Thyroid Drugs
Thyroid Gland

The thyroid gland is located below the larynx.  It synthesizes and secretes thyroid hormones tri-iodothyronine (T3) and tetra-iodothyronine (T4).  Thyroid hormones are necessary for growth and development and metabolic processes.  They also augment SNS function.


T3 and T4 function in the synthesis and degradation of all other hormones, protein synthesis, brain development, lipid and carbohydrate metabolism, and enhances the SNS by increasing the number of adrenergic receptors in target tissues.

Synthesis and Release of Thyroid Hormones

Uptake of iodine – iodide is actively transported into thyroid follicle cells.  Uptake is stimulated by TSH and blocked by thiocyanate and perchlorate ion.

Iodination – iodine is going to be oxidized and combined with tyrosine residues of thyroglobulin by thyroid peroxidase, forming MIT and DIT.  This process is known as organification.

Forming of T3 and T4 – thyroid peroxidase catalyzes the coupling of MIT and DIT to form T3 and T4.  This process is known as coupling.  The normal ratio of T4 to T3 is about 4:1.

Secretion – TSH stimulates the release of T3 and T4
Conversion – T4 is converted to T3 in the periphery because T3 is 5x more active

Transport – thyroid hormones get transported to target organs by albumin, TBG, and pre-thyroid binding globulin.

Control of Release – secretion of thyroid hormones is regulated by TRH (hypothalamus) and TSH (anterior pituitary).  Thyroglobulin release is stimulated by TSH.  T3 inhibits TRH and TSH secretion (negative feedback).  Production of thyroid hormone is also regulated by the rate of conversion to T4 to T​3.​

Normal and Abnormal Thyroid Function

Normal thyroid – euthyroidism.  Maintained by normal feedback inhibition
Primary thyroid disease – defect at thyroid

Secondary – pituitary defect

Tertiary – hypothalamic defect

Hypothyroid – low T4, high TSH.  Impairs growth and development and decreases metabolic activity

Hyperthyroid – high T4, low TSH.  Results in hyperactivity of organ systems and speeds up metabolism

Hypothyroidism


Hypothyroidism is a decline in the release of T3 and T4 causing TRH and TSH to increase.  In infants and children, it causes irreversible mental retardation and impairs growth and development.  In adults, it is associated with impairment of physical and mental activity, slowing of the CVS (decreased HR and BP), and GI and neuromuscular function.  

When hypothyroidism is severe, it causes myxedema.  The most severe is myxedema coma which presents with hypothermia, hypoglycemia, weakness, stupor, and shock.


The most common cause of hypothyroidism is iodine deficiency or autoimmune thyroiditis (Hashimotos disease).  It can also be caused by drugs like lithium or amiodarone.
Treatment of Hypothyroid

Levothyroxine (T4) (Synthroid, Levoxyl, Levothroid) – pregnancy category A.  It is available PO and IV.  For IV, give 25-50% of the PO dose (myxedema coma).


The usual dose is 100-150 mcg once a day.  The elderly can receive as little as 25 mcg.  There are various strengths available.  Dose changes are made at monthly intervals to prevent excess stress of the CVS.  Children require a higher mg/kg dose.  Maintenance dose is determined by patient response, T4, and TSH levels.  The T4, TSH, and free T4 should be monitored if necessary.  


Bioavailability is 80% and its half-life is 7 days.  The drug is converted to T3 so it is considered a prodrug.  It will provide physiologic levels of T3 and T4.  Hormone content and bioavailability of brands may vary, so switching brands should be avoided.


This is the DRUG OF CHOICE FOR THYROID REPLACEMENT.  It is chemically stable, non-allergenic, only dosed once per day, and provides a stable pool for T4.  It is also the DOC for suppressive therapy for thyroid nodules, diffuse goiters, and thyroid cancer.  It suppresses TSH and decreases the abnormal stimulation of thyroid tissue.


ADRs are rate if dosed and monitored appropriately.  If they do occur, there are similar symptoms of hyperthyroid.

DDIs – aluminum oxide, Cholestyramine, FeSO4, and Sucralfate decrease Levothyroxine absorption (space by 2 hours).  Enzyme inducers may decrease Levothyroxine levels.  Serum levels of digoxin and Theophylline may be altered by thyroid function.  Levothyroxine may increase the effects of warfarin and TCA’s.

Liothyronine (Cytomel) (T3) – taken PO 25-50mcg.  Not really used because it is rare to have a deficiency of T3 only.  Has a short half-life so it may need frequent dosing.  Does not increase T4 levels, so we cannot measure the response to treatment

Liotrix (Thyrolar) – has a T4: T3 4:1 fixed ration mixture

Others – thyroid extracts (Armour Thyroid), TRH (Protirelin) synthetic IV, and TSH (Thyrogen) synthetic IV.  

Hyperthyroidism


Grave’s disease is toxic diffuse goiter.  It is characterized by increased iodine uptake, autoimmune disease, and stimulation TSH.  Exophthalmos is an inflammatory reaction of periorbital tissue and extraorbital muscles.  Toxic nodular goiter is more common in the elderly.  Also presents with exophthalmos.  Postpartum thyrotoxicosis is usually painless.


Thyroid storm is an acute attack of hyperthyroidism.  It requires aggressive treatment with anti-adrenergics, more specifically beta-1 blockers and CCBs.

Treatment of Hyperthyroidism


Treatment includes anti-thyroid drugs, surgery, and radioactive iodide (RAI) treatment.  The choice of treatment will depend on the type, severity, and individual characteristics of the patient.

Thiourea drugs – include propylthiouracil (PTU) and methimazole (Tapazole).  They are used to treat Grave’s disease by inducing remission.  Also used to control symptoms prior to surgery or RAI.  Used for long-term remission.  Treatment usually lasts 1-2 years.

Thiourea drugs block the peroxidase catalyzed iodination and coupling during synthesis of T3 and T4.  PTU also blocks the conversion of T4 to T3.  Both thiourea drugs are found in category D.  Both cannot be used in sulfa allergy.


ADRs for both include sore throat, fever, agranulocytosis, aplastic anemia, thrombocytopenia, weight loss, rash, itch, joint pain, stiffness, headache, and alopecia.


DDI – methimazole is a CYP450 inhibitor.  Both drugs can increase the anti-coagulant effects of Coumadin.

Ionic Inhibitors – Thiocyanate and perchlorate ions block the uptake of iodine.  Examples include cabbage, cigarette smoke, and Nitroprusside.  
Iodide salts – used on short term basis to treat acute thyrotoxicosis, to prepare patients for surgery, and to inhibit the release of thyroid hormones following RAI treatment.  Includes potassium iodide solutions such as SSKI and Lugol’s solution.  Considered pregnancy category D.

Radioactive Iodine (RAI) – category X because it destroys fetal thyroid tissue.  I131 has a half-life of 8 days.  It is rapidly absorbed from the gut and concentrated in the thyroid gland where it emits beta particles that destroy thyroid tissue.  As tissue is destroyed, thyroid hormone levels return to normal over several weeks.  I125can also be used.  It has a shorter half-life (13 hours).  RAI can cause delayed hypothyroidism.

Surgery – removes all of the thyroid gland.  Patients are then treated for hypothyroid

Symptomatic treatment – includes CCB and BB.  Treats the symptoms of mild hyperthyroidism (tachycardia and HTN).  
