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A SYSTEMIC APPROACH IN TEACHING
 AND LEARNING  A COURSE IN ENDOCRINOLOGY

Ahmed R. Ezzat, Professor of Physiology

Faculty of Science, Ain Shams University,Cairo 11566, Egypt

( 5th Arab Conference on SATL-Organized by Science Education Center, Ain Shams University,Cairo,Egypt,April,2005)
This course was initially designed to enable the students enrolled in undergraduate biology courses at the Faculty of Science, Ain Shams University to be educated and conversant in the field of endocrinology. A successful course in this field should not only provide sufficient information on the effects of each known hormone, but must also highlight the concept that hormones, like other physiological regulators, work in concert within the framework of an extremely interactive and tangled environment. 

Consequently, the course provides an overview of principal concepts including the overlap and integration in the functions of body organs, modes of cellular communication, chemical signals and the molecular basis of their actions, classical and ectopic sources of hormones, hormonal interactions and feedback mechanisms.
 Topics of critical thinking such as the need to re-define the terms “an endocrine gland” and “a hormone” in accordance with the new advances in research are also discussed. Problem solving skills that require recalling and compiling knowledge gained from this course with those gained from previous courses and independent readings are also emphasized.  

KeyWords: Endocrinology - Cellular communication - Hormonal interactions- Signal transaction - Integration and coordination.
The overall course aims: 
To develop sufficient knowledge and understanding of the general concepts related to the nature and functions of the vertebrate endocrine system and how it interacts with other body systems. Additionally, the course provides the students with reasonable level of practical skills and encourages independent learning, critical thinking and problem solving.

The intended learning outcomes (ILOs): 

· Knowledge and understanding ;

   (e.g.; the Organization of he endocrine system, chemical structures of hormones, relationships of hormones to other physiological regulators, functions of hormones, mechanisms of hormone actions at the molecular level …. etc).

· Intellectual skills :
   (e.g; multi-hormonal regulation of a specific function, analysis of case studies, predictions of dysfunctions in certain processes.. etc).

· Practical skills:

   (e.g; assessment of hormonal effects using laboratory bioassays and analytical methods…. etc).

· Transferable knowledge: (e.g; report writing, problem solving, the employment of knowledge gained to understand other biological functions such as metabolic adjustments, cellular responses to other messengers, methods of cell communications,……..etc).

The following list of objectives is designed to help students identify the major concepts of this course. The study of this course will be complete when the student is able to: 

1- Demonstrate understanding of the types of environmental signals, modes of chemical signaling and cell communications, signal transudation, extracellular messengers and channel regulation.

2- Define the terms endocrine gland and hormones and describe the chemical compositions of different hormone classes.

3- Describe the molecular basis of a hormone action in relation to its chemical structure.

4- Discuss the relationship between the nervous and endocrine systems and give examples to show the regions of overlap between their functions.

5- Contrast the ways by which the hypothalamus controls the posterior and anterior pituitary.

6- Explain the concept of control by feedback mechanisms and give examples that involve the 3-tried mechanism of the hypothalamus, hypophysis and a specific gland. Give also examples that do not involve this mechanism.

7- List the hormones produced by each classical endocrine gland and identify their target tissue(s) and their effects, taking into consideration that there may be differences in the effects of a specific hormone in different vertebrate classes.

8- Demonstrate understanding of hormone interactions and give examples of the synergistic, permissive, and antagonistic effects of hormones.

9- Discuss the differences between endocrine, autocrine, and paracrine regulations.

10- Apply the knowledge gained from this course in critical thinking and problem solving to address the following questions:

● Do we need to redefine the term hormone?

● Are there still other endocrine glands ?

● Is it possible to draw a sharp line between a hormone and other physiological regulators ?

11- Analyze case studies associated with impairment of hormonal production.

12- Perform tests on laboratory animals to demonstrate the effects of some hormones.

13- Predict the dysfunctions in hormone secretions from data obtained from laboratory work.

14- Present simplified essays and reports on the scientific discoveries, related to the topics studied in this course, extracted from articles written in an understandable form (popular scientific magazines - web sites - books …..etc). This is achieved by assignments involving group-learning activities.

Physiology (Gk; physis = nature & logos = study) is a dynamic science that attempts to elucidate how life processes are carried out and explains the functions and phenomena of living things from cells to organisms. Modern physiology emphasizes understanding (from an integrated point of view) and explaining the mechanisms by which functions of life (common to all organisms) are performed by different body systems. This, in turn, requires a broad background in other sciences such as chemistry, physics, mathematics, anatomy .. .. etc.

Physiology, as a science of multi-disciplines, demands that students learn and understand sufficient facts, identify the major concepts of studied subjects and think critically to apply these concepts to different biological concerns. Should the students succeed to do so, they will be able to realize the massive interactions and cross linkages between all biological aspects (everything relates to or depends upon everything else; William Harvey 1578-1657 father of modern physiology) and actually (see) the unity of life (life is diverse, yet unified).

Endocrinology is one of the major subdivisions of physiology concerned with the study of the endocrine or hormonal system. This system, along with the nervous system, coordinates the various body activities and regulates the functions of other systems to maintain homeostasis and set proper physiological adjustments in response to internal and external stimuli. These two systems evolved together and they both utilize chemical messengers (hormones or neurotransmitters) to induce the desired effect on their target, or effector, cells. As a consequence, a certain amount of overlap between the functions of the two systems exists and there is occasional use of some common chemical messengers. Moreover, the two systems communicate, not only with other body systems, but also with each other. Moreover, they  exert mutual effects on each other. In the light of recent advances in science, several fundamental aspects of classical endocrinology, including even the definitions of an endocrine gland or a hormone, should be reconsidered.

The nervous system is specialized in rapid transmission of finely graded signals where the autonomic or vegetative division regulates the functions of internal organs such as circulation, respiration, metabolism, reproduction, …etc. The endocrine system is specialized in the slow, chronic transmission of signals via chemical messenegers ,or hormones, transported by the bloodstream.

Interactions between the Endocrine and Nervous Systems:

The endocrine system works in close association with the vegetative centers of the brain and with the autonomic system that innervates the internal organs. The principal interaction between these two coordinating systems is mediated via the hypothalamus, which itself is influenced by higher brain centers (fig. 1). A striking example of the overlap between the two systems is the adrenal medulla. This structure originates from the same embryonic origin as the sympathetic neurons and occupies an intermediate position between the two systems as it is, in effect, a sympathetic ganglion in which the postganglionic neurons have lost their fibers and become secretory cells.

These cells when stimulated by preganglionic sympathetic innervation (via the splanchnic nerve) release epinephrine and norepinephrine into the blood to act as hormones, although chemically, they belong to the class of neurotransmitters. 

Moreover, the hypothalamus regulates various endocrine-mediated functions through its influence on the hormonal activity of the pituitary gland. On the other hand, the endocrine system modulates several neuronal functions; for example, the thyroid hormones increase the excitability of the nervous system and disorders of insulin production lead to complications of diabetes which, in turn, cause mental confusion, bizarre behavior, and seizures. 

Cellular Communication and Signal Transduction:

Cells need to communicate with each other to maintain homeostasis, to regulate their growth and development, and to coordinate their functions. The cells communicate in three ways 
1) by protein channels (gap junctions), for direct coordination of adjacent cells
 2) by signaling molecules displayed on the plasma membrane that affect the cell itself, or other cells, by direct physical contact 
 3) secretion of chemicals that signal to other cells after they bind to specific receptors (fig. 2). 
The latter type includes:

● Neurotransmitters and neurohormonal  signaling. Neurons release short-range neurotransmitters into a small space (synapse) to alter the potential of postsynaptic cells. Some neurons release neurosecretions into the blood that act as hormones.

● Paracrine signaling. Cells secrete local chemical mediators that are taken up by the adjacent cells.

● Autocrine signaling. Cells secrete chemical molecules that are taken up back by the same cells of origin and modulate their functions.

● Endocrine signaling. Cells release chemical messengers into the blood (hormones) that affect target tissues located far from site of secretion.

In each type of the aforementioned chemical signaling, the target cells receive the signal by attaching to their specific receptors. These receptors are commonly found on the plasma membrane, but some receptors are located in the cytoplasm or even in the nucleus. 

Signal Transduction. This involves all the steps initiated by the incoming extracellular signal or messenger (ligand) that are conveyed to the cell interior for execution. The membrane receptors are divided into three classes according to the transduction mechanisms. These classes are; 
1) channel-linked receptors,
 2) catalytic receptors and
 3) G-protein associated receptors.
Hormones represent an important class of the signaling chemicals. A hormone (GR; hormon = to set in motion) is classically defined as:

“A physiological regulator, effective in minute quantities, synthesized by living cells, in an endocrine gland, into the blood, where it is transported by the circulation, to specific target organ(s), located at a site distant from the site of secretion, where it exerts specific action(s).

Until quite recently, it was possible to present this straightforward definition of the term hormone. Nonetheless, the new concepts drawn from recent advances in research have to be considered when this nine-component definition is presented. The two first components still apply, whereas conflicts are arising in conjunction with the other seven. Hormones speed up or slow down biological functions which proceed at different rates in their absence. Hormones can only awake existing potentials in their target cells, but do not initiate new functions. For example, no quantity or combination of hormones can induce ovulation in heart muscles or stimulate milk synthesis by the kidneys ! !. While hormones are physiological regulators, not all physiological regulators (e.g. pheromones, intracellular regulators, neurotransmitters, inorganic ions .. ..etc) are hormones (why ? refer to the definition, which parts rule out these regulators ?).  

Chemical Nature of Hormones:

In general, hormones fall into two major classes; steroids and amino acid-derived hormones. 
The endocrine glands originating from the mesoderm (adrenal cortex and gonads) secrete steroid hormones, whereas glands originating from the ectoderm or endoderm (the rest of glands) secrete amino acid-derived hormones.

Steroid hormones are lipophilic compounds synthesized from cholesterol and are all derivatives of the 17-carbon atom skeleton sterane (e.g; glucocorticoids, mineralocorticoids, androgen, and estrogen). 
Amino acid-derived hormones are hydrophilic compounds built of amino acid blocks and include modified amino acids or biogenic amines (e.g; epinephrine, melatonin), polypeptides (e.g; glucagon, calcitonin, insulin, GH) and glycoproreins (e.g; FSH, TSH).  

Mechanisms of Hormone Actions and Cellular Transmission of Hormonal Signals:

The effects of hormones on their target cells is expressed in three different ways
● Changes in enzymatic configurations (allosteric mechanisms) resulting in alterations of enzyme activity.

● Enzyme induction and synthesis of new proteins.

● Alteration of membrane permeability to specific ions (particularly K+ and Ca2+) or enzyme substrates.
Hormones reach their respective target cells via the extracellular route. The actions of steroid hormones (fig. 3) involve penetration into the cell interior where they bind to specific cytoplasmic receptors to form a hormone-receptor complex (HR). This complex is then translocated into the nucleus where it activates specific gene(s) resulting in transcription of mRNA(s) which go to the ribosomes for translation into products (enzymes,  structural molecules, .. ..etc). 

The actions of amino acid-derived hormones start by binding of the hormone to its receptor on the plasma membrane to form HR complex. As a result of the transduction mechanisms, a second messenger is formed inside the cell to convey the instructions of the hormone (the first messenger). Second messengers include cAMP, cGMP, IP3, DAG, Ca+2, …etc. For a cAMP-mediated cell response (fig. 4), the receptor is associated with guanyl nucleotide protein (G protein) which may be a stimulatory Gs (activates the membrane-bound enzyme adenyl cyclase, resulting in increased cAMP level) or an inhibitory Gi (inactivates adenyl cyclase and decreases cAMP level). cAMP then activates protein kinase A which,in turn, phosphorylates other key enzymes to produce the desired effects. Other G proteins such as Gk, Gq and Go are also regulated by HR complexes to produce different second messengers (IP3, DAG), or act on ion channels and ion pumps (fig. 5).

Some hormones may induce their actions by way of two different messengers, for example, epinephrine stimulates hepatic glycogenolysis  (fig. 6) using cAMP (β- adrenergic receptors) and Ca+2 (α- adrenergic receptors).

Few hormones do not require G proteins for their transduction cascade events such as insulin. When this hormone binds to its receptor, it causes the autophosphorylation of the receptor. The receptor then acts as a tyrosine kinase to phosphorylate insulin receptor substrate (IRS) which will activate intracellular components to induces the effects (fig. 7).

The Hypothalamic - Hypophyseal System:

The pituitary gland (L.; pituita = phlegm) or hypophysis lies in a cavity at the base of the skull called sella turcica. This gland consists of two parts with different embryonic origins; the adenohypophysis (anrerior pituitary) and the neurohypophysis (posterior pituitary). The first part arises from the buccal ectoderm , whereas the second arises from the neural ectoderm. The pituitary gland retains connections with the brain trough the hypothalamus (fig. 8). The hypothalamus, in turn, is intimately connected with the limbic system (site of emotions and motivations), the formation reticularis and (via the thalamus) with the cerebral cortex. This connection provides profound psycho-somatic and somato-psychic interactions, for example, hormonal imbalance may affect the sleeping rhythm and emotions, whereas psychological stressors may disturb several aspects of physiological homeostatic adjustments such as heart rate, blood pressure, metabolism, reproduction, lactation..etc.

The hypothalamus and the anterior pituitary are connected together by a portal system which carries in its blood regulating factors secreted by the hypothalamic nuclei ventromedialis, dorsomedialis and infundibularis. These factors include releasing hormones (RH), which stimulate the secretion of the anterior pituitary hormones and inhibitory hormones (IH) which suppress their secretion. The posterior pituitary is connected to the hypothalamus by a hypophyseal nerve tract whose cell bodies are located in the hypothalamic supraoptic and paraventricular nuclei. The neurons of these nuclei synthesize two peptide hormones, ADH and oxytocin, and send them by axoplasmic flow to be stored in the posterior pituitary. The release of these two hormones is then regulated by nerve signals from the hypothalamus.

Feedback Control of Hormones:

Hormone levels are controlled by different way such as negative feedback, autoinhibition, metabolic regulation, and neuro-endocrine control circuits. The negative feedback control is quite common in regulating hormone secretion. An example of the negative feedback control (fig. 9) is when an RH from the hypothalamus (e.g. CRH) causes the release of a tropic hormone (TH, in this example it is ACTH) from the pituitary gland, which, in turn, stimulates another endocrine gland (adrenal cortex) to secrete an end hormone EH (e.g. cortisol). Cortisol acts on target cells, but also feeds back on the ituitary and hypothalamus to inhibit the release of  ACTH and CRH. In the autoinhibition, some  hormones (e.g. TSH) act directly on their site of release to reduce their secretion.
In metabolic regulation, a certain metabolite acts directly on an endocrine gland to reglaute the amount of hormone secreted by this gland (e.g. glucose acting on pancreatic islets to secrete insulin, calcium on thyroid gland to secrets calcitonin, arginine on adenohypophysis to secrete GH).

Some hormones require complex feedback mechanisms which involves several components. For example, aldosterone secretion is controlled by a network of positive and negative feedback mechanisms involving neural, metabolic, and hormonal factors (fig. 10).   

A hormone receptor is as necessary as the hormone itself in inducing the desired effect. The number of receptors for a specific hormone and their affinity to this hormone, in addition to the hormone concentration,  collectively set the magnitude of the hormone action. Target cells may react to a low hormone level by increasing the synthesis of its receptor (priming effect or upregulation), or by compensatory hypertrophy. On the contrary, if target cells are subjected to prolonged and sustained high levels of a hormone, they respond by decreasing the number of active receptors (desensitization or down regulation) or by compensatory atrophy.

Alterations of Hormonal Regulation:

Significantly elevated or depressed hormone levels may result from a variety of causes (fig. 11) including failure of feedback mechanisms, inability of endocrine glands to synthesize enough biologically active hormones or release excessive amounts (as a result of a tumor or hyperplasia), degradation or inactivation of hormones post-secretion  (e.g. by antibodies) before reaching the target organs and finally failure due to abnormal target response (including receptor-associated disorders or intracellular post-transductional disorders).

Hormonal Interactions:

The effects of a specific hormone on its target cell may be modulated by other hormones to which this cell is responsive. These hormones may interact with each other in synergistic, permissive, or antagonistic ways. The term synergistic effect means that two or more hormones work together to produce a particular effect. Synergism may be additive or complementary. In the first case, each hormone separately induces the same effect and if the two hormones act simultaneously, the effect will increase (e.g. effect of epinephrine and norepinephrine on cardiac rate). 

The complementary effect occurs when each hormone separately stimulates a different stage or phase to produce a final effect (e.g. FSH and testosterone stimulate different phases of spermatogenesis, similarly, estrogen, prolactin, and oxytocin have complementary effects on milk production and ejection).

The permissive effect refers to the ability of a hormone to enhance or augment the cell responsiveness to a second hormone. For example, prior exposure of uterus to estrogen induces formation of more receptors for progesterone and promotes its effect.  Similarly, glucocorticoids have a permissive effect on catecholamines and estrogen on calcitonin.  

The antagonistic effect occurs when the actions of a hormone counteract or antagonize those of another. This type of interaction is common in maintaining homeostasis of certain metabolites or ions. Examples are the actions of insulin and glucagon on hepatic glycogen synthesis and breakdown to regulate blood glucose (fig. 12) or  PTH  and calcitonin to maintain calcium homeostasis (fig. 13). 

Multi-hormonal Regulation of Physiological Adjustments:

A successful course in endocrinology should not only provide sufficient knowledge on the effects of each known hormone, but must also highlight the concept that hormones work in concert in an extremely tangled and interactive way to set a proper adjustment for a specific physiological process. In this regard, one of the principal functions of hormones is to regulate intermediary metabolism. In this endocrine-controlled process, several hormones including insulin, glucagon, pinephrine, glucocorticoids, GH, thyroid hormones …..etc work in close conjunction (fig. 14). 

Similarly, the hypothalamic hormone GnRH, the hypophyseal hormones FSH and LH as well as the ovarian hormones estrogen and progesterone interact to regulate the emale menstrual cycle, ovulation, and endometrial cycle (fig. 15).

Concepts and Critical Thinking:

Re-definition of the Terms Endocrine Gland and Hormones:

The term endocrine (or ductless) glands is traditionally used to distinguish a group of secretary organs that release their hormonal products (refer to the definition of a hormone) into the bloodstream. But, what is really an endocrine gland?. Although books group certain organs including the pituitary, pineal, thymus, thyroid parathyroids, adrenals pancreas, and gonads together in one system known as the endocrine or hormonal system, these organs do not have common morphological structure or embryonic origin !!. The problem is further complicated by posing the question “If a structure is clearly identifiable with another organ system, but still secretes substances qualified as hormones, can it be classified as an endocrine gland?. In this regard, the hypothalamus, a vital part of the brain with several neuronal functions, secrete oxytocin, ADH and many releasing and inhibitory hormones (RH & IH), the kidneys secrete erythropoietin and calcitriol, the heart secretes the atrial natriuretic hormone, the stomach and small intestine secrete the GI hormones. Several peptide hormones (insulin, ACTH, CCk, glucagon and others) were identified in the brain and it is now believed that they may be putative neurotransmitters (tabl. 1). It is relevant to mention that, for example, insulin secreted by the pancreas can not enter the brain because of the blood brain barrier which prevents passage of such a large molecule.

This situation raises the following questions: “Does the brain cells themselves produce insulin?, Is insulin used locally by the brain to influence the metabolism of adjacent cells? Does insulin work as a neurotransmitter?. Moreover, the adipose tissue secretes leptin (a hormone involved in fat metabolism ad stimulates puperty) and new research revealed a long list of tissues, and even individual cells, that secrete substances that fit the classical definition of a hormone such as lymphokines, and growth factors (platelet-derived GF, epidermal GF, tumor angiogenesis factor … etc). Are all these substances hormones?. Should all these cells, tissues, and organs be included with the endocrine system?. As a consequence to this confusedly interwoven picture, some recent endocrinology books use the term “ectopic sources of hormones” to describe the tissues that are not classically defined as endocrine glands.

Recent discoveries give a growing bulk of evidence pointing to the fact that almost all cells are capable of  releasing into the blood chemical substances that affect other target cell after binding to specific receptors, just as hormones do !. 

Extracurricular Readings and Assignments:

As an excellent way to stimulate the interest of students to keep up with the applications and advances in the field of endocrinology, during and after the formal course teaching is completed, is to encourage independent readings. Exciting and interesting topics, such as anabolic steroids, the hormone of youth (DAHEA), contraceptives, leptin and obesity .. etc  can be found, written in an understandable manner, on the web sites of popular magazines such as Science News, Scientific American , New Scientists.  Extracurricular activities may also include submission of reports or short essays on chosen items related to new discoveries in endocrinology. The students may be also asked to present their reports in the class rooms to encourage communication skills and group discussions and to disseminate new knowledge. 
Study Questions, Objective Questions & Case Studies:
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The students should be provided with study questions and self quiz sheets that call for specific short essay answers to cement the basic concepts of the subject. Multiple - choice and false or true types of objective questions should emphasize the basic recall of the chapter’s key points. Case studies at the end of the course help students think critically, apply the basic concepts, and compile the gained knowledge in a problem solving manner.    
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