Diagrams & Flowcharts -- GIT —Renal System 25/01/2024

Instructions:

1. Write the diagrams/flow charts neatly with proper Labeling in 100page unruled
notebook

2. Submit your assignment to the respective Table Teacher on time

3. Clarify your doubts with teacher concerned.

4. Submit the assignment by 16" February 2024

1. Summary of process of Digestive system
Four processes of the digestive system

L Lumen of digestive tract—=k— Wall—| Interstitial | Blood"
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3 t Secretion I Secretion | ais into lumen or ECF
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Chemical and mechanical
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2. The layers of the alimentary canal
Serosa
Longitudinal muscle
Myenteric
Auerbach's} He

Circular muscle

Submucous
muscle (usually
longitudinal)

Submucous
Meissner's plexus

Submucosa Gut epithelium
Mucosa { with subepithelial
connective tissue
Mesentery
(arteries, veins,
nerves, lymphatics)



3. Organization of Enteric Nervous system

Schematic drawing of the major types of neural reflexes controlling gut activity

Summary of the regulatory mechanisms influencing gastrointestinal function.

Local Stimulus in Digestive Tract

|
Receptors in Digestive Tract
* Chemoreceptors
* Osmoreceptors
* Mechanareceptors

— T~

Intrinsic Nerve Plexuses Extrinsic Autonomic Nerves Gastrointestinal Hormones

T |

Alterations in Activity of
Digestive System Effector Cells

* Motility of smooth muscle

* Secretion from exocrine
glands (digestive juices)

* Secretion from endocrine glands
(gastrointestinal and pancreatic
hormones)




4. Salivation

Modification and composition of Saliva

salivary centre
{In medulla oblongata)

Ach

=

Increased secretion
of salvia

Control of salivation. Two reflexes, the simple reflex
and the conditioned (acquired) reflex, increase salivation above
the baseline level of around 0.5 mL/min.

Regulation of Salivary Flow

Increase Salivary Flow

* Parasympathetics (CN Vil
& IX), ACh, VIP

¢ CNS (in cephalc,
“sensory” phase)

* Nausea

* Esophageal distension

o Chewy, flavorful foods

¢ Dry, acidic foods

* Meats, swests, and bitter
foods

Reduce Salivary Flow

* Sympathetics, NE

* Hormones (ADH, aldosterone)
conserve water and salt when
volume depleted

ACh, acetyicholine; ADH, antidiuretic hormone; ANS, autonomic
nervous systoem; CN, cranial nerve; CNS, cantral nervous system;
NE, norepinephring; VIP, vasoactive intestinal peptide.



5. Swallowing reflex/ deglutition reflex

Swallowing receptor areas of pharynx

(espontonsillarpilarsy | T T Receptors
Sensory portions of frigeminal and
glossopharyngealnerves | T T T T oo Afferonts
3
Doglutiton of swallowingcentre) —
in the medulla and lower pons

I

Weorinpils
- !
Deglutition apnoca 5th, 0th, 11th, 12th cranial norves | - - - - - - - Efferents

h 4
Saries of automatic pharyngeal

N Effoct
muscular contractions i
| response
1. Soft palate closes nasal cavilies
2. Food passes to oesophagus
E";Z:;r:c?z 3, Vocal cords come closer — larynx closed

4, Larynx pulled upward and forward
5. Pharyngo-oesophageal sphincter relaxed

Rapid peristaltic wave:

Mechanism of swallowing Stages of Degluition
Nasopharyn/
/ 1. Buccal/ Oral Phase - voluntary
Food bok // - 2. Pharyngeal Phase — reflex mechanism

.k\ = Oral cavty 3. Esophageal phase - involuntary
Pharynx 4_0 / =0
A Swallowing Reflex arc:
' Vocal cords - Stimulus: bolus in the oropharvnx.
- Receptors: touch & pressure receptors of fauces, tonsils, posterior pharvngeal
Oesophagus E e wall soft palate.
/ 1. Oral phase - Afferents: V, [X, X cranial nerves.
o 2. Pharyngeal phase - Centre: Nucleus Tractus Solitarious (NTS)
[ | | 3Oesophagealsht _Efferents: V. VIL IX, X, XII cranial nerves.

=+ Normal passage of food - Effector organs: muscles of soft palate, pharynx, neck muscles & esophagus.



6. Stomach

Mechanism of secretion of HCL

Functional regions of the stomach

Blood ISF Parietal cell

@ Active transport using ATP pump
@ Carbonic anhydrase
O Cotransporter (antiport/anion exchanger)

Regulation of Gastric secretion
I

W W W
CEPHALIC PHASE GASTRIC PHASE INTESTINAL PHASE
(NEURONAL) (NEURONAL & (HORMONAL)
HORMONAL)
Conditioned reflex
UnConditioned reflex

Regulation of each Phase of Gastric secretion

B = e
_’Vl‘lﬁ

gastric distension of stomach, —_— — —= ACh
acds and i reflexes nerves
de& vagal /
%em:akoabohd — ey pasictal and chief cells ——- secretion

(products of protein ——# intestinal —— gastrin ——» parietal and chief cells —»  secretion
digestion) G cells
all phases | gastrin, ACh - enterochromaffin-ike ——= histamine —= parietal cells —~ acid secretion

cell




Factors affecting gastric emptying

Factor
Stomach content Duodenal chyme
Energy content Carbohydrates empty quickest Fats
Proteins empty slower
Fats empty slowest
Bulk Solid and coarse foods Distension (duodenum)
Osmolality Isosmolar High osmolality
Tin variation from isosmolar
values further | emptying
Temperature Body temperature
Cold or hot substances
pH <35
Site &Mechanism of action of drugs used for peptic ulcer
proton-pump inhibitors |
lansoprazole
(antaads ) | pantoprazole
. - : Mg (OH);
Control of gastric motility & secretion i
m Parietal cell =) T
rc:s:'(‘):.:: — . @ Gastrin-releasing cell
ol H* A
Sipation) N
A )
== fundic «— Gast i
ric secretory
prostaglandin E
phase agonists = ) | [y
misoprostol l o=z /\ ———— gastric
parietal
/ cell
G camp ap G

~ Peptides

Gastrin

Intestinal
—t- Fat
_ GIP phase n
— VP
- Py &/ @
“— Somatostatin ACh @T Histamine
(MM,  Gastrin ( gastrin receptor (H,- ] ( mamk-recepw]
receptors) antagonist antagonists antagonists
progiumide cimetidine atropine
_ (expermental ranitidine
ACh, acetyicholine: CCK, cholecystokinin; GIP, gastric inhibitory polypeptide; tool only) famotidine
M/M,, muscarinic receptors; PYY, peptide YY; VIP, vasoactive intestinal polypeptide.




7. Enterohepatic circulation

Pathway of bile in and outside the liver (Enterohepatic cycling)

carries 909% bile back to liver
(enterohepatic cyding)

Systemic circulation s {Jrinary excretion negligible

Synthesis 0.2 to 0.4 g/day

Biliary secretion = Pool X cycles

Pancreas Portal venous 12-36 g/day 36 X 6-8
blood (90-95%)
Jejunum
Terminal ileum

Faecal excreno 5-10% of the pool

or (0.2 0 0.4 g/day)

8. Flowchart of Digestion and Absorption of Foodstuffs

Foodstuff

Starch and disaccharides
Digestion of

Enzyme(s) and source Site of action

=

(Salivary amylase e (Mouth )

carbohydrates

Oligosaccharides™
and disaccharides

Lactose Maltose Sucrose

I Py

Galactose Glucose Fructose

{Pancreatic amylase J’_’J Small intestine

Brush border enzymes ]
in small intestine

(dextrinase,

glucoamylase,

lactase, maltase,
and sucrase)

Absorption of The monosaccharides glucose, galactose, and fructose
carbohydrates [ail:l the capillary blood in the villi and are transported to
the liver via the hepatic portal vein.

Foodstuff

Enzyme(s) and source Site of action

- - Protein
Digestion

of proteins

cl-

Large polypeptides

Pepsin (stomach glands) |

in the presence of HCI
v

Small polypeptides

Small intestine

‘Pancreatic enzymes ]

(trypsin, chymotrypsin, .
carboxypeptidase) : *QJ

Amino acids
(some dipeptides
and tripeptides)

L

Small intestine

‘Brush border enzymes ]

(aminopeptidase,

carboxypeptidase,
and dipeptidase)

4

CACELTLTLT N Amino acids enter the capillary blood in the villi and are
L TG transported to the liver via the hepatic portal vein.




Foodstuff

Unemulsified fats

Enzyme(s) and source

Emulsified by the
detergent action

Site of action

' Small intestine

of bile salts from the liver

Glycerol and
fatty acids

Monoglycerides
and fatty acids

Pancreatic lipase

sg_’d’/ Small intestine

Fatty acids and monoglycerides enter the lacteals of the wvilli
and are transported to the systemic circulation via the lymph
in the thoracic duct. (Glycerol and shori-chain fatty acids are
absorbed into the capillary blood in the villi and transported to
the liver via the hepatic portal vein.)

Boush boedor Basolaternl membrane
/ e \ 3Ny
-
Goucone
Galackose
x F
Chucose
Camrove
Fruckone
Fruciose

Molecular mechanisms g
intestinal mucosa.

ing the absorption of

9. Fluid balance in GIT

rbohydrates by the

Lumen
of intestine
Blood
Na*
Amino = Amino acikd
ws Basolateral
transport
protein
Na T
Dipeptides and :tun:;o
tripaptides

g Epithelial coll

é of small intestine

Mechanism of absorption of amno acds,
dipeptides and tnpeptides by intestinal epithekal celis

Overall fluid balance in Human GI Tract

Ingested
| | ‘ ’ water
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_——
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M ExCrEON 200mU/day



10. Gastro intestinal hormones

Cholecystokinin (CCK) | Small intestine Stimulates contraction of gall bladder (with release of bile) and
facilitates the release of pancreatic enzymes

Gastric inhibitory peptide (GIP) K Small intestine Inhibits secretion of gastric HCI

Gastrin G Pylorus and duodenum Stimulates gastric secretion of HCl and pepsinogen

Glicentin GL Stomach through colon Stimulates hepatic glycogenolysis

Glucagon A Stomach and duodenum  Stimulates hepatic glycogenolysis

Motilin Mo Small intestine Increases gut motility

Neurotensin N Small intestine Inhibits gut motility; stimulates blood flow to the ileum

Secretin S Small intestine Stimulates bicarbonate secretion by the pancreas and biliary tract

Serotonin and substance P EC Stomach through colon Increase gut motility

Somatostatin D Pylorus and duodenum Inhibits nearby DNES cells

Vasoactive intestinal peptide (VIP) VIP Stomach through colon Increases gut motility; stimulates intestinal ion and water secretion

HCl, hydrochloric acid.

11. Small Intestinal Motility

Motility of small intestine
|

Y v Y
During Inter digestive period During digestive period Motility reflex
(related with meals)

'

Gastroileal reflex

MM Peristaltic reflex
Intestine intestinal reflex
\J v v
Mixing movements Propulsive movements Movements of villi
Segmentation  Pendular Peristaltic Peristaltic

contractions movements contractions rush

Summary of motility of small intestine.
Mechanism of peristalsis (Law of intestine)

Segmentation contraction




Villi movements

12. Defecation Reflex

Faecal matter in the rectum
v
Stretch of rectum

v

Pelvic afferents are stimulated

i

Impulses are relayed to the rectum, colon,
and internal sphincters via spinalcord

.

Contraction of rectum and colon and
relaxation of the internal sphincter

.

Fecal matter passes into the anal canal

v

Impulses from anal canal reach the sacral centre

.

Pudendal nerve inhibited

N

External sphincter relaxes

Expulsion of faecal matter

Pendular movements

Defecation Reflex Pathway

» Stimulus — distension of rectum

* Afferent — parasympathetic

* Center—S2, 53, 54

* Efferent — Sympathetic — inferior hypogastric plexus
- Parasympathetic — nerve of erigenti (52,53,54)
—Spinal — Pudendal nerve (52,53,54)

* Result— Voiding of feces



RENAL SYSTEM

1. Juxta glomerular Apparatus

2. Glomerular- capillary membrane

Microscopic organization of the glomerular capilfary membrane.
capillary Bowman's

Glomerulo capill membrane
— r"\ prary

Foot process
of podocyte
e i D Filtration slit
endothelium _
N slit diaphragm
Capillary ——
lumen
Filtered
material
Glycocalyx . ’
Lumen of
Glomerular ' Bowman's
m m‘:".mh basement cmu'e

¥ membrane
or



3. Functions of Nephron

Overall flow and transport in the Kidney

1. Filtration
i Glomerula
Glomerular g geabs;prptuon merular
capillaries . Secretion :
P 4. Excretion RPF = 600 mL/min
Renal corpuscle (100%)
Bowman's
capsule GFR = 120 mlU/min
(20%)
Peritubular capillaries and
capillaries Jistal
Renal tubule -< - '
Renal 1
vein Excretion General
\ arculation
RFP = Renal plasma flow
Uri i GFR = Glomerular filtration rate
rinary excretion
4. Autoregulation
1500 —
RBF
£
== 1000 —
E
il
o
=
I;é 500 —
GFR 7
/-I"f . 1 . .
o 80 160

Renal arterial pressure (mmHg)

5. Glomerular Filtration (GFR)

Forces Involved in Glomerular Filtration

Force Effect Magnitude (mm Hg)
Glomerular Favors filtration C
Afferent Efferent Capillary Blood
arteriole Glomerular  Glomerular arteriole Pressure

hydrostatic colloid osmotic
pressure pressure
(60 mm Hg) (32 mm Hg)

Plasma-Colloid
Osmotic Pressure

Opposes filtration |

}

Bowman's Bowman's Capsule | Opposes filtration
capsule Hydrostatic
pressure Pressure
(18 mm Hg)
Net Filtration Pres- | Favors filtration
sure (Difference
Net filtration Glomerulgr Bowman's Glom{_arular between Force Fa-
pressure _ hydrostatic _  capsule _oncotic voring Filtration
{10 mm Hg) pressure pressure pressure and Forces Oppos-
(60 mm Hg) (18 mm Hg) (32 mm Hg) ing Filtration) 55 - (30 + 15) = 10

or



Effects of afferent and efferent arteriolar
constriction and dilatation on REF & GFR

A. Normal Glomerulus

Afferent Efferent

y

B. Afferent constricted, efferent normal
} Porom

Afferent Efferent

i?

. Afferent normal, efferent constricted
} PoLom

Afferent Efferent

;

D. Afferent normal, efferent dilated
} Parom

Afferent Efferent

:

E. Afferent dilated, efferent normal
} Parom

Afferent Efferent

|

| ceR) Rer

t e} Rer

;cmf REF

tarrt Rer

The Filtration Fraction = GFR/RPF

Only 20% of the plasma that
passes through the glomerulus

is filtered. Less than 1% of
filtered fluid is eventually

excreted.

Efferent arteriole

arteriole = 100%.

Useful Equations in Renal Physiology

* Excretion = Filtration — Reabsorption + Secretion

* Filtration rate of X = [X],z;ma % GFR

* Excretion rate of X = urine flow % [X]umne

excretion rate of X (mg/min)

* Clearance of X =

[Xlpizsma (mg/mL plasma)

(UV/P)

* When [X]yasme = renal threshold for X, then reabsorption of

X = transport maximum for X.

Tubuloglomerular feedback helps GFR autoregulation

¢ GFR increases.

h 4

¢ Flow through tubule increases.

v

¢ Flow past macula densa increases.

b

Paracrine signal from macula
densa to afferent arteriole

v

¢ Afferent arteriole constricts.

v

Resistance in afferant
arteriole increases.

v

Hydrostatic pressure
in glomerulus decreases.

v

GFR decreases.

returns to systemic

>99% of plasma
entering kidney
circulation.




6. Summary of filtration, reabsorption and secretion in the Nephron and collecting duct

7. Mechanism of reasorption and secretion in renal tubules

FILTRATION
i
Lumen

Bu.‘_ _:::“‘“‘"

Passive
(diffusion) S
Osmosis € H,O
EXCRETION




Tubulpr
Tume:

Epithelial cells of PCT

Distal Tubule Transport

8. Renal Splay

Glucose transport (mg/min)
4 N @ A O O N ®
o 8 8 8 8 8 8 8 8

. Peritubular Capillary

Thick ascending limb
Renal Tubular
interstital Tubutar lumen
fluid celis (+8 mV)
aracelular Na*, K*
— L= Mg**, Ca*
¥l —
o -
. —————— ] K o
- 2Cr
'l' ‘\‘ Kt
I" “\

- ——————— ——————————]—

Collecting Duct Transport

Filtered

4

Vs Excreted

Reabsorbed

Tc=375 mg/min

T T T T

T T T

100 200 300 400 500 600 700 800
Plasma glucose (mg%)



9. Counter current Mechanism

Loop of Heale 30
\\
\ S i0
a\ra . Cortex | &
0O —

00
i;:o ) T * [aner
BO (| | ot dome "

Qe gr - .
counter curren counter current counter current
multiplier exchanger system

132

Juxta medullary

High permeability to Impermeability to nephrons-high

water in thin water and active permeability to

descending limb transport of solutes solutes in thin

of loop of Henle out of thick limb of ascending limb of
loop of Henle loop of Henle

S~y /

In descending limb- as fluid moves ahead, new
isosmotic fluid occupies that space and forces
the fluid toward tip of loop

Active transport of Na* Diffusion of urea

from inner medullary from collecting duct
collecting duct

Increased osmotic gradient in medullary interstitium

Multiplication effect in loop of Henle.



10. Sites of diuretic action

1 proximal tubule 3 distal tubule
* osmotic dlurests ¢ K*-sparing diuretic
(e.g. mannitol) (e.g. amiloride)

« carbonic anhydrase inhibitor ¢ thiazides
(e.g. acetazolamide)

2 ascending loop of Henle 4 collecting

* loop diuretics ¢ K*-sparing diuretics
(e.g. furosemide) (e.g. spironolactone)

11. Role of kidney in Acid base balance

pH balance in the body

Fatty acids 5k CO, (+ H,0) . .
Ao ke Heinput | ic acio, Ketoacids Overall summary for excretion acid & base
'f To excrete base
% $ _
E 1, Freely fiter HCO,
2. Reabsorb the majority
7.38 _7:;' of filtered Hma_
3. Reabsorb some
Buffers: addifional HCO,™
* HCOj" in extracellutar fluid .
« Proteins, hemoglobin, phosphates in cells 4, Secrete some HCO,
’ i et 5. Excrete alkaline uring
$ containing HCO4™

b S

CO, (+ H,0) H+ output H*

To excrete acld

1. Frealy filter HCO,~

2. Reabsorb the majority
of filterad HCO,~

3. Reabsorb soma
addttional HCO,™

4, Secrete H* (titrate

fittered bases) and
secrete NH,*

5. Excrete acidic urine
containing NH,*



Reabsorption of
HCO3

-PCT
-THICK ASCENDING

LOH,
-EARLY PART OF DCT

Excretion of Excess H+
ions & generation of new
bicarbonate by the
ammonia buffer system

Renal Tubustar Fienal Tubwar

interstitial Tubular calls lumen intersbtia Tubular cells lumen
i Na'+ HEO, : : it
J Secretionof H+ ion
Na' IIW inthe intercalated - . >
s Rong+H \ cells of late DCT & < HCO; +H —@—>u
A H,C0, CcD A
H,C0,
: Carbonic
Carbonic
anhydrase Ko anhydrase
------- > "0 +
co, £ Y eeeeee i
B N COy =mmmmmnnnns €0, + K0 R 60
Renal Tubular
Renal Tubular Interstibal Tubular cells umen
: Proximal
interstitial Jumen fuid Na'+ NaHPO,
fid echings Phosphate buffer system b it
carries excess H +ions
> : No* Na' N
into the urine & generate )
y H-+ NaHPO,
Glutamine ———>- Glutamine <———— Glutamine new HCO3 HOO, € =mmress KO, +H l ‘
o }
<-==2HC0; MM, H,00, Nati, PO,
Carbonic
~-1 1l

NH, P O > M0
Z 2 (- o . ;
Na* Na' co,

HCO5" ‘ T Peoy HCO3" ‘ " Pcoy
€24 mEq/L >40 mm Hg >24 mEq/L <40 mm Hg

Metabolic Respiratory Metabolic  Respiratory

[ B R

Respiratory Renal Respiratory Renal
Pco, HCO,- Pco, HCO,-
<40 mm Hg >24 méq/l. >40 mm Hg <24 méqn.



12. Nerve Supply to urinary bladder & micturition Reflex

a.Sympathetic nerve supply b.Parasympathetic nerve ¢. Somatic nerve
(nerve of filling) supply(nerve of emptying) supply

Micturition refiex

Filing of bladder
1
Stretch of bladder wall
1
Stimulation of stretch receptors of bladder
l
+
Afferent impulses via pelvic nerve to the
sacral centre
l
Efferent impulses to the detrusor and
to internal urethral sphincter
1
Contraction of detrusor and relaxation
of internal sphincter
&
Urine passes into the urethra
!
Afferents through pudendal nerve to the sacral centre

Parasympathetic Sympathetic
nerve supply nerve supply

Positive feedback

supply/ voluntary

Somatic nerve
control

Inhibitions of pudendal nerve to the
external urethral sphincter
$
Relaxation of external urethral sphincter
Pudendal nerves d
sphincter Passage of urine
Innervation of urinary bladder




13. Normal cystometrogram

Normal Cystometrogram

80 — Voiding contraction
(reflex micturition)
Q
T 604
£ Il
L
p _
7
o 40 —
(=8
3 7 ,
@ Filling phase .
& 20 1) 7
=
£ 1 i Ib o
Sensation
0 of fullness
I I ] I T I I I 1
0 100 200 300 400 500

Intravesical volume (ml)

14. Role of Hypothalamus in body temperature

1. Thermosen-
sitive cortical
neyrons

2. Peripheral
thermo recep-
tors from skin
and viscere

3. Blooa
temperature

PRE OPTIC AREA OF
ANT.MY.THALAMUS

POST.HY.THALAMUS
(HEAT GAIN CENTRE)

Varm
sensor

Set
point

Cole
| sensor

RESPONSE TO FALL IN
TEMPERATURE

. Cutancous vasoconstriction

. Cutaneous flow

. Muscle tone

. Shivering

. T Metabolic rate

. Thermogenesis from brown fat
. Curfing up of body

fFood imake

BN S W

The above responses restore body tem-
perature to normal when there is a fall

ANT.HY.THALAMUS
(MEAT LOSS CENTRE)

RESPONSE TO RISE IN
TEMPERATURE

1. Cutaneous vasod: atation
2. T Cutaneous blood Now
3. 1 Muscie tone

4. Sweat secretion

5. T Pulmaonary vent lation
6. Drinking cold water

7. Moving to ool area

8. | Food imake

The above responses restore body
temperoture to normal when there
Is a rise,




Regulation of body temperature in cold environment

Fall in body temperature

|Sensed by preoptic avwl

Activation of posterior| [Inhibition of anterior
hypothalamus hypothalamus

Heat production Heat loss is preventsd

increases s Cutaneous vasocon-

s Shivering striction

s | muscle tone s | Cutaneous blood flow

v T appetite s Curling up of the bady

v | Metabolic rate w Covering the body with
- T SNS action wollen clothes

T Catecholamine
release
- 7 TSH release
v Drinking hot drinks
s Moving to warm area
= Thermogenesis from
brown fat

s | Panting in animals

Regulation of body temperature in hot environment

Rise in body temperature

Y

Sensed by pre optic area|
£
Y

r —
i

Y Y
[Activation of anterior|
hypothalamus
]

—

Y Y
Heat loss increase || Heat gain is preventes
through through
s . Muscle tone

[Tnhibition of posterior
hypothalamus

s Cutaneous vasodila- s Metabolism due to

tation . SNS action
s | blood flow . Catecholamine secretion
o | Sweat secretion || . TSH
« | Pulmonary ventilation| s . Appetite

Drinking cold water
Cooling the area
Moving to cooler area



