N

Para follicular cells (C cells) :

» Derived from ultimobranchial body from
Ventral part of 4th (5th) pharyngeal pouch
» calcitonin




Thyroglossal cyct:

path of thyroid descending
Position of occur:

Inf. To the body of hyoid 50%

Base of tongue
Close to thyroid cartilage

Thyroglossal fistula

Abberant thyroid tissue:

path of thyroid descending
Base of tongue

\ L
Thyroglossal cystpm

Body of tongue

Foramen cecum
—Thyroglossal cyst

Thyroid gland L=



parafollicular cells:
Decreased Ca* in blood by 2 ways:

1. Transport Ca from blood to musculoskeletal system
2. Prevent bone absorption by osteoclast cells




Histology of the thyroid gland

Thyroid gland

Parathyroid gland Thyroid folicle |
The parathyroid '
1 glands are separated i
: + from the capsule of ;
. : the teyroid gfandl;y i
Thyroid hormones: : their own connective Bloodvessel |
| tissue capsules. '
Tri-iodothyronin ol E
_i i 1 lissue capsule :
Tetra-iodothyronin | el E
i i ! the mass of the i
Calcitonin e |
i subdivided into :
. 1 incomplete lobules. :
» Fenestrated capillary | i =,
:Elnodvassalsﬂra y s e i
E:Ef;rpaimund e i'r (o . a.ﬁ distinguished from .
: '?;!@"t' ~ . surrounding follicular
1 Follicular epithelium ' _ :. ® _,ﬁ* > cells by its pale :
] ) . & g WtDIJIEIEm '
v Inthe inactive follicle, | = ® = . ’ !
: the follicular = = 85 "N J 'dTwﬂh?ﬁn{;..:t:E ofiectve |
Sl : | ide on '
ElowcugiﬁTph \EQ“ : 3% O BRE® o _ | approaches are: i
' ros : ; ¢§b o ! | s = @ 1. Immunocytochemistry, |
 squamous. During ge °, % pe Pt 2 : :
E phase 2% T < cakilonin. '
' hecun? DED]?JEEE:’W ﬂ“ . e':l't 1 2. Electron microscopy, |
; - il*,rai"’ ’%\Q 3 LR S % g tovisualize calcitonin-
; ; e o containing cytoplasmic !
Asea of colloid _ 2% o ,-
resorption s .ﬁ o8 o fg Tap. 2oy oanes. ;



Synthesis and
secretion of thyroid
hormones T; and T,

COLLOID % Colloid I~/Cl- Thyroid s
o transporter peroxidase ~ MIT-° DIT—=*
MITes &
o oag o (pendrln)
iodine DITees . H @ Thyroglobulin 23 pre-T
A ORIREG . e - thyroid o3 23 synthesis FU
yroglobulin ° o peroxidase T T4

T,

iodide/chloride
transporter : megalin
(pendrin) . receptor
I lysosome 3 {- Lysome
(/R T ekt colloidal
‘}. Te 7 N ll/oN Al I ; — Colloid
O|QI/ > o i ST @ = resorption reabsorption
o el e o \ Ah e AR 1 droplets droplets

®® odide

Capillary ide
lumen (NIS) P

endothelial cells

4-Q-

sodium/iodide
CAPILLARY LUMEN symporter (NIS)

~Thyroglobulin elodine —> Synthesis — Reabsorption |

synthesis —— resorption ——»



Synthesis and
secretion of thyroid
hormones T; and T,

B aithe apical plesma membrane, thyroid peroxidase is sctivated and

converts iodide into iodine, Twe iodine atoms ane Inked o each tyrosyl residus,
lodination oocuns within tha lumen of the teyroid follicle.

ARer profenlytic precessing, one maemoicdotyrosine peplide combines with
diindatyrosing to form Ty (wiledothyronine). Two dilcdelyrosines comizing (o
form Ty (feerowine). Coe odnated thyreglsbulin molecula yiedss four molecules
of Tg H'HI.':T.;.

Clinical significance: Propylthiouracil and methyl mercaptoimidazole
{MN) imbbit thyecid peroxddase-mecated iodnation ol lyrosing in thy roglabuling

iedinated tymegicbulin, is endocytosed by & psaudapod
extension of the agieal domain of a felicular apithalial cell.
The intracellular colloid droplel. guidaed by cyteske!etal
components, fuses with a lysosome. Ty and T molecules
are released by the protanlytic action of lysozernal
en .

Clinical significance: Propyithiouracil can block the
sorwersion of Ty to Ts in peripharal issues fiver).

T}lms:ﬂ residue __...l T ladine u I_% ............ __ Fmpﬂd i

) b otyrogiabuin Y E

aaw T — Micreadllus i

B Thyroglobulin i Thygroid peroxidase —i Coiloid draplet — E

. ide '

a glycoprotein (680 3 2 !

kd) consisting of two fr_[LILT LI f_ﬁjl_ 1 : M| LrF_ﬂ_\ ;

ientcal subunits, Manicdinated i Y Encocylosis — r Colloid dropiel- i

Thyrogiebulin ihyroglobulin [ oyl g, lysosome husion |

contains 140 tyrosyl e, ! § AT, :

residues available for Throid T i [l Proeteclysis of 'F" i

iocination. pemidase 3 L}ﬂ-‘“} _inﬂanw:aighMIii_,-" @ s i

= I '

Execrine phase \,_T) i ? b s B Endocrine phase :

« ] i ;

EJ Wembrane- ‘d. b ;E i

bound thyraid N Mitochandrion © :

peroxidase and i [ i E

thyroglobulin are Golg [4&3 i Fough

present in tha sama apparatus {g; ilodide — ondopiasmic

sacralary vesice. : i relicuium :

1 i oy o bal ]

AN ATE Thrﬁfnfﬂ'd'sm?;g?i;g i

Fowgh endoplasmic —— 247 i Yo 3 rmone !

reticulum o — Adenyly - 1 FQ% T bound to the TSH

X [ eyeiase TIQ!]J 4 Frem— || i

Ensal laming 4 :

TSH bound bo he . i

TSH recsptor  lodide purnp — ¢ 1% AT D . !

lodid R L e i

Fenasialad ﬁ___| ______ e B e I .E . B L = ; Serum hinding '
capillary prolein

n The iodide purmp concenirates jodics within the
thnyraid fellicular call 20- to 100-fold above s (vals.
An MNat, K+depandamt ATPaze and adenosing
triphosphate (ATP) proside the enargy for iodide
ranspon.
Clinical significance; The isdde pump can be
inhibited by perchlorale, a compstilive &von,

B3 73 20d T4 are released from the cell across
the basal lamina of the thyroid falicle into a
fenastrated capillary and bind to serum binding
proteins.

Ta has a shorter half-lide (18 hours) than Te (5
be T daysl. Tais 2 10 10 times mone activa than Ta




hypothalamus <— Tj

T4—T3

- conversion
\ in astrocytes
and tanycytes /
TRH | somatostatin . };’T—'
/ h 1 blood-
p [ TioT } brain
o.o\ 3 N  barrier
anterior lobe of pituitary
gland (adenohypophysis)

TSH

T4—T3
conversion

= jnhibitory
- stimulatory

Ta+T3 J

{ target organs in body ]

T growth T metabolism
T development T body heat production



Synthesis and mechanism of action of calcitonin

Parafollicular cell (C cell):

Located in basal lamina of
follicular epithelium / between
follicular cells

Pale cells / larger than follicular
cells

Low ER / large Golgi / many
granules

T plasma Ca2 + = activate
parafollicular cells = calcitonin
secretion = suppress osteoclast
activity

Fedlcular ephhelum I I it w '] W
Thyrold felllcle ._._._E _D_D The co
WV 7
P B W I Il B ¥ W

Ceell HEEEENEETT— mithd — BEEIERT T

'l:_-ll.l'
_I Common
| H I'EI:II:II1 T
Caiclianin Calcitonin
eng=ralated pepli
C-terminal ’ . E
e pEke-1 3
Linseeupded SalCReren foseplar
A é J":_d-'.f

Anadve osheockst, redvad In
bz resarpibon, dapiays a Artve asieoc|ast n ! htﬂweu-:l:euﬂus‘t|

rulied bardar appdied b B er“u - NSRS
ressAplon araa. \L
.Ale-ani'hm-e-mn-rpljm Fﬁ.rl'll-&db-:-rdgf ' ‘ e



Gravies disease (exophthalmic goiter / toxic goiter):

Y

excessive amounts of thyroid hormones are released into the
circulation

detectable levels of autoantibodies

abnormal immunoglobulins (IgG) bind to the TSH receptor
in-creased thyroid hormone secretion

Because of negative feedback, the levels of TSH in the circulation
are usually normal

Hypertrophy

thyroid hormone Is abnormally high range

increased metabolism

YV VY

YV V




> Features:

weight loss / excessive
sweating / tachycardia
/nervousness /
protrusion of the eyeballs /
retraction of the eyelids

» resulting from increased
sympathetic activity /
increased deposition of
extracellular matrix in
the adipose tissue
located behind the
eyeball

HYPERTHYROIDISM

Intolerance to Heat
Fine, Straight Hair
L

: Bulging Eyes
- Facial Flushing
Enlarged Thyroid

Tachycardia

1 Systolic BF

Clubbing™ ' Breast Enlargement

Weight Loss
1T Diarrhea Muscle Wasting

Menstrual Changes
(Amenorrhea)

Localized Edema



Hypothyroidism :

In adult:
Myxedema ( deposits in the skin) / fatigue

/ Feeling cold /Weight gain with poor appetite

In children: HYPOTHYRO|D|5M

Cretinism

Intolerance to Cold

Feceding Hairline

Facial & Eyelid Edema

Dull-Blank Expression

Hair Loss
A Extreme Fatigue

Apathy Thick Tongue -
Lethargy Slow Speech
Dry Skin Anorexia
(Coarse & Scaly)

Erittle Mails

Muscle Aches & Hair

& Weakness

CDHEtiPatiﬂﬂ Menstrual Disturbances

Late Clinical Manifestations
Subnormal Temp
Bradycardia
Weight Gain

1L0C
Thickened Skin
Cardiac Complications

ClsiLLbl
-
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Neuro endocrine
&

Endocrine
Hypophysis gland
Pineal body

Pancreatic islets

Thyroid gland

Parathyroid gland

Suprarenal gland




50 mg

Located on post. Border of
thyroid gland

» Consist of 4 glands

yel-lowish structures

designated as the superior
and inferior parathyroid
glands

surrounded by a thin
connective tissue capsule
that separates it from the
thyroid

Septa extend from the
capsule into the gland to
divide it into poorly defined
lobules

Parathyroid gland

Superior Pharynx

thyroid artery g
4 W . / Lobe of

thyroid gland

Anastomosis
between
superior and
inferior thyroid
arteries

|
. _Superior

@/ parathyroid
Inferior

thyroid artery._

/
' .‘—-—_.___ Inferior
: p S parathyroid
Thoracic duct”’

Gesaphagus
46.10: Thyroid and parathyroid glands seen from behind



%

> the inferior thyroid arterie
» venous and lymphatic dr
follows that described for the

id gland

Superior

thyroid artery
Superior
Posterior : parathyroid
glandular A ot gland
branch 'Ff o
"f? Inferior
Inferior thyroid | W (0 parathyroid
artery - gland

e
= e, B
A ¢

__
P

Thyrocervical
trunk

Wil wi

Right recurrent

Left subclavian laryngeal nerve

artery

(A

Left recurrent
laryngeal nerve



Third Pharyngeal Pouch

The 3 and 4% pouches are
characterized by a dorsal and a
ventral wing

In the 5t week, epithelium of the
dorsal wing of the third pouch
differentiates into the inferior
parathyroid gland, while the
ventral wing forms the thymus

Epithelium of the dorsal region of
the 4" pharyngeal pouch forms
the superior parathyroid gland

lose their connection with the
pharyngeal wall

Pharyngeal Pouches and the
Tissues Derived from them

palatine tonsil

primary
tympanic
external cavity
auditory
meatus __\
— — pharyngotym-
panic tube

inferior parathyroid
gland

thymus

superior parathyroid

gland

ultimobranchial body

cervical sinus



the thymus then migrates in a caudal and a medial direction, pulling the
inferior parathyroid with it

The parathyroid tissue of the 3™ and 4" pouch finally comes to rest on the
dorsal surface of the thyroid gland and forms the parathyroid glands

Auditory Ventral side
tube of pharynx

Foramen
cecum

Primitive
tympanic

cavity

External
auditory
meatus

FPalatine tonsil

Superior
parathyroid gland
(from 4th pouch)

Inferior :
parathyroid gland : | | Thyroid
(from 3rd pouch) ' gland

Ultimobranchial body

Thymus Foregut
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the epithelial cells of the parathyroid gland

Principal (chief) cells:

the more numerous of the parenchymal cells of the parathyroid

responsible for regulating the synthesis, storage, and secretion of large amounts of
pTH. small, polygonal cells, with a diameter of 7 to 10 um

nucleus located centrally

The pale-staining

slightly acidophilic cytoplasm contains lipofuscin-containing vesicles

large accumulations of glycogen, and lipid droplets

Oxyphil cells :

constitute a minor portion of the parenchymal cells

not known to have a secretory role

They are found singly or in clusters

the cells are more rounded, considerably larger than the principal cells

have a distinctly acidophilic cytoplasm

Abundant Mitochondria / responsible for the strong acidophilic of these cells
No secretory vesicles






Structure and function of the parathyroid gland

PTH increase Ca*in blood by 2 ways:

1. Absorb Ca*from distal tubule of kidney & intestine
2. Activate osteoclast cell function

Oxyphil cell
—Mitochondna
F .'-.'-_'_.l- M
i endoplasmig
£ retculum
Golg apparatus
Chiel colls synthesize and secrete PTH.
Ca“*-sensing receplor (CaSR)is a Oxyphil cells appaar afer puberty and increase
mm{ﬂmnﬂrtr_aﬂmrmﬁm in nuamber with aga. They contain abundant
coupled to G prolein on the plasma mitochondria, which give this cell typa an
membrane of the pasathyroed cell A acdophilic staining in hemaloxylin-ecsin

reduction in serum caleurn levels asthales preparasions. The rough endaplasrie redoulum
CaSHand m-l:mﬂu PTH H:rl_nﬁm with a and Golgi apparatus ara nod prominent. Coyphil
resultan] increase in serum calcum. cefs do nol secrale PFTHL



Parathyroid hormone regulates osteoclastogenesis

i m:;“: c;:ﬁ: Sg;:i 5 ; B A monocyte, derived from
Y g bone marrow, reaches an area of
e Il M bone formation and remodeling. A
unut:yte E
receptor for M-CSF is expressed on

i its surface.
: M-CSF ligand }

: Parathyroid hormone A H The menocyte becomes a

{ stimulates M-CSF and ; 2] macrophage. M-CSF ligand binds
: RANKL expression, two i to the M-CSF receptor and induces
' essential recruiters for : the expression of RANK

: osteoclastogenesis. {transmembrane receptor for

E activation of nuclear factor kappa B)
: Parathyroid for its ligand (RANKL) expressed

E hormone receptor P on the surface of osteoblasts.

E _ Lol RANK 4 EJ The osteobiast-expressed

transmembrane protein ligand
RANKL binds to the osteoclast
RANK (receptor) and commits the
cell to osteoclastogensasis.

The mononucleated monocyte
becomes a multinucleated

; : (l\ osteoclast precursor, which still
: - - Osteoclast precursor cannot reabsorb bone.

: Osteoprotegerin

Osteoblast

cyPg integrin
: ] RANKL-stimulated osteoclastogenesis
is inhibited by the osteoblast-terived .

+  RANKL decoy protein osteoprotegerin. )
,  Osteoprotegerin blocks RANKL binding to
+  its receptor RANK,

Functional osteoclast

3 The maturation of
osteoclasts is completed

By this mechanism, the osteoblast (more when the sealing zone

Resting osteoclast
+  specifically, osteoprotegerin) regulates the =9 Bone resorption and ruffled border
¢ population of functional osteoclasts. Note B A resting (nonfunctional) appear. The formation of
+  that osteoblasts control ostecclast osteoclast uncouples from the sealing zone requires

differentiation, not function. the osteoblast. Bone ayf3g integrin.



m CLINICAL CORRELATION
Parathyroid Glands

1. The variations in position of parathyroid glands described above are of considerable importance to a surgeon
trying to locate the glands.

2. The parathyroid glands can be seen when the thyroid is imaged using radioactive iodine. The areas where
radioactive materials are located can be recorded on a gamma camera. Computer separation of images reveals
the location of the parathyroids.

Hyperparathyroidism

3. Excessive amounts of circulating parathormone can be present in tumours of the parathyroid gland (parathyroid
adenoma).
a. As aresult calcium is depleted from bones that become weak (and can fracture).
b. Increased urinary excretion of calcium may lead to formation of urinary calculi.

Hypoparathyroidism

4. Calcium levels inblood fall leading to muscular irritability and convulsions. The condition may be spontaneous
or may occur following accidental removal of parathyroid glands during thyroidectomy.
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Endocrine
Hypophysis gland
Pineal body

Pancreatic islets

Thyroid gland

Parathyroid gland

Suprarenal gland




Suprarenal glands

> Located on superior pole of kidney

» Cover by renal fascia

» athin septum separates each gland

from its associated kidney

» Rt. Adrenal gland = pyramid shape

» Lt. adrenal gland = arcuat shape

> Consist of =

» Cortex = yellow

» Medulla = brown

Inferior phrenic arteries

Inferior vena cava

Superior suprarenal anteries

Left suprarenal gland

suprarenal artery

Inferior
suprarenal artery



S

W . Inferior vena cava Esophagus
prarenal gland is e
Right suprarenal gland Left suprarenal gland
Diaphragm Left kidney

Bl Abdominal aorta

Cut edges of peritoneum

Fig. 4.137 Retroperitoneal position of the kidneys in the
posterior abdominal region.




Suprarenalvasculature

arises from three primary sources:

» As the bilateral inferior phrenic
arteries pass upward from the
abdominal aorta to the diaphragm,
they give off multiple branches
(superior suprarenal arteries) to
the suprarenal glands.

» A middle branch (middle
suprarenal artery) to the suprarenal
glands usually arises directly from the
abdominal.aorta.

» Inferior branches (inferior
suprarenal arteries).from the renal
arteries pass upward to the
suprarenal glands

Right kidney

Inferior vena cava

Superior suprarenal arteries

Left suprarenal gland

| suprarenal artery

Inferior
suprarenal arery




the venous drainage, which usually consists of
a single vein.leaving the hilum of each gland.
the right suprarenal vein is short and almost
immediately enters the inferior vena cava

the left suprarenal.vein_passes inferiorly to
enter the left renal vein

Inferior phrenic arteries

Superior suprarenal arleries

Rt. suprarenal vein

Left suprarenal gland

suprarenal artery

Inferior
suprarenal artery

Right kidney

i ior dena S Lt. suprarenal vein




Suprarenal Gland
The suprarenal gland develops from
two components:

(1) amesodermal portion, which
forms the cortex

(2) an ectodermal portion, which
forms the medulla

During the fifth weelk of
development, mesothelial cells
between the root of the
mesentery and the developing
gonad begin to proliferate and
penetrate the underlying
mesenchyme

differentiate into large
acidophilic organs, which form
the fetal cortex, or primitive
cortex

a second wave of cells from the
mesothelium penetrates the

mesenchyme and surrounds the
original acidophilic cell mass

form the definitive cortex of the
gland

Dorsal
root ganglion

Sympathetic
ganglion

Developing
suprarenal
gland

Urogenital 5.1
ridge

Chromaffin
cells

Acidophilic
fetal cortex

“ .. — Preaortic
: ganglion

Zona
glomerulosa

Adult Zona
cortex fasciculata
Zona
reticularis
Medulla



After birth, the fetal cortex regresses rapidly except for its outermost layer, which differentiates into the
reticular zone

( the remaining definitive cortical cells then organize into the zona glomerulosa, zona
fasciculata, and zona reticularis layers seen in the adult suprarenal gland )

» The adult structure of the cortex is not achieved until puberty.

Neural crest cells

_ . Sympathetic Migrating Dorsal root  Fetal cortex (chromaffin cell precursors) Chromaffin cells
Urogenital  ganglion neural ganglion

ridge crest Developing
adult cortex
Developi
fetal cortical
cells of
suprarenal
gland

Preaortic
ganglion

Qrgan plexus

Medulla

Figure 15-15. Suprarenal gland development. During the 5th week of development, the coelomic epithelium adjacent the developing gonadal ridge pro-
liferates and a subset of cells delaminate and enter the underlying mesoderm, forming the fetal suprarenal cortical cells. A second wave of delaminating cells
migrates and forms a thinner definitive cortex surrounding the fetal cortex. By the 2nd postnatal month, the fetal cortex rapidly regresses and the remaining
definitive cortical cells organize into the zona glomerulosa, zona fasciculata, and zona reticularis layers seen in the adult suprarenal gland. Before being
cordoned off by the forming suprarenal capsule, neural crest cells migrate into the medullary region and differentiate into chromaffin cells.




neural crest cells invade its medial
aspect, where they are arranged in cords
and clusters give rise to the medulla of the
suprarenal gland

» They stain yellow-brown with chrome
salts and hence are called chromaffin
cells

» innervated by preganglionic
sympathetic fibers that release
Epinephrine and Norepinephrine upon
sympathetic stimulation.

neural crest

sympathetic
ganglion (from

neural crest . . .
) cortical primordium

developing of fetal cortex
neural tube (from intermediate
mesoderm)
aorta
’ -'?.0’:.:0.
7/ " urogenital ridge

= —dorsal mesentery

chromaffin
cells of future
medulla

primitive

fetal
gut tube

cortex
cells

fetal cortex

permanent
cortex zona

fasciculata

zona
glomerulosa

zona
reticularis



Figure 2: Adrenal Gland Cross Sections

Transverse Section

Suprarenal gland:

> Cortex = 80-90%

Zona glomerulosa
Zona fasciculata
Zona reticularis

> medulla

Microscopic Section

>} Capsule

¥ Zona Glomerulosa
i " L Zona Fasciculata
- Zona Reticulans
[— Medulla
F
CORTEX
h—. —
f
Catecholamines MEDULLA
N
Androgens Zonareticularis

_

_.-

Glucocorticoids

| Mineralocorticoids I’i—

Zona glomerulosa




~

| Zona glomerulosa :

15% of total volume

Pyramidal cell

Formation of round / arcuate mass
Surrounded by fenestrated vessels

Ultra structure:

SER
Many mitochondria

Secretion of mineral corticoids hormones
( aldosterone ) : functions

Water / electrolyte balance

Na / water reabsorption

from

distal tubule & gastric mucosa & sweat glands & salivary
glands

Stimulator:

Angiotensinogen |l / ACTH




Capsule —_
Capsule

—Zona glomerulosa—|

Adrenal cortex

ﬁ Adrenal medulla

— Zona fasciculata—

—— Zona reticularis—

Adrenal medulla —| ——Adrenal medulla—|

e,




[ :
Zona fasciculata :

Capsule

—Zona glomerulosa—

Capsule

Adrenal cortex

Adrenal medulla

] — Zona fasciculata—
Adrenal cortex —

— Zona reticularis—

Adrenal medulla — —Adrenal medulla—




Secretion:

glucocorticoidsshormones
> ( cortisol / corticostrone ): functions

In the liver / anabolic:
Glucose synthesis = 1‘ BS
Amino acid absorption

1‘ fatty acid absorption

Out of the liver / catabolism :

Protein
Fatty acid

> Androgen { dehydroepiandrosterone)

Stimulator :

ACTH




Cortisone functions:

Anti inflammation
Destroy of lymphocytes in circulation
Suppress mitotic activity in lymphoid organ

Suppress of immune system
Adverse effect in'structure of Skeletal system
Bleeding of digestive system




e e

Zona reticularis :




Low hormone secretion of cortex : (Addison's disease )

Autoimmune disease / tuberculosis of adrenal gland
T ACTH / skin darkness

Addison's Disease

< (Primary Hypoadrenalism)
1.Adrenal Gland o \I/
LO;,J_Tef Cotex ==3 DESTRUCTION OF ENTIRE ADRENAL CORTEX
2 Produces Steroids: ,L

3. Whats causing this...

a. 90% - destruction of entire adrenal cortex by organ specific autoantibodies
b. Rarer causes - haemorrhage, malignant infiltration, adrenal gland tuberculosis

—————————————————

4. What are the clinical features:

c. Addisonian Crisis:

a. Non - Specific Symptoms:  b. What else to look out for: Unrasit
th - Vomiting
- Lethargy - Postural Hypotension i [r.|“ i
B : : - Abdominal pain
- Depression - Hyper pigmentation F I

- Anorexia - Vitiligo
- Weight Loss - Loss of body hair in women




High hormone secretion of cortex : ( Cushing's syndrome )

T ACTH ( hypophysis tumor / Zona fasciculata / Zona reticularis

tumor)
Boys = Precocious puberty
Female = hirsutism

CUSHING'S SYNDROME

Fersonality Changes Hyperglycermia

Mooh Face CNS Irritability

Tf;?ﬁéiﬂzigw NA & Fluid Retention
Males: e
Gynecomasti Thin

Extremities
Fat Deposits on Face

and Back of Shoulders Gl Distress -TAcid

Females:
Amenorrhea, Hirautism

Thin Skin
— Furple Striae

Bruises & Fetechias

§ E2007 Hursdrg Educacien Corsaultasta, Inc

Osteoporosis




Tumor in Zona glomerulosa :

T aldosterone
Conn's syndrome

Cause:
Bilateral idiopathic (micronodular) adrenal hyperplasia (66%)
Adrenal adenoma (Conn's syndrome) (33%)

CONN'S SYNDROME
L Dr J Anthanypillai

SOLITARY ALDOSTERONE PRODUCING ADENOMA

W
Excess production of Aldosterone

l

Aledos[erone at the kidneys:

1. Sodium retention - water retention- increases intravascular volume - HYPERTENSION

2. Potassium loss - HYPOKALAEMIA

A 4
1. HYPERTENSION
2. HYPOKALAEMIA



Synthesis of steroids in the adrenal cortex

[ Receptor-mediated LDL BB Most of the chelesterel, the precurser for the
endocytosis of LOL biosynthesis of all stercid hormones, derives from
B SIAR girgulating low-dengity ipopeotein (LOL). Chalesterc
""""" is modified by a seras of hydroxylation reactions.

Enzymes located in the mitochondria and smooth
endoplasmiz reliculum particeate in tha reactions.
The substrates shuttls fram mitochondria o smaoth
andoplasmis reticulum to mtechondria during

Pregnenolgng =====- » Progesterone slergidogenesis,

Eé‘ ; Smooth endeplasmic retizulum

mi:a Eruna i r+eesesnrrnnnas Dwmﬁnepﬂm
) 0

Kitochondrion

Angictensin [l

Aldostierone

¥r Steroidogenic acule regulatory

protein [S1AR) Pregnencicna —---r-i?m—Hrydfrnircypm?nenalnm
B StAR regulates the synthesis of -
steroids by transporting chalesterol ACTH 17a-Hydroxyprogesterons
acress the cuter mitochondrial ; IL ] [ ¥ 1'"
membrane. A mutationinthegene 0} N7 fleeeereeeerssseeeeens Deoxyconisol

encoding StAR is defected in individuals
with delective synthess of adranal and
ganadal stercids (lipoid eengenital
adrenal hyperplasia).

Congenital adrenal hyperplasia (CAH)

E3 CAH results from genetic enzymatic defects
in the symhesis of conisel. However, the adrenal
corlex is responsive (o adrenccoricotropic

)

ATOnE herefor ical
hh:perphﬁ{'i:ﬁ;ﬂl :prn:.l 8, cortica Pregnencione -~-:-I?u—|-ir;r?r5xlypreigrem]me
In a targe number of patients (90%), CAH is -
caused by an inkorn deect in 21-hydrexylase ACTH Dﬂhrdmﬂgﬁgimmmna
(SYP21), the enzyma (hal corwerls . u[l || : /]
17 cebydroenyprogestercne to deoxycortiscl, The *
precursor i instead comverted to androgens. Andms.tenad]une

Aldesterong is lacking and hypoaldosteronism
develops (with hypatension and low Nat in
plasma). Circulating ardrogens are high and
wirilization is found in famale infarts.
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Zona fasciculata
Zona reticularis

The hormone-secreting cells of the adrenal medulla are chro-
maffin cells, which resemble sympathetic neurons.

(a) The micrograph shows that they are large pale-staining
cells, arranged in cords interspersed with wide capillaries.

Faintly stained cytoplasmic granules can be seen in most
chromaffin cells. X200. H&E.



Vasoconstriction
t BP
t HR
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Chromdffin cells
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Pheochromocytoma

Pheochromocytoma

Healthy

released from
adrenal gland

Too much adrenaline




Blood supply:to the adrenal gland

dullary venous sinuses. = : . :
medullary venous sinuses norepinephrine to epinephrine

by chromaffin cells is
dependent on
phenylethanolamine
N-methyltransferase {PNMT),
an enzyme activated by
cortisol transported by the
cortical capillaries fo the
medullary venous sinuses.

Central vein

Medulla

Blood vessels derived from
the capsular plexus,
formed by the superior The medullary artery,
and middle adrenal derived from the inferior
arteries, supply the three adrenal artery, enters the
rones of the cortex, :‘ corlex within a connective
Fenestrated cortical i fissue trabecula and
ﬂapmaﬁes derive from E supples blood dIEE‘CtlY o the
these blood vessels : adrenal medulla.
E Medullary artery
Fenestrated corlical '
capillaries (also called The medullary artery
sinusoids) percolate ' bypasses the cortex
through the zonae : without branching. In the
glomerulosa and : medulla, the artery joins
fasciculata and form a i with branches from the
network within the zona : . cortical capillaries to form
relicularis before entering : medullary venous
the medulla. : i sinuses. Thus, the medulla
; i has two blood supplies:
Cortex one from cortical capillaries
e . ! and the other from the
PO NOOID. S1/80 ' medullary artery.
Mineralocorticoids, cortisol, :
and sexual steroids enter the ! The e cl




adrenal cortex
adrenal medulla

capsular branch of
suprarenal artery

medullary arteriole

cortical arteriole

zona glomerulosa

mineralocorticoid
- aldosterone

glucocorticoids

« cortisol
adreno- ? °°"'°°'“':°"°
cortical gonadocorticoids
sinusoid . DHEA

- DHEAS

- androstenedione
gonadocorticoids

- DHEA

- DHEAS

- androstenedione

glucocorticoids

- cortisol

- corticosterone

catecholamines

- epinephrine
- norepinephrine

central adrenomedullary
vein
é FIGURE 21.23 A Organization and blood supply of the human adrenal gland. This diagram shows the blood supply to the adrenal cortex
and medulla. The cortical arterioles form a cortical network of capillaries, which drain into a second capillary network in the medulla. The medullary
capillary network is formed primarily by the medullary arterioles and drains into the central medullary vein. Adrenal medulla, zones of the cortex, and
features of basic cell types and their secretory products are noted.
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TABLE 20-5

Gland

Adrenal glands: Cortex

Adrenal glands: Medulla

Pancreatic islets

Thyroid glands

Parathyroid glands

Pineal gland

Follicular cells

Endocrine Cells

Cells of zona glomerulosa

Cells of zona fasciculata

Cells of zona reticularis

Chromaffin cells

a Cells
B Cells
S Cells

PP cells

Parafollicular or C cells

Chief cells

Pinealocytes

Cells, important hormones, and functions of other major endocrine organs.

Major Hormones

Mineralocorticoids

Glucocorticoids

Weak androgens
Epinephrine
Norepinephrine

Glucagon
Insulin

Somatostatin

Pancreatic polypeptide

Thyroid hormones (T, and T,)
Calcitonin

Parathyroid hormone (PTH)

Melatonin

Major Functions

Stimulate renal reabsorption
of water and Na* and
secretion of K* to maintain
salt and water balance

Influence carbohydrate
metabolism; suppress
immune cell activities

Precursors for testosterone
or estrogen

Increases heart rate and
constricts vessels

Dilates vessels and increases
glucose release

Raises blood glucose levels
Lowers blood glucose levels

Inhibits secretion of insulin,
glucagon, and somatotropin

Inhibits secretion of
pancreatic enzymes and

HCO,-

Increase metabolic rate

Lowers blood Ca?* levels by

7 inhibiting osteoclast activity

Raises blood Ca?* levels by
stimulating osteoclast activity

Regulates circadian rhythms
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