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Chronic Ethanol Drinking and Food Deprivation
Affect Rat Hypothalamic—Pituitary-Thyroid Axis

and TRH in Septum

Maria Nikodémova, Jalius Benicky, Jalius Brtko, and Vladimir Strbak

Institute of Experimental Endocrinology, Slovak Academy of Sciences, Vidrska 3, 833 06 Bratislava, Slovak Republic

Because chronic ethanol ingestion may perturb thy-
roid function, we evaluated the effect of 4-wk of oral
10% ethanol ingestion on the hypothalamic—pituitary—
thyroid (HPT) axis and septal thyrotropin-releasing
hormone (TRH) in 200-g male Wistar rats. Animals
were divided into three groups: absolute control
receiving tap water and food ad libitum; ethanol group
receiving food ad libitum and 10% ethanol as the sole
source of drinking fluid; pair-fed group receiving tap
water and an amount of food corresponding to the
consumption of ethanol group. After 4-wk of treat-
ment, the body weight of the ethanol group was 7%
and of the pair-fed rats 19% lower than that of the
absolute controls. Both chronic ethanol treatment and
food deprivation produced a decrease in plasma thy-
roid-stimulating hormone (TSH). Pair-fed rats also had
alower plasmaT,. Type l iodothyronine 5'-deiodinase
activity in the liver was increased in the pair-fed and
even more in the ethanol-treated group. The content
and secretion in vitro of TRH from the hypothalamic
paraventricular nucleus and median eminence were
unchanged. TRH content in the septum was increased
in both the ethanol and pair-fed groups. TRH secretion
from the septum in vitro was lower in the pair-fed, but
unchanged in the ethanol group. These data suggest
that 4-wk of peroral ethanol intake affects thyroid
function mostly at the extrahypothalamic level and
that there is a contribution of concomitant food dep-
rivation. Both ethanol treatment and food deprivation
increased TRH content in the septum.
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Introduction

Chronic alcohol ingestion causes various endocrine
dysfunctions, including those of the hypothalamic—pitu-
itary—thyroid (HPT) axis (7,2}, through mechanisms that
are not yet clear. Various investigators have described
decreased (3), normal (1,4,5), or increased (6) blood levels
of thyroid hormones after ethanol exposure. After long-
term administration of ethanol, thyroid and adrenal hyper-
plasia (7) or a reduction (&) of thyroid volume have been
reported. Ethanol may alter intracellular thyroid hormone
metabolism in both rat central nervous system (CNS) and
liver (9,10). However, the various investigators have used
different doses of ethanol, durations of treatment, and meth-
ods of administration, making it difficult to draw a general
conclusion. Moreover, ethanol consumption decreases food
intake (71), which makes the interpretation of results even
more complicated.

Recently, we have shown that in vitro ethanol stimulates
the release of thyrotropin releasing hormone (TRH) from
the hypothalamic paraventricular nucleus (PVN) and
median eminence (ME) (/2). In the present study, we
examined the in vivo effect of long-term ethanol adminis-
tration on the HPT axis in rats, with special attention to
TRH in specific brain regions. TRH subserves numerous
biologic functions both within the CNS and in extraneural
tissue (/3). Hypophysiotropic TRH is synthesized in the
parvocellular neurons of the hypothalamic paraventricular
nucleus. Terminals of paraventricular neurons project
mainly to the ME where this neurohormone is released into
the portal circulation. In addition to its endocrine function
in controlling pituitary secretion, TRH can reduce CNS
sensitivity to alcohol and attenuate the narcotic and hypo-
thermic actions of ethanol. A specific site for analeptic TRH
actions has been localized particularly to the medial septum
(14,15). We were therefore interested to see how ethanol
affects these two different TRH systems: in the septum and
in the hypothalamus. This study was designed to determine
the effects of long-term oral ethanol intake, including the
role of associated changes in food and caloric intake.
Experimental rats that drank 10% alcohol (E group) for
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Table 1
Body Weight (Body wt) and Liquid Intake
During 4-wk of Treatment?

Table 2
Plasma Concentration of Thyroid Hormones and TSH
after 4-wk of Treatment®

Starting Final Liquid intake,
body wt, g body wt, g mL/d/rat
AC 2004 +2.6 366.5 + 6.3 427+1.4
E 200.7+2.6 340.3 + 4.6° 36.3+1.6°
PF 200.7 £2.5 297.2 + 5.00¢ 429 +2.0°

“AC—absolute control, E—ethanol-treated, PF—pair-fed rats.
bp < 0.05 compared to AC.
‘p < 0.05 compared to E.
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Fig. 1. Caloric intake during 4-wk of treatment expressed as an
average of the daily intake during the experiment. AC—absolute
control, E—ethanol-treated, PF—pair-fed rats. *p < 0.05 com-
pared to A57 and E. [, energy from solid diet; B3, energy from
ethanol.

4 wk were compared to both untreated controls (AC, abso-
lute control) and pair-fed animals (PF).

Results
Body Weight, and Caloric and Liquid Intake

Animals in each experimental group had similar initial
body weights (Table 1). After 4 wk of treatment, the E
group body wt was 7% and the PF group, 19% lower than
in AC. Differences in body weight from AC were observed
from the third day of treatment in both E and PF animals.
Liquid intake (calculated as an average of the daily intake
during the experiment) was lower in E than in AC and PF.
The energy intake of the E group (an average of the daily
intake), despite a 26% food deprivation, was similar to that
of the AC group owing to the caloric contribution of etha-
nol (Fig. 1). The PF group had a 26% lower food and caloric
intake than AC.

T;, nmol/LL T4, nmol/LL TSH. ng/mL
AC 1.11 £ 0.04 41.63 £2.78 4.41 £0.56
E 1.05 + 0.03 46.87 + 3.80 3.14 +0.32°
PF 0.97 +0.04% 42.07 +3.10 2.44 +0.357

“Differences between E and PF were not significant.
bp <0.05 compared to AC.
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Fig. 2. Activity of type I iodothyronine 5'-DI in the liver
microsomal fraction after 4-wk of treatment. *p < 0.05, ¥*p < (.001
compared to AC, *p < 0.05 compared to E.

Plasma T, T, and Thyroid-Stimulating Hormone (TSH)
Concentration
There were no significant differences in plasma total T
or T, concentration between E and AC (Table 2). PF ani-
mals had a lower T level, but uncg_an ged T,. Both chronic
alcohol treatment and food deprivation produced a decrease
in plasma TSH compared to AC.

Activity of 5'-Deiodinase (5'-DI) in Liver

The activity of type 1 iodothyronine 5'-DI in the liver
microsomal fraction was increased in both the E and PF
groups compared to AC (Fig. 2). This enzyme activity in E
was also higher than that in PF.

TRH Content in PVN, ME, and Septum

There were no significant changes in the TRH content of
the ME and PVN in all groups (Table 3). In contrast, the
septal TRH content was 51 and 83% higher in E and PF,
respectively, than in AC.

TRH Secretion from PVN, ME, and Septum In Vitro

In the ME, there was no difference between groups in
basal or KCl-stimulated TRH secretion (Fig. 3A). In the
PVN, PF had increased basal, but not stimulated secretion
compared to the other groups (Fig. 3B). There was a signifi-
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Table 3
TRH Content in the Septum and in the Hypothalamic ME
and PVN after 4-wk of Treatment®

TRH content, pg

ME PVN Septum
AC 183.1 £28.8 146.5 £ 8.7 60.3+£5.0
E 209.2 £ 40.7 143.6 +9.5 90.9 + 1.4°
PF 201.8 £13.8 137.6+7.6 110.6 + 12.2°

“Differences between E and PF were not significant.
bp < 0.05 compared to AC.

cant decrease in both basal and stimulated TRH secretion
from the septum in PF (Fig. 3C). Ethanol treatment did not
affect in vitro TRH secretion in any structure investigated.

Discussion

This study was concerned with changes in the rat HPT
axis, septum TRH, body-wt changes induced by long-term
alcohol treatment, and the role of food intake reduction
per se. Drinking ethanol resulted in a decrease in solid food
consumption. Total energy intake was, however, similar in
the AC and E groups owing to the caloric contribution of
ethanol. Nevertheless, alcohol administration was associ-
ated with a smaller weight gain in E than in AC. The energy
intake represented by ethanol ingestion did not fully restore
the growth retardation resulting from food deprivation.
Although the energy intake of the E and AC groups was
nearly identical, alcohol consumption was associated with
a lower nutritional level. Nevertheless, the weight gain in
E was significantly higher than in PF, so at least part of the
ethanol energy content was effective. A possible ethanol
effect on growth hormone secretion (76) or decreased water
intake cannot be excluded.

Long-term food reduction reduced plasma T; and TSH
concentration, in agreement with van Haasteren et al. (17)
and Cohen et al. (18). A decreased TSH level despite
reduced T; concentration indicates that a central mecha-
nism may be involved in the inhibition of thyroid function,
However, we did not find any changes in TRH content or
in vitro secretion in the ME. The PVN TRH content was not
changed, whereas in vitro basal secretion was increased.
Hypothalamic pro-TRH mRNA was found to be either
decreased (19) or not affected in food-restricted rats (7).
A possible explanation for the plasma TSH decrease in our
experiments is an elevated level of plasma corticosterone in
PF rats (average 4.2, 4.2, and 12 mg/100 mL in AC, E, and
PF, respectively) (20). Van Haasteren et al. showed that the
decrease in plasma TSH in starved rats could be partially
prevented if plasma corticosterone is kept constant by
adrenalectomy and corticosterone substitution (27).

Long-term alcohol administration did not change T; or
T, plasma levels, but plasma TSH was decreased. As in the
PFrats, the TRH contentin the PVN and ME was not altered
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Fig. 3. TRH secretion in vitro from ME (A), PVN (B), and septum
(C). PVN and ME were incubated for 30-min successive periods
alternately in basal or stimulating (depolarizing) medium. Secre-
tion of TRH was stimulated with 56 mM KCI. The septum was
incubated for 15-min successive periods using the same alterna-
tion schedule as with the PVN and ME. *p < 0.05, **p < 0.001,
##%p<0.0001 compared to AC, *p <0.05 compared to E.—, AC;
7Z3a, E; B8, PF.

in E. Chronic ethanol treatment was reported to produce an
increase in TRH mRNA in the PVN, but the thyrotropin
response to TRH was blunted (7). The drop in plasma TSH
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in the E rats was not owing to increased corticosterone,
because plasma corticosterone concentration is not changed
by chronic drinking of 10% ethanol (20). Recently, it was
demonstrated that ethanol exerts thyrotropin-like activity
in cultured porcine thyroid follicles (22), which might
explain the normal T4 and T; level in E despite the TSH
decrease. Ethanol affects thyroid hormone formation by
stimulating the uptake and organification of iodide (22).

The increased activity of type 1 iodothyronine 5'-deiodinase,
which converts T, to T in the liver, in both E and PF is of
interest. Although the plasma level of T, was normal in
both E and PF, T, concentration in tissues may be altered.
The data of Kaptein at al. (4) indicate marked disturbances
in T, transfer and distribution in patients with nonthyroidal
illnesses, including chronic ethanol abuse. In the rat,
chronic ethanol administration increased type 2 iodo-
thyronine 5'-DI activity in brain frontal cortex (/0). In ani-
mals dependent on alcohol, after 3 mo of abstinence, the
liver concentrations of T; and T, were significantly lower,
whereas in the CNS, T3 was normal (9). The effects of food
deprivation and alcohol consumption on 5-DI in our
experiments seem to be additive—the enzyme activity in E
is increased even more than that in PF. This suggests that
the effect of fasting differs from that of alcohol.

We reported earlier that acute ethanol in vitro increases
basal and KCl-stimulated TRH secretion from PVN and
ME in a concentration-dependent manner {/2). In the
present study, we found that chronic administration of etha-
nol in vivo did not change TRH secretion in vitro from
either the PVN or ME. TRH secretion may be affected dif-
ferently by acute or chronic ethanol administration. Chronic
alcohol administration produces tolerance to ethanol, which
is reflected by a return toward a normal plasma corticoster-
one level after repeated administration of alcohol (23,24).

The septum is a component of the limbic system that
affects various motivational drives, including food and
water intake (25). Septal TRH increases afterrats regain the
righting reflex in following a sedating dose of alcohol (26).
Microinjection of TRH into the septum accelerates recov-
ery from ethanol-induced hypothermia and narcosis (27).
Our present data indicate that chronic ethanol drinking
causes a significant increase in TRH content in the septum.
However, septal TRH in vitro secretion was not affected.
Food deprivation resulted in a twofold increase in septal
TRH content, and its in vitro secretion was distinctly lower
under both basal and stimulated conditions. The increase in
septum TRH content in PF therefore might be a conse-
quence of its reduced release. The differences in the effect
on in vitro secretion suggest that the mechanism of ethanol
ingestion and food deprivation on septal TRH might be
different. Although in PF animals a high TRH content is
explainable by its low release, release in E was not lowered.
An increase in TRH biosynthesis after ethanol treatment
might be the eventual explanation. TRH in the septum is
present in the perikarya as well as in neuron terminals

(28,29). Ethanol and food restriction could have affected
different TRH pools in the septum, or TRH degradation
might have been decreased inside the neurons of E rats.
Chronic food deprivation, in contrast to chronic alcohol
ingestion, is a stress stimulus associated with elevated
plasma corticosterone in PF rats (20). The septum has been
identified as a primary target area for corticosterone (30).
Therefore, a direct corticosterone effect on septal TRH is
also a possible reason for the difference between the PF
and E groups.

In conclusion, chronic ethanol drinking was connected
with reduced food intake and weight gain. Although drink-
ing 10% ethanol compensated for the caloric deficit, it did
not fully restore the weight gain. Both food restriction and
alcohol consumption resulted in depressed plasma TSH,
but plasma T, was affected only in food-restricted animals.
The activity of type I iodothyronine 5'-deiodinase in liver
was enhanced in both the E and PF groups. We demon-
strated for the first time that chronic ethanol consumption
and food deprivation significantly affect septal TRH. Most
of the effects induced by ethanol were seen also in the
pair-fed controls. Although the mechanism of induced
changes might be different, the changed nutrition must be
considered an important determinant of the ethanol effects.

Materials and Methods
Animals

Male Wistar rats initially weighing 200 g were individu-
ally housed in cages kept in a temperature-controlled room
(20-24°C) and a 12-h light/12-h dark cycle. Ethanol
(10% w/v) was administered to animals (E group) as the
sole source of fluid for 4 wk with food ad libitum. There
were two control groups—AC receiving tap water and food
ad libitum, and PF, receiving tap water ad libitum and an
amount of food corresponding to that consumed by E. Each
group consisted of 20 animals. s

The food and liquid intake was measured daily, and body
weight was measured three times a week. After 4 wk of
treatment, the animals were killed by decapitation. The
brain was rapidly removed and the ME, PVN area (3/), and
entire septum (32) for the in vitro experiments were dis-
sected Aliquots of plasma and liver were frozen at —20 or
—80°C, respectively, until assayed for hormones or mea-
surement of type | iodothyronine 5'-DI.

Incubation of Brain Structures In Vitro

After a 30-min preincubation period, the ME (one
ME/tube) and PVN (one PVN/tube) were incubated suc-
cessively two times for 30-min periods in 150 uL. medium
alternately in basal or depolarizing medium at 37°C in
5% C04/95% O, atmosphere.

Septum (septum from I animal/tube) was preincubated
for 60 min, and after that incubated for two successive
15-min periods in 150 pL. medium in basal or depolariz-
ing medium.
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Solutions: basal medium—6 mM NaHCO;, 130 mM NaCl,
5.6 mM KCl, 1 mM CaCl,, 1 mM MgCl,, 10 mM glucose,
1.5 mM ascorbic acid, 2 mM HEPES, pH = 7.4. To pre-
vent TRH degradation, bacitracin (30 mg/100 mL) was
added tothe medium. Depolarizing medium—S56 mM KCl,
79.6 mM NaCl (the content of NaCl was lowered to main-
tain physiological osmolarity), the rest was the same as in
basal medium.

Measurement of Type I Iodothyronine 5'-DI

The activity of 5'-DI was measured in the liver microso-
mal fraction by determining the release of 23" from
1251-3,3",5 -triiodothyronine (rT;) according to Leonard and
Rosenberg (33).

TRH Measurement

TRH released into the medium was determined by a
specific radioimmunoassay (3/,34). The TRH antibody
was prepared by immunization of rabbits with synthetic
TRH coupled to bovine serum albumin with 1-ethyl-3-
(3-dimethylaminopropyl) carbodiimid. Crossreactivity of
the TRH antiserum with TRH degradation products or
TRH precursor was <0.01%. TRH standards were prepared
in each medium we utilized, and thus, correction for recov-
ery was included.

TRH Extraction from Tissues

After incubation, the tissues were placed into ice-cold
water and sonicated. Aliquots of the homogenates were
used for protein determination. The same volume of 2 M acetic
acid was added to the remaining homogenate, and the tubes
were kept at —20°C overnight. The samples were then cen-
trifuged at 7g for 10 min, and supernatant was stored. After
addition of 0.5 mL 50% methanol to the sediment, the
samples were recentrifuged under the same conditions.
Both supernatants were pooled and lyophilized. The
lyophilizates were kept at —20°C and reconstituted in assay
buffer on the day of radioimmunoassay (RIA).

TSH, T,, T, Assays

Thyroid hormones in nonextracted plasma were assayed
with RIA T, and T, kits (Immunotech, Prague). Plasma
TSH was assayed with reagents (rat TSH-RP-3, AFP-55
12B, rat TSR-1-9 AFP-11542B and anti-rat TSH-RIA-6,

AFP-329661 Rb) obtained from the NIDDK through the
National Hormone and Pituitary Program.

Statistical Analysis

The data are presented as mean *+ SE. The experimental
groups were compared using ANOVA followed by New-
man-Keuls multiple comparisons for independent groups.
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