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analyzer, separately and in admixture with the enzymic
digests. The position of this peak was co-incident with
peak 2 as is shown in the Figure.

Thus from this work it has been shown that the iso-
peptide &N {f-aspartyl) lysine occurs in native wool
keratin and has probably the function of a crosslink
cf. eN (y-glutamyl) lysine. Also it appears from this work
that this moiety is formed during the heating of the
keratin, as is reflected in the increased amounts found in
digests of heated protein.

Zusammenfassung. Chromatographisch  (Ionenaus-
tausch, Papierchromatographie, Diinnschichtchromato-
graphie und Hochspannungselektrophorese) wird nach
enzymatischer Hydrolyse von nativern und denaturiertem
Wolle-Keratin e(y-Glutamyl)-lysin und &(f-Aspartyl)-ly-
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sin identifiziert und so die in Proteinen postulierte
anomale Peptidverkniipfung nachgewiesen.
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The Stimulating Action of Gastrin Pentapeptide and Histamine on Adenyl Cyclase Activity in Rat

Stomach

Experimental data obtained recently? suggested that
gastrin pentapeptide, and most probably complete
gastrin also, cause transcription of DNA regions responsible
for the synthesis of histidine decarboxylase, It was assum-
ed that the enzyme induced provides a supply of hista-
mine acting as physiological mediator of gastrin penta-
peptide effect on gastric acid secretion. Increasing
evidence has shown that histamine enhances adenyl
cyclase activity in many tissues?%, and it is believed
that cyclic adenosine 3/, 5-monophosphate {cyclic AMP)
is directly responsible for the physiological effects of
histamine. It is well known that cyclic AMP is a ‘second
messenger’ in the action of many hormones and biogenic
amines®® and is able to mimic their action on target
cells,

We supposed that histamine, formed due to action of
gastrin {or its pentapeptide}, activates adenyl cyclase
in oxyntic cells and cyclic AMP in its turn affects ion
transport to result in HCI secretion. The purpose of the
present study was to verify this hypothesis.

Fasted male Wistar rats (200-250 g body wt.) received
s.c. gastrin pentapeptide (t-butoxycarbonyl-g-Ala-Try-
Met-Asp-PheNH,; ICI 50, 123) twice at 20 min intervals
in a dose of 0.4 pg or histamine i.m. in a dose of 200 ug
per 100 g body wt. Control rats were injected with saline.
40-60 min after the injections the rats were sacrificed
and the stomachs removed, rinsed in icecold saline and
homogenized in 0.25 M sucrose to a final concentration of
50 mg tissue per ml. The stomach tissue homogenates
for adenyl cyclase estimation were prepared according
to STrEETO and REDDY?,

Adenyl cyclase activity was determined by the method
of Weiss and Costa® modified by RoseEN and Rosen?.
The incubation mixture (0.2 ml) contained 0.050 #ris —
HCI buffer pH 7.8, 0.01 theophylline, 0.01 NaF,
3 mM MgSO,, 0.02M mercaptoethanol, 0.2 pM 4C-8
ATP (specific activity 0.135 pC/pM) and 0.05 ml of
gastric tissue suspension (0.1-0.2 mg of protein) as a
source of adenyl cyclase. 1 ml of final supernatant solution
obtained after precipitation of ATP, and other metabolites
of ATP except the cyclic AMP by ZnSO~Ba(OH),%?,
was added to 10 ml Bray’s!! scintillation fluid and
radioactivity measured with Nuclear—Chicago Mark 1
scintillation counter. The activity of adenyl cyclase was

expressed as nmoles of cyclic AMP formed per mg of
protein per min. Protein was estimated by the method
of Lowry et al.1%,

Gastrin (Gastrin pentapeptide)

Histidine
decarboxylase
Histidine —> Histamine

f

—
‘ Phospho-
Adenyl cyclase diesterase
ATP ———¥ Cyclic 3’,5-AMT —» 5-AMP

A
Ion |
l transport (?) Methylxanthines
{Theophylline,
HCl Coffeine)

The scheme of the regulation of HCI secretion by gastrin.
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Effect of gastrin pentapeptide injection on adenyl cyclase activity of
rat gastric tissue. The incubation mixture contained 0.05 M Tris-HCl
buffer (pH 7.8), 0.0l M theophylline, 0.01M NaF, 3 mM MgSQ,,
0.02M mercaptoethanol, 0.2pM MC-8-ATP (specific activity
0.135pClpM) and 140 pg of protein in a final volume of 0.2 ml. In-
cubation was carried out at 37°C. -@——@-, gastrin pentapeptide;
—O—0O-, control {saline).

2min

Table 1. Effect of histamine on the adenyl cyclase activity in rat
gastric tissue

Conditions Experiment Adenyl cyclase activity,

No. nmoles cyelic 37,5-AMP/mg protein/min
Control 8 0.47 4 0.03
Histamine 4 0.94 + 0.02

The contents of incubation system were as in legend to the Figure. In-
cubation was carried out for 10 min at 37°C.

QOur experiments have shown that injection of gastrin
pentapeptide or histamine to rats in doses stimulating
HCI secretion ¥ increases adenyl cyclase activity in gastric
tissues (Figure, Table I); when pentapeptide or histamine
were added to the incubation mixture containing gastric
tissues homogenate, only histamine enhanced the activity
of adenyl cyclase (Table II}.

The results obtained in these experiments support the
suggested pattern of the regulation of gastricacid secretion
(Scheme). All the main components of this scheme:
gastrin or its pentapeptide, histamine and, finally, cyclic
AMP act as stimulants of HCI secretion.

It seems reasonable to suggest that pentapeptide is
unable to activate adenyl cyclase in homogenates of
gastric tissues because its action needs transcription and
translation and undamaged cell structures are prerequisite
to provide it. On the other hand, histamine is active not
only in vivo, but also in vitro, probably because it inter-
acts directly with adenyl cyclase without complicated
intermediate processes.

It was found earlier that stimulants of gastric acid
secretion like coffeine and theophylline3:14 are inhibitors
of specific phosphodiesterase that inactivates cyclic AMP
by transformation into 5-AMPS.

It was tempting to assume that coffeine and theophylline
stimulate gastric acid secretion increasing the accumula-
tion of cyclic AMP in gastric cells. The data presented
confirm this suggestion. Coffeine added to incubation
mixture increases the amount of cyclic AMP (Table III).
When theophylline was excluded from the complete
incubation mixture, the amount of formed cyclic AMP
decreased.

Specialia

EXPERIENTIA 27/12

Table 11, Effect of gastrin pentapeptide and histamine in vitro on
adenyl cyclase activity in rat gastric tissue

Additions Adenyl cyclase activity,
nmoles cyclic
3’,5’-AMP/mg protein/min

Control 0.64 - 0,02 (3}

0.60 4 0.01 (3)
1.16 -+ 0.03  (4)

Gastrin pentapeptide (10 ug)
Histamine {1 x 10-3M)

Data are the mean values 4+ S.D. of 3—4 (parentheses) separate ex-
periments. Gastric tissue suspension was preincubated with gastrin
pentapeptide (10 pg/sample} 30 min at 37 °C and then incubation was
carried out for 10 min at 37 °C with the standard incubation mixture.
Histamine was added directly to the incubation mixture without any
preincubation with gastric tissue suspension.

Table II1. Effect of coffeine and theophylline on adenyl cyclase ac-
tivity

Adenyl cyclase activity,
nmoles cyelie
3’,5-AMP/mg protein/min

Conditions

Complete system 0.60
+coffeine (0.02 M) 1.00
~—theophylline 0.12

Data are the mean values of duplicate experiments. Complete incu-
bation system (0.2 ml) contained 0.05M T#:s-HCl buffer pH 7.8,
0.01 M NaF, 0.02M mercaptoethanol, 0.01 M theophylline, 3 mM
MgSQ,, 0.2uM ATP and 100-120 yg of protein. Incubation was
carried out for 10 min at 37°C.

Many lines of evidence indicate that cyclic AMP
activates protein kinases®-17 which probably influence
various processes and, among them, ion transport?!®, The
findings imply that, presumably, such a mechanism may
produce HCI as the last step in this pathway of regulation.

BbIBOJbl. BeeneHne Kpeicam neHTANENTHAA TacTpuHa
MM TUCTAMHHA TIOBBINAET AKTHBHOCTE ANCHHTHHKNA3L B
TKAHAX KEITYAKA, KaTanuaupyioumei obpazosanne 3/,5-AMP,
B omplTax in vitro TOMLKO THCTAMUH aKTHBUPYET 3TOT ePMEHT.
BbICKa3aHO NPEANONOKEHHE, YTO TACTPHH, 'HCTAMHH H 3/,5'-
AM® signsIOTCA N0CIEA0BATENLHEIMY 3BEHBSAMM B PETYIALMU
cexpenuu HCL B senyaxe.
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