


The thyroid is a butterfly-shaped gland ‘located in
the front of the neck just above the trachea.

The thyroid produces and releases into the
circulation at least two potent hormones,

Tth Oid praduce. by — thyroxinle (T',) and triiodothyronine (T;), which

el ol i influence basal metabolic processes and/ or ‘enhance
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gland SO oxygen consumit)%t/fg)n in nearly all body tissues.
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Thyroid hormones also influence linear growth, and

beit dedslomaif«—— 1 brain function including intellicence and memor
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z neural  development, ¢ dentition, and ’ bone
development. St
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requirement) 6btained elther rom dietary sources ot from the metabolism of

thyroid hormones and other iodinated compounds1
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is subsequently oxidized to
iodine by the enzyme which is then‘utilized to'produce

T4 al’ld T3. l/\$I'V‘3

by the removal of an iodine molecule from T, and is the most potent '
thyroid hormone produced (3-5 times more potent than T ). |

meleased into the circulation through the action of pituitary

= ‘denved thyrotropln (thyr01d -stimulating hormone (TSH)). ™
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TSH. Iocarcd in the anterior pituitary
Nehion

- regulates thyroid gland function and hormone synthesis and

releasc. [N «hvrottopin=releasing-hormone
(TRH) produced in the hypothalamus
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The secretion of both
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circulation and/or T*?iis produced locally from the intracellular
conversion of T, to T;—
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FIGURE 32-6.The hypothalamic-pitustary-thyroid feedback
system, which regulates the body levels of thyroid hormone.

TRH, thyrotropm-releasmg hormone; ISH, thyroid-stmulating
hormone.
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T, and T; circulate bound primarily to carrier proteins.—" Lo

SFY A /

B binds strongly to thyroxine-binding globulin (75%) and weakly to prealbumin =

(transthyretin, 20%) and albumin (5%).
Lo lite bioline with T,

I binds tightly to TBG and weakly to albumin, with little binding to prealbumin.

Only a GmallvamounteofwffeenT) (approximately 2 ng/dl)@fdNTP (approximately 0.3

ng/dl) cifculatesvinmanfreesstate, and it is this free concentration that is considered
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Anv physiologic situations associated with a chanege in the serum concentration of these
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thyroid-binding proteins-such as pregnancy, non-thyroidal illness, or ingestion of
drugs that affect the level and/or affinity of these binding proteins, will lead to changes
in the concentrations of total T, and T5. — T, , T, ol s

The SERICONCEREATORIORNEeeNt) FAPEEENN arc raiscd in hyperthyroidism and

@ decreased in hypothyroidism. ®
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Cardiotespiratory | function! thc increasc  in
metabolism will increase the O: consumption and
metabolic end product which will cause vasodilation)
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. Aty increases motility and

GI secretions leading to diarthea. Increase in appctite

and food intake due to an increase in metabolic rate
and weight loss.

Actions of

thyroid
hormone _ an increase in the hormone

increases the muscle function and tone leading to

/~>N\C\fé%a

f’é NN J_NQ dhsy—tremors. It is also important in the brain development
i ‘J - in infints and an increase in the hormone leads to
“hpod Oy e ls sweating, nervousness, anxiety, and difficulty in sleep.

Chypar ) These macch the  GENGEORNORMEIENSMPAMEIE
nervous system and Sympathetic antagonist were

found to be of great benefits.




Total thyroxine (I'T, and TT,) and free (FT, and FT5)
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THYROID | Direct measurements of thyroid hormone binding plasma

proteins, thyroxine-binding globulin (ITBG), prealbumin,
FUNCTION and albumin are also available. 0\
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Other methods in thyroid testing include the measurement
of thyroid gland autoantibodies, dncludifig @ntithyroid
eroxidase, aﬂtithyroglobulinD and antibodies against the

p
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* Hypothyroidism is a hypometabolic state result from a

deficiency in T, and T .

s J==
fatioue, lethargy, cold
intolerance, slowed speech, and intellectual fuilf\%)ﬁ’ slowed

] . (]
Hashimoto's Disease
W\am%é\ reflexes, hair loss, dry skin, weight gain, and constipdtion. It is

more prevalent in women than men. Lwy £ desteore n Peolle Bl

- The most common cause of hypothyroidism is a discase of

the thyroid itself, primary hypothyroidism. The most
common cause of primary hypothyroidism is chronie

autoimmune  thyroiditis (Hashimoto's disease), in which
[EI;% thyroid is destroyed by or (lymphocytés] that
attack the gland. )
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¢ _ radioactive iodine and surgical therapy for

hyperthyroidism or thyroid cancer, thyroid inflammatory
disease, iodine deficiency.
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“*Secondary or central hypothyroidism may also occur | (1" of

cases) as 2 [N dcficiency of TRH or impaired TSH secretion due to
hypothalamic or pituitary disease, respectively, bécatusenofmthesnegative
aeNENRp between NS, cvcls and G
secretion.

If an individual has a high serum TSH concentration and a low free

- T,level, it confirms the diagnosis of PiAIINYPONYVTOICIST
The diagnosis of _1s based on the™

o findings of a low serum free T, level and a serum TSH level is low. (, 7
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* Hyperthyroidism 1s a hypermetabolic state, that results from
excess production of T, and T,.

* ST clinical imanifes@afionsiaig ncrvousncss, anxiety, heart
=)

palpitations, rapid pulse, fatlgabﬂlty, tremor, muscle weakness, Weé%ht

loss with increased appetlte heat 1ntofzrance frequent bowel

movements, increased perspiration (sweating), and often thyroid
oland enlarbement (goiter). Most individuals with hyperthyroidism

arc womern.

 The most common cause of hyperthyroidism is Graves' disease, a1
autoimmune disease characterized by the production of antibodies

that activate the TSH receptor, resulting in stimulation of T, and T,
production and enlargement of the thyroid.
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OfiEHCalseS ORRFPEHIOIdISMIaL » multinodular goiter, solitary
thyroid adenoma, ® thyroiditis, ? iodide- or drug-induced
.. s : S
hyperthyroidism, and, very rarely, a TSH secreting pituitary
tumot.
hEdiaERoSIS OR hypErhOIdiSMISIBASEAI0R the findings of 2 high
serum free T, level and a low serum TSH concentration.
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concentration by inhibiting the peripheral conversion of T, to T; and lower serum T,
(and T,) by inhibiting TSH secretion.
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: - contained in solutions_used to sterilize the skin and in radiopaque contrast
P
media used in coronary angiography and many other radiological procedures, canseause

either hyper- or hypothytoidism, dcpending on whether the individual has a nodular

goiter or some unsuspected thyroid injury.

4 Z@p&ﬁ Z /@po
- The iodide-containing drug amiodarone, given to patients with cardiac arrhythmias,

can also cause either hypothyroidism or hyperthyroidism in appropriately susceptible
individuals.




° About - each located _ o ghrie , mpighive
* The _is responsible for the production of adrenaline.

* The _s responsible for the production of three hormones:
NeYeorse }@abaarpjriov\ for Ma* awo{ waler ond ncreese excrehon f K
WNiineralocorticoiaN(aldosterone) along with renin-angiotensin system,
which 1s responsible for the hemostasis of sodium and potassium. Concentled wine

ortiss| usb 84 =gz i
_ have anti-inflammatory actions and aid in regulating
b by 0ol i s

. ARSI . .
glucose, protein, and fat metabolism duting periods of stress. —=inctzose thi hamore kod 4

%Bé_‘)j"bj)\ ’i—)’_él i OIC'II‘UOA'IIOV\ 5ro H\Dﬁ;‘ld akov\d
I ‘é_ exert dittleveffect on dailyscontrolvof sbodysfunction

but they probably contribute to the development of body hair in women.
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Addison's disease M;@T ;m e > )

Skin
Hyperpigmentation
Blgll =y
Low blood pressure
Weakness
Adrenal glands :
not produce Weight loss
sufficient steroid
hormones
Gastrointestinal
Nausea
Diarrhea
Adrenal crisis: Vomiting

- fever; Constipation
- SyNcope; Abdominal pain
- convulsions;
- hypoglycemia;
- hyponatremia;
- severe vomiting &————— Skin

and diarrhea. Vitiligo



Acne

/Thinning of hair

Moon face

Red cheeks

_ "Buffalo hump"\

Glucose metabolism defect (glucose intolerance).— inceose olncocaom it
. . . level i Yoloooh Thin skin
Disorders of sodium and potassium regulation (increase

sodium retention and potassium loss). —-urve concenhratedt

Increased
facial hair

Easy bruising
Weight gain

Impaired ability to respond to stress because of inhibition of

inflammatory and immune responses. = 0] -2 il ¢ &y T

Red stretch
/4 marks

Thin arms and legs,
weak bones

e SyRdiomE may ESUIEiom pharmacologic doses of \

glucocorticoid, pituitary, or adrenal tumor, or an ectopic
tumor that produces adrenocorticotropic hormone

(ACTH).

0>\
Signs of increased androgen levels such as hirsutism.

Pendulous abdomen

Slow wound healing

Swelling of feet/legs
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* Diabetes mellitus is a _ 18 1

16 T

2
_ E14 1
£12 1

di

UMM Chonic byperghycemia £ ]

and attendant metabolic dysregulation £
. . 2 4

may be associated with secondary damage o

20-39 40-59 =60 > 65

ln multlple Organ SyStemSD espeCIally the DiPiro IT, Talbert RL, Yes GC, Matzke GR, Wells BG, Posey LM: Pharmacotherapy:

A pathophysiologic Approsch, Tth Edition: Http://www.accesspharmacy.com
kidneys, eyes, nerves, and blood vessels . i
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.
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insulin mRNA
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The insulin gene is expressed in the J cells of the pancreatic islets.

Preproinsulin is synthesized in the rough endoplasmic reticulum from insulin
mRINA and delivered to the Golgi apparatus. There, a series of proteolytic cleavage
steps generate mature insulin and a cleavage peptide, C-peptide. Both insulin and C-
peptide are then stored in secretory granules and secreted in equimola{ quantities
after physiologic stimulation; thus, ﬂ
cellNfunction; decreasing with losstof B=cellimass in type 1 diabetes, or
increasing with insulin resistance—associated hyperinsulinemia.

The most important stimulus for insulin synthesis and release is glucose
itself A rise in blood glucose levels results in glucose uptake into pancreatic

B cells, facilitated by an [SHISHUSPEGSNEINCOSCANSPOREH CEUIZ
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» BecellsTexpress an ATP-sensitive K+ channel 'on the membrane, which compriscs two
subunits: an inward rectifying K+ channel (kir6.2) and the sulfonylurea receptor (SUR1), the

latter being the binding site for oral hypoglycemic agents (sulfonylureas) used in the
treatment of diabetes. — imlomlwla: sulforylua fecoplor [

~ Metabolism of glucose by giycolysis \generates ATE, increasing P-cell cytoplasmic

ATP/ADP ratios. This inhibits the activity of the ATP-sensitive K+ channel, leading to
membrane depolarization and the influx of extracellular Ca through voltage-dependent Ca

i The resultant increase in intracellula Ca stimulates the sectetion of insulin
presumably from stored hormone within the B-cell granules. This is the PESCIOMICIZZZ00El:

B 1If the secretory stimulus persists, TCTCTERIEIOECEES BB that involves the

active synthesis of insulin.



Glucose

-
K+ channel — @
protein - =
inactivated Insulin -
T Insulin
Membrane | | o : SEnT iR N
depolarization ' IR R s /

CaZ* channel

-

Ca2z2+

FIGURE 2427 Insulin synthesis and secretion.
Intracellular transport of glucose is mediated by GLUT-2,
an insulin-independent glucose transporter in B cells.
Glucose undergoes oxidative metabolism in the B cell to
yvield ATP. ATP inhibits an inward rectifying K* channel
receptor on the B-cell surface: the receptor itself is a
dimeric complex of the sulfonylurea receptor (SUR1) and a
K -channel protein (Kir6.2). Inhibition of this receptor leads
to membrane depolarization, influx of Ca®" ions, and release
of stored insulin from B cells. The sulfonylurea class of oral
hypoglycemic agents bind to the SUR 1 receptor protein.

Copyright © 2010 by Saunders, an imprint of Elsevier Inc.
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Insulin receptor
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Increased glvcogen/lipid/protein synthesis

Decreased lipolvysis
Cell grovwih and differentiation

FIGURE 24229 Insulin action on a target cell. The metabolic
actions of insulin iNnclude promoting glycogen synthesis

by activating glycogen synthase, and enhancing protein
synNnthesis and lipogenesis while imnhibiting lipolysis. Dashed
arrows represent ntermediate proteins and binding partners
that are not shovwn in this overview diagram.

Copvyright © 2010 by Saunders, an imprint of Elsevier Inc.
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~ Majority of diabetics are classified into 2 categories:

- absolute deficiency of insulin.
- the presence of insulin resistance with reduced insulin

secretion.

Triggered by the stress of pregnancy.

Other specific types: e
: Infections, drugs, endocrinopathies, pancreatic destruction, genetic =~
@ defects. /,5\./
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© Classification

An FCINCRRCAseae haracterized by pancreatic B-cell destruction and

an absolute deficiency of insulin. It accounts for approximateljSnERI
BERIERERE 2nd is the most common subtype diagnosed in patients younger
than 20 years ot age.

.....




*  Immune markers present. o -\ U ol pdazip. -y

*  B-cell destruction.

* 80 to 90% of B-cells destroyed. —= hmpefdlyemm

*  Honeymoon phase.gsl)sys yeshill oy 25 spmeslld o -4 °y




Type 1 DM Pathogenesis

- Genetic predisposition »
e T Immunologic abnormalities >
N Normal ingulin
= € rel > ' ]
= ; - < Frogressive impairment
;i 100 /, ; in insulin release
— i Overt
K >
§ . L diabetes
8 g i "Honeymoon
=Y i pﬂiﬂd"
ol 4 3

0
Birth Time {yr)

DiFiro JT, Talbert RL, Yee GC, Matzke GR, Wells B, Posey LM: Pharmacotherapy.
A pathophysiologic Approach, 7th Edition: Http://www.accesspharmacy.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.
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Symptoms J
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The onset is marked by _ ﬁ ﬁ';nd when severe, _

all resulting from metabolic derangements. Since insulin is a major anabolic hormone |
in the body, deficiency of insulin results in a catabolic state that affects not only |
glucose metabolism but also fat and protein metabolism.

Unopposed Secictionof counteriegulatoryhommones (clucagon, growth hormonc,

epinephrine) also plays a role in these metabolic derangements The ass1mlﬂt10n of
VNN LAV %
glucose into muscle and adipose tissue is sharply diminished or abolished. Not ;’

S =
only does the storage of glycogen in the liver and muscle cease, but also reserves

are depleted by glycogenolysis. The resultant hyperglycemia exceeds the renal -

threshold for reabsorption, and glycosuria ensues. The (glycosiiriavinidiices an

osmoticwdiuresis and thus peolyuriay causing a profound dossSWof “water and -

electrolytes.

S e o o T i e et e Lo s }

i S sy s s )
> u = “



E o & &
~— Symptoms >
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The obligatory renal water loss combined with the hyperosmolarity resulting from the
increased levels of glucose in the blood tends to deplete intracellular water,

triggering the osmoreceptors of the thirst centers of the brain. In this manner,
intense thirst (polydipsia) appeats.

With a deficiency of insulin, the scales swing from insulin-promoted anabolism to
catabolism of proteins and fats. Proteolysis follows, and the gluconeogenic amino
acids are removed by the liver and used as building blocks for glucose. The
catabolism of proteins and fats tends to induce a negative energy balance,
which in turn leads to increasing appetite (polyphagia), thus completing the
classic triad of diabetes: polyuria, polydipsia, and polyphagia. Despite the increased
appetite, catabolic effects prevail, resulting in weight loss and muscle weakness. The &
combination of polyphagia and weight loss is paradoxical and should always raise the suspicion of

© diabetes. \r/
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Main symptoms of

Diabetes

agreen = more common

CSIO‘:;S! l in Type 1
- ipsia
- Polyphagia Eyes
- Lethargy - Blurred vision
- Stupor
; Breath
s&’ggﬂ{‘,’m - Smell of acetone

Respiratory

- Kussmaul
oreathing
{hyper-
ventilation

pain



* Type 1 diabetes most commonly develops in childhood, becomes manifest at
puberty, and progresses with age.

- * Since the disease can develop at any age, including late adulthood, the
appellation “juvenile diabetes” is now considered obsolete. Similarly, the older

| moniker “insulin-dependent diabetes mellitus” has been excluded from the recent
classification of diabetes because insulin dependence is not a consistent
distinguishing feature. Nevertheless, most patients with type 1 diabetes depend @

on insulin for survival;

% f &
e Ketoacidosis and comal A rare form of “idiopathic” type 1 diabetes has been =~

- described in which the evidence for autoimmunity is not definitive. ®
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5 Type 1 DM pathogenesis

* As with most autoimmune diseases, the pathogenesis of type 1 diabetes represents the
interplay of genetic susceptibility and environmental factors.

* Epidemiologic studies, such as those demonstrating higher concordance rates for
disease in monozygotic vs dizygotic twins, have convincingly established a genetic basis
for type 1 diabetes. More recently, genome-wide association studies have identified
multiple genetic susceptibility loci for type 1 diabetes, as well as for type 2 diabetes.
Over a dozen susceptibility loci for type 1 diabetes are now known. Of these, by far the
most important is the HIA /ocus on chromosome 6p21; according to some estimates,
the HILA locus contributes as much as 50% of the genetic susceptibility to type 1
diabetes.
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* Diabetic ketoacidosis is a serious complication of type 1 diabetes but may also
occur in type 2 diabetes, though not as common and not to as marked an extent.

* These patients ‘have ‘marked linsulin \deficiency, and the rclease of the

catecholamine hormone g¢pinephrine blocks any residual insulin action and stimulates

the secretion of glucagon.

* The insulin deficiency! coupled withglicagon |excess dccreases peripheral

utilization of glucose while increasing gluconeogenesis, severely exacerbating
hyperglycemia (the plasma glucose levels are usually in the range of 500 to 700
mg/dl). Hypetglycemia causes an osmotic diuresis and dehydration
characteristic of the ketoacidotic state.




5 |
Diabetic ketoacidosis

The second major effect of an alteration in the insulin-to-glucagon ratio is activation of the
ketogenic machinery.

Insulin’ deficicncy Stimulates ipOPROtEIlipase, with the resultant breakdown of

adipose stores, and an increase in levels of free fatty acids. When these free fatty
acids reach the liver, they are esterified to fatty acyl CoA.

Oxcidation of fatty acyl CoA molecules within the hepatic mitochondria produces ketone bodies
The rate at which ketone bodies are formed may exceed the rate at which they can

be utilized by peripheral tissues, leading to Kelouenia and IR

If the

metabolic ketoacidosis results. Release of ketogenic amino acids by protein catabolism

aggravates the ketotic state

.....

, Systemic & E=5




Diabetic Ketoacidosis

Diabetic emergency

Precipitating factors:

Insulin omission.  <slash
Illness, infection. W#p'2yr=
Initial DM presentation. =l Py o= ‘J))

Diagnostic laboratory values

Hyperglycemia.

Anion gap acidosis. — ccemniloton  Helope ok
Ketonemia, ketonutia.

Fluid deficits. o

Na™, K" deficits.

W
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| H* +
HO —C — CH, NADY NADH O=C—CH, H* CO,
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COO~ COO~

B-Hydroxybutyrate Acetoacetate

Source: McPhee 51, Ganong WF: Patbophpsiclogy of Diseasa: An Inkrodustion
ko Clindica! Madicine, Sth Edition: httpiffwww, accessmedicine, com

Copywright ©@ The McSraw-Hill Companies, Inc All rvights reserved,

Ketogenesis due to insulin deficiency leads to increased serum levels of ketones, and

ketonuria.

Acetoacetate, B-hydroxybutyrate: ketone bodies produced by the liver; organic acids that

cause metabolic acidosis.

Respiration partially compensates; reduces PCO,: when pH < 7.20, deep, rapid respirations

(Kussmaul breathing).

Acetone: minor product of ketogenesis; can smell fruity odor on the breath of diabetic

ketoacidosis patients.

e
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CH,
Acetone



Classification -

* Type 2 diabetes is caused by a combination of _

insulin action and an inadequate secretory response by the pancreatic §
cells (“relative insulin deficiency”).

* Approximately _ of diabetic patients have type 2 diabetes, and the
vast majority of such individuals are OVerweight:

* Although classically considered ‘“‘adult-onset,” the prevalence of type 2
diabetes in children and adolescents is increasing at an alarming pace




v'BMI > 25.

v Physical inactivity.

v st degree relative with DM.

v High risk ethnic group (latino, african

american, native american, asian
american, pacific 1slander).

v IFG, IGT.

v HTN: > 140/90 mmHg or on therapy
for HTN.

,  @
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: _

v'CV disease.

v'HDL < 35 mg/dL.
v'Triglycerides > 250 mg/dl.
v'Delivery of > 9 Ib baby.
v'History of GDM.

v'Insulin resistance:
v’ Acanthosis nigricans, severe obesny

v'Polycystic ovary syndrome.
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Levels of blood glucose proceed along a continuum. Individuals with fasting glucose
concentrations less than 100 mg/dl, or less than 140 mg/dl following an OGTT, are
considered to be euglycemic. However, those with fasting glucose concentrations
greater than 100 mg/dl but less than 126 mg/dl, or OGTT values greater than 140
- mg/dl but less than 200 mg/dl, are considered to have impaired glucose tolerance,
also known as “pre-diabetes.”

Pre-diabetic individuals have a significant risk of progressing to overt diabetes over time,
with as many as 5% to 10% advancing to diabetes mellitus per year. In addition, pre-
diabetics are at risk for cardiovascular disease, as a result of the abnormal
carbohydrate metabolism as well as the coexistence of other risk factors such as
low levels of high-density lipoprotein, hypertriglyceridemia, and increased
‘ /é)lasminogen activator inhibitor-1 (PAI-1).
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Complications

Microangiopathy
Cerebral vascular infarcts
Hemorrhage

Retinopathy
Cataracts

Hypertension Glaucoma

Myocardial infarct

Atherosclerosis

Islet cell loss
Insulitis (Type 1)
Nephrosclerosis Amyloid (Type 2)
Glomerulosclerosis
Arteriosclerosis

Pyelonephritis

/

Peripheral vascular
atherosclerosis

Gangrene

Peripheral neuropathy Infections——

Autonomic neuropathy

FIGURE 24—-32 Long-term complications of diabetes.
Copyright © 2010 by Saunders, an imprint of Elsevier Inc.








