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Emergent properties
Many levels of biology

Anatomy of organisms

Chemical molecules in cells

INnteraction between levels

New properties at every level

Physiology and molecular biology
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What Is digestion?

o _6v016): &IFIHOTL (HH6M, LTS, OlSmpLUL Food: carbohydrates, proteins, fat

o> L 601601 6UOTITESHSHGHHG: RMEDDEFH DN (HES6T For development of body: monosaccharides,

O GeoTmeudleLmISH6T, Gl MDD aminoacids, lipids
6115 &e0l60T 6THSITONLLILIGS) Mechanical part of digestion:
CaMHISSM, UTEMLDSHSTU -> GILITHELD 6V S Fn M) & 61T Chicken, banana -> macromolecules
CauslliLi@3): Chemical part:

CUBHELPEV S En MISH6T -> FIMIELPEVE Sor ) S 61T Macromolecules -> small molecules
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Human digestive system

Oral cavity

Mouth

Submaxillary and
sublingual glands

Liver

Gall bladder

Duodenum

Transverse colon

Ascending colon

[leum

Caecum
\

ermiform appendix

Parotid gland

Pharynx

Oesophagus

Stomach

Pancreas

Jejunum

Descending colon

Sigmoid Colon

Rectum
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Human dentition

SWILILIEY Thecodont
. Q[ LPEMEITULILIE Diphyodont
&m?:u:juuw GeupmLLIeLaUlen S Heterodont
G EuL_(BLILDHET Incisors
O&MEMTLILIM S 61T Canine
(LD 60T60T6MIT 60 GULILIM S 61T Premolar
S| 6MIJ60)CULILIM S 61T Molar
bleu G (1p =i: 2l | CPM
2123

&Lq 60T QI60TIMLD6Y Hard enamel
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longue
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muscular
Attached to the floor of oral cavity

by frenulum

Papillae on upper surface

aste buds
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Pharynx

Nasal Cavity
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Stomach
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gastro-oesophageal sphincter
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oyloric sphincter
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[ntestines

Small intestine
Duodenum: C-shaped
Jejunum: long and coiled
leum:
Large intestine
Caecum
symbiotic micro-organisms
appendix; vestigial
@le]le]g
ascending, descending, transverse, sigmoid

Rectum
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selemy  Oesophagus to rectum

Serosa

Muscularis: smooth muscle

circular inner layer

longitudinal outer layer

Submucosa

nerves blood vessels,

lymph vessels
duodenum

Mucoso

villi in intestine

Thin mesothelium, connective tissue

rugae in the stomach

Gut



c'.ﬂ@_l © 601607 6 D60) 6V F F6) I Mucosa of small intestine

misoorellTelE6rT; HflemasGsrmmn  Microvilli; brush appearance

518 P BH6TOUTEDT LITLILIETEY Enormous surface areo

[RI600T(GHLD6V 6U6TI6VUILD Capillary network

LT @&LD6V: Hl650T 5T L6V Lacteal: lymph vessel
&) 60076001611 600)| b & 61T Goblet cells b

AULDEDIED, 2 _ULIGY] mucus, lubrication 3 28 1
QlemTLeUF ST S 6T ClekigleXe]lelple k‘
Fmi&L65l6v In intestine ,'-:

Q)T Fo 6011607 DEDMUIEDMSH6TT crypts of Lieberkuhn




aL; |ﬂ Q @ﬂ)&r Ji LISl & 61T Digestive glands

aﬁ@g’g;rraml_é&rrjud]

S

o INpHIFSTLULNS6T Salivary glands o ODETBITHGST  B15mHESTIL
HNG (H S SFTLULINSH6M Parotid glands
SPSFHMOLFSTLILND 61 Submandibular glands
BIoU FFTLLNSH6T Sublingual glands
&HEV60IT6V Liver
DUGIURW Fruly; 1.2-1.5 &) Largest gland; 1.2-1.5 kg [BiT6Ul & &1y L

QImHLLV&6T, WIsLIL FminLsudem  Two lobes, numerous lobules

SlerFevtleor GlLINMSl6|6emMm Glisson’s capsule 0L

& 67 600T LLILD Pancreas ApGEpan
ClungILSISSHIeTD —

LM&FFTLIL]: &H6m6uoTWIHI Exocrine: pancreatic juice

W dnGSLe —

SFHF&TUL: Qlens6dlent, @endassamer Endocrine: insulin, glucagon
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OlF |ﬂ Q @6\) Ay 55@ \:@ Digestion: oral cavity

THSITIWLILIGS) Mechanical part

LUM&S6T A6DISHESI60TMT; BTG 2 &6 Sl 6Tm &) Teeth grind with the help of tongue

o OB 2 WeINS G SImG) Saliva lubricates

SEU6TIWID; 6l(DMI&6V Bolus; deglutition (swallowing)

2 _600716)B(GHLP6VI6L 616061 LIS (M) P Ml & 61T Peristalsis in oesophagus
CauslliLi@s) Chemical part

Na™,K",Cl",HCO3 Na™,K",Cl",HCO3

SNF6LHS, LG 6,5 amylase, lysozyme

SIFID Qng%éwg) DT Eeuns starch amy\ase) maltose

ST 0.8 oH 6.8

&6 &) LML Le lwGleugyLiL Lysozyme: antibacterial




OlF |ﬂ Q @6\) @ 60)[] LI6D)L Digestion: stomach

THSITOIULILIGS): HEDL_FH6D, HLSHH6V, M&LD Mechanical part: churning, mixing, chyme
ILPED VT F UV 616 QlemTLIEHLIE S TLILISH 6160 Gastric glands in mucosa

(1) ULDEMELE B (DS S TN S FH6T: 6ULDEN6EV (1) Mucus neck cells; mucus

(2) O&fluuenIES6T: QlemTw SSHWTS S (2) Peptic cells: pepsinogen

(3) &r6uTenD)IH &6 (3) Parietal cells:

HCIl @1 9¢m6ul L 10165112 & Mer L SHMTT60071H 60 HCI vitamin B12 intrinsic factors
QImTUL S SHWMSH D) H—Cf QImTUL &S nepsinogen H—Cf pepPsin
. Qeory,sdl . ~ pepsin
LIJSLD > LIT©sngr, LyGsmeo orotein > Droteose, peptone

AULDEDIEV: EULDEDEVF F6UEDIE 2 _UIEUTE G 6V Mucus: lubricates mucosa




OlF |ﬂ Q @6\) QDDGGT c'ﬂ@_l © L6V Digestion: duodenum

N5817: N9858BInWIS6T, GSHa|LILE6T, L1555 aI7T6, Bile: bile pigments, bile salts, cholestrol,
LIM&r LGOI BMDLOLD ohospholipids
Ol&MWULSm6T WIFLMHE SH6VMISINSEGS DS Emulsifies fats
Olamuwepsslemw olgwar (HEma) Activates lipases
& 60) 6507 Wb 1§16V Pancreatic juice
Woley SEWNSH S|, m&Wpmlel SSWns g, Trypsinogen, chymotrypsinogen,
S1§10M% &S SLLTN S UL, B SWMTSH S ST, orocarboxypepsidases,
SNE6 &I &H6T, ClBMIDDEP SIS 6TT, 16016, & & 61T amylases, lipases, nucleases
Fmi@Levbifley &L e0lWEHSH6 &S Intestinal secretion: enterokinase
WPpoley &Sl @L@ﬂwéﬁ%éwgl ol &8 trypsinogen enterokinase) trypsin
_ (POl &e

DM 261 & Bl ULIMTSH S| 61T > 261 & B B 61T trypsin activates other enzymes
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Digestion: decomposition in duodenum
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Digestion: completion of decomposition

Q)LD S\, & Fl b 61T
QLTS H 6T oo > O CeTToULOI6L Ml & 61T

IO .
T @eunar > 2 GEHEHCHnar

LImT@evng, Sl | .
LIm©6uar > @EHPCEHMG + LmevL_GL_M&y

. QleotlILGUNg; & ) , ,
QletlLIGunsy > GEHHCHMa + gL GLns

: .2 L aMmmeU(hIHDbBeT .2 LaMmmIFHIbEHeT : -
O L& (HEM6EUHES6NT > 2 | HIHeOTF(H&B6T > FHDHMTDH6T, BT MBI

S _ O1BMWLEPBHEIH6T . o .
QlmleTFmTHH6T, 6menmSHHleTFemT([HH6T > Ol&MULIILMISET +  Slellgrmey




6lF 115 560: OlLI[HMIGL6V
Digestion: colon

CUBEPEL S Fn MIFHEMET 2_6DL_FG6V: (peaiFImiGLedled  Breakdown of macromolecules in duodenum
QL FFIMIGL 6L, NOTFIMIGL6L: 2 L SH6UTSH6V Absorption in jejunum and ileum

SLLEMMLFSHHSIF 6N CLmHRIGLLaMUGEG 10 caecum via ileocaecal valve

[D6VLD Feces
ClLMmMIGL60l6L 2_L_Heurel Absorption in colon
b1, SETDMIGH6T, Fl6L LD [HHSHILIOILIMHETSH6N Water, minerals, certain drugs
EULDEM6L &HLPI6YSHEDET 6260TMICEF TS G6V Mucus gathers waste

[D6VIRIB LIS FH6VM6L GleueTTGWwmIim G Exits by defaecation
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Control and regulation of gastrointestinal tract

2 _(OOTEMEU HITE00TLIS

QlemyUmUUe

D &lm

1D GLTULIG

GL-60l6

D uTuleSI(beugId 2 OIPHEDT SISHe

55015 WESIMG).

Sight, smell, taste of food stimulates secretion of saliva.
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Neural signals simulate gastric and intestinal secretions.

SHEOFUWEOIFWELSEEM6T S|(HbIL BFDLIEHLILID MW [BFIDLHOLILID WL (hI)Id Sl 60Tmeot.

Local and central neural systems moderate muscular actions

01818 SHETMISETET FTLIEML 6ULDEDEVTF & 616 & 61T60T SHBFTFTLLIG6T &L (HLILI[HSSHI&S60Tmeor.

Hormones of the mucosa control the secretion of digestive juices
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Absorption and assimilation

Qv FFnI@L 60l Lerdmi@L 606D In jejunum and ileum
AULDEMELEF F LA 6TTOULDI (S)(H S GLD MI6T0T I (T b (& LD via mucosa to blood and lymph
eFMeyFamieowmed allyeied: CL™ diffusion due to concentration gradient: CI~
SUSIUILTSMIGBETTED 6T61T6mDWNS S 606160 Facilitated diffusion by carrier proteins

SEHHEHMG, DIE6TTEUDIVMIS 6T Glucose, amino acids

F6U6) (h&TUWEDLOWTEV [H1] Water by osmotic gradient
WOSTLLSSL S&60: Na™ Active transport: Na™
Olampuiudlevd, SleM&Tmed: OI&6V 65860 [HI600TLD 6T Fatty acid, glycerol: micelle, chylomicron

Lwet(b QLG Sl60 JladEeeT LiSWng e Becoming a part of tissue where utilizeo
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GLVWMmE: BrLmULW WGe0lwemel 6L (H6ooT6s0T| b6l

IDEHFL_SHMIDTEDEV: H6V60T6OI60T LIMGILIL

AUMBI, GHLL 6V: (IDGS6TSHSHI60 QUMHSI6MIDWID

WIDMILEUTS G: g SHBlg HILD LDELMIBLHISHS6V

D6V FlBHBH6V: LDEVMRIBLOIG 6V 62(LDMKIGL 60T BEnL bILIMNS G

OlFIILLEGH[H: FTLLISGEmM, LOl6D600TU] 600165076V

> 6uoTeLL L H@&G6mM: LIEHFLD, SATFIWMOI&STBS6NIL

PIA&DOD, GUTFIWSESTT (UTSHHEG6mm L (HID)

Disorders of digestive system

Inflomation: parasites like tapeworm
Jaundice: liver is affected

Vomiting, nausea: vomit center in medulla
Diarrhoea: frequent liquid defaecation
Constipation: lack of regular defaecation
Indigestion: low secretion, overeating
Malnutrition: famine, political turmoil

Marasmus, Kwashiorkar (protein deficient)



&@&&M@U Summary

61&F71FSH6L6MIDLIL: 260016 L ILITED S, FrTLILNGE6MT Digestive system: alimentary canal, glands
UMW (LI6D, &), QMTLIENLI, FHL60H6T Mouth (teeth, tongue), stomach, intestines
GL6VS ST ULDEDEVE F6U6Y; [HI600T61I 76015 61T Mucosa of gut; microvilli

o OB, LNSSHIT, HEMETOTWHT: (LP6oT@HL 6916V Saliva, bile, pancreatic juice: in duodenum
261 & FHWLIMS S| B ETHLD 261 H B FHEHD O1FWEVITL Lg S (ETHLD Precursors, enzymes, activators

LTS -> UgGansr -> LgpGament -> dl@eotmeudlevin Protein -> proteose -> peptone -> amino acid
SIFD -> LVFSHMT([H -> MeNMHFFHHM]T(h Starch -> polysaccharide -> monosaccharide

OamwUL -> QmaleaTlgmn® -> enemnaslailgamylh  Fat -> Diglyceride -> monoglyceride

> | &6IfG60: alFeusy, FoLILIULTSLD Absorption: diffusion, carrier protein

SEOTEUWLLDTGH6D: SlFrHH6N6D Fo L L SHLDTGH 6V Assimilation: incorporating into tissues

MBS, uIDMILIGCLNS G, LLFSFISESH6D, 201l L SGemm  Vomiting, diarrhoea, constipation, malnutrition




