we are going continue the second part of  steroid hormones that are androgens

lecture contints:

· The main hormone Testosterone and it’s derivative Dihydrotestosterone.

· Function of androgens.

· Antiandrogens

· Side effects

· Sildnafil


This sign          in this lecture points to the main information that are not written in slides. U need to read this lecture from the sheet  to full understbecause it has many extra informations.

Brief revision for the last lec:

All steroid synthesis start from cholesterol.

Which is converted to pregnenolone.

That is further metabolized into progesterone.

Which can be converted to testosterone.
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is responsible to convert testosterone into Dihydrotestosterone. This hormone is very important in developing secondary characteristics in males.
Also testosterone can be converted to estrogen by aromatase.

Estrogen also present in men but at lower concentration.
The main functions of androgen :

· is to simulate and maintain the male reproductive tract.this include testes, penis, prostate ,seminal vesicle.
· Has important  func  in  Erythropoiesis which is production of  red blood cells ,so androgens have effect on receptors in the kidney that stimulate the formation of erythropoietin .
· Androgens has anabolic effect  so they increase muscle mass mainly in the shoulder piddle area , having positive nitrogen balance ,they induce  proteins formation.
· Increase retention of Na , K and Floride , causing weight gain .

That’s why using it in life where it’s not very recommended , by athletes  take steroids or androgens to increase their body building mass .

So ... what is testosterone ?

· it is the main natural androgen in the body .

·  synthesized in leydig cells in testes .
·  regulated by LH (secreted in pituitary gland ).
·  it has both androgenic ;action related to gametes and maintaining  male characteristic.

·  and anabolic; affect the dimension earlier .
Dihydrotestosterone :

· the derivative of testosterone is more potent .

· can bind to receptors in high affinity .
· has very important function by embryogenesis , in formation the male extra genitalia. 
Patients  having deficiency  in reductase hormone , infants born with undetermined sex .

When the baby is born, they will think he is a female ,because male genitalia did not mature yet .
It is very important to know the importance of DHT in the formation of male extra genitalia .

· It is also necessary in development of Secondary sex characteristics .

· That’s why it is the main hormone found in peripheral cells and hair follicles.
· It is related to boldness genes,  it stimulate boldness in men , so [image: image2.png]5ac0-reductase



inhibitor  is used in treating boldness.
Pseudohermaphroditism :  undetermined sex hormone.

 the person is not a female or male - as we mentioned - the reason is [image: image3.png]5ac0-reductase



 deficiency , usually the infant present  with undeveloped male genitalia , the patient would not know until he reach the puberty , this is very critical condition affect the patient socially that they where raised as female while their sex chromosome is  xy .
The treatment  by hormone supplementation  or surgery . 


What are the primary therapeutic uses of androgens ?
Important in formation of gametes 

1.So we can use them with deficiency in testicular function which is called hypogonadism , this is when the patient is not producing sperms , or they’re not maturing ,they are not reaching the puberty age as males.
Hormone is delivered to the patient before they reach the puberty by injection of testosterone esters.
This is can be 3 forms either (ENANTHATE or CYPIONATE,or  PROPIONATE).
After the patient reaches the puberty they still receive 

oral therapy in the form of (METHYLTESTOSTERONE)

also can use patches covers the scrotum or the back area.

2. other uses of testosterone is in anemia cases ;because it stimulate the formation  erythropoietin of  the kidney. so it treat bone marrow failure or renal failure , when erythropoietin is not produced in enough concentration .

Nowadays recombinant erythropoietin replace  the androgen use.

So supplement erythropoietin instead stimulating it’s formation in the kidney. 

3.testosterone used in treating breast cancer  , the mechanism of action is not fully known, it might be antagonizing effect on estrogen , this is controversial  issue  because there are certain cancers  that are hormone respond ,they respond to estrogen treating .
Estrogen derivatives can be used in treating breast cancer.

So this is an area of research to determine what is the best treatment  for breast cancer  weather it can be  responding to female or male hormones.

4.treat osteoporosis in men ,drug in the market Testoderm.

5. it has protein anabolic effect (agent).

What are the different preparations of testosterone or their derivatives?
1) Injection as a form of parentally IV.
2) Esterified testosterone ,why we have these? It  has  prolonged absorption time and greater activity than testosterone it self.
3) Esteification of carbolic acid can lead to soluble compound in the fat tissue , SC or IV , have slower release in the circulation . (CYPIONATE, ENANTHATE).

These drug you need to know from esterified esters.

4) Orally as alkylated testosterone (METHYLTESTOSTERONE)                                            why do we have to do this modification  for testosterone? Because usually  it’s subjected to the first pass metabolic effect in the liver ,by  adding  alkyl group reduce it’s first path effect in the liver. 

5) Patch : on that back or on the scrotum , there is good absorption in the scrotum skin  ,also enzyme redutase which convert testosterone to DHT –that’s imp in producing secondary sex characteristics. This is for conditions of hypogonadism  with lower  in testosterone or DHT  with deficiency of second characteristic or lower sperm production or immature .

Anabolic Steroids:

· Taken by athletes to enhance strength training, although it has medical use when patient suffering devastating condition  like cancer or AIDS , that their muscle mass is wasted , steroid can be given to enhance protein synthesis and muscle mass.
· Usually dose taken by athletes 10-50 times higher than therapeutic doses for sexual dysfunction.
· All anabolic steroids also androgen affect sex gonad in addition to stimulate anabolic function , so they cannot be used without side effects .
· In sport committee they insure  that athlete do not take these drugs ,so they have  drug testing periodontaly  to make sure they are not consuming these drugs in abuse.
Athletes still use them ,despite their side effects. You can read the slide about the famous player, who died from side effect of injection or abuse of steroids , that lead him to brain cancer , he regret because he felt so week after he was very strong.

What are the  side effects?
· Certain females  who can take anabolic steroids -athletes-  they will have side effect  vertilization with main characteristics   :acne, coarse voice, hirsutism, menstrual irregularities
· On the other hand , Males who take high concentration of androgens ,cause Feminization in men ,because there is going to be more testosterone converted to estrogen making higher concentration of it. Causing gynecomastia in men.
· Also we mentioned testosterone role in F ,K and Na retention  causing edema electrolyte and water retention.

· Liver disease, jaundice, carcinoma, peliosis hepatis ,body cyst  form in the liver.
· Hyperlipidemia increase the bad cholesterol LDL, while decreasing the good cholesterol the HDL. This lead to atherosclerosis later in life, cardio vascular problems.
· Prostatic hyperplasia , which is part of the treating genitalia , but high concentration lead to hyper plasia ,and later to cancer.

 what Antiandrogens are use for?
· Testosterone synthesis inhibitors
· Direct: KETOCONAZOLE,an antifungal drug ,block P450 enzymes and stops steroid synthesis(desmolase is P450 enzyme that convert cholesterol to pregnenolone.)

SPIRONOLACTONE (spiro)an Aldosterone antagonist , but also inhibit enzymes in  androgen biosynthesis. So it can be used as testosterone inhibitor.
Also spiro block binding of androgens to their receptors, Androgen antagonist.

· We’re going to in detail about indirect antiandrogens:
Remember GnRH agonist , GnRH secreted in a pulsatile manner , & get stimulation of the ovary. this is the leutry pulse that was used to treat infertility ,increasing FSH and ovulation .

We also said GnRH given in constant high dose manner ,this will have different effect ,antagonist effect on Anterior pituitary.
GnRH gonist inhibit the release of  Gonadotropin from the gonads 

    GnRH agonist (LEUPROLIDE)  no need to know this (Lupron) 
This drug can decrease the amount of  testosterone or female hormone secreted from the gonads .

Doing that indirectly through continuous stimulating the release of FSH or LH in the body.
· 5a-reductase inhibitors
FINASTERIDE:  blocks the formation DHT
Used to treat prostate cancer.
· Androgen receptor antagonists
    FLUTAMIDE: competes for androgen receptor
Used to treat prostate cancer also or prostate hypertrophy.

These drugs all reversible.
A student asked if these drugs should be memorized, the answer was yes .

GnRH agonist (LEUPROLIDE) used for  pharmacological  castration ;which is removale of testicle. Castration made to treat some prostate cancer ,when we don’t want to do this major procedure , we make pharmacological castration ,& this is in the formation of leuprolide which is constant GnRH agonist in a high doses.

Uses: in hormone responsive cancer ; cancer that respond to hormone treating ,like breast cancer that respond to treatment by estrogens , & prostate cancer that respond to treat by certain hormones. hormone responsive cancer is general name not specific cancer.
· Estrogen-dependent conditions (such as endometriosis or uterine fibroids) . in females if there is too much estrogen it leads to endometrium thickening, this is  part of the normal menstrual cycle.but very high concentration of estrogen may lead to pathplogical thickening (endometiosis).so leuprolide cause inhibition in estrogen release treating these conditions.
· Precocious puberty in patients who have very early puberty ,start developing secondary sex characteristics early in life as 6 years. We don’t wanna that to happen ,stoping estrogen release by leuprolide.
· ovarian stimulation in In Vitro Fertilization (IVF) 
remember we used CLOMID to stimulate egg production , after that phase we don’t want the ovary produce more eggs , so we can give her leuprolide to stop the stimulation that we started before.

Drug used for Erectile Dysfunction
Erectile Dysfunction :The inability to achieve or maintain penile erection.
It’s a very serious condition it can affect 

· 40% of men  above the age of 40
· 67% of men above the age of 70
· 20 million men suffer from ED 
What are the causes of ED?   

· Can be Vascular causes :   
 AS , Diabetes mellitus  ,Hyper tension  , Smoking which can cause all three condition that affect the ED.

· Drug induced  : b-blockers , diuretics , antidepressants
· Psychological or Etiological causes :Trauma to  prostatectomy or to spinal cord injury
we’re going to explain the mechanism of erection:
We have too blood vessels in penile tissue 

Erection caused by hydrolytic pressure and blood flow in the penile tissue ,there are two major blood vessels  in the penile tissue  responsible for the erection process  called corpus cavernosum or  the  cavernosa artery .
· They are under control neuro  and cardio vascular effect s.

· So they under control either the autonomic nerves system through the sympathetic or parasympathetic ,depending on the condition.

· Sympathetic do vasoconstriction ,due release NE ,and Smooth muscle in blood vessel and penile tissue contract  keeping blood flow low.
· Parasympathetic system cause dilation of blood vessels by nitric oxide 

· Remember when we talked about the Ca role and NO role in blood vessels which is very important  for maintain the integrity  of the vasculature  of blood .

· NO from nonadrenergic  noncholinergic  nerves .these nerves in penile tissue stimulate NO release as NeuroTransmitter.
· Other source of NO from endothelial cells  by endothelial NO synthase which produce NO through it’s action on amino acid  present in the body called arginin . 

· Arginin converted to NO  through eNOS( endothelial NO synthase).
· This vasodilation  cause smooth muscle relaxation , blood flow  causing osmotic pressure , use Ca ,use arginin to be converted to NO in endothelium of blood vessels.
· NO very short gas ,stays just for 5 sec, diffuse rapidly into SM cell layer  adjacent to endothelial cells .

· Causing activation of enzyme called guanylate cyclase   which going to convert GTP into cGMP  (cyclase name refer to cyclic GMP).

· cGMP affect channels in SM cell  K channels ,and might affect Ca channels also.

· Lead to lower Ca concentration of SM cell ,going to relax ,more blood flow coming to blood vessels.
It’s important to know the mechanism to understand the function of drugs.
This is another scheme explains what we just said earlier 
So ... arginin the a,a present normally in the body  is converted by NO synthesase into NO 
NO goes to SM cells and by it’s action on Guanylyl cyclase (Guanylate cyclise) convert GTP into cGMP, cause relaxation of vascular SM in blood vessels .

This could be through action on enzyme PKG affect channels ,transporter or enzyme , lead to lower Ca concentration .(honestly i did not know what PKG she’s talking about I will try to ask her )

· Remember increasing Ca concentration cause muscle contraction
· Decreasing Ca cause muscle relaxation.
There is enzyme called phosphodiesterase  degrade cGMP  , will not be cyclic any more , and not having actions any more.

So if we have drug inhibit phosphodiesterase  ,blocking degradation of cGMP ,we’ll have cGMP for more erection .

So what we’re gonna do to have more erection by keeping cGMP?

By (phosphodiesterase inhibitor s) , or increasing the action of Guanyl cyclase (cyclise stimulator).

Other way by Adrenergic tone , remember we said adrenergic control  can lead to contraction of SM , so we block the adrenergic control  by α blockers , having more relaxation.

SILDENAFIL : Viagra 
It is phosphodiesterase type 5 antagonist , this lead to

 increase cGMP      more    relaxation     more    erection .

this was the mechanism of sildenafil which is  type 5 PDE inhibitor.

We have different types of phosphodiesterase inhibitors (PDE inhibitors) among  the body : PDE 4 in the heart. 

                              PDE 5 in penile tissue.

                              In retina also another form.

They are not pure selective they does not work only on PDE 5 only ,but almost pure they affect penile tissue and minor effect on other PDEs.
U will see they have side effects because they work on other PDEs.

Sildenafil DOES NOT Induce Erection.

· Requires NO present in tissue in blood vessels , require NO releasing mechanism , require non adrenergic non cholinergic mechanism , require endothelial cells be present.
· In cases of trauma , prostatectomy ,neurological disease ,diabetes ,spinal cord injury ,sildenafil does not  induce erection by itself so no use in these patients.
· It is wide spread medication because they are oral medication –no need for injection- that’s why this drug has a very good market ,very good compliance , it’s convenient  and very few side effects.
· This so important to know if the patient having cardiac problems, taking nitroglycerine ,nitrates - that put under the tong, to prevent (angina pectoris)  cardiac infarction - will have side effects . patient already have NO and cGMP in their bodies ,. With drug will have exasurated action of NO in their body , lowering their blood pressure due to vaso relaxation.
· Patient already have high level of NO because of  these drugs (nitrates), NO going to activate more cGMP . they use it to lower blood pressure and prevent occlusion of blood vessels in cases of  angina pectoris. If the patient taking sildenafil  to treat ED will have more cGMP deadly to the patients.
So u can’t combine nitrates with sildenafil 
What is the primary side effect of sildenafil?

Severe hypotension 

Other side effect u can see due to the action on other PDE  are:

Headache ,flushing ,nasal congestion ,visual disturbances because effect on PDE  6 present in  retinal cells .

One case report  myocardial infarction, don’t know if it significant  , due the affect on certain PDE in the heart  that cause stimulation of the contraction.

There is PDE in the heart  that decrease the cAMP level  which cause cardiac stimulation. If sildenafil blocks this PDE  will cause further cardiac stimulation ,which cause myocardial infarction case reported.


There is other drugs , new generations of sildenafil :
· Vardenafil  : You just need to know that it‘s faster and act  longer .

And have the same side effects of sildenafil ,although it might  increase QT interval in the heart .
So patients with cardiac problems should be aware of sildenafil taking drugs .

· Tadalafil : also same side effect as sildenafil, and longer duration of action and fast acting.
Last slide... :D coming
Patients who does not have NO mechanism not producingNO in their body 

· they can take drug that can stimulate the cyclase enzyme  ,and give them PDE inhibition in addition to that ,

· and give them NO donors as nitroglycerine  
· Alpha adrenergic blocker as we said antagonizing vasoconstriction EX: phentolamine.


