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22 major functionsmajor functions ––
digestion and absorption of fooddigestion and absorption of food

• digestion- dietary components are broken down 
to smaller molecules and 

• absorption of these digested constituents from the 
gut then occurs 

• Efficient gut motility is essential to bring about 
mixing and forward propulsion of the gut contents 
and processes leading to absorption are integrated 
by hormonal and neuronal mechanisms.



Carbohydrate digestion and absorptionCarbohydrate digestion and absorption

•• digestiondigestionstarts in the mouth with thesalivary αααααααα--
amylaseamylase((αααααααα--1,41,4--glukosidaseglukosidase))

• continues withpancreatic αααααααα--amylaseamylase, resulting in 
formation of oligosaccharides(especiallymaltosemaltose)

• these oligosaccharides are cleaved by αααααααα1,41,4--glukosidaseglukosidase
andand disaccharidasesdisaccharidases(lactase, maltase, isomaltase, 
sucrase, and trehalase)within the brush border of the 
enterocytes

• the resulting monosaccharidesmonosaccharides (glucose, 
galactose, and fructose)are then absorbedabsorbed



Protein digestion and absorptionProtein digestion and absorption

•• digestiondigestionstarts in the stomach with protein 
denaturation by HClHCl . HCl also activates gastric 
pepsinogen to proteolyticpepsin.pepsin.

• digestion is continued in the duodenum by proteases 
secreted from the pancreas. These are trypsintrypsin , , 
chymotrypsinchymotrypsin, , elastaseelastase, and , and carboxypeptidasecarboxypeptidasewhich 
are all secreted as inactive proenzymes. An enterokinase
from the brush border activates the trypsinogen to trypsin
which then activates the other proenzymes.

•• peptidases within the brush borderpeptidases within the brush bordercomplete the 
protein digestion and a combination of amino acids, amino acids, 
didi-- and and tripeptidestripeptides are absorbedabsorbed



Fat digestion and absorptionFat digestion and absorption

•• digestiondigestionbegins with emulsificationemulsification resulting from 
chewing and stomach motility (the bile stabilisesthis 
emulsion)

•• pancreatic lipasepancreatic lipasehydrolyses triglycerides to release 
free fatty acids and monoglycerides

•• pancreatic pancreatic phospholipasephospholipaseand esteraseand esterasehydrolyse
phospholipids and cholesterol esters, respectively

• products (cholesterol, monoglycerides, and free fatty 
acids), together with bile salts, form mixed micelles

• within enterocytes these are reformed into 
chylomicronschylomicrons andabsorbedabsorbed



LABORATORY INVESTIGATION OF LABORATORY INVESTIGATION OF 
DISORDERS OF GASTROINTESTINAL DISORDERS OF GASTROINTESTINAL 

FUNCTIONFUNCTION

• According to organs:stomach, pancreas, 
intestine

• According to nutritional components:
saccharides, proteins, lipids, vitamins



THE STOMACHTHE STOMACH

•• gastroscopygastroscopy

•• pHpH--METRYMETRY

•• pHpH electrodeelectrodeindwellingindwelling withinwithin thethe
stomachstomach

•• monitoring monitoring ofof pHpH changeschangesduringduring 24 h24 h



THE STOMACHTHE STOMACH

•• PentagastrinPentagastrin testtest ((formerlyformerly usedused))

• measurement of HCl in gastric fluid aspirated 
through a nasogastric tube before and after 
admission of pentagastrin(a synthetic analogue 
of gastrin; stimulates the gastric secretion)

• hypersecretion: gastrinoma (Zollinger-Ellison sy), 
duodenal ulcer

• hyposecretion: atrophic gastritis, gastric ulcer,
late gastric carcinoma



THE STOMACHTHE STOMACH

•• Serum Serum pepsinogenpepsinogen
• ↓: atrophic gastritis and late gastric carcinoma

• ↑: duodenal ulcer

•• Plasma Plasma gastringastrin
•• refref. . valuevalue 5 5 -- 115 115 ngng/l/l

• ↓: duodenal ulcer

• ↑: gastrinoma, atrophic gastritis and during 
therapy by H2- and proton pump blockers



THE STOMACHTHE STOMACH

•• Detection of Helicobacter pyloriDetection of Helicobacter pylori

• urease activity (HH22NN--COCO--NHNH22 →→ 2 NH2 NH33 + CO+ CO22))

• breath test with C* labeled urea

• microbiological testings in stomach mucosa 
biopsy

H2O



THE PANCREASTHE PANCREAS

• 2 indications:
• acute pancreatitis (necrosis of the cells)
• chronic pancreatitis (disorder of the 

secretory function → maldigestion →
malabsorption)



Acute pancreatitis

•• Serum amylaseSerum amylase
• physiological value AMS /S, P < 1.67µµµµkat/l
• increases5 and a number of times (100)
• maximal activity within 24 - 48 h, returns within 

72 hours
•• pancreatic pancreatic izoenzymeizoenzymeimproves the diagnostic 

specificity -0,2 0,2 -- 1 1 µµµµµµµµkatkat/l/l

•• activityactivity /U < 7,67 /U < 7,67 µµkatkat/l/l



Acute pancreatitis

•• Serum lipaseSerum lipase

• physiologically < 1 or 3 µµµµkat/l (according to methodology)

• less sensitive

• more specific (isn`t produced by the salivary glands)

•• Plasma Plasma trypsintrypsin

•• refref. . valuevalue /P /P ~~ 272 272 µµµµµµµµg/lg/l



Chronic pancreatitis

• direct tests of pancreatic function - analysis of fluid 
aspirated from the duodenum

•• secretinsecretin--cholecystokinincholecystokinin testtest
•• oror analysisanalysisofof stoolsstools
•• elastaseelastase

• indirect tests of pancreatic function - assessment is 
made without intubation

•• NBTNBT--PABA testPABA test
•• fluoresceinfluorescein--dilauratedilaurate testtest
•• breathbreath teststests



SecretinSecretin -- CCK testCCK test ((formerlyformerly usedused))

• secretin stimulates the pancreatic fluid secretion
• CCK = pancreozymin (PZ) increases the pancreatic 

enzymes secretion and stimulates the gall-bladder 
contraction

• assessment of total fluid volume and HCO3-

amount after secretin administration
• assessment of pancreatic enzymes activity after 

administration of CCK
• all measured parameters are decreased in chronic 

pancreatitis



NBTNBT--PABA testPABA test
• N-benzoyl-tyrosyl-p-aminobenzoic acidis 

administred with meal in order to stimulate the 
pancreatic secretion

• NBT-PABA is split by chymotrypsin to yield 
PABA which is absorbed and excreted in the 
urine

•• PABA / S > 25  PABA / S > 25  µµµµµµµµmolmol/l/l
•• PABA / U > 30% PABA / U > 30% ofof administeredadministered dosedose

FluoresceinFluorescein-- dilauratedilaurate testtest
• fluorescein-dilaurate is hydrolysed by the 

pancreatic cholesterolesteraseand fluorescein is 
absorbed and excreted in the urine



Other Other tests of pancreatic functiontests of pancreatic function
•• trypsintrypsin /S /S after meal stimulationafter meal stimulation ((↓↓))
•• chymotrypsin chymotrypsin / faeces / faeces ((↓↓))
•• elastaseelastase / / faecesfaeces((<<100 100 µµµµµµµµg/g, ELISA, g/g, ELISA, insteadinsteadofof

SCCKT)SCCKT)

BreathBreath teststests ofof pancreaticpancreatic functionfunction
•• givengiven substratesubstratecleavedcleavedby lipase, cholesterol esterase by lipase, cholesterol esterase oror

chymotrypsinchymotrypsin, , absorbedabsorbedandand metabolizedmetabolized→→ COCO22

•• substratessubstratesusedused: : triglyceridestriglycerides, cholesterol , cholesterol estersesters, acyl, acyl--TyrTyr --
PABAPABA

•• for for exampleexampleTrioleinTriolein testtest == MTG testMTG test ((mixedmixed triglyceridetriglyceride ))

•• measurementmeasurementofof COCO22
*  *  in in breathbreath



THE SMALL INTESTINETHE SMALL INTESTINE

• Tests for malabsorptionof
fats
carbohydrates 
vitamin B12



Fat malabsorption

•• FaecalFaecalfat excretionfat excretion
• replaced by:

•• TrioleinTriolein breath testbreath test = MTG test= MTG test
• labeled triolein (14C) is absorbed and 

metabolised, 14CO2 is measured in breath

•• Serum Serum ββββββββ--carotenecarotene
•• physiologicalphysiologicalvaluevalue =  0,7 =  0,7 -- 2,9 mg/l2,9 mg/l
•• severe severe malabsorptionmalabsorption < < 0,3 mg/l0,3 mg/l



Carbohydrate malabsorption

•• XyloseXyloseabsorption testabsorption test

• administration of xylose (25 g p. o., 25 g p. o., children 5 g)

• assessment of xylose /S after 2 hours > 300 mg/l
1 h children > 200 mg/l

• assessment of xylose amount in 5-hour urine collection

>> 20% 20% administeredadministered xylxyl ((bothboth adultsadults andand childrenchildren))



Carbohydrate malabsorption

•• DisaccharidaseDisaccharidasess deficiencies testsdeficiencies tests

•• enzymesenzymeswithinwithin thethe brushbrush borderborder ofof thethe enterocytesenterocytes::

•• lactaselactase: : laclac→→ galgal + + glcglc
•• saccharasesaccharase: : sacsac→→ glcglc + + frufru

•• maltase:maltase: malmal →→ glc + glcglc + glc
•• izomaltase: izomaltase: →→ glc + glcglc + glc
•• trehalasetrehalase: : tretre →→ glcglc + + glcglc



Carbohydrate malabsorption

•• DisaccharidaseDisaccharidasedeficiencies testsdeficiencies tests
• administration of the given disaccharide
• evaluation: a) measuring of the blood glucose 

response(↓)
• b) measuring of the faecal pH (↓)
• c) breath hydrogen test(its presence in expired air 

is a result of the bacterial fermentation of the 
unabsorbed sugar)

• assessment of activity of the relevant 
disaccharidase in biopsytissue may be helpful



Carbohydrate malabsorption

•• LactoseLactose loadload test performancetest performance

• measuring ofglc /Pglc /P
•• lactoselactose administrationadministration (50 g p. o., children older than 2 years 4 g/kg)

• measuring ofglcglc /P /P afterafter 30, 60, 90, 12030, 60, 90, 120́́
•• nextnext dayday administrationadministration ofof 25 gglcglc + + 25 ggalgal
• measuring ofglcglc /P /P afterafter 30, 60, 90, 12030, 60, 90, 120́́

•• in in healthyhealthy pacpac. . ↑↑ glcglc /P more /P more thanthan >> 1,1 1,1 mmolmmol/l/l

•• in in deficiencydeficiency lowerlower ↑↑ afterafter lactoselactose adminadmin..
normalnormal ↑↑ afterafter monosaccharidesmonosaccharidesadminadmin..
raterate ofof ↑↑ << 0,40,4

• false positive in DM and glc tolerance impairment



Protein malabsorption
• is not usually specifically investigated

• however there are tests of protein-losing 
enteropathy:

• i.v. administration of radio-labelled protein
((5151Cr, Cr, 5959Fe Fe oror 131131II labelledlabelledalbumin, albumin, dextrandextranoror
polyvinylpyrolidonpolyvinylpyrolidon))

• measurement of faecal radioactivity
• ↑ if loss of proteins from the gut is present



OtherOther test test of proteinof protein--losing losing enteropathyenteropathy isis::
IntestinalIntestinal clearanceclearanceofof αααααααα11--antitrypsinantitrypsin

•• 72 h 72 h collectioncollection ofof faecesfaeces((storagestorage--44°°C C oror --2020°°C)C)

•• assessmentassessmentofof AAT/ AAT/ faecesfaeces

•• everyevery dayday assessmentassessmentofof AAT /SAAT /S

•• clearanceclearance= = 

•• physiologicallyphysiologically << 35 ml/d35 ml/d

V V –– ØØ faecesfaeces volume, ml/dvolume, ml/d
F F –– ØØ AAT /AAT / faecesfaeces , mg/d, mg/d
S S –– ØØ AAT /S, mg/dAAT /S, mg/d

V . FV . F

SS



LAMALAMA --testtest

•• examinationexamination ofof intestinalintestinal permeabilitypermeability

•• administrationadministration ofof test test solutionsolutionwithwith
lalactulosectuloseandand mamannitolnnitol

•• 6 h 6 h collectioncollection ofof urineurine

•• assessmentassessmentofof lactuloselactuloseandand mannitolmannitol /U /U 



Vitamin B12 malabsorption

•• Schilling testSchilling test
•• examinedexaminedin:in:

•• ↓↓ BB1212 /S/S

•• suspicionsuspicionofof chronicchronic atroficatrofic gastritisgastritis (insufficient
production of intrinsic factor - IF)

•• suspicionsuspicionofof terminalterminal ileus ileus diseasedisease(where the
complex B12-IF is absorbed) 

•• perniciouspernicious anemiaanemia (result of↓ B12)



Schilling testSchilling test withwith radioradio--labelledlabelled BB1212

1.1. administrationadministration ofof
5757Co Co oror 5858Co Co 
labelledlabelled BB1212

2.2. measuring ofmeasuring of*B*B 1212

/U/U inin 24 24 hh

• with and without 
oral administration 
of intrinsic factor



Schilling testSchilling test without without radioradio--labelledlabelled BB1212

1. measuring ofBB1212 /S/S
2.2. p.o. 1 mg Bp.o. 1 mg B1212
3. measuring ofBB1212 /S /S afterafter 4 h4 h
4.4. idemidem withwith simultaneoussimultaneousadministrationadministration ofof 35 35 

mg IFmg IF

•• refref. . valuevalue BB1212 /S = 220 /S = 220 –– 1130 1130 ngng/l/l

•• atroficatrofic gastritis:gastritis: ↓↓
after IF admin. normalafter IF admin. normal

•• terminalterminal ileus ileus diseasedisease:: ↓↓
afterafter IF IF adminadmin. . ↓↓



BloodBlood in in stoolsstoolsteststests

•• gFOBTgFOBT ((guaiacguaiacbasedbasedfaecalfaecaloccultoccult bloodblood test)test)

•• screeningscreening
•• chemicalchemicaldemonstrationdemonstration ofof hemehemé́ s s peroxidaseperoxidaseactivityactivity ::

achromaticachromatic chromogene Hchromogene H22A + HA + H22OO2 2 →→ colorcolor chromogene A + 2 Hchromogene A + 2 H22OO

•• cutcut--offoff ofof positivity positivity = 5 mg 5 mg HbHb /g /g stoolsstools

•• needneedofof bloodlessbloodlessdiet 3 diet 3 daysdaysbeforebefore thethe test test performingperforming

•• bleedingbleedingmaymay bebe intermitentintermitent →→ examinationexamination duringduring 3 3 
daysdays



BloodBlood in in stoolsstoolsteststests

•• iFOBTiFOBT ((immunochemicalimmunochemicalFecalFecalOccultOccult BloodBlood
Test)Test)

•• immunochemicalimmunochemicaldemonstrationdemonstration ofof globinglobin

•• species species specificspecific→→ no no needneedofof thethe dietdiet

•• cutcut--offoff ofof positivity < 0,1 mg positivity < 0,1 mg HbHb /g /g stoolsstools


