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Gastrointestinal absorption
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1. Basic principles of Gastrointestinal absorption
« Anatomical basis of absorption
2. Absorption in the small intestine
*Absorption of water
* Absorption of ions
*Absorption of nutrients
3. Absorption in the large Intestine: formation of feces
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1-Kerckring 2-Villi 3-Microvilli
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Figure 66-5. Longitudinal section of the small intestine, showing the
valvulae conniventes (Kerckring folds) covered by villi.

1. Valvulae Conniventes/ folds of Kerckring — circular folds
*Increase surface area of absorptive mucosa 3X.
*Well developed in D & J, protrude up to 8 mm into the lumen.

2. Villi = 1 mm projections from mucosa

-Condensed in upper Sl , less profuse in distal Sl
-Increase surface area of absorptive mucosa 10X

-Epithelial cell on each villus is characterized by brush border.

-Brush border includes 1000 microvilli Tum length x 0.1 um diameter

-Brush border increases surface by 20-fold.

-Actin filaments contract rhythmically causing continual movement of microvilli
exposing them to intestinal fluid.

Basement
lacteal membrane

capillaries

lacteal

Figure 66-6. Functional organization of the villus. A, Longitudinal section. B, Cross section showing a basement membrane beneath the
epithelial cells and a brush border at the other ends of these cells.
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L showing absorbed pinocytic vesicles, mitochondria, and endoplasmic (WL 37 —
reticulum lying immediately beneath the brush border. (Courtesy Dr.

William Lockwood.)
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process, the cell surrounds particles and then “pinches off” part of its membrane to
|} enclose the particles within vesicles, which are small spheres of the membrane) |
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- | lAbsorption in SI »
|| $Absorption from Sl/day i
| *Several hundred g carbohydrates »
/| 2100 g fat 50 -100 g amino acids B
*50-100 g ions 7 - 8 L of H20
- | CAbsorptive capacity of Sl is far greater than this -

-several kilograms carbohydrates 500 g fat B
500 -700 g proteins > 20 L of H20

- | Olarge intestine can absorb more water and ions, but very few nutrients. B

~'| EAbsorption of Carbohydrates B
Carbohydrates absorbed as monosaccharides
|| - Small fraction absorbed as disaccharides i
— | * None absorbed as larger carbohydrate compounds. =
|| ° The most abundant absorbed monosaccharides is glucose (80 %) B
* 20 % galactose & fructose
|| * All monosaccharides absorbed by secondary active transport process. |
— 1 ° Glucose absorption occurs in a co-transport mode with active transport of Na .
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*Glucose absorption is dependent on Na absorption
* The transport of Na through | membrane;

OActive transport of Na through basolateral membranes of epithelium — interstitial fluic
— | [Na epithelium] —Na from lumen —brush border by secondary active transport
combining glucose

© Once inside epithelium, other transport proteins and enzymes cause facilitated diffusi
of glucose into blood.

* Galactose — same as glucose

* Fructose - facilitated diffusion.

* Inside the cell =phosphorylated & converted to glucose — absorbed into blood.

* Rate of fructose transport is %2 of glucose or galactose.
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In the absence of sodium transport through the intestinal membrane, virtually no

glucose can be absorbed because glucose absorption occurs in a co-transport mode
with active transport of sodium

Luminal (brush border)
membrane

ue o JWU interstitial fluid 2o &ylie 03.555 Su3s 7y &dsdl 19> 39Solall Jog Lo usy
g2 joSglall a5 = facilitates diffusion s<=i J!s glucose transporter 2 (GLUT2) &:5b
JMs- (se interstitial fluid

basolateral membrane into the paracellular space and from there into the blood
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الية دخول السكريات الى epithelial cell  و نقلها للدم اخذناها بالتفصيل بالبيوكم و رح اعرج على اهم النقاط 
⊙الغلوكوز ينتقل بطريقتينsecondary active transport process
اول وحدة عن طريق Sodium Co-Transport (SGLT1)
اول اشي بنتقل الصوديوم من intestinal epithelial cells الى interstitial fluid و بالتالي بقل تركيزه داخل الخلية ف بنتقل من lumen (تركيز اعلى) الى الخلية (تركيز اقل) و بسحب معه الغلوكوز الي بنتقل من التركيز الاقل في lumen الى التركيز الاعلى في cell 
⊙الطريقة الثانية هسا احنا اخذنا بالبيوكم انه ممكن ينتقل عن طريق GLUT-5 و الي بتكون مخصصة بشكل رئيسي للفركتوز بس مكتوب ب غايتون : 
In the absence of sodium transport through the intestinal membrane, virtually no glucose can be absorbed because glucose absorption occurs in a co-transport mode with active transport of sodium

بعد ما وصل الغلوكوز جوا الخلية رح يزيد تركيزه مقارنة مع  interstitial fluid بالتالي و عن طريق glucose transporter 2 (GLUT2) والي تعتبر facilitates diffusion رح تنقل الغلوكوز نحو interstitial fluid من خلال 
basolateral membrane into the paracellular space and from there into the blood 




lo=> 53 b a= o facilitated diffusion 325k e o GLUTS Wl 3xa0 J8U a8 j5:S5all Ll

9 B J8U dl 5ou55all digS (. GLUT2 Sisb e JosMl g oS glall o JaSa Sy 7y dadsdl
39591 sauy o phosphorylated 4 swos Sl oo (Sas possgall e saisy Lo

Absorption of Proteins

- In the form of dipeptides, tripeptides & free amino acids

- Sodium co-transport mechanism (secondary active transport)

- Few amino acids via facilitated diffusion- 5 types of transport proteins for transporting

amino acids andpeptides have been found in the luminal membranes of intestinal

epithelial cells

Dipeptides, JWSal & e S0 sdl jolosal o
&b e Jais Tripeptides, or Amino Acids
co-transport(or secondary active transport) of the
s> b g5 Ly L amino acids and peptides

J8195 edl (o5y sl ool omy v j9Solall
facilitated 355341 Towa i le dowaswe

gloil Ve Jlo> ogin 49 diffusion

primary active transport depends on ATP
secondary active transport depends on other sub :

if same direction ) co transport like Na/glucose

if opposite directions ) counter transport like Na/K
Absorption of Fats Atpase
* Fats are digested to monoglycerides & free fatty acids — dissolved

in bile micelles —carried to microvilli of brush border — penetrate
into the recesses among the moving, agitating microvilli.

* Monoglycerides & fatty acids diffuse immediately out of micelles
into epithelial cells leavening bile micelles in chyme (where they
function again and again)

* In the presence of abundance of bile micelles, about 97% of the fat
is absorbed - in the absence of the bile micelles, only 40-50 % can be
absorbed Absorption of Fats

« After entering epithelial cell—>fatty acids and monoglycerides
—smooth ER —triglycerides formation —released in form of
chylomicrons through the base of the epithelial cell— thoracic lymph

duct — blood circulatio
« Short and medium chain fatty acids (more water-soluble) are

absorbed directly into the portal blood
|
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Fluid absorption in the GIS
{Total quantity of fluid absorbed/day (8-9 L)= ingested (1.5 L) + Gl secretions (7 L)

<> Stomach: poor absorption lacks typical villus + tight junctions between epithelial
cells

<> Only few substances: alcohol & aspirin
<> Most is absorbed in SI, leaving only 1.5 L to colon/day.

Absorption of Water
- Isosmotic Absorption/Diffusion - usual laws of osmosis

- When chyme is dilute enough, water is absorbed through the intestinal mucosa into
blood of villi almost entirely by osmosis

- When hyperosmotic solutions are discharged from the stomach into the duodenum -
water usually will be transferred by osmosis to make the chyme isosmotic with
theplasma

- Chyme is isosmotic with plasma except in colon.

- Stool water is hypertonic.

hypoosmotic J«L5 chyme J! 3555 415 o Mias Jaws of osmosis le slaied clall Jay
intestinal mucosa into the blood }! e Jaxu 7y e WL
3063 s> lumen o3l Jazy =5 <WI chyme is hyperosmotic J! <dlS o) wSally

Absorption of Na Isosmotic
« 30 g of Na are secreted in | secretions/day.

* 5 - 8 g ingested/ day

* Intestines must absorb 25-35g (1/7 of all body Na) of Na/day

* Diarrhea - Na can be depleted to lethal levels within hours

« Na absorption is powered by active transport (ATP)

* Na is absorbed by epithelial cells (enterocytes) of SI.

* Na uptake creates negative electrical potential in gut lumen, that provides

gradient for Cl uptake.
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« Water follows Na and Cl by osmosis (through cell/tight junctions)

* Na is absorbed across apical cell membrane by several mechanisms -
1. Diffusion - through water-filled channels

2. Co-transport - with AA

3. Co-transport - with glucose

4. Co-transport - with chloride

5. Counter-transport - in exchange for H+

dolocal oSy (muddll 2o gl g e olocadl e selucy I slgall pal g0 poss gl
9 OLsSudl 63) posagall JLEBW § b dac LS %0 3l feces 20 gl Lo o ddle LSy
Ledan (558 (o -Cl 4215915 20 (el 3L Sty (San posssall &l pgade Ardia (eigsdl
tigh junction 25k se water ld>l G051 cdss Lo asy possgall gidae I d gall ! dslas
active &2sb (e interstitial fluid s> p 933301 J45 05 basolateral <! LsS>
9 MEQ/L 50 zwod 44l I3l 03545 Jdad I3 o sodium-potassium (Na+-K+) ATPase
oo dis e sl el (950l o Loyl solune i) 142 3555 chyme & (o
cell 4! lumen
co-transported < pgssgadl g Jaus JI g5l (4o

(1) the sodium-glucose co-transporter 1 (SGLT1)

(2) sodium-amino acid co-transporters
(3) the sodium-hydrogen exchanger.

When person dehydrated, large amounts of aldosterone secreted by adrenal

glands) » ) Increased activation of enzyme and transport mechanisms for all aspects
of Na absorption by intestinal epithelium) » » Increased Na absorption in turn causes
secondary increases in absorption of chloride ions, water

This effect of aldosterone is important in colon because it allows virtually no loss of
NaCl in feces +little water loss.

|
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- Cl absorption is rapid by diffusion

- Absorption of Na ions through epithelium creates electronegativity in chyme and
electropositivity in the paracellular spaces between the epithelial cells.

- Cl move along this electrical gradientto “follow” the sodium ions

-~ Chloride also absorbed across brush border of parts of ileum & LI by CI-HCO3
exchanger.

- Cl exits the cell on the basolateral membrane through chloride channels.

s 1im o ddsdl U515 deorgall diouid! @slae Bugs Na go ssal3dly Jazs -Gl &l §sb LS
Joldb Jazus jleum and large intestine « Lol e 4884l claad golall ciadl (8 yuS S
9od Ja i alyslsl dowose Olgid 8 oSy Basolateral e 4dsd! J5-1s. -HCO3 2o
interstitial fluid

Active absorption of HCO3

« Large quantities of HCO3 must be reabsorbed from
D & J because large

amounts of HCO3 secreted into D in both pancreatic
secretion & bhile

* HCO3 is absorbed in indirect way:

» When Na absorbed, amounts of H+ are secreted into
lumen in exchange for Na

* These H+ combine with HCO3 to form carbonic acid
(H2C03), which then dissociates to form H20 & C02
* H20 remains as part of chyme, CO2 is absorbed into
blood and expired through the lungs

S| &bl Jslai > bicarbonate (o &S ey bile o wlisSid! 1 Bynio Ll L
dadlowll o joddl pugei Ob (10 -HCO3 JI oial @25l p3d lalins « Sasdll (o (2ets
s +H (40 4S8 Na youiad b L ¢ Bydsleo sue dds ks @t -HCO3 JI yoloial ¢ I35l
pudiy 3 I 9 H2C03 (495 9 -HCO3 20 7045 z3 lumen Jo i o) ade 9 Na Jos-s Jildo
lung J! 325 e @y 9 Blood J! zos Jlo CO2 J 48Lodls o ( Chyme 20 zosx) H20 !

Secretion of HCO3 in lleum and Large Intestine

-Epithelial cells on villi of | & LI have capability of secreting HCO3 in exchange for
absorptionof Cl

- It provides alkaline HCO3 that neutralize acid products formed by bacteria in the large
intestin

|
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Large intestine
BNew epithelial cells secrete NaCl & H20 into

lumen - This secretion is reabsorbed by older
epithelial cells—absorbingdigestated nutrients

M Toxins of cholera and of some other types of
diarrheal bacteria can stimulate the secretion so

greatly —>secretion often becomes much greater
than can be reabsorbed

Cholera toxin - T cAMP - opening of Cl channels
- active Na pump - waterosmosis

ORx - NaCl solution

-Ca are actively absorbed into the blood especially from the duodenum - PTH,
vitaminD-controlled by daily need of the body

- Iron ions are also actively absorbed from the small intestine - controlled by body need
forHb

- Potassium, magnesium, phosphate can also be actively absorbed through the
intestinalmucosa

- Monovalent (Na,K,Cl) easily absorbed than Divalent (Ca)
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posud S jolocal e s palid 34>y parathyroid hormon J!

puadl d>l> e slazedl 3 o small intestine 25k e dolodal oy asll 4wl O
«intestinal mucosa §:5b e pgolossl e Slawgdl o pgrwcdal g pouwligd! (o SO
o ddny oSty ALl Oliowddl Lol 35S OliasSy o dgguny sl Olisddl dS 3> oS
LU Sloid! fpo dLIE LS 7 lisy muusd ! dllsasd! g dlds & Lass

SCIENTIFIC TEAM - (alall 52 54










Absorption of vitamins

* Most of the vitamins are absorbed in upper part of small intestine and vitamin B12 is
absorbed in ileum.

« Absorption of water-soluble vitamins is faster than fat soluble vitamins (A and D).
ol dbluy ISy 4. dipid soluble ;o (! Wgoloual 5 oss water soluble (5o 35l !

pudl Jo-1s lglas o J8lg8 zliow Lo g (2lall) pudbs

Absorption in Large Intestine

- About 1500 milliliters of chyme normally pass into the large intestine/day

- Most of water and electrolytes in this chyme are absorbed in the colon, usually leaving

less than 100 ml of fluid &1-5 mEq each of Na and Cl to be excreted in the feces

- Proximal half of the colon - absorbing colon

- Distal colon - storage colon

- Active absorption of Na—electrical potential gradient causes Cl absorption

- Tight junctions between the epithelial cells of large intestinal epithelium -

preventssignificant amounts of back diffusion ofions

- Aldosterone: absorb Na more completely

- Secretion of HCO3 - absorption of Cl

- Absorption of Na & Cl creates an osmotic gradient across large intestinal mucosa,

which in turn causes absorption of water.

- LI can absorb a max of 5 - 8 L of fluid & electrolytes /day

passgall yoladal lagasd (S| J-1s yuay W aslie 595y Large Intestine (LI) « o lowadl

tight junctions between the 4198 bulgy 3929 (& Mo LI & 8300 dods & s i<l o

Lo o %)+ olosal any) doloual @i 3sle ¢ ¢ 9oy ol ruas 23949 g epithelial cell

8345 Loy aldosterone 38195 s s 9 pauad] dudo luo 130 o (@255 33lo ¢ o
Absorption in Large Intestine

- Active absorption of Na—electrical potential gradient causes Cl absorption

- Tight junctions between the epithelial cells of large intestinal epithelium - prevents
significant amounts of back diffusion ofions

- Aldosterone: absorb Na more completely

- Secretion of HCO3 - absorption of Cl

- Absorption of Na & Cl creates an osmotic gradient across large intestinal mucosa,
which in turn causes absorption of water.

- LI can absorb a max of 5 - 8 L of fluid & electrolytes /day

i SU ol bl olodel udy JSin 9 youwosne 38 LI 6 ed Jobs &l s>
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Bacterial Action in the Colon 14 o dunoliall Slas ¥l ouie
* Colon bacilli are present normally in absorbing colon. t b S U e
« Capable of digesting small amounts of cellulose— providing a few calories
» Other substances formed as a result of bacterial activity:
gFolicacid ——=> LUioSoall oS lgrmal b yain
g Vitamin K (very imp: daily ingested amount of this vitamin is not sufficient to) maintain

adequate blood coagulatio
0 Vitamin B12 _é danall asuas J1 g intrinsic factor zliowy &l 5S35 53Y

1 Thiamine ooloandl ylad
g Riboflavin contributes in erythropoietic activity & blood clotting mechanism.
0 Gases: C02, H2 & methane (contribute to flatus in colon)

Dietary fiber/roughage

* Food particles escape digestion at stomach and SI

- Provides substrate for microflora of LI & T bacterial mass

- Some components of fiber are broken down by bacteria & absorbed and other are
excreted through feces.

 Components of dietary fiber :

gPartially degradable — Cellulose, hemicelluloses and pectin

gindigestible — D-glucans, lignin and gums
gOthers minerals, antioxidants and chemicals
« Sources :fruits, vegetables, cereals, bread & wheat grain

Significance of Dietary Fiber
* Delays emptying of stomach
duodenum [} ! gl &5 aiBg io o @od ddac 8 &l busall Ol yLisl cany 43
* Increases formation of bulk and soft feces —>eases defecation
Jaws! o 5251 dification S stool bulk 513 L JS
* Contains antioxidants and other useful substances.
Wde cody Lsass ol S 131
* Diet with high fiber content tends to be low in energy — reducing the
body weight.
- Treatment or prevention of constipation and bowel syndrome, diabetics, cancer, ulcer,
etc.

|
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منعرف أهميتها بتكوين النيوكليوتايد






مشان الامتصاص




Composition of the Feces

- 3/4th water

- 1/4th solid

@ 30% dead bacteria

@ 30% undigested fiber from the food, bile pigment and sloughed epithelial cells
@ 10-20% fat

@ 10-20% inorganicmatter

@ 2 -3% protein

- Colour due to stercobilin, urobilin (derivatives of bilirubin)

- Odor :products of bacterial action-odoriferous products include indole, skatole,
mercaptans and hydrogen sulfide.

Large intestine plays an important role in the absorption of various substances such
as:

1. Water

2. Electrolytes

3. Organic substances
4. Alcohol

5. Drugs like anesthetic agents, sedatives and steroids Absorption in Large Intestine

Sl Gl o jliss lgolossl dadall clasdl g o ow o ladal Basall &I LS Lol Lua

¢ pg 38 JI o« tigh junction pasic
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Extra Questions

The assimilation of fats includes

(1) micelle formation,

(2) secretion of chylomicrons,

(3) emulsification of fat,

(4) absorption of fat by enterocytes.

Which sequence best describes the correct temporal order of these events?
A)4,3,21

A 71-year-old man with upper abdominal pain and blood in the stool takes NSAIDs
for the pain and washes it down with whiskey. Pentagastrin administration produced
lower than predicted levels of gastric acid secretion. Secretion of which substance
is most likely to be diminished in this patient with gastritis?

A) Intrinsic factor

B) Ptyalin

C) Rennin

D) Saliva

E) Trypsin

A

sia st s ol e yiumy o din 1g3sannl o molg zaadl oIS dlll el o
correction zone _le pgaail 7y cllasl s> Jl> S o
S+894L
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