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Regulatory Molecules

Endocrine gland

Axon Neurotransmitter_

Hormone
carried by
blood

Receptor

o : roteins
Paracrine—+— . .

regulator
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Peptide Hormone Action

Endocrine
gland cell {

Water-soluble hormone
. (first messenger)

of cell
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cyclase . © © . . Otherreactions
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Amino Acid-Based Hormone Action:
PIP-Calcium
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Peptide Hormone Action
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Steroid Hormone Action

Nudews W DNA

Sceroid Response Element
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Steroid Hormones
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Steroid Hormone Action

31/ 10 nalamseengnives Steroid hormone

Steroid Hormone Action

Steroid Hormone Action
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Negative Feedback Control

Cold exposure
1+

Thyrotropin-
releasing hormone

SRR X W S

o Negative
feedback

+ _
Thyroxine e

3 12 nalamstiudimsadiananasges lunuudeunay (Negative feedback control)

Male Reproductive Hormone
Feedback

Environmental Psychological influences
Influences from higher brain

— — = Inhibits
— Stimnulates

FSH
— — — Teleasing releasing & S
r- factor Tactor -I
I I
i = |
l : |
I 1
’————-—QF?H |_|-|4j-—...._......._._|
] "l‘ Testes .L i
Leydig cells BTy Y &
I Seminiferous tubuiles Interstitial Cells l
| Maturation |
I of sperm |

a v P Ad Y o o s 4
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Female Reproductive Hormone
Feedback

Ervwironanental Peychological influences
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Low Blood  High Biood
Gilucose Glucose

Liver Releases Fat Celis Take In
Giucose into Blood Giucose from Blood
ol o
-
Achieve
Normal Blood
Glucose Levels

71l 15 msmupumsaanazudsesluuvesduseulassziuves

wimanglaalunszuaiden

Calcium Homeostasis

Calcitonin

uplake

©IBHE Acchson Wealsy Longman inc
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Salt and Water Homeostasis

Aldosterone
vs ADH

ANF
= atrial natriuretic peptide
= peptide secreted from right atrium

Sait axcration
reduced

| e a I >
Salt excreton PR L
a ncreasad G
(Modified from Despop A Color Atlas
of Physiology. 3rd Ed, Thieme ing.: New York, 1986.)

710 17 msmugumsadiaaznasaesluy Aldosterone 1az ADH

Tagszavveanasuslunszumasn

- = 1 vy
anuAalnAveananline

o

o & ' 1 d a ad aa o 9
® assuug 1dun anvunnsesveseu lal nazaduralnadugniinaildszdy
4 9/ - A o o o 9 a A a a a
805 luuteoniovianiemsdunszvuinuietounu il niafianinanuiailng
A 4 o A A [V o s % .
wpannimsulasulasszan TusAunu1duiuees 1y (hormone binding protein) N30
a = 9 = " = =
AMUAAYNADIN receptor Iumalinseongnivesaes luurallnd
* msnasgesluuAalnd
~119M19UYe98e3 Tuudindnladhypo...) daulngfia1vg1n autoimmune
" & s o qva ° ' 9
mechanism #svuumstinlfiiamsiaisdenlive
¥
— A3M191UY09805 1uunInNn311nA (hyper...) WntAa1ALloa0n (hyperplasia,
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Endocrine Organs

1 18 dwwriavesnenlivie (Endocrine gland) M9 9 Tusremesngud

Hypothalamus

Parathyroid Glands

Figure 12-1. Approximate location of classic endocrine glands. Both ovary and testis are

710 19 dwmisvesnenl3ne (Endocrine gland) ma q Tusumevesdnd (gns)
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(Hormones: Sources, Targets and Functions)

Source Hormone Target Physiologic Effect

Anterior pituitary Follicle-stimulating | Ovary and Testes Growth of ovarian follicles or
hormone (FSH) seminiferous tubules

Anterior pituitary Luteinizing hormone | Ovary and Testes Production of estrogen and
(LH) progesterone

or testosterone
Anterior pituitary Prolactin (LTH) Ovary and Stimulate milk production in breast
Mammary maintain secretion of estrogen and
progesterone by ovary

Anterior pituitary Thyroid stimulating | Thyroid Stimulates secretion of thyroid
hormone (TSH) hormones

Anterior pituitary Adrenocorticotropic | Adrenal cortex Stimulates secretion of adrenal
hormone (ACTH) cortex hormones

Anterior pituitary Growth hormone General Stimulates growth
(GH)

Anterior pituitary Melanocyte- Melanocytes Stimulates dispersal of pigment in
stimulating chromatophores
hormone (MSH)

Hypothalamus via | Oxytocin Uterus and Stimulates contraction and

posterior pituitary Mammary secretion of milk

Hypothalamus via Antidiuretic hormone | Kidney Stimulates reabsorption of water

posterior pituitary (ADH)

Thyroid gland Thyroxin and General Stimulates metabolism, growth and
triodothyroxin development

Thyroid gland Calcitonin Bone Lowers blood calcium level by

inhibiting bone breakdown
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(Hormones: Sources, Targets and Functions)

Source

Hormone

Target

Physiologic Effect

Parathyroid gland

Parathyroid hormone

Bone, kidney

digestive tract

Increases blood calcium by

stimulating bone breakdown

Adrenal cortex Mineralocorticoids Kidney Maintain sodium and phosphate
(aldosterone) balance

Adrenal cortex Glucoocorticoids General Raise blood-glucose level
(cortisol) adapt to long-term stress

Adrenal cortex

Dehydroepiandrosterone

Stimulate sex drive

(DHEA) induce labor
Adrenal medulla Epinephrine Muscle, liver Stimulates glucose release
(adrenalin) short term cope with stress
Adrenal medulla Norepinephrine Blood vessels Constricts blood vessels
increase heart rate
Pineal gland Melatonin Gonads, pigment Control biorhythms
cells other cells influence reproduction
Pancreas alpha cells | Glucagon Liver Raise blood glucose concentration
fatty tissue stimulate gluconeogenesis
Pancreas beta cells Insulin General Lower blood glucose concentration

stimulate glycogen synthesis

Ovary Estrogen estradiol General uterus Develop/maintain female
characteristics
stimulate growth of uterine lining

Ovary Progestrogen Uterus breast Stimulate development of uterine
lining

Ovary and placenta Relaxin Pelvic ligaments Relaxes pelvic ligaments

Placenta

Chorionic gonadotropin

Anterior pituitary

Stimulates release of FSH and LH
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g0313u : urasna, o Yzthwneuazwinm (de)

(Hormones: Sources, Targets and Functions)

Source Hormone Target Physiologic Effect
Testes Testosterone General and reproductive | Develops and maintains male sex
structures characteristics promotes
spermatogenesis
Testes Inhibin Anterior lobe of pituitary | Inhibits FSH release
Testes Testosterone General and Develops and maintains male sex
reproductive structures characteristics
promotes spermatogenesis
Duodenal mucosa Secretin Pancreas Stimulates secretion of pancreatic
juice
Duodenal mucosa Cholecystokinin Gallbladder Stimulates release of bile by
gallbladder
aenlAaueg
(Pituitary Gland)

® gouldanesdIunii (Anterior Pituitary)

® goulAaaeIdIUNAY (Posterior Pituitary)
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Pituitary Gland Hormones
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' v ! v
aouldaeIaIUTT

(Anterior Pituitary)
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Relationship between the hypothalamus
and the pituitary gland

Portai blood ~
vessels
Secretory <o
cells "/

Anterior < ¢ e B
‘pituitary ¥ * release of anterior
" Anterior pituitary  pituitary hormones

2
o SRR DSea

3N 21 anwdRusszvelalimanta (Hypothalamus) uazaealdanes (Pituitary gland)

o 1 Vv L L (%)
msmuﬁ;ums‘mam‘ueaﬂasﬂﬂfmaatnuﬁuﬂﬂﬂae'ﬁumm"laiﬂmmuﬁ
(Control of Anterior Pituitary Hormones by the Hypothalamic Hormones)

Releasing Hormone Inhibiting Hormones
(RH) (IH)
Corticotropin RH -+ * ATCH Prolactin IH -+ 4 Prolactin
Thyrotropin RH -+ ¢+ TSH Melanocyte Hormone IH -+ MSH
Luteinizing RH *:+LH Growth Hormone IH -+ GH

Follicle Stimulating RH -+ +FSH

Growth RH -» 4GH

Melanocyte Hormone RH -+ + MSH
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Control of Pituitary by the
Hypothalamus

e T T ——

inhibitione

Negative
Releasing hormones Feedbacl
(TRH,CRH, GnRH)  Inhibitior

-------------- 1

inhibition & |

Tropic hormones
(TSH, ACTH, FSH, LH)

(Thyroid, adrenal cortex, gonads)

--------------------- Hormones -——---comemeoo.

31N 22 msmwgumsiauvesaenldaueslaglalmania

ATCH(Adrenocorticotropin)

Waved ATCH
- 9y - = o J @ o & 1
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(adrenal cortex)
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~  NIZAUMINTZIWAIVY melanin NAINITY
- nszdumaaaiedaves luiu uaznszdumsdediunsaesii Tunazng Inad
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MSH

s
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]
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- Tudaivud dadnTeunasah ARilseeiiad melanophores @319 melanin
" o o q 9 " @ o e Yt
pigment #03 luu MSH 9291119 melanin A5z 189 A%0A melanophores m1AaH7

s
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Other Endocrine Glands
Thyroid Gland
Adrenal Gland

Pancreas

Parathyroid Gland

Thyroid Glands &Thyroxine
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Adrenal Glands & Hormones

Adrenal Glands

Left adrenal
Right adrenal gland
gland Vena cava

3UN 25 dAeunninln (Adrenal gland)
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Pancreas

® Exocrine gland O pancreatic juice
® Endocrine gland Qislets of Langerhans; B-cell (centre, 60%) .....insulin, Ql-cells (periphery,

30%)...... glucagon

Pancreas & Its Hormones

Insulin and Glucagon Secretion
After a meal . Between meais
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: Splenic  Stomach Great pancreats
Ab(ianm m \ . anw
Ceiiac trunk .
artery \- Tail of
Common pile duct
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Parathyroid Glands & Hormones

Parathyroid hormone
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UM 28 diewnsend (Thyroid gland) nazAeumstInsosd (Parathyroid gland)

® Calcitonin (431931910 thyroid gland)
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®  Gastrin nszgulAinsadmaznanIanae
®  Cholecytokinin - gall bladder

® Secretin — pancreas
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®  Progesterone (210 corpus luteum (CL) ﬁ%’d‘l‘ll')
® ey iwananisnadivene
* wuagn nazduldimaditoyuagnuiads i lfideyuaganun nseduld
] 3
dudeauasiimisuagniniy aamsnadvesndmiiiouagn aanaw'ls
Ay 1 E v £ W . X

ﬂﬂdﬂﬁ?muaﬂﬂ’gﬂﬂﬂ oxytocin ﬂix@uﬁl‘ﬂuﬂQﬂ'ﬂaﬂ uterine milk

® wiuu nszduliiinsnSayudnTnrean estrogen

® fudamsanly
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®  Relaxin (910 ovary)
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® a5 lAvazdaies i1l sarcroiliac Jjoint ian1sngouni11n birth

canal N9 luvnznann

® 30 (placenta) @314
= HCG (Human chorionic gonadotropin)
(GIY))
— PMSG (Pregnant mare serum gonadotropin) wu‘luﬁ'ﬁqwﬁ'ﬂﬁw FSH

— Progesterone & Estrogen

Prostaglandins
ar =3 A 4 4 - 1 =) - o
o Jafluges Tuuriianiis uon'l@vndiedonarsiia wy At §11¢ 1n aues Joa
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= ] Y % A
— gma ianusudonanas
— lviuagniiamsnaf (PGF2-ALPHA, UTERUS)
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— Wums Madudeavesla

a o
gosluutazMsnanda
® to treat sick animals (therapeutic)
® to prevent disease (dosing healthy animals)

® to increase animal productivity (more economical production of meat, milk and eggs)
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® Prostaglandins i1 W Iniffudalunaeaduonaniuindous i

® GnRH 14Tumsudly cystic ovarian Tagey linszdulilivgasonaings
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® Thyroprotein d'lumsﬁﬁmn‘lﬂiﬁmﬂ%u ﬁqw%"ﬂﬁ'w thyroxine é@ﬁ
wihilAafumsnlasuemslusienie m3ldees TuuaiiadiluTnis
thyroxine Tananessih i Tniu i usiuan 18

® Bovine Somatotrophin (BST) 1%"111miﬂmwﬁmam?mmmuﬁmmmz‘v‘h

Tinamsadraun

qns

— Growth Hormone 1139 porcine somatotrophin (PST) Lﬁﬂlfdﬂﬁﬁ]?ﬂglau Ta

Jon1532 79
® hormone use may overstress animals which are forced to produce more, e.g. cows injected
with BST suffer more lameness and infection of the udder (mastitis) than normal
®  hormone 'residues' may be present in meat or milk and become a hazard to people consuming
the food (e.g. some anabolic steroids are believed to cause cancer if present at sufficient

concentration
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(Gastrointestinal System)

Dr Pakanit Kupittayanant D.V.M., Ph.D.
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Animals are classified by the types of food they ingest

® Carnivore - animal products

— Dogs, Cats
® Herbivore - plant products

— Cattle, Sheep, Goats, Horses
L]

Omnivore - combination of plant and animal products

— humans, pigs

Animals are also classified by the type of stomach they have

® Monogastrics or non-ruminants

® Ruminants

Monogastric Animals

Monogastric — one or simple stomach structure
®  mostly carnivores and omnivores
» Very simple: mink and dog
»  Cecal digestion: horse, rabbit or rat

Sacculated stomach : kangaroo

Ruminant Animals

Ruminant - 4 compartment stomach with the compartments before the “true” stomach
®  herbivores

» cattle, sheep, goats and pseudoruminants (llamas)



Simple Digestive System of Swine

Small Intestine Colon

Large Intestine
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1. dawiiilumafineInns (Digestive Tract) Y52nou#26 117 (mouth), novey (pharynx),
MADABINT (esophagus), NTLINILDINIT (stomach), 811N (small intestine), §1'1¢
19y (large intestine) HAZFDINITNIN (anus)
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AUDOY (pancreas), AU (liver), Qxi‘lfﬁﬁ (gall bladder)
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Esophagus Stomach Large Intestine
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plexus ﬁf&ﬂqmﬁﬁaﬁ'ﬂiz'dﬂﬂmﬁ'lﬁi]zﬂﬂﬂﬂﬁﬂﬂ‘u myenteric plexus mu“lmyi]x
ﬂ’J‘lJﬂiJﬂﬁLﬂﬁ'ﬂu"lH’JilﬂQﬂ’NLau‘E)'m‘l‘i 27U submucosal plexus EAIUAUNIT
" ¥
vaeutoy ﬁﬂi'lﬂ'l'i1ﬂﬂﬂ@ﬁlﬁﬂﬂﬂ5l')ﬂl’ﬂ'I\‘ll.ﬂuﬂ'lﬂ'lﬂmzﬂ'liﬂﬂﬂﬁlﬁlﬂﬂ
k4 v ¥
nduiloTuduldboy
o ¥ a wa A
2. Autonomic nervous system Li‘lumi‘nN‘m‘ummuﬂszﬂmaﬁiunm Ao
; Al e .
parasympathetic I8¢ sympathetic nerve ¥I9EAAAD AUNI myenteric plexus LAY
4
submucosal plexus A8

! é 1 1 = i
- Parasympathetic Nerve laun vagus nerve “Nﬁ':llﬂﬁiy%ﬂﬁ]‘ﬂﬂﬂﬁﬂﬁﬂﬂ

81113, NTEINIEOINT, AuseunazdIuduvesd 1dIne) uazdl pelvic nerve ‘l1)
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[ 1 \ [} !4& = :i ar \ ]
dadauarsvesdr 1dIngdelindrfinavquaisduais nisiiuves
parasympathetic nerve 3% lUiunsndou Inrvesmuduemissniuase
nditioyiaee 1Ui114iin15n010@ parasympathetic  system &4
¥
postganglionic neurons ﬂg1uusxam myenteric L% submucosal plexus fu Aatiu
4 = B :
ﬁ’ms:ﬁ’ju parasympathetic nerve REATALINTRY activity U949 enteric nervous system
Ed
- Sympathetic Nerve 11313 zé’u sympathetic nervous system v ldudansoe
4 a ) y & o 9 ¥ a
an M3y Inavesmudauemis snduasanduiieyza oz i vifans

v
naf Laztudanioan activity Y94 enteric nervous system Ay

g3 1HUNMINAIVANITVUMIUAUOINS

o ~ @ @ 4 a { o w
. Gastrin: 803 INUNNAIMAININTOYAIVDINTZINZEIMS Hnthndidgyluns

ﬂ’J‘lJﬂ:uHﬁ'wﬂﬁ grastic acid IL1¥ secretion UBINITLINWIZDINT
i o a4 o & a 3 Ya 9 do w ¥
«  Cholecytokinin: 803 luuvasnnweyrvesd 14 Inthndaglumsnszqums
o o w1 :’ a
navesey lyuesdussunazing

- o 4 o A4 a o Nya Y o w v @
«  Secretin: 993 lWuUNNAIINWOYRIVEId1 I ImihndiAg lunmsnszdunminas

d @ 1 [y
ﬂﬂq1Uﬂ1iﬂﬂ!u¢|ﬂ1ﬂ@lﬂﬂﬂuuazmu

AIUMVDIMIAUDINIS
Digestive Tract

110
(Mouth)

* ihn (mouth)
Suwn (lips)

b

1A (Cheeks)

L

3. ¥IN551n5 Jaws)
AN (palate)

3
21U (tongue)

Py

11 (teeth)
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— upyseutuuazdangu ldnin mwrsaduermisidinléwulu i, ung,
HAZUNY

< 1o A
— wnpusegiunnulugns uaz In

* unu
—ﬂizﬂﬂué’a’aﬂﬂﬁ'mnﬁﬁmw‘luuﬁ'smﬁmﬁ'ﬂﬂ (mucous membrane) Ty
FrwlumsReromsveaagily
— luTamiedmluvesuduiidnuaziudguiZonda conical papillae Fa9207u

& g
AR UYIYDINT

* YINI9INT

—1sznoudie 11033 1N5VY (maxillary) 422819 (mandible)

a1 o 9y A

b4 v Af a dy ¥
— gninaquatendniovatsyiaiyioi i lumsifios vulhnuazd
¥

9 tg s @ A =1 A %
1hn nawiedadingynyielun1sfeIfe pterygoid muscle

* mauithn
— Wumiduuvessonhnlszneudae
+ AT (hard palate) @ uMAZITUNTEAN (bone)

* INAUBDY (soft palate) ogdadn T/ Tuhnidlunszendou (cartilage)

2
* au
A oy oA o YL A o
— fimhfiagnindiemis Suaiwidninerdusaeinis
3 ¥
— auwlszneudlonduiiie 3 Taunlszneudufe hypoglossal muscle,

genioglossus muscle, styloglossus muscle
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1 9 a 9
— WUMINMEN Uszneuaie
o HAunthwmSodluda (incisors or cutting teeth, I)
o u (canine or tearing teeth, C)
o Huvanielunin (Grinding) taie 1@y
A Y
- Premolar teeth (P) #30MUNT1IUHU

- Molar teeth (M) ¥#3oHUNTIUNFS

Premolars

Incisors —

o

Molars

jUN 6 anvazveslusazunnsslnsveagns
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3UN 7 drvazvesilunazvinsslnsvesln

@ o ] 1 { o 9/ ’ U
Tudaitln luiidu uativaesiln (Beak) Nudiansa tazl¥nszimizun (Gizzard) $20

vaunuu

o 4 g
Tudadiduegndaoinniify 2 gafie

I;
2.

oy =0 = E ' 9/
ﬁumuu (temporary teeth) H%?H'Juilﬂgﬂ'.l'lnlﬂlﬁlﬁQuﬂﬂﬂﬁ']ﬁuuﬂ

Auun (permanent teeth or adult teeth)

alsznevveslunnuendluilszneudae

1.
2;
3.
4.

o

A ] q' L] S| = =2
Cement foauNogUINTAYDINY LMMADIDIM
1 A d A ' S '
Enamel ﬂ’;u“nu‘u:mqmmﬂmmzmmsnmﬂumnﬂ;u
¥
Dentine 1Ho¥u

Pulp mmmmﬁagﬂu pulp cavity anuaziiy soft gelatinous tissue

sUs1veailulszneudae

1.
2.

A w P o 1 = v
Crown fodafluiiueuriunmuenuaziludun Inavuuanungs ns
Root Ains i udiuiidanglu teeth socket ¥99In33 103
« Incisor 3 1 310, Canine ﬁ 2 310N, Premolar ﬁﬂmtlﬂﬂ
Neck fonailuiidnyaznon ud11500MDIENI1 crown AT root
. =) a = = '
Pulp cavity fio Tnsaflu vouvAB1291AUS198 crown 94 root Lﬂumgﬂum

dental pulp, vessels, nerves



* Mouth and
pharynx

Palate

—tongue and
beak

—choanal cleft

Choanal cleft

—no soft palate Pharynx

Larynx
Rima glottis

—salivary glands
—taste buds

Tounge

3N 8 dnwazvesvesthaluln

= 4
gasvhuihuuniannssing

Species I ! Cc P M Total
Equine U 3 0 3 i 0
24
L 3 0 0
Bovine U 0 i 0
Sheep | 20
ot el (- o T V.
Swine U 3 1 4 0
32
L 3 1 0
Human U 2 1 2 0
20
L 2 1 2 0
qmﬂuuﬁn?wmﬁ'!m
Species 1 C P M Total
Equine U 3 1 3or4 3
40 or 42
= L 3 1 ..... 3 3
Bovine U 0 0 3 | 3
Sheep 32
Goat L 4 0 3 3
Swine u 3 1 4 3
44
L 3 1 ! 3
Human u 2 1 2 3
32
L m— ! 2 3

M3 1 gasiuinunnianngsing (A) sazgasiuminianinsslns (B)

Tununazdaina q
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== Periodonal ligament

UM 9 dalszneunis q vearlu

not1iod

* AIdtiody
HaoAv1rlg

®* {iame1via
- dnvazidluvennaeneslinszmizems
~  utieeenitlu 3 daufle
. @7ufe (cervical part)
. @ausn (thoracic part)
. dufios (abdominal part)
- Tulalwduiionne 335 va idurguines 2 i
_ ndwiitoddudunduions so lfimAeiundmiitoGouszua 1
fvosdutovesnaonoints
- ludaidndiuveanasaeims lilsseeniugedmsufvemsSoni

crop
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NITINIEBINIT

*  NITINITDINIG
— AITINZAE) (simple stomach)
- wuluau gns & qaia uwn

—  DNITINILTIN (poly stomach)

a n’dw .-; . ' A 9/
- wuludadfoldos (ruminant) 14 Tﬂ NITUD NI NIN LN UNS

=
®*  NITINITIAD
" ' o Y d " Vv ) o_ o
- agizmwﬂaaﬂmmmasm'lmaﬂ ADUNINNATUEIUUDIA A

— J-shape uiaeeniiiv 4 du fie 1) cardia 2) fundus 3) body 4) pyloric part
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31 11 psznzeisuazdueen

3N 12 Pszzensvesgns
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®  AITIWILIIU (poly or compound stomach)
— AWMU UMM U 1BUD I 16
— sznaudiy 4 dau fie
*  Rumen NIZIZANUIINTONTLNIZHID
: v 2
® Reticulum NFEINIZITIHG
®  Omasum NFLWILEUAUNAD

®  Abomasum AIZWIZUN

Left Side of the Cow

urinary bladder
left longitudinal
left caudal lobe w—e— liver
@ dorsal sac ) j rectum
left cranial lobe B 4 /)"m
- : 7 D |\
U —
e ooves
SR
Iy oo
; ). dorsal and
\ tral
o blind sacs
O 7] WM e
{ : ventral sac
_f *
- Foove
trachea

31U 13 edezluszuumafiuemsmedudrevesardavesia



Right Side of the Cow

}
4 3

4 ' Reticulum Ventral Sac £
1 of Rumen L ,’ K

31N 15 nszmzsnvesla (Mudrsvessrame
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Rumen
' ' . [ v
Wudailngiiqa Aefsdnluiiduntueennadiefss

E
@ o !

fifumisegmedudiouesd1dd Aud rib 7 7-8 Hareusaniu

Y {

= @ 1 o Hda g A 9 4 & =
Hﬂu'lﬂﬁﬂﬂtlﬂuuﬂﬁlﬂﬂﬂ'lﬂ'Ii"ﬂﬂuﬁl'llllhwﬂ'iE]ﬂ']ﬁ‘UfJﬂuﬂﬂﬂll'HﬂU']lﬂﬂQTﬂUN rumen
flora i bacteria LAY protozoa MMM F oY (M3TN) 8IM13TEIY cellulose

rumen Hs0nEIY 2 d2u e dorsal 11 ventral sac 1AY longitudinal groove

Tugndad rumen AoamsalumsWan 14-15 weeks n3o1nn13 99zt i 14
auysol
o o :‘ [ oo v 5 . A
Tugndadnaigauy Miunezaw1n o3 ond sulcus rumino reticulus 130
é o a [N |
esophageal groove #3IUIUNIN esophagus 11ds abomasum a3k rumen naz
reticulum 21U IR 11U rumen  vziRanITMTA Ml iRaReude (diarrhea)n3o

9999 bloat

31 16 wiisdnluves Rumen Tuln
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® Reticulum
— wAlNTigA ATUY 6% YBINTHINETIWIAMUA
—  @wmiaszina rib i 6-8 Medudovessrenie
— wifad 1 Tudl mucous membrane 1ilugnatemaoy adhwiuTais dudign
Audanlamlasudiauidhlyl (rwadn az))

— “hardware disease”

Reticulum

311 17 miladnluvea Recticulum Tuln

®* Omasum

— HgUsunau

Y A

— My Iiazdua

® Abomasum

— ANY 8%
£

a 1 A g

—  AWHUIAABUNUNUN DY

4 9 a a )

—  UNMIUBYDIMITNUNDTI UNITHAY gastric secretion LAY NTAINAD
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11 18 wiladuluves Omasum luln

o dey
*  AFUMIZVRITAIUN

— wyseenidlu 2 daufe

] 1 a 3/ - o
AIUUTN (5077 NTLUNILITINTONTLINIZUN (proventriculus) 1

O e T & 9w 4 “
HUMTINUEDY mmuu"lﬂﬂunsxmwmmma abomasum 111
. Ed b

= -
TAANYADD

[l =1 [l P o ] =] 9 - o 9
TIUNTDY Lﬂumumgmamﬂmmmuﬂ UHU‘ITI']J%’E)'IH‘I‘J'LI.‘!Nﬂlﬁ

=1 1 é = -
anae Sundl ATLINIZUANTNY (Gizzard or Ventriculus)
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Proventriculus

Lung Proventricalus

Proventriculus o TR e O R

— fusiform, variable relative size
— chief cells
— mucus cells

Note location of gizzard

(ventriculus)
Secretions — proventriculus

— Chief cells secrete HCI and
pepsin

— mucus cells secrete mucus

Semum  Liver  Gizzard Dmdenum 7 Tleum

31U 19 nszinzud (Proventriculus) vedln

Gizzard

* Gizzard (ventriculus)
— two pairs of muscles
* thin and thick
— koilin - protein
lining
* color related to

bile pigments

— mechanical digestion

31U 20 nszINZYA (Gizzard) vealn



24

o Vg
alatdn
o Vo
a1 laidn
— egszninnszmizemisuazd idIng
— B0y fold YDA peritoneum 71138171 mesentary
) 1 -
— wseenidu 3 daufe
*  duodenum 1M®UD4 bile duct LA pancreatic duct W UVATIY
® jejunum
® ileum
) A = o 9 9 T | .
— wihfidesuazqadnemishdesud uazad19ou lel 19U amylase, lipase,

lactase, maltase, sucrase, aminopeptidase, dipeptidase, nuclease

aldlviay

aldlney

1 1
—  wyseemilu 3 awu

®  caecum
® colon
®  rectum

Caecum
—  9Y321 I ileum UAE colon
— Twdhuwazgnsiivualng Wuiininemswannduniioulu rumen oz
lufiduns ¥ vitamin B complex 1ta vitamin K

' a o { Y d
— 'A% caecum 2 U miAnInoMIsThaanies

Colon
— spiral colon wucluimmx’qns
— Tudadilniidnuazilunenss
— lugivuez lunuiidnvazduveuved T drandhamenada ldhands
YDIFDINDA
—  wihfivesd1d1ng) srudevermsnanitels ndh
—  §UA3IH vitamin B complex 18 vitamin K
— qedui

— dudeussgnmaeldivu ca, P, Mg, F
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RECTUM

LAR

E from small intestine
INTESTINE

through ileocecal valve

31 21 dldlnejvesgns

® Rectum

— dwtlawgavesd 1dIng eglugeudensiu

NSHUN

® Anus
9 E
— szneudlsndile 3 Fu
v
s %’uiuqﬂ Sphincter ani internus
v
*  FUNA19 Rectractor ani A4 rectum 181 1311991 T 1 a1 14300
29AUN19UDN (prolapse of rectum)
v
. *ﬁuuaﬂqﬂ Sphincter ani externus
@ de a q' U = =§ 1 [ '
— TudaflnuSnufaen rectum 5on cloaca Fudluni1ailas wiusznng

w o a Y U
im‘uﬁ‘uwuq STUUNINAUIMITHLaseuuvuaeilaaaz
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93872152 no UV IMAAUDINS

Digestive Accessory Structure

L
AoNiae
i1 3 Ay
— parotid gland ﬂ;l:nlﬁﬂﬂ‘ig Wae serous fluid
P 1t é“ a n’/‘ .
— sublingual gland 8Y7 TAuAY HAANY serous 1AL mucous fluid
¥ v
— mandibular gland 847191155 1n3 WAANA serous AL mucous fluid

= o =t o 3/

[ ¥
mucous secretion 4 11/5AU mucin (1® mucin FAIAVHVZUANHULIHHIIMN NN

=h.

1A
naoau
i = A . o Y v " =)
serous secretion 4 amylase ¥13® ptyalin Hmrhideoutls iy dextrin 3o maltose

1ag glucose HUIUND

AueaY
anegiud 1diandudu
compound tubular-alveolar gland
ﬁ1ﬁﬁ1ﬁlﬂu‘l§<‘l endocrine L01¥ exocrine gland
exocrine gland & $19 Tumsven uay digestive enzyme (AU amylase, lipase, trypsin,
chymotripsin, carboxypeptidase, phospholipase

Lﬂﬂl‘i’f'm: duodenum N4 pancreatic duct

M3ELHDINIS

(Digestion)

o o " {1
msmldemsivinadnasazeglugilnsismoannsogadu T 14ss Tonild
yuIumMsesnluiy 3 Uszian

3y
—  M3U08NNNA (Mechanical digestion) %1 NMIUANYILINT Iy
{ a z ; 5 " 9.9
—  M3teeMauAil (Chemical digestion) 1flumstesemis luanalnajlviiy
=] [ : 1 ’ 1
Tuanaan Taveduritdes taga15dusu HC, NaHCO3, Bile salt
(] = ad . . . . [l a d.y 4
— M3ty Taugaun3d (Microbial digestion) 1un13tos Tauo1fuIde bacteria
130 protozoa 1AYN15MIIN (fermentation) 1%U 14 rumen %30 caccum VB9

gnsuazin
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oz d Y
ﬂ1§dﬂﬂf’)11‘ﬂiﬂlﬂﬂﬁﬂ3ﬂ‘igﬁ"l]Slaﬂ?!lﬁgﬂia‘,’EW'lg‘i'JﬂJ

msgesluihn
w d'
aINITINICIAEN
] .:? v d
—  msgeamana omsgniluuamod Iianas
—  msteamunii 8115wl (starch) 11389ugndoy 1Ay amylase (ptyalin)
Lflu dextrin, maltose, glucose (511&1”1’16)
w d
AAINIUIMNIZIIN
] 1 a 5 A : 1 a -
— msdosez hifatuiesninlnhaie hifieu ol amylase 01m1502gnnAY

1 < & = :‘ o
ﬁ\iulﬂﬂU'N‘i’Jﬂli’J Llﬂzﬂ'ﬁ'}ﬁmﬂﬂ'ﬁlﬂﬂ’ﬂﬂUﬁzmﬂﬂ ﬂ'l‘)'NﬁiJH]ﬂ'lEl‘i]Sﬂﬂﬁ

-~

aundouNvznauasgraoneinis
¥

— thawiigniiduea (pH 8.1-8.3)

)
MstealunIZIMNLeINS
o @ ﬂ'.
aAINITINIZIAEN
P B A . 2 5 -
— UUIYDYND pepsin, rennin, lipase AL NTANAD HCI
— pepsin voy protein i proteone, peptones, polypeptides, amino acid
v
L (-] L L7 _ o d o
—  rennin 800 T1/sAuTutihun Sudududewdumalud 1didndras vl
oy lmivesTisaulud 1didndosde 1t
s ¢
aeINITINIEIIN
it smoal o
— 1560 uNAYUN rumen UAT abomasum
— 11 abomasum M3dovazmiloudninszimizider
1 a i J A . A A = iy a : 1 1y L) -
— lhifamstesiun reticulum iiiosnnoyia i ldndmirdes udiindi
¥I011101M1INFUTAIND UAZAIVAUDINITIN rumen 1)) omasum
[ Ed
— omasum W mihiNuINUMsgaTIimazaIAduNI fuiia uastiuda

A o Ay oy y
WBA1I9NDINIT uazmamqﬂs:mmm
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1]
*  M3UBUOIITIUNTLINIY rumen
A Y oA
rumen JHUIN
o A a g ° d Y A o
L. nuem3 emsngnaud T sggmimuAu 131y rumen osemsdison
é) o a dy " 4 o da = Y o o ar
vuihadwmsumsifer v dedaifuevisiaSudidaiszsinuazdison
aaiw ‘g’ 1 o 9 1] d’ d.y
m'n15ﬂuaaﬂuﬂnu1myﬂaumqﬂ1mwaumﬂm
o 9 a o ~ dy =1 ar 9 dy U -:i Y]
2. ilvemshdnymznouazBeaiu Tasnsiiudivesndile fudiymia
(=1 1 v = g
nog Tunundudumaldomisivuiadnag
" Qs a oo 4 ]
3. 1uunas ferment 01115 Tave1fuaun3 03011199910 rumen liannse
£
wamiwoo 1aiog

= @ Y a da4a :al
4. 9ady n3a luiiusaneld naznandaina a1y rumen

2. M3RURIHISIUAIZIWIE rumen
1. evmsidels fyfiAud laloe milulamsalugdutlanozivaglaaiy
daulng) FerzgnyAunidlunseiniz umen vznlfonliidiu nsaluiyd
32yl volatile fatty acid 18un nsaezdan TilsilTeiln yiiasn
2. analfsau yaunidlunszimig mmen awisal9asdsznon'lulnsoud
Tila Tds@uldiuTsAuvosdnaunidies
a$193milu B, ¢, uar K 18 Imiuszgngadudhgnizumdonlavnsa ud

TugnTadesmsimiuasy

|
*  MEBEDIMITIUNIZINIE rumen
—  msdesm3lulamsn 181y vEA
] { ] (] = (] = o
— msdealdsiiu Tulsuuaz Tulasiouii hilsTusurzgnoosTangdunid
Wu nsaozd Ty wyIng uazunauon Tudle Tusauesderiullés
(] ] = { L) J
abomasum VA mgRgATFUdgnszumten uon TuiloniAavurzgnldlae
a = 9 = =2 ] o Y -
yaunsd  annmiulezgagaduriumis umen hgnszumidenly

= o o @ 1 ) ° a kY
Lﬂaumﬂu urea NAVIAZVYVDONI NI WNIEN1ilaany UIgUIMaULUN

D. e

rumen  anszumAvanazuundslulasoudmsvedunsd vasi
Tusaunaoulahdu won il Tavsdunid msveudaiiududszney
voalsAuszgnamveonuuazgnldifuuvdmdsaudmiugaunidly
mya$elusiu msdesTusAulu rumen SeildiAa VEA Wu@saduns

doens 1u'laasn
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mstieavesluiiy "lm?uﬁ"lﬁ%’mi’h"lﬂwmﬁugﬂ‘um triglyceride (glycerol +
fatty acid) wgmﬂﬁﬂuiﬂuqﬁuw?ﬁu rumen 1144 glycerol 1Y fatty acid
1 glycerol srganlaouiiu TsluTedin uazgnaaFudngnizuaiion
MIFUATILHINTAU A W150FUNT12H riboflavin, niacin, B12, patothenic
acid 91NAUNTI 11 rumen uazdaduns e Imduk 18 drudaiud
aza018lu luuddusu D wez B dunsredli 183 uiiuges185u0n

T1TDINT

Rumen Microorganisms

Bacteria and Protozoa

rumen environment is moist, warm, and provides a constant supply of nutrients
entire population of organisms depending on the kind and quality of the feed
when they are washed out of the omasum into the abomasum the acidic
environment kills the microorganisms

provide amino acids and some energy

Energy Pathways in the
Ruminant

From Rumen to Abomasum
Injestion materials

Cellnlose =~ Starch Fat —~
Complex Sugars '

Glucosé:
VFAs

v
v

UHUNINA 1 M3a319 Volatile Fatty Acids 114 Rumen
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msdealudlqén
— thoewand1didn
* maltase moltose glucose + glucose
*  sucrase sucrose glucose + fructose
* lactase lactose glucose + galactose
* lipase monoglyceride glycerol + fatty acid
*  isomaltase dextrin glucose
* aminopeptidase polypeptide amino acid
* nuclease nucleic acid pentose, purine, pyrimidine
* Enterokinase trypsinogen 91 pancrease trypsin
duodenum

® Cells release hormones that act on pancreas and gall bladder
= isecretin
— pancreozymin

— cholecystokinin

L} o |
msgeslualdlvigy
o d :i
anInTznzfg)
(=1 ] = 3 d' (=] a oy 1
— lufimsgevomsifavu tlesnn lidneunamiites
" £ = A'l [ 9 ar ) A' " L7 1
— uavzadadenieriuligensziuidudounazauazaindenmsdudie
& e 2 A oaw 4 ‘f’ v
— amihnlumsgarhnduieligeerszudiaiiudeu

—  ua¥tavue) Ca, Mg, P 90N910319N0

FAINIZINIZIIN
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Feep coxsmmuoT
Fats Carbohydrates
¥ ¥
Fats Cellulose Starches
Hemiceliulose Sugars
|
|
|
|
|
Asoksusd o TRUE STONALH protein protein :
|
Peptides b
¥ | Starches
Ptﬂim I Sugars
¥

Sauwn wresmme

= main site of absorption B = bacterial action

e

ci ] = e J A -!
UHUNINN 2 ﬂi‘ljﬂ'ﬁﬂﬁ&l!mxﬂ]‘iﬂﬂ%ﬂaluﬂﬂ']lﬂﬂ?mﬂ\i

Carbohydrate metabolism in rumen

® Carbohydrate contribute 70 to 80 percent of the diet dry matter while protein, fat and
mimerals make up the remainder

® Carbohydrates are the primary energy source for the cow, support rumen function and
microbial growth

® Two carbohydrate categories are found in feeds: cell soluble (sugar, starch), cell wall
(pectin, cellulose, hemicellulose and lignin)

® These carbohydrates are digested by rumen microbes converting them to VFA with are
the main source of energy for the cow

® Fiber digesting bacteria growth is favored when rumen pH is between 6.0 and 6.8

® Starch digesting bacteria growth is favored by a ph from 5.5 to 6.0

®  Thus, the high producing cow must maintain a pH near 6.0 for optimal growth of both

bacteria population, resulting in a favorable VFA pattern and yield
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® The primary end products of microbial digestion are the volatile fatty acids: acetic,
propionic and buteric

® The ratio of acetic to propionic or A:P ratio reflects the rumen fermentation pattern

®  Under optimal rumen fermentation conditions, the A:P should be greater than 2.2:1

® High levels of acetate can indicate a high fiber, low fermentable carbohydrate ration

® High levels of propionic acid can indicate reduced fiber digestion and acidosis

®  When the VFA ratios and the levels shift, milk yield and components change

®  Acetic acid (acetate) represents 55 to 70 percent of the total VFA production

® Proprionic acid (proprionate) (15-30%) is converted to glucose by the liver, glucose is
used to synthesize milk lactose sparing amino acids from gluconeogenesis

® Butyrate (5-15%) is used as an energy source and for milk fat synthesis
So, in acidosis condition....changing milk components....lower milk fat percentage and

higher milk protein percentage and lower milk yield

Table 1

Class | Carbohydrate|  Nitrogen Main pH Time
Preference Needs VFA Range i
Produced DBLE
(hr)
Fiber | Cellulose Ammonia | Acetic |6.0-6.8 | 8-10
bacteria| Hemicellulose Butyric
Starch & Starch Ammonia Propionic| 55.601 1-2
Sugar Sugar Amino acids | Lactic
bacteria

man 2 a31) VFAs ildnnmsntiaasermsdszanasiulemsaviianig q

o d c?l' A:I
ludnunevea
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31N 22 2321259 (Compound stomach) Tudadineadesnlnwa e

Ruminant Digestion
® Ruminants eat forage rapidly
— they regurgitate food (cud)
— and chew it again and swallowed
® Rumination - continuous regurgitation, chewing and swallowing
® Eructation - elimination of gases (methane and carbon dioxide) in the rumen from

fermentation
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A cycle of contractions occurs 1 to 3 times per minute. The highest frequency is seen during feeding, and the lowest when the animal is resting. Two
types of contractions are identified:

Primary contractions originate in the reticulum and pass caudally around the rumen. This process involves a wave of contraction followed by a wave of
relaxation, so as parts of the rumen are contracting, other sacs are dilating.

Secondary contractions occur in only parts of the rumen and are usually associated with eructation.

Gases

Today's hay

Grain and
yesterday's hay

31N 23 dnwaizvessrvisuaziiawly Rumen

)
-

Time
Grazing

Time Ruminating

Minutes per hour spent
o

B0
6 Ak 6 P B Ak

-:; ) 4 a 5 & L v ar ddw d"
HAUMNN 3 n\mmﬁ'l'l’f’luminua1111‘suazmmsaa\ﬂmmaz‘awum:rmmmmaa



35

ET T R Y

3N 24 gUnsainazdumialilumsizaszini: Rumen nsaillamaiesdn (bloat)

710 25 TA12AI2MIZ Rumen tazdnyazveao1msUnd (A)

HAZOIHITNIMUNA acidosis (B)
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517 24 ginsaimazdumiaililumsmizasziniz Rumen nsailamaiesda (bloat)

Gas can't escape
Animal dies from suffocation because of distended rumen

1 27 dawmzveslafimeainmainaiiesdn (bloat)
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=S
MIYATN

(absorption)

INSZINIZDIMS (simple stomach)

= =2 a o d o
— fimsgaduemsdszanTisAuuazms Tulamsadnion

rumen, reticulum, omasum
— ﬁﬂ'l‘iﬁﬂ'-‘ll?ll glucose, fatty acid ‘Hﬂﬂﬁ”:u (short chain fatty acid) LU acetic,
butyric, propionic acid, valeic
a1 ldan
— QA% amino acid, monosaccharide, fatty acid FUAAIWLII 1Y lauric,

¥
plamitic, oleic, stearic, glycerol LlA% vitamin 1112‘1]?{ 1sazatsluiimse lusiu

mafiemnsgngadugieme
maaen (capillary ) portal system)
— 15U Jmm, amino acid, mineral, vitamin capillary Y94 villi ‘ﬁﬁﬂﬁ’ portal
vein AU hepatic vein caudal vena cava right atrium of heart body
‘VINETTEI‘IE‘Imﬁm (lymphatic system)
— 19 fatty acid, glycerol, vitaminfiazate T Tusiu Lﬁwfjdauifuwﬁawmm%ﬂ

[ ¥
#ivilli Wgaouiuniesvualng  191q cranial vena cava viala

a

A a &
MAEdYNI (rumen, reticulum, omasum, abomasum)

— %Y VFA  rumen Wudaumniimaegaduiinszimizdn 3 89y, ammonia

VUIUNMSYATHBINS

Active Transport
@ W = o o & 3 e T '
— mﬁﬂwmﬂulums@ﬂmu (DNNUANVVNVUUDY NUANWYNUUNINA
¥
1HU A159ATUIAD)
Passive Transport

= — Y 9 e Yy 9 g " Q@ a a
- ﬂﬂ"ﬁlﬁnﬂﬂﬂﬂ'ﬂﬂﬁlﬂﬂuﬂ'lﬂ NUANWVULUUDY 1BUY msmmmmnu
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MU 11MIVBITZVUMAAUDINIS

*  msnau (gnAugu TaogudnIsnaun floor of fourth ventricle Y94 brain stem)

wiseenitlu 3 5o Av

o v

v v

- 52821 1 (Voluntary State) 910 bolus  AuUHANIINBUBINISIGA A0 WO
9 1 3 dy ] 9o = @ o 9
AUmAIMBUYNINIU szoziiogmulasgiuieialeiny1a

- szezi 2 (Pharyngeal State) mmsn‘sz@fu pressure receptor ndmeimldine

' & ' '
reflex Y99M3NAUADY 11lUpq feed 141 esophagus FarhDanasudveszdandos
doah linganioleivay
3

- 5282 3 10 reflex peristalsis YBIMADADIMITHANAU RO IMITIATDUASY

ATTINIEDINIG

tiaene11ila

— peristalsis

NIZINIEDIHIT (simple stomach) uu'arflu 2 portion

— proximal region storage 81H15 @ W15AYEIAI IMHvUIATHginInd

(adaptive relaxation)

— distal region  Uagesuazadiesd I lud1dfn  peristalsis 910

Vv . ¥
middle Y04 stomach 11J&uia pyrolus uaziilonau peristalsis W ladny
[ ¥
pyrolus 921AAN15HARIVBA pyrolus ifeDaiue s lilieengd 1didn
[ 1
IMsNIvINAANAUN Y (<2 mm) Javzamnsarivesn ldad 1480 14

dld 1 L) i
pnshivina luanavwa Ingszgnuadosas 11
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MIMURUMsHaaIves stomach

¢ Neuronal Control /

ANS = vagus Nerve

Proximal Region ***** Relaxation

= Distal Region = — Peristalsis

* Endocrine Control

i o =] = o
CNS —» VagusNerve — (adaiifiuoms —s 1HaM31AA7
VBINISINIZDINT

UHUMINA 4 MIAIVYNNITHANIVOINIZINIZOINIS (Stomach)

&
ﬂ]i!ﬂi\i’)ullﬂ‘l‘llﬂﬂﬂ‘izl‘l"l"lz‘i'lﬂ
*  rumen
¥ v
ar [Y] =) - o =
— 1AM 1.8 ATYI/UIN 113D 2 ﬂsﬂ,u 3UM
Y =y (P=1 =1 [ A o 9
e Nﬂﬂﬂﬂ"lﬂﬂﬂﬁﬂﬂﬁiﬂiﬂﬂﬂﬂ’ﬁﬂ
® reticulum
ar dl 1 o d'l -.-f é?
— vadaunwe¥wlunisdisenevisiineneDog
® omasum
—  UABINIS HANAUBIMISINNY abomasum
® abomasum

— wamnaawly simple stomach
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s ldan

* Digestive Period (Ha3010N191%13)

— Mixing Contraction (non-propulsive, segmentation contraction) Humsnada

Aot o ] ¥ o :’ ' ' o 3/
niidnuuzadieldnsen ivengnindremsiuhdesuazaoii i

msomsduAadumiad 1deranang

, 3 = 3 u’; = @ o g .
— Peristalsis mmm‘lusxﬂzfmn INATAUNY mixing contraction

Peristalsis Segment Contraction

g‘l.l‘?l 28 MTHAAIMUAUDIHITUUY Peristalsis HAZHUY Segmentated Contraction

® Interdigestive Period

& = . . A a
L‘flumimaﬂ‘ummu peristalsis L‘ﬂu‘izuzmﬂﬂﬁﬂ ﬂ‘iaﬂ'ﬁ)!ﬂﬂiﬂﬂﬂﬂﬂﬂ

o o - " on
AW1Iv09a1 1d1ANAY (migrating motility complex)

&

Y A = - " o ]
'H‘Ll']‘lﬂle’)ﬂ'J']ﬂ?ﬁU'lUl?)']lﬁ‘Hﬂ'lﬁ157]Wlﬁﬂ“Tﬂﬂ?iﬂﬂﬂﬂﬂﬂulﬂﬂ'lﬂﬂ'lvlﬁmﬂ

vaznd1 1dian peristalsis ileocecal sphincter 9&AA1UH? (ﬂ']ﬂ'liﬁ'lllﬁclﬂqj)
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alalva

— caecum TuAINAn0 151971 1u colon HazeIMIsZgANANAUdINdULT U
caccum 80 1AUMTIAABUAUDY antiperistalsis Y84 colon (HuMsAgAIAAT
A g ya - a3 gyt 5
2113 e IHIMmsgaduiiuag electrolytes 1AATIUY
— colon
o @ o o L Y .5 o
* segmentation movement UABDIHIT o msduAanuriied 1duniui
v T e N
Tdmsgaduiius sgialdis vy
* peristalsis FIWHANAUDIYIS 11N rectum
= 3 1 4 1
- antiperistalsis INAYU1 0071 NDYIVNITUABINITHAZYATUDINTS
L o ar = J
« mass peristalsis MAALUY peristalsis LARNHHULMIHAAUAAYUAT1S

1 a a Ag 1
71 peristalsis 1na NAYUVUSDIUYIDTE

di = s  dey
Mo lvIveamufue s Iudaln

®*  1indAd1%i13 (esophagus) Uag crop

— peristalsis

Gastrointestinal motility
— proventriculus inmsnaduduuy peristalsis
— Gizzard Tmsmeafiudvesndunie 2 %0 19 thin & thick muscle 711Ul
ABUNTIAFIOLADINS

— Duodenum HMINARILLIY peristalsis }l1& antiperistalsis

ileal, colonic and cecal motility

@ o 9y 2 w v o
—  M351UAV84 ileum, colon LAY cecum HanvMeAdwAAINU lUTAINTZINE
= ~ o dey A 1 ¥ oA W ..
187N cecum VOIFAILNUYLIAADUY G IINUNITT VAL mixing,

peristalsis Il01& antiperistalsis

218
(vomiting or imesis)
® vomiting center Elg.jﬁ medullar of longata “?Ib\‘ﬁlx‘; 1l nerve impulse 91N chemoreceptor‘ﬁ
wifansznizems &1 1duazduiovesau
*  ASTUIUNITOUILY

—  m3taved epiglottis K1 lnasaauila
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o & ‘
— soft palate A9 11/7aN naso pharynx
3
e ﬂ1iﬂﬂﬁ?ﬂ]ﬂ@ﬂ51ﬂlﬁﬂﬁﬂﬂ NsEeaN MINAWAIVINILWIZDINITUAL
cardiac sphincter

— uwpluh

MIT1IONDINIT
(Regurgitation)
¥ ¥
* ruminant 92E13ONDINITDONNUALINDDY
¥
— 1 reflex 1A INNITHARIVDY reticulum tAEMIVAAIVBINAWITEN 0T
v
Whegraviui wiounalimstlavesrhilanasudes 1119 pressure luroson
anaai v esophagus 1ueu thoracic part Y&1800N L‘fﬁd esophagus f
¥pean 1N
Y g 9a A o a ol i
— msnszquldifansdisenomsiaifeadesernnannemshiianyae
e T duian UM U89 rumen
@ ) o ' = P 2 A 1
— FunuddnuazdamsHIuN 1 vagus nerve Toiigudnanmsineadesegi

¥ Ed
medullar oblongata M 1iAa reflex ¥oaM13ALADDS

N13L30

(Eructation D) Belching)
*  3wuly ruminant
o 3 A e w 4 a 3
o AaduMeMeA gas (CO2 & CH4) MAAYINYLIUNTT fermentation B8N 11N191)10

MotlosnuMsNaNedda (bloat)
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N15618930152 (Defecation)

MNDIHIS — rectum — HU3 rectum wvens

|

parasympathetic reflex

Defecation reflex iin

Defecation peristalsis peristalsis wave 194
wave ve1 colon, rectum .
wdndugeeszhli anus colon awwiasuay rectum

Internal anal sphincter

Reent Internal anal sphincter
aaed tmiudhumstiduneldsneialelay

»  Enternal anal sphincter anmweaamada (skeletal m.)
o ndwidlemihieanadiviondnduguerszesn’y

UHUMNA 5 Na1nN13918999152 (Defecation)

1o aKn
(constipation)
o pmsiinudh U Bifnmnemsi ldmsdudunden lnavesd11¢Inajanas
o mnems (fiber) Yswaanamldmisd1dngjunedy  dudinszdulvife
msnadaunde lnavesdr1d1ng
e mnems (fiber) YSinanesihlimsnaduntonlnavesd 1dngannufams

azauvesganszlud 14 fantosda

99324
(diarrhea)
o ozlsAmuiildiAamsszmufioaved1d
*  PlanAAN
= ﬂ1iﬁ1ﬁ1ﬂﬂﬁ'ﬂﬁ‘l1ﬁ‘mm bacteria, virus
—  MIUNOF IUTZVUNNAUDINS

1o Hq ¥ oA v v =t
— ﬂ1illun enzyme T]GIGHUEUE]TH'ﬁ [BU AUUULAINDAUNY
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® irritation peristalsis JUIAEDIMITONUT NOUTY
v
o Undludidgaduens i ussig

¥

Yy a = Yo o '
¢ oy qtylﬁﬂﬁ’l'ﬁﬂ’]'ﬂ’liﬂﬂ?iﬂz“lﬂiﬂ HIUT519

msgadulmanavinaligvesgndadusniia

QAN T5A (antibody) 3 2 Uy

active immunity

— passive immunity

wuludau blood serum TawidluTysAuTuanalvg)

IgG, IgM, IgA

T @
Tugndnd Muudes gns i deald5UAIUN colostrum

v v
Tav1ln@ antibody szgnviats Tamirdesluszuumaduemis aniulugndaiusn

' v ]
aszuumuauzds livaaibes vienianegiiaiv antibody

ol 24-36 ¥ Tue

W

= a o JdaA dv
mmwﬂﬂﬂmmaan*mmz‘lutrmmmmﬂa

Reticulitis (Hardware disease)

dlunmenidunandasud lsemefoms o ldifauiaunaly

reticulum

Ruminal acidosis

high-roughage ratio high-grain ratio M lddadlSuda T i 1ifa
ruminal acidosis LAZINA atony (rumen HgANIT Lﬂﬁ ﬂu"lm)

microflora 14 rumen U35ud 72 lsiviu

mld pH lactic acid

Uszannsuunfi3e uaz protozoa nlavuilag

rumen HgaRaoY 112

Acute tympany (Bloat)

Wudnuaznsazauved gas 14 rumen

IAAINMT feed AL legume pasture, alfafa 130 clover

MSALAUUDI gas WNLAADINNITH frothing 1IN (trapping YOS gas 11 ingesta)
1A foam YL rumination YAVINNITILUE gas 20N TAYYLIUNS

eructation
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— gas azaun11U rumen

— DINITNIN soluble protein Tu Hilj‘lﬁﬂ saponin salivary mucoprotein LIAZWIN
bacteria ‘ﬁﬂ%’u slime Y11 1#1A @ bloat 14

— S laomsld antifoaming agent (%Y oil H?ﬂﬁ?ilﬂfj‘ﬁlﬂu surfactant

Parakeratosis Y94 rumen

— ifie ratio ¥O9RIMITAMYLIUMS (processed food) 110 131 1¥WIN pellet 92
Lﬁﬂﬂﬁnﬂﬁuuuﬂm;ﬂénﬁ NYDIEUDY epithelium YD rumen 1aY papillae
¥4 rumen ﬁw1|U1u°tﬂty:uazu%auiamrlifu gnumein/deu lesion 9uil

FonN parakeratosis

Diarrhea (scours)

ﬂ1iﬂ3ﬂf]ﬂﬂ1i?’luﬂ1ﬁ‘li

(Regulation of food intake)
- LY 3 o o d’ 3 o o
mipununIdal@eagnalsuunaz ludadtln
o' @
r;mu‘lu hypothalamus L"i‘lummnﬂu appetite
o a

1
17 lesion 71 ventromedial hypothalamus §A92AUDINII 'laiﬂqﬂ (hyperphagia)
v
2

= — @ o a
1 lesion 1 lateral hypothalamus dadvz lufuems (aphagia)

ar N Ad 1 a o d
ﬂﬂﬂﬂﬂ'lﬁﬂﬂuwﬂﬂﬂﬂ1§ﬂ“ﬂ1ﬂ1i1ﬂﬂﬂ']1lﬂ

fladeiilddainuemisanas

— guwgiiiadeugininnd

— MWomsniindsaugs

TRy P Y o oo A J
laveni lvdndinueimisiiuyy

— guugiundevandiag

— szuzeonly (egg production)

—  STYTHAAVYY (molting)
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Avian GI Tract

i 29 amdessszuumaduesludaiin (1n)

Avian GI Tract

Proventriculu pleen Cecal junction

Sternum Liver Gizzard Duodenum Pancreas Hewn Ceca Sinall
intestine

7 30 szvvmaRuesuazszuuduRuglvlnmedie
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ﬂ]ilﬂaﬂuulﬂ’J‘Ililflﬂ"lﬁlﬁﬂﬁ?ﬂ'li

@ v =)
o madvarnanthatazmanau

149 beak TuDMTI1LNN

v ' v 2
pmsvzagnindl lugeshnudignnduas i
YuIuMINAUDIRELTI 1 N0 29904 1an 1AL negative pressure 11 esophagus
FIUgAvIM154 11

= w 0w =
ﬂ'l'iUﬂﬂﬂ!tﬁ%UﬂﬂQLﬂUﬂﬁ1ﬂﬁ'lﬂﬂ]u1uﬂ'l'§ﬂﬁu

® esophagus & crop motility

9IM39ZIAABUHI esophagus 1AY peristalsis
m’;zmsmﬁwmmzmw“lummsﬁmmiqnnﬁuawwzn.fluﬁqﬁa?; ¥
2111592QN a3 11843 crop 138 NITMITOINIS

81118 crop mmsﬂzqnﬁ’mmzﬁﬂﬁ'ajmfrmazéemg'u nnfusziaden'ly
proventriculus

M51AABUBIMI590 crop 11 proventriculus 9215 reflex ﬁmnﬂniﬂums
IAUYBINTZINIZDINNS
é’ﬂﬂﬂmm%‘wmmﬁ1'5ﬁ;hu"lﬂi)z'{'fuﬁuqmﬁuﬁﬁmmmms

'lﬁllfi consistency, hardness, water content

PIMISAZIHIY crop 1AI5INA10IMITURA

S A ~ ¥ ! v A = g
ﬁﬂ‘)ﬂ'lqu’]ﬂﬂ’]imaﬂuﬂi]S"]ﬂﬂ'J'l’El'IQLIE]U ﬂ"l'ilﬂﬁﬂuﬂ'll'i)ﬁﬂ'lﬁ'l‘ii)m‘i'J‘HiIﬂ

Tulngunaz1aly Sriiqalu lannla

®* (Gastroduodenal motility

4 o -
mMsndsueIvIsiaunaumatn I 2 uuy
] = J
*  reflux Y9991 1M duodenum LAY upper ileum vl.ﬂ’c:l" gizzard LAAYU
4 aFyaw. lulnes Mmldidamsagnindwauvesemis lud ldiy
¥
heeslunszimizon
o luunauntioszudou (egest) IAUNTTYN YUVBUNPDBONNININ
NIZINIE
i o q ¥ = @ v o
ANMuRInIeMIseanInITE IMAud lunsnadivesnszinizyesdad
Unaaas

grit n3eRounsIannud 1 lulinnudaydensdovind urszdrdgse

A o U 8 a o gy a *
91115 N aztod geven TavdnadadtlnezAu grit terue
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=
MIYAYN

=2 ] 9
ﬂ']‘)'ﬂﬂ“h’ﬂﬁ']iﬂ'lﬂ'l‘iﬂ']ﬂﬁ'lvlﬁ

S a 3 d A =t .
MIAAYUINAVULIUUDINNY metabolic rate N
n upper ileum ﬂﬂ“ﬁn end product Y®4 fat, carbohydrate, protein
1 lower ileum ﬂﬂﬁn bile salt
@ oA =S ") Y =y "9 [ : A
dadtlnezgadu lvihudhgnszumaonlavas lidesiu szuiniwmdes

S o oo )
YD villi LEUUﬁluﬁﬂ'JLﬂUQQﬂﬂﬂﬂuﬂ

orit

51U 31 mwdnaisdieunsaa (grit) lunszimzun (Gizzard) vesdniiln
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( The Urinary System )
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o o’ o = ) Y]
DIVTYUNYTAAULNNY AF. AAUD ﬂ‘lJW‘l’lﬁlTHuﬁ

a.wu., M.Res., Ph.D. (Physiology)

o o

v I una lulagmswandad d1in3suna Tuladnisinuyas

unIneama lulaggsuis



DRYIY

dyw o g dlt 9/ =4 =
nmsdszneumsasuiiamvume 19seneunsiSoumsaauin 303
318 Animal Physiology and Anatomy 1¥nutinfAnsanvidvuna Tulaomswan
o/ fnl:

1 ¥
da 9l 3 wanendoma TuTadgsud wiviuenmsivzdulse lomise

vnfinywazdaulenly

. u.an.as. Ao gUfineiun

AaAN 2548



U L
szuuvumataaiz
F Y]
Wonlszneunie
) o lg o
* mulsznreudianiug vveamsihauvesla
* Msnsedn glomerulus (glomerular filtration) uﬁzﬂa"lnmiﬂ'mf;uﬁ"nm
* msdszdiumsianuvedla
- GRF
= Clearance
* msmauveInela
= Tubular reabsorption
= Tubular secretion
- asndsznevvestaain:
e
* augailusiame
*  msimdaazldRens-ivutunazmsaetaa:

Note for avian urinary system

v
T o Qs & o
ﬁ?ﬂﬂ‘igﬂﬂnﬁ'l igWNﬁ]ﬂ‘ll?)Qﬂ]iﬂ"N“lu‘Uﬂﬁllﬂ
* wmnnvedla
¢ Tassafavesla
o msaiantdamay
Y a
Hinnvedla
(Renal functions)
Vv
1. muguaugarmazindeusaeg luseme
2. TuveuduNINA9IN metabolism Y83e1501¥15 05 wu wazmsulaniasy protein
(N); liver; ammonia (toxic)-----> ammonia (aquatic animals), urea (mammals &
amphibians), uric acid (avian & reptilians)
3. MIUAUAVRANIA-AN
" Y oA A ' ' > o
4. Hwmrhnmileusey13vie nasaes luu

Erythropoietin



* Renin

* Calcitriol

9
5. a$uihea glucose (gluconeogenesis)

Tnssasavesln
e L‘ﬂuﬂﬁ'ﬂ'.la:i-j 1.31]':" Nﬂt’\’wmﬁﬂﬁ")(human, pig, cat, dog) 2. multiple lobes ( ruminants
(cattle), poultry (3 lobes))
o & ' 2
* u.lE]N'Iﬂ'INUTJlUﬂllﬂlHJQfJﬂﬂlﬂu 2 ¥U
P ¥
- ie'laduuen (cortex)
3 ¥
- e lavuly (medulla)
* External medulla

v
* Internal medullar 9¢359u5mhilaanzdignsaola (renal

pyramids) 119 1a (ureter) taznszmizilaaie

9 3 9 " ] v
(1o 'lans 2 Yuszneudleniiedesves lanimin lumsadraiilaanzten

nephron

v
*  WUHADAIADALAZVADANUNADY

Other Urinary System Organs

314 1 edzluszvududedaaizve s
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bladder

 Figure 23-5. Kidneys, ureters, and urinary
bladder in situ in the small ruminant. (Re-
 printed with permission from Reece W.0.
 Physiology of Domestic Animals. 2nd ed. Bal-
timore: Williams & Wilkins, 1997.)

P [¥) o 1 v da A
3UN 2 edezluszuudunielaaizvesdninees

519 3 Invesln
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Swine

Ventral surface

Cranial pole

Hitus

Ureter

it s lavesgns



717t 610 (Kidney) vosdaiiln

Poultry

311 7 lavesdaiiln



B C

3-1. Right kidneys of the horse (A); the ox (B); and the sheep (C). 1) Renal artery, 2) renal
eier. (Reprinted with permission from Reece W.0. Physiology of Domestic Animals. 2nd ed
Williams & Wilkins, 1997.)

314 8 Taveash, Tn nazuny

Location and External Anatomy
\ of the Kidneys

Ui 9 dhumrsveslalusyue
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Interlobular vein

interiobular artery
Arcuate vein
Arcuate artery
Interobar veln

interiobar artery
Lobar artery
Sagmental artery

Renal column

Papilla of
pyramid

Corlex
Renal artery

Renal pelvis
Major calyx

&)

Pag

Figure 23-2. Internal anatomy of kidneys. A} The renal cortex of the equine, ovine, and caprine
kidney lacks visible divisions into individual lobes. The renal papillae are fused in these species into
a longitudinal renal crest. B) The bovine kidney 1s grossly divided mte lobes, each of which com-
municates with a mimor calyx. C) The porane kidney lacks external divisions into lobes, but the re-
nal papillac of the medulla distinguish each lobe internally. (Reprinted wath permission from Dell-
man H.D. Texthook of Veterinary Histology 4th ed. Philadelphia: Lea & Febiger, 1993.)

31 11 Tassaumeluvedlaludniviiadia q (4 5h, B Tn, C gn3)
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31N 12 Tnsaaframeluvelaly Small Ruminant

The Nephron ('H‘H"Jtlvlﬂ)

szneudln 2 dau

B
a

[ A o Y a4
1. @IUYDINADALIADA (Renal corpuscle) NMHHUINNGINVNITNTOY

v v
=~ Glomerulus lunguwasaidoades vmihiinsoaiwazes

yeegennnaauutn lyla

= Bowman’s capsule ti‘luqaﬁu glomerulus dodufludmduvesiela

2. @uvoavio 1a (Renal twbule) iWuvienaramialsznoudae epithelial cell $u

= o EV = d ~ 1
1ok} ﬂ1ﬂu1ﬂlﬂﬁﬂullﬂﬂﬁﬂQﬂﬂSxﬂﬂu‘llf]ﬂﬂlﬂdlﬂﬁ’)ﬂﬂ‘iﬂﬁvlﬂﬂE]uﬂﬁlﬂil'l

fhuilamae
= Proximal tubule
= Loop of Henle (ascending & descending segment)
= Distal tubule

= Collecting tubule



Nephron

gﬂﬁ 13 el (Nephron)

Tnssasraveuvadyvoln

*  Proximal tubule

o y:i

=) [ o 1 ~ L 9 9 w 4 Aa
= shwmihnlumsgadundunazduesndsaiegitlduas lildmdanu wehda
W @ : . e Voo A A A
UATM TIN5 9903710 10 (apical membrane) vdidnumzadioiile oy
A lumsgady AunAadunaeaien (basolateral membrane) 9%l

mitochondria agiflusuInATiuum A IEwR I
* Loop of Henle (ascending & descending segment)
= il mitochondria agiflud1uauIA 1iBanINTinIsYUNIL Na+, K+, CI- uuy 19
WAL
o Y A o o 3/ = 8 o
= mwmmﬂﬂ'mumsm“lwﬂﬁanzmaim—mm‘uu
* Distal tubule & Collecting tubule
o A | [ v 1 [ 1 9
- Lmaawﬂuumswmmuaamma"lﬂmuﬂu
- 4 principal cells
£

" v
* hwmihigadiniingy & Na+ 4u K+

* i mitochondria 'EJ;J:ﬁ'J 14



= & intercalated cells
e 2
* U mitochondria 11
° o 9/ A:i u'/ 3 1 vl 1
MAUINY A H+ mqm A uazvUnIl K+ &

d ' '
lumsvoa nvie ladhgiden

a4 A A
viaeatdenfiudeala
¥ ]
woatng la 25% voudeanmuaneonvinialalunal 1 uii

(= 1,200 ml/min, human)

L4
L]

A Y d't 1 Y ] = ) 1 a o n’ ai
> fqU0d Yio ‘H'ﬂi) mfN‘l]'Iﬂ‘i’Nﬂ'lEJGIﬂ#‘lu’l‘uf]QLZTUH':'EJH'I’E&”JHLﬂulJ']‘U“]JTI\‘m"lﬂ
oo | a
ﬁaamaaﬂ‘nmmum"lm
= Renal artery
= Afferent arteriole
= Efferent arteriole
= Peritubular capillaries

= Vasa recta

Efferant
arteriole of
cortical neggron

Efferent
arteriole of
juxtamedullary
naphron

Peritubular
capillaries

Vasa recta

Loop
of Henle

" Mf

{v)

310 14 naeardennuudeeln
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Blood Supply

Ao —» Renal — Segmental —» Lobar —» Inleriobar —» Arcuate —» Inferiobular —»  Afferen!
ey oaey ey ey oy ey ateﬁoh—l

Glomendus
{capilaries)

Infatior Peritubular J
Vana e R3] e [1forighar e Aty o [nfariobilar S rapilaries == Effarant
tava vein vain v vain and vasa anariole
tacla
0]

R v oA R e
UAHNTINN 1 ﬁ'lﬂ'l.HliNlﬂ"mﬂaﬂllﬂ\illﬂzlé’“lﬂﬂﬂﬂ1111]1!3?]\‘]‘19]

Vascular Resistance in
Microcirculation

150 [

P= 3
o
o

Pressure (mm Hg)
S

HHUAIWN 2 ANMAUREAlurARARRAR 1 q sndedln
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FHUAVDY Nephron
1. Cortical nephron
* 80% voanienuala
v
*  §irenal corpuscle ’JNY#'I"JE}Q(IH%IH cortex
] o =t 3 ] = a ' 1
* vielaguda u Tvinadu inasaideadesiuseuvioniaola (Peritubular
capillaries)
2. Juxtamedullary nephron
* 15-20% veaieniiovln
= 1 U 1 0’: 9 o
* U renal corpuscle 11'1'&1" ’J‘lamﬂ;ﬂu‘m cortex 1NN medulla

] = o 1 '
* llﬂﬁﬂﬂlﬁﬂﬂﬁﬂﬂ'ﬂﬂﬁﬂﬂﬂﬂﬂﬂ?ﬂﬂﬂ (vasa recta)

interiobular vain
interlobular artery

Atfarent arleriole
Efferent arleriole

Distal convoluted tubule

gﬂﬁ 15 ¥Havesreln (Nephron) 1 Cortical Nephron, 2 Juxtamedullary Nephron



Juxtaglomerular Apparatus (JGA)
1. Granular cells
» dumsudmanasunlasaauduTadia (aroreceptor)
2. Macula densa cells
* iludrsuims Inavesmasluve lanfemsuwavundasnduduves
NaCl (chemoreceptor)
3. Extraglomerular mesangial cells

. Lm'iﬂay:i £11714 efferent & afferent MMM phagocytosis

Juxtaglomerular Apparatus (JGA)

Renal corpuscie Renal corpuscle
|
Bowman's capsule

Efferent arteriole

distal tubule

Mesanglial cell

Afferent artericle

apparatus

gﬂﬁ 16 Juxtaglomerular Apparatus (JGA)

v o
msaseidaany
(Urine Formation)

¥
*  dsznoudae 3 Yuaeu
L miﬂimﬁjﬂﬁmﬂgﬁ‘ﬁ (glomerular filtration)
-~ o A .
2. MIgAFUNAUNYL 1A (tubular reabsorption)

3. MsIUPENNYIe 1A (tubular secretion)



16

N
o S

Ed [ ]
* dannasgnduinaluilamiz = sasnasgnnses + sasarsgndueen — 6a
NasgngaTundy
a = P w 1 w a v &
Ex. lunu ii plasma fignnsesii Inawegdd = 180 L. ualiflaaizgniuesnidivs 2 L. Ay

BATIMIRANAL = 99%

a - z
N9 nsmn‘iﬂmuagna (glomerular filtration)
& )
* Li‘lu‘uuusﬂ‘ummsr{inﬂﬂﬂnz
[ a/ 9 ] 1 o o
e plasma Llﬁzﬁ'l'iﬁ%ﬁ'lﬂgﬂﬂiﬂﬂﬂ'lu Tﬂamagaﬁ mnﬂu‘nmﬂﬂmuuuﬁ
* lidealdnasanu
— 3 ' A a o 7 =
¢ ‘\lﬂﬁl“r‘lﬂ’.]ﬂﬂif)dilﬂﬁﬂﬂ'.l'l glomerular filtrate Y130 ultrafiltrate Hﬂ@ﬂﬂizﬂﬂﬂﬂ'ﬂ'lﬂﬂﬁﬂ
[ ¥ =1 A - ~ Y 9 Vo
Ny plasma llﬂvhJNmﬂlﬁﬂﬂlmﬁ Tﬂsmu LaguaNUuUUUNINUNIITUI
= A 1
msg]ﬂcmnﬁ"lmﬂa"lm (tubular reabsorption)

: 4 d 1 1 w 1
o umsgadniuazasiidiuilsy Tomidesemenavie landudhgszuy Inadou

- ar
Vl'lﬂ?lﬁ‘i]ﬂ!.ﬁﬂﬂﬂﬂﬂwuiﬂvllﬂ
= Na+
= Amino acid

=  Glucose

M3vueanNNe 1A (tubular secretion)
U w =1 dl. ar 1 £} e ) d' ) ay
 Wumsvudwmsudinnavasaieadesiiuseuvie ladhgvela iedunalu
flaae
=) = Y] J 3 a U dy
* i selective process ADvziimmIzaIsLIR U NIUNgnIUGIL TAsyLIUMSI]

= PAH (p-aminohippuric acid)
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Afferent arterioles

Glomerular

capillaries
Efferent
Interfobular arterioles
arteries
Glomerular
. capsule
. Rest of
Mechanism of meral
U r‘ l ne Peritubular
. capillaries
Formation
Key:
. . To mterlobul
;—l- = Filtration i g’ :g ular
;..* = Reabsorption _g

i — Secretion
c Urine

31 17 nalamsaratlaenaz

msnsesflnamesaa

(Glomerular Filtration)

* usanmidifensnges

- msnsouilullmungues Starling Avusanvi I¥iian1InT0e M3 net

filtration pressure (NFP)

- NFP  =ussihldifenisnses — ussdumsnses
= (PGC + TTBC) - (PBC + TLGC)
PGC = U53AUv03v8na1 11 glomerulus
TCBC = 11599 U oncotic (colloid) 14 Bowman’s capsule
PBC = 1159AUUD3UD 11072 11 Bowman’s capsule
TLGC = U59AY oncotic (colloid) TunaoadoarpYVYDS glomerulus
= (PGC + TTBC) - (PBC + TLGC)
=60+0-15-28 =17 mmHg
¢ dnfuusedy 17 mmHG vldiRamsnsosdi Inaweda szual 125 mmin nie

180 L./day



[ )
A )

4y A
* > mInsedfiidueadasaug i
1. InamegaaliaiusiduyedveunaIgend

L U a 1
2. Inawegdaiimduilsz@nsueanisnsesgand
o .=i ' [N Y [ 1 [] 5
*  osfszneuveImINnTowU Iname gaTIzARWALNAITU 1A 1INY protein &

RBC

s o

) @ " 2 Yt . . e 5 . ¥
¢ ﬂ'lNu\‘lTﬂfImEl;ﬁﬁﬂﬂﬂm'lU protein V& HUHIU 18500 proteinuria 39 albuminuria £

G
v

Imsianeu endothelium 9211 RBC 1580 haematuria

Filtration Membrane

Podocyte
Parietal layer o cell body
e i H,O, Na*, Urea,

Glomerular capillary ¥ ¥

covered by podocyle- Proximal convoluted QMiNO acids,

mvmﬁw » tubule glucose rinl4 : Glomerular
RBC, Tuséiumuialugj| Fenestrations b, endothalium

{a) i Tald

gﬂﬁ 18 Filtration Mambrane



Capillary Capillary endothelium

Basement membrane
Foot processes of podocyte
of glomerular capsule

Filtration

Membrane Falretion

slit

Slit
diaphragm

Filtrate
in capsular
space

Fenestration

(c)

gﬂ‘ﬁ 19 Filtration Mambrane

MIMIAOAIINIINTDA

(Glomerulus Filtration rate; GRF)

+dhiffnasveswmmndignnsesiuminves Tnamoegdadunlugosi
Bowman’s capsule A0 1 U001

*  fumasmvessasimsnsesuesmiian laranua

*  Ex. luauwniin 70 kg 923if1 GRF = 180 L/day (125 ml/min)

*  GRF uendetlszd@ninmmaiauvesle

3 a ' s = q( dl o 1 o
*  GRF yunumduilszansueimsnies & Nﬂi']ﬂ‘llENll‘iQﬂuTﬂi&’ﬂWﬁﬂIﬂﬂma‘éﬂﬁ

(NPF)

GRF = Kf x NPF
=Kf (PGC - PBC - TGC)
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aa v
* aduninNane GRF
GRF
4 Ky .
= Kf890nm iy unAImMIing o4
- PGC 1193910
B ﬂ?WNﬁuﬂlurenalanery
9 A o o 9
o anudumulunasaideadnind,
*  anudmuniuluvasaideadnieen

= PBCWasnniiivienmsgaauluriela

4 2
- TGC 1pannMINUANUTUYUYD protein TUihoA

4 = 4
1304 plasma §NNTNNINVY

Glomerul

Glomerular
capsule
Key:

= Glomerular
(blood)
hydrostatic
pressure
(55 mm Hg)

= Blood colloid
osmotic
pressure
(30 mm Hg)

= Capsular
hydrostatic
pressure
{15 mm Hg)

31/ 20 Glomerular Filtration Rate (GFR)

na1NNISAILANAINDY

(Autoregulation

o aiinalnnmsaiuguaues TasmsildnmsidSunlasunnuduniuvemaeaiden
i ldaeandosiuanuduTadannldsunlas il enruguanudululna

wegda ldlinined
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Q = ArPR
Q = YSwaudeah lnaundala
AP = wamsuesnnuaulana

Y Ll
R = ANNAIUMUADMST 1WA

*  BP <90 mmHg ¥30 >180 mmHg na Inmsauguanesezide’la) 119 GER fis
alasunasllawanuauTariannlaouly

® nalnMInugUAABANAIN

-4
- ndwieissuvemasadead niud uazmsnrugudoununyie lauaz

Tnawegaa

msmaaasnalagla (Renal Clearance)

* 1 min Swaaangnnsesiila 125 ml szana 124 vzgnganduiivio’la &1 1 min
ﬁi]ﬁﬁnzqn%’nﬁya 1 ml
* Clearance 994@17 x (Cx)
Cx = (Ux x V)/Px
Cx = Clearance U947 x (ml/min)
Px = ANUTNIUVRIES x TUnaIau (mg/ml)
Ux = anuiduduvesans x luilae1e (mg/mi)

vV =9n351M7 Ivavesilaa1 (ml/min)

*  Ex. 99¥791 clearance Y8415 x S munanududuvesms x luilaany (Ux) fia
M1 6 mg/ml 8A51M3 Iavesilaadz (V) n1 2 ml/min uaganuiduduvesnts
x lwiden (Px) Hanilu 2 mg/mi
Cx=(Uxx V)/Px
Cx=(6x2)2

o arslatiszTomd cx vz

Creatinine Clearance:

]
=

] 3/
- dlumsfieglus1anie 1finen metabolism Vo4 creatine Tunduifoaisign

1/asu00n1Aa AR ATIAIN
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: ; & o '
= Creatine N'I‘l]']ﬂﬂ'liﬂ‘iENﬁ’]uﬁuﬁlﬂ‘iﬂﬂﬂﬁ‘UUﬂﬂﬂﬂNWﬂ'lﬂﬂiglﬂiu 10%

= 6 ml/min

= o ¢ 1
m3gagunavlagivasveanoIn
(tubular reabsorption)

s f2uuv
1. Active Transport N5YUA1WA1591AN0 la I Ganasaideauuu ldndsnu
Tasdunuanualszsune Wi msemil
- Transport maximum (Tm) 1% ﬂ'l‘a‘ﬂﬂ“?ﬂ@ﬂiﬂﬁ amino
acid, vit C, uric, phosphate, sulphate
- Gradient-time limitation (%1 Na+
2. Passive transport M3gaduNduvesasiuy hildwa sy atumudidy
anudyduves Ihuazail vinanududuinn ldanududuion
- ClI-, ﬂﬁumuﬂ, urea, ﬁy'l

Transport maximum (Tm)

* 1 Tmvesas laqmineds Ysmamsinniigaiannsagnuuaio1dTaoitioyo
lalu 1 wiawral Aeserdivdam

o ! A:iyd.d 0o a d (a = -y a -:} b
mIvudwuiidaiing egndsinuaisngnnses AednlSinamsiiganseadhun

fnnAuanuansandimeiudhgiten ldvua Usuamsiiia Tm vesans

E v
o @ oA

Huqezgavuneenun luilaay

* Glucose, amino acid, vit C, uric, phosphate, sulphate

Gradient-time limitation

® U T lll lrl a = ,; ar s g Qs
ATUUDIBAITIINND LA ﬂﬂﬂﬂﬁﬂﬂmﬂﬂuﬂﬂﬂ'lﬂﬂ:ﬁluﬂ'lJﬁ'lﬂﬂ'J']‘lJﬁliJﬂlu‘UENﬁ'}'iﬂ\i
J o { @ o e a1
'IJ‘Llﬂ‘IJL'J'fI’Iﬁ‘!.lf)ﬂlﬁﬁ’]ﬁﬂﬂﬁﬂﬂmfﬁﬁﬂﬂu19\

* Na+, K+

wanne ladrudu
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Reabsorption by PCT Cells

' s (&)

Key:

=l = Primary active transport

= = o = Secondary active transport
—gp = Passive transpont (diffusion)
. = Protein carrier

“L‘f = lon channel
i

Na* Entry into
Tubule Cells

Key:

= Passive transport @ = Carrler

-4 = Sacondary active - = lon channel
transport

311 22 nalamsindeniives Na' ihgrielndudia g

msiveeniineln
(Tubular Secretion)
* U2uvv
1. Active Transport

Transport maximum (Tm)

3
=  Ex M3iYUN9U04 vit B LHazu1$1389)



24

Gradient-time limitation

=~ Ex. Ht, K+
% = [ g Y o = ﬂg
2. Passive transport mi@ﬂc}mnammmiLmu‘luﬂlﬂmmam INAYUAIUATA

anuutuvel Iihuaznil mnanududuin ludnnududuilss

= NH3+

pantsznevvesilaaa:
(Composition of Urine)
o laduilaanizfiaiung 500-1,500 ml (HUMAN)
* osntlsznovvesilaanizie
%
- 1
- IPABUIAIUIAY Na+, K+, NH4+, Ca++, Mg++, Cl-, phosphate
- YpaFAUIN metabolism VOIAITDINT 1Y urea, uric acid, creatinine
* pH=5.0-7.0
* AU 600-800 milliosmole/l

o Fan luaswuluilamie

= Glucose, amino acid, RBC, ketone, WBC, leukocyte

augaveailusame
(Body Water Balance)

: ! 3 r o o
L ‘uﬂ‘H‘iNﬂ'IU YUNU 111u’m"l°tmu 27Y WA
1. Intracellular Fluid

2. Extracellular Fluid

* Interstitial fluid

* Plasma volume

*  Transcellular fluid
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Fluid Compartments

Total body water volume =
40 L, 60% body weight

Extracellular fluid volume =
15 L, 20% body weight

Intracellular fluid volume =
25 L, 40% body weight

UHUANAN 3 Fluid Compartments

msmdSinasvesrihlusrame

* V=QIC
a N
V = 1511059991 11A09M1511 (ml)
Q = 15nasvesmsnaad liloiTudu (mg)

[ 0 ¥ ¥
C = anududuvesas deazaie ldnaneluihdiuidesnisia (mgml)

* Ex Resmsnmirlusmonanuavesiumin 90 kg 9ziia D20 UTgNF 100 ml
Wl lumasaidond 7413 2 br. e I msnszated mzdeaiteanuidudy
Y9315 WU D20 §IA1 0.2 mI/100 ml Y84 plasma HAZWLI1 D20 Qﬂffﬂ‘ﬁ&ﬂﬂnmn
319018 0.5 m1/100 ml

YSumsves D20 finszaweglusanioess
=100-0.5 = 99.5 ml
TBW = 99.5 ml/0.002/ml/ml
= 49,750 ml

¥
— (49.8x100)/90 = 55.3% v nimiinduilunlansy
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d 4 '
aandsznavvearinlusiane

ECF (mEq/L) ICF (mEq/L)

Na© 145 12
K* 4 150
Ca* 5 0.001
cl- 105 5
HCO, 25 12
50, 100
pH 7.4 7

Ma9d 1 uanseant)szneuveanisinmia g veailusianme

uHUMNT 4 0aniszneuvesIgaa q Tuveamaradude 4 vesdume

4 4 = ° '
mamasuiuanasuvestilusame



27

- é‘ [ @ . [ = =
VYUNY UIIAUVIVDINDT (hydrostatic pressure) UAZIUSIAUDOH IUAN (osmotic

pressure)

9
* Msvhiaungan

4
1. UIIAUYDIVBUNAIGITY

2. Tsauludead

o
3. IMIgaduYRINBITULI UMDY

0 v
4. Permeable YodviaoAIdoad oy

MINUANANMUNTH VB IINT UTI9IME

*  Antidiuretc hormone, ADH 1139 vasopressin

~ a ] A Y
*  msuasundaslSuesideansennudy

v
MINTTNIBUN
rireaorele METUdBNEE active MIVHIIYY passive
AT EERBL Tt uRE R A ERAEL IR
vz lndruln Na K~ & PAH. H CI,HCOsy  NH:
Proximal tobole, PT) Ca~ M Urae BO
- PO, S0«  Penicillin Urea
Glocose Creatinines
FProtin
Ukrate
Amino acids
Vitamins
vielnnifag
{Loop of Hanle)
-  Yawee RO Urea
- ﬁwi."'u
- wauuTe CU . Na~ Urea
- FTWEA Cl.Na~, K~
Yz legrutloss Ma“, Ca™, H, K O, Cr B
. g™ NH:s
(Distal tubule, D'T) .
valnwme MNa T, KT H PO, Trea
{C ollecting duct)

A13197 2 MIVUBAITFHAAN q UV Active Haz Passive transport 110 Ina1ud 1
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msmugulinasvesiluieme

*  dgarunieilszam
* Renin-angiotensin-aldosterone system

* ANP (Atrial Natriuretic peptide)

- wanaladesuu

UHUMNA 5 N135HAIUBY Renin



Aldosterone vs ADH

29

ATOH
{antidivurctic hor monc)
Increase Decrease in
wwater intake MNa(Cll concontr aation

T

decreases OuLpuc

nf‘Al')T-’l ADH

/ Diorcsas
DProcorcasc (warer Loss)
T!:u.r st

Kmdney

Roducoccs watcr contcnt
of ECFWV

Increases osmotic
Cconcentration (N

UHHANN 6 DA 1NN1F911914VRI Antidiuretic Hormone (ADH)

Salt and Water Homeostasis

Ang sin |
Angiotansinogon

atrial natriuretic peptide
= peptide secreted from right atrium

ANF

Sall excretion P Salt excrelion
a increased thati reduced 4

(Modified from Despopouicus & anmgl cawr Am
of Physiology, 3rd Ed, Thisme inc.: New York, 19886.)

UHUNINA 7 MINIVRNENgave i azInEe lus19me
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Water Balance

Metabolism 10%

Foods 30%

Beverages 60%

Feces 4%
Sweat 8%
Insensible
losses via
skin and

lungs 28%

Urine 60%

Average intake Average output

per day per day

HHUMNN 8 augavenilusame

Regulation of Water Intake

Decreased volume m increased volume
of extracellular fuid inhypoihalamic of extracellular fluid
Sensation of thirst:

Increased osmolalty of
osmolalty of extracelular fuid
extracellular fluid t

Water absorbed from
Key: gastrointestinal tract

UHUMNA 9 MIIAIVANAINNTZIIEN
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Disorders of Water Balance:
Dehydration

b

e

(D Excessive == (2) ECF osmotic ===t (3) Cells lose
loss of H,0 pressure rises %’: Hy0 to ECF

(a) Mechanism of dehydration

Disorders of Water Balance:
Hypotonic Hydration

(D) Exceseive ey, (2) ECF osmotic ﬂﬁm&s
H50 enters pressure falls | into cells by
the ECF

(b) Mechanism of hypotonic hydration (water intoxication)

31.Iﬁ 23 a) Dehydration

b) Hypotonic Hydration
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0 v A Yy
ﬂ'li‘l"l'lﬂﬁﬁ"nﬂﬂﬁ]ﬂi]'lﬁ-ﬁlﬂﬂu

* §27%
= o o J
1. msiaaanuuduvesmsluiis la

= Countercurrent Multiplier

2. ADH

Loop of Henle: Countercurrent
- Multiplier

s = Active fransport Wmm-—-\{

Osmolality
olinterstial ¢ ctiaront

To vein

NaCl
H0

NacCl
H0

NaCl
HO

NaGl NaCl
Ho o
NaC| NaC|
He o

& . (b) Vasamcia

gﬂﬁ 24 Loop of Henle: Countercurrent Multiplier
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Formation of Concentrated Urine

MaCl NaCi H, O H,O

Descending limb Cortical
of loop of Henla 7 collecting duoct
/
@ NaCl
H,O
Cortex NaCi
300 7
H, O
g o 600 |° s,
Outer =
medulia "5 ‘é
H,LO %‘3
E
00 | &
H,O
Inner < Active
medulia 1200 transport

A P ASSIVE

H o 5
31N 25 mamlddaeaziduduanniu

L
msaneaaiy

(Micturition)

flaanzignadiennla swgnuuduuduliinszmeilacg (urinary bladder)
F
Taoe NS DUAMILY peristalsis YOINAWITIDITUVVA renal calyces N30 lana

] 3 '
wmlsveanerilagnzmudsuiioson15UUNIN urethra

nnszngilaaiy
¥ I
- OmTedlund e oy detrusor muscle NauIndavee'ld
v

= nszmzilaanzuisoenidu 2 dau sz (body) uazaeiiiyza 2 Ju

(internal & external)
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Kidney,ureter,urinary
bladder,urethra (Note. no UB in poultry)

HE URINWRY SYSTEM

-Urinary
bladder

¢ Figure 23-5. Kidneys, ureters, and urinary
f’@inddetr in situ in the small ruminant. (Re-  an
printed with permission from Reece W.0O

;J’hyxielng» of Domestic Animals. 2nd ed. Bal- /
;{g;iimme. Williams & Wilkins, 1997.)

1 o 1 ¢
Ui 26 dumisvesnszmnzilaanzludnd

Kidney,ureter,urinary
bladder,urethra (Note. no UB in poultry)

31127 ', vie’ln 1azn1353% (Cloaca) ludniiln
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Urodeum

Sagittal view

IGURE © Lower intestine of the domestic fowl. Arrows indicate

e retrograde flow of urine from urodeum to coprodeum, colon. and
ceca, as well as possible directions for net fluxes of water and NaCl
in coprodeum and colon. (Modified from Choshniak et al. (1977),
‘with permission.)

311 28 anHAUZYBINITIIM (Cloaca) ludadiln

Urinary Bladder,UB

31 29 nsumnzilaa1az (Urinary Bladder)
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Urinary

MALE = { FEMALE

Spongy (penlle)
wrethra

Eractile tissue
of penis

(a) External urethral orifice

3N 30 nszwzdaarazlumygud

msnuguMstetaay

® szyuilseam
= Pelvic nerve Usznoudodulomiddaduazesnain ludunds iduloi
ihidadimihniuinstavovveamisnszmeilaa:
= Parasympathetic 91 Ifinszmzilamazdudietaus uite lailaanzoen
& q’ a 1 o 9, a
= Sympathetic lA09UTNUAD M3NTZAUIZH11H internal sphincter Tn

= Pudendal nerve N13N3 wj'u 92111 external sphincter 119
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Micturition
(Voiding)

Lowear thoracic
or upper smbar
spinal cord

g—

Micturition
(Urination)

Bladdor

Internal
wrethral
) spihinctar

31 31 nallamsmavgumseheilaardz a) Voiding  b) Urination

Note for avian urinary system
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Note for avian urinary system
Avian kidneys are paired retropiritoneal structures that fitted closely to the bony
depressions on the dorsal wall of the fused pelvis
Each kidneys has cranial, middle and caudal lobes
Ureters transport urine from the kidneys to the cloaca (mammalian urinary bladder not
present)
Avian kidneys are characterized by having two nephron tppes, reptilian and mammalian
The reptile types lack loop of Henle and are located in the cortex. They are not capable
of concentrating urine
Mammalian-type nephrons have well-defined loops of Henle
glomerular filtration, tubular reabsorption and tubular secretion 111/94 14 mammals
When both nephron types are function, 25% of the filtrate comes from mammalian-type
nephrons and 75% comes from reptile-type nephrens
%’Ud'lmmuﬁu“lugﬂvm uric acid (ammonia  Uric acid ﬁ liver L1A¥ kidney)
Bird urine is cream colored (uric acid) and contains thick mucus
After presentation of ureteral urine to the cloaca,there may be retrograde flow into the
colon and ceca (Na is absorbed and water is absorbed by osmosis)

Urine flow for hydrated chicken is reported to be about 18 ml/kg/hr
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31 32 wdnveagisa (Urate Spheres) Tunszimnzdamazvesdnin

-
/ﬁ guiuTsMmuazTonsfne

it

uminmndumauladqsun?






