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. Key Concepts

28.1 Hormones Circulate Around the Body and Affect Target Cells
28.2 The Endocrine System and Nervous System Work Together

28.4 Hormones Regulate Metabolism and the Internal Environment
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. Key Concept 28.1 Focus Your Learning

e Hormones affect target cells that have appropriate receptors.

e Hormones stimulate signal transduction pathways in target cells either by binding to
specific receptors on cell surfaces or by diffusing through the cell membrane to bind to
internal receptors.

e Different target cells can respond to the same hormone in different ways depending on
the signal transduction pathway stimulated.

e Intercellular chemical signaling mechanisms evolved early in the evolutionary history of

multicellular animals.
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- 28.1 Hormones Circulate Around the Body and Affect Target Cells

» Endocrines are chemical signals secreted by epithelial cells directly into the
extracellular fluid (ECF).

» From the ECF, endocrines can diffuse locally and also into the blood, where they
circulate throughout the body.

» The endocrine system is like a radio or cell-phone system, broadcasting signals that
can be picked up by anyone with an appropriate receiver.

» The signals are received only by cells that have appropriate receptors, and responses
are determined by the receiving cell’s signal transduction machinery.

» Hormones are endocrine signals that enter the blood and activate target cells.

e Examples: Testosterone, estrogen, adrenalin, insulin
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Ewkova 28.1 Zuotipata XnUkng Znpatodotnong

(A) Zjpata mou Spouv ot andéoTaocn (B) Zjpara mov Spouv TOmKa

'Ot 0puoVEC TAEIGELOUV 0TIV Ku-
kAo@opia Tou aiparog kat deopev-
ovTal o€ UNOSOXEIC AMOUAKPUOHE- | OppovIKOG KUTTapo-0TéxXoC

VWV KUTTApWV. unoéoﬁac

' Ta autokpvr orjpata Se-
opevovTal o8 UTIOOOYEIC TOU
i6tou Tou KUTTApoUL o Ta

| EKKPIVEL

' Ta napakpivri orpata Ssopsl- |
ovtal o€ UNOSOXEC TTAPAKEIMEVWV |
| KUTTApWV.

\ |
\ |
\ |
\n

EkkpITikO

Kutrapo-otoxog

Ayyeio kukhogopiag
(n.x. alpo@odpo ayyeio)

KUtrapo mou ekkpivel
OPHOVEC

Kottapo nou Sev gival otdxog

KiUttapo nou Sev givat otdxo¢
(n opuodvn Sev unopei va deopeutei)

(xwpic urodoxeic)

Ewova 28.1 Zvotqpote Xnpuikne Enpotodotnong
(A) Ot oppdveg 010vEROVTOL GE OAOKATPO TO GO LEG® TNS KUKAOPOPING TOL aipLaTOC.
(B) To mopoxpvi] Ko aqvtokpivi) onuate  do€ovtol Tomikd oto eEwkuttdplo vypo. Ta mapakpivh

onuaTo  €TNPEALOVY TOPAKEILEVA KOTTAPO, EVM TA OVTOKPIVY EMWOPOLV GTO 1010 TOL KOTTOPO OO TO
omoia amelevbepmvovtat.
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. 28.1 Hormones Circulate Around the Body and Affect Target Cells

» Paracrines affect target cells near the release site.

e Example: Histamine, a mediator of inflammation

» Autocrines bind to receptors on the same cells that secrete them.

» Hormones and paracrines can have autocrine functions as a means of negative

feedback to control their own rates of secretion.
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- 28.1 Hormones Circulate Around the Body and Affect Target Cells

» Some endocrine cells exist as single cells (e.g., in the digestive tract).

» Endocrine glands: Aggregations of endocrine cells that secrete hormones within the
body.

» Exocrine glands secrete substances through ducts to the outside of the body (e.g.,
sweat and salivary glands).

» Neuroendocrines or neurohormones are secreted by neurons and enter the
circulation.

» Pheromones are chemical signals released from the body of an animal to influence

the behavior and physiology of other animals.
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Ewkova 28.2 (A) Ot Tpelg Opadeg twv Oppovwv

(A) Mpwrteiviky oppovn

= Peptide and protein hormones (e.g., Alucida A
21 apwvo&éwv
insulin):

= Water-soluble, easily transported in blood
= (Can be packaged in vesicles and released

by exocytosis

Ewova 28.2 O Tperg Opades tov Oppovov

(A) Ot menTOIKEG KOl Ol TPOTEIVIKEG OPUOVES Elvar Tal
peyorvtepo popla oppovayv. H wweoviivn mov mopdyston
amd  TO TOAYKPEOS OMOTEAEL €vol  YOPOKTNPIOTIKO

TOPAOELYLOL LLOG TTPOTEIVIKNG OPUOVG.

AvBpwmivn t(voouAivn
copyright @ 2023 EKAOZEIZ MAMAZHSH 8



Ewkdva 28.2 (B) Ou Tpelg Opadeg twv Oppovwv

(B) Zteposibeic opHoOvEC H, H,
Steroid hormones (e.g., estrogen, H,C

testosterone):
Kopuocg atepoin
Synthesized from cholesterol

Lipid-soluble; pass easily through cell

HO
membranes /}{ﬂhnmspdhn \
Usually bound to carrier molecules in the : , .
Koptikootepogibr DUAETIKA aTEPOEIDN

blood CH ,OH o

o |

Il c=o0

HO He

Ewkova 28.2 Ov Tperg Opadeg tov Oppovav
(B) Ot otepoctdoeic opuodvec  omoteAoOV  TPOTO- 0
momuéva popla. yoinotepoanc. Ilepirapfdvovv ta 0 Teotootepdvn
KOPTIKOGTEPOEDY], 7OV  TOPAYOVTIAL OO TO, Ahdoatepovn

EMVEPPIOLO, KO TO, QUAETIKO GTEPOELDY], TOV TAPA-

YOVTOl KUPImG oo TIG YOVAJEC.
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Ewkdva 28.2 (I) O Tpelg Opadeg twv Oppovwv

Amine hormones (e.g.,
epinephrine):

Mostly synthesized from the
amino acid tyrosine (e.g.,
thyroxine)

Some are water-soluble; others
are lipid-soluble; their modes of

release differ accordingly.

(M) ApIVIKEG OPUOVEC

H H
Hﬂ@é —é —MNH;"
i doo
Tupoaivn

4 \

HO H H H H
|| | ,f
oA D

OH H H [
Emvegpivn Bupoéivn D DH

Ewkova 28.2 Ow Tpeig Opadeg tov Oppovav

(') Ot apvikég oppoveg  givor puKposkomikd popto Tov cuvtifevior amd Eva Kot
uovo apvo&d. Toéco i emveppivn 660 kot n Bupo&ivn cvvtiBevion and Kotdioimo
Topocivng, aAAd n OBvpo&ivn  elval AmodloAvTy, VO 1 EmveEpivn etvar
VOUTOOAAVTY.

O1 1pomor amelevfépmong Kot HETAPOPES TOVS Kol 01 BECELS TV VITOOOYEWV TOVG
SLPOPOTOIOVVTOL AVAAOYWG.
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- 28.1 Hormones Circulate Around the Body and Affect Target Cells

» Water-soluble hormones can’t pass through cell membranes; they bind to receptors
on target cells. The receptors are transmembrane glycoprotein complexes with 3
domains:

e Binding domain

e Transmembrane domain

e Cytoplasmic domain that extends into the cytoplasm

When a hormone binds to the binding domain, the cytoplasmic domain initiates the cell’s

response. Second messengers activate a cascade of events, activating protein kinases or

protein phosphatases. Enzymes are activated or inactivated; or gene expression is altered.

» Lipid-soluble hormones can diffuse through cell membranes; their receptors are
usually inside cells. They usually act by entering the nucleus and altering gene

expression.
copvright @ 2023 EKAOZEIX NMAMAZHZH 11



...KQ1 oTa Emve@pidia va ane-
AsvBepwoouv emvepivn xai
vopEmMveEPpivn 010 alpa,

Ol ONOIEC MPOKAAOUV Wia oEpa
and aviidpaoeic.

B O eyxéparog avrihapfaverar
Tov Kivduvo xat Siver orjua
OTOUC HUC Tou nodiol va
xavouv GApa npog 1a niow...

Ewkova 28.3 H Avtidpaon «MaAng n ®uyng»

One hormone can trigger different responses in
types of cells.

. . 2 z 5 To finap Siaond 1o H xapdia naAreral

e Example: Epinephrine and norepinephrine are involved Vuxoyovo yiavanpo-| mo ypiyopa w0
. . . . ” - uvara. H apinpiaxn
in the fight-or-flight response. e .. | e atavesan
The sympathetic nervous system responds to a sudden /’{// ;
fright by releasing norepinephrine. £ )

. . 2 ——— :
Endocrine cells in the adrenal glands are stimulated to \/y

secrete both epinephrine and norepinephrine, which
quickly circulate in the blood.
e They bind to receptors in the heart, blood vessels, liver,

Ta Minoxutrapa
anghsuvBepwvouy
Mnapd oééa (xav-
owWo) oTo aipa.
Ta aipogdpa ayyeia tov

and fat Ce”S. EVTEPOU Kai TOL SEppatoc
. - ovotédovral, nmpounBev-
* Heart rate increases; some blood vessels constrict to OVIGE TOUC PG JE MEPIO-

cotepo aipa.

send more blood to muscles.

Epinephrine stimulates liver cells to break down glycogen
and release glucose into the blood as a quick energy
supply.

In fatty tissue, it stimulates breakdown of fats to fatty
acids—another source of energy.

Ewova 28.3 H Avtiopaon «Ilaing 1 ®ovyno»

O eyképaloc €vOc atopov mov PpiokeTon avTiETOnog EoQVIKd e Lo
OMEIM] OTEAVEL GNUO GTO EMVEPPIOID, TO. Omoio. GYXESOV aoTpOmTLOic
anehevfepdVoOLV TIG OpULOVES ETVEPPiVN Kol vopemve@pivn. Ot opuoveg
AVTEC KUKAOPOPOVV GE OAOKANPO TO GMLO, KOl EVEPYOTOLOVV TTAPAYOVTEG
TOL GUUUETEXOVV GTNV AVTIOPACT] «TAANG 1 PUYNCY GE SLAUPOPOVE 1GTOVG.



Ewkova 28.5 To Evéokpivikd ZUotnua tov AvBpwrnou

Emiguon

MeAarovivn: BonBas oTov cuyxpoviopd Tou
Kipxadixo puBuol YnoBahapog (Eikova 28.6)
ExAUTIKEG Kal avaoTaATIKEC VEUPO-
Qupeoetdiic adévac (Eikdveg 28.11 kai Z8:13]
Oupoéivn T4 kat tpiwSoBupovivn T3: OPHOVEC EAEyxOUV TNV NTpdobia unduon

H ADH xai n| wKkutoKivn petagpépovial mpog v

o TOMFUTIOPRGE S TapoNONG 12X onioBia unéuon kat aneAevBepwvovTal and avTr.

gival anapaltnreg yia Ty adénon kai m

vVEUPWVIKA avanTuén MpoéoBia unéguon (Eikdva 28.7)
KaAorrovivn: endayel Tnv anoppo@non tou Bupeotponivn (TSH): evepyonoigi tov Bupeoeidr)
aofeotiou adéva

NoBulaxiotpomog opudvn (FSH): ota Br\ea endyer
NV wpipavon Twv woBulakiwy, EVi) OTOUG APPEVES
ENAYEL T ONEPUATOYEVEDT

Qxpivotrpémog opudvn (LH): ota BriAea enayel v
woppntia kat TV napaywyr) TwWv o10TPoySVWY Kal
NG MPOYECTEPOVNG and TIC WOBNKES, EVW OTOUS
Gpeveg, endayer Tnv napaywyr g TEOTOOTEPOVNG
Koptikotpomivn (ACTH): Sigyeipel Tov @AOIO Twv
emvepEdiwv Wota va exkpiver koptildin

Avénrixr) opudvn: Sieyeiper v npwreivoouvBeon
Kat v avénon

MpoAaktivn: enayel TV Napaywyr] Tou yalaktog
Melavivotpdmog opudvn: ENAyEL TNV Napaywyr e
XPWOTIKNAC pehavivng

Evboppivec kai eyKe@aAiveg: EAeyxog TOU TTOVOU

OnioBia unéguon (Eikéva 28.6)
Aéyetal kal anedevBepwver 500 unoBalapikég

OPHOVEG:

NapaBupeosaideic adéveg (otnv npdobia emed
veia Tou Bupeoeidr) adéva, Eikdva 28.13)
NapaBopudvn (PHT): endyel tnv aneAeuBépwon
Tou aofeotiov anod Ta 00Ta Kal TV anoppoPnr
TOU QIO TO £VIEPO KAl TOUG VEQPOUS

Emvegpidia (Eixdva 28.16)
DAot6g

Kopti{6An: pecohafei otnv andokpion 1oy
perafolopol o€ éva oTpecoyOvo EpEBIopA
AMSootepdvn: epniékeral oTn pUBION NS
1opponiag Twv aAdTwy Kal Tou VEpou
QuAETIKG OTEPOEISI): O LIKPEC TOOOTNTEC
Mughég

Emvegpivn (aSpevalivn) ka1 vopemveppivn
(vopadpevalivn) enayet tnv Gueon

okl i q euync Oxvrokivn: Sigyeipel Tn ovonaon g HATPAC, TN
por) Tou yalaktog kat 1o ouvaioBnuanxd déoipo

,romi‘?ép'(;’ﬁ}‘“w 30) Avrtidioupnrikrj opuévn (ADH, emiong yvwoi xat
w¢ ayyetomeoivn): npodyet tn Siatrjprion Tou

Teotrootepdvn: avammuén kat Siatripnon VEPOU OTOUC VEQPOUC.

TWV XOPAKTNPIOTIKWY TOU APPEVOS

Oo0poc adévag (atpogel oToug eviihiked)
Oupooivn: evepyonolsl Ta T AeppoKUTIapa Tou

gmtyﬁff,“ ):\);)dnwiq kat Saripnon QaVOOOMOoINTIKOU OUOTHHATOS
TWV XAPAKINPIOTIKWY TOU BrAe0g ’ Nayxpeac (vnoidia Tou Langerhans)

Mpoyeatepdvn: pubpile: Ty eykupooivn /, Ivooulivn: Sieyeipel Tn npdohnyn Kat kKaravailwon

' ¢ YAukddng and ta kutrapa
Ewova 28.5 ‘ Mwkayovn: Sieyeiper v npdoAnyn xai
, , . . . X i ; . . xaravawon Tng yAvkodng and ta kotrapa
To KOTTOPO TOV TAPAYOLV KOl EKKPIVOUV OPUOVESC UTOPEL VO OPYOVAOVOVTOL GE OLOKPITOVS EVOOKPLVELG Mwxalévn: Sieyeiper T anehevBépwon Tng
. . , , L. . L g , , Aukéing ané To fina
AOEVEG 1 VOl EVAL EVEOUATOUEVO GE 16TOVG ALV 0pYdvav, g TO TENTIKO GuGTNUA 1) otveppol. O E,,,,,ﬁ,‘:,‘,,m,.,,,,. &,d,?,z, oV pUBG aMENEUBEPWONG

NG IVOOUAIVNG Kat TNS YAUKAYGVNG Kal TIG
A£ITOUPYIEC TOU MENTIKOU OUOTHHATOS

eEOKLTTAPLO VYPO. R —

-~

VTOOAAALOG ATOTEAEL T TOV EYKEPAAOV, EVA TTEPIEXEL KVTTOPO TTOV EKKPIVOLV VELPOOPUOVES GTO



Ewkova 28.5 To Evéokpivikd ZUotnua tov AvBpwrnou

AMa épyava ta onoia nepthapfavouv kittapa
nou ouVBETOUV KAl EKKPIVOUV OPUOVES

Opyavo
Anwdng 1016¢
Kapdia
Negpoi
Zropayog
Aento éviepo
Hnap

TKEAEXTIKOC HUC

Opuovn

Agnrivn

KoAmiko varpiovpnuiké nentidio
EpuBponointivn

laotpivn, ykpedivn

LeXPETIV, XOMOKUOTOKIVIV
owparopediveg,
tvoouhvoppnTikol avgnrmixol
NapayovTEeg

Iproivn

copyright @ 2023 EKAOZEIX MANAZHZH
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. Key Concept 28.2 Focus Your Learning

e Oxytocin and vasopressin are produced in the hypothalamus and secreted from nerve
terminals in the posterior pituitary.

e The anterior pituitary produces four tropic hormones plus growth hormone, prolactin,
and melanocyte stimulating hormone.

e The release of hormones from the anterior pituitary is controlled by hypothalamic
hormones transported to the pituitary in portal vessels. Regulation involves short-loop

and long-loop negative feedback.

copyright @ 2023 EKAOXEIX NANAZHZH 15



28.2 The Endocrine System and Nervous System Work Together

Advantage of hormones: Originate in one place but reach all cells and coordinate
activities.

Disadvantage: Action is slow.

The nervous system communicates rapidly, can be turned off quickly, and has access to
information. Thus, it is advantageous for these systems to work together.

The nervous and endocrine systems control and regulate all the physiological and
behavioral mechanisms that contribute to homeostasis, survival, and reproduction.
The pituitary gland is attached to the hypothalamus of the brain.

The pituitary connects the nervous and endocrine systems and is involved in

hormonal control of many processes.

copyright @ 2023 EKAOXEIX NANAZHZH 16



Ewkova 28.6 H OntioOwa Ytopuon AnteAeuBepwvel

NeupoopHOVES

Anterior pituitary: Originates from gut epithelial tissue;
controlled by hypothalamic neurohormones that travel via the
blood.

Posterior pituitary: Originates from neural tissue; contains the
axons of hypothalamic neurons that release neurohormones.
Hypothalamic neurons secrete two neurohormones into the
posterior pituitary:

1. Antidiuretic hormone (ADH) increases the water retained by
the kidneys when necessary.

e Also called vasopressin—it causes the constriction of
peripheral blood vessels to elevate blood pressure.

2. Oxytocin stimulates uterine contractions in childbirth and milk
flow.

e The baby’s suckling stimulates neurons in the mother’s brain
that cause secretion of oxytocin.

An example of how the nervous system integrates information
that regulates hormonally mediated processes.

Ewovo 28.6 H OnicOwo Yropuon AmeievBepover Nevpoopuoveg Ot
VELPOVEG TOV LTOBUAGLOL TTOPdyoLY 0V0 TEMTIOKEG VEVLPOOPUOVES, TNV
avTIooVPNTIKY opuévy (Bacompesivy) kol THV  OKULTOKIVI], Ol 0TOiEC
armofdnkevovror ko anelevbepwvovtor otV omichia VIOPLON UEGH TV
VELPIKDOV UTOANEEWV.

H avBpwmvn unéguon,
napdlo mou £xgl To péyebog
EVOC HUPTIAOU, EXKPIVEL
TMOAEC OpUOVEG.

YnoBahapog

Ol veuptveg Tou unoBa-
Aduou napdyouv v avii-
Soupnuikr] oppdvn Kat
TNV WKUTOKIVN Kat TIC pe-
ragépouv oV oniota

unégpuan.

Aovec Twv
VEUPWVWY TOU
unoBakapou

Mioyog
™G unépuong
Tpiyoeidn
ayyeia

OmniocBia s

uTIoPUON

— Eiopon
aipatog

— MNpooBia
2 unépuon
O1 veupoopuoveg ane- |
AeuBepwvovtal péca
oV onigBa unoguon
and tic afovikég anmo-
Ai€eic kat Siayéovtal
ota Tpiyoeidn ayyeia. |

E)... uéow Twv onoiwv |
e€épyovral and mv
onioBia unéguon
Kal EICEPYOVTAl OTNV
KukAogopia Tou
alpatoc.

17



Ewkdva 28.7 H NpooOia Yiopuon Bpioketat uno tov EAeyxo tou YrnoBaAdpov

(A) YmoBahapukoi

VEUPWVEC YrnoBahapog
‘Oragovikéc anohy- ;
¢ Twv unoBahay- X ExAutikoi mapayovteg umoBalapou (RHs)

KOV VELPWVWY ane- _ ‘\ AvacTtaktikoi napayovteg umoBahapou (RIHs)
AevBepwvouv veupop- B —
HOVEC OTO Oniio : Oupeotponivny lovatpomivn AU&!TIK!'] K9pru<orpo- MNpohaxTivn
onou 1a Tpiyoedny opuovn mivn
ayyeia ouyywvebovtal RH RIH RH RIH RH RIH RH RIH RH RIH
HE Ta nulaia atpo-
\@bpa ayyeia...
MuAaia .
aipo@opa ayysia
.10 0Nl HETOPEPOLV MNapexopevo _ _ :
TIC VEUPOOPUOVES 0TIV alpa Opuoveg Qupempomvn l'ovuéorp?nivsc Au€nTikn Aépevo_xopu- MNpohakTivn
npéadia unoguon. Or o me A eugeoa- WYPIVOTPOTIOC ~ OpHéVNn  KOTpoTivn
VEUpOOppOVES Siayé- npdobiac Sorporoc (LH) kat (GH) (ACTH)
ovral otV Kukhogopia l ' unoguong  Oppovh WQGU)*QKIO‘ ‘
TOU aigaToq Kat Eéyxouy MNpéobia (TSH) TI‘:’SO}-Tl‘)“ Oppovn
v aneheubépwon oppo- UROQuoN (
vwv ané ra KOTrapa e
npdabiag undguonc.

L Ll

( ba?)puévec mng npbo%c.

i unopuong séépyoviar | Anokpion fapaywyny  Mapaywyny  Kuttapikny  Mapaywyn Augnon Twv
| ané Tov abéva pfow g ong WV Twv yapenkv Siaipeon,  Twv abévwy Twv
| kukhoopiac Tou aipiarec. | PUOVECTNC OPHOVWV  KalQUAETIK@WV atgnon YAukopTiko-  BnAacTikwy,
: . npéobiag  TOU OPHOVGV 15wV napaywyn
unéguong  Bupeoedn YaAQKTOG

Ewova 28.7 H IlpéoOo. Yroguon Bpiocketar vad tov ‘Edeyyo tov YmoBardapov Ta kdttopa g mpdcbioc vroeuong mopd-
YOOV TIG TPOTIKEG OPUOVEC OV EAEYYOLV AAAOLG EVOOKPIVEIC dOEVES, KOOMDC KOl OPKETES GAAEG TEMTIOKES KO TPWOTEIVIKEC
opuHoOveG. Avtd o KOTTOpO PpioKoviol VIO TOV EAEYXO VELPOOPUOVAV, Ol OTOIEG TOPAYOVIOL GTOV VTOOAANUO Kol KOAOVVTOL
EKALTIKOL 1 OVOGTOATIKOT TOPAYOVTEG. AVTEG OL VEDPOOPUOVES OLOVELOVTIOL UECH TOV TLAAI®V OHOPOPp®V ayyeimv, ta. omoio
OTPEXOVY TOV YMDPO OVALEGH GTOV VITOOAALO Kol TV TPOGH10 LTOPVGN LEG® TOV H{GYOV TNG VITOPVLOTG 18



28.2 The Endocrine System and Nervous System Work Together

» The anterior pituitary secretes tropic hormones that control other endocrine glands.

e Thyrotropin (thyroid-stimulating hormone)

e Luteinizing hormone

e Follicle-stimulating hormone

e Corticotropin

e Growth hormone (GH) promotes growth by stimulating cells to take up amino acids, and
liver cells to produce signals to stimulate growth of bone and cartilage.

e Endorphins and enkephalins are the body’s natural painkillers, acting as
neurotransmitters in the brain.

e Melanocyte-stimulating hormone (MSH) stimulates the production of the pigment

melanin in skin and hair.

copyright @ 2023 EKAOXEIX NANAZHZH 19



Ewkova 28.7 H NpdacOia Ynddpuon Bpioketal und tov EAsyxo tou YnoBaAdpouv (CUuvEXELR)

Besides being negative feedback signals controlling their
own secretion, hormones influence the nervous system
in other ways.

e Example: Oxytocin plays a role in the birth process
and stimulating milk flow; it also promotes bonding
between mother and baby, and pair bonding in many
animals, including humans.

Ewova 28.7 H IpocOa Yroguon Bpiokerar vé tov ‘Edeyyo Tov
YnoOaidapov To wxdtrapa ™ mpdcbioc vrdeuong TapAyoLV TIC
TPOPIKES OPUOVEG IOV EAEYYOLV BAAOVG EVOOKPIVELS 0dEVES, KOOMDE Kot
OPKETEG AAAEC TEMTIOIKEC KO TPOTEIVIKEC OpUOVEC. AvTd T KOTTOPQ
Bpickovtal vO TOV EAEYYO VELPOOPUOVDV, Ol OTTOIEG TAPEYOVIOL GTOV
VIoOdALO Kot KAAOVVTOL EKAVTIKOL 1] 0VOGTOATIKOL TTOpdyovTES. AVTEG
0l VELPOOPUOVEG SLOVELOVTOL HEGH TWV TUANI®V OUOPOPWOV AYYEIWV,
To.  OTOi0l SLTPEYOVY TOV YDPO OVAUESO GTOV VTOOAAGUO Kol TNV
TPOGO10 LTOPLOT HEG® TOL PIGYOL TNG LITOPVONG

copyright @ 2023 EKAOZEIX NAMAZHZH

Edwrepikéc iy
EOWTEPIKEC CUVONKEC

w——pp Al€yepon
weed] AvaoTOM

ExAuTikoi

n
QVaOTAATIKOI
TIAPAYOVTEC

«Bpayig
KUKAOG»
l QPVNTIKAC
«Makpug avadpaong
KUKAOG» Mpoéocbia
QPVNTIKAG unoguon
avadpaong 1

Tpogikn
0ppoVN

b

Evdokpivric
adévacg

b

Oppovn 0



. Key Concept 28.4 Focus Your Learning

e The thyroid gland secretes the hormones thyroxine, which has multiple effects on
metabolism, and calcitonin, which reduces blood calcium levels.

e Calcitriol increases blood calcium.

e Clusters of endocrine cells called islets of Langerhans in the pancreas secrete the
hormones insulin, glucagon, and somatostatin.

e The adrenal gland consists of the adrenal medulla, which secretes epinephrine and

norepinephrine, and the adrenal cortex, which secretes steroid hormones.
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Ewkova 28.11 (A) O OQupeosdng Adévag ArtoteAeital and MoAAa OuAdakia

» The thyroid gland secretes 2
hormones:

e Thyroxine, which regulates

metabolism, is produced by follicle

epithelial cells.

e Calcitonin is produced by cells

between the follicles and is involved

in blood calcium regulation.

(A) Eykapoia diatoun tov Bupeoeidoiug adéva

Kuttapa nmou
napayouv
KaAottovivn

OuAdkio

KoAhog1déc
ECWTEPIKA TOU
avAou Tou
BuAakiou

EmBnAlaka
BuAlakoeidn
KUTTapa

Ewkova 28.11 O OQupeocdng Aodévag Amotereitar amo Ilodhd Ouidxio

(A) Eykdpoia dwotopnr] tov Bupeogrdonc adéva mov amekovilel moAvdpiBuo BuAdkia, cuvoedenévo HETAED TOVG

HECH EMONALIKOV KUTTAPOV.
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Ewkova 28.11 (B) O Oupeoedng Adévag AnoteAeitat anod MoAAd OuAdkia

Thyroglobulin is produced and
secreted into the lumen of the
follicle, where it is iodinated
and stored until processed by
the epithelial cells to generate
T3 and T4.

Anterior pituitary secretes
thyrotropin or thyroid-
stimulating hormone (TSH),
which activates the follicles to
produce thyroxine.
Thyrotropin releasing hormone
(TRH), produced in the
hypothalamus activates the
TSH-producing pituitary cells.

—ClH ﬁ OH
NH, O
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(B) Napaywyr twv T, kat T, oppovv and tov Bupoeidn adéva
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\ |\ Il
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Ewova 28.11 O Qupeoedng Aoévac Amoteieitar amd [lodha Ouidkia

(B) Ta embnAraxa kdtTapa tov Bviakiov cuvBETouy kot ekkpivovy Bupeocparpivn
GTOV 0VAO TV Budakinv, Omov veictatol IWwdiwon Kot amodnkeveTol E0C TNV
ene&epyooio g omd Ta emOnAtokd kbTTOp, PHE 6KOTO TNV Tapaywyn Tav T, kot T),.
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Ewkova 28.12 H YrnoBupeoeldrig BpoyxoknAn

» Thyroxine is lipid-soluble; it binds to receptors in the
nucleus to stimulate genes involved in metabolic
pathways to increase metabolic rates.

» Insufficient thyroxine in a human fetus or growing child
greatly retards physical and mental development,
resulting in a condition known as cretinism.

» A goiter is an enlarged thyroid gland; associated with
either hyperthyroidism (excess thyroxine) or
hypothyroidism (thyroxine deficiency).

» Graves disease is an autoimmune disease; antibodies to
TSH receptors on follicle cells cause uncontrolled
production of thyroxine.

» The most common cause of hypothyroid goiter is iodine
deficiency—follicle cells cannot produce thyroxine.
Without thyroxine in the blood, TSH levels remain high,  guéva 28.12 H YroBvpzozidiig Bpoyyoxiin

and the thyroid continues to produce thyroglobulin. H mabnon oavm yopokmpiCetar  amd Eihewym
1oV OV TPOGAAUPAVETAL OO TNV TPOPN KO

EXEL WG OTTOTEAECUOL TV  OVETAPKELD AELTTOVPYIKNG
Bvpolivnc xou v  emaxOAOVON vIEPTAPAYWYN
™m¢ OBvpeocpapiving kor ™ ueyébovvon TV
copyright @ 2023 EKAOZEIZ MAMAZHIH Ovlakiov.
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28.4 Hormones Regulate Metabolism and the Internal Environment

» Regulation of calcium levels in the blood is critical to body function.

There are several mechanisms for changing blood calcium levels:

e Deposition or absorption of bone

e Excretion or retention of Ca by kidneys

e Absorption of Ca from digestive tract

These mechanisms are controlled by 3 hormones:

1. Calcitonin is released by the thyroid; lowers blood Ca by regulating bone

turnover.

e Bone is continuously remodeled: osteoclasts break down bone and release Ca into the
blood; osteoblasts take up Ca and deposit it in new bone.

e Calcitonin decreases the activity of osteoclasts and thus favors removal of Ca from the

blood and deposition in bone by osteoblasts.
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Ewkova 28.13 Oppoviki PUOULON Twv Emumédwv tou AcBeotiov

2. Parathyroid hormone (PTH); secreted by the
parathyroid glands.

e Blood Ca levels control synthesis and release of
PTH—when low, PTH is released, which stimulates
bone turnover by osteoclasts and osteoblasts and
increases blood Ca levels.

e PTH also stimulates kidneys to reabsorb Ca.

e PTH also stimulates release of phosphate from
bone.

e Small increases in Ca and phosphate in the blood
can result in precipitation of calcium phosphate
salts.

e This can result in kidney stones and hardening of
the arteries (Ca deposits). PTH acts on kidneys to
eliminate phosphate in the urine.

Ewkova 28.13 Oppovikn POOpion tov Emnédowv tov AcBeotiov

H xaAotrovivn, n mapabopuovn (PTH) kot i kokottptoAn (n evepyn
HOPON NG KAACIPEPOING N oAAM®G Prrapivny D) pvbuilovv 1o
enineda tov Ca2* oto aipo.

Awarapayr
1ocoppomniag

Yynha enineda Ca?*
(>11 mg/100 ml aiparog)

XaunAa enineda Ca?*
(<9 mg/100 ml aiparog)
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(uriho Tou ASap ﬂagaeupouésic .
4 )/ abéveg 3
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N 056¢) =
— Owopayog
‘ (tpo@IkéE cwArvag) ‘
RELOS0RONS Sl O1 napaBupeoeiSelc  Kahoipepohn

KaAortovivn
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YiQ TOV OXNHATIONO VEWV OOTWV.

!

Ta enineda Tou Ca?*
OTO aipa peiwvovtal

adéveg exkpivouv PTH  (Brrapivn D)

l

Kahorrpiohn

H PTH au€aver v ooTikr| ava- ’
KUKANON péow TG EVEPYO- Auénuévn anop-
noinong 1600 Twv 00Te0BAAOTWV  pb@non Tov Ca?t
000 Kal TWV OOTEOKAQOTWV HE anod Toug VEQPOUC
anoTéAECa T HETAKivnon Tou KQl TO £VTEPO.
Ca®* ané 1a 0ota oy Kukho-
@opia Tou aiparog. EmmAéov,
ENAYEL KAl TNV ENQVANoppoPnon
Tou Ca?* ané Toug vegpoic.

\ 4

Ta enineda Tou Ca®*
oto aipa avavovral

H ouykévtpwon tou Ca* kupaiverat
peral 9 kat 11mg/100 ml aiparog 26



Ewkdva 28.14 OL Metadopeic NMukdlng Bpiokovtatl Yo tov EAgyxo tng IvoouAivng

Diabetes mellitus (type ) is caused by

lack of the protein hormone insulin.

Glucose transporters are controlled by

insulin. When insulin binds to cell
receptors, transporters move to the
cell membrane and facilitate glucose
uptake.

Adult onset or type Il diabetes is
associated with obesity, high
carbohydrate consumption, and lack
of exercise. Caused either by low
production of insulin or insensitivity
to insulin.

In both types, glucose builds up in the
blood and increases in the urine.
Urine output increases: water moves
from cells to blood by osmosis, and
increased glucose in kidney tubules
pulls more water in by osmosis.
Diabetic person suffers dehydration
and lack of metabolic fuel.

E€wrepikd ; - -
Tou thrrdpou Ivoouhivn Otav n voouhivn
2" npoodéveral otov Mwkoln O O
"\ unoSoxéa Tng.... " ‘
ETAPOpPEQC
yAukodng O o o

Ynodoyéag b iaf :
IvoouAivng

(IATXIIAXS wx.m : . \ :
2 ...KUTTQPONAQOHATIKA
8 kuoTiba anehevBepiivouv : ) Q
HETGQOPEIC YAUKOLNG, OF ——— Mem‘romon kuoTidiwv mou
onoiot peratomiovral oTnv i bl i G'LUM otV
KUTTapIKY] HEpBpdvn. ‘ KuTTapikr pepBpavn
—— Kuotidio mmou nepiéxer
' R GLUT4

Movonar
gnparo8éTnong
™G (voouhivng

E€wtepikd
TOU KUTTApouU

Ewova 28.14 Ov Meragopeic I'hokolng Bpiokovrar Yné tov "Eleyyo g
Iveoviivng Ot mepioadtepol 16T0l e€optdvTon amd TN OpACN TNG LVGOLAIVNG Vol
enAyel TV TPOSANYM TG YAukolng amd to kKottapa. H yAvkoln ecépyeton oto
KOTTOPO UECH O18- YVOMG, 1| OTOI0 EMLTLYYAVETOL LE TOONTIKY LETAPOPE TNG LECW
netapopémv yAvkoling. H mpodcdeon g tvoovAivig o€ vodoyels g EmMPAVELNG
TOV KVTTAP®V TPOKAAEL TN petatodmion evoc tomov petagopén yAvkolng (GLUTA4)
amd TIC €VOOKLTTOPIKEG —oamofnkeg otnv kvuttapikny pepppdvn. H peioon tov
EMMEI®V NG WWGOVAIVIG £XEL MG ATOTEAEGLA TV OTOONKEVLOT TOV HETA- POPEDV
YAVKOING G€ EVOOKLTTOPIKES OTOONKES.
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28.4 Hormones Regulate Metabolism and the Internal Environment

> lIslets of Langerhans: Endocrine cells in the pancreas that produce 3 hormones.

1. Beta (B) cells produce insulin.

2. Alpha (a) cells produce glucagon—stimulates liver to convert glycogen to glucose when
blood glucose levels fall below normal.

When blood glucose rises after a meal, beta cells are stimulated to produce insulin. When
blood glucose falls, insulin production stops and most cells shift to using glycogen as a fuel
source. If blood glucose falls substantially below normal, alpha cells release glucagon.

3. Delta (6) cells produce somatostatin—has paracrine functions and inhibits release of
both insulin and glucagon. Also slows digestive activities to extend the period of nutrient
absorption.

Hypothalamic somatostatin, or growth hormone inhibiting hormone (GHIH), inhibits the

release of growth hormone and thyrotropin by the anterior pituitary.
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Ewkdva 28.16 Ta Emvedpidia Eival otnv Mpaypatikotnta Ao ASEVEC

The adrenal gland is a gland within a gland.

Adrenal medulla produces epinephrine (adrenaline)
and norepinephrine.

e Develops from nervous tissue and is

under nervous system control.

Adrenal cortex produces steroid hormones called 4
corticosteroids:
e Mineralocorticoids influence salt and water Emveppibla <
balance. O @Ao16¢ TWV emive- g
Aldosterone, the main mineralocorticoid, stimulates | ¢pibiwv napayeita |

. . . YAUKOKOPTIKOELSH), TQ
kidneys to conserve sodium and excrete potassium. A a1

* Glucocorticoids influence blood glucose Kal Ta QUAETIKG
] ‘ -
concentration. OTepOEIdH).
Cortisol, the main glucocorticoid, mediates o
) £ =3 MUEAGC TWV EMVEQPPL-
metabolic stress responses. Tissues not critical for Siwv mapdye! Ty emve-
action decrease glucose uptake and immune system POIAFKOTN VOPERIEIN: «

reactions are blocked. Response is slower
than adrenaline, but lasts longer. Cortisol and similar

drugs are used to reduce inflammation and allergic Ewéve 28.16 Ta Emvegpidia Eivar omnv Hpaypotikémre
AVO Adéveg
responses.

. ) — - KdéBe emveppidlo eviomiletor mhve amd kdbe veppd kot
* Sex steroids (produced in negligible amounts in amoteleiton eETEPIKA A TOV PAOLD KOl ECOTEPIKG OO TOV

adults). poerd. O poeddg Ko 0 QAOLOC TAPAYOLV  SLOUPOPETIKEG
OPHOVEG. 29



28.4 Hormones Regulate Metabolism and the Internal Environment

» Anterior pituitary controls cortisol release by corticotropin (adrenocorticotropic
hormone, or ACTH).

» ACTH release is controlled in turn by corticotropin-releasing hormone from the
hypothalamus.

» Acute stress response is turned off by negative feedback of cortisol to brain.

» With chronic or prolonged stress, the control mechanisms become insufficient and
cortisol must exert negative feedback through the hippocampus.

» But prolonged exposure to cortisol causes loss of hippocampal cells, decreasing the
ability to turn off the stress response.

» Prolonged stress can lead to digestive system problems, cardiovascular problems,
strokes, impaired immune system, and increased susceptibility to cancers and other

diseases.
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28.4 Hormones Regulate Metabolism and the Internal Environment

» Adrenal medulla releases epinephrine and norepinephrine in response to stress.

» Both bind to adrenergic receptors on target cells.

e a-adrenergic receptors respond more to norepinephrine.

e B-adrenergic receptors respond equally to both.

Drugs called beta blockers inhibit B- adrenergic receptors, and thus can blunt the fight-or-
flight response without disrupting physiological processes. Beta blockers are used to

reduce symptoms of anxiety.
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