo-p-dioxins depends on the 

position and number of chlorine atoms. Toxicity is highest for the 

lateral 2,3,7,8- positions (McConnell et al., 1978a). There is a wide 

species variation to TCDD toxicity with the guinea pig being the most 

sensitive species while the hamster is the most resistant species tested 

thus far (Table 2). McNulty (1984) found pregnant rhesus monkeys to be 

more sensitive to TCDD toxicity than any other species tested except the 

guinea pig. The most consistent effects of TCDD administration are 

thymic atrophy and loss in body weight. These effects occurred in all 

species studied. Other characteristic toxic responses to TCDD adminis

tration that have been reported in various animals include the induction 

of several enzymes, chloracne, hepatotoxicity, edema and teratogenesis 

(Matsumura, 1985). TCDD exerts its toxicity slowly, taking up 2-3 weeks 
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TABLE 2 

LD50 VALUES REPORTED FOR ANIMALS EXPOSED TO TCDD 

SPECIES, STRAIN, SEX ld50 (M9/kg)a REFERENCE 

Guinea pig, Hartley, m. 0.6-2.0 McConnell et al. 1978a; 
Schwetz et al. 1973 

Rat, Sherman, m. 22 Schwetz et al. 1973 

f. 45 Schwetz et al. 1973 

Rat, Sprague-Dawley, m. 60 Beatty et al. 1978 

f. 25 Beatty et al. 1978 

Chicken 25-50 Grieg et al. 1973 

Monkey, macaca mulatta, f. ca. 70 McConnell et al. 1978b 

Rabbit, New Zealand albino 115 Schwetz et al. 1973 

Mouse, C57B1/Sch, m. 114 Vos et al. 1974 

Mouse, C57Bl/6fh (J67), m 284 McConnell et al. 1978a 

Dog, Beagle, m. ca. 200-300 Schwetz et al. 1973 

Hamster, Golden Syrian, m. 3000 Olson et al. 1980b 

aoral route of administration. 
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before lethality occurs. In larger species the time to lethality is 

longer than in smaller species (McConnell, 1980). An administered dose 

several magnitudes higher than the LD50 values does not decrease the 

time to lethality appreciably {Buu-Hoi et al., 1972). 

Enzyme Induction 

TCDD is known to induce a large number of enzymes which include; 

cytochrome P-450, UDP-gl ucoronyltransferase, DT-diaphorase, ornithine 

decarboxylase, ct-aminolevul inic acid synthetase, glutathione S-

transferase B, x-aldehyde dehydrogenase and choline kinase (Neal, 1985). 

TCDD is considered a 3-methylcholanthrene (3-MC)-type inducer because of 

its ability to induce cytochrome Pj^-450 and its associated aryl hydro

carbon hydroxylase (AHH) activity (Vickers et al., 1985). This is 

genetically regulated by the Ah locus. The Ah receptor appears to 

control the induction of AHH activity in all tissues in which it is 

present (Poland, 1984). There appears to be a structure-activity 

relationship for all halogenated aromatic hydrocarbons, with halogena-

tion on the 4 lateral ring positions showing the greatest induction of 

AHH activity (Poland, 1984). This appears to be due to an increased 

affinity for the Ah receptor. There is also a correlation between the 

potency of these compounds to induce AHH activity and their toxicity. 

However, the dose required to induce AHH activity is usually much 

smaller than that required for lethality. 
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Immunotoxicity 

One of the most consistant effects of TCDD exposure in animals 

is thymic atrophy, which occurs in all species studied (Poland and 

Knutson, 1982). This toxicity does not appear to be directed towards 

thymocytes but rather is mediated through the TCDD receptor in thymus 

epithelium, altering the intrathymic maturation and differentiation of 

lymphocytes (Vos, 1984). In mice the ED50 of thymic atrophy induction 

has been reported to be approximately 10 nmol/kg (Poland and Glover, 

1980). 

Another common effect of TCDD exposure is a suppression of 

cell-mediated immunity (CMI) as assessed by delayed cutaneous hypersen

sitivity, proliferative responses to T-cel 1 and B-cel1 mitogens and 

graft vs. host rejection responses (Vos et al., 1973; Vos et al., 1974; 

Vos and Moore, 1974). This suppression of CMI is dose-related. The 

effects of TCDD on humoral immunity is a suppression in inbred mouse 

strains and guinea pigs while in DBA/2 mice, a poorly Ah-inducible 

strain, no suppression occurs (Vecchi, 1983). This suppression of 

humoral immunity occurs at higher doses than is seen for CMI suppres

sion. Immunosuppression by TCDD appears to be age related, where 

exposure during the developmental phase of the immune system produces 

more severe effects then adult exposures (Dean and Lauer, 1984). It has 

recently been suggested that TCDD may act directly on peripheral B 

lymphocytes (Luster et al., 1984). 
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Wasting Syndrome 

TCDD causes a characteristic wasting syndrome in several animal 

species (McConnell, 1980). In young animals it is a cessation of weight 

gain, while in adults it is a weight loss (Peterson et al., 1984a). For 

animals given a lethal dose, the wasting syndrome consistently proceeds 

lethality. The wasting syndrome is seen in both acute and chronic 

exposures to TCDD and the level of exposure to show the wasting syndrome 

varies widely with species, similar to LD50 variations (McConnell, 

1980). Several proposals have been suggested for this wasting syndrome. 

The first of these was that the wasting syndrome is caused by hypophagia 

since TCDD administration decreased food consumption in rats. However, 

hypophagia was not great enough to account for all of the weight loss 

(Harris et al., 1973). Another proposal is that the wasting syndrome 

involves impaired absorption of nutrients from the gastrointestinal 

tract (Gasiewicz, 1980). The most recent proposal is that the wasting 

syndrome is due to a down-regulation of the set-point for body weight 

and that hypophagia serves to lower the animals weight to this new set-

point (Seefeld et al., 1984; Seefeld and Peterson, 1984). Despite these 

proposals the mechanism by which TCDD causes the wasting syndrome has 

yet to be determined. 

Hormone Effects 

TCDD and the Endocrine System 

Certain endocrine alterations in response to TCDD have reported. 

Glucocorticoid serum levels were increased following TCDD administration 
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in one studies (Neal et al., 1979), and decreased in another using a 

different assay for corticosterone (Balk and Piper, 1984). However, 

alterations of glucocorticoids are not solely responsible for TCDD 

toxicity since adrenalectomy does not prevent lethality in rats (Neal et 

al., 1979). TCDD has also been shown to alter thyroid hormone levels as 

well. A single oral dose of TCDD produced goiters in rats, a four-fold 

increase in biliary excretion of thyroxine (T4) and a 50% decrease in 

serum T4 levels (Bastomsky, 1977). Rozman et al. (1984) suggested that 

this hypothyroidism may be an adaptive response of the organism to 

minimize damage and to re-establish homeostasis. Therefore the decrease 

in T4 is suggested to be a protective mechanism in response to TCDD. A 

later study, however, found that although thyroidectomy delayed the time 

course of the wasting syndrome and lethality, it did not prevent 

lethality due to TCDD exposure. Therefore, it was concluded that 

ultimate survival does not depend on the throid hormone status (Rozman 

et al., 1985). McKinney et al. (1985) have suggested that TCDD may act 

as a T4 analog causing potent and persistent thyroid hormone activity 

which may result in a wasting syndrome. Another reported effect of TCDD 

is a decrease in the concentration of plasma testosterone in rats (Moore' 

et al., 1985). 

Prolactin 

Prolactin (PRL) is a polypeptide hormone secreted by the 

anterior pituitary gland. Over 85 biological functions have been 

attributed to PRL (Nicoll and Bern, 1972). PRL has been shown to be an 

important developmental and immunomodulatory hormone (Table 3, Riddle, 
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TABLE 3 

PROLACTIN AND THE IMMUNE RESPONSE 

1. Increases mitogen stimulated colony formation by T-cel1s 
in vitro. 

2. Reconstitutes the antibody response in hypophysectomized 
animals. 

3. Reconstitutes dim'trochlorobenzene (DNCB) contact sensitivity 
in hypophysectomized rats. 

4. Stimulates thymus development in mice. 

5. Induces ODC' in rat thymus and spleen and increases spleen 
weight. 

6. Bromocryptine decreases serum prolactin levels with depression 
of contact dermatitis and antibody production. 

7. Lymphocytes have small numbers (360/cell) of high affinity 
prolactin receptors. 
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1963; Bern and Nlcoll, 1968; Nagy et al., 1983a; Russell et al., 1984a; 

Cardon et al., 1984; Russell et al1985). PRL has been linked to the 

development and regulation of the adrenals and thyroid (Riddle, 1963). 

In fact, hyperprolactinemia in rats has been shown to produce a similar 

decrease in serum T4 levels as that found in response to TCDD 

administration (Katovich et al., 1984). 

Statement of the Problem 

Despite extensive research, the basic biochemical cause(s) of 

TCDD toxicity has yet to be defined. Recent attempts to define a site 

of TCDD toxicity have utilized cell cul ture models. Initial experiments 

showed no effects of TCDD on cellular proliferation rate or morphology 

(Beatty et al., 1975; Knutson and Poland, 1980a). However, a more 

recent study that focused on receptor binding studies found that TCDD 

caused a specific loss of high affinity binding sites for epidermal 

growth factor (EGF) in a human keratinocyte cell line (Hudson et al., 

1985). Also, Knutson and Poland (1980b) found that a XB cell line 

differentiated into stratified squamous epithelium when incubated with 

TCDD. However, TCDD did not affect the accumulation of cyclic AMP, 

arachidonic acid release or the turnover of phospholipids, biochemical 

events which have been suggested to play a part in the mechanism of TCDD 

toxicity. These data suggest that whole animal endocrine alterations 

may underlie the mechanism of TCDD toxicity. 

Studies to evaluate serum PRL levels in response to TCDD were 

initiated because of the potential immunomodulatory role of PRL and of 

the link between PRL and the adrenals and thyroid. The effects of TCDD 
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on circadian serum PRL, T4, 3,5,3'-triiodo-L-thyronine (T3) and 

corticosterone levels were monitered in an attempt to evaluate the 

temporal sequence of hormonal alterations in response to TCDD. 

Potter et al. (1982) demonstrated a profound time-dependent 

decrease in hormone receptor-mediated biosynthetic activity in the liver 

as evidenced by the attenuation by TCDD of ornithine decarboxylase (ODC, 

EC 4.1.1.17) excursions in response to dexamethasone (DEX) or aminophyl-

line. Since ODC is a key growth regulatory enzyme (Russell, 1985), 

down-regulation of receptors coupled to growth processes may be an 

important factor in the wasting syndrome. More recently, TCDD has been 

shown to decrease the number of E6F receptors in hepatic plasma 

membranes of rodents (Madhukar et al., 1984). Therefore, ODC activity 

was monitered in a variety of tissues to assess TCDD-mediated 

alterations in hormone receptor-mediated coupling to a physiological 

marker, ODC, in response to PRL, DEX and aminophylline. 



METHODS AND MATERIALS 

Chemicals 

TCDD was a gift from Dr. J.D. McKinney of NIEHS, Research 

Triangle Park, NC. [^^I]-rPRL was purchased from New England Nuclear 

(Boston, MA). Rat PRL antiserum (anti-rPRL-9) and reference preparation 

(rPRL-RP-3, for standards) were gifts from NIADDK-National Institutes of 

Health (Bethesda, MD). Goat anti-rabbit gamma globulin (precipitating 

antibody) was purchased from Anti-B Inc. (Davis, CA). Normal rabbit 

serum (NRS) was purchased from Microbiological Associates (Los Angeles, 

CA). Acetone (pesticide grade) was purchased from Fischer Scientific 

(Pittsburgh, PA). Bovine serum albumin (BSA), gelatin, polyethylene 

glycol (PEG 6-8,000 Mr), dithiothreitol (DTT), pyridoxal phosphate, 

phenyl methyl sul fonyl fl uoride (PMSF), EDTA, DEX acetate, aminophyl 1 ine 

and all buffers used in this study were obtained from Sigma Chemical Co. 

(St. Louis, MO). L-1-[^C] Ornithine hydrochloride (56 mCi/mmole) was 

purchased from Moravek Biochemicals Inc. (Brea, CA). 

Guidelines for Handling TCDD 

Because of the high toxicity of TCDD to laboratory animals 

certain safety precautions were followed. 

Room and Facilities 

An isolated, restricted access laboratory separate from other 

19 
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laboratory facilities was used for all dosing, animal housing and 

terminations. This room was held under negative pressure. 

Weighing, Storing and Administration 

Crystalline stock TCDD was stored in a tightly-capped glass 

bottle inside a second well-marked unbreakable container in a properly 

functioning hood. Weighing and preparation of TCDD stock solutions were 

performed in this hood. An analytical balance with sensitivity to 0.1 mg 

was placed inside the hood. It was used for weighing the TCDD. An 

0.5 mg amount of TCDD was weighed out directly into a 5 ml glass serum 

bottle (Wheaton Scientific, Millville, NJ). This was then dissolved in 

4.5 ml of acetone to make a saturated stock solution of 0.09 mg/ml 

(DiGiovanni et al., 1979). The serum bottle was then tightly capped with 

an aluminum cap and septa (rubber with TeflonR coating). 

When weighing TCDD, a disposable Tyvek^ gown, Tyvek^ shoe covers 

and Aseptex^ mask were worn. These were disposed of immediately after 

use in a red hazardous waste bag. When handling TCDD, two pairs of 

dissimilar disposable gloves (vinyl inner, latex outer) were worn. The 

outer pair of latex gloves was replaced frequently. If the outer pair 

was believed to have come into contact with any TCDD, both pairs were 

removed and disposed of in a red hazardous waste bag. For dosing, all 

protective clothing were worn at all times. 

A dosing solution of acetone:corn oil (1:3.5) was made up 

immediately beforehand. All dosing took place under negative pressure 

and in a properly functioning hood. A 1 cc tuberculin syringe with a 25 
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gauge needle were used for dosing. Acetoneicorn oil (1:3.5) was used as 

the vehicle control for all experiments. 

Animal Housing and Disposal 

Rats were housed in hanging rack cages with blue absorbent 

bedding underneath. The limited access room was labelled so that animal 

caretakers were informed not to feed, water or change the bedding in the 

room. All bedding changes were done weekly by the investigators and 

disposed of into red hazardous waste bags. Plastic-backed absorbent 

matting was used whenever the TCDD solutions were handled. These were 

disposed of after use or sooner if thought to have become contaminated. 

When handling animals, gloves, shoe covers and masks only were worn at 

al 1 times. 

Waste Disposal 

When protective equipment and other materials were contaminated, 

they were discarded immediately into small plastic bags which were then 

placed into large red hazardous waste bags in a well-labelled waste can 

with a plastic liner, in the limited access area. Carcasses were also 

disposed of in the red hazardous waste bags. When sufficient waste had " 

been generated, the red hazardous waste bags and contents were hand 

delivered to be incinerated. Incineration was done at 2200°F. 

Decontamination 

After handling of TCDD, hands and forearms were washed throughly 

using a 2% solution of Triton X-100. This was followed by a washing 

using ordinary soap. All non-disposable equipment was decontaminated by 
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washing in a 2% solution of Triton X-100, rinsed with acetone and then 

washed under normal procedures. The limited access room was washed 

periodically with a 2% solution of Triton X-100 and the animal rack 

steam-cleaned. 

Animals and Treatments 

Male Sprague-Dawley rats (100-120 g) were used in all experi

ments and were obtained from Harlan Sprague Dawley, Inc. (Indianapolis, 

IN). Rats were maintained on an 0800-2000 photoperiod for at least one 

week prior to use and throughout the experiments. Rats were given tap 

water ad libitum, fed Wayne Lab Blox and were weighed daily to the 

nearest 0.1 g on a Sunbeam Model 7250 digital balance. Control animals 

were "pair-fed", in which they were fed based on the amount consumed by 

the TCDD-treated rats. This procedure controlled for dietary effects 

since TCDD-treated rats consume less food than non-treated rats. 

Because TCDD treated-rats spill more food then do control rats (Seefeld 

et al., 1984) spilless feed cups (Sargent Welsh Scientific Co., Anaheim, 

CA) were used in all experiments. Any food spillage was collected in 

plastic weigh boats placed beneath the feed cups. The amount of rat 

chow spilled was weighed in order to determine the daily food consump

tion of the TCDD-treated rats. All animals were handled routinely each 

day to minimize the effects of stress due to injection and of handling 

immediately prior to termination. Treated animals were administered 

50 ng/kg TCDD (i.p., acetonercornoi 1, 1:3.5) at 10 AM on Day 1 of each 

experiment. Pair-fed controls were administered vehicle only. At 

termination, individual animals were moved to a different room and 
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decapitated within 10 sec of removal from cages. Trunk blood was 

collected immediately following decapitation and allowed to clot. To 

obtain serum the clotted blood was centrifuged at 1000 x g for 15 min 

arid the serum was stored at -80°C. Tissues were removed, rinsed in cold 

0.3 M sucrose solution, frozen in liquid nitrogen and stored at -80°C 

unti 1 assayed. 

Initial Experiments 

The two initial experiments involved 100 rats, which were housed 

in groups of five. Temperatures were recorded approximately twice 

weekly using a Bailey Model Bat 8 digital rectal temperature probe. 

Five rats from both controls and TCDD-treated groups were terminated on 

days 1, 3, 7, 14 and 21 in the first experiment and on days 1, 2, 3, 4 

and 7 in the second experiment. All rats were terminated at 10 AM on 

the above days. 

Circadian Rhythm Studies 

Circadian rhythms for PRL, corticosterone, T3 and T4 were 

monitered at 1, 3 and 7 days after TCDD administration and in pair-fed 

controls. For the 3 and 7 day studies, 8 control rats and 8 TCDD-

treated rats were terminated at the following time points: 1400, 1800, 

2000, 2200, 0200, 0600, 0800 and 1000. Table 4 shows the times of 

termination and the number of animals killed at each time point for the 

1 day study. The circadian rhythms for the four hormones were also 

measured in untreated animals. These rats were handled and maintained 



TABLE 4 

NUMBER OF RATS/GROUP FOR DAY 1 FOLLOWING TCDD ADMINISTRATION 

NUMBER RATS IN GROUP 

TIME CONTROL TCDD 

1000 INJECT INJECT 
1100 4 4 
1200 4 4 
1300 7 7 
1400 16 16 
1600 4 4 
1800 8 8 
2000 8 8 
2200 8 8 
0200 8 8 
0600 8 8 
0800 8 8 
1000 8 8 
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in the same way as the treated rats except that they received no 

injections and were fed ad libitum. 

Ornithine Decarboxylase Studies 

To assess hormone effects on ODC activity, PRL (22mg/kg), DEX 

(0.5 mg/kg) or aminophyl1ine (0.2 mmole/kg) was administered i.p. in 

0.2 ml normal saline to animals at 2 and 7 days after TCDD administra

tion. ODC activity was measured in liver, heart, kidney, spleen, 

adrenal and thymus 4 hr after hormone administration. 

Ornithine Decarboxylase Assay 

ODC activity was measured as the production of from L-l-

[14C] ornithine as previously described with minor modifications 

(Russell and Snyder, 1968). Tissues were homogenized on ice in a ratio 

of 1:10 in a buffer solution containing 50 mM sodium-potassium phosphate 

buffer (pH 7.2), 5mM NaF, 2mM DTT, 0.1 mM EDTA, 0.04 mM PMSF and 0.06 mM 

pyridoxal phosphate. The homogenate was then centrifuged for 5 min. in 

a Beckman microfuge and aliquots of the supernatant were assayed in 

quadruplicate in glass centrifuge tubes in a final volume of 210 pi. 

The reaction was initiated by the addition of 1.0 (iCi L-[^C] ornithine 

and cold ornithine to a final concentration of 0.5 mM. The tubes were 

incubated at 37°C for 30 min and the reaction was terminated by the 

injection of 0.5 ml 1 M citric acid through the rubber stopper and each 

tube was placed in ice water. The evolved COg was trapped by 20 ill of 

NCS solubilizer (Amersham, Arlington Heights, IL) spotted on a 2.3 cm 

diameter 3MM filter paper (Whatman, Clifton, NJ) suspended above the 
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reaction mixture in a plastic well (Kontes, Vineland, NJ). Filter 

papers were removed and counted in 7 ml toluene-Omnifluor (New England 

Nuclear, Boston, MA) in a Beckman LS 7500 liquid scintillation system. 

The pyridoxal phosphate-independent release of was determined in 

the presence of 4-bromo-3-hydroxybenzyloxamine dihydrogen phosphate, and 

this value was subtrated from the sample values. 

Protein Determination 

Protein concentrations of the tissue supernatants were deter

mined by the method of Bradford (1976) with bovine serum albumin as the 

reference standard. ODC activity was calculated as pmoles CO2 

evolved/30 min/mg of protein at 37°C. 

Radioimmunoassays 

Corticosterone Assay 

Serum corticosterone levels were determined by radioimmunoassay 

(RIA), ([^H]-labelled corticosterone) using kits obtained from 

Radioassay System Labs (RSL), Carson, CA. This assay used a single 

antibody technique in which the corticosterone in the serum competed 

with a radiolabelled tracer for the antibody. Increasing amounts of 

serum corticosterone caused a decrease in the amount of bound tracer. 

Unbound corticosterone and tracer were removed by the addition of 

charcoal and the bound portion counted on a Packard 5430 gamma counter. 

Serum corticosterone levels were then calculated using a MPII DAAS RIA 

software package by Packard Instrument Co. (Downers Grove, IL). 
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Triiodothyronine (T3) Assay 

Serum T3 levels were determined by RIA ([^®I]-labelled T3) 

using kits obtained from RSL. In the assay the antibody was covalently 

bound to the inner surface of a polypropylene tube. The T3 in the serum 

competed with a radiolabel led tracer for the antibody. With increasing 

amounts of T3 in serum less radiolabel led tracer was bound to the 

antibody. The tubes were then counted on a gamma counter and serum T3 

levels calculated by the same method used for the corticosterone assay. 

Thyroxine (T4) Assay 

Serum T4 levels were determined by RIA ([^®I]-label led T4) 

using kits obtained from RSL. The assay and calculations were similar 

to those of the T3 assay. 

Prolactin Assay 

Serum prolactin levels were measured by RIA based on the 

competitive binding principles presented by Yalow and Berson (1971). 

Glass tubes and reactants were kept on ice throughout the assay. All 

samples and standards were done in triplicate. Phosphate buffered 

saline was used for all assay reagent dilutions. Assay buffer (10% gel 

in 1% BSA) was added to abtain a final tube volume of 800 jil. To the 

appropriate tubes 100 11I of each standard or 25 nl of each sample were 

added to the buffer and mixed. To all tubes 100 pi of 125i_prl (10,000-

12,000 cpm in 0.1% BSA) was added and mixed. To all tubes, except a set 

of non-specific binding tubes, 200 pi of antiserum was added to produce 

a final tube dilution of 1:12,500 (in 3% NRS) and the contents mixed. 
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After a 48 hour incubation period at 4°C, 75 |il of 20% PEG was added to 

all tubes and mixed. After one hour, 25 iil of the precipitating 

antibody was added to all tubes, mixed and then incubated for an 

additional hour. All tubes were then centrifuged for 20 min. at 2500 x 

g and the supernatant decanted. The pel 1 ets and assay tubes were then 

counted on a Packard 5430 gamma counter. Serum prolactin levels were 

then calculated by the same method used for the corticosterone assay. 

Statistics 

Two-way analysis of variance was performed to determine the 

significance of differences between the hormonal circadian rhythm data 

for TCDD-treated rats and pair-fed controls. Where significant inter

action effects were found between treatment and time, Duncan's multiple 

range test for multiple comparisons among means was performed (Steel and 

Torrie, 1980). Group means for body weight, body temperature and ODC 

activity were tested for significance of differences with the Students' 

t-test (two-tailed). In one instance where a decrease in serum PRL 

levels 4 hr after TCDD administration occurred for three separate 

experiments suggesting a non-random event, a Mann-Whitney U test was 

performed. For all test the significance was set at p<0.05. 



RESULTS 

Initial Experiments 

Alterations in body temperature as a function of time after TCDD 
administration 

The initial body temperature of all rats before TCDD administra

tion was 37.5±0.1°C. Pair-fed controls maintained this body temperature 

throughout the entire experimental period. The TCDD-treated rats 

maintained a body temperature similar to that of the pair-fed controls 

for 7 days after TCDD administration. By day 9, however, a significant 

decrease in body temperature was observed compared to pair-fed controls 

(p<0.05). Body temperature remained depressed in the TCDD-treated rats 

throughout the remainder of the experiment (Figure 3A). Similar results 

were reported by Potter et al. (1983). 

Alterations in body weight as a function of time after TCDD 
administration 

Pair-fed controls exhibited incremental increases in body weight 

until day 14 whereas TCDD-treated rats showed a slight decrease in body • 

weight within 1 day of TCDD administration (Figure 3B). The TCDD-

treated rats then showed lesser gains then those seen for the pair-fed 

controls until day 7 then lost weight until day 14. 

29 
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Figure 3. Effects of TCDD treatment (o~o) compared to pair-fed 
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daily £ood intake (C). Each value is expressed as the mean ± 
SEM. data differs from pair-fed controls (p<0.05) using 
Students' t-test. 
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Alterations in daily food intake as a function of time after TCDD 
administration 

Food intake by the TCDD-treated rats was monitered daily. The 

TCDD-treated rats showed a marked decrease in food intake 1 day after 

TCDD administration. Their food intake dropped consistently for the 

remainder of the experimental period. By day 13, food intake was 40% of 

the pre-treatment level (Figure 3C). 

Circadian Rhythm Studies 

Normal hormonal circadian rhythms 

A peak of serum PRL occurred two hr after lights out in un

treated controls handled and maintained in the same manner as the 

experimental group (Figure 4A). A surge of PRL release appeared 

consistently at the time of lights on (Figure 4A). These results are 

similar to previous studies of serum PRL circadian rhythms in male 

Sprague Dawley rats (Dunn et al., 1972; Cocchi et al., 1976). Serum 

corticosterone exhibited a peak concentration just prior to or con

current with lights out (Figure 4B). Several other studies have 

reported similar results for circadian serum corticosterone levels in 

male rats (Critchlow et al., 1963; Dunn et al., 1972; Ixant et al., 

1977). Serum levels of the thyroid hormones, T4 and T3, did not display 

any significant circadian variation (Figures 4C, 4D). Similar results 

have been reported by others (Fukuda et al., 1975). 
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Figure 4. Circadian rhythms for prolactin (A), corticosterone (B), 
thyroxine (C) and triiodotryronine (D) in untreated, ad 
libitum fed male rats. Each value is expressed as the mean ± 
SEM. 
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Alterations in serum PRL as a function of time after TCDD administration 

Pair-fed controls showed a rise in serum PRL levels which peaked 

at 2 PM, 4 hr after vehicle injection, whereas the PRL serum level 

dropped significantly at this time in the TCDD-treated rats (Figure 5A). 

The TCDD-treated rats also failed to demonstrate a peak of serum PRL 

2 hr after lights out as compared to the pair-fed controls and the 

untreated controls. Three days after TCDD administration, there was a 

general flattening in the circadian rhythm of PRL. A similar, but less 

pronounced phenomenon occurred in the pair-fed controls (Figure 5B). At 

7 days after TCDD administration, the pair-fed controls demonstrated two 

peaks of serum PRL although the peaks were shifted to earlier times as 

compared to the untreated controls (Figure 4A). Further, there was a 

significant increase in serum PRL levels in the TCDD-treated rats as 

compared to pair-fed controls (p<0.05), suggesting that the TCDD-treated 

rats were hyperprolactinemic by day 7 (Figure 5C). 

Alterations in serum corticosterone as a function of time after TCDD 
administration 

Pair-fed controls at day 1 after initiation of the study showed 

the characteristic circadian rise in serum corticosterone which peaked 

at 6 PM, while the serum corticosterone peak was shifted to 8 PM in the 

TCDD-treated rats (Figure 6A). The TCDD-treated rats also exhibited a 

higher serum corticosterone level at 10 AM compared to the pair-fed 

controls. Three days after TCDD administration, there was an almost 

total ablation of the peak of serum corticosterone prior to lights out 

in the TCDD-treated rats, while the circadian rhythm in the pair-fed 
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Figure 5. Time dependent effects of TCDD treatment (o—o) compared to 
pair-fed controls (*—•) on serum prolactin circadian rhythms 
at 1 (A), 3 (B), and 7 (C) days post-treatment. Animals were 
injected at 10 AM on Day 1 (+). Each value is expressed as 
the mean ± SEM. data differs from pair-fed controls 
(p<0.05) using Mann-Whitney U test. +data differs from pair-
fed controls (p<0.05) using two-way analysis of variance. 
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Figure 6. Time dependent effects of TCDD treatment (o—o) compared to 
pair-fed controls (•—•) on serum corticosterone circadian 
rhythms at 1 (A), 3 (B), and 7 (C) days post treatment. 
Animals were injected at 10 AM on Day 1 (+). Each value is 
expressed as the mean ± SEM. 



36 

controls was similar to that seen in the untreated controls (Figure 6B). 

At 7 days the pair-fed controls still exhibited a peak of serum cortico-

sterone prior to lights out whereas the TCDD-treated rats had a more 

dampened profile with an elevation of serum corticosterone at 2 AM 

compared to pair-fed controls (Figure 6C). 

Alterations in serum thyroid hormones as a function of time after TCDD 
administration 

Serum levels were significantly lower then pair-fed controls 

as early as 6 hr after TCDD administration and also at 16, 20 and 24 hr 

after TCDD administration (Figure 7A). By 3 days after TCDD administra

tion, serum T4 levels were <50% of those in the pair-fed controls 

(p<0.05; Figure 7B). Serum T^ remained at less than 50% of pair-fed 

controls 7 days after TCDD administration (p<0.05; Figure 7C). At 1, 3 

or 7 days after TCDD administration no statistically significant altera

tions in serum T3 concentrations were observed for the circadian rhythm 

curves (Figure 8). 

Ornithine Decarboxylase Studies 

Alterations in the extent of PRL-stimul ated elevation of ODC activity in 
rats as a function of time after TCDD administration 

The elevation of ODC activity in response to PRL was affected by 

TCDD administration in all tissues assayed (Table 5). Within 2 days, 

the thymus response to PRL was only \1% that of pair-fed controls. The 

order of diminuation of response 2 days after TCDD administration was 

thymus >adrenal >spleen >heart >kidney >liver. The thymus had disap

peared by 7 days. Attenuation of the ODC activity response to PRL 
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Figure 8. Time dependent effects of TCDD treatment (o~o) compared to 
pair-fed controls (•—•) on serum triiodothyronine circadian 
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TABLE 5a 

ORNITHINE DECARBOXYLASE ACTIVITY IN RESPONSE TO PROLACTIN (PRL) 
AS A FUNCTION OF TIME AFTER TCDDa 

ODC 
(pmol/30 min/mg protein) 

• Liver Spleen Kidney 

Treatment15 2 days 7 days 2 days 7 days 2 days 7 days 

Vehicle only 
(n = 8) 

11±0.9 10±1.0 7±0.5 6±0.7 679±52 652±43 

PRL only 
(n = 5) 

115±27 119±32 31±4.5 12±1.5 1555±148 1455±148 

PRL + TCDD 
(n = 6) 

104±15 25±3f ll±0.7f 5±0.6f 12021174 938±126' 

% of PRL only 90% 12% 35% 41% 77% 64% 

a50 iig/kg was administered i.p. in 0.5 ml corn oil. 

^Male rats were treated with TCDD or corn oil 2 and 7 days prior to 
receiving PRL (22 mg/kg i.p. in 0.2 ml saline). Animals were killed 
4 hr later and tissues assayed as described in the text. Values are 
expressed as the mean ± SEM. Each enzyme assay was performed in 
duplicate. 

cpooled data. 

ddata differs from PRL only controls, p<0.05 using Students' t-test. 

edata differs from PRL only controls, p<0.01 using Students' t-test. 

^data differs from PRL only controls, p<0.001 using Students' t-test. 
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TABLE 5b 

ORNITHINE DECARBOXYLASE ACTIVITY IN RESPONSE TO PROLACTIN (PRL) 
AS A FUNCTION OF TIME AFTER TCDDa 

ODC 
(pmol/30 min/mg protein) 

Adrenal0 Heart Thymus 

Treatment^ 2 days 7 days 2 days 7 days 2 days 

Vehicle only 
(n = 8) 

10±1.1 10±1.1 14±0.5 16±0.6 12±1 

PRL only 
(n = 5) 

49±8.2 12±1.2 12±1.6 14±1.1 102±20 

PRL + TCDD 
(n = 6) 

13±2.3e 4±0.5d 6±0.6f 5±0.6e 17±2f 

% of PRL only 27% 33% 47% 35% 17% 

a50 ng/kg was administered i.p. in 0.5 ml corn oil. 

bMale rats were treated with TCDD or corn oil 2 and 7 days prior to 
receiving PRL (22 mg/kg i.p. in 0.2 ml saline). Animals were killed 
4 hr later and tissues assayed as described in the text. Values are 
expressed as the mean ± SEM. Each enzyme assay was performed in 
duplicate. 

cpooled data. 

^data differs from PRL only controls, p<0.05 using Students' t-test. 

edata differs from PRL only controls, p<0.01 using Students' t-test. 

^data differs from PRL only controls, p<0.001 using Students' t-test. 
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administration 7 days after TCDD administration was liver >adrenal 

>heart >spleen >kidney. The liver ODC response in TCDD-treated rats was 

only 12% that of the pair-fed controls. Kidney was the least affected 

with an ODC response 64% that of the pair-fed controls. 

Alterations in the elevation of ODC activity by DEX as a function of 
time after TCDD administration 

There were no significant differences in ODC activity in 

response to DEX treatment in the TCDD-treated rats vs. pair-fed controls 

2 days after TCDD administration (Table 6). However, at 7 days after 

TCDD administration, the liver ODC response to DEX was decreased to 25% 

that of pair-fed controls (p<0.001). Kidney ODC activity in response to 

DEX in the TCDD-treated rats was reduced to 86% of pair-fed controls 

(p<0.05). 

Alterations in ODC activity in response to aminophyl 1ine as a function 
of time after TCDD administration 

At 2 days after TCDD administration, ODC elevation by aminophyl-

line in the thymus, liver and heart was blunted to 30, 38 and 42% of 

pair-fed controls, respectively (Table 7). By 7 days after TCDD 

administration, the liver ODC response to aminophylline was only 22% 

that of pair-fed controls, adrenal was 29% and heart was 29% of pair-fed 

controls. Interestingly, in the kidney, TCDD administration enhanced 

the ODC response to aminophylline by 191%. 



42 

TABLE 6a 

ORNITHINE DECARBOXYLASE ACTIVITY IN RESPONSE TO DEXAMETHASONE (DEX) 
AS A FUNCTION OF TIME AFTER TCDDa 

ODC 
(pmol/30 nrin/mg protein) 

Liver Spleen Ki dney 

Treatment 2 days 7 days 2 days 7 days 2 days 7 days 

Vehicle only 
(n = 8) 

9±1' 12±1 5.7±0.6 6.5±0.8 780±63 745±61 

DEX only 
(n = 5) 

240±29 369±54 2.0±0.2 3.8±0.4 1682±81 2959±387 

DEX + TCDD 
(n = 6) 

170±20 93±21f 1.8±0.1 3.2±0.2 2143±175 2551±145' 

% of DEX only 71% 25% 90% 83% 127% 86% 

a50 ng/kg was administered i.p. in 0.5 ml corn oil. 

bMale rats were treated with TCDD or corn oil 2 and 7 days prior to 
receiving DEX (0.5 mg/kg i.p. in 0.2 ml saline). Animals were killed 
4 hr later and tissues assayed as described in the text. Values are 
expressed as the mean ± SEM. Each enzyme assay was performed in 
duplicate. 

cpooled data. 

^data differs from DEX only controls, p<0.05 using Students' t-test. 

edata differs from DEX only controls, p<0.01 using Students' t-test. 

^data differs from DEX only controls, p<0.001 using Students' t-test. 
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TABLE 6b 

ORNITHINE DECARBOXYLASE ACTIVITY IN RESPONSE TO DEXAMETHASONE (DEX) 
AS A FUNCTION OF TIME AFTER TCDDa 

ODC 
(pmol/30 min/mg protein) 

Adrenalc Heart Thymus 

Treatment15 2 days 7 days 2 days 7 days 2 days 

Vehicle only 
(n = 8) 

12±1 11±1 13±0.7 15±0.6 14±1 

DEX only 
(n = 5) 

2.9 2.6 3±0.4 6±1.2 9±1 

DEX + TCDD 
(n = 6) 

2.4 2.2 5±0.9 8±0.6 7±1 

% of DEX only 83% 85% 170% 140% 81% 

a50 ug/kg was administered i.p. in 0.5 ml corn oil. 

''Male rats were treated with TCDD or corn oil 2 and 7 days prior to 
receiving DEX (0.5 mg/kg i.p. in 0.2 ml saline). Animals were killed 
4 hr later and tissues assayed as described in the text. Values are 
expressed as the mean ± SEM. Each enzyme assay was performed in 
duplicate. 

cpooled data. 

^data differs from DEX only controls, p<0.05 using Students' t-test. 

edata differs from DEX only controls, p<0.01 using Students' t-test. 

^data differs from DEX only controls, p<0.001 using Students' t-test. 
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TABLE 7a 

ORNITHINE DECARBOXYLASE ACTIVITY IN RESPONSE TO AMINOPHYLLINE (A) 
AS A FUNCTION OF TIME AFTER TCDDa 

ODC 
(pmol/30 min/mg protein) 

Liver Spleen Kidney 

Treatment11 2 days 7 days 2 days 7 days 2 days 7 days 

Vehicle only 
(n = 8) 

13±1 10±1 7±0.7 6+0.6 622±39 687±50 

A only 
(n = 5) 

138±11 114±8 32±7.8 6±0.8 1187±194 1212±231 

A + TCDD 
(n = 6) 

52±6f 24±3f 37±7.8 6 ±0.3 1543±224 2317±161f 

% of A only 38% 22% 117% 100% 130% 191% 

a50 iig/kg was administered i.p. in 0.5 ml corn oil. 

''Male rats were treated with TCDD or corn oil 2 and 7 days prior to 
receiving A (0.2 mmole/kg i.p. in 0.2 ml saline). Animals were killed 
4 hr later and tissues assayed as described in the text. Values are 
expressed as the mean ± SEM. Each enzyme assay was performed in 
duplicate. 

cpooled data. 

ddata differs from A only controls, p<0.05 using Students' t-test. 

edata differs from A only controls, p<0.01 using Students' t-test. 

^data differs from A only controls, p<0.001 using Students' t-test. 
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TABLE 7b 

ORNITHINE DECARBOXYLASE ACTIVITY IN RESPONSE TO AMINOPHYLLINE (A) 
AS A FUNCTION OF TIME AFTER TCDDa 

ODC 
(pmol/30 mln/mg protein) 

Adrenal0 Heart Thymus 

Treatment 2 days 7 days 2 days 7 days 2 days 

Vehicle only 
(n = 8) 

10±1 10±1 14±0.7 15±0.7 15±1 

A only 
(n = 5) 

299±33 81±10 76±9.8 39±5.4 159±33 

A + TCDD 
(n = 6) 

245±41 23±4e 32±7.9e ll±l.lf 48±5e 

% of A only 82% 29% 42% 29% 30% 

a50 ug/kg was administered i.p. in 0.5 ml corn oil. 

^Male rats were treated with TCDD or corn oil 2 and 7 days prior to 
receiving A (0.2 mmole/kg i.p. in 0.2 ml saline). Animals were killed 
4 hr later and tissues assayed as described in the text. Values are 
expressed as the mean ± SEM. Each enzyme assay was performed in 
duplicate. 

cpooled data. 

^data differs from A only controls, p<0.05 using Students' t-test. 

edata differs from A only controls, p<0.01 using Students' t-test. 
r 
'data differs from A only controls, p<0.001 using Students' t-test. 



DISCUSSION 

Endocrine anomalies have been suggested as a possible underlying 

cause of growth alterations and immune suppression in TCDD-treated 

animals (Neal et al., 1979; Pazdernik and Rozman, 1980). Alterations in 

PRL have the potential to result in such widespread pathology. In this 

study, the earliest change detected after TCDD administration was a 

significant decrease in serum PRL levels by 4 hr compared to pair-fed 

controls. Temporally, this effect was followed by alterations in serum 

corticosterone detectable at 8 hr after the administration of TCDD and a 

significantly depressed serum level of T^ within the first 24 hr. 

Interactions between PRL and the function of the adrenal glands and 

thyroid have been reported (Lis et al., 1974; Katovich et al., 1984; 

Marshall et al., 1975). Thus, alterations in serum PRL by TCDD could 

explain, in part, the TCDD induced changes in other hormonal-dependent 

functions. 

It has been proposed that a major function of PRL is in the 

regulation of adrenal cortical function. The adrenal glands of rats 

have relatively high PRL receptor levels (Frantz et al., 1974; Marshall 

et al., 1975; Marshall et al. 1979). Lis et al. (1974) have suggested 

that PRL is important in the regulation of corticosterone secretion in 

response to ACTH. Hypophysectomized rats have a reduced ability to 

secrete corticosterone in response to ACTH administration. 

46 
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Administration of PRL restored corticosterone secretion to normal. 

Glucocorticoid levels also have an interactive effect on PRL function. 

Glucocorticoids appear to regulate PRL binding to its receptor. 

Adrenalectomy increased PRL binding in rat kidney whereas DEX adminis

tration decreased PRL binding (Kharroubi and Slaunwhite, 1984; Marshall 

et al., 1978). A decrease in PRL binding in mammary gland after 

adrenalectoiny was reversed by hydrocortisone administration (Sakai and 

Banerjee, 1979). Dave et al. (1985) demonstrated a parallel modulation 

of rat liver PRL receptors and glucocorticoid receptors regulated by the 

manipulation of the serum PRL level. Thus, a potential effect of TCDD 

may be the alteration of PRL and glucocorticoid receptors directly or by 

an initial alteration of serum levels of PRL and corticosterone. 

Several previous studies have examined the effects of TCDD on 

serum corticosterone levels. Neal et al. (1979), using a fluorometric 

analysis for corticosterone levels, found an increase in TCDD-treated 

corticosterone levels at 7 and 14 days after TCDD administration. Two 

other studies, both using RIA to measure serum corticosterone levels, 

found a decrease in corticosterone levels 6, 12, 14 and 21 days after 

TCDD administration (Balk and Piper, 1984; Moore et al., 1985). In the -

study reported here, which also used RIA to determine serum cortico

sterone levels, no significant differences in serum corticosterone 

circadian rhythms were found 7 days after TCDD administration. However, 

in other data not reported here, which also measured serum cortico

sterone at a single time point, a significant decrease was found 7 and 

14 days after TCDD administration. This would confirm then, the 
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previous reports indicating that corticosterone levels are decreased 

after TCDD administration. Single time point determinations for serum 

corticosterone are probably inappropriate, since a number of factors may 

affect the serum level. Effects of the chemical over time will give 

more meaningful data. 

In other studies, a decrease in serum was characteristic of 

hyperprolactinemia. Rats with prolactin-secreting MtTW14 adenoma 

transplants that resulted in hyperprolactinemia, had significantly 

reduced serum T4 levels with no significant alterations seen in serum T3 

levels (Katovich et al., 1984). Thyroid hormone specifically inhibits 

PRL synthesis and PRL mRNA synthesis when added to cultured pituitary 

cells (Maurer, 1S82). Further, hypothyroidism markedly reduced PRL 

binding in liver (Gelato et al., 1975). Therefore, the sequence of 

changes after TCDD administration in circulating levels of PRL, T4 and 

corticosterone may reflect the complex interactions of these three 

important endocrine substances. This may suggest then, that the early 

alteration in serum PRL may be responsible for the later alterations in 

serum corticosterone and T^. 

Little work has been done to determine the effects of pituitary 

hormones on TCDD toxicity. In one study by van Logten et al. (1980), to 

determine the effects of hypophysectomy on TCDD-induced thymic atrophy, 

hypophysectorny enhanced the thymic atrophy produced by TCDD. Treatment 

with growth hormone did not prevent thymic atrophy. However, no work 

was done using another pituitary hormone also implicated in the develop

ment and regulation of the thymus, specifically PRL (Riddle, 1963). 
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Currently our lab is conducting studies to determine the effects of 

hyperprolactinemia on TCDD toxicity. Included in these studies will be 

data on the effects of TCDD-induced thymic atrophy. This may provide an 

important clue to help elucidate the mechanism for thymic atrophy caused 

by TCDD administration. 

By 7 days after TCDD administration, rats were found to be 

hyperprolactinemic compared to pair-fed controls. PRL receptor activ

ity, as assessed by ODC induction, was found to be reduced in all 

tissues studied by this time. This is in contrast to previous studies 

that indicated that PRL causes an upregulation of PRL receptors in the 

liver (Posner et al., 1975; Manni et al., 1978). This raises the 

question as to whether the serum PRL present 7 days after TCDD adminis

tration is bioactive. A sensitive test to determine the bioactivity of 

serum PRL has been developed by Tanaka et al. (1980) using a Nb2 rat 

lymphoma cell bioassay. Therefore, it would be of interest to use this 

test to determine whether the PRL present at 7 days, and also 2 days, 

after TCDD administration is bioactive. If it is determined that the 

serum PRL present is not bioactive, this could help to explain the 

observed down regulation of PRL receptors. The question that would then • 

be raised would be where this de-activation of PRL is occurring. Is it 

occurring directly in serum or during its formation in the pituitary. 

Moore et al. (1986) have recently reported a dose dependent 

decrease in serum PRL levels in male Sprague-Dawley rats 7 days after 

TCDD administration. This is in contrast to our findings, which demon

strate hyperprolactinemia at day 7. Several experimental differences 
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exist, however, which may help explain these differences. The two major 

differences are that Moore et al. used full grown adult rats, while we 

used young rats (100-120g). The other important difference was that 

Moore et al. only measured serum PRL levels at a single unspecified time 

point while we found hyperprolactinemia over a 24 hr circadian rhythm, 

thus making comparisons between the two studies difficult. 

ODC activity has been used as a marker of receptor-mediated 

activity to demonstrate the ability of TCDD to decrease the extent of 

hormone responsivity of ODC in rat liver (Potter et al., 1982). The 

diminished ODC response had a defined lag period after TCDD administra

tion suggesting that this attenuation was due to a decrease in receptor 

number, receptor responsivity or a decreased pool of an intermediary in 

the cascade of events resulting in the transcriptional or trans!ational 

increase in ODC activity. In our study a marked decrease in PRL 

receptor-mediated activity as assessed by the excursion of ODC activity 

in a variety of tissues known to have PRL receptors was demonstrated. 

Our studies also demonstrate a difference between pair-fed controls and 

TCDD-treated rats related to PRL receptor-mediated ODC expression. Many 

metabolic functions have been attributed to PRL including effects on 

protein, lipid and carbohydrate metabolism and free fatty acid synthesis 

(Riddle, 1963). Therefore, the wasting syndrome in this model is not 

simply due to a decrease in food intake (Peterson et al., 1984b). Others 

have shown that rats treated with TCDD are as efficient as pair-fed 

controls in absorption of food energy from the gut (Seefeld and 

Peterson, 1984). Thus, the ability of TCDD to down-regulate receptor 
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populations of diverse hormones including EGF (Madhukar et al., 1984), 

estrogen (Romkes et al., 1986) and now perhaps PRL and corticosterone 

receptors as well as the coupling of cyclic AMP-mediated hormones to ODC 

expression {Potter et al., 1982; Jones et al., 1986) may explain, in 

part, the mechanism for the wasting syndrome. 

One of the consistent effects of TCDD toxicity is a suppression 

of both eel 1-mediated and humoral immunity. PRL has been shown to be an 

important immunomodulatory hormone. Evidence for this includes the fact 

that bromocriptine, a dopamine agonist which specifically decreases 

serum PRL levels, also suppresses antibody production and contact 

dermatitis. These responses are restored by the administration of PRL 

(Nagy et al., 1983a; Nagy et al., 1983b; Nagy and Berczi, 1978). PRL 

also induces ODC activity in rat thymus and spleen (Russell and Larson, 

1985), and human and rodent B- and T-lymphocytes have high affinity PRL 

receptors (Russell et al., 1985) suggesting a function for PRL in both 

humoral and cell-mediated immunities. In the present study, one of the 

earliest effects of TCDD was a demonstrated marked inhibition of the 

ability of PRL to induce ODC activity in the thymus and spleen just 2 

days after administration. Therefore, the suppression of the immune 

system by TCDD may involve the immunomodulatory effects of PRL. 

TCDD has also been suggested to act directly on peripheral B 

lymphocytes. The mechanism by which TCDD exerts its action has yet to 

be determined. A recent study by Clark et al. (1986) has suggested that 

TCDD may act by altering protein phosphorylation and/or protein kinase 

activity of receptors that control B lymphocyte growth. Another study 
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that backs up this proposed effect of TCDD found that TCDD caused 

increases in various protein kinases, particularly protein kinase C in 

hepatocytes from rats and guinea pigs (Bombick et al., 1985). Protein 

kinase C has been implicated in the regulation of several hormonal 

receptors, including PRL (Gertler et al., 1985). Since PRL has been 

shown to have receptors on human T- and B-lymphocytes (Russell et al., 

1984b; Russell et al., 1985), this may explain the effects of TCDD on B 

lymphocytes. 

The present data suggest that alterations in serum PRL levels 

and PRL receptor binding activity may play a critical role in the 

toxicity of TCDD by an alteration in multi-organ biosynthetic responses 

to hormones and growth factors. Whether these changes occur as a result 

of initial hypothalamic and/or pituitary alterations or by a direct 

cellular mechanism or both are still to be defined. 
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