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Thyroid & Anti-Thyroid Drugs
* Normal Thyroid gland secretion: 

                                 1. T3 (tri-iodothyronine).

                                 2. T4 (tetra-iodothyronine) = Thyroxine.  

* Thyroid Hormone Function:  

· To maintain normal growth & development of nervous system, skeletal system & reproductive system. 
· It also controls metabolism of: Fat, carbohydrate, protein & vitamins. 

· Hence, it controls & regulates normal body temperature & normal energy levels. 

· Thyroid state also affects secretion & degradation of: 

· Catecholamines. 

· Cortisones.

· Estrogens. 

· Progesterone & 

· Insulin.     

· Irreversible Mental retardation "criticism" & dwarfism results due to deficiency of Thyroxine in early life.
 N.B.: if deficiency is caused in early life by a congenital anomaly in thyroid, it well causes irreversible Mental retardation… BUT if the cause is acquired, it cause reversible Dwarfism.      

· Hyperactivity resembles sympathetic over activity. This may be due to over sensitivity of  – adrenergic receptors or increase in their numbers. 

· This may also increase the production of catecholamines.
· -increase epinephrine production cause:
· lid lag retraction 
· (العين مفتوحة مرة=مايقدر يقفل عينه =يؤدي الى الجحوظ)

· tremor

· sweating

· anxiety

· nervousness

· loss of body weight

· increase temperature

* Manifestation of hyperthyroidism: (Thyrotoxicosis)   
1. Restlessness, nervousness, irritability. 
2. Tremors.
3. Palpitation & tachycardia.
4. Weight loss.  
5. Sweating.
6. Heart intolerance. 
7. Diarrhea.  
8. Short breath. 
9. Itching. (Due to histamine-release). 
10. Tiredness.
11. Light periods (in females)
12.  Exophthalmia.  due to leg retraction or due to effect of thyroid hormones on eyes
* Manifestation of Hypothyroidism: (The opposite of Hyperthyroidism) 

1. Fatigue & lack of energy. 
2. Weight gain (Slow metabolism). 
3. Dry & cold skin. 
4. Dry hair. 
5. Constipation. 

6. Slowed thinking. 

7. Bradycardia. 

8. Heavy menses.  

* Causes of Hypothyroidism: 

· Drugs. 

· Auto-immune destruction "Hashimoto's thyroiditis "

· Blocked hormone formation. 

· Impaired synthesis of T4.
· Destruction of or removal of gland.

· Iodine deficiency. 

· Receptor blocking antibodies. 

· Pituitary or hypothalamic disease. 

* Synthesis of Thyroid Hormones: 

1. Iodide is an ion actively taken up by the thyroid gland (Iodine trapping).
2. Iodide is stored in the thyroid & is concentrated. 

3. Iodide ''an ion'' is then oxidized to iodine by thyroidal perioxidase.
iodide is inactive form but iodine is active form
4. Thyroidal perioxidase: It iodinates tyrosine (within thyroglobulin,  glycoprotein molecule) to form Mono-iodotyrosine (MIT) &                     Di-iodotyrosine (DIT). This process is called Iodide Organification or Iodination. 

5. 2 molecules of DIT unites to form T4 (tetra-iodothyronine) & 1 molecule of MIT & DIT combine to form T3 (tri-iodothyronine). 

6. These hormones are released by exocytosis & proteolysis of thyroglobulin. 

7. Ratio of T4 to T3 in thyroglobulin is 5:1.

N.B.: 150 g of iodine is needed per day in normal people. It increases in pregnancy.

* Hormone Transport:
· T4 & T3 are reversibly bound to Thyroxine binding globulin protein (TBG).
· 0.04% of total T4 & 0.4% of T3 exist in free form. 

· Factors affecting TBG levels: 

· Increased TBG: Pregnancy, oral contraceptive use. 

· Decreased TBG: Starvation, malnutrition, chronic & severe liver & kidney diseases.    
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* Peripheral Metabolism:
· Small amount is biologically inactivated by deamination, decarboxylation, and conjugation & excreted as Glucuronide or Sulphate. 
· The primary pathway of peripheral Thyroxine metabolism is Deiodination.
· Deiodination of T4 at the outer ring producing 3,5,3 – tri-iodothyronine (T3) which is 3-4 times more potent than T4. 
· Deiodination of inner ring produces 3,3,5 – tri-iodothyronine (reverse T3 or rT3 ) which is metabolically inactive.   Note: rT3 metabolically is inactive (very important)
                                             At outer ring               by 5 deiodinase. 

· Deiodination: 

                                             At inner ring               by 3 deiodinase. 

· Drugs like Ipodate, b-blockers & corticosteroids; Starvation inhibits 5 deiodinase necessary for conversion of T4 to T3. 
·  This results in low T3 & increased rT3 levels in the serum. 
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 * Thyroid Regulation:  
· Thyrotropin releasing hormone (TRH) is secreted by hypothalamic cells in pituitary portal venous system. 

· It acts on pituitary & cause synthesis & release of Thyroid stimulating hormone (TSH). 

· This in turn acts on thyroid cells to increase release & synthesis of T3 & T4. 

· These thyroid hormones acts in a negative feedback fashion in pituitary. 

· Levels of iodine in blood also regulate thyroidal secretions independent from TSH (large dose of iodine inhibits Iodide Organification)
Thyroxine Isomers:
 Naturally occurring molecules are L-isomers; where as the synthetic isomers are D-isomers that have only 4% activity of L-isomers. (more used clinically).
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* Pharmacokinetics:  
·  T4 best absorbed in duodenum & ileum, this can be altered by food & drugs such as Calcium preparations & antacids containing aluminum. Intestinal flora absorption of T4 is 80% & of T3 90%. 

· Absorption is not affected by mild hypothyroidism but impaired in severe myxedema, so switch to parenteral route. (I.V. is most preferred parenteral route for both hormones in hypothyroidism b/c other routes r poor).   
· In hyperthyroidism, metabolic clearances of T3 & T4 are increased & their half life is decreased & the opposite is true in Hypothyroidism. 
· Enzymes inducers increase metabolism of T3 & T4, BUT the concentration is maintained in euthyroid Patients "result of compensatory hyperfunction of the thyroid".
Note: euthyrodism mean increase production of T3, T4 
· Same compensatory mechanism occurs if the binding sites are increased as in pregnancy, estrogen therapy & the use of oral contraceptive. 
(binding protein in plasma increase =the rate of elimination decrease (should be done adjustment of therapy)
* Mechanism of action:      
· Free forms of T3 & T4 enter the cell by diffusion or active transport. 
· T4 is converted to T3 which enters nucleus & bind to T3 – receptors. This leads increase formation of m RNA & subsequent protein synthesis. 

* Thyroid Preparations:

· Levothyroxine (T4 = Thyroxine): 

· This is the preparation of choice for thyroid replacement therapy & suppression therapy because of it is stable & has a long half life t(1/2): 7 days to be administered once daily. 

· Oral preparation: available are from 0.025 mg to 0.3 mg tablets. 
· For parenteral use: 200 – 500 g (100 g/1 ml when reconstituted) for injection. 

· Liothyronine (T3): 

· This is 3-4 times potent & rapid than Levothyroxine, but has a short        t (1/2): 24 hrs. It is NOT recommended to routine replacement therapy. It requires multiple daily doses.  
· It should be avoided in cardiac patients "Precipitate to cardiac arrhythmias". 
· It is best used for short-term suppression of TSH. 
· Oral preparation available: 5 – 50 g tablets. 
* Comparison between T3 & T4:  

·  T4 production is more than T3. 
·  T4 is converted T3 in periphery. 

· T3 is more potent than T4. 

· T3 acts faster than T4. 

· T3 binds a nuclear receptor. 

Anti-Thyroid Hormone

* Mechanism: 
· Agents which interfere with the production of thyroid hormones. 
· Agents which modify tissue response to thyroid hormones. 

· Glandular destruction with radiation or surgery.

· Giotrogens : 

· Agents that suppress secretion of T3 & T4 to subnormal levels & increase TSH which lead to glandular enlargement (Goiter). 
· Lithium: enlarge thyroid gland with normal function. 
* Anti-Thyroid Drugs:     

· Thioamides. 
· Iodides.

· Radioactive Iodine. 

· Iodinated contrast media. 

· Adrenoceptor-blocking agent.

· Anion Inhibiters. 

 ** see the first figure to see the mechanism of action ** 

· Thioamides:
· Methimazol: 10 times more potent than propylthiouracil.

· Carbimazole: (in England) converted in the body to Methimazol. 

· Propylthiouracil.
  * Mechanism of Action:  
· Inhibiting thyroid perioxidase-catalyzed reaction to block Iodide Organification. 

· They block Iodine Organification. 

· They block coupling of iodotyrosine. 

· They inhibit peripheral Deiodination of T4 to T3. 

· The onset of drug is slow requiring 3 - 4 weeks.

           Pharmacokinetic Comparison between Propylthiouracil & Methimazol    
	  Drug 
	       Propylthiouracil
	       Methimazol

	Absorption 
	  Rapid but incomplete 
	  At variable rate but complete

	Oral bioavailability 
	 50% to 80% 
 Incomplete absorption 

1ST pass metabolism

	
	Volume of distribution 
	 Approximates total body water 
	 Similar 

	Protein binding
	 More 
	 Less

	Accumulation
	 In thyroid 
	 Similar

	Excretion 
	 Kidneys as inactive Glucuronide in 24 hrs. 
	 Excretion Slow, 60 – 70% is recovered in urine in 48hrs.

	T(1/2)
	 1.5 hrs.
	6 hrs. 

	Administration 
	 Every 6 – 8 hrs. 
	 Single dose in 24 hrs. 

	Duration of action 
	 100 mg inhibits iodide organification for 7 hrs.   
	 30 mg exert an anti-thyroidal effect for   longer than 24 hrs.

	Pregnancy 
	Preferred, though it cross placenta. It is concentrated in fetal thyroid BUT highly protein-bound , cross placenta less readily
	 Cross placenta & is concentrated by fetal thyroid. 

	Nursing 
	 Less Secreted in breast milk
	  secreted


	


  * Adverse Effect of Thioamides: 

· It occurs in 3 – 12 % of patients. 

· Maculopapular rash & fever one of earlier effects. 

· Urticarial rash, vasculitis, arthralgia, cholestatic jaundice, lymphoadenopathy & hypoprothrombinemia. 

· Most dangerous complication is agranulocytosis; this is infrequent but may be fatal.  
· Iodides:  

· They inhibit organification & hormone release with a dose of less than 6 mg/day.   
· They should be initiated after the onset of Thioamides therapy. 
· It also decreases the vascularity of hyper-plastic gland (making it valuable in preparation for surgery). 
· (N.B: because thyroid gland have high vascularity   if surgery happen       severe bleeding (we give iodide to decrease vascularity  before surgery).
· Improvement is rapid within 2-7days (making it valuable in thyroid storm). 
     N.B.: In the treatment of Hyperthyroidism (Thyrotoxicosis) we use both BUT we first use Thioamides for 3 weeks then we use iodide. 

               - Well & rapidly absorbed from intestine.  

               - Rapidly taken up by thyroid gland & concentrated there. 

               - Should not be used alone (effect in 2 -8 weeks) & withdrawal may produce

                  severe exacerbation of Thyrotoxicosis. 

    N.B.: That’s why it's used as conjugation therapy with Thioamides OR used pre-surgical OR in Thyroid Storm. 

              - Iodides stores in thyroid delays respond to Thioamides. (That’s why we start treatment with Thioamides). 

    * Precaution / Toxicity:                                                                  

· Should not be used as a single therapy. 
· Should not be used in pregnancy. 

· May produce iodism causing acneiform rash, swelling of salivary glands, mucus membranes ulceration, metallic taste, Bleeding disorders & rarely anaphylaxis.   

· Radioactive Iodine:  

· 131I  isotype, administrated orally. 

· It is rapidly absorbed, concentrated in thyroid gland & stored in follicles. 

· T (1/2): 5 days. 

· It is easy to administrate, effective, painless & less expensive. 

· Mechanism of action: It causes destruction parenchyma, necrosis & follicular disruption. 

· Therapeutic effect: Due to emission of -rays. Patients with age above 40 years only can be treated with it. "Because it affects reproductive system". 
· patients with age above 40 years only can be treated with this
reproductive sys ( (لأنه في العمر الصغير راح يؤثر على  
· It crosses Placenta & excreted in milk "should not be administered to pregnant women or nursing mothers". 

· It may cause genetic damage & leukemia & neoplasia.

· It may be carcinogenic. 

· تعالجت فيه أم كلثوم   ( . 

· Iodinated Contrast Media:  
· Ipodate, ioparoic acid are administrated orally.  

· Diatrizoate administrated intravenously. 

· These drugs rapidly inhibit the conversion of T4 toT3 (inhibit 5-iodinase). 
· They are relatively non-toxic. 
· Useful adjunctive therapy in thyroid storm & hyperthyroidism. 

· Valuable alternative when Thioamides or Iodides are contraindicated. 

· Side effects:



 Same as Iodides. 

· Adrenoceptor Blockers: 

· Many symptoms of Thyrotoxicosis mimic especially those which are associated with sympathetic activity.  
· -blocking drugs without intrinsic sympathomimetic activity (e.g.  Metoprolol, Propranolol, Atenolol) are the agents of choice in these conditions. 

· Early treatment is very good. 

· Anion Inhibiters: 
· Perchlorate (ClO4-) & thiocyanate (SCN-) can block the uptake of iodide by the gland by competitive inhibition. 

· For this, large doses of the drug are required. 

· They are rarely used clinically now a day as it has been shown to cause aplastic anemia. 

· It is a syndrome resulting from deficiency of thyroid hormones & manifested by revisable slowing down of all body functions. 
· Infants & children suffer severely results in dwarfism & irreversible mental retardation. 
· Diagnosed by low free Thyroxine& elevated levels of serum TSH. 
· For treatment, replacement therapy is appropriate. 
· Levothyroxine is the most satisfactory drug. Infants & children require more 44/kg body weight than adults. 
· Average dose in children 10-15 g/kg/day & in adults 1.7g/kg/day.
· It takes 6-8 weeks to reach steady state level. 
· In long standing conditions, in older patients & in patients with cardiac diseases the treatment is started with reduced dose. 
· Thyroxine is given once daily due to long t (1/2). 
· Levothyroxine is given in a dose of 12.5 – 25 g/day for 2 weeks & then increasing after every 2 weeks. 
  * Adverse Effects of Over Dose:  
1. Children: Restlessness, insomnia & accelerated bone maturation. 

2. Adults: Nervousness, heart intolerance, palpitation, weight loss (unexplained). 

3. Atrial fibrillation & osteoporosis in chronic over treatment with T4. 
Myxedema Coma

· It is the end stage of untreated hypothyroidism.

· It develops quite, progress slowly to stupor, coma & death. 

· The treatment of choice is loading dose of Levothyroxine I.V. 300 – 400 g initially followed by 50 g daily.
· I.V. T3 can be used BUT may provoke cardio-toxicity 

· The patient is treated in IUC (Intensive Unit Care) because he might need mechanical respiration (hyperventilation). 

· I.V. Hydrocortisone it may be used in case of adrenal & pituitary insufficiency. 

Hypothyroidism & Pregnancy
· These women suffer from anovulatory cycles & infertility. 
· In pregnant hypothyroid patients 20 – 30 % increase in Thyroxine is required because of elevated maternal levels of TBP & because of early development of fetal brain which depends on maternal Thyroxine. 

                                                  
         This is the syndrome that results when tissue is exposed to high levels of thyroid hormones. 

Grave's Disease
· Most common form of Hyperthyroidism. 
· It is an autoimmune disorder in which there is a genetic defect in suppressor T-Lymphocytes that stimulate B-Lymphocytes to secrete TSH-Receptor stimulating antibody stimulate gland to synthesize hormone. 

· T3 & T4 are elevated & TSH is suppressed.

  * Management of Grave's Disease:     

1. Drug therapy. 
2. Surgical Thyroidectomy. 

3. Destruction of the gland with Radioactive Iodine.

  * In young patients with small gland & mild disease: 

· Methimazole or Propylthiouracil unit disease undergoes spontaneous remission. 

· This may take 1-2 years with 60 – 70 % relapse (Then go to Subtotal surgical removal of thyroid).
· Therapy is started with large divided doses then shifted to maintain therapy with single daily dose. 

· Propylthiouracil is better the Methimazole.

· Reactivation of the autoimmune process may occur leading to an increase in TSH & stimulation of thyroid. This can be prevented by addition of Levothyroxine.   

Thyroidectomy
· A near-total (subtotal) Thyroidectomy is the treatment of choice in very large or multinodular goiter.

· In case of large or multinodular goiter & to simplify surgery (to diminish vascularity) saturated solution of potassium iodide 5 drops twice daily for 2 weeks prior to surgery. 

Radioactive Iodine 131I
· Preferred on most patients over 21 years of age in a dose of 80 – 120 Ci/gram of thyroid weight (in patients without underlying cardiac disease). In patients with underlying cardiac disease, severe disease elderly patients we use Methimazole until patient becomes euthyroid, then stop medicine for 5 – 7 days. 

· Major complication of this therapy is hypothyroidism which occurs in 80 % of patients. 

Adjuncts Therapy
· During acute phase b-blockers without intrinsic sympathomimetic activity are extremely helpful. 

               e.g.: Propranolol. 
Thyroid Storm
· It is a sudden acute exacerbation of all the symptoms of Thyrotoxicosis, presenting as life threatening syndrome. 
· There is hyper-metabolism & excess adrenergic activity, death may occur due to heart failure & shock. 

· Vigorous management is mandatory, Propranolol 1- 2mg slowly I.V. OR 40-80 mg orally every 6 hrs. 

· Potassium iodide 10 drops orally & daily or…

· Iodinated contrast media (Na Ipodate 1gram orally & daily) will block peripheral conversion of T4 – T3. 
· Propylthiouracil 250 mg orally every 6 hrs. OR 400 mg every 8 hrs rectally. 
· Hydrocortisone 50 mg I.V. every 6 hrs. to prevent shock. 

· If the above methods fail then we do a peritoneal dialysis. 

Thyrotoxicosis during Pregnancy

· Definitive therapy with 131I or subtotal Thyrodectomy prior to pregnancy to avoid acute exacerbation during pregnancy or after delivery.  

· During pregnancy, Radioactive Iodine is contraindicated.  

· Propylthiouracil is better choice during pregnancy & the dose must be kept minimum that is less than 300 mg/day. 

                                                             THE END 
 - I tried to write every thing, returned to the book for checking. So Hope U understands it.   
GOOD LUCK
و مرة ثانية سوري على التأخير,,,
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