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Chronic Oral Administration of CG-3703, a
Thyrotropin Releasing Hormone Analog,
Increases Wake and Decreases Cataplexy in

Canine Narcolepsy

Joyce Riehl, A.B., Kazuki Honda, Ph.D., Marilyn Kwan, B.S., James Hong, B.S.,
Emmanuel Mignot, M.D., Ph.D., and Seiji Nishino, M.D., Ph.D.

The effects on cataplexy and daytime sleep of acute and chronic
oral administration of CG-3703, a potent TRH analog were
assessed in canine narcolepsy. CG-3703 was found to be orally
active and to reduce cataplexy (0.25 to 16 mg/kg) and sleep (8
and 16 mg/kg) in a dose-dependent manner. Two-week oral
administration of CG-3703 (16 mg/kg) significantly reduced
cataplexy and daytime sleep. The anticataplectic effects of CG-
3703 were not associated with changes in general behavior,
heart rate, blood pressure, rectal temperature, blood chemistry
and thyroid function. Although drug tolerance for the effects

on cataplexy and sleep were observed during the second week
of chronic drug administration, therapeutic efficacy on
cataplexy was improved with individual dose adjustment
(final dose range: 16 to 28 mg/kg, p.o.). These results suggest
that TRH analogs could be a promising new form of treatment
for human narcolepsy.  [Neuropsychopharmacology
23:34-45,2000] © 2000 American College of
Neuropsychopharmacology. Published by Elsevier Science Inc.
All rights reserved
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Human narcolepsy is a chronic life-long disorder char-
acterized by excessive daytime somnolence (EDS), ab-
normal manifestations of rapid eye movement (REM)
sleep (hypnagogic hallucinations and sleep paralysis),
and cataplexy (Aldrich 1992; Guilleminault 1994; Nish-
ino and Mignot 1997). Cataplexy is a sudden loss of
muscle tone in response to emotionally-exciting stimuli.
It is akin to the muscle atonia that occurs during physi-
ological REM sleep, but it occurs inappropriately dur-
ing wakefulness (Aldrich 1992; Guilleminault 1994;
Nishino and Mignot 1997). The current treatments for
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narcolepsy require the use of central nervous system
(CNS) stimulants for EDS and antidepressants for cata-
plexy and abnormal REM sleep (Guilleminault 1994;
Mitler et al. 1990; Thorpy and Goswami 1990). These
treatments, however, are often unsatisfactory due to in-
complete therapeutic efficacy, the occurrence of various
side effects, and the rapid development of drug toler-
ance (Guilleminault 1994; Mitler et al. 1990; Thorpy and
Goswami 1990). It is therefore necessary to explore
more efficacious compounds with different pharmaco-
logical profiles for possible use in narcolepsy treatment.

Canine narcolepsy is a naturally-occurring animal
model of the human disorder. Like humans, narcoleptic
canines exhibit short sleep latency, fragmented sleep pat-
terns, and cataplexy (Kaitin et al. 1986; Nishino and Mig-
not 1997; Nishino et al. 1998¢; Riehl et al. 1998). Narco-
lepsy in Doberman pinschers and Labrador retrievers is
caused by mutations in the gene encoding a receptor
(Hcrtr-2) for a novel neuropeptide, the hypocretins (orex-
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ins) (Lin et al. 1999). Human and canine narcolepsy share
similar pharmacological characteristics (see Nishino and
Mignot (1997) for a review). This model is thus an invalu-
able resource for the study of the pathophysiology and
treatment of narcolepsy. To this end, the canine model has
been used in numerous pharmacological experiments
to dissect the mode of action of various compounds on
their effects on wakefulness and cataplexy, and to screen
new compounds for use as possible treatments for nar-
colepsy (see Nishino and Mignot (1997) for a review).

Thyrotropin releasing hormone (TRH) is a tripep-
tidic hormone (L-pyroglutamyl-L-histidyl-L-prolinea-
mide) originally extracted from the hypothalamus (Bo-
ler et al. 1969). It is now known to be distributed widely
in the CNS, with receptors reported to exist in struc-
tures such as the pituitary, cortex, brainstem, thalamus,
hippocampus, amygdala, and spinal cord (see Griffiths
and Bennett 1987; Jackson 1982; Metcalf 1982; Sharif
1985; and Winokur et al. 1989 for reviews). Besides its
role in stimulating the release of thyroid stimulating
hormone (TSH) and prolactin (see Kolesnick and Ger-
shengorn 1985 for a review), TRH has been shown to
have various neuromodulating effects that are separate
from its hormonal effects; it is known to have CNS stim-
ulant and antidepressant effects, depolarize spinal mo-
toneurons, and have various neurotrophic effects (see
Griffiths and Bennett 1987; Jackson 1982; Metcalf 1982;
Sharif 1985; and Winokur et al. 1989 for reviews). Because
of its CNS stimulant and antidepressant effects, TRH may
be an attractive compound to study for possible use as
treatment for narcolepsy. However, the clinical applica-
tion of TRH is greatly limited because it has a short bio-
logical half-life (4 to 5 minutes) and limited access to the
CNS (see Metcalf 1982 for a review). Therefore, more bio-
logically-stable TRH analogs have been developed for
possible clinical application (see Flohé et al. 1983).

We have previously investigated the effects of intra-
venous administration of various TRH analogs (CG-
3703, CG-3509, and TA-0910) on the sleep/wake pattern
and on cataplexy in canine narcolepsy and found that
the TRH analogs potently increased wake, decreased
sleep, and suppressed cataplexy (Nishino et al. 1997).
Because narcolepsy is a chronic disorder requiring
chronic treatment, and because oral is the preferred
route of administration for chronic drug administration
in humans, we assessed the effects of acute and 2-week
chronic oral administration of CG-3703, one of the most
potent TRH analogs, on the sleep/wake patterns and
cataplexy of genetically-narcoleptic Dobermans.

MATERIALS AND METHODS
Animals

Six adult narcoleptic Doberman pinschers were used to
assess the effects of CG-3703 on cataplexy (2 males, 4 fe-
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males; mean age * SD, 2.30 = 2.07 y). Three narcoleptic
(2 males, 1 female; 3.36 * 2.15 y) and one control (male;
1.82y) Dobermans with surgically-implanted electroen-
cephalogram (EEG), electrooculogram (EOG) and elec-
tromyogram (EMG) electrodes were used for the acute
administration polygraphic studies. Two surgically-
implanted narcoleptic Dobermans (2 males; 3.05 = 1.17 y)
were used for the chronic administration polygraphic
studies.

All animals were housed in individual cages (1.0m X
1.8m) at the Stanford Department of Comparative Med-
icine Research Animal Facility, where temperature (22—
24°C), humidity (40%), and the light:dark cycle (12
hours:12 hours) were maintained at constant condi-
tions. All experiments were carried out in strict accor-
dance with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals.

Cataplexy Testing

The effect of CG-3703 (Griinenthal GmBH, Stolberg,
Germany) on cataplexy was assessed in each dog using
the Food Elicited Cataplexy Test (FECT) (Baker and De-
ment 1985; Nishino and Mignot 1997; Riehl et al. 1998).
In this assay, 12 scoops of canned dog food (1 cm?®) are
arrayed in sequence on the floor. As food is a potent in-
ducer of cataplexy in narcoleptic dogs, the animal’s at-
tempt to eat all the food will typically be interrupted by
several cataplectic attacks. The experimenter notes the
number and duration of cataplectic attacks that occur
while the dog eats all the food. The sum of the duration
of each cataplectic episode per FECT (time spent in cat-
aplexy, TSC) is calculated and, along with the number
of cataplectic attacks (NA), is used as an index of cata-
plexy severity.

In the dose-response study, after baseline FECTs, a
starting dose of 0.25 mg/kg CG-3703 (mixed with canned
dog food) was given orally to each of the animals. The
FECT was performed two hours later, followed by ad-
ministration of a dose of CG-3703 that was 4 times higher
than the previous. This procedure was repeated until
complete suppression of cataplexy was observed in most
animals.

In the time course study, after baseline FECTs, CG-
3703 (16 mg/kg) was orally administered to each of the
animals. FECTs were then performed at0.5,1, 2, 4, 6,12,
and 24 hours after drug administration.

To determine the effects of chronic administration of
CG-3703, 16 mg/kg of the drug was administered
orally at 9 A.M. daily for 14 consecutive days. FECTs
were then performed at 1 p.M. (i.e., four hours after drug
administration) every two days, as well as after termi-
nation of drug treatment to monitor any withdrawal ef-
fects. Heart rate (HR), blood pressure (BP), rectal tem-
perature (RT), and general behavior were monitored
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following each FECT session. Body weight was moni-
tored once a week.

Polygraphic Recordings

The effects of acute administration of 8 mg/kg and 16
mg/kg CG-3703 on sleep and wakefulness using 6-hour
daytime polygraphic recordings were assessed on three
implanted narcoleptic animals. For comparison, the ef-
fects of CG-3703 on sleep and wakefulness were assessed
in one implanted control animal. A detailed description
of the surgical procedure for implanting electrodes has
previously been described (Nishino et al. 1995). Briefly,
after pretreatment with atropine (0.04 mg/kg, s.c.), an-
esthesia was induced using a mixture of ketamine and
diazepam (10 mg/kg and 0.5 mg/kg, i.v.) and main-
tained using isoflurane inhalant (end-expired isoflu-
rane, 1.8 to 2.1% mixture in air). The animal was placed
in a Kopf stereotaxic device, and the skull was exposed.
Screw electrodes were implanted in the skull over the
right lateral parietal and mid-frontal cortices for record-
ing of the EEG, and in the orbit of the frontal bone for
the EOG. Stranded stainless steel wires were inserted
into the dorsal neck muscles for the EMG. The animals
were allowed at least three weeks to recover from sur-
gery prior to being used for any experiments.

Recordings were performed at least two days apart,
beginning immediately after consumption of the food
and drug mixture (9 A.M.). A total of six recordings were
performed on each animal: two baseline recordings, two
low dose recordings (8 mg/kg for narcoleptics and 4
mg/kg for the control animal), and two high dose re-
cordings (16 mg/kg for narcoleptics and 8 mg/kg for the
control animal). Each recording session in each series
(baseline, low dose, and high dose) was randomized.

To determine the effect of chronic administration of
CG-3703 on the vigilance states, the drug (16 mg/kg,
p.0.) was administered at 9 AM. daily for two weeks.
Polygraphic recordings (9 A.M. to 3 P.M.) were carried out
on days —4, —3, 3, 4, 10, and 11 of drug administration.

All recordings were manually scored in 30-second
epochs according to Nishino et al. (Nishino et al. 1995).
Briefly, an epoch was scored as wake when the EEG
tracings consisted of low-voltage, mixed-frequency
waves and the EMG was not inhibited. During this
stage, the animals walked, sat, or lay down, and eyes
were open. Drowsy was scored when the EEG showed
a background of low-voltage, mixed-frequency waves
with trains of theta waves (5-7 Hz). During this stage,
the animals were usually lying down in prone position
with eyes closed. Light sleep was scored when the EEG
showed spindles (12-14 Hz) or consisted of less than
20% delta waves (0.5 to 4 Hz) on a background of me-
dium-voltage, mixed frequency waves. Deep sleep was
scored when the EEG consisted of a significant amount
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(>20%) of delta waves. During this stage, the animals
lay in prone position or on their side and eyes were
closed. Rapid eye movement (REM) sleep was scored
when the EEG consisted of low-voltage, mixed-fre-
quency waves with an accompanying decrease in EMG
tone. Rapid eye movements were also often observed
during this stage. In narcoleptic animals, an additional
stage of cataplexy was required. Cataplexy was scored
when a sudden drop in EMG tone was observed after at
least two consecutive epochs of wake or drowsy.

Blood Chemistry and Hematology

During chronic drug administration, blood was col-
lected after the FECTs (at approximately 1300) once
during the baseline session and once after the termina-
tion of the drug session to monitor changes in blood
chemistry (total protein, albumin, globulin, total biliru-
bin, serum glutamic-oxaloacetic transaminse (SGOT),
serum glutamic-pyruvate transaminase (SGPT), gamma-
glutamyltransferase, alkaline phosphatase, cholesterol,
blood urea nitrogen, creatinine, creatinine phosphoki-
nase, and glucose), and hematology (hemoglobin, he-
matocrit, and blood cell counts (platelet, neutrophil,
lymphocyte, monocyte, and eosinophil)). The assay was
performed at the Stanford University Department of
Comparative Medicine Diagnostic Laboratory.

Serum TSH, T;, and T, Measurements

The time course of action of the effect of acute oral ad-
ministration of CG-3703 on serum TSH levels was mea-
sured in six narcoleptic animals. Blood (5ml) was col-
lected at —0.5, 0, 0.5, 1, 2, 4, and 8 hours after oral
administration of 16 mg/kg of CG-3703. After collec-
tion, samples were kept at room temperature for 30 min-
utes then centrifuged at 3000 rpm at 25°C for 15 minutes.
Serum was then collected into Eppendorf tubes and fro-
zen at —80°C until the assay was performed. TSH con-
centrations were measured using Coat-A-Count Canine
TSH IRMA (DPC, Los Angeles, CA).

To assess the effects of chronic oral administration of
CG-3703 on thyroid function, serum triiodothyronine
(T3), free thyroxine (T,), and TSH concentrations were
measured. Blood (5 ml) was collected at 1300 on days
—6,—1,4,9,13, and 17 during the chronic oral adminis-
tration cataplexy testing session. After collection, sam-
ples were kept at room temperature for 30 minutes then
centrifuged at 3000 rpm (25°C) for 15 minutes. Serum
was then collected into Eppendorf tubes and frozen at
—80°C until the assays were performed. T; and free T,
concentrations were measured using Clinical Assays™
GammaCoat™ T; I RIA Kit (Incstar Corporation®,
Stillwater, MN) and the Clinical Assays™ Gamma-
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Coat™ Free T, (Direct One-Step) I RIA Kit (Incstar
Corporation®, Stillwater, MN), respectively. TSH con-
centrations were measured as with the time course of
action of acute administration using Coat-A-Count Ca-
nine TSH.

Statistical Analyses

The effects of CG-3703 on cataplexy (NA and TSC), HR,
BP, and T;, T,, and TSH concentrations were statisti-
cally compared using non-parametric Friedman analy-
sis of variance (ANOVA). The effects of CG-3703 on
blood chemistry and hematology parameters were
compared using Wilcoxon signed rank test. Changes in
the amount of sleep and wakefulness in the narcoleptic
dogs were calculated using Kruskal-Wallis one-way
ANOVA.

RESULTS
Effects of Acute Administration

Cataplexy. The effects of acute oral administration of
CG-3703 are shown in Figure 1. CG-3703 was found to
decrease the number and duration of cataplectic attacks
in a dose-dependent manner (Figure 1a). A dose of 16
mg/kg, p.o. (cumulative dose: 21.25 mg/kg, p.0.) com-
pletely suppressed cataplexy in most animals (Figure
la). Sixteen mg/kg CG-3703 was therefore adminis-
tered for the time course study. Both the number and
duration of cataplexy decreased with time from 0.5 to 6
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hours after drug administration. Cataplexy was com-
pletely suppressed between 3 and 6 hours after drug
administration. After 6 hours, the severity of cataplexy
increased again, and returned to baseline by 24 hours
after drug administration.

Daytime sleep and wakefulness. The effect on sleep
architecture of acute oral administration of CG-3703 is
displayed in Table 1. CG-3703 was found to reduce the
amount of REM sleep and deep sleep in narcoleptic ani-
mals in a dose-dependent manner (p = .05 and p = .04,
respectively, Kruskal-Wallis). There was a tendency to
increased amounts of wake, but this was only margin-
ally significant (p = .08). For comparison, the effect of
acute oral administration of CG-3703 was also assessed
in a control animal. Since a dose of 8 mg/kg produced
an intense increase in the amount of wakefulness in this
animal (from 60.7% at the baseline to 82.6% at 8 mg/
kg), we did not administer the 16 mg/kg dose. We in-
stead administered a dose of 4 mg/kg and found that
CG-3703 increased the amount of wake and decreased
the amount of sleep in a dose-dependent manner in the
control animal. Oral administration of CG-3703 (4 mg/
kg for the control animal, 8 mg/kg for the control and
narcoleptics, and 16 mg/kg for the narcoleptics) in-
duced moderate shivering in both narcoleptic and con-
trol animals. The effects on alertness and the side effects
may suggest that the control animal used was more
sensitive to CG-3703. However, a larger number of ani-
mals, especially control animals, are needed to deter-
mine if there is a difference in sensitivity to TRH ana-
logs between narcoleptic and control animals.

(b) Time Course
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Figure 1. Effects of acute oral administration of CG-3703. Panel (a) displays the dose response (0.25, 1.0, 4.0, and 16.0 mg/
kg p.o.), from which it was determined that a cumulative dose of 21.3mg of CG-3703 completely suppresses cataplexy in
most animals (number of attacks, p < .001; time spent in cataplexy, p < .001 by Friedman’s ANOVA). Panel (b) displays the
number of cataplectic attacks after administration of 16mg/kg of CG-3703. At 3 hours after drug administration, the number
and duration of attacks cataplectic were completely suppressed (p < .001, p < .001), returning to baseline levels by 24 hours

after drug administration.
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Table 1. Effect of Acute Oral Administration of CG3703 on Vigilance States

Vigilance State Baseline 8mg/kg 16mg/kg p

Cataplexy 1.6% * 0.65 0.6% = 0.35 1.3% * 0.42 0.128
Wake 59.0% = 5.90 73.3% = 2.53 75.7% = 6.35 0.078
REM 5.0% * 1.63 2.1% *0.76 0.6% + 1.71 0.047
Drowsy 15.3% = 2.41 12.7% £ 2.06 11.4% = 1.82 0.548
Light Sleep 13.4% = 3.12 9.6% *+ 1.46 7.8% *2.49 0.547
Deep Sleep 5.7% * 2.35 1.8% = 0.88 3.19% * 2.50 0.036

CG-3703 was tested in 3 narcoleptic Dobermans. Two recording sessions (baseline, low dose, and high
dose) were carried out in each animal. CG-3703 was found to increase wake and reduce the total time spent
in sleep (REM sleep, light sleep, and deep sleep) in a dose-dependent manner during 6-hour daytime poly-
graphic recordings, and the effects on REM sleep and deep sleep were statistically significant (P < 0.05,

Friedman’s ANOVA).

Effect on TSH concentration. Acute oral administra-
tion of CG-3703 caused a rapid initial increase in TSH
concentrations (+42% from baseline at 30 minutes after
drug administration). TSH concentrations subsequently
decreased so that at 4 hours TSH concentrations were
—65% from baseline. TSH concentrations returned to
baseline by 8 hours after drug administration.

Effects of Chronic Administration

Cataplexy. The effect of chronic oral administration
of CG-3703 on cataplexy is shown in Figure 2. CG-3703
completely suppressed cataplexy in all animals on the
first day of drug treatment, after which animals experi-
enced cataplexy in increasing frequency with each sub-
sequent day (overall reduction in NA and TSC, p < .001
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Figure 2. Effects on Cataplexy of Chronic Oral Administration of 16mg/kg CG-3703 in Six Narcoleptic Dobermans. During
two weeks of drug administration, a significant reduction in the number and duration of cataplectic attacks was observed (p <
.001 and p < .001, Friedman’s ANOVA). The number of attacks returned to baseline levels during the second week of drug
administration while the total time spent in cataplexy remained below baseline throughout the drug administration weeks.
No significant fluctuations in heart rate (HR, p = .17) and blood pressure (BP, p = .12) were observed. Fluctuations in rectal
temperature were statistically significant (RT, p = .01), but these fluctuations did not appear to be related to the anticataplec-

tic effects of the compund (see also legend for Figure 3).
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and p < .001, respectively, Friedman ANOVA).
Throughout the first week, both NA and TSC remained
below baseline. The TSC remained below baseline
through the second week of drug administration, but
the NA gradually increased so that it was back to base-
line by the end of the two-week drug administration
period. There was a slight increase from the baseline in
both NA and TSC on the first day after cessation of
drug administration, but both parameters returned to
baseline two days after the end of the drug treatment.
There were no significant fluctuations in HR (p = .17)
and BP (p = .12) throughout the baseline, drug, and
withdrawal periods. A significant fluctuation in RT was
observed during the drug administration weeks (p =
.01), but these changes did not correlate with the anti-
cataplectic effects of CG-3703.

In order to assess whether individual dose adjust-
ment is effective at improving efficacy, as is the case for
most currently-used anticataplectic medication (Thorpy
and Goswami 1990), we carried out a second chronic
drug administration using the same animals. Under
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this design, we began by administering a starting dose
of 16 mg/kg. When the reduction in NA for an animal
was less than 25% of its mean NA at the baseline for
two consecutive days, the dose of CG-3703 was in-
creased by 4 mg/kg (maximum dose allowed: 32 mg/
kg, p.o.; final dose range: 16 to 28 mg/kg). As with the
first chronic administration session the NA and TSC
were significantly reduced (overall reduction in NA
and TSC p < .01 and p < .001, respectively) (Figure 3).
However, unlike the fixed-dose chronic oral administra-
tion, both the NA and TSC remained below baseline lev-
els throughout the entire two weeks of drug administra-
tion (Figure 3). Rebound cataplexy was observed after
the end of drug treatment; both NA and TSC returned to
baseline by three days after cessation of drug adminis-
tration. There were no significant changes in HR (p =
90), BP (p = .17), and RT (p = .41).

Daytime sleep and wakefulness. During the first
week of drug administration (16 mg/kg), there was an
increase in the total time spent in wake, whereas the to-
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Figure 3. Effects on Cataplexy of Chronic Oral CG-3703 Administration with Adjusted Dosing in Six Narcoleptic Dober-
mans. To determine whether dose adjustment would lead to improved efficacy, the dose of CG-3703 (starting dose: 16 mg/
kg) was increased by 4 mg/kg when the reduction in cataplexy was less than 25% of baseline for two consecutive days (final
dose range: 16 to 28 mg/kg). As with the fixed-dose chronic oral administration session, the number and duration of the cat-
aplectic attacks were significantly reduced (p < .01 and p < .01, Friedman’s ANOVA). However, unlike the fixed-dose
chronic oral administration, both the number and duration of cataplexy remained below baseline throughout the entire two
weeks of drug administration. No significant fluctuations in heart rate (HR, p = .90), blood pressure (BP, p = .17) and rectal

temperature (RT, p = .41) were observed.
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tal time spent in sleep was reduced (Figure 4). The re-
duction in REM sleep and deep sleep were statistically
significant (overall reduction in REM sleep and deep
sleep p = .03 and p = .05, respectively). During week 2,
the increase in wake and decrease in sleep were still ob-
served, but these effects were less pronounced than
those observed during week 1 (Figure 4). These results
suggest the development of tolerance in the effect on
sleep and wakefulness during chronic oral administra-
tion of CG-3703, as was the effect seen in cataplexy.

Blood chemistry and hematology. The results compar-
ing blood chemistry and hematology tests administered
to the animals before and after drug treatment using data
combined from both the fixed- and adjusted-dose drug
administration sessions are displayed in Table 2. A sig-
nificant increase in albumin and a decrease in cholesterol
were observed after drug treatment when compared to
baseline (albumin, p = .007; cholesterol, p = .012). It is
important to note, however, that all values, including
albumin and cholesterol, were within the normal range
prior to and after drug treatment.

Thyroid impact. The effects of chronic oral adminis-
tration of CG-3703 on serum TSH, T;, and free T, are
shown in Figure 5. No significant changes in TSH con-
centrations were observed during and after drug ad-
ministration (p = .20). No fluctuations in serum T; and
free T, concentrations were observed during drug ad-
ministration (p = .58 and p = .07, respectively). There
was a tendency to reduced T; and free T, concentrations
after cessation of drug treatment, and the reduction in
free T, concentration was statistically significant (p = .06
and p = .02, respectively).

Effects On Sleep States Of Chronic Administration Of CG-3703
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DISCUSSION

Narcolepsy is treated with CNS stimulants for EDS and
antidepressants for cataplexy and abnormal REM sleep
(Guilleminault 1994; Mitler et al. 1990; Thorpy and Gos-
wami 1990). While significant progress has been made
in determining the mode of action of currently-used
pharmacological compounds, the treatments for narco-
lepsy are unsatisfactory for many patients due to side
effects and incomplete efficacy (see Nishino et al. 1997).
It is therefore necessary to explore compounds with im-
proved efficacy and specificity for narcolepsy treat-
ment. Using canine narcolepsy, we demonstrated the
anticataplectic and wake-promoting effects of various
biologically-stable TRH analogs (CG-3703, CG-3509
and TA-0910) (Nishino et al. 1997). The anticataplectic
potency of these compounds in canine narcolepsy (CG-
3703 EDsy: 0.07 mg/kg, i.v.; CG-3509 EDs5: 0.23 mg/kg,
i.v.; and TA-0910 EDsy: 0.03 mg/kg, i.v.) were compara-
ble to desipramine (EDsj: 0.02 mg/kg, i.v.) and clomi-
pramine (EDs: 0.11 mg/kg, i.v.) (Nishino et al. 1993),
currently-used anticataplectic compounds for humans.
Similarly, the effective dose range of CG-3703 to in-
crease wakefulness (200400 pg/kg, i.v.) was compara-
ble to d-amphetamine (100-200 pg/kg, i.v.) (Nishino et
al. 1998b; Shelton et al. 1995). We therefore propose that
TRH analogs may be an attractive alternative treatment
for human narcolepsy. In this study, we assessed the ef-
fect and side effect profile of chronic administration of
CG-3703, one of the most potent TRH analogs for re-
ducing cataplexy and increasing sleep (Nishino et al.
1997) in canine narcolepsy.

CG-3703 is orally active: oral administration (16 mg/

Figure 4. Effects of Chronic Oral Administration

100 of 16mg/kg CG-3703 on Vigilance States in Two
Narcoleptic Dobermans. In order to determine the

20 effect of chronic oral administration of CG-3703

E M Cataplexy on sleep and wakefulness, CG-3703 was adminis-
= 8 Wake tered to two narcoleptic animals for two weeks,
200 REM and polygraphic recordings were carried out dur-
"g Eirgo}x SSylccp ing the baseline (days —4 and —3), first week
&% 40 W Deep Sleep (days 3 and 4%),.and §econd week (days 10 and 11)
= of drug administration. CG-3703 was observed to
§ '6‘1“ Recording  increase wake and reduced sleep, particularly
20 deep sleep, during the first week of drug adminis-
tration. During week 2, the increase in wake and

Baseline

Week 2

<& (CG-3703, 16mg/kg, p.o—®>

r—rTrT T v T1 rrrr1rr1rr1r 1 &1 1111771711
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the decrease in sleep are still apparent, but these
effects were less pronounced than the effects
observed during week 1. The effect on REM sleep
and deep sleep were statistically significant (p =
03 and p = .05 Kruskal-Wallis one-way
ANOVA).
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Table 2. Mean Changes in Body Weight, Blood Chemistry, and Hematology during
Chronic Treatment with CG-3703 in 6 Narcoleptic Dobermans

Baseline vs Post-Treatment

End Point Normal Range Baseline Post-Treatment p
Body weight 26.08 = 1.08 25.33 = 1.04 0.061
Blood chemistry
Total protein (g/dl) 4.6-8.2 6.73 £ 0.08 6.92 £ 0.10 0.139
Albumin (g/dl) 2844 3.16 £ 0.05 3.28 £ 0.05 0.007
Globulin (g/dl) 2.7-44 3.58 £ 0.09 3.64 £0.10 0.374
Total bilirubin (mg/dl) 0.1-0.7 0.10 = 6.5e-10 0.10 = 6.5e-10  0.317
SGOT (IU/1) 0-38 28.25 = 1.60 23.90 * 3.05 0.312
SGPT (IU/1) 3-73 39.00 £ 2.72 44.00 + 5.82 0.220
Gamma-GT (mg/dl) 1-10 4.58 = 0.53 5.00 £ 0.92 0.733
Alkaline phosphatase (IU/1) 0-150 48.75 = 3.24 4425 = 2.62 0.091
Cholesterol (mg/dl) 108-308 153.50 = 7.40 130.75 = 5.19 0.012
BUN (mg/dl) 5-22 18.92 = 1.47 16.00 = 1.13 0.127
Creatinine (mg/dl) 0.5-1.3 1.18 £ 0.04 1.14 £ 0.04 0.916
CPK (IU/1) 25-467 107.00 = 10.02 100.33 = 8.02 0.289
Glucose (g/dl) 70-126 94.33 * 2.58 98.58 + 2.20 0.108
Hematology
RBC count (10°/ 1) 5.5-8.5 7.55 + 0.24 7.82 +0.23 0.678
Hematocrit (%) 37-55 47.46 = 1.73 48.96 = 1.22 0.286
Hemoglobin (g/dl) 12-18 17.13 £ 0.55 17.57 £ 0.43 0.213
WBC count (103/ 1) 6-17 7.39 = 0.60 7.36 = 0.44 0477
Neutrophil (%) 60-77 62.09 =191 62.67 * 3.66 0.906
Lymphocyte (%) 12-30 25.36 £ 2.36 23.08 = 2.63 0.564
Monocyte (%) 3-10 391 £ 0.65 3.17 £ 0.60 0.755
Eosinophil (%) 2-10 8.36 £ 2.09 11.33 £ 1.72 0.346

Mean changes in each parameter (fixed dose and adjusted dose baseline vs fixed dose and adjusted dose
post-treatment) + SEM are displayed. Changes in each parameter before and post-treatment were analyzed
using Wilcoxon sign rank test. There was a consistent increase in albumin and a decrease in cholesterol levels,
suggesting that treatment with CG-3703 had a significant effect on albumin and cholesterol levels. However,
all values, including albumin and cholesterol, remained within the normal limits both before and after the
drug treatments. SGOT = serum glutamic-oxaloacetic transaminase. SGPT = serum glutamic-pyruvate tran-
saminase. Gamma-GT = Gamma glutamyltransferase. BUN = blood urea nitrogen. CPK= creatinine phos-

phokinase. RBC = red blood cell. WBC = white blood cell.

kg, p.o.) reproduced the anticataplectic and wake-pro-
moting effects of intravenous administration (400 pg/
kg, i.v.). This profile is preferable for the clinical appli-
cation of TRH analogs, because patients can take the
compound on an as-needed basis, as are most cur-
rently-used CNS stimulant and anticataplectic medica-
tion (see Thorpy and Goswami 1990). The anticataplec-
tic effect of orally administered CG-3703 appeared
rapidly (as early as 30 minutes after drug administra-
tion), lasted over 12 hours, then returned to baseline by
24 hours (Fig 1). This rapid onset and relatively long
duration of action may reflect the increased CNS per-
meability and longer half-life of CG-3703, as compared
to TRH (Flohé et al. 1983). The anticataplectic effect of
CG-3703 was apparent during 2-week chronic oral ad-
ministration in that TSC remained below baseline. Tol-
erance to the anticataplectic effect was observed, as
with other anticataplectic medication (see Thorpy and
Goswami 1990); NA gradually increased and returned
to baseline on week 2 (Figure 2).

Acute and chronic oral administration of CG-3703 (8

and 16 mg/kg) significantly increased wakefulness and
reduced sleep for 6 hours (see Table 1 and Fig 4). Toler-
ance to the effect on sleep and wakefulness was also ob-
served: the increase in wake and decrease in sleep were
less prominent during week 2 than week 1 (Fig 4).

Momiyama et al. reported that 18-week chronic oral
administration of the TRH analog CNK-0602A (0.5-1.0
mg/kg/day) reduces tonic convulsions in spontane-
ously epileptic rats without affecting serum T, and T,
levels (Momiyama et al. 1996). Similar to our results,
these authors observed the development of tolerance to
the anti-seizure effects of CNK-0602A at 11 weeks, al-
though the antiepileptic effect lasted throughout the en-
tire drug administration weeks (Momiyama et al. 1996).
In our study, we further demonstrated that improved
efficacy in cataplexy suppression can be achieved by in-
dividually adjusting drug dosages as needed.

No changes in HR, BP, and general behavior were
observed during chronic administration. A significant
fluctuation in RT during the first, but not the second,
chronic oral administration session was observed, but
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Figure 5. Effects on Serum T3 and Free T4 and TSH Levels of Chronic Oral Administration of CG-3703 in Six Narcoleptic
Dobermans. (a) No significant changes in TSH levels was observed during and after drug administration (p = .20). (b) No
fluctuations in serum T3 and free T4 levels were observed during the drug administration. However, there was a tendency
to reduced T3 and T4 levels after cessation of drug administration, and the effect on T4 levels was statistically significant
(p = .06, serum T3 levels and p = .02, serum free T4 levels, Friedman’s ANOVA).

these changes are not likely to be correlated with the
anticataplectic effect of CG-3703. Shivering was ob-
served with EMG monitoring during polygraphic re-
cordings (where animals were kept in a small recording
room (3 X 3m) with a harness strapped to the body),
but not during cataplexy testing when animals moved
freely in the larger (3.3 X 7.3m) testing room.

Blood chemistry and hematology results showed
that all parameters tested were within the normal range
both prior to and after drug treatment. There was, how-
ever, a slight, but statistically significant increase in al-
bumin (+3.69% from baseline, from both fixed- and ad-
justed-dose sessions) and a significant decrease in
blood cholesterol levels (—14.82% from baseline, from
both fixed- and adjusted-dose sessions) after drug treat-
ment. We did not observe any changes in appetite,
body weight, hair coat condition or general behavior
during chronic administration that would suggest any
changes in thyroid function. Drug was administered
daily at 9 A.M., and blood collection for TSH, T; and free
T, measurement was performed at 1300 (i.e., 4 hours af-
ter drug administration). TSH, T; and T, concentrations
remained unchanged from baseline during drug ad-
ministration, although it was observed in our dogs that
oral administration of CG-3703 caused a rapid initial in-
crease in TSH levels, followed by a decrease at 4 hours,
and a return to baseline by 8 hours. Ang et al. (Ang et
al. 1995) reported that oral administration of TRH (40
mg) in patients with thyroid carcinoma increased TSH 4
hours after drug administration, but did not alter ''I

uptake. In this study, the anticataplectic dose of CG-
3703 during chronic oral administration did not alter
thyroid function, and is likely to be independent of its
effect on the thyroid system (see also Nishino et al.
1997). While there was a tendency to reduced serum
free T, levels after cessation of drug administration, this
could be due to the abrupt withdrawal of the drug.
Gradual cessation of drug treatment could blunt or
eliminate this tendency.

Pharmacological studies in canine narcolepsy indi-
cate that the adrenergic system is important for cata-
plexy regulation (see Nishino et al. 1994). TRH and its
analogs are known to enhance NE turnover, and it is
proposed that the antidepressant effect of TRH may be
mediated by its NE-enhancing effects (Horst and Spirt
1974). Since antidepressants, especially selective NE up-
take inhibitors, have been found to improve cataplexy
(see Nishino et al. 1994; Mignot et al. 1993), it is possible
that adrenergic enhancement by CG-3703 mediates its
anticataplectic effect. However, this effect is not likely
to be mediated by uptake inhibition, since Tuomisto re-
ported that TRH has no effect on monoamine uptake
(Tuomisto and Mannisté 1973). In addition to the NE
uptake mechanism, we previously demonstrated that
presynaptic alpha-2 and postsynaptic alpha-1 receptors
are also involved in the pharmacological control of cat-
aplexy: alpha-2 stimulation (e.g., by BHT-9210), and al-
pha-1 blockade (e.g., by prazosin) significantly aggra-
vate canine cataplexy (see Mignot et al. 1988; Nishino et
al. 1994). Heal et al. (1987) reported that both alpha-2
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stimulation and alpha-1 blockade counteract TRH-in-
duced locomotor activation, suggesting the possible in-
volvement of both receptor subtypes in the mode of ac-
tion of TRH-induced locomotor enhancement (Heal et
al. 1987). However, TRH and its analogs do not have
significant affinity to these receptors (see Metcalf (1982)
for a review). Furthermore, we have previously re-
ported that chronic oral administration of yohimbine,
an alpha-2 antagonist, significantly reduced NA while
TSC increased Nishino et al. 1992). This is in contrast to
the anticataplectic effects of CG-3703, where TSC de-
creased while NA increased. Thus, the anticataplectic ef-
fect of CG-3703 may be mediated by enhancement of NE
release and subsequent postsynaptic alpha-1 stimulation,
and not alpha-2 antagonism, as suggested for the mode of
action of locomotor enhancement (see Heal et al. 1987).

Using our canine model, we reported that CNS stim-
ulants act via stimulation of the dopaminergic (DA)
system through uptake inhibition, and/or release en-
hancement (Kanbayashi et al. 1998; Nishino et al.
1998b). The amphetamines and amphetamine-like stim-
ulants increase wake and locomotion by increasing the
amount of dopamine in the synapse (see Cirelli et al.
1996; Nishino, et al. 1998b). TRH and TRH analogs are
also known to enhance DA transmission in the nucleus
accumbens (Heal et al. 1987; Miyamoto et al. 1996), a
structure important for locomotor activation (Pijnen-
burg et al. 1976) and EEG arousal (Nishino et al. 1998a).
It is therefore possible that the effect of TRH on sleep
and wakefulness is mediated by enhancement of DA
turnover, a common mechanism for most CNS stimu-
lants (Nishino et al. 1998b).

It has recently been discovered that narcolepsy in
Doberman pinschers is caused by a mutation in the
gene encoding a receptor, Hcrtr-2, for a novel neu-
ropeptide, hypocretin (also called orexin) (Lin et al.
1999). The mechanism underlying the involvement of
the hypocretin system in the pathophysiology of narco-
lepsy remains unclear. It is interesting to note, however,
that hypocretin-containing neurons are exclusively lo-
calized in the lateral hypothalamus (Sakurai et al. 1998;
Peyron et al. 1998), an area that is rich in TRH neurons
(Kreider et al. 1985). In addition, both hypocretin and
TRH receptors are G-protein coupled receptors for neu-
ropeptides, and that the TRH receptor exhibits the sec-
ond highest (25%) homology (with the Y2 neuropeptide
Y receptor having the highest homology) to the hypo-
cretin receptors (Sakurai et al. 1998), suggesting that
TRH may play an important role in the pathophysiol-
ogy of narcolepsy through an unknown specific interac-
tion with the hypocretin system.

TRH has been involved in several clinical trials for
various disorders such as depression, amyotrophic lat-
eral sclerosis, and spinocerebellar degeneration, often
with disappointing results (Engel et al. 1983; Metcalf
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1982; Prange et al. 1972; Sobue et al. 1983), possibly due
to lack of a detailed evaluation of the therapeutic effects
using validated animal models. The negative results of
clinical trials using TRH could therefore be explained
by insufficient dosing, inappropriate routes of drug ad-
ministration, drug tolerance or by the fact that TRH it-
self has a short half-life and poor access to the CNS (see
Metcalf 1982). In the previous (Nishino et al. 1997) and
current studies, we systematically explored the effec-
tive dose range, route of administration, side effect pro-
file, and development of drug tolerance of TRH and bi-
ologically-stable TRH analogs on narcolepsy using a
validated animal model. Our results thus demonstrate
that TRH analogs, such as CG-3703, could be an attrac-
tive new alternative for treating human narcolepsy.
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