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1. Introduction

The salient clinical sign of the acute toxicity of TCDD in laboratory animals is a wasting syndrome,
comprising substantial body weight loss before death. The decline of body weight has been shown to
predominantly result from reduced feed intake". There is an accumulating body of evidence that the
wasting syndrome is not merely a secondary change to general malaise but arises as a consequence
of a specific derailment of regulatory systems>>. Whether the primary target of TCDD is the regulation
of feed intake or that of body weight, is not known.

TCDD alters drastically the plasma concentrations of a variety of hormones and, conversely, endocrine
manipulations modulate the toxicity of TCDD®. For example, in the rat a lethal dose of TCDD
typically lowers plasma thyroxine but elevates corticosterone levels. Thyroidectomy attenuates the
acute lethality of TCDD by prolonging the survival time of the exposed animals®, whereas
adrenalectomy exacerbates its acute toxicity by curtailing the survival time®.

One of the endocrine factors affected by TCDD is insulin. In humans, TCDD exposure has been
associated with an increased risk of diabetes®. In the rat, plasma insulin levels decrease within the first
4 days after exposure and persist lowered for about 2 weeks”. TCDD treatment also sensitizes rats to
the glucose-decreasing effect of insulin thereby rendering them exceptionally susceptible to a fatal
insulin shock™. This hypersensitivity seems to be at least partially due to a severely suppressed feeding
response to insulin-induced hypoglycemia®,

To date, no published studies exist on the possible interference of diabetes with TCDD toxicity.
However, diabetes would provide a potentially useful means to assess the effects of TCDD on body
weight and feed intake separately, since it is characterized by hyperphagia in conjunction with
subnormal body weight. If TCDD primarily affects body weight, one would anticipate a diminished
effect in diabetic animals. On the other hand, if the impact is directed at feed intake, a normal or even
exaggerated response should follow. These alternatives were tested in the present study. To enable a
long (6-week) follow-up after a high dose of TCDD, we employed Han/Wistar (Kuopio; H/W) rats,
which are extremely resistant to the acute lethality of TCDD but exhibit most of its biochemical and
morphological effects at the same doses as do more susceptible strains®.

2. Material and Methods

A. Design. Young adult (age 10-11 weeks) male H/W rats were rendered diabetic by administering
them i.p. a single dose of 60 mg/kg streptozotocin (STZ), dissolved in saline acidified to pH 4.5 with
citrate. This dose of STZ degranulates pancreatic beta cells without causing necrosis®. The control rats
were injected with the same volume (1.2 ml/kg) of the vehicle. Three days later, blood glucose was
determined from tail-prick samples with a refractometer (Accutrend®). All STZ-treated rats had
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glucose values >18 mmol/l, while
those for the controls ranged from 5.7
to 8.6 mmol/l. Nine days after this
(=day 0), half the STZ-treated rats
and half the controls were exposed i.p.
to 1000 pg/kg TCDD, dissolved in
corn oil. The remainder rats reveived
pure corn oil. On day 21, the STZ
groups were again split into two. One
subgroup of both TCDD-exposed and
control rats were put on a daily s.c.
insulin treatment. The dose of insulin
was initially 5 U/kg (long-acting
insulin) s.i.d., but was gradually in-
creased based on blood glucose anal-
yses (see Fig. 2). The final dose was
24-27 U/kg, depending on individual
TESponses.

B. Animal Care. The rats were main-
tained in a animal room with con-
trolled temperature (21.5x1.0°C),
humidity (55+10%) and lighting
(12/12h). The rats were housed singly
in either plastic metabolic cages (Tec-
niplast1700®) or suspending wire-
mesh cages equipped with feeding
tunnels equal to those in the metabolic
cages. Both types of cages enabled
strict control of feed spillage. Full
access to feed (R36, Ewos, Sodertilje,
Sweden) and tap water was provided
for the rats all the time.

3. Results

A. Lethality. A total of 5 rats (out of
30) succumbed during the 42-day
follow-up period after TCDD expo-
sure. Two of these rats had been
treated with STZ and comn oil (deaths
on days 7 and 23), two with STZ and
TCDD (31 and 33) and one with
saline and TCDD (31). Thus, diabetes
did not appreciably aggravate the
acute lethality of TCDD.

B. Wasting syndrome. As expected,
STZ treatment led to an initial drop of
body weight followed by completely
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Fig. 1. Changes in body weight (top) and feed intake
(bottom) after STZ andjor TCDD treatment. Mean * SD
(for feed intake, only some error bars are shown to retain
clarity).

blocked growth (Fig. 1, upper panel). The phase of body
weight decline was accompanied by suppressed feed intake,
but thereafter STZ-treated rats ate more than the nondia-
betic rats (Fig. 1, lower panel). In nondiabetic rats, TCDD
reduced body weight by about 10% during the first 14
days. This stage was followed by a stable body weight
level up to the end of the follow-up period (Figs. 1 and 2).
A greater reduction (about 50%) occurred in feed intake.
In diabetic rats, by contrast, both feed intake and (especial-
ly so) body weight were only mildly altered by TCDD. For
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Fig. 2. Effect of the daily insulin treatment on body
weight in corn oil- (top panel) or TCDD-exposed

(middle panel) diabetic H/W rats. Individual data are
shown (the group averages for nondiabetic rats are
included for comparison). Bottom panel: influence of
insulin on blood glucose in the diabetic H/W rats.
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example, the amount of feed consumed
daily remained at a higher level in TCDD-
dosed diabetic rats than in their nondiabetic
corn oil-treated partners (Fig. 1).

Those diabetic control rats which were put
on the daily insulin regimen started to grow
efficiently. At the end of the observation
period, they were approaching the body
weight level of the nondiabetic controls
(Fig. 2). The response of the TCDD-ex-
posed rats to the growth-stimulating effect
of insulin was notably weaker; they app-
roached the body weight of the nondiabetic
TCDD-treated rats. This poorer respon-
siveness occurred despite the fact that
blood glucose returned closer to normal
values by insulin in TCDD-treated rats
than in the controls (Fig. 2).

4. Discussion

One of the major findings in the present
study was that depletion of insulin did not
exacerbate the acute toxicity of TCDD, at
feast in this particular strain of rat. In fact,
the wasting syndrome was attenuated in
STZ-diabetic rats. Since the diabetic ani-
mals continued to display hyperphagia
relative to nondiabetic control animals even
after TCDD treatment, it is unlikely that
TCDD affects feed intake directly, as a
primary impact. Rather, these results are in
keeping with the proposed reduction of
body weight set point caused by TCDD'.
According to that hypothesis, the STZ-
induced loss of body weight before TCDD
treatment should mitigate the weight-de-

clining effect of TCDD. Hypophagia, al-
though essential for the wasting syndrome,
would merely represent a tool for achieving
the new set point and should therefore not
be depressed in diabetic rats to the extent
that occurs in euglycemic animals. This
was indeed the case here.

In support of this line of reasoning, a dis-
tinctly different outcome was recently
reported in ventromedial hypothalamus-
lesioned H/W rats after treatment with the
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same dose of TCDD'". Similar to STZ-diabetic H/W rats, the lesioned rats also exhibited hyperphagia
before TCDD administration. However, they were concurrently obese. In these lesioned rats, the
wasting syndrome was strikingly aggravated and the rats stopped eating completely for extended
periods of time.

The outcome with insulin reinstatement further favored the view of a reset aim level for body weight
in TCDD-exposed rats. Despite the fact that their blood glucose values deviated less from normal than
those of corn oil-treated diabetic rats, TCDD-exposed H/W rats grew at a slower rate, gradually ap-
proaching the body weight level of the nondiabetic TCDD-treated rats.

Hence, TCDD appears to adjust the regulated level of body weight downwards. The biochemical
mechanism of this action remains to be determined.
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