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Abstract. The effects of intravenous infusion of analogs of (pyro)Glu—His—Gly-OH on
secretion of gastric acid and elevation of serum gastrin and insulin levels induced by sham
feeding were evaluated in conscious dogs. Tripeptides (pyro)Glu—3Me—His—Gly-OH,
(pyro)Glu—His—p-Ala-OH, p-(pyro)Glu—His—Gly-OH, (pyro)Glu—-His—Trp-NH,,
(pyro)Glu—His—Gly-NH,, and (pyro)Glu—His—Gly-ethylamide, but not control peptides
Glu—-His—Pro-OH or Leu—Arg—Phe-OH, significantly suppressed the cephalic phase rise
in serum insulin and gastrin as compared to saline-infused controls and lowered these
hormonal levels below basal values. Analogs (pyro)Glu—3Me—His—Gly-OH, p-(pyro)Glu—
His—Gly-OH, and (pyro)Glu—His—D-Ala-OH also significantly inhibited the gastric acid
response to sham feeding. The reductions in gastric acid caused by (pyro)Glu—His—Gly-
NH; or (pyro)Glu—His—Gly-ethylamide were less intense. Statistical analyses of food intake
in 86 sham feeding experiments in seven dogs showed that the reduction during the infusion
of (pyro)Glu—His—Gly-OH and its analogs was not significant by Duncan’s multiple range
test, and only that induced in (pyro)Glu—3Me—His— Gly-OH was significant by Student’s ¢-
test as compared to saline control. Qur findings suggest that some analogs of (pyro)Glu—
His—Gly-OH are more powerful inhibitors of the hormonal and gastric secretory responses

during the cephalic phase stimulation than the original tripeptide.

The regulation of appetite and food in-
take involves mesencephalic and hypotha-
lamic centers, but the exact mechanisms of
this control are unknown (1). The hypothal-
amus has also been implicated in the ex-
citation and inhibition of gastrointestinal
functions (2, 3). Hypothalamic lesions and
electrical stimulation of hypothalamic cen-
ters can produce alterations in the gastric
secretion of rats (2—4). We have previously
suggested that the mechanisms regulating
feeding may be neurohormonal and that the
hypothalamus may elaborate a substance
responsible for direct control of appetite
(3, 4). Such a substance could act on re-
ceptors localized in the CNS centers and
involved in the regulation of appetite.
Trygstad et al. (5) and Reichelt et al. (6)
reported that a tripeptide, (pyro)Glu—His—
Gly-OH, isolated from the urine of patients
with ‘‘hypothalamic’’ anorexia nervosa pro-
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duced a reduction in food consumption and
a weight loss in mice, suggesting its anorex-
igenic properties. Although these claims
could not be confirmed by several groups
(7-9), our previous collaborative studies
(10) established that the administration of
(pyro)Glu—His —Gly-OH inhibited sham
feeding-induced gastric acid and pepsin se-
cretions, as well as the elevation of serum
gastrin and insulin in dogs.

It is well known that hunger, anticipation
of a meal, and sham feeding induce insulin
secretion (10, 11). Stimulation of gastric se-
cretion and rise in serum gastrin induced by
sham feeding or by anticipation of a meal
also depend on the desire for food (10, 12).
Agents which reduce hunger and appetite
decrease ‘‘psychic’’ stimulation of food
intake and gastric secretion. The inhibition
of gastric and hormonal responses during
the cephalic phase by (pyro)Glu—His—Gly-
OH observed in our first study (10) might
reflect the suppression of appetite. The suc-
cess in the development of various analogs
of luteinizing hormone-releasing hormone
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(LH-RH), somatostatin, thyrotropin-releas-
ing hormone (TRH), enkephalin, and other
peptides with greatly improved activity, led
us to synthesize several analogs of (pyro)-
Glu—His—Gly-OH. These were then tested
for their effect on gastric and hormonal re-
sponses and food intake during sham feeding
in dogs. Our findings are hereby reported.

Materials and Methods. Peptide synthe-
sis. The tripeptides (pyro)Glu—His—Gly-OH,
(pyro)Glu—3Me—His—Gly-OH, b-(pyro)-
Glu—His—Gly-OH, (pyro)Glu—His—D-Ala-
OH, (pyro)Glu—His—Gly-ethylamide, (pyro)-
Glu—His—Gly-NH,, and Leu—Arg—Phe-
OH were prepared by solid phase methods.
The free acids were cleaved from the Merri-
field resin by HF treatment and the ethyl-
amide by treatment with ethylamine. The
amide was prepared on a benzhydrylamine
resin support and cleaved by HF. Peptides
were purified by gel filtration on Sephadex
G-15 in 2 M acetic acid followed by chro-
matography on silica gel in a 1-butanol:
acetic acid:water:ethyl acetate (1:1:1:1) sol-
vent system. All peptides were homoge-
neous in four solvent systems and gave the
correct amino acid analyses after acid hy-
drolysis. These tripeptides had very low
TRH activity and prolactin-releasing activ-
ity, which will be reported in detail else-
where (T. W. Redding et al., in prepara-
tion). Glu—His—Pro-OH (Hoffman—La
Roche Co., Basle, Switzerland) and (pyro)-
Glu—His—Trp-NH, (Ayerst Research Lab)
were made by classical methods of synthesis
and represented gifts from the respective
companies. All the peptides were dissolved
in 0.15 M NaCl immediately before infusion.

Animals and experimental procedure.
Six adult male mongrel dogs and one pure
bred beagle were used for studies on:

(a) plasma hormonal responses (insulin
and gastrin) to sham feeding;

(b) total gastric acid secretion in re-
sponse to sham feeding;

(c) food consumption.
The dogs were first surgically equipped
under pentobarbital anesthesia with esoph-
ageal and gastric fistulaec essentially as
described by Olbe (13). Three weeks after
surgery the animals were used for sham
feeding experiments. The dogs were de-
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prived of food, but not water, 48 hr prior to
the experiments. Experiments on a given
dog were conducted no more than once a
week. During the experiments each animal
was kept in a metabolic cage while the
esophageal fistula was opened and the
esophagus distal to the fistula was occluded
as for sham feeding. In each experiment the
peptides were administered by intravenous
infusion at a standard dose of 100 ug/kg-hr
for 30 min before, during (30 min), and after
sham feeding (105 min), using a peristaltic
pump calibrated to deliver 40 ml/hr. The
order in which various peptides were tested
was completely randomized. In control
studies 0.15 M NaCl was infused. Venous
blood samples were drawn every 15- to
30-min period and placed in prechilled
tubes containing EDTA for hormonal de-
terminations. Gastric juice was withdrawn
from the stomach with an 18-gauge Foley
catheter by syringe suction every 15 min,
except for the sham feeding period when it
was collected after 30 min in order not to
interfere with this procedure.

The animals were fed a semi-liquid food
prepared by mixing commercial dog food
consisting of meat, soybean, etc. (Kam Dog
Food, Strongheart Products, Kansas City)
in a blender with 150 ml water per can of
dog food. For some dogs, it was necessary
to use beef broth or Alpo liver chunks to
stimulate eating behavior. In these cases
this diet was used in all sham feeding ex-
periments in a given dog. The sham feeding
period lasted 30 min. The food which fell
from the esophageal fistula into the stain-
less steel funnel of the metabolic cage was
reconsumed in most cases. Because of
great variation in food intake between dogs
and within the same dogs on different days,
several experiments were usually per-
formed in each dog. Since the weight of the
dogs ranged from 10 to 20 kg, gastric acid
secretion and food consumption were ex-
pressed per kilogram of body weight (b.w.).

Determinations. The volume of gastric
acid was measured to the nearest 0.2 ml and
the total acidity was determined by titration
with 0.1 M NaOH. Serum insulin was de-
termined by double antibody RIA using a
commercial kit (Cambridge Nuclear Co.).
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The variation within each assay was 1.4%
and the interassay variation was 2.9%.
Serum gastrin was also determined by dou-
ble antibody RIA with a kit (Cambridge
Nuclear Co.). The variation within each
assay was 1.2% and the interassay variation
was 2.4%.

All data were expressed as the mean =
standard error. Statistical evaluation of the
levels of insulin and gastrin was made by
Duncan’s new multiple range test (14).
Gastric acid secretion and food consump-
tion were compared both by Duncan’s test
and Student’s ¢ test (15), using programs
adapted for our computer.

Results. 1. Insulin responses. After 30
min of iv infusion, none of the nine peptides
tested or saline produced changes in the
basal levels of insulin (15.7 = 0.5 ©U/ml) as
compared with preinfusion values (15.6 =
0.5 uU/ml) (Fig. 1). In all 21 experiments in
7 dogs, when saline was infused serum in-
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sulin increased after sham feeding, highest
levels (32.8 = 0.9 nU/ml) being reached 15
min after sham feeding was stopped (Period
5). Insulin remained significantly elevated
for the next 75 min, but returned to basal
values (16.4 = 0.6 wU/ml) after 2 hr (Fig. 1).
Infusion of (pyro)Glu—His—Gly-OH and
six of its analogs suppressed the sham
feeding-induced rise in insulin. The levels
of insulin actually fell below basal values
and remained significantly suppressed as
compared with saline controls until the 10th
15-min period. The greatest depression in
insulin levels was obtained with (pyro)Glu—
3Me—His—Gly-OH and p-(pyro)Glu—His—
Gly-OH (8.0 = 0.6 and 8.4 + 0.05 U/ml, re-
spectively (P < 0.01 vs saline control). Con-
trol tripeptides Glu—His—Pro-OH and
Leu—Arg—Phe-OH did not alter the ce-
phalic phase rise in serum insulin, the peak
levels being 32.0 = 3.6 and 32.3 = 2.5 uU/
ml, respectively (Fig. 1). No visible side ef-
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FiG. 1. Effect of intravenous infusion of saline (control), (pyro)Glu—His—Gly-OH and its analogs
on serum insulin levels in response to sham feeding (SF) in dogs with esophagostomy.
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fects were observed during the infusion of
any of the tripeptides.

2. Gastrin responses. Serum gastrin
levels (44.5 = 0.9 pg/ml) were not altered by
the initial 30-min infusion of saline (44.7 =
0.7 pg/ml) or any of the nine tripeptides
(Fig. 2). Sham feeding produced a marked
rise in gastrin with the peak (73.8 = 1.8
pg/ml) occurring 15 min after cessation of
sham feeding (Fig. 2). (Pyro)Glu—His—
Gly-OH and all six of its peptide analogs,
but not Glu—His—Pro-OH or Leu—Arg—
Phe-OH, inhibited the sham feeding-in-
duced rise in gastrin. Some tripeptides ac-
tually depressed gastrin levels below basal
values, the most potent being again (pyro)-
Glu—3Me—His—Gly-OH and p-(pyro)Glu—
His—Gly-OH, which lowered gastrin to 27.1
+ 1.9 and 28.0 = 0.9 pg/ml, respectively
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(Fig. 2). The least active appeared to be
(pyro)Glu—His—p-Ala-OH and (pyro)Glu—
His—Trp-NH,, which produced levels of
40.0 = 4.4 and 34.4 = 2.7 pg/ml, respec-
tively. Two hours after sham feeding serum
gastrin returned to essentially control levels.

3. Effects on sham feeding-induced gas-
tric secretion. The amounts of gastric acid
collected in periods 0 to 2 (0—30 min) be-
fore the start of sham feeding ranged from 0
to 0.02 mmole H*/kg b.w. (mean = 0.017 =
0.0069 mmole H*/kg). During the infusion
of saline, sham feeding produced a marked
increase in gastric acid output as in our pre-
vious studies (10, 16). The highest amount
was collected in the 30-min period that
began at the start of sham feeding (minutes
30—-60 of the experiment), and then gastric
secretion gradually returned to basal levels

10—e Saline Control

2 C--0O pGlu-His-Gly-OH

3 &—4 pGly-3Me-His-Gly-OH
4 4= DpGlu-His-Gly-OH

s #—a pGlu-His-D-Ala-OH

8 Onwgy pGIu-His-Trp-NHz

9 o @ pGlu-His-Gl -NH20H

10 a4 H-Glu-His-Pro-
12 o--0 p-Glu-His-Gly-EA

1 &« |eu-Arg-Phe-OH

-
-
-------

_,--._S

0 1 2 3 4 5

T

6 7 8 9

TIME (15 min. periods)

FiG. 2. Effect of intravenous infusion of saline (control), (pyro)Glu—His—Gly-OH and its analogs
on serum gastrin levels in response to sham feeding (SF) in dogs with esophagostomy.
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in about 1.5 hr (Table I). In 21 experiments
in seven dogs, the mean output of gastric

acid during the sham feeding period was s |2 _ ——— _  waw
0.77 + 0.09 mmole H*/kg (Table I). The BE|28| 28882322235y
infusion of (pyro)Glu—His—Gly-OH di- §§ 5= Vvv oV vV
minished the secretion to 0.54 += 0.07 ez
mmole H*/kg in agreement with our previ- _ | €| »
ous results, but this reduction was not sig- 2| $% | §z| ©888uyuvvnn
nificant either by Duncan’s test or by Stu- £ [“®| 3 2| Z9gUzZZZEZZZ
dent’s ¢ test. In contrast, (pyro)Glu—3Me—- &
His—Gly-OH, p-(pyro)Glu—His—Gly-OH §& olzosansnsas
and (pyro)Glu—His—D-Ala-OH caused a & = P i e
significant reduction in the gastric acid out- « Pl I D
put as compared with saline both by Dun- o = § § S f § E § f § N
can’s test and Student’s ¢ test (Table I). 3 22
(Pyro)Glu—3Me—His—Gly-OH appeared to & 5 |3833833838 "
be the most active and diminished acid se- & Il R
cretion by more than twofold. The reduc- Z ®|szz58283=8
tions induced by (pyro)Glu—His—Gly-NH, & E esgeess
and (pyro)Glu—His—Gly-ethylamide were % % o e o4 < 0
significant only by Student’s t test. There S 2|8 |ss83s 28282
was a significant difference between (pyro)- 2 Elo|lbnny é‘ M
Glu—3Me—His—Gly-OH and the original 0 g ss° E el Jue
tripeptide (No. 2) by Student’s ¢ test. (Pyro)- 3 = e
Glu—His—Trp-NH,, Glu—His—Pro-OH and 0| 23888388228 -
Leu—Arg—Phe—OH were inactive (Table s 2 HEHHAH A
I). Infusion of (pyro)Glu—3Me—His—Gly- = SZSzZs59z35328
OH, p-(pyro)Glu—His—Gly-OH and (pyro)- <
Glu—His—D-Ala-OH also decreased gastric E o | 253z88g=-9.
acid output somewhat, as compared with < T1Ssss9sasss
saline during the 45- to 60-min period fol- & R EXASNISCS
lowing sham feeding, but the differences ] Sssssss®ss
were not significant statistically. Z -
4. Food consumption. During the infu- g €8 | nrrermnmnn

sion of saline, the mean amount of food in- < Z%
gested in 30 min by seven hungry dogsin20 £ -
sham feeding experiments was 299.9 + 28.6 & S&
g/kg b.w. (Table II). The infusion of O 2E|sggaennnnn
(pyro)Glu—His—Gly-OH reduced the food & Z %
intake to 255.6 = 35.9 g/kg b.w., but this 5
decrease was not significant statistically & 3

. =] S 0 NATNORNDS =N
either by Duncan’s or by Student’s 7 test vs & 87 -
controls infused with saline. (Pyro)Glu— ~
3Me—His—Gly-OH caused the greatest re- 3 -
duction in food consumption (182.9 + 35.8 2 2:,::,: -
g/kg b.w.), which was significant by Stu- & .| Z99QEE 5z <
dent’s ¢ test. p-(Pyro)Glu—His—Gly-OH 2| _280% at29 s
and (pyro)Glu— His—Gly-ethylamide also S P
appeared to inhibit feeding, but the differ- §E=TEagE 28
ences were not significant vs the control. géégééég e
Infusion of the other five tripeptides did not SBR22R2% 3%

influence food intake, as the dogs con-

Note. Saline or the peptides were infused from time O for 11 periods of 15 min = 2 hr 45 min. Last blood was taken at period 12 = 3 hr from time 0. Sham

feedng for 30 min (two 15-min periods) was begun at 30 min from the start of the infusion.

@ Results are mmole H*/kg (mean + SE).
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sumed about 300 g/kg b.w. in each case,
which was similar to the value obtained for
controls.

Discussion. Both neural and hormonal
pathways have been implicated in the com-
plex mechanisms of regulation of gastric
secretion and control of appetite (1—4). The
involvement of the central nervous system
in these processes has been demonstrated
by several independent lines of investiga-
tion. The cephalic phase, induced by sham
feeding or by anticipation of a meal, in-
volves the release of gastrin and insulin and
stimulation of gastric and pancreatic secre-
tions (10, 12, 16). Alterations in appetite
during sham feeding by various peptides
might in turn alter vagally mediated gastric
secretions. Based on the changes in eating
behavior following stimulation or destruc-
tion of the hypothalamic centers, a neural
control of appetite and satiety has been
proposed (17). It has also been suggested
that the hypothalamus may elaborate a sub-
stance responsible for the central control
of appetite (3, 4). Direct evidence for hy-
pothalamic, diencephalic, or mesencephalic
neurotransmitters involved in the control
of appetite is still lacking, although the
presence of a lipid mobilizing factor which
could be implicated in the neural control
of obesity has been shown in extracts of
ventral hypothalami of sheep, cattle, pigs,
and human beings (18, 19). Demonstra-
tion of a peptide in the urine of patients with
“‘hypothalamic’’ anorexia nervosa (5, 6),
which was characterized as (pyro)Glu—
His—Gly-OH and which was reported to re-
duce food consumption in mice, prompted
new investigations. Several groups, includ-
ing ours, subsequently found that this tripep-
tide will not influence food intake or body
weights in mice and rats (7—9). Neverthe-
less, since hunger is associated with changes
in gastrointestinal functions, we examined
the effects of (pyro)Glu—His—Gly-OH in
dogs and found that it decreases gastric se-
cretion and insulin and gastrin responses to
sham feeding (10).

In view of ample evidence from various
laboratories, including our own, that the
biological activity of a variety of peptides
can be increased to a very high degree by
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discreet structural modifications, we de-
cided to synthesize some analogs of (pyro)-
Glu—His—Gly-OH and test their effects
in dogs and rats. Our findings indicate that
infusion of several analogs of (pyro)Glu—
His—Gly-OH can significantly suppress
the elevation of insulin and gastrin in dogs
in response to sham feeding. In fact, the
levels of both gastrin and insulin fell be-
low control values after 1 hr of infusion
with a distinct nadir between 60 and 90 min.
(Pyro)Glu—3Me—-His—Gly-OH and bD-
(pyro)Glu—His—Gly-OH appeared to cause
the greatest depression in serum insulin and
gastrin levels. Control tripeptides, H-
Glu—His—Pro-OH (corresponding to the
amino acid sequence of uncyclized TRH)
and Leu—Arg—Phe-OH, were inactive.
The cephalic phase of insulin and gastrin
secretion has been established in rats (20,
21), dogs (22, 23, 10), and human beings
(11, 25). Since (pyro)Glu—His—Gly-OH
and its analogs did not influence basal or
postprandial levels of insulin and gastrin in
dogs ((10) and unpublished results), the
suppression of hormonal responses during
the cephalic phase might reflect the inhibi-
tion of appetite. The infusion of (pyro)Glu—
3Me—His—Gly-OH, bp-(pyro)Glu—His—
Gly-OH, and (pyro)Glu—His—D-Ala-OH
also significantly suppressed gastric acid re-
sponse to sham feeding. The suppression of
gastric acid produced by (pyro)Glu—His—
Gly-NH, and (pyro)Glu—His—Gly—ethyl-
amide was significant only by Student’s ¢
test. Although (pyro)Glu—His—Gly-OH in-
hibited gastric acid release in accord with
our previous work (10), this inhibition was
not significant statistically in the present
study.

Our recent work indicates that TRH sig-
nificantly suppressed gastric acid secretion
induced by sham feeding or pentagastrin
(16). However, in contrast to our analogs,
TRH did not inhibit the rise in gastrin fol-
lowing sham feeding (16). TRH is a power-
ful releaser of prolactin in addition to
thyrotropin and differs from our tripeptides
in having C-terminal proline. (Pyro)Glu—
His—Gly-OH and its tripeptide analogs re-
ported here have less than 0.1% TRH ac-
tivity and 0.3% of prolactin-releasing (PRH)
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activity of TRH. TRH is found in the
highest concentrations in the hypothalamus,
but it is distributed throughout the CNS and
even in the G.I. tract (26). The administra-
tion of TRH is associated with brief side ef-
fects which might be due in part to a vari-
ety of actions on the CNS and in part to
action on the G.I. tract (26). (Pyro)Glu—
His—Gly-OH and its analogs reported in
this study were devoid of any visible side
effects in dogs when infused in doses of 100
ng/kg for 2 hr 45 min. An autopsy on a dog
which received more than 10 infusions of
analogs and died from an unrelated infec-
tion, showed no gross abnormalities in ma-
jor organs. (Pyro)Glu—His—Gly-OH given
to mice as a rapid iv injection produced no
visible side effects in doses as high as 20—
50 mg/kg and no evidence of toxicity was
found after chronic administration of 1 mg/
kg/day for 20 days.

TRH infused intravenously inhibits
pentagastrin-stimulated gastric secretion in
men (27) and in dogs (16), although after
intraventricular administration it was re-
ported to increase vagus-dependent gastric
secretion in rats (28, 29). TRH given in-
traventricularly or parenterally was also re-
ported to reduce food intake in rats (30, 31).
On the basis of these results it was sug-
gested that TRH may play a role in the con-
trol of food intake as a peptidergic mediator
of satiety (30, 31).

Other peptides, among them cholecys-
tokinin (32-34), somatostatin (35), and
bombesin (36), have been shown to de-
crease food intake and/or elicit behavioral
sequences of satiety in rats, sheep, and men
and have been suggested as neuroregula-
tors involved in the control of appetite.
Cholecystokinin and somatostatin are dis-
tributed throughout the CNS (37, 38).
However, recent studies by Smith et al.
(39) suggest that parenterally administered
cholecystokinin might act in the abdomen
through gastric vagal fibers and not directly
on the brain to produce satiety in the rat.

The presence of (pyro)Glu—His—Gly-
OH in hypothalamic extracts has not been
confirmed, and its physiological role in the
control of gastric secretion and food intake
remains speculative. It is interesting, never-
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theless, that some of its analogs, particular-
ly (pyro)Glu—3Me—His—Gly-OH, can in-
hibit the hormonal and gastric secretory
events during cephalic phase. The high ac-
tivity of the 3Me —His analog in the systems
tests employed, including a possible effect
on food intake, is in agreement with greater
TRH, PRH, and CNS potency of (3Me-
His?) TRH as compared to TRH (28, 40).
The design and synthesis of additional
analogs of (pyro)Glu—His—Gly-OH may
possibly lead to a new class of inhibitors of
gastric secretion and anorexigenic agents.
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