ENDOCRINE SYSTEM

The DUCTLESS GLANDS
produce hormones
(‘chemical messengers’)
which they pass into

the blood stream

for general

circulation

to excite or inhibit

activity of other
organs or tissues.

Some other systems also
produce hormones
which are passed into
the blood stream.

DIGESTIVE
SYSTEM:-

STOMACH - GASTRIN

VIP and GIP
SMALL NE 581‘.7?‘8:::
INTESTI cholecystokinin/

pancreozymin

erythropoietin
KIDNEY renin

1,25 DHCC

__-- HYPOTHALAMUS

by

___ PITUITARY
ANTERIOR LOBE
POSTERIOR LOBE

T THYROID

4 PARATHYROIDS

_2 ADRENALS
Cortex
Medulla

ﬂﬂﬂﬂﬂ PANCREAS
(Islets of
Langerhans)

2 TESTES in Male

,/ (2 OVARIES in Female

/ [plus placenta in

/ pregnancy].)

secretions.

The glands of
internal secretion
are concerned
with the control
and coordination
of processes which
are widespread in
the body — such as:

Metabolism
Growth
Maintenance of
stability of

internal
environment

Resistance to
stress

and with

Reproduction.

All have a profuse blood
supply to receive their

Although each endocrine gland has
specific functions all are interdependent.
Overactivity or underactivity of one
tends to affect the whole system.
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GRS ER RN Summary of Hormones Produced by

Other Organs and Tissues that Contain
Endocrine Cells

VAR EREE Summary of Hormones Produced by

Other Organs and Tissues that Contain
Endocrine Cells

Hormone Principal Actions Hormone Principal Actions

Gastrointestinal Tract Kidneys

Gastrin Promotes secretion of gastric juice and Renin Part of a sequence of reactions that

increases movements of the stomach. raises blood pressure by bringing about

Glucose-dependent Stimulates release of insulin by \;?dsg;(:::;c]r;ctlon dndeecrelion ol

insulinotropic pancreatic beta cells. i ;

peptide (GIP) Erythropoietin (EPO) Increases rate of red blood cell formation.
: . , s Calcitriol* (active form Aids in the absorption of dietary calcium

Secretin Stimulates secretion of pancreatic juice

Cholecystokinin
(CCK)

and bile.

Stimulates secretion of pancreatic juice,
regulates release of bile from the gall-
bladder, and brings about a feeling of full-
ness after eating.

Placenta

Human chorionic
gonadotropin (hCG)

Estrogens
and progesterone

Human chorionic
somatomammotropin
(hCS)

Stimulates the corpus luteum in the ovary
to continue the production of estrogens
and progesterone to maintain pregnancy.

Maintain pregnancy and help prepare
mammary glands to secrete milk.

Stimulates the development of the mam-
mary glands for lactation.

of vitamin D)

and phosphorus.

Heart

Atrial natriuretic
peptide (ANP)

Decreases blood pressure.

Adipose Tissue
Leptin

Suppresses appetite and may increase
the activity of FSH and LH.

*Synthesis begins in the skin, continues in the liver, and ends in the Kidneys.




Nervous & Endocrine Systems

1I/.CIR=R AN Comparison of Control by the Nervous and Endocrine Systems

Characteristic Nervous System Endocrine System

Mediator molecules Neurotransmitters released locally in response Hormones delivered to tissues throughout the body by
to nerve impulses. the blood.

Site of mediator action Close to site of release, at a synapse; binds to Far from site of release (usually); binds to receptors
receptors in postsynaptic membrane. on or in target cells.

Types of target cells Muscle (smooth, cardiac, and skeletal) cells, Cells throughout the body.
gland cells, other neurons.

Time to onset of action Typically within milliseconds (thousandths of Seconds to hours or days.
a second).

Duration of action Generally briefer (milliseconds). Generally longer (seconds to days).

Table 18-1 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




Physiological Properties of
Hormones

B Small amounts (pg~ 12 Q)

M The secretion rate Is determined by the need
M No effect on the source

B Act on soma or target organs

M As trigger substances

B May have many effects e.g. oxytocin



Circulating & Local Hormones

Endocrine

Q “ cell

Circulating hormone

Blood
capillary

Hormone
receptor M) O

Distant target cells
Circulating hormones

igure 18-2a Princi f y and Physiol 1/e
© 2006 John WIW&S

Paracrine
- receptor — |
O 0200 Q r . é °° ° \ Q
. ° o o
Paracrine >
Paracrine cell Nearby target cell
~ —— Autocrine
Autocrine — ‘{\_) 7> receptor
cell ‘

Q Q

000 \
Q
Autocrine — J

Local hormones (paracrines and autocrines)

Figure 18-2b Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons



Categories of Hormones

Chemical Class

Hormones

Site of Secretion

Lipid-soluble
Steroid hormones
CH,OH
@] 2

Il c=0
H—C

Aldosterone

Thyroid hormones

I I
HO—% >—O—% —
I

Triiodothyronine (T,)

H
|

ey ——=
=

H

Gas

—(IB—COOH

Aldosterone, cortisol, and androgens.

Calcitriol.
Testosterone.

Estrogens and progesterone.

T, (triiodothyronine) and T, (thyroxine).

Nitric oxide (NO).

Adrenal cortex.
Kidneys.
Testes.

Ovaries.

Thyroid gland (follicular cells).

Endothelial cells lining blood vessels.




VA= IN=R k8 Summary of Hormones by Chemical Class

Chemical Class

Hormones

Site of Secretion

Water-soluble

Amines

HO

CH—CH, —NH,
OH

OH Norepinephrine

Peptides and proteins

Glutamine

Asparagine

Isoleucine

Tyrosine

Cysteine — S—S— Cysteine

Proline

Leucine

Glycine

Oxytocin

NH,

Eicosanoids

HO

i COOH

OH

A leukotriene (LTB,)

Epinephrine and norepinephrine (catecholamines).

Melatonin.
Histamine.
Serotonin.

All hypothalamic releasing and inhibiting
hormones.

Oxytocin, antidiuretic hormone.

Human growth hormone, thyroid-stimulating
hormone, adrenocorticotropic hormone, follicle-
stimulating hormone, luteinizing hormone,
prolactin, melanocyte-stimulating hormone.

Insulin, glucagon, somatostatin, pancreatic
polypeptide.

Parathyroid hormone.
Calcitonin.

Gastrin, secretin, cholecystokinin, GIP
(glucose-dependent insulinotropic peptide).

Erythropoietin.
Leptin.

Prostaglandins, leukotrienes.

Adrenal medulla.

Pineal gland.

Mast cells in connective tissues.
Platelets in blood.

Hypothalamus.

Posterior pituitary.
Anterior pituitary.

Pancreas.

Parathyroid glands.
Thyroid gland (parafollicular cells).

Stomach and small intestine
(enteroendocrine cells).

Kidneys.
Adipose tissue.

All cells except red blood cells.




Categories of Hormones
IRAVERKRRY:

1. Amine Hormones:
Adrenal medulla -NE ~ EP (CAs)
Thyroid gland -Thyroxine (T,)
2. Peptide hormones -Prolactin ~ Growth
hormone....

3. Steroid hormones:
Adrenal cortex -Cortisol ~ Aldosterone
Sex hormones -Estrogens -~ Progesterone
Androgens



Polypepetide & Glycoproteins Hormones

S ES ficie iRES TENVE
MARBZ= SEfZEE: | RTNIRERE | KRB MEUE
(Antidiuretic

hormone)
S (Oxytocin) |BEIZEE: (M TERRE | =HFZLAR6VUHE
: 2170301@fZ | REEVINE8Y | MBlRBBEEKERIN ~ BBIHE
RER(nulin) Nomese (oMl | scmimEssem
A= 9(BIREES | W/ NE8Y | KERFTREZ00RTHERDRSED
(Glucagon) o112
S5 FREER | 9GERERE |KTNMRRE | REELREE
(ACTH)
Bl PARERZE 8A{ERZEEL | BIFARAR 1B I0MESEVRE
(Parathyroid
hormone)
e BRIBIER BBREED BETNIRRIE | RIABEREINREE A

(FSH) ~ =ESRIEN
F(LH) ~ FRRER
Rl (TSH)

D
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Biosynthesis and Secretion of
Pepetide Hormones

Copyright @ The MeGraw-Hill Companise, Ine. Permicsion required lor reproduction or display.

Plasma membranej\

S

oy

Intracellular fluid

Golgi .\‘
apparatus

k Nucleus )

\'-. d Rough

endoplasmic Secretory @
reticulum vesicles

Preprohormone Prohormone Hormone —= Hormone
/ / (and any "pro"
Prohormone Hormone fragments)

Synthesis :

Packaging Storage : Secretion

pre-pro-insulin — pro-insulin — insulin



Preprohormones & Prohormones

= i % (preprohormones)

R AN AR Y § %S

" Ak AR —FL 5 @ ok (prohormones)

L e AL F

Tk A AR %Mﬁ‘:’a\mmv L7 H A

ET
BTG L Btk ? S H T el

& 11.3 BRARAZERRSEEEIERNLTTE

R IREE AR EEEY E3: 5
RRE #4328 Ds(Vitamin Ds) 1,25 — _¥EHEEZR Ds TN i8R 52 [ 38 A= T AT B A 5 it
FA = Sl =& DHT fIEEH 5a — BREEN
(Dihydrotestosterone, DHT) HEMRT RSOV
RIKREAVBERFZ AN
Itf — &2 (Estradiol-173, E.) E. S 2t EE TR
TR R R ERN DRI TIEER T
REAMOHSHE
ERAR AR ERARERER (T4 —HREBARIRER (To) BT BREEII TS T, BB T,
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Biosynthesis of Steroid Hormones

ﬁggﬁ

Cholesterol Pregne olone

Cortisol (hydrocortisone)

" o

Secreted by testes

Estradiol - 17p 13




Biosynthesis of Steroid Hormones

&
Cholesterol
— % &A%
Prﬁfﬁﬁi@ne Dahﬁ%ﬁ%ﬁmm Cholesterol
l | | Rl 8-4
FEE{LES

BRI EE _ = & ’

Hvd t R AR %= Aromatase EEI:EE;EQ

Progesterone

HEEELEE

B i) Ar = T
Corticosterone ‘,gg*'!}' Tos%?:me E%u?&ll%l
1
Aldosterone A BRER 53t
Secreted by testes Secreted by ovaries

& 8-4 8-6
PR E L REERT RSN LRE  SEPRISERERE S SBRERETEMBEMNGT - H1E 1EREERENER - ABEINRRESRENSEE
{5 (aromatase) : HMRTEM R SEER (es-

FPRETEZEALETIESMMNTESZ - RERMEE (dehydroepiandrosterone ; DHEA ) Fj 1% — &d
(androstenedione ) ALY 3E (androgens)  ElAIEESEERTHES (testosterone-like hormone) - g7  trone) Bt —E (estradiol ) 4=pFTES

BHhiZ (cortisol ) FIEF EIRREEERA ( corticosterone ) BHA¥EEER B 2= ( glucocorticoids ) - E2EER ( aldoster-
one) BRI ESR (mineralocorticoid) » REE FARRZERYE —BBAFTESE

BhZeER > -+ one
17-Hy -v[ B Androstenedione Androstenedione

14



Categories of Hormones
RIS SRS

Major | Location Sianal Transduction Rate of
Types From in of ’ . Excretion/
Mechanisms :
Plasma | Receptors Metabolism
Free Plasma 1. Second messenger Fast (minutes)
Peptides and membrane | 2. Enz activation by
catecholamines receptor (JAK kinase):

(Water-Soluble 3. Intrinsic enz activity of

Hormones) .
receptor (tyrosine kinase)
: Protein- | Cell Intracellular receptors Slow (hours
Steroids and . :
thyroid bound interior directly alter gene to days)
h transcription
ormones
(Lipid-Soluble
Hormones)

15




Action of Water-

Soluble
Hormones

Blood capillary

M%m

o

o Binding of hormone (first messenger)

Water-soluble to its receptor activates G protein,

cyclase converts
\* ATP to cAMP

hormone which activates adenylate cyclase
Receptor / Adenylate cyclase
e " Second messenger
G protein Activated
@ 0 adenylate
cAMP\

Protein kinases (O Phosphodiesterase
inactivates cAMP
6 Activated
cAMP servesasa protein

second messenger kinases

to activate protein : 3
B s i () Activated protein

Protein kinases
phosphorylate
cellular proteins
ADP

Protein - ®

©) Millions of phosphorylated
proteins cause reactions that
produce physiological responses

Target cell

16



B RS
Epinephrine
(beta-adrenergic effect)

BB LRRMR

iagiilia)

Liver cell

Ca2+

B LRz
Epinephrine
(alpha-adrenergic effect)

a-B LERMER

17



BPREHEE
Binding to receptor
proteins

HHRRE
Cytoplasm

BS1ER

Dimerization

Tyrosine kinase

=R Bl
Phosphorylation of
receptor

Phosphorylation of FAE2FHI
signal molecules  BAEE1L,

Y

Cascade of effects —EEGE

Y
Glucose uptake and &% #EHV IR
anabolic reactions  f|5& K& ME

18



Action of
Lipid-
Soluble
Hormones

Free hormone

\

Blood capillary

¢ ) Lipid-soluble
Transport — hormone
protein J diffuses into cell
¢) Activated Nucleus
receptor-hormone - Qo Receptor

complex alters
gene expression

N

‘}'\ \——DNA
Cytoso| ——

4 Y~ mRNA

&) Newly formed n{ :
mRNA directs \’&y— Ribosome
synthfgSIs oft _ N o New
specific proteins protein

on ribosomes .
() New proteins alter
cell's activity

Target cell
1Y



Nuclear Receptors

1. Steroid hormones:
Adrenal cortex -Cortisol
Aldosterone
Sex hormones -Estrogens
Progesterone
Androgens
2. Sterols -vitamin D
3. Thyroid hormone
4. Retinoic acid(iF#4E%)

20



|

Nucleus

. romance

| sHmRREE

Blood
111§

Target cell

{REVHHAR

21



General Mechanisms of Hormone Action

s Hormone binds to cell surface or receptor inside target cell

¢ Cell may then
--synthesize new molecules
--change permeability of membrane
--alter rates of reactions

¢ Each target cell responds to hormone differently
--At liver cells---insulin stimulates glycogen synthesis
--At adipocytes---insulin stimulates triglyceride synthesis

¢ Synthetic drugs may block receptors for naturally occurring
hormones

--Normally, progesterone levels drop once/month leading to menstruation.
Progesterone levels are maintained when a woman becomes pregnant.

--RU486 (mifepristone) binds to the receptors for progesterone preventing
progesterone from sustaining the endometrium in a pregnant woman
 brings on menstrual cycle

« used to induce abortion Misoprostol (Cytotec) 22



Hormone Metabolism and Excretion

Secretes hormone

<7

Plasma hormone

J

Excreted Inactivated Activated
by metabolism by metabolism

Targetcells |
Respond to hormone ;




-

Control of Hormones Secretion
Negative Feedback Control

1. lons or Nutrients 2. NTs of neurons

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Copyright @ The McGraw-Hill Ct ies, Inc. ission required for reproduction or display.

Central nervous system

T Plasma glucose concentration @)

Hypothalamus )

Insulin-secreting cells
TInsulin secretion

r
M Hormones ( %7 Autonomic
0 : ganglion

T Plasma insulin concentration

@or @ @
r
Anterior Adrenal @or®

pituitary medulla
Insulin's target cells \_ st : E?;o::::ﬁ
 Actions of insulin fein l gland cell

(transport of glucose from , e T
plasma to intracellular space) Hormones Hormones (epinephrine) Hormone

3. Other hormones: tropic hormones

24



Hypothalamus

s IFRRSE8Ypituitary gland_=75 » hypothalamusEdpituitary gland A EE g2
PIARRIEBVMEREE : hypothalamusEdpituitary glandBYBIERIE » BY
= WiBAREEFS (anterior lobe ; adenohypophysis) @ Z5eME K
%, GEERENXMEMICER (posterior lobe ; neurohypophysis)
Bl 2 SEmpiS s B % o

< NROEBHFTMIER - WRLEST S EHIIRPTHEA o TSR
CpZe (median eminence) S| @ SMHEARERENLRER (RBEPTD
) » W2 releasing factor BRI ARBEHRAMMERIL - BlE
PR RPIRT - @HFEMRIBIRIEE pituitary glandgiZE - MERD
EETSMR - MR LA E=ES  —HB5 ' LB ERER2
(trophic hormones )2 g@3pituitary glandfio b o

< NiR T hormones 3N 2IRAKEHZY (pulsatile pattern) B S RIFTZEZ=
S2YNHR ~ OFEHY - 1BHESF o

* MR P IERNBYAE= E U EATIIZE0AS NIREER a0 © WP
3= (thyrotropin-releasing hormone ; TRH)ZARIEIAS NER P AKER R
== (thyrotropingjjthyroid-stimulating hormone » TSH)BY&RY 52050 ©

L)

25



Pituitary Gland

<+ IRISSEIEROVERSE (sellaturcia) op » ARG N RN
(pituitary stalk) syjm>+ (infundibulum) 82FE2K » BRIDAR
nRTEEfG NEE(ASE pituitary stalk ZRABERZFER © 7£
pituitary stalk PHEEAPIIKAMR @ Rt FiROFEZM
BRI EA XL pitvitary stalkEE/ERMED
D <

<+ AR BET @ BIRIREASESH A —{ESERE R EBK
= (Rathke’s pouch) & 938 = A ZE BV E 2 1B 12 [0 (K
HRBPAE{PEAEE RS HMA IS NER » EPBHEK
EFTZRBYES D8 2 B RREERE (adenohypohysis) o e85
= RS FTHZANBYBS D8 Z TBFE AR
(neurohypophysis) o

s S NEARODB=35D : 1. S TNIREIEE (anterior lobe)
FBELREMAN © X8 adenohypohysis o 2. PEEEHIZE
BB S ED o 3. BS NERTBEE (posterior lobe)e55E =
FSZHZAY » S8 neurohypophysis o 20

L)

<

L)

L)




Hypothalamus & Pituitary Gland

(a)

TR

Hypothalamus

U e 1000 38 5
Arterial blood supply

SR 2] Infundibulum
(b) . TRk %Tiﬂ!qﬁﬂﬁ[ﬂlﬁ‘

Hypothalamo-Hypophyseal Portal

IEFRpEh

Median eminence

S PR
B FARATEE — ~ i ~ Short portal vessels
Anterior pituitary e, o - k. B TR T
= ; > y - Pos

yothalamo-Hypophyseal Tract

\

PSRN

Endocrine cells - ol

LR e
& A Arterial blood supply
=i F«X;
To venous circulation - gfh‘%:mid bone
- FPIRIEER
L p To venous ¢ irculation

27



A typical 3-hormone
sequence of hormone
control

28



Hypothalamic Hormones

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Hypothalamus
GnRH GHRH S5 TRH DA CRH
@) ) =) Anterior pituitary ) ©) )
FSH Growth TSH Prolactin ACTH
and hormone
LH
Major known hypophysiotropic hormones Major effect on anterior pituitary
Corticotropin-releasing hormone (CRH) = Stimulates secretion of ACTH
Thyrotropin-releasing hormone (TRH)" = Stimulates secretion of TSH
Growth hormone-releasing hormone (GHRH) = Stimulates secretion of GH
Somatostatin (S5) = |nhibits secretion of GH
Gonadotropin-releasing hormone (GnRH) = Stimulates secretion of LH and FSH
Dopamine (DA)E = |nhibits secretion of prolactin

*TRH can also stimulate the release of prolactin, but whether this occurs physiologically is unclear.
$Dopamine is a catecholamine; all the other hypophysiotropic hormones are peptides.

29



Anterior Pituitary

Hormones

Copyright © Tha MeG Ine. dispiay.

Hypothalamus

Hypothalamo-pituitary
portal vesseals

Anterior )
pituitary \
Anterior

pituitary

gland

cells

Venous
outflow to
heart

Arterial
inflow
from heart

Capillaries
in median
eminence

Capillaries
in anterior
pituitary

KEY
@  Hypophysiotropic hormone
& Anterior pituitary hormone

_.-/ d

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reprnduntinﬁ_nr display.

FSH LH

Germ cell
development

Gonads
Secrete hormones

Female Male
EEtrE-I.dI'DL Testos-

progesterone terone

o

Anterior pituitary

Growth hormone

.-f'._ 2 -\"\.
Liver and

other cells
Secrete
IGF-I

.-". C -
[ Many organs

and tssues
Protein synthesis,
carbohydrate
and lipid
metatolism

TSH Prolactin ACTH
Thyroid ) Breasts | [ Adrenal
Secretes Breast cortex
thyroxine, development and Secretes
triiodothyronine milk production cortisol
(in male may
facilitate
reproductive
function ]
o : ) ¥ S o

30



©) @ (© Anterior pituitary @ )

Breast




NiR IR

s NRBIERE

& NERBUERRIER

RIRER

(CRH ; corticotropin
releasing hormone)

RIEE _ERRZ1IEZR(ACTH)EY

bRyl

RIZE _ERREZEBI W

MERESR
(GnRH ; gonadotropin

releasing hormone)

RIBUR BRI EZ= (FSH)
A=RERIFER(LH) 89D

R IR A B S RO
EEEED W

LIS EIE DS E S
(PIH ; prolactin
inhibiting hormone ;
PIF : dopamine)

I ZLAER (PRL)BY D)

RIBSLARE ESLT

geml 3= N RIBEE (GH)ADPARERE | RIBIET23B VAT
(SS : somatostatin) | 3=(TSH) 8953 AR
PE= RIBITSHBY D) RIBNEPARERZZ 090

(TRH ; thyrotropin
releasing hormone)

EREEXR

(GHRH ; growth
hormone releasing
hormone)

RIBAE RIBER(GH) 89D

RIBGTXEE BN
AN
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Anterior Pituitary Gland

HZREARMIE

Axons to primary
capillaries

RGAME

Primary

capillaries

P/ B2k

Portal venules

AR

Releasing
hormones

Secondary
capillaries
RARINE

Anterior
pituitary
fig TAREIE

A
— Cell body

RAA R
Trophic
hormones

Median eminence

IErPfEE

Pituitary stalk
& T RRAA

' \ Posterior pituitary

fa TRREEE

(Adenohypophysis)

¢ The blood supply to the anterior
pituitary is from the superior
hypophyseal arteries.

¢ Hormones of the anterior pituitary
and the cells that produce the:

Human growth hormone (hGH) is
secreted by somatotrophs.

Thyroid-stimulating hormone (TSH)
Is secreted by thyrotrophs.

Follicle-stimulating hormone (FSH)
and luteinizing hormone (LH) are
secreted by gonadotrophs.

Prolactin (PRL) is secreted by
lactrotrophs.

Adrenocorticotrophic hormone
(ACTH) and melanocyte-stimulating
hormone (MSH) are secreted by
corticotrophs.

33



f& NERRIEAZR YERB S S ELN 5980 /05
= FIRB{EE [ACTH] | BLIREE IMERZ BIRNER #RCRHRISI ; #2
(adrenocorticotropic (adrenal (glucocorticoids) | glucocoticoidsif]]
hormone ) cortex ) il
BARIREER [TSH] PARER DIEP AR SR R TRHRIZ K
(thyroid stimulating (thyroid ( thyroid thyroid hor.
hormone ) gland ) hormones ) sl
S RKEE [GH] NE b OfSh D AFSIBI0 | #2SSATHNI 5 42
(growth hormone ; (RAEZ—M) | eiZinmiE GHRHETARI
somatotropic hormone ) ©proteinSALIB
By BERIEEE [FSH] MERR Ofc= (gametes) | #ZGNRHATRIEY ;
(follicle stimulating (gonads ) ESARUNSELE | I EE R
hormone) (2 Tias CIESE=RR S
MERR O L EZ= W) #2GNRHATRIEL
SIARIEEE [LH] @ LD
(luteinizing hormone) © AR
WELEEE[PRL] SR FTBVEAE HLPIH = Plgifﬂ%u

(prolactin)




.\ -IRSR B X8 Summary of the Principal Actions of Anterior Pituitary Hormones

Hormone and Target Tissues

Principal Actions

Human growth hormone
({hGH) or somatotropin

Liver

Stimulates liver, muscle, cartilage, bone, and other tissues to synthesize and secrete insulinlike growth
factors (IGFs); IGFs promote growth of body cells, protein synthesis, tissue repair, lipolysis, and elevation
of blood glucose concentration.

Thyrold-stimulating hormone
(TSH) or thyrotropin

Thyroid gland

Stimulates synthesis and secretion of thyroid hormones by thyroid gland.

Follicle-stimulating
hormone (FSH)

Ovaries Testes

In females, initiates development of oocytes and induces ovarian secretion of estrogens. In males,
stimulates testes to produce sperm.

Table 18-4 part 1 Principles of Anatomy and Physiology, 11/e

© 2006 John Wiley & Sons
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.\ -IRSR B X8 Summary of the Principal Actions of Anterior Pituitary Hormones

Hormone and Target Tissues Principal Actions

Luteinizing hormone (LH) In females, stimulates secretion of estrogens and progesterone, ovulation, and formation of corpus
luteum. In males, stimulates testes to produce testosterone.

Ovaries Testes

Prolactin (PRL) Together with other hormones, promotes milk secretion by the mammary glands.

Mammary glands

Adrenocorticotropic Stimulates secretion of glucocorticoids (mainly cortisol) by adrenal cortex.

hormone (ACTH) or
corticotropin

s

Adrenal cortex

Melanocyte-stimulating Exact role in humans is unknown but may influence brain activity; when present in excess, can cause
hormone (MSH) darkening of skin.

Pro-opio-melanocortin (POMC):
MSH ACTH endophrine

Brain

Table 18-4 part 2 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons
36



Posterior Pituitary Gland
(Neurohypophysis)

smanky ADH
Paraventricular EEZRELR
nucleus ADH and oxytocin
H produced here
Supraoptic [ e m—
nucleus "
— TRE
gﬁ@ﬁ&%ﬁéﬁ Hypothalamus
ptic chiasma =gk
Infundibulum
THRE - EEEE
Q_)—— Hypothalamo-
4 hypophyseal

tract

Y R
. B TR
A T ERAIEE Posterior pituitary

Anterior
pituitary

. ADH and ADH

oxytocin fEEZR
released 33

¢ Although the posterior
pituitary gland does not
synthesize hormones, it does
store and release two
hormones.

— Hormones made by the
hypothalamus and stored in the
posterior pituitary are oxytocin
(OT) and antidiuretic hormone
(ADH).

— The neural connection between
the hypothalamus and the
neurohypophysis is via the
hypothalamo-hypophyseal tract.
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feAESR [OX]

(oxytocin )
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3,08 » 3|
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1870
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LGRS B Rl Summary of Posterior Pituitary Hormones

Hormone and Target Tissues

Control of Secretion

Principal Actions

Oxytocin (OT)

Uterus Mammary glands

Neurosecretory cells of hypothalamus secrete
OT in response to uterine distention and
stimulation of nipples.

Stimulates contraction of smooth muscle cells of uterus
during childbirth; stimulates contraction of myoepithelial
cells in mammary glands to cause milk ejection.

Antidiuretic hormone
{({ADH]) or vasopressin

|
Kidneys Sudoriferous
(sweat) glands

Arterioles

Neurosecretory cells of hypothalamus secrete
ADH in response to elevated blood osmotic
pressure, dehydration, loss of blood volume,
pain, or stress; low blood osmotic pressure, high
blood volume, and alcohol inhibit ADH secretion.

Conserves body water by decreasing urine volume;
decreases water loss through perspiration; raises
blood pressure by constricting arterioles.

Table 18-5 Principles of Anatomy and Physiology, 11/e

© 2006 John Wiley & Sons
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Types of Endocrine Disorders

Endocrine disorders may be classified as hyposecretion
hypersecretion, and target-cell hyporesponsiveness or
hyperresponsiveness.

a. Primary disorders are those in which the defect Is in the
cells that secrete the hormone.

b. Secondary disorders are those in which there is too much

or too little tropic hormone.

c. Hyporesponsiveness is due to an alteration in the receptors
for the hormone, to disordered postreceptor events, or to
failure of normal metabolic activation of the hormone in
those cases requiring such activation.

These disorders can be distinguished by measurements of
the hormone and any tropic hormones under both basal
conditions and during experimental stimulation of the

hormone’s secretion. 42




Glucose
FFA

hGH & IGF

Insulin-like| Growth Factors

Somatomedin B iccucs Somatomedin
(IGF) other tissues (IGF)

" Liver and

l\
Increased lean

Increased linear growth Increased organ size Decreased adiposity body mass
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o Low blood glucose o High blood glucose

(hypoglycemia) (hyperglycemia) .
stimulates release of stimulates release of I a eg u I atl O n Of h G I I

b ’GHRH GHIH ) T

-

+» Low blood sugar stimulates
release of GHRH from
hypothalamus

--anterior pituitary releases more
hGH, more glycogen broken
down into glucose by liver
cells (diabetogenic effect)

+*»» High blood sugar stimulates

ﬁh‘
—
S

9 GHRH stimulates
secretion
of hGH by
somatotrophs

€) GHIH inhibits
wom,.  secretion of
\ hGH by
somatotrophs

Anterior
pituitary

o hGH and IGFs speed 0 A low level of hGH and

up breakdown of liver IGFs decreases the rate
glycogen into glucose, of glycogen breakdown re I ease Of G H I H (SS) from
which enters the blood in the liver and glucose
more rapidly enters the blood more
s hypothalamus

--less hGH from anterior

o Blood glucose level o Blood glucose level

——————-———————————————————‘
\--------------J

rises to normal falls to normal - -
(about 90mg/100mL)  (about 90 mg/100 mL) pituitary, glycogen does not
, \ \/ breakdown into glucose
I o If blood glucose @ If blood glucose
\ continues to increase, continues to decrease,
* = hyperglycemia inhibits hypoglycemia inhibits <
release of GHRH release of GHIH 44

Figure 18-7 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons



UNDERACTIVITY OF ANTERIOR PITUITARY G H \

4

Deficiency or absence Destructive disease of part of anterior
of somatotroph cells pituitary (usually with damage to

l posterior pituitary and/or hypothalamus)
Underproduction of l
growth hormone Underproduction of growth and other
( somatotrophin ) endocrine-trophic hormones

l l

LORAIN DWARF FROHLICH’S DWARF
Delayed skeletal ' ' :

growth and

retarded sexual
development

but alert, intelligent,

Stunting of growth,
obesity (large
appetite for sugar);
arrested sexual
development;

well proportioned lethargic;
child. somnolent;
mentally

subnormal.

Laron Dwarf
[GH] normal
GH-R defects

If atrophy of
other
endocrine
glands
1
Signs of
deficiency
of their
hormones.

NORMAL CHILD AGE 13
AGE13

A similar condition occurs in adults
without dwarfing but with suppression
of sex functions and regression of
Growth hormone restores secondary sex characteristics.
growth and development Growth and gonadotrophic hormones
pattern to normal. aid in restoring patient to normal.



HLSKIE
(RI2RfE ~ BE= ET RIE)

Hair changes

Wasted muscles

Wasted musclies | Very little

At

Fast
g Sang

Very underweighl
Underweight

la] Kwashiorkar ’k-ﬁ _@ ﬁ,l }% (b) Marasmus

somatomedin\/ .



G H 'T\ OVERACTIVITY OF PITUITARY SOMATOTROPH CELLS

Functional overactivity (or tumour) chiefly of the SOMATOTROPH cells of the anternor pituitary
leads to ——> GIANTISM in the CHILD: ACROMEGALY inthe ADULT

! “"‘“‘H-_‘_- L
Overproduction of growth Hormone ==

!

General Circulation

Overgrowth of all body tissues
- b -~
Onset before Onset after puberty
bony epiphyses have

closed at puberty

!
Increases NITROGEN retention.
Influences Protein, Carbohydrate

and Fat metabolism Bunes_, thicken
of ALL CELLS of the body esL:ecnfaHv of
grow in tengt face, jaw,

{Height 7 8 feet)

nose, hands
v Overgrowth of and feet ———
p - MUSCLES,‘
e AOvergrowth of _.Q

SDFTTISSUES —Coarse thick
' and / SKIN

,-' (e.g. Heart,
i Spleen,

Due to the diabetogenic action of
the hormone these patients
have a high blood sugar and
sugar in the urine. Fat is
mobilized and free fatty acids
are used for energy instead of glucose.
Accelerated atherosclerosis
may shorten life span.
Other features of this
condition are often due to
pressure of tumour on
surrounding brain tissue or
sometimes to overproduction
“of other anterior pituitary

NORMAL CHILD hormones.
AGE13 AGE13

Destruction of the overactive tissue — usually by surgery or radiation therapy — prevents
progress of the condition.
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OVERACTIVITY OF PITUITARY CORTICOTROPH CELLS ACTH T

Overactivity (often due to tumour) of the corticotroph cells of the anterior pituitary

gives
| absorption Ca2* Cushing’s
from gur — Osteoporosis syndrome
Overproduction (rarefaction/bones) ;
especially tissue proteins depleted
of -
ADRENOGORTICOTROPHIC muscle wasting-weakness: Emotional disturbance
HORMONE atrophied skin — purple striae
(ACTH or t FFA | connective tissue Enlarged sella turcica
corticotrophin) high blood sugar — obesity Moon facies
sugar in urine ~ — Osteoporosis
uria
5.1052;1 Cardiac hypertrophy
(hypertension)

Overstimulation, T Gl’ucocor{fiofd effect P Buffalo hump

hypertrophy and t BP T red blood count bl

overactivity polycythaemia

of florid complexion ﬁf;zr:;l;;zor or

ADRENAL __ Excess ——— T Mineralocorticoid effect o .

CORTEX Corticoids (of cortisol and corticosterone) Thin, wrinkled skin

is corrected by the body’s Abdominal striae

adjustments to aldosterone A
5 : i % . menorrhea
secretion via renin-angiotensin
system Muscle weakness
Excess Androgens Purpura
1 Anti-inflammatory and anti-allergic effects: \ Skin ulcers
altered resistance to stress . . (poor wound healing)
v Hirsutism

infections spread readily, and suppression

wounds heal slowly, of menstrual cycle

normal allergic reactions are

prevented.

This condition is usually indistinguishable clinically from that seen in primary overactivity
or tumour of the adrenal cortex itself.
The syndrome is here shown in the adult woman. 48

Overproduction of thyroid stimulating hormone — Overactivity of thyroid gland.



osmolality 4

ANTIDIURETIC HORMONE

Stimuli from
external
environment

Increased concentration of plasma sodium
due to
lack of dietary water or to

We.g. painful
loss of body water from Nervous stir?mu?i)
sweat glands (in sweat) reflexes o
lungs (in expired air) oRnoisanal
gut (in faeces)
orta stress Carotid, aorti
excess dietary salt Stimulate / arotid, aortic
; baroreceptors
results in and stretch receptors
l . Inhibit in L. atrium
Increased osmotic pressure /
of blood »Shrinks > stimulates —» (G®E)E SUPRAOPTIC NUCLEUS

osmaoreceptors
Nerve cells transmit
. impulses along axons of
“~SUPRAOPTICOHYPOPHYSEAL
~--. TRACT to

[Diminished concentration
of plasma sodium due to
e.g. excess intake of water

. “POSTERIOR PITUITARY
DHUUOT of blood stream to cause discharge of

ANTIDIURETIC HORMONE (ADH)
into BLOOD STREAM for

direct action on CELLS

LINING DISTAL and COLLECTING
TUBULES of KIDNEY

NEPHRON

ADH increases their

permeability to water

Diminished osmotic
pressure
1
Fall in activity of the
osmoreceptors

1
Fall in output of ADH

Diminished reabsorption
of water
i
Increased output
of dilute urine

!

Augments reabsorption of

water from glomerular

“ filtrate in

“. DISTAL CONVOLUTED
TUBULE and in COLLECTING

) TUBULES
Restores osmotic

pressure Reduces output of urine to
relationships

5 balance and restore
to normal) \ ¢ / osmotic pressure
N relationships to normal.
maintain
fluid equilibrium
ADH binds to V, receptors on capillary side of duct cells — activates adenylate cyclase —

increases cyclic AMP — activates a protein kinase on luminal side of cell — phosphorylates a
membrane protein — increases permeability of cell membrane to water.
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ADH | UNDERACTIVITY OF POSTERIOR PITUITARY

Damage, by injury or disease. to

----SUPRAOPTIC

""" — HYPOTHALAMUS
or to

OHYPOPHYSEAL TRACT

causes

Absence from

blood stream of
ANTIDIURETIC HORMONE

{ADH)

Diminished
reabsorption of water._.from

from

T~ PROXIMAL CONVOLUTED

TUBULE

from

* DISTAL CONVOLUTED
TUBULE and COLLECTING ——— —

DUCT is reduced
(Cells lining collecting duct
remain impermeable to water)

Increased elimination

= of water
-

’I
5
o Urinary volume rises ——

Constant thirst

REABSORPTION Of w e

REABSORPTIONof — - —

If pituitary gland alone

is removed ADH continues
to be secreted from cut
axons.

DIABETES INSIPIDUS
characterized by
excessive production
of dilute urine and
excessive thirst

Normal glomerular
filtrate — of about 180 litres
per day

about 140 litres of
glomerular filtrate water
is outside the

influence of ADH.

about 40 litres per day

normally under ADH control.

Usually 4-6 litres but can

be 12-15 litres of pale
dilute urine excreted/day
{about 200 mOsm/l)

instead of normal 1-12 litres
straw coloured more
concentrated fluid

(1000~ 1400 mOsm/l)

occurs

Replacement of ADH restores to normal elimination of water and symptoms of thirst.
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OXYTOCIN

Secretion of hormone, OXYTOCIN,
seems to depend on afferent

(sensory) nerve impulse to HYPOTHALAMUS
via spinal cord —
spinothalamic tract and
midbrain
e

from

~- NIPPLES
of BREASTS
(during SUCKLING)

LACTATING
MAMMARY
GLANDS

Stimulates
myoepithelial cells
. in ducts to contract
VULVA

I Rapid expression of
preformed milk from
secreting alveoli to
ducts — infant
(galactagogue action —
or ‘Let-down’ of milk)

{during childbirth
and
coitus)

Oxytocin is used
therapeutically to
induce labour and

to decrease postpartum
bleeding. Its function VULVA
in the male is unknown.

Nerve cells of the PARAVENTRICULAR
NUCLEUS send
impulses along axons of

PARAVENTRICULOHYPOPHYSEAL
TRACT to
POSTERIOR PITUITARY
to discharge
OXYTOCIC HORMONE

into BLOOD STREAM

for
primary action
on
Oxytocin - delivers milk
Acts on musches i Owytocin relegsed
surrounding rifk by thinking
cells, releasing milk about baby and
stirnulation of
brreast
Baby suckfling
stmulates brog
UTERUS

Lowers threshold for
depolarization of muscle
membrane.

Reinforces contractions of
uterine smooth muscle
during and after childbirth.

1

Keeps uterus contracted
after placenta is expelled, 51
thus helps haemostasis.



Thyroid Gland

Superior
thyroid artery

Larynx

EEEREY Thyroid

ipe=, cartilage
Thyroid gland FRRE of larynx

Common
carotid artery

Trachea
HEIRER  Cricoid

o cartilage
Inferior fﬁﬂj{ﬂ%‘ of Iarygrglx

thyroid artery

EBARER Thyroid
gland

(a)
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Histology of Thyroid Gland

Parafollicular (C) cell

Basement membrane

Right lateral —==

Left % Follicular cell
lobe lateral g © T
et roid follicle
Isthmus ok Y
| Thyroglobulin (TGB)
Anterior view of thyroid gland e
Figure 18-10¢ Principles of Anatomy and Physiclogy, 11/e o7 _ ¢
el ¢ = @@ 500x
Thyroid follicles

Figure 18-10b Principles of Anatomy and Physiology, 11/e

¢ Follicle = sac of stored hormone (colloid) surrounded by follicle cells
that produced it--13 & T4

+ Inactive cells are short

< In between cells called parafollicular cells--produce calcitonin ~ *°



Thyroid Hormone

s T4 T3
| B98I8 (&) |4@@B°5'35) 3B (353")
MIT (monoiodide tyrosine;
SN DIT+DIT —([BHEVESALES) +DIT (R
(@AY ASFLZES)
S E 112 4~5{%
Half-life(3¥ = Hf) A week A day
MmoRfE 99.6% 0.35%
Free form 0.1 1

TBG (thyroxine-binding globulin) T4 > T3

TBPA (thyroxine-binding prealbumin) T4 > T3

Albumin T4 < T3
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A :IRR RS Summary of Thyroid Gland Hormones

Hormone and Source

Thyroid Hormone

Control of Secretion

Principal Actions

T; (trilodothyronine)
and T, (thyroxine) or
thyroid hormones from
follicular cells

Folliclular
cells

follicle

Secretion is increased by thyrotropin-releasing
hormone (TRH), which stimulates release of
thyroid-stimulating hormone (TSH) in response
to low thyroid hormone levels, low metabolic
rate, cold, pregnancy, and high altitudes; TRH
and TSH secretions are inhibited in response to
high thyroid hormone levels; high iodine level
suppresses Ta/ T4 secretion.

Increase basal metabolic rate, stimulate synthesis
of proteins, increase use of glucose and fatty acids
for ATP production, increase lipolysis, enhance
cholesterol excretion, accelerate body growth, and
contribute to development of the nervous system.

Calcitonin (CT) from
parafollicular cells

Thyroid

follicle

Parafollicular
cells

High blood Ca®* levels stimulate secretion; low
blood Ca?* levels inhibit secretion.

Lowers blood levels of Ca?t and HPO42~ by
inhibiting bone resorption by osteoclasts and by

accelerating uptake of calcium and phosphates
into bone matrix.
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Synthesis of Thyroid Hormone

TGB (tyrosine residue) + lodide

An sy Colloid

Mlm Th ;
yroglobulin
-acids - vesicles
o L 00

Peptide

Thyro
globulin

\S

Ribosomes g;gﬂ%fnsm’c apparatus
Blood Thyroid
capillary cell Colloid

A. Synthesis of thyroglobulin
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Synthesis of Thyroid Hormone

Membrane

peroxidase

Synthesis of
19 7

. L ]
(see D.) <l.

/=

S rqge of
I?ra- Ts
(bound to

thyroglobulin)

B. lodine uptake, synthesis and storage of thyroid hormones

(lodide trapping)
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Synthesis of Thyroid Hormone

see C.

\ 4
Thyro- '\ j

Thyro- 1
gloybulin Colloid
® A
Diiodotyrosyl
residue (DIT)
Peroxidase | | | Monoiodotyrosyl
1 ) 13 resijlue (MIT)
Follicle cell > gl il N

Tetraiodothyronyl residue  Triiodothyronyl residue

W, Storage form )

globulin

A
Endocytosis

D. Synthesis, storage and mobilization of the thyroid hormones
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Secretion of Thyroid Hormone
[l Ry

Primary/—OOOCD\ / @ @.

lysosomes

containing
proteases
.
Breakdown of Fusaon .

thyroglobul
o.'
T
T4 \ \ MIT, DIT

C. Secretion of thyroid hormones
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Secretion of Thyroid Hormone

Thyroid
4 80 2
T3 | 27 T4 36 | RT3
31 19 | 5°-deiodinase | gy ,q |5-deiodinase | 38 19
(3,5,3") (3,3°,5)
Active Inactive

17

Conjugates, etc
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Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Interstitial fluid Follicle cell Lumen of follicle (colloid)
| i |
© lodide is
cotransported

with Na*

t I~ © lodide is oxidized and

. attached to rings of tyrosines
Na* 9 D.fffus'o g Y

in thyroglobulin (TG)

RBC OH (DIT)
|
I
OH (MIT)
TG is synthesized in follicle TG
cell and secreted to colloid)
Lysosomes }
' © The iodinated ring of one
: MIT or DIT is added to a DIT
e S HAING at another spot
acids re-used
for TG synthesis

Lysosomal

X | |
enzymes 7 OH (Ty)
release T; | G I @ ’

| I
O-Q-ona
| |

and T,
from TG

Secretion 80T,

Endocytosis of thyroglobulin L@.@ T,
containing T3 and T, molecules . '




Hypothalamus 4—@58

. Somatostatin
Dopamine

Thyroid

Thyroid Follicle Follicular Epithelial Cell
Lumen

Endoplasmic

Golgi
Vesicle apparalus Thyroglobulin reticulum mRNA
— . A
" ' F o) ) L
Q Peroxidase
T3 T4 I- -‘—— I5
lodide
tra
Deiodinase ) £
Na® €—g Na*
MIT DIT
\. T3
Proteolysis i Ty

Endocytosis Colloid
droplets

Apical Basal
membrane membrane

Lysosomes
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Q@

Deiodination

Nucleus

Nuclear

receptor
b b

1 Other proteins
and hormones

Normal growth

Bones

and development

Central nervous system

Cell membrane

Cytoplasm

Intracellular effects

4 Mitochondria

4 Respiratory enzymes
$ Na*K*ATPase
f Other enzymes

!

f O, consumption
1‘ Metabolic rate

Whole Body Effects

t co,
1‘ Ventilation

f Cardiac output

"‘ Urea |
1‘ Renal function

63



Function of Thyroid Hormone

% HE£EN{EFE (calorigenesis) — H 5 fEMetabolic rate 1 » B J15XREEZE0Y
DERER LU BB eV (R A glucoses2R EAEBESE) ©

> SENE — LR EELEEIEIIR GRS o

> AETDEER/E — HoIZ 0O AL B ESANBIISHERE D » FTIAET,
and ToRE 1 » SEEANARSER -

* BERMNFE — JIEeBEREXRHRE @ B8 T ISHMHE
B ERNZESFENERIRR ; 6 ACHIZSEMEBEEIERE
SR FEAR ©

v IPIRRGOSE — JIBIITIRIERRT REE  EREA
Metabolic rate 1 5&/50, consumption 52 CO,8Y 4 AN IE N0FTSI#E ©

» Hitt — —f%MS » 18389 thyroid hormone & SRYE88& RN ; 1@
DBIBEEZIZ0 - MR/ EE S P RNERRERIZES MIEN0

&

L)

L)

4

L)

L)
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INRBAE

If iodine
{&EB?-T;,%D 4 inadequate

T4 and ‘F4

Low negative
feedback
EE0EME

Excess TSH
B8 TSH

& 'ﬂwroid
Hyper(rophy—
produces goiter

BEAEEAE ERARARE

Endemlc Golter

RE
Hypothalamus

thyroid BIAER
iﬁ%rmd gland i

Odl
| | fterior Sl
QU%@“Eﬁ reedb k

- Ty ancp‘[t-u-l —— ] —— T

Hypothalamus i

Growth
(goiter)

+R (EBRE)
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UNDERACTIVITY OF THYROID

If the thyroid shows atrophy or destruction of its secretory cells or is inadequately stimulated
by the anterior pituitary or hypothalamus:

Atrophied
thyroid
cells ==~

PIRERMEBEIE T
(hypothyroidism)

Insufficient hormonal secretion
released to blood stream.
Tissue oxidations are depressed,
i.e. rate at which cells use energy is
reduced.
The basal metabolic rate falls
In the ADULT Less heat is produced.

i Body temperature falls (and person

MY)(:DEDEMA F5RKEE) feels cold).

Energy units are stored with water

S . :
= 0\'“9\%8\3\6 Skin - Thick. leathery, puffy, yellow
/ﬁ&@ﬁmh p‘o\é‘ © ac@.\“‘““ - —~~ (due to circuiatmgr carotene).
GV 6\"'3\6-"‘ a0 =~ Blood cholesterol increases.
7 —_— a® paseeg Appetite is reduced: weight increases.
f,” Gut movements sluggish — constipation
Slowing up Heart and respiratory rates and-
of all blood pressure reduced
bodily 1 Thought processes slow down —
processes lethargy: apathy: somnolence.
Hair — brittle, sparse, dry.
| Slow, husky voice. Bone marrow

suppressed — anaemia.

i \ —— ( Failure
CRETIN ot of
L al
(%/J \)\J-_E) dwarfing z;it};f growth and
| 1
mental developmen

All ‘'milestones’ of babyhood are

NB: Protruding dalayed

tongue and
pot belly.

THYROXINE (taken by mouth) restores individuals to normal.
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OVERACTIVITY OF THYROID

Commonest form is Graves’ disease. Produces increased thyroid hormone secretion,
enlarged thyroid (goitre) and protrusion of eyeballs (exophthalmes). Caused by production
of antibodies against person’s own thyroid cells. These antibodies, Thyroid-Stimulating
Immunoglobulins (TSI), act like Thyroid-Stimulating Hormone (TSH ) and release thyroid

hormones (7', and T,).

~Lacunae

Hyperplasia
of thyroid - -
cells

b+ S Excess thyroid hormones are
$ Eb}_b ] JJ—_E distributed by blood stream to the

Tissues of the body. —

(Hyper"" hyr‘o | d |Sm) Speed up oxidations in the cells,

StmAAE

i.e. rate at which all cells use
energy.

The basal metabolic rate is raised,
more heat is produced

— rise in body temperature

(person feels warm).

Skin hot and flushed.

Profuse sweating

Energy stores of body (i.e. glycogen
and fat) are depleted

Appetite increases but weight falls
Movements of digestive tract are

(GI"GVC'S disease) increased — diarrlhoea.

COERIE
(exophthalmos)

Surgical removal of part of the overactive gland or destruction by radioactive iodine reduces the
thyroid activity.

Speeding up Heart and respiratory rates rise.
of a_II ﬁ Blood pressure is raised.
bodily Muscular tremor and nervousness
gdsaaado are marked.

Person becomes excitable,

irritable and apprehensive.

CVS symptoms very important. T3 and T, increase cAMP and number of

B adrenergic receptors in heart, thus increase heart's sensitivity to adrenaline.
Blocked by f-receptor blocking agents.

[Exophthalmos (protrusion of eyeballs) may be due to an

action of antibody against a protein of extraocular muscles.

It is not due to an excess of thyroid hormones.]

67



Parathyroid Gland

PARATHYROIDS
(Chief cells)

Four small glands composed of cords of cells which secrete parathyroid hormone —

% parathormone or PTH
=, |
VIR _ CAPILLARIES
AR N i |
PARATHYROID SRR General circulation
GLANDS /AN '
7 to all tissues of the
' body
But not all tissues are
Situated sensitive 1o it.
behind 2ol _
THYROID =~ _ , plays an important
OESOPHAGUS S EE)USHICI:\ISBI?{TL fole I calc tim and
Hmeg) Each weighs from cells is rr?htoi)p':?te
........ ] - etabolism.
TRACHEA 20-50 mg in Adult unknown

There hormones, parathormone, 1, 25-dihydroxycholecalciferol (1 ,25-DHCC) and calcitonin act on
kidney and gut to keep blood ionized calcium constant (necessary for normal nerve and

muscle excitability and blood coagulation).



Histology of Parathyroid Gland

Parathyroid .
Capsule arathyrol Chief cell Parathyroid
Thyroid \ / Oxyphil cell | gland
S \ & !”O oy

i\

o’”‘d

Follicular cell\

Parafollicular cel

Portion of the thyroid gland (left) and
parathyroid gland (right)

Figure 18-13c Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons

;|~ Thyroid gland Blood vessel

¢ The parathyroid glands are embedded on
the posterior surfaces of the lateral lobes
of the thyroid

— principal cells produce parathyroid
hormone

— oxyphil cells ... function is unknown.

¢ Parathyroid hormone (PTH) regulates
the homeostasis of calcium and
phosphate

e increase blood calcium level
» decrease blood phosphate level

— increases the number and activity of
osteoclasts

— increases the rate of Ca+2 and Mg+2
from reabsorption from urine and
inhibits the reabsorption of HPO4-2
so more is secreted in the urine

— promotes formation of
calcitriol(VitD3), which increases
the absorption of Ca+2, Mg+2,and
HPOA4-2from the GI tract
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Parathyroid Hormone

LAGINRE:NE Summary of Parathyroid Gland Hormone

Hormone and Source Control of Secretion Principal Actions

Parathyroid hormone

Low blood Ca2* levels stimulate secretion.
(PTH) from chief cells

Increases blood Ca?* and Mg?* levels and decreases
High blood Ca?* levels inhibit secretion.

blood HPO,2~ level; increases bone resorption by
osteoclasts; increases Ca?* reabsorption and
HPO,2~ excretion by kidneys; and promotes formation
of calcitriol (active form of vitamin D), which increases
rate of dietary Ca?* and Mg2* absorption.

Chief cell
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Parathyroid Hormone

. é BONE $>
¢
PARATHYROIDSS o ) T Stimulaes N
mobilization _ _ 0,
of \
SKIN KIDNEY Ca and
\ ,‘g} i PO, Inhibited

Increases tubular

B

e . lar by Calcitonin
Vitamin D metabolites reabsorption of Ca

them BLOOD STREAM
convgrted in liver and Qo 5\4\
and kidney to

BLOOD Ca?+
o0 LEVELS:

Increases
» excretion v
"'-?,\ of PO, inurine e
1{ ’."'- GUT % i "
f \ TOTAL 2.4 mmol/I.
PROTEIN BOUND 1.2 mmol/I.

m“{( , W
W lncreases absorpnon of
i dietary Ca®* and reduces loss ACTIVE IONIZED Ca?*

~——ee of Ca?tin faeces 1.2 mmol/I.

In bones and kidneys PTH activates adenylate cyclase thus increasing cAMP. In bones,
osteoblasts pump Caz* into extracellular fluid. This pump is stimulated by 1, 25-DHCC.

Calcium ions in extracellular fluid control parathyroid activity. 1 Ca®* depresses PTH
secretion. | Ca?™ increases PTH secretion.



Synthesis of 1,25-(OH),Vit D,

Bt
Sunlight

Blood [Mi#&




‘ _. Begin »

__ Dietary vitamin D, or D4 Sunlight >

) |
(Ergocalciferol) e

7-dehydrocholesterol

vna%mos (Cholecalciferol)

I

| Plasma vitamin D ‘

I

Liver
Vitamin D
[~ mmeee | 1,25-(OH),D
’ 2
25-0OH D
Kidneys
25-0OH D ‘ Parathyroid
— hormone

lL*_ 1=hydroxylase V| (stimulates activity
1,25—(OH),D | of 1-hydroxylase) |

Plasma 1,25-(OH),D ‘
Gl r;'acr 73
T Absorption of calcium
(and phosphate) into blood




Calcitonin

Q)

\
"

»
Increase CaZ+ Decrease Ca2+ Decrease CaZt

deposition in uptake in reabsorption
bones intestines from urine

H Ca2* lavals

too high Homeostasis levels fall
(normal calcium
levels in blood) _ Calcium
If Ca2+ levels Sy, _levels rise

% \ lﬂﬁl““caz‘* Increase ca:“‘ Increase C,azl-. — .-_:.:.:.-::.".-...

release from bones uptake in reabsorption
intestines from urine
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Calcium Balance

e (

Cheese

Eggs Calcium requirement is
Calcium intake | =i increased during

Water pl’egl'lal‘lcy &I'Id hclaﬂon

20(12-35) mmol/day*

Bone Kidney
+
“‘m e ECF
o
%‘* / c. 1 mmol/day
o]
s
o
©
< \
1)}
o c. 3 mmol/day
\ 2 mmol/day
18 mmol/day
Calcium excretion
* 1 mmolCa?* = 2meq Ca?* = 40 mgCa?* (at an intake of 20 mmol/day)

A. Calcium balance
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Table 11-7 Summary of Major Hormonal

Influences on Bone Mass

Hormones that favor bone formation and increased bone mass

Insulin

Growth hormone

Insulin-like growth factor I (IGF-1)
Estrogen

Testosterone

Calcitonin

Hormones that favor increased bone resovption and decreased
bone mass

Parathyroid hormone (chronic elevations)
Cortisol
Thyroid hormones (T4 and T3)
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Regulation of Calcium Blood Levels

Hormone

Para-
4

raise

Organ

Intestine

; Ca’® (ﬁ

25 4-/2

mmol/I

Ca?* concentration
in serum

lowers \l\?
T C\b Kidney

UVilight /. ——'~

-.{."-\ 7-Dehydro-
Y :\cholesterin

"\
Cholecalciferol / =
(vitamin D3) TR TELRE ]
in the food rovitamin g
ok

Cholecalciferol
y )
/“
Liver l

Kidney

25-0OH-
cholecalciferol —=p

7y

Py
24.25-(0OH),-cholecalciferol S~—

(inactive)

1,25-(OH),-cholecalciferol
(active D hormone)
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Regulation of Calcium Blood Levels

i » @) High level of Ca®* inblood  €) Low level of Ca?* in blood
stimulates thyroid gland stimulates parathyroid gland

parafollicular cells to release chief cells to release more PTH.

more CT.

() CALATRIOL stimulates
mcreased absorption of
2+ from foods, which '
increases blood Ca" level. t’

o PTH also stimulates

Uiskidnays'ta releass () PARATHYROID HORMONE (PTH) @) CALCITONIN inhibits
CALCITRIOL. promotes resorption of ca’t osteoclast:, thus decreasing
from bone extracellular matrix blood Ca?* level.

into blood and retards loss of Ca2*
in urlne, thus increasing blood

* level. J /




Regulation of Calcium Blood Levels

FHEINES

Decreased @
plasma - ——————— I
Ca?* Negative |
i feedback |
‘ 20 |
B EBARER |
Parathyroids :

’ |
Increased

PTH———> Dplasma

l Ca2+
1Z70 M35
ExX
Ki = A
idneys

Increased 1210
lo-hydroxylase 14 .54
activity _ fkEmsEH

25-Hydroxyvitamin Dy
(from liver)
25-(OH)Vit Dy (fERF2R)

19.21 SDilEIFRERFRNRBEES] - [055 N
BEREREEIPARR R DI - BEFHRIEL 1,25-(OH),Vit
D:BVER - RIABEIFARERTRRIBY 1,25-(OH),Vit D; £ 8
WV RE DR -

1,25-Dihydroxyvitamin Dg
1,25-(OH).Vit D3

KNS5
Decreased @)
plasma; sesiciess e aeldia S oase  SiEs =S = [
Ca?t Negative |
l feedback |
=Bl

FIEFARER '
Parathyroids

T 1

|
|
|
|
|
|
I
I
|
I
|
|
I
|
|
|
|
I
|
1
|

=
: t—» 1,25-Dihydroxyvitamin D,
Ronessd 1,25-(OH)aVit Ds st
Stimulates Stimulates
reabsorption of Ca2+ i dissolution of
RSB IR Stimulates intestinal CaPO, crystals
absorption of 113 S
Inhibits reabsorption Ca2* and PO 43— mj'%gﬁfﬁ
ok 38 R BRI
NIk Eg EE AL EE G E IR N
HIFS IR i '
Increased
l > plasma
> Ca2+
1= )0ImES

19.22 [MiRhca’ BEMNEE - $EMFELOE
FFEMARANBERESHEDERR -
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UNDERACTIVITY OF PARATHYROIDS

Atrophy or removal of parathyroid tissue causes a fall in blood calcium level and increased
excitability of neuromuscular tissue. This leads to severe convulsive disorder — tetany.

r—1 N\
Usual manifestations:- E” Eﬁ Hkﬂi*%ﬁgﬁ
twitchings. CHVOSTEK'S SIGN h '|'h d .
nernousness, ~ 3
occasional spasms y -’éﬁi' ( ypopar.a yr.OI Ism)
PARATHYROID of facial, limb and > )
GLANDS o0 laryngeal muscles ]
o0 (can cause fatal asphyxia)

Inadequate

TROUSSEAU'S
production of

SIGN %
s BONE ;?)J i’
RN i - Reduced
: s Mg mobilization
: W ~. of Ca’* and PO,*
1 ~ N/ l
] ‘\
H . 3 Increased
' N “amounts of
uv L£GHT : \‘\ ca?* and PO.¥ in
1
SKIN [ N gones
v KIDNEY ¥ TETANY
Vitamin D metabolites Diminished ' a4
not converted 10 tubular F . ,‘
7 25’.dDHCC " reabsorptiorl of Ca?* 1 If concentration of ionized
Kidney and & Y X 1 Ca?* in blood falls below
¥
: decreased Increase %, 1 0.75 mmol,f.l. .
: phcsplhate in urinary ‘I (Hyperventilation can
i excretion CaZ* AR | also produce low Ca®*.)
\ ) ]
\ il o
A" ) [}
‘s‘ “ A Y
A Y
GUT % v Fall in concentration of
-l"’fr e T \
i Diminished

= o i
s...-.,- aon_:zeq calcium
~=p- [Risein plasma

. -y
absarpLon of R 0 phosphate]

. dietary Ca

At R

[Note the inverse relationship between plasma calcium and inorganic phosphate]

Symptoms are relieved by injection of calcium, large doses of a Vit. D compound and 80
parathormone.



OVERACTIVITY OF PARATHYROIDS

Overactivity of the parathyroids (due often to tumour) leads to rise in blood calcium level
and eventually to osteitis fibrosa cystica.

Bl 5P ARERME BE T LAEENE
(hyperparathyroidism)

PARATHYROID
GLANDS © @

QOverproduction

of PTH \

I 7
Greatly increased
mobilization of
Ca®* and PO,

(After case by Ashhurst.)

UV LIGHT OSTEITIS FIBROSA CYSTICA
l
SKIN Eventual softening
: and deformity of bones
Vitamin D KIDNEY. 2
metabolites Greatly increased -' i

tubular ,
\ reabsorption of Caz*
Y and tubular )
11.25-DHCC secretion of PO43;,
Great loss
of PO,*~ and Ca?* ’ : ,
i Urln(, Great increase in concentration
of Ca?* in Blood
(Plasma Ca®* may be over
GU 4 mmol/l = Increased
T — Viscosity of Plasma.)
sy, Creatincrease in Deposition of calcium in

tulil dbSOrpthf‘l of unusual sites e.g. kidney.
\ dietary Ca Signs of toxicity
(nausea, vomiting, loss of appetite, etc.)

The increased level of blood calcium eventually leads to excessive loss of calcium in urine
(in spite of T reabsorption) and also of water since the salts are excreted in solution. Polyuria
and thirst result.
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Excision of the overactive parathyroid tissue abolishes syndrome.



Adrenal

RIGHT ADRENAL
GLAND

LEFT
ADRENAL
GLAND

Adrenal Gland

¢ The adrenal glands are located
superior to the kidneys

s 3x3x1cminsize and weighs
5 grams

+¢» consists of an outer cortex and
an inner medulla.

— Cortex produces 3 different

types of hormones from 3
zones of cortex

— Medulla produces

epinephrine &
norepinephrine
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Adrenal Cortex

Capsule
Adrenal cortex:

Glomerulosa
Zona glomerulosa
secretes
mineralocorticoids,
mainly aldosterone

Cortex Fasciculata

Reticularis

Zona fasciculata
secretes
glucocorticoids,
mainly cortisol

Zona reticularis
secretes androgens

Adrenal medulla
chromaffin cells secrete
epinephrine and
norepinephrine (NE)

B

l Androgens

R Catecholamines Subdivisions of the adrenal gland

Aldosterone
Figure 18-15d Principles of Anatomy and Physiology, 11/e
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Adrenal Gland Hormones

Bis S

1.3 corticosteroid ( ZE£8EE ) @ 2KBMABBIF
A= » {4 adrenal gland Y 80~90% o

2DR=E :
= _ Q4% (3K) ARE (zonaglomerulosa) : aldosterone
= LR E ‘5 mineralcorticoids (BB R BB ERE ) 1515% o

(adrenal cortex) s _ _
@K E (zona fasciculata) : cortisol

33 glucocorticoids (B2 Rz BXBBED) 1525% o
O:BARNES (zona reticularis) : androgens & estrogens
D REEIRS (sex steroids) 1560% o

£ | foBEm 0 catecholamine » EP : NESDIEEAI 4 - 1 » 2REB

(adrenal medulla) ARBEBYYNIAE » 14 adrenal gland g9 10~20% o
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Adrenal Gland Hormones

1:CIRR BB Summary of Adrenal Gland Hormones

Hormones and Source

Control of Secretion

Principal Actions

Adrenal Cortex Hormones

Mineralocorticoids (mainly aldosterone)

from zona glomerulosa cells

Glucocorticoids (mainly cortisol)
from zona fasciculata cells

Androgens (mainly
dehydroepiandrosterone or DHEA)
from zona reticularis cells

Adrenal
corex

Increased blood K* level and angiotensin
Il stimulate secretion.

ACTH stimulates release; corticotropin-
releasing hormone (CRH) promotes ACTH
secretion in response to stress and low
blood levels of glucocorticoids.

ACTH stimulates secretion.

Increase blood levels of Nat and water
and decrease blood level of K.

Increase protein breakdown (except in liver),
stimulate gluconeogenesis and lipolysis, provide
resistance to stress, dampen inflammation, and
depress immune responses.

Assist in early growth of axillary and pubic hair in
both sexes; in females, contribute to libido and are
source of estrogens after menopause.

Adrenal Medulla Hormones

Epinephrine and norepinephrine

from chromaffin cells ( ¥ %
B F ﬁ’

w

Adrenal
medulla

20 Eé)

Sympathetic preganglionic neurons release
acetylcholine, which stimulates secretion.

Produce effects that enhance those of the
sympathetic division of the autonomic nervous
system (ANS) during stress.
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Synthesis of Adrenal Gland
Hormones

Zona glomerulosa fhikas Zona fasciculata and zona reticularis SR{REEFBHRES

Cholesterol [EE#E

Pregnenolone Dehydroepiandrosterone

ag =] IREEHEER
Progesterone Androstenedione
)b e

RSN B

Other androgens
(DHEA)
BRI R

|

Deoxycorticosterone

EFRKEER

'

Corticosterone
B BT

v

Aldosterone
e i

—mm T — W — T Smm—
Mineralo- EERTES:HZ= Glucocorticoids $ERFESHE= Sex steroids [3fEES

corticoids
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Functions of Adrenal Cortex

Hormones

AR

INRE

Aldosterone

1. B0 E M ¥INa* KBV BIRUL
2. 1B BHREE K RH *8BEE
3. M

1. ¥EEXTE1EA (blood sugar 1)
2. M S B8 SR MM Vit DEVAER R 1FA

Cortisol 3. 18NBMMRE @ BIFHIRIADHEMER (26K)
4. R R INEBIER
5. Ml EBRIE ...
Androgens & |[1BI0EZIHEES ...

estrogens
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Functions of Cortisol

Cortisol inhibits
insulin-stimulated
uptake of glucose
by muscle and
(cenlrlpetai} fat ce"s

. output Increased renal

(water diuresis)

A
‘(-gf antibody

Potassium loss
sodium retention

lysis @r

decreased ¥

. blood pressure

Decreased fibroblast norepinephrine

connective tissue
¥ Interleukin production
¥ Neutrophil recruitment
¥ Neutrophil phagocytosis

Antiallergic action

Anti-inflammatory action

v'increase rate of protein
catabolism & lipolysis

v'conversion of amino acids
to glucose

v'stimulate lipolysis

v'provide resistance to stress
by making nutrients
available for ATP production

v'raise BP by vasoconstriction

v anti-inflammatory effects
reduced (skin cream)

v'reduce release of histamine
from mast cells

v'decrease capillary
permeability

v'depress phagocytosis......
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Regulation of Aldosterone

O pebyirion, | Renin-Angiotensin-Aldosterone system

o bmeriog (RAA system)

0 Decrease in

blood volume m Blood pressure
* increases until
o it returns to normal
0 Decrease in Juxtaglomerular
blood pressure > cells of kidneys T
& @ Vasoconstriction @ Increased blood
N\ ~~—> of arterioles volume
9 Increased renin

Adrenal A
cortex

Livero Angiotensinogen ﬂl @ - @:;‘ri:used

(8 €& Increased l :ll;ii;tltallulur

. angiotensin |

ACE o m ® In kidneys, intreusedﬁ Na*
Increased Increased and ?‘m'“ reabsorption
P angiotensin Il aldosterone —— and increased secretion of

K* and H* into urine

Lungs (ACE = Angiotensin
Converting Enzyme)



Juxtaglomerular apparatus in kidney

e

Angiotensinogen

Converting enzyme

Thirst Salt and water Vasoconstriction
retention by kidney of arterioles




UNDERACTIVITY OF ADRENAL CORTEX

Atrophy of adrenal cortex (occasionally occurs with destructive disease of the gland, e.g. tuberculosis, cancer.)

gives

~inadequate production of all corzicoids:- (P rl m ary Ad re Nn al I nSUffl C | ency)

| ‘'MINERALOCORTICOID’ EFFECT: ADDISON’S DISEASE

[}
]

- -

' Inadequate
reabsorption
of sodium and

Blood sodium level falls

R ; .
(hyponatraemia) body fluid volume decreases

(dehydration)

Hydrogen retention l
water . —— : )
and " Potassium retention Blood volume falls
Reduced (Increase in blood urea l

blood pressure falls

_ (hypotension)
Excessive loss of 1 risk of

sodium and water circulatory failure
inurine (polyuria)

tubular eventually)
secretion
of potassium

N a_ljd_ hydrogen

metabolic acidosis

Potassium level

falls in Urine ¥—> Potassium intoxication
| "ADRENAL ANDROGEN’ EFFECT: Females show loss of pubic and | (hyperkalaemia)
axillary hair. Muscular weakness and
| ‘GLUCOCORTICOID’ EFFECT wasting

GLUCOSE formation
from PROTEIN
is depressed

> Fasting blood sugar level low
(hypoglycaemia) ... ‘may be fatal
Reduced mobilization of proteins and fat
causes lack of energy for metabolism

Great muscular weakness and wasting,
great loss of weight. loss of appetite
hypotension,

vomiting and abdominal pain.

anaemia (| RBC formation)

pigmentation of exposed and pressure areas
of skin (due to rise in ACTH which has
melanophare-stimulating properties).

| resistance to stress and infections.

Increased eosinophils and lymphocytes in blood.

Patients show — -—

If untreated,
eventually fatal. L
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Administration of cortisol, a synthetic mineralocorticoid, and sodium chloride restores
individual to normal.



OVERACTIVITY OF ADRENAL CORTEX

Overactivity or tumour of adrenal cortex may give overproduction of any or all of the corticoids:

e.g. ALDOSTERONE > PRIMARY ALDOSTERONISM
1t TUBULAR SECRETION of K* - Signs of potassium depletion
and H* predominate
5 (lost WitM l
4 ALKALOSIS MUSCLE
Excess:ve é 1 Blood sodium WEAKNESS
reabsorptton l
of Sodium Expanded ECF Occasional periods
d Water | loss of Na* P P ’
A % } t of K* and H* volume of muscular paralysis
Mty in urine HYPERTENSION due to nerve blocks
Overproduction of 18P
CORTISOL and/or > CUSHING’'S SYNDROME
CORTICOSTERONE———.  { RBC — polycythaemia — florid complexion (see also

!
T viscosity of blood — T BP

| Tissue protein | Connective tissue

Excess glucose
: formation from
; protein

-
i
7
z

Purple striae in skin, muscular wasting

Altered resistance High blood sugar —* Obesity

to stress Lipolysis T —__ especially
1 Free fatty of face
_ QN Glucose . and

Overproduction of S acids .

ADRENAL in blood trun

ANDROGENS > ADRENOGENITAL SYNDROME
(Frequently excess pioduction of androgens)

In CHILDREN Virilism in

ADULT
woman g*

precocious development
of secondary

sex characteristics

and secondary

sex organs
Virilism in Muscular
" 9_—Tear—old hypertrophy in
- gir 6-year-old boy
> p
(After a ]‘ - (After a case 'Pocket Hercules’

case by Kepler et al.) by Guthrie)
Administration of cortisone depresses pituitary secretion of ACTH — inhibits production of
the abnormal steroids.
Removal of the over-secreting tissue or tumour restores individual. In secondary
hyperaldosteronism excess aldosterone is the result of increased renin secretion.
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ADRENALINE

Under quiet resting conditions the blood contains very little adrenaline. During excitement or
circumstances which demand special efforts adrenaline is released into the blood stream, and
is responsible for the following actions summed up as the ‘fight or flight’ function of the
adrenal medullae.

It constricts smooth muscle of skin —
hairs “stand on end’; “Gooseflesh’.
Dilates pupil of eye to

admit more light.

Constricts smooth muscle of abdominal
blood vessels and cutaneous

blood vessels — pallor with fright.
Dilates smooth muscle in arterioles of

skeletal muscles.

Excites cardiac muscle

T Rate and force of contraction
!
T Cardiac output
T In local metabolites

!

Dilates coronaries
Relaxes smooth muscle in wall of

bronchioles — better supply of air to alveoli.

Stimulates respiration.

Inhibits movements of digestive tract.

Contracts sphincters of gut.

Inhibits wall of urinary bladder.

Contracts ureters and sphincter of

urinary bladder.

Mobilizes muscle and liver glycogen

— increase in blood sugar,

and mobilizes depot fat — | free fatty acid.

Stimulates metabolism — T BMR

Exerts favourable effect on contracting

skeletal muscle — fatigues less readily.

Increases coagulability of blood.

Most of these effects can also be produced

by stimulating sympathetic nerve fibres.
The adrenal medullae are not essential to life — but without them the body is less able to

face emergencies and conditions of stress.
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Nerve
impulses

Sympathetic centers

in spinal cord

(- Sympathetic nerves

& Adrenal
medulla

Epinephrine

and

norepinephrine
Supplement

STRESSORS stimulate

Visceral effectors

.

and prolong 2.

“fight-or-flight”
responses

[LU -]

-] o~

Anterior
e pituitary

—— Hypothalamus

Key:

CRH = Corticotropin-releasing hormone
ACTH = Adrenocorticotropic hormone

GHRH = Growth hormone-releasing hormone
hGH = Human growth hormone

TRH = Thyrotropin-releasing hormone

TSH = Thyroid-stimulating hormone

ACTH

Adrenal
cortex

1

hGH TSH
Liver—=£ Thyroid —
b/ gland

| }

Cortisol IGFs Thyroid hormones
l (T3and Tg)
STRESS RESPONSES STRESS RESPONSES  STRESS STRESS
Increased heart rate Lipolysis RESPONSES RESPONSES
and force of beat Gluconeogenesis Lipolysis Increased use
Constriction of blood  Protein catabolism Glycogenolysis  of glucose to
vessels of most Sensitized blood vessels produce ATP

viscera and skin

. Dilation of blood

vessels of heart,
lungs, brain, and
skeletal muscles

. Contraction of spleen
. Conversion of glycogen

into glucose in liver

. Sweating
. Dilation of airways
. Decrease in digestive

activities

. Water retention and

elevated blood pressure

(a) “Fight-or-flight” responses

Reduced inflammation

General Adaptation
Syndrome
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Anatomy of Pancreas

_', Blood capillary

00 Mo ) ..
FOR ,> Exocrine acini
N2 o ¢ - Alpha cell
.“#s3 ' (secretesglucagon)

fe &
Gallbladder Betacell
(secretes insulin)
Delta cell
o (secretes somatostatin)
TBA E
Common
bile duct F cell (secretes
pancreatic polypeptide)
fER i = i
Tail of pancreas
+ 15
Duodenum Pancreas
B Duodenum

Pancreatic duct

Body of pancreas JEESEEER
*»Cells (99%) in acini produce digestive enzymes
“*Endocrine cells in pancreatic islets produce hormones 9



Pancreatic Islet

(Islet of Langerhans )

Cell types

%

A cell (accell)

0 Glucagon (29 aa) ; #31520~25 % o

B cell (Bcell)

‘0 Insulin (51 aa) ; #91560~70 % o

D cell (& cell)

o SS ;5 #916510 % o

F cell

o) pancreatic polypeptide

97




Pancreatic Islet Hormones

ACIR=R R Summary of Pancreatic Islet Hormones

Hormone and Source

Control of Secretion

Principal Actions

Glucagon from alpha
cells of pancreatic
islets

Alpha cell

Decreased blood level of glucose, exercise
and mainly protein meals stimulate secretion;
somatostatin and insulin inhibit secretion.

Raises blood glucose level by accelerating breakdown
of glycogen into glucose in liver (glycogenolysis),
converting other nutrients into glucose in liver
(gluconeogenesis), and releasing glucose into

the blood.

Insulin from beta cells
of pancreatic islets

Beta cell

Increased blood level of glucose,
acetylcholine (released by parasympathetic
vagus nerve fibers), arginine and leucine (two
amino acids), glucagon, GIP, hGH, and
ACTH stimulate secretion; somatostatin
inhibits secretion.

Lowers blood glucose level by accelerating transport
of glucose into cells, converting glucose into glycogen
(glycogenesis), and decreasing glycogenolysis and
gluconeogenesis; also increases lipogenesis and
stimulates protein synthesis.
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Pancreatic Islet Hormones

ACIR=R R Summary of Pancreatic Islet Hormones

Hormone and Source

Control of Secretion

Principal Actions

Somatostatin from delta
cells of pancreatic islets

Delta cell

Pancreatic polypeptide inhibits secretion.

Inhibits secretion of insulin and glucagon and slows
absorption of nutrients from the gastrointestinal tract.

Pancreatic polypeptide
from F cells of
pancreatic islets

Meals containing protein, fasting,

exercise, and acute hypoglycemia stimulate
secretion; somatostatin and elevated

blood glucose level inhibit secretion.

Inhibits somatostatin secretion, gallbladder
contraction, and secretion of pancreatic digestive
enzymes.
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Taget-cell Responses of Insulin

. T Plasma insulin
Insulin presence (storage) |

Muscle b
T Glucose uptake and utilization
Net glycogen synthesis

Liver

T Glucose uptake

Adipocytes b
T Glucose uptake and utilization ‘

. Net triglyceride synthesis ; Net glycogen synthesis
Net amino acid uptake . -t Net triglyceride synthesis
. Net protein synthesis ) . No ketone synthesis
b - A h -
(a)
. o _ LPlasma insulin
Insulin absence (mobilization)
Muscle h @ Adfpécyres h @ Liver
I Glucose uptake and utilization ! Glucose uptake and utilization T Glucose release due to net
Net glycogen catabolism Net triglyceride catabolism and glycogen catabolism and
Net protein catabolism release of glycerol and gluconeogenesis
Net amino acid release \ fatty acids | | TKetone synthesis and release
. Fatty acid uptake and utilization | Ak o
b A

(b)
fd{A(ketone body ) : Acetone » Acetoacetate » B -hydroxybutyrate!®
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Insulin Action
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Regulation of Insulin Secretion

2 5 (65-105 mg/dl) —> [z 22 | i& § (140-150 mg/dl)

GLUT2

p#lE
B cell
SEE )R

Vesicle containing insulin
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Regulation of Insulin Secretion

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

T Plasma amino Sympathetic
acids activity

Plasma epinephrine

Glucose-dependent
T Plasma insulinotropic peptide T Parasympathetic
glucose (GIP) activity

® @ &l o @

C Pancreatic islet beta cells )

TInsulin secretion




Insulin/Glucagon Secretion:
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Insulin/Glucagon Secretion:
Fasting
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Regulation of Insulin/Glucagon
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Metabolic Effects of Hormones
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Metabolic Effects of Hormones
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Metabolic Effects of Cortisol
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Metabolic Effects of EP/Sym Nerves

Begin |

1 Plasma glucose

Reflex via glucose receptors
in the central nervous system

Adrenal medulla
T Epinephrine secretion

T Plasma epinephrine

T Activity of sympathetic nerves
to liver and adipose tissue

G pt/AC/CAMP

Sketetal muscle | Liver Adfposé tissue
T Glycogenolysis T Glycogenolysis T Lipolysis
T Gluconeogenesis

S 111
T Plasma glucose, fatty acids, glycerol )



Syphon

Honey

Diabetes I\/Iellltus
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IDDM NIDDM
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Begin

Insulin deficiency

1 Glucose uptake by cells T Lipolysis
T Glycogenolysis
T Gluconeogenesis

T Plasma free fatty acids
T Ketone synthesis

T Plasma glucose T Plasma ketones

T Renal filtration of T Plasma [H*]
glucose and ketones (acidosis)

Osmotic diuresis

T Sodium and water
excretion

1 Plasma volume
1 Arterial blood pressure
1 Brain blood flow

Impaired brain function, coma, death

Diabetic Ketoacidosis
IDDM

Excessive urine production
(polyuria)
Excessive thirst
(polydipsia)
Excessive eating

(polyphagia)
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Pineal Gland

v Small gland attached to
3rd ventricle of brain

v Consists of pinealocytes &
neuroglia

v Melatonin responsible for
setting of biological clock

*» Jet lag & Seasonal

Affective Disorder (SAD)
treatment is bright light

Pineal gland

T™RE

ERAR AR Hypothalamus

Thyroid gland AT F TS
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Effect of Light on Pineal Gland

» Melatonin secretion producing
sleepiness occurs during darkne
due to sti. of SCN activity
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Suprachiasmatic nucleus
(the “biological clock”)
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