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This investigation was designed to determine the effect of experimental hyperthyroidism on the hyp-
notic activity of a benzodiazepine and on the binding characteristics of the benzodiazepine receptor
complex. Rats were made hyperthyroid by subcutaneous implantation of slow release pellets contain-
ing L-thyroxine. This treatment produced the characteristic symptoms of hyperthyroidism: increased
serum thyroxine concentrations, increased heart weight and body temperature, and decreased serum
protein concentrations. The hyperthyroid rats and a parallel group of normal animals (with drug-free
pellets implanted subcutaneously) were slowly infused intravenously with oxazepam until they lost
their righting reflex. The hyperthyroid rats required a significantly larger dose of the benzodiazepine
and their total serum and cerebrospinal fluid concentrations of oxazepam (but not the serum concen-
tration of free drug and the brain concentration) at the onset of loss of the righting reflex were modestly
but statistically significantly lower than those of the normal rats. The receptor density and affinity for
diazepam in hyperthyroid rats were not significantly different from those of the normal animals.
Hyperthyroidism apparently affects the pharmacokinetics of oxazepam but has, at best, only a small
effect on the pharmacodynamics (hypnotic activity) of the drug.
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INTRODUCTION

The thyroid hormones thyroxine and triiodothyronine
inhibit flunitrazepam binding to the benzodiazepine receptor
complex in vitro (1). The effect is stereoselective. Interest-
ingly, the endocrinologically inactive D-thyroxine is about
40-fold more effective as an inhibitor than the active L-
isomer and more than 60 times as effective as triiodo-
L-thyronine. Moreover, the average concentrations of the
thyroid hormones in the brain are much lower than those
needed to inhibit specific flunitrazepam binding in vitro (1).
In a subsequent study, a 21% decrease in the number of
flunitrazepam receptor binding sites, but no change in recep-
tor affinity, was found in rats made hyperthyroid with L-
triiodothyronine, whereas in thyroidectomized animals there
was an increase in the number of binding sites, again without
a change in affinity (2). However, despite the down-
regulation of benzodiazepine binding sites in hyperthyroid
rats, experimental hyperthyroidism had no effect on the con-
vulsive dose of pentylenetetrazol or on the anticonvulsant
activity of flurazepam (as reflected by the pentylenetetrazol
seizure threshold dose) in rats (3). Thus, the binding data
suggest a modulatory role of thyroid hormones on the ben-
zodiazepine receptor complex (2), whereas the in vivo re-
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sults indicate no alteration of rat brain benzodiazepine re-
ceptor function (3).

An in vivo animal model for pharmacodynamic studies
of benzodiazepines has recently been developed in this lab-
oratory (4) which permits assessment of drug concentration
(rather than dose) versus effect relationships without inter-
ference by possible alterations of drug binding or disposi-
tion. This animal model, which is based on the determination
of drug concentrations in the virtually protein-free cerebro-
spinal fluid at the onset of a defined pharmacologic end
point, has been used to determine the effect of experimental
hyperthyroidism on the hypnotic activity of the benzodiaz-
epine drug oxazepam. This particular benzodiazepine was
selected because, unlike others in its class, it is not metab-
olized to pharmacologically active metabolites. In addition,
the effect of hyperthyroidism on the in vitro binding of di-
azepam to the benzodiazepine receptor complex was deter-
mined.

MATERIALS AND METHODS

Female, inbred Lewis rats (LEW/CrIBR, Charles River
Breeding Laboratories, Wilmington, Mass.), weighing 180 to
220 g when received, were used in this investigation. They
were maintained on a diet of Charles River RMH 1000 and
housed in a temperature-, humidity-, and light-controlled
room. Hyperthyroidism was produced by subcutaneous im-
plantation of a pellet containing 15 mg L-thyroxine (Innova-
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tive Research of America, Toledo, Ohio); control animals
received a drug-free pellet. On the 27th day after pellet im-
plantation, all rats had a cannula implanted in the right jug-
ular vein under brief and light ether anesthesia. Food was
withdrawn that evening but water was available to the ani-
mals until the next morning, the day of the pharmacody-
namic study. Experiments were performed between 9 AM
and 2 pPM on that day.

Oxazepam (1 mg/ml of 33% polyethylene glycol 3350 in
water) was infused intravenously at a rate of 0.412 mg/min,
while the animals were on a heating pad, until the onset of
loss of righting reflex which was determined without a no-
ciceptive stimulus. Cerebrospinal fluid (CSF) from the cis-
terna magna, blood (for serum) from the abdominal aorta,
and the brain were obtained immediately upon loss of the
righting reflex and assayed for oxazepam by high-
performance liquid chromatography (5). Serum protein bind-
ing was determined at 37°C by equilibrium dialysis (6).

For the in vitro benzodiazepine receptor binding study,
rats were prepared as for the pharmacodynamic study ex-
cept that they were not cannulated. On the 28th day after
pellet implantation, the animals were decapitated between 9
AM and 10 AM under light ether anesthesia, the brain was
removed, and the cerebral cortex was dissected rapidly on
ice, frozen in a vial immersed in dry ice, and then stored at
—80°C. Tritiated diazepam binding determinations were per-
formed as previously described (6).

The statistical significance of differences between the
control and the hyperthyroid groups was determined by Stu-
dent’s unpaired ¢ test or by the Mann-Whitney test. An out-
lier in the receptor binding study was identified on the basis
of a chi-square goodness-of-fit test (7).

RESULTS

The hyperthyroid rats used in the pharmacodynamic
study and their normal controls are described in Table I. The
hyperthyroid animals had a significantly higher body tem-
perature, heart weight, and serum thyroxine concentration
than the controls and a lower concentration of total protein
in serum. Average body weights were comparable.

The results of the pharmacodynamic study are summa-
rized in Table II. The hyperthyroid animals required a sig-
nificantly larger dose of oxazepam to produce loss of the
righting reflex. However, the concentrations of the drug in
plasma and cerebrospinal fluid at the onset of the pharma-

405

cologic end point were statistically significantly, although
quantitatively only modestly, lower than in the control rats.
There were no significant differences between the hyperthy-
roid and the normal control animals with respect to ox-
azepam concentrations in serum water (i.e., free drug) and
brain. Serum free fraction values of oxazepam exhibited sub-
stantial interindividual variability and a tendency (although
not statistically significant) to increase in the hyperthyroid
animals.

Hyperthyroidism in the thyroxine-treated animals used
for the benzodiazepine receptor binding study was con-
firmed by the elevated serum thyroxine concentrations and
heart weights (Table III). There was no apparent difference
in benzodiazepine receptor complex binding capacity (B,.,)
and affinity (K,) for diazepam between the hyperthyroid and
the control rats (Table III).

DISCUSSION

Thyroid disorders can have pronounced effects on the
pharmacokinetics of drugs (8), including oxazepam (9), but
little is known about the pharmacodynamic implications of
thyroid disease. The usual reports of drug action in thyroid
disease relate pharmacologic response to dose, rather than
concentration, so that the relative roles of pharmacokinetics
and pharmacodynamics in altering drug action cannot be es-
tablished.

The use of subcutaneously implanted, slow-release pel-
lets of L-thyroxine was successful, under the conditions of
this investigation, to produce hyperthyroidism as reflected
by the typical physiologic symptom complex associated with
this condition, i.e., increased heart weight (10), increased
body temperature (11), and hypoproteinemia (9), in addition
to the elevated serum thyroxine concentrations. A preceding
study of the pharmacodynamics of diazepam and its metab-
olites (including oxazepam) in rats has shown that the cere-
brospinal fluid is the optimum sampling site for determina-
tion of drug concentrations in relation to the hypnotic effect
(4). Serum and brain concentrations are affected by changes
in nonspecific protein binding and there is a substantial dis-
tribution disequilibrium of the benzodiazepines between the
brain as a whole and sites of action within the brain (4).
Pharmacodynamic and radioreceptor assay studies have
shown no evidence of active oxazepam metabolites in rats
(12).

In this investigation, oxazepam concentrations in the

Table I. Effect of Experimental Hyperthyroidism on Certain Physiologic and Biochemical Indices

in Rats?
Statistical
Characteristics Controls Hyperthyroid Significance

No. of animals 14 12
Body weight, g 204 *13 206 =14 NS*
Body temperature, °C 38.8 = 0.5 39.8 = 0.7 <0.001%
Heart weight, mg/100 g body wt 347 +23 496 =+ 35 <0.001%
Serum thyroxine conc., ng/100 mi 415+ 097 358 =+ 11.0 <0.001°¢
Serum total protein conc., g/100 mi 6.09 = 1.08 5.20 = 045 <0.03¢

“ Results are reported as mean * SD in all tables.
& Unpaired ¢ test.
¢ Mann-Whitney U test.
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Table II. Effect of Experimental Hyperthyroidism on the Concentrations of Oxazepam in Rats at
Onset of Loss of the Righting Reflex?

Statistical
Variable Controls Hyperthyroid Significance
Infusion time, min 9.74 = 1.15 111 *0.8 <0.005*
Total dose, mg/kg 19.7 +2.0 20 =19 <0.005*
Serum concentration, mg/liter
Total drug 124 1.8 109 =09 <0.05°
Free drug 1.17 + 0.54 1.25 =+ 0.50 NSs?
Brain concentration, mg/kg 13.6 *2.3 129 =16 NS§?
CSF concentration, mg/liter 1.19 = 0.22 (11) 0.985 = 0.225 (11) <0.05%
Free fraction in serum X 100 9.44 + 426 11.3 *+42 NS§*

2 Number of animals as in Table 1 unless stated otherwise in parentheses.

b Unpaired ¢ test.
¢ Mann-Whitney U test.

CSF at the onset of loss of the righting reflex were about 17%
lower in hyperthyroid than in euthyroid (control) rats, a sta-
tistically significant difference. By itself, this suggests an
increased central nervous system sensitivity to the depres-
sant effect of oxazepam in hyperthyroidism. The increase in
the effective dose of oxazepam in the hyperthyroid rats de-
spite lower or unchanged drug concentrations at the onset of
action suggests a change in the pharmacokinetics of the
drug, consistent with the reported increase of oxazepam
clearance in hyperthyroid patients (9).

In vitro receptor binding studies were performed with
tritiated diazepam rather than with oxazepam. The latter
benzodiazepine was not available to us in tritiated form with
a specific activity high enough for receptor binding studies.
Also, oxazepam is not as suitable as diazepam because of its
lower affinity for benzodiazepine receptors (13-15). On the
other hand, in vivo pharmacodynamic studies with diazepam
are complicated by the formation of three active metabolites
which together contribute substantially to the total pharma-
cologic effect (4). Diazepam, due to its higher receptor af-
finity, may also be less sensitive than oxazepam to possible
disease-associated alterations in the concentration or activ-
ity of endogenous ligands that can compete for benzodiaze-
pine receptor sites. This would be a lesser problem for in
vitro receptor binding determinations because they include
tissue washing and dilution procedures. Endogenous ligands
of central benzodiazepine receptors are known to exist (16)

and their concentration or activity can apparently change in
some disease states (17).

The absence of significant alterations in the diazepam
binding characteristics of the benzodiazepine receptors in
hyperthyroid rats appears to be contrary to the pharmaco-
dynamic results (i.e., the difference of oxazepam concentra-
tions in CSF at onset of action) and to the reported decrease
in the capacity (but not the affinity) of flunitrazepam recep-
tor sites in hyperthyroid rats (2). However, both of these
changes were small, 17 and 21%, respectively, and the co-
efficients of variation of our binding capacity (B,.,) esti-
mates were of a similar magnitude. This may also explain the
report that ‘‘experimental hyperthyroidism does not seem to
alter benzodiazepine/GABA function as revealed by seizure
thresholds in mature rats’’ (3). Irrespective of these uncer-
tainties it can be concluded that experimental hyperthyroid-
ism has little or no effect on the central nervous system
depressant activity of the benzodiazepine drug oxazepam in
rats.
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Table II. Effect of Experimental Hyperthyroidism on Benzodiazepine Receptor Characteristics

in Rats?
Statistical
Parameter Controls Hyperthyroid? Significance
Serum thyroxine conc., pg/160 ml 6.08 = 1.30 40 = 938 <0.001¢
Heart weight, mg/100 g body wt 297 * 15 489 + 34 <0.001¢
B ax, Pmol/mg protein 0.460 = 0.108 0.556 + 0.127 NS4
K, oM 2.86 = 0.62 271 + 0.56 NS¢

“ Parameters for specific binding of diazepam in nine rats per group.
% Excluding one outlier with B, ., = 0.593 pmol/mg protein and K, = 11.6 nM. This exclusion had no

effect on the outcome of the statistical tests.
¢ Mann-Whitney U test.
4 Unpaired ¢ test.
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