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Intraventricular Administration of Cyclo(His-Pro), a Metabolite of Thyrotropin-Releasing
Hormone (TRH), Decreases Water Intake in the Rat' (42052)
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Abstract. We explored the effect of cyclo(His-Pro) on drinking in water-deprived rats.
Intraventricular administration of cyclo(His-Pro) significantly reduced water intake in these
rats in a dose-dependent fashion (3 X 107'°-3 X 1078 mole), whereas its intraperitoneal injection
did not cause any effect on water intake. The inhibitory potency of cyclo(His-Pro) was found
to be similar to that of thyrotropin-releasing hormone (TRH), but cyclo(His-Pro) did not
significantly interfere with TRH binding in the rat brain. The data indicate that cyclo(His-Pro)
action was not mediated through the TRH counterpart. These results suggest that cyclo(His-

Pro) may play a potential role in the regulation of water intake in the rat brain.
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Thyrotropin-releasing hormone (TRH) is
composed of three amino acids, pyrogluta-
myl-histidyl-proline amide, and undergoes
proteolytic cleavage by pyroglutamate ami-
nopeptidase to produce histidyl-proline amide
that is unstable and converted rapidly to
histidyl-proline diketopiperazine {cyclo(His-
Pro)] (1). Cyclo(His-Pro) is known to be
distributed ubiquitously throughout the brain
in the rat, mouse, monkey, and human (2-
4). A substantial body of evidence has accu-
mulated to categorize cyclo(His-Pro) as a
neuroactive substance in the central nervous
system (CNS) (5-7), which may be a neuro-
transmitter or neuromodulator. However, in
spite of its numerous and evident biological
activities, the physiological significance of
cyclo(His-Pro) still remains to be elucidated.

In recent years, TRH has been shown to
possess an antidipsogenic action as well as a
satiety activity when injected intraventricu-
larly (8-10). In conjunction with evidence
that cyclo(His-Pro) shares partly with TRH
the same spectrum of biological activities,
including suppression of feeding (6, 7), a
concept that TRH may produce its neuro-
physiological actions via the formation of an
active metabolite in the CNS (11, 12) had

! This work was presented in part at the 7th Interna-
tional Congress of Endocrinology, Quebec, Canada, 1984.
2 To whom reprint requests should be addressed.

led us to the possibility that cyclo(His-Pro)
may also affect water intake in the rat. Data
herein, showing that cyclo(His-Pro) exhibited
a potent inhibitory action for water intake
in the rat brain, form the basis of the present
report.

Materials and Methods. Adult male rats
of Wistar strain, each weighing 300-350 g,
were fed a Purina laboratory chow diet and
given tap water to drink. Animals were in-
dividually caged for longer than 1 week before
experiments in a temperature-controlled
room (22 *+ 1°C) with light going on at 6:30
AM and off at 6:30 PM. All experiments were
done between 8:00 and 11:00 AM. TRH and
cyclo(His-Pro) were supplied by Tanabe
Pharmaceutical Company, Osaka, Japan, and
dissolved in saline.

Experiment 1. Under sodium pentobarbital
anesthesia, stainless-steel cannulae were im-
planted stereotaxically in the lateral ventricles
according to the atlas of Paxinos and Watson
(13) (posterior = 0.8 mm behind bregma;
lateral = 1.5 mm from the mid line; vertical
= 3.0 mm from the skull surface). All animals
in the single-injection experiments were al-
lowed at least 5 days to recover from surgery
before testing. The animals were deprived of
water for 48 hr, but allowed free access to
food. The cannula insert was connected to a
10-ul Hamilton microsyringe by a PE 10
polyethylene tube. Five microliters of cy-
clo(His-Pro) or TRH in each of the doses of

623

0037-9727/85 $1.50
Copyright © 1985 by the Society for Experimental Biology and Medicine.
All rights reserved.



624

3 X 107"-3 X 107® mole was flowed in by
gravity without anesthesia. As the control
group, 5 ul of saline was injected in the same
manner. After injection, the animals were
placed in their own cages without food and
given a preweighed bottle containing tap
water. Water intake was determined using a
balance (Shimadzu Model LU-T 160 D,
Tokyo, Japan) that can accurately detect 0.01

g, and was expressed as milliliter per 100 g,

body wt.

Experiment 2. The rats were exposed to
water deprivation for 48 hr as mentioned
above, and given an intraperitoneal injection
of cyclo(His-Pro) or TRH in each of the
doses of 3 X 1077-3 X 107° mole/kg body
wt. After injection, water intake was measured
in the same manner.

Experiment 3. TRH binding study was
performed by the method of Burt and Snyder
(14). The whole brains excluding cerebellum
were homogenized in 10 vol of 0.32 M su-
crose and centrifuged at 1000g for 10 min.
The supernatants were centrifuged at 27,000¢
for 20 min and the resulting precipitates were
resuspended in 50 mM Tris-HCI buffer, pH
7.4, containing 0.1% bovine serum albumin
(THB buffer). A reaction mixture consisting
of 100 ul of 2 pmole [PHJTRH (specific
activity = 40 Ci/mmole, New England Nu-
clear, Boston, Mass.), 100 ul of the tissue
preparation in an amount equivalent to about
1.0 mg protein, 100 ul of THB buffer, and
100 pl of unlabeled TRH or cyclo(His-Pro)
in the doses of 107''=107° mole per tube was
incubated at 4°C for 120 min. After incu-
bation, ice-cold THB buffer (1 ml) was added,
and the mixture was passed rapidly by suction
through a glass filter (GF/C Whatman, Inc.,
Clifton, N.J.; 25 mm in diameter). The filter
was washed two times with ice-cold saline.
All binding experiments were performed in
triplicate together with triplicate samples each
containing 2 nmole of unlabeled TRH for
determination of nonspecific binding. The
filters were placed in vials containing Econ-
ofluor (New England Nuclear), and the ra-
dioactivity was determined by liquid scintil-
lation spectrometer (Beckman Model LS
7500). Specific binding was defined as the
total minus the nonspecific binding.

Statistical analysis was carried out by Stu-
dent’s or Dunnett’s (15) ¢ test.

CYCLO(His-Pro) AND WATER INTAKE

Results. As shown in Fig. 1, under the
water-deprived condition the rats receiving
intraventricularly 3 X 10~° mole cyclo(His-
Pro) had a significant decreased water intake
up to 60 min, when compared with that of
the control group injected with saline [a
cyclo(His-Pro) group (n = 10), 2.73 + 0.41
for 30 min and 4.85 + 0.46 ml/100 g body
wt for 60 min vs a saline group (n = 10),
4.81 = 0.27 for 30 min and 6.02 + 0.31 ml/
100 g body wt for 60 min, P < 0.001 and P
< 0.05, respectively]. Three hours later, the
drinking consumption was significantly less
in the cyclo(His-Pro)-injected group than in
the saline-injected group (7.11 = 0.50 vs 9.22
+ 0.79 ml/100 g body wt, P < 0.05). Because
the inhibitory effect of cyclo(His-Pro) on
water intake was predominent for the first
30 min, and its effect observed 3 hr later was
not related to a dose-effect relationship, in
the following experiments the consumption
of water for the first 30 min was investigated.

Table I shows the effects of intraventricular
administration of varying doses of cyclo(His-
Pro) on drinking in water-deprived rats. Cy-
clo(His-Pro) in the doses of 3 X 107'°-3
X 107® mole significantly decreased water
intake, and its influence was observed in the
dose-dependent fashion when expressed as
percentage of control. When TRH was ad-
ministered into the lateral ventricles in the
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FiG. 1. Cumulative water intake in water-deprived
rats following intraventricular injection of saline and 3
X 107? mole cyclo(His-Pro). *P < 0.05 and **P < 0.001
compared with the saline-injected group (Student’s and
Dunnett’s ¢ tests).
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TABLE I. EFFECTS OF INTRAVENTRICULAR INJECTION OF CYCLO(His-Pro) ON WATER INTAKE IN RATS

ml/100 g ml/100 g
body wt (%) body wt (%)
Saline 3.48 + 0.40 100.0 + 11.6 Cyclo(His-Pro) 3 X 107" mole 293 +0.17 843 +49
(n=18) (n=28)
Saline 4.00 + 0.18 1000 £+ 4.4 Cyclo(His-Pro) 3 X 107'° mole 2.98 + 0.24* 744 £ 5.9*%
(n=12) (n=09)
Saline 477 £0.29 100.0 =+ 6.0 Cyclo(His-Pro) 3 X 10~ mole 3.03 +041* 63.5 = 8.5*
(n=17) (n=17)
Saline 4.67 £ 0.30 1000 + 6.5 Cyclo(His-Pro) 3 X 10°® mole 2.47 + 0.42* 495 +9.1*
(n=16) (n=13)

Note. Varying doses of cyclo(His-Pro) were intraventricularly administered to water-deprived rats, as mentioned
under Materials and Methods. Water consumption was measured for 30 min after injection, and expressed as ml/
100 g body wt and percentage of saline-injected control values. Parentheses indicate the number of animals used.

*P < 0.05 compared with the saline group (Student’s ¢ test).

same manner as was cyclo(His-Pro), its in-
hibitory activity for drinking was found to
be dose related and was similar to that of
cyclo(His-Pro) as shown in Fig. 2. In contrast,
intraperitoneal injection of cyclo(His-Pro) and
TRH in the doses of 3 X 1077-3 X 107 mole/
kg did not significantly decrease water intake
in the water-deprived rats (Fig. 3).

Figure 4 illustrates that the crude plasma
membrane of brain had a specific receptor

(a)

site for TRH. [’H]TRH binding in the brain
membrane was decreased by adding with
107'° mole of unlabeled TRH, but was not
significantly inhibited by cyclo(His-Pro) even
in the dose of 107> mole.

Discussion. The present study demon-
strated that intraventricular administration
of cyclo(His-Pro) decreased water intake
stimulated by water deprivation in rats. Al-
though cyclo(His-Pro) has been shown to
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FIG. 2. Comparison of effects of cyclo(His-Pro) (a) and TRH (b) on water intake in rats. Water-deprived
rats were intraventricularly injected with varying doses of cyclo(His-Pro) and TRH, as mentioned under
Materials and Methods. Water consumption was measured for 30 min after injection and expressed as
percentage of the saline-injected control values. Parentheses indicate the number of used animals. The
values between cyclo(His-Pro) and TRH in the corresponding doses were statistically similar {Dunnett’s ¢

test).
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FIG. 3. Effect of intraperitoneal injection of cyclo(His-
Pro) and TRH on water intake. Cyclo(His-Pro) and
TRH were intraperitoneally administered to water-de-
prived rats. Water intake was determined for 30 and 60
min after injection. Each group consisted of seven ani-
mals. (a) and (b), the TRH-injected group; (c) and (d),
the cyclo(His-Pro)-injected group. Any values were not
statistically different from the saline-injected control
values (Dunnett’s ¢ test).

possess a number of other biological activities,
its physiological role is still unknown. The
minimum dose required to produce a signif-
icant inhibition of drinking was 3 X 107'¢
mole which was apparently less than the in
vivo administered dose of cyclo(His-Pro) nec-
essary to inhibit feeding (10™® mole) (11) and
induce hypothermia (10~” mole/100 g body
wt) (16). Furthermore, 50% suppression of
the control water intake was observed by
injection of 3 X 107® mole of cyclo(His-Pro),
whereas 1077 mole/100 g body wt of the
dipeptide was required to attenuate the
ethanol-induced sleeping time by 350% of
control (17). These results imply that action
of cyclo(His-Pro) for adipsia is more specific
than any other biological activity of the di-
peptide, suggesting a pivotal role of cyclo(His-
Pro) in the regulation of water intake.

CYCLO(His-Pro) AND WATER INTAKE

The inhibitory action of cyclo(His-Pro) on
water intake was unlikely to be attributed to
a consequence of behavioral alteration. Al-
though intraventricular administration of this
dipeptide was observed to elicit an enhance-
ment of stereotypic behavior (18) and an
inhibition of opiate-dependent abstinence
(19), these behavioral changes were produced
by the dose of cyclo(His-Pro) larger than 2
X 107% mole, whereas inhibition of water
intake was observed in doses up to 100 times
less.

The mechanism(s) by which cyclo(His-
Pro) inhibited water intake remains unknown.
If cyclo(His-Pro) is the active metabolite of
TRH in the brain, it should exhibit the same
biological responses as does TRH. However,
some activities of cyclo(His-Pro) were ob-
served to be either opposite to those of TRH
or completely unrelated to those of TRH
(e.g., induction of hypothermia, inhibition of
in vitro prolactin secretion, and disturbance
of dopamine uptake) (16, 20, 21). In addition,
there are known TRH-related biological
functions where cyclo(His-Pro) has been ob-
served to be inactive (6). On the other hand,
the present study revealed that inhibitory
response of cyclo(His-Pro) with respect to
water intake was quite similar to that of
TRH. Therefore, a possible mechanism for
the inhibitory action of cyclo(His-Pro) is the
antagonism of TRH interactions with brain
TRH receptors. However, this possibility 1s
not likely, because cyclo(His-Pro) did not
significantly interfere with TRH binding in
the rat brain. Because cyclo(His-Pro), as well
as TRH, is found to be present outside of
the brain (22), the effects of these neuropep-
tides on water intake were examined by
intraperitoneal injection. Intraperitoneal ad-
ministration of neither cyclo(His-Pro) nor
TRH was observed to produce any effect on
water intake. These data imply that the neu-
ropeptide action was not derived from any
peripheral input produced by the peptides,
compatible with the fact that the control of
water intake is central in origin (23). Although
it remains to be seen whether cyclo(His-Pro)
may affect other brain dipsogenic and anti-
dipsogenic factors such as vasopressin, angio-
tensin II, substance P, nerve growth factor,
opioid peptides, and biogenic amines, evi-
dence showing the ubiquitous presence of
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FIG. 4. TRH binding in the rat brains. The crude membrane of brain was incubated in the THB buffer
containing [PH]TRH in the presence or absence of unlabeled TRH and cyclo(His-Pro), as mentioned
under Materials and Methods. (a) [PH]TRH binding and incubation time; (b) ["H]JTRH binding and
tissue protein concentrations which were determined by the Lowry method; (c) inhibition curve of
[PHJTRH binding by cyclo(His-Pro) and TRH. TRH bound was expressed as percentage inhibited

radioactivity (B) of total bound radioactivity (By).

cyclo(His-Pro) in the CNS (2-4) brought
about the concept that cyclo(His-Pro) may
be a candidate for one of the brain factors
participating in the control of water intake.
The central site(s) involved in the adipsic
action of cyclo(His-Pro) is unknown at pres-
ent. Drinking behavior is known to be closely
related to food intake in the rats (24), but
there may be a regional dissociation of ano-
rectic and adipsic actions induced by neuro-
peptides. Suzuki ef al. (10) reported that a
microinjection of TRH into the medial hy-
pothalamus resulted in decreases in both
feeding and drinking, whereas a sole reduction
of drinking was observed by injection of
TRH into the lateral hypothalamus, in which
stimulation and lesion are known to elicit,
respectively, drinking and adipsia (25-27).
Alternatively, food consumption, but not wa-
ter intake, was stimulated by lesion in the
nuclei accumbence septi (28), in which TRH
application produced a decrease in food in-
take without affecting water intake (10). The
present study focused on the effect of neu-
ropeptides solely on water intake, and the
resulting data that the dose of cyclo(His-Pro)
necessary to decrease water intake was ap-
proximately 100 times less than its dose

required to reduce food intake (11) were
noteworthy. Studies are in progress to eluci-
date which locus (or loci) in the brain may
be responsible for the adipsic action evoked
by cyclo(His-Pro).

1. Prasad C, Peterkofsky A. Demonstration of two
separate enzymatic activities for the degradation of
thyrotropin-releasing hormone in hamster hypotha-
lamic extracts. J Biol Chem 251:3229-3234, 1976.

. Mori M, Prasad C, Wilber JF. Regional dissociation
of histidyl-proline diketopiperazine and thyrotropin-
releasing hormone in the rat brain. Brain Res 231:
451-453, 1982.

. Mori M, Jayaraman A, Prasad C, Pegues J, Wilber
JF. Distribution of histidyl-proline diketopiperazine
(cyclo(His-Pro)) and thyrotropin-releasing hormone
(TRH) in the primate central nervous system. Brain
Res 245:183-186, 1982.

. Parker CR, Mori M, Pegues J, Prasad C, Wilbur JF.
Evidence for the presence of immunoreactive histidyl-
proline diketopiperazine (cyclo(His-Pro)) in the adult
human brain. Peptides 4:879-882, 1983.

. Stone TW. Actions of TRH and cyclo(His-Pro) on
spontaneous and evoked activity of cortical neurons.
Eur J Pharmacol 92:113-118, 1983.

. Prasad C, Mori M, Wilber JF, Pierson W, Pegues J,
Jayaraman A. Distribution and metabolism of cy-
clo(His-Pro): A new member of the neuropeptide
family. Peptides 3:591-598, 1982.



628

7.

10.

Peterkofsky A, Battaini F, Koch Y, Takahara Y,
Dannies P. Histidyl-proline diketopiperazine: Its
biological role as a regulatory peptide. Mol Cell
Biochem 42:45-63, 1982.

. Vijayan E, McCann SM. Suppression of feeding and

drinking activity in rats following intraventricular
injection of thyrotropin releasing hormone (TRH).
Endocrinology 100:1727-1730, 1977.

. Morley JE, Levine AS. Thyrotropin releasing hor-

mone (TRH) suppresses stress induced eating. Life
Sci 27:269-274, 1980.

Suzuki T, Kohno H, Sakurada T, Tadano T, Kisara
K. Intracranial injection of thyrotropin releasing
hormone (TRH) suppresses starvation-induced feed-
ing and drinking in rats. Pharmacol Biochem Behav
17:249-253, 1982,

. Morley JE, Levine AS, Prasad C. Histidyl-proline

diketopiperazine decreases food intake in rats. Brain
Res 210:475-478, 1981.

. Bhargava HN. Antagonism of ketamine-induced

anesthesia and hypothermia by thyrotropin releasing
hormone and cyclo(His-Pro). Neuropharmacology
20:697-702, 1981.

. Paxinos G, Watson C. The rat brain in stereotaxic

coordinates. New York, Academic Press, 1982.

. Burt DR, Snyder SH. Thyrotropin releasing hormone

(TRH): Apparent receptor binding in rat brain
membranes. Brain Res 93:309-328, 1975.

. Dunnett CW. A multiple comparison procedure for

comparing several treatments with a control. ] Amer
Statist Assoc 50:1096-1121, 1955.

. Prasad C, Matsui T, Williams J, Peterkofsky A.

Thermoregulation in rats: Opposing effects of thy-
rotropin-releasing hormone and its metabolite histi-
dyl-proline diketopiperazine. Biochem Biophys Res
Commun 85:1582-1587, 1978.

. Prasad C, Matsui T, Peterkofsky A. Antagonism of

ethanol narcosis by histidyl-proline diketopiperazine.
Nature (London) 268:142-144, 1977.

. Bhargava HN, Matwyskyn GA. Influence of thyro-

tropin releasing hormone and histidyl-proline dike-
topiperazine on spontaneous locomotor activity and

20.

21.

22.

23.

24

25.

26.

27.

28.

CYCLO(His-Pro) AND WATER INTAKE

analgesia induced by delta-9-tetrahydrocannabinol
in the mouse. Eur J Pharmacol 68:147-154, 1980.

. Bhargava HN. Inhibition of abstinence syndrome in

opiate dependent mice by cyclo(His-Pro). Life Sci
28:1216-1267, 1981.

Prasad C, Wilber JF, Akerstrom V, Benerji A.
Cyclo(His-Pro): A selective inhibition of rat prolactin
secretion in vitro. Life Sci 27:1979-1983, 1980.
Battaini F, Peterkofsky A. Histidyl-proline diketo-
piperazine: An endogenous brain peptide that inhibits
Na*/K~ ATPase. Biochem Biophys Res Commun
94:240-247, 1980.

Mori M, Pegues J, Prasad C, Edwards RM, Wilber
JF. Distribution and characterization of cyclo(His-
Pro)-like immunoreactivity in the rat gastrointestinal
tract. Biochem Biophys Res Commun 109:982-987,
1982.

Andersson B, Leksell LG, Rundgren M. Regulation
of water intake. Annu Rev Nutr 2:73-89, 1982.
Lin MT, Chu PC, Leu SY. Effects of TSH, TRH,
LH and LHRH on thermoregulation and food and
water intake in the rat. Neuroendocrinology 37:206-
211, 1983.

Andersson B, McCann SM. The effect of hypotha-
lamic lesions on the water intake of the dog. Acta
Physiol Scand 35:312-320, 1956.

Grossman S. Eating or drinking elicited by direct
adrenergic or cholinergic stimulation of the hypo-
thalamus. Science (Washington, DC) 132:301-302,
1960.

Mogenson GJ, Stevenson JAF. Drinking induced by
electrical stimulation of the lateral hypothalamus.
Exp Neurol 17:119-127, 1967.

Lorens SA, Sorensen JP, Hervey JA. Lesions in the
nuclei accumbens septi of the rat: Behavioral and
neurochemical effects. J Comp Physiol Psychol 73:
284-290, 1970.

Received September 10, 1984. P.S.E.B.M. 1985, Vol. 178.
Accepted December 28, 1984.



