Characteristics of the Gastric Secretions

2 (also called Gasftric glands)
and Pyloric glands.

= Ll'ﬁyefdx;mfcyiagéloa{fo rming) glands
= Secrete hydrochloric acid. (HCL)

=  Pepsinogen. protein Ji aia o3 asloss o

= [Intrinsic faCtOI‘, terminal ileum J/ (s absorption of B12 JI (sl uslws oI
= Mucus
= Jocated at the body and fundus.

= Constituting the proximal 80 % of stomach.
proximal side J/ 4/5 o2



Pyloric glands

pylorus JI s 809290 (o2

s Secrete mainly for protection of
the pyloric mucosa from the stomach acid.

m They also secrete the hormone
HCL JI 513 (03 sslovy

= located in the Antral portion of the
stomach, the distal 20 %of the stomach.



proximal 80% JI S (1392 90 (o

Parietal(oxyntic) cells

Most distinctive cells in stomach ( HCI &
intrinsic factor).

Chief(peptic) cells

- pepsin H stomach J/ o8 HCL JL Jo=is Job (ols
pep3| nogen Tri&Di peptides J proteins JI acagad (o

Mucus neck cells:
- HCO;-
- Mucus




pylorus JI o8 (aga g0

G Cells: Gastrin (hormone) ---> HCI secretion

D Cells: Somatostatin (antrum).
Inhibit HCL secreation

JI o (558 I carcinoid tumor dawl S50 (& (95l ] J 9o

stomach J/ 3d o2 (S0 9 appendix J/ 89 terminal ileum

Enterochromaffin-like cell: Histamine
Present in a recess in deep part of gastric pits




s HCL

= Pepsinogen

= Electrolytes

= Intrinsic factor” 5 oo e = 0
= Mucus (mucus gel layer)
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m Parietal cells secrete an isotonic acid
solution that contains about 160 mmol/L of
hydrochloric acid.

= This has pH about 0.8, which is extreme
acidic. At this pH, the hydrogen ion
concentration is about 3 million times that of
the arterial blood. At the same time that
hydrogen ions are secreted, bicarbonate
ions diffuse into the blood so that gastric
venous blood has a higher pH than arterial
blood when the stomach is secreting acid
(@lKaline £ide.) aiaine s stomoch b oo cxiy o il sis e stomach

acidic tide (g<s 410 2l ol aull (80 alkaline secrestions ;i pancrease JI -



Water is dissociated in cytoplasm into H",OH-,H+ is
actively secreted into (Can),in exchange of K* by H-K
ATPase shunt.

CL-is actively transported from cytoplasm of cell into
lumen of canaliculus (Can)

Na* is actively transported in other direction

K*, and few Na+ ions passively diffuse as a result to
lumen of (Can)

Na* Is actively reabsorbed by separate shunt
Water pass to (Can) by osmosis

CO2 in cytoplasm combine with OH - by carbonic
anhydrase in to Hco; which diffuse to plasma in
exchange of CL-



Extracellular fluid

absorption

HCOéIZ

Parietal cell

> CO,==s

reabsorption into the 4,sa
extracellular fluid=blood

Lumen of canaliculus

lumen of the stomach J/ a2

H* (155 mEqg/L)

<«

K+

Na*

H-K ATPase shunt
Is the final pathway

» K* (15 mEg/L)

Na* (3 mEglL)

» CI~ (173 mEg/L)

------ » H,0
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Are Acetyicholine, Gastrin, and Histamine:: - .
Secretion and Activation of Pepsinogen.

Secretion of Intrinsic Factor by Parietal Cells .
Pyloric Glands-Secretion of Mucus and Gastrin .

Surface Mucous Cells :They secrete large
quantities of viscid mucus(it is alkaline) that coats
the stomach mucosa with a gel layer of mucus
often more than 1 millimeter thick, thus providing
a major shell of protection for the stomach wall,

as well as contributing to lubrication of food

transport
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ACh Gastrin Histamine Somatostatin Prostaglandins
#; Cimetiding
M3 CCKg Hp
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s The stomach's ability to prevent back leak of acid
can be attributed to the Gastric barrier due to the
formation of alkaline mucus and to tight
junctions between epithelia cells .

= If this barrier is damaged by toxic substances,
sucﬁui as occurs with gfcessive use of
' : the
secreted acid does leak down an electrochemical
gradient into the mucosa, causing stomach
mucosal damage.
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The mucus layer is a physical barrier
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= Vagus nerve (neural effector).
m Gastrin (hormonal effector).

m Enterochromaffin-like cells
Histamine ---->H, receptor (parietal
cells) = acid secretion.



Stomach: Regulation of Secretion and Motility

Stimulatory Events Inhibitory Events

- phases of gastric

acid secreation: . opholc phnse
@ Sight » Cerebral cortex ;- - -Lack of < - - - - Cerebral < - -@ Loss of
g " and thought conditioned reflex i stimulatory cortex appetite,
3 phases s | impuisesto
@ Stimulation of —— > Hypothalamus —» Vagus I parasym-
taste and smell and medulla nerve ! pathetic
receptors oblongata 1 center
1
1
I
1
I

- - Gastrin «—— G cells < - - -@ Excessive

Gastric phase 1 : e
1 1 secretion acidity

(1 Stomach —> Vagovagal —» Medulla—> Vagus I 1 declines (pPH<2)

. distension| reflexes nerve g in stomach
= Ga S tl’ l C A~ :::::tl:'t‘es . ;- - Overrides<«— Sympathetic <—@ Emotional
T | 1 I, parasym- nervous upset
) [ecopiois Local V' "" pathetic system (SNS)
reflexes 80 controls activation

<«(- -Entero-<«Local <€--r- @ Distension

= I n teS ti n a I @ Food—> G cells—> Gastrin release —>

chemicals to blood gastric  reflexes : of duodenum;
(especially reflex ] presence of
peptides t : fatty, acidic,
and caffeine) = Vagal <- -+ hypertonic
and rising pH m g nuclei : chyme, and/o
activate in medulla irritants in
chemoreceptors Pyloric < - : the duodenu

sphincter

\
Kitssting phiase Bfrfief Lme- :elease of(intestitl]al — 0 Distension;f
effect ormones (secretin, presence o
@ Presence of low —- Intestinal (enteric) cholecystokinin, vasoactive fatty, acidic,
pH, partially digested gastrin release intestinal peptide) partially
foods, fats, or to blood digested food
hypertonic solution Key: in the
in duodenum when — Stimulate duodenum
stomach begins to
- - - Inhibit

empty



HCL JI 31581 (s 30% (s igfpeas

Cephalic phase
condition (yc 5)bis o
Stimuli uncondition reflexes gzr;?glr%fnzz?
Sight
Smell
Taste
Thoughts/Memories
Effect
Parasympathetic

Impulses increase
gastric secretion




Gastric phase HCL Ji 315 s 60% (e Jg3euos Lgwsds stomach JI (o
Neural neqgative feedback
mechanisms

* Distension activates stretch & ] Long (vagovagal) reflex

Local reflex Minibrain :
receptors causing Myenteric Sensory fibers
: Motor fibers

Central reflexes

and vaso-vagal reflexes to
>y 9 meulla H ¥
release Ach =7 =

* Ach stimulates gastric juice
secretion

* Chemoreceptor's respond to |
partially digested proteins, b
caffeine and rising pH

* Stimulate gastrin secretion
from G cells

peptides J/ 3 132 5t/ food JI .composition of the food JI 355 (myenteric)
HCL 3,45 Laydas (caffeine JI g2 909 ((nigull s danil) reflex

AN

Vagus nerve<<

Histamine .}




Gastric phase (cont.)

Gastrin
® Inhibited at pH less than 2

® Gastrin transported in the ¥
blood to the gastric glands

Interstitial space

Gastrin ACh Histamine

® Greatly stimulates HCI
Y ::.:33:';;
secretion |
® Stimulates histamine @@
secretion ' Parietal cell

® Slightly stimulates
pepsinogen secretion

® Contracts lower
esophageal sphincter

® Relaxes pyloric sphincter
® Increases gastric motility

Stomach lumen



ACh Hustamme

o ) Inrersmyal

) l 1--/ space

l (COy)4H,0
ol

Carbonic  Alkaline
anhydrase tide

Stomach lumen

Gastric phase (continued)

Control of HCI secreting parietal
cells

stimulation by three signal chemicals
e gastrin

e acetylcholine

e histamine

All three needed for strong H*
secretion

H* pumps work in conjunction with
carbonic anhydrase

blockage of the histamine H,

receptor decreases HCI secretion
* Tagamet
e Zantac



Intestinal phase has HCL JI 31,81 (e 10% (s 49 5o
excitatory and inhibitory

components:

P vl duodenum JI ods JsYI s Lo J 9
EXCltatorV «HCL secreation J/ aa) (J31 97 deleu

Very short phas@™or refexes s e e

Initiated by Chyme entry into Vagus nerve .TZ":’:‘\‘-‘-\‘.‘_
duodenum N

Stretch receptors stimulate e _
] ) ) ntestinal gastrin

release of intestinal (enteric) Secretin, GIP,

gastrin

Chemoreceptor's detect fatty
acids, & glucose in the duodenum =
=== Enterogastric

Stimulate enteric gastrin release T reflex




= Food normally passes

th rough stomach in 4 hours Presence of fatty, hypertonic, acidic
@é‘aLcLuGe 3 ialanll Ju8 Ay olah elaa GLis chyme in duodenum ‘,
6 pguan daliin (oya Sula S u (04K 4 | S

= Hormonal/neuronal reflexes
regulate gastric emptying

Duodenal entero- Chemoreceptors and
endocrine cells stretch receptors

Secrete

= Large meals and large
amounts of liquid increase
stomach distension 2>
increasing rate of emptying

Enterogastrones Via short Via long
(secretin, CCK, VIP) reflexes reflexes

Enteric CNS centers

| StomaCh emptying ch;ldta_nal E . I:Ia\lr?:;rtr:},):‘t,t;letic
inhibited by the ik : i
Enterogastric reflex, t :
enterogastrones, and fat in [—* | T
the duodenum. L | Frrecicnos repenss

1 emptying decline " €= Stimulate
< = = Inhibit



Intestinal phase (cont.)
Inhibitory

stretch receptors,
chemoreceptors trigger 3 reflexes that

Inhibit vagovagal reflex
Inhibit myenteric reflex

Activate sympathetic nervous syste
close pyloric sphincter

Inhibit gastric secretion
Enterogastrone secretion Intestinal gastrin

i i Secretin, GIP,
Enteroendocrine cells in the small it
intestine release:

Cholecystokinin (CCK) 7
Gastric inhibitory peptide (GIP) PO N Fntorogastric
Secretin .-

Vasoactive intestinal peptide (VIP)
Hormone< inhibit aastric csecretion




Stimulatory Events Inhibitory Events

Cephalic phase
(@) Sight and ———— Cerabral cortex ~---Lack of «------ Cerebral«-}-(1) Loss of
thought of food <I>—-—conditioned reflex :  stimulatory  cortex appetite,
Y ] impulses to depression
@ Stimulation of —— Hypothalamus -» Vagus ;  pasym- o e e 25
taste and smell and medulla  nerve ;  pathetic
receptors oblongata i conter
Gastric phase : --Gastrl:o:—-e cells <----- Exgessm
- : secre ~_ |acid
(Dsmmaoh Vagovagal —- Medula—- Vagus i { Gecknes sr 20 3105 (€ oH 2)
stretch : ,-: ;-- Overrides «— Sympathetic < (2) Emotional
receptors i ;} parasym- nervous | upset \
Local l, yy Pathetic system (SNS)
reflexes \ controls activation
@) Food — G cells —» Gastrin release — ~ - Entero-<-Local ---~- (1) Distension
chemicals to blood gastric  reflexes |  of duodenum;
(especially reflex : resence of
peptides Stomach , acidic,
and caffeine) S:gmfy 1 nonlcd’o
risi : me, and/or
ﬁmﬂg P in moduﬂa i irritants in
chemoreceptors Pyloric - o the ducdenum
A sphmctef
*--- Release of intestinal <— (2) Distension;
Intestinal phase hormones (secretin, nce of
(1) Presence of low — Intestinal (enteric) gastric inhibitory peptide . acidic,
pH and gastrin release cholecystokinin, ve panialry
foods in to blood intestinal peptide) ?m;sted food
duodomm when Key: n the
Lo W inhibti f tion Lzl N
stomach begins dlstlnc‘:’tal:.:\anJ of tlr?e legTdou:::r:f.?nlj?@ ua.:li — Stimulate duodenum

to my feddback inhibition of HCL Jass unum -« Inhibit



Opening ._

Strmulus for Release | Function
|

Tonic secretion;
increased with
irritation of mucosa |

—
| Physical barrier between |
Hlumen and epithelium |

Secreted with
mucus

=
..\.—.

Lumen of | _ .
stomach aource I Substance Secreted
Mucus
%% Mucous
"'," neck
8 cell |
0 Bicarbonate
I.
Gastric acid (HC1)
Parietal
cells YOSy

Intrinsic factor

Buffers gastric acid to
prevent damage to
epithelium

| Acetylcholine,
gastrin, histamine

Enterochromaffin-

Histamine

Activates pepsin;
kills bacteria

Complexes with vitamin |
Bya to permit absorption

Acetylcholine,

4 \ like cell

A A

/|

= (Chief

\'\'“‘6

AL

Pepsin(ogen)
Bt s

Gastric lipase

gastrin

L === D cells

Somatostatin

A:’_"

— G cells

hS- b

B Fiqure 20-16

Cell types of the gastric mucosa

Gastrin

Stimulates gastric
acid secretion

Acetylcholine, acid,

secretin

} Digests proteins

| Digests fats |

Acid in the stomac

Inhibits gastric acid
secretion

Acetylcholine,
peptides,

and amino acids

Stimulates gastric
acid secretion




Vagal center
of medulla

Cephalic phase via vagus

. .@ Parasympathetics excite
_— pepsin and acid production

F ood Secretory
| =(F===z e Gastric phase:
Afferent V /us \.\</ 1. Local nervous
fibers tr?,gnk Local nerve ; secretory reflexes
plexus\ r. Tl Vagal reflexes
e, 3. Gastrin-histamine
A / stimulation

Circulatory system
Gastrin

intestinal phase: |
—— 1. Nervous mechanisms Figure

| ' 2 Hormonal mechanisms
Sma" bowel Phases



Final suggestion of a proteins is a amino acids Lo s proteins J aisgs fax -
From carbohydrates is glucose J a¢ls= amino acids J Lgalsy
From Fat are fatty acid and glycerol Tripeptides 9 Dipeptides

&b (= mainly g5, carbohydrates Jlg pancreas J/ &b (¢ (953 mainly Lgasa Fat JI -
Pepsinogen J/ &b u:.ﬁ.am lass (< (ags pancreas J/ z proteins J/ pancreas JI
ep

s Secreted by t eptic and mucous cells of the
gastric glands

s When pepsinogen is first secreted, it has no
digestive activity. However, as soon as it comes in
contact with hydrochloric acid, it is activated to

o< activation 4. pepsinoven J/ -

fOrm active pepSin,(Active form of Pepsinogen)  activation lysay Ll 929 (HCL JI sk

activation 4/ gal Jass juns

= Pepsin functions as an active Proteolytic enzyme
in a highly acid medium (optimum pH 1.8 to 3.5),
but above a pH of about 5 it has almost no
Proteolytic activity and becomes completely

inactivated in a short time.
Jasa O dalle cals 131 «very low PH to work z Lias pepsin J/ -




® (1) stimulation of the peptic cells by
acetylcholine released from the Vagus
nerves or from the gastric enteric
nervous plexus.

® (2) stimulation of peptic cell secretion In
response to acid in the stomach. The acid
probably does not stimulate the peptic
cells directly but instead elicits additional
enteric nervous reflexes that support the
original nervous signals to the peptic
cells.



