6.6  Hormones, Homeostasis and Reproduction

Understandings:
· Endocrine: gets some help from organs such as the kidney, liver, heart and gonads, which have secondary endocrine functions. 
· Insulin and glucagon are secreted by β and α cells of the pancreas respectively to control blood glucose concentration
· The body needs glucose to make ATP (via cell respiration), however the amount required will fluctuate according to demand
· High levels of glucose in the blood can damage cells (creates hypertonicity) 

[image: ]
	When blood glucose levels are high

after feeding
	promoting glucose uptake 

Increasing the rate of glucose breakdown 
	Involve stimulating glycogen synthesis in the liver (glycogenesis)

	Insulin is released from beta (β) cells of the pancreas and cause a decrease in blood glucose concentration


	When blood glucose levels are low

after exercise
	promoting glucose release

decreasing the rate of glucose breakdown 
	involve stimulating glycogen breakdown in the liver (glycogenolysis)

	Glucagon is released from alpha (α) cells of the pancreas and cause an increase in blood glucose concentration




· Thyroxin is secreted by the thyroid gland to regulate the metabolic rate and help control body temperature
· a hormone secreted by the thyroid gland in response to signals initially derived from the thyroid
· The primary role of thyroxin is to increase the basal metabolic rate (amount of energy the body uses at rest)
· This can be achieved by stimulating carbohydrate and lipid metabolism via the oxidation of glucose and fatty acids
· A consequence of increasing metabolic activity is the production of heat – hence thyroxin helps to control body temperature
· Thyroxin is released in response to a decrease in body temperature in order to stimulate heat production
· Thyroxin is partially composed of iodine and hence a deficiency of iodine in the diet will lead to decreased production of thyroxin
· Iodine deficiency will cause the thyroid gland to become enlarged, resulting in a disease known as goitre
· Leptin is secreted by cells in adipose tissue and act on the hypothalamus of the brain to inhibit appetite[image: ]
·  hormone produced by adipose cells that regulates fat stores within the body by suppressing appetite
· Leptin binds to receptors located within the hypothalamus to inhibit appetite and thereby reduce food intake
· Conversely, periods of starvation lead to a reduction in adipose tissue and hence less leptin is released, triggering hunger[image: ]

· Melatonin is secreted by the pineal gland to control circadian rhythms
· a hormone produced by the pineal gland within the brain in response to changes in light
· Light exposure to the retina is relayed via the suprachiasmatic nucleus (in the hypothalamus) and inhibits melatonin secretion
· Melatonin is therefore secreted in response to periods of darkness, resulting in higher concentrations at night
Circadian Rhythms[image: pineal gland]
· Melatonin secretion by the pineal gland of the brain plays a pivotal role in the control of circadian rhythms 
· Circadian rhythms: the body’s physiological responses to the 24 hour day-night cycle
· Circadian rhythms are driven by an internal  circadian clock, although they can be modulated by external factors
[image: circadian rhythm]


· A gene on the Y chromosome causes embryonic gonads to develop as testes and secrete testosterone
· Females possess two copies of the X chromosome (XX), while males possess one X and a shorter Y chromosome (XY)
· The Y chromosome includes a gene called the SRY gene (Sex Determining Region Y), which leads to male development
· The SRY gene codes for a testis-determining factor (TDF) that causes embryonic gonads to form into testes (male gonads)
· In the absence of the TDF protein, the embryonic gonads will develop into ovaries (female gonads)
The male and female gametes produce different hormones to promote further development of sex characteristics:
	The testes(male)
	produce testosterone to promote the further development of male sex characteristics 

	The ovaries(female) 
	will produce estrogen and progesterone to promote the development of female sex characteristics


[image: sex determination]
· Testosterone causes pre-natal development of male genitalia and both sperm production and development of male secondary sexual characteristics during puberty
· responsible for the pre-natal development of male genitalia
· involved in sperm production following the onset of puberty
· aids in the development of secondary sex characteristics (including body hair, muscle mass, deepening of voice, etc.)
· helps to maintain the male sex drive (libido)


· Estrogen and progesterone cause pre-natal development of female reproductive organs and female secondary sexual characteristics during puberty
· estrogen and progesterone are secreted by the mother’s ovaries and then the placenta – until female reproductive organs develop (this occurs in the absence of testosterone)
· promote the pre-natal development of the female reproductive organs
· responsible for the development of secondary sex characteristics (including body hair and breast development)
· involved in monthly preparation of egg release following puberty (via the menstrual cycle)
· The menstrual cycle is controlled by negative and positive feedback mechanisms involving ovarian and pituitary hormones
· The menstrual cycle describes recurring changes that occur within the female reproductive system to make pregnancy possible
· Each menstrual cycle lasts roughly one month (~28 days) and begins at puberty (menarche) before ending with menopause
[image: menstrual flowchart]









Summary:
	Endocrine Gland
	Hormone secreted
	Effect on the body

	Hypothalamus
	Leptin
	· Production of milk
· Reabsorption of water in kidney

	Thyroid
	Thyroxin
	· Stimulates growth
· Acts on the thyroid gland
· Stimulates secretion of thyroid hormones

	Parathyroids
	PTH
	· Increase blood calcium levels by stimulating bone breakdown

	Pancreas
· a cells
· b cells
	
· Glucagon
· Insulin
	
· Increase blood glucose level
· Decrease blood glucose level

	Adrenals
	Adrenaline
	Prepares the body for action by increasing metabolic rate and heart rate

	Ovary
	Estrogen 
	Female sconday sex characteristics

	Testes
	Testosterone
	Male secondary sex characteristics



Applications:
· Causes and treatment of Type I and Type II diabetes   
· Diabetes mellitus is a metabolic disorder that results from a high blood glucose concentration over a prolonged period

	Type I
	 Caused by the body either not producing insulin
	treated with insulin injections 


	Type II
	Caused by failing to respond to insulin production 
	Treated with carefully monitoring and controlling dietary intake


[image: ][image: diabetes]
· Testing of leptin on patients with clinical obesity and reasons for the failure to control the disease
· Leptin trials were initially conducted by surgically fusing the blood circulation of obese and healthy mice (parabiosis)
· This experiment was conducted using mice that were either obese due to a leptin gene mutation or a defective leptin receptor
Human Experiments[image: ]
Most humans have naturally high levels of leptin in the bloodstream
· When linked to leptin activity, most cases of obesity are caused by an unresponsiveness to leptin and not a leptin deficiency 
· Hence, in clinical trials,  very few experienced significant weight loss in response to leptin injections
· However, many patients did experience adverse side effects from leptin injections
· For these reasons, leptin treatments are not considered to be an effective way of controlling obesity
· Causes of jet lag and use of melatonin to alleviate it
· Jet lag is a physiological condition resulting from a change to the body’s normal circadian rhythm
· This alteration is caused by the body’s inability to rapidly adjust to a new time zone following extended air travel ('jet' lag)
· The pineal gland continues to secrete melatonin according to the old time zone so that the sleep schedule is not synchronised to the new timezone
· The use in IVF of drugs to suspend the normal secretion of hormones, followed by the use of artificial doses of hormones to induce superovulation and establish a pregnancy
· In vitro fertilisation (IVF) refers to fertilisation that occurs outside of the body (in vitro = 'in glass’)
· It involves using drugs to suspend normal ovulation (down regulation), before using hormone treatments to collect multiple eggs (superovulation) 
[image: IVF]
· William Harvey’s investigation of sexual reproduction in deer
Modern Theory of Sexual Reproduction
The current understanding of the mechanism of sexual reproduction is based on evidence discovered using light microscopes[image: soil and seed theory]
Skills:
· Annotate diagrams of the male and female reproductive system to show names of structures and their functions
Male:[image: male-front-labelled][image: Image result for male reproductive system labelled]
	Testis
	 responsible for the production of sperm and testosterone (male sex hormone)

	Epididymis

	Site where sperm matures and develops the ability to be motile (mature sperm is stored here until ejaculation)

	Vas Deferens
	Long tube which conducts sperm from the testes to the prostate gland (which connects to the urethra) during ejaculation

	
Seminal Vesicle
	Secretes fluid containing fructose (to nourish sperm), mucus (to protect sperm) and prostaglandin (triggers uterine contractions)

	Prostate Gland
	Secretes an alkaline fluid to neutralise vaginal acids (maintain sperm viability)

	Urethra
	Conducts sperm from the prostate gland to the outside of the body via the penis (also used to convey urine)



Female:
[image: Image result for female reproductive system diagram side view][image: female-front-labelled]
	
Ovary
	where oocytes mature prior to release (ovulation) – it also responsible for estrogen and progesterone secretion

	Fimbria

	a fringe of tissue adjacent to an ovary that sweep an oocyte into the oviduct

	Oviduct
	transports the oocyte to the uterus – it is also typically where fertilisation occurs

	Uterus
	where a fertilised egg will implant and develop (becoming an embryo)

	Endometrium
	The mucous membrane lining of the uterus, it thickens in preparation for implantation or is otherwise lost (via menstruation)

	Vagina

	Passage leading to the uterus by which the penis can enter (uterus protected by a muscular opening called the cervix)
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