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A site with books on it: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Books
 

1st book we'll be using: "Development", also "Endocrinology"

 

1st lecture will be about meiosis and gametogenesis (male vs. female) -- you can do advanced readings! (in "Development")
 

Course Outline Exposition

· Final exam
· 1st half is a 3rd midterm
· 2nd half is questions dealing with readings assigned during the course
· Probably have 6 topics, and readings for each topic (then have to write on 3 of these topics)
 

Rationale

What is development?

· Development is change…but does all change need to be "developmental change"?  Yes!
· What distinguishes developmental change from non-developmental change?  Progress!  Direction!
· What direction are we talking about?  Fewer to many?  Not always!
· Sometimes development is from "many" to "fewer" (glia and neurons in the CNS become fewer)
· Larger to smaller exists too!  (Testis in newborn male babies)
· So then, what's the usual direction for development?  A lower state of organization to a higher state of organization…
· Exception: development in the elderly goes from a higher to a lower state of organization
· There must be organization in development (because development is all about organization!)
 

How is development organized?

· Where does development begin?  Before conception - when we ceased to exist…And we began as a single cell
· So can we just study the cell to understand how development is organized?  No - we need more than just that information
· Then where do we get the information?  In the tissues and organs!  They give us information that we don't see in the cell…Also no!
· What if we do both?  It still doesn't provide us with everything…there is still information missing - things that we don't understand
· So we have to look at systems!  (This is the highest level we must go)
· Although it is said that we can take an ecological approach to biology to understand it better - how do we fit into our ecological system?
· So we have different levels of analysis here (cell -> tissues/organs -> systems)
· We need to figure out which level of analysis we're on if we're trying to learn on our own!
· For example, the level of analysis we need to bring to the course readings!
 

What is the relationship between Health and development?

· Altered development can disrupt developmental stability - and this has consequences on health!
· Direct consequence - for example, myopathies (tissue changes in organs) can be caused by mitochondrial DNA mutations
· Indirect consequences - it can increase the susceptibility to some kind of environmental incident/effect
· Insulin resistance comes because of certain things which have happened in development
· Health problems can develop over time
· Direct consequence - dementias
· Demyelination disease
· Increased susceptibility to things like auto-immune disorders
· Health problems are the inevitable result of developmental process (aging)
· We need to figure out which health problems come about naturally (because of aging) and which don't!
· For example, we used to think that dementia was a result of naturally-occurring things
 

Recurring Themes in HLTH 210 (for understanding development)

Reductionism vs. Systems Approaches

· Which one is the appropriate approach for whatever you're studying?
· For example, the Greeks argued over what defines the nature of something you're studying - the matter it is composed of, or the form it takes?
· Reductionism was like mechanistics, when we tried to explain everything in the body by mechanistic approaches
· Harvey discovered the blood circulation system in a horse
· But systems approaches is like organismic biology
· Physiology for example
· This is important for understanding diseases for example - you're not going to figure it out just by looking a single cell!
 

Genetics, Environment, and Epigenetics

· Some people believe that you can understand everything about development just by looking at the genome of a cell
· But that's incorrect, because then you must assume that the genome was there the whole time…?
· The genome is important because it ensures the continuity of the species
· Genetics is also essential for variation!
· The environment influences us, and how it does is because genes respond differently to it
· The gene pool gets altered, too!
 

Essentialism vs. Population Approaches
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Essentialism vs. Population Approaches

· Which approach is the more appropriate one for a specific issue?
· Essentialism
· Core concept in the history of science
· Aristotle talked about the "natural state" of systems - an ideal state
· Plato had the idea of an ideal tree - all trees are flimsy attempts to be like the ideal tree
· Most individuals don't represent that ideal state
· They vary because of some unnatural "interference" in their growth
· Laplace (in the late 1700's) was an astronomer who was starting to map out the movements and positions of planets
· He said there are 2 types of causes
· Constant causes
· These things keep the planets where they're supposed to be - in some sort of "perfect" orbit or movement
· Disturbing causes
· These things cause the planets to work not as they should be
· So this is like a re-wording of Aristotle's concepts
· The next stage in the development of this theory is the pre-Darwinian concept of generational change
· We believed that traits were pre-determined (you inherit your parents')
· And this was due to inherited factors
· But when differences arise, this is due to interference
· Today, we still do this!  We have an "error term" - all the variance that is NOT accounted for by what you were manipulating in your experiment
· We use the word "error" because everything should be alike, so when there is variance, we call it "error"
· And this is referred to as typological thinking
· So we ask, "What is the essential nature of a thing, person, etc.?"
· If we're testing a certain kind of hypertension medicine…
· The group that didn't get the medicine has a higher blood pressure
· And the group that did has a lower blood pressure
· But this is just an average!  People have blood pressures all over the place!
· There is variability
· One way of thinking about typological thinking is that:
· There is no distinction between the individual and the population
· The mean value of the population you're in is supposed to be your value!
· And if the individual differs from the population mean, we assume that it is due to error!
· Population approach
· Darwin was the first to make use of this sort of idea
· He said that variability among individuals within a population necessary - it's supposed to be there!
· Without it, there can be no Darwinian selection - and no adaptation, and no evolution!
· The variability is natural and necessary!  (So this is in opposition to essentialism)
· Galton said that variability is a natural phenomenon
· It's normal in living systems
· So we need measures for variability, instead of being focused on means all the time
· Standard deviation, correlation coefficient
· So these measures got us to realize that mean values are just artificial abstractions
 

Reproduction

Introduction

· It is the basic life process!  It ties in most of the other aspects of human life
· Sexual reproduction is what we do, as eukaryotic multi-cellular organisms
· One way of looking at sexual reproduction is that life is an alternation between diploid and haploid states of cells
· The haploid state is when there's only one copy of each chromosome present in the cell - so the cell can't do much!
· But the diploid form is when there's been a merging of 2 haploid cells, and now we have 2 copies of each chromosome
· Most of the life cycle is spent in the multi-cellular, diploid state
· So reproduction is a transition between the diploid state and a new diploid state
· So of course we need a haploid intermediary!  Now, these are also called gametes…
 

Gametes

· In humans, it is sperm and egg
· They are formed from diploid precursors - they haven't always been haploid cells!
· And so the diploid cells become haploid by meiosis!  (aka "reduction division")
 

Meiosis

· It comes in 2 stages!
· Replication of genetic material
· This is the same as what happens in mitosis
· Reduction of the chromosome number
· This is unique!  (Not like mitosis)
 

Meiosis 1

· This is the 1st meiotic division
· By the beginning of this stage, we assume that the DNA is already replicated
· And the DNA has formed sister chromatids - and they are joined at a structure called a kinetochore (aka centromere)
· Note that paired sister chromatids are so tightly joined that they look like a single strand!
· And then we have…
· Prophase
· This is when the chromosomes are duplicated and paired
· This is the longest phase!
· There are 5 stages:
· Leptotene
· The chromosomes condense here - so now we can see them!
· The homologous chromosomes begin pairing - the chromosome from one parental germ line and from the other
· They are combined along the full length of each chromosome - like a zipper!
· Zygotene
· This is when synapsis happens!
· The paired homologous chromosomes are now fully combined
· And they're joined by something called the synaptonemal complex (the "zipper" referred to earlier)
· And now each pair is called a form bivalent (aka tetrad)
· Because there are 4 linear structures!
· 2 chromosomes, and within each of them we have 2 chromatids - so 4 copies of genetic info (although not all identical)
· Pachytene
· This is when we get DNA recombination
· This is the crossing-over of non-sister chromatids of homologous chromosomes
· Non-sister - like, chromatids which are not from the same chromosome
· And this happens at points called recombination nodules
· Diplotene
· This is when desynapsis happens - the dissolution of a synaptonemal complex
· The homologous chromosomes are still attached though!
· They're attached at the crossover sites - chiasmata
· Diakinesis
· So this is when formation of the spindle happens
· It consists of microtubules
· And the nuclear membrane breaks down!
· Metaphase
· Microtubules connect to the kinetochores
· And now the homologous chromosomes are aligned - one facing one end of the cell, and the other facing the other end
· But note that the sister chromatids remain attached!  So the bivalent (?) is kept together
· Anaphase
· Now the chiasma separate
· And the homologous chromosomes move to opposite poles
· Telophase
· The nuclear membrane re-forms, and we end up with 2 daughter cells!
 

Meiosis 2

· Prophase 2
· Now we have a new meiotic spindle and it connects to the kinetochore of the sister chromatids which are still attached to each other!
· The nuclear membrane breaks down
· Metaphase 2
· Now instead of the homologous chromosomes aligning, the sister chromatids align
· Anaphase 2
· They separate!
· Telophase 2 (aka cytokinesis)
· New daughter cells are formed (gametes)
 

Meiosis and Development

· What are the critical stages of meiosis?
· DNA replication!
· Because this is the DNA we'll have for the rest of our lives
· Each strand is replicated once
· If there is an error in the gene coding region, then mutations can happen
· If there is an error in transcription, there are no bad effects - there is lots of error checking in transcription
· But the replication of DNA prior to meiosis has to be perfect!
· Chromosome segregation
· If there is an error, then we get non-disjunction of the homologous chromosomes
· They will not disjoin properly!
· Then we could get a daughter cell with an incorrect number of chromosomes
· We might have another copy of a homologous chromosome which it shouldn't have, or it might not have gotten any!
· But also stuff like parts of chromosomes missing!
· Segregation is a function of recombination
· If there is no recombination, then there is no segregation of chromosomes
 

Gametogenesis

· The difference between males and females is in the timing of the stages of meiosis!
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Gametogenesis

· The difference between males and females is in the timing of the stages of meiosis!
 

Sex Differences in Meiosis

· The depth we discussed meiosis last class is the depth we need to know them
· So today it's spermatogenesis vs. oogenesis - what are the differences in meiosis?
· They both undergo the same stages of meiosis
· But the timing differs!  (The order is the same, but the timing is different)
· Also the spindle formation differs!  (The microtubules which are responsible for orienting the tetrads)
 

Human Spermatogenesis

· The original germ cell in spermatogenesis is the spematogonia
· These are cells which are derived from the initial zygote (fertilized egg) when you were conceived
· If you are a male, they divide continuously at a low rate (mitosis)
· So they're diploid, with 46 chromosomes
· At puberty, most of these cells remain in mitosis - they just keep re-generating themselves!
· But a few of them become a new form - an "intermediate spermatogonium"
· It's a slightly different kind of cell - so some differentiation has occurred…
· And it's these which differentiate to the primary spermatocyte
· And this is the cell which enters meiosis!
· And then we get the first meiotic division
· Which results in secondary spermatocytes
· And then the 2nd meiotic division comes
· And then we get spermatids forming
· These are unflagellated!  Which means that they can't move (no motility)
· Note that they are haploid though!
· Also note that each of these 4 daughter cells (spermatids) are not genetically identical, because of recombination
· But these 4 spermatids are continuous - that is, they are attached via their cytoplasms, so they can share gene products!
· And then the spermatids undergo spermiogenesis
· So they're still immature
· And they must acquire motility and an acrosomal cap (allows it to penetrate the egg)!
· There is a long journey ahead!
· And it needs to get nourished!
· Most of this happens in the seminiferous tubules in the testes and the "vas deferens"
· And then finally we get spermatozoa - mature sperm!
· On average, it takes 74 days to go from spermatogonium to mature sperm
· This process is continuous!  Up to 120 million spermatozoa are produced in each testicle per day
· Although note that most of them don't do anything
· In a lifetime, we can get up to 10^13 in total!
· In this course we don't need to know exact numbers, but rather relative numbers
 

Human Oogenesis

· Gametogenesis in the female!
· The germ cell is called the oogonia (oogonium for plural)
· And these things divide continuously during gestation (mitosis)
· And it results in the production of millions of germ cells
· Now, at about 7 months of gestation, most of these germ cells die and there is no further mitosis
· And the rest differentiate into primary oocytes!
· And each of these goes into the 1st meiotic prophase
· But meiosis just stops in the diplotene stage!
· At this point, genetic recombination has happened already
· Homologous chromosomes are still attached to each other
· So by the time a woman is born, each of these oocytes is NOT free, but rather is encased in epithelial cells
· This whole thing is called primordial follicles
· And each follicle is contained within at least one layer of granulosis cells - necessary for nourishment
· And there is more than 0.5 million of these things per ovary
· At puberty, there is no resuming of meiosis yet…
· There are only 40,000 primordial follicles left!  (Some have died by this point…)
· Sometimes here, we get a resumption of meiosis!
· The primordial follicles grow into primary follicles
· And starting here, every month, some of those primary follicles begin to grow into secondary follicles
· Usually, one of these becomes a "mature follicle" or "Graafian follicle"
· At this point, we have an LH (lutenizing hormone) surge which precedes ovulation
· And this is the trigger for the one mature follicle to resume meiosis!  (Because meiosis has been in arrest for about 13 years!)
· And so the spindles orient differently here
· It ensures that when the cell divides, it does NOT go into 2 equal halves - most of the cytoplasm remains in one daughter cell!
· The one cytoplasm which contains most of the cell is called the secondary oocyte
· And the other is called a polar body
· Then, a mature follicle will release one ova (an egg)
· And if this ova becomes fertilized, then it will undergo the 2nd meiotic division
· And this whole process is repeated 400 times over the lifespan of a human!
· So we've started out with millions of oogonia, and we get to just 400!
· The rest of ova just degenerate - this is called follicular atresia
· By menopause, there is no remaining ova
 

Mutations vs. Non-disjunction

· Mutations
· 2 sources of point mutations (point - a change in a small number of base pairs)
· Spontaneous - this did not happen in replication!
· Sometimes the purine/pyridimine base pairs (because they're not stable) just switch
· It's often deanimation from C -> U
· And it doesn't happen much (low frequency of occurrence)
· Errors of replication
· So this is because the DNA didn't replicate frequently!
· This is a function of mitosis - however much it occurs
· The replication is usually pretty faithful because of the DNA repair mechanisms
· It happens at the rate of one mutation per 10 million base pairs
· Only a small minority of the base pairs in a DNA molecule are in genes (about 100-200 million out of 3 billion base pairs)
· Spermatogenesis
· From zygote to puberty, there's about 36 divisions
· Then after puberty, there's 23 divisions per year
· So by the age of 20, the spermatogonia in an average male has divided about 200 times
· And by 45 years, about 770 times
· And every time the cells divide, there's a chance for mitosis occurring!
· Oogenesis
· So from the initial zygote to the ovum, there are about 24 divisions
· By 40 years, there are still 24 divisions because you don't do any more dividing after puberty
· So does this mean that mutations are more likely to come from the father than the mother?
· Note that it's possible for you not to have some disease but your kids would have it because the mutation happens in your germ line!
· We can find the answer to this question by comparing the mutation rate on the Y chromosome to the mutation rate on other chromosomes
· Any other chromosomes would be from both your mother and your father
· The Y chromosomes have 2 times the mutation rate of the X chromosomes!  (not sure if I got that properly…)
· We could also investigate the source of new mutations!
· We can figure out which parent a certain gene came from because of the genes which it is linked to
· And we find that the new mutation actually comes from the father!  (over 90% of the time…)
· Triplet repeat syndromes
· Examples of these diseases are Huntington's Disease, fragile X syndrome
· These syndromes are unstable - the mutation can get worse!
· So the more often mitosis occurs, the worse these diseases get!
· And so they are more severe if they are passed from the father because the germs would have reproduced so many times already!
· It results in a greater increase in the number of repeats
· Another question - is there a paternal age effect?
· If the male undergoes more and more mitosis as he gets older, does that mean that when he's older, the chance of mutation is higher?
· We can check birth/death records for this (a study was done on European royalty)
· And it was found that people had slightly shorter lifespan when fathers were old
· But it happened to their daughters only!
· So it was thought to relate to genes on the X chromosome which affect longevity
· Also, we can look at dominant diseases (dominant mutations which lead to a disease state) when the parents themselves are normal
· Note that we can't do a recessive disease because it would require both parents to have the gene to show up, but then we wouldn't know which parent it was!
· It's also important that the parent be normal - so we know we're not just getting it from ancestors
· We find that indeed the effect is due to paternal age (not maternal age or birth order)
· Also we can check the effect of paternal age on heart defects
· Artial/ventricular septal defects with patent ductus - just remember that physiological conditions which can be diagnosed are looked at
· 5% of the variance of the heart disease is accounted for by the father's age
· So perhaps there is a role of genes in heart disease
 

Non-disjunction

· Recall meiotic prophase - this is when we have the recombination of non-sister chromatids of homologous chromosomes
· And the recombination points connect the homologues
· And it retains a tetrad orientation
· If not, then the homologous chromosomes often don't separate!  Both of them go to the same end of the cell
· So disjunction requires recombination!  If recombination doesn't happen, the homologous chromosomes stay together and go to the same end of the cell
· So this results in aneuploidy (trisomy or monosomy) - when there is an incorrect number of chromosomes in each of the daughter cells
· Trisomy is the most common
· Trisomy occurs in all chromosomes (although we don't see it in #1 that much)
· It's most common in chromosome #16 because it's fragile (this is a fatal condition)
· Then the 2nd most common is 21 (Down's), 18 (fatal), 13 (fatal)
· Effects of chromosome non-segregation
· Between 10-25% of human conceptions show evidence of abnormal chromosomes!
· And the vast majority of them are fatal!
· 50% of spontaneous abortions show abnormal chromosomes
· And less than 1% of all live births show an abnormal chromosome number
· 85-90% of human aneuploidy comes from the mother!
· And for the gametes themselves:
· 20% of oocytes have aneuploidy
· 4% of sperm are found to show aneuploidy
· But maybe it's because immature sperm with aneuploidy just don't mature - so we don't see them!
· And how about the maternal age effect?
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· In vitro fertilization readings will be up on the weekend!
 

Summary of Sex Differences

· So clearly there are male/female differences in reproductive outcome - i.e. both parties contribute equally to the likelihood of problems coming…
· Males contribute to an increase of risk of new mutations
· And females have the risk of aneuploidy
· For both male and female, the risks increase with age
· And the age effect is greater for females!
· However, males are more susceptible to the cumulative effect of mutagens…
· Because all the DNA replication for females is done at birth!
· But males are constantly replicating DNA, so there's always the risk of new mutations!
· So what are the implications on public health?
· All this bad stuff can result in great health care cost!
 

Fertilization and Implantation

· Fertilization occurs as a result of sexual intercourse!
· Following intercourse, most sperm remain outside the cervix (in the vagina)
· But a few (a few hundred?) enter the uterus and the oviduct
· And they survive here for from 24-48 hours…
· The sperm are programmed to survive longer because they have to go so far!  (But the ova do not have to go very far at all…)
· Here are the steps:
· Ovulation
· Oocyte is in metaphase II (so it has already divided once, prior to ovulation)
· Ovulation is the release of the ova from the follicle (so this happens next)
· It's not released clean - it is surrounded by follicular cells, and they form a cloud around the follicle called the cumulus
· And this cumulus becomes the corona radiata (a little body of cells that surrounds the egg)
· And this is the 1st barrier to the sperm - so the sperm have to somehow get through it!
· The egg is also closed in a protein coat!  (This is called the zona pellucida)
· And this would be the 2nd barrier for the sperm!
· So the egg is quite protected!  It will only let in a single sperm!
· Preparation of the sperm (we have just discussed the preparation of the egg for fertilization)
· The sperm needs to go through changes in the cervix/uterus of the female before it is ready to fertilize!
· The first is "capacitation" - the removal of a glycoprotein coat from its cell membrane
· This takes several hours!
· And this prepares the membrane for the next task:
· The acrosomal reaction - it's a reaction to substances in the corona radiata and the ovum
· And then the acrosomal membrane fuses with the zona pellucida!
· So the egg needs to take an active part in the sperm entering it!
· And then the acrosomal contents are released - and these things facilitate the penetration of the zona pellucida
· And this final thing happens in less than an hour!
· Gamete fusion
· Cell membranes fuse
· And now the sperm enters the egg cytoplasm!
· But the egg is still diploid!  So at this point, it completes the 2nd meiotic division…
· And here it forms one daughter cell and one polar body
· And now the haploid chromosomes are contained in the "female pronucleus"
· But note that the sperm nucleus is still intact in the egg's cytoplasm, and it forms a male pronucleus
· Prevention of polyspermy
· So we need to stop more sperm from coming into the egg!  (Now that it has given up the integrity of its protective system)
· Depolarization of the cell membrane - so that it won't react with any other sperm
· Release of granule cells below the cell membrane
· And this forms a barrier to sperm!
· Cell division
· The 1st cleavage happens 24 hours after the sperm penetration!
· The male and female nuclei have to fuse as well!
· For the first 3-4 days, there are 16 or fewer cells - and so it is called the "morula"
· Note that at this stage, the egg is still encased in the zona pellucida!  So the egg is not getting physically larger!
· So what happens?  The cells start to "involute" and form a cavity
· This is called cavitation
· At this point, we have a blastocyst
· Implantation
· 4-6 days after fertilization, the egg enters the uterus
· And the blastocyst has involuted so that there are cells on the inside, and cells on the outside
· So there are 2 cell types!
· The outer layer is called the trophectoderm
· And the inner layer is called the inner cell mass
· We're on our way to developing an organism!
· So at this point, the zona pellucida disappears!
· So the cells themselves are exposed to the uterine environment!
· And the trophectoderm differentiate into trophoblast cells
· And these things contact the endometrial cells - the lining of the uterus
· And there is interaction!  They both secrete enzymes which help to break down the endometrial lining to allow the blastocyst to penetrate the endometrium
· It has been about a week at this point!
 

Early Pregnancy Termination

· This refers to the natural termination of pregnancy!
· Many conceptions do not lead to live births!
· All the complicated stages we just discussed - some can go wrong!
· In the 1950's, people started to study hysterectomy specimens
· And they found that there were many signs of implantation without embryos!
· Because implantation leaves a fingerprint on the endometrium!
· So it looks like the women had gotten pregnant and implanted, but something happened to the embryo
· Also, the uterus contained many abnormal embryos!
· In France in the 1970's, a researcher calculated from the existing data what would happen for every 100 conceptions
· After a week, 69 of those conceptions were viable
· After 2 weeks, only 42 were viable!
· About 37 after 6 weeks!
· And 31 out of those 100 survive to birth!
· And now we're more sophisticated!
· hCG studies: human chorionic gonadotropin
· This is a hormone secreted from the trophoblast cells, starting around day 6
· Pregnancy tests check for this!
· And the mRNA for hCG even starts at Day 4!
· So this allows early diagnosis of pregnancy!  (6 days after fertilization)
· We can tell that there are trophoblast cells, which means we must have a blastocyst
· Studies have shown that about 30% of pregnancies are lost after the hCG stage…
· So the human reproduction system is not that good!  Most of the time, it doesn't succeed…
· But at least it fails early!
· And most of the failures are due to chromosomal/genetic abnormalities!
 

Fertility

· Fertility issues are major drain on health care resources!
· People pay to get pregnant!
· Male fertility
· Parameters:
· We need the adequate production of normal spermatozoa
· We need millions of them because the chances are too small!
· Then we need to transmit the sperm through the seminal ducts!
· (This is the path that the sperm takes in the male)
· The semen is the substance that the sperm is in
· And then we need to deposit the sperm in the vagina
· Assessment
· A lot of health dollars go into assessing fertility
· So we check:
· Endocrine levels
· FSH, LH, testosterone
· Semen analysis
· We're going to count the sperm - check their concentration
· Progressive motility
· There are quantitative measures - what percentage of sperm are motile?  (It is good to be over 60%)
· Also there are qualitative measures - is the movement purposeful?  Is it in the right direction?  And so on…
· Presence of other cells (there are always these in the semen)
· Leukocytes?  (it could indicate inflammation!)
· Viscosity
· If the semen is too viscous, it will affect the mobility of the sperm in the vagina!
· Chemical analysis of the semen (make sure there is no important elements missing)
· There was a big study in 1992!  (BMJ - British Medical Journal)
· It said that there was a decrease in the quality of sperm over the past 50 years
· Sperm count:
· There was 60 million/mL in the 1940's
· And then 20 million/mL in the 1990's
· Seminal volume also changed:
· It dropped from 3.40 mL to 2.75 mL
· And this data was supported in a 2000 study!
· There are geographical differences for this stuff too!
· But these studies in general are hard to do!  You have to control for a variety of factors…and so on…(i.e. length of time since last ejaculation)
· Sperm morphology
· So we would also assess this!
· We would expect to see that less than 40% of sperm were abnormal
· Clinical evaluation
· Varicoceles (enlarged veins in the testes)
· These things are thought to not let the temperature in the testes be a little cooler than body temperature
· Ductal obstructions (vas deferens)
· So the sperm cannot get out!
· Cryptorchidism
· So the testes cannot descend properly!
· This is usually treated very early in life!
· But if not by puberty, it becomes permanent!
· Female fertility
· Parameters:
· Regular menstrual cycle leading to ovulation
· Adequate environment for the sperm - so the acidity of the female reproductive tract, the immunological environment in there…
· A respondent corpus luteum - it takes care of progesterone production
· Remember that the corpus luteum is formed from the follicles!
· Adequate hormones for pregnancy!
· So all these have to be right, and all at the right time!
· Assessment for fertility:
· Endocrine levels
· FSH, LH, estrogen, progesterone
· Ovulation
· Measure the basal temperature - if it doesn't rise a bit, then there's something wrong
· (Should rise 0.5% after ovulation)
· Ovarian ultrasound
· Should be able to see whether a follicle has burst and produced an ova
· Clinical examination
· Visual inspection of the uterus, ovaries
· Check for obstructions in the tubes, and scarring
 

Infertility

· Incidence
· It is assessed as the failure to conceive after 1 year
· But this is conservative!  Some countries require you to be infertile for 5 years first!
· This applies to 20% of couples in the developed world!
· And about half of those couples still cannot get pregnant after 2 years!  (8-10%)
· In the developing world, it's much greater!
· Up to 30-40% of couples!
· Causes
· STD's (Sexually Transmitted Diseases)
· Gonorrhea - this is when we get ductal obstruction in both sexes (if it goes untreated)
· Scarring in the Fallopian tubes in the female (usually a result of pelvic inflammatory disease)
· Lifestyle (things which result from choices that adults make)
· Age - both parents (esp. female)
· Smoking/drugs
· This can affect sperm production and ovulation!
· Psychological factors (such as stress)
· Physiological factors
· Exercise-induced amenorrhea (means that they don't have menstrual cycles anymore)
· Undernutrition/malnutrition
· Steroid use (it's more of a problem for males because they use it more)
· For one thing, it can cause atrophy of the testes
· Multiple abortions (females)
· Environmental factors
· Industrial exposure to things such as:
· Hydrocarbons
· Lead
· Heavy metals
· This stuff can affect menstrual, quality/quantity of sperm!
· Radiation
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· Physiological factors
· Physical abnormalities
· Varic., tubal obstruction, luteal phase defects, cryptorchitism (undescended testes)
· So these are things which could lead to less-than-optimal fertility!
· Hormone imbalances too!
· Immune dysfunction (females)
· Because the fetus in the woman's body is not of itself!  So the immune system has to realize that it is not an enemy so it won't destroy it!
 

Reproductive Technologies

· These things are consuming a lot of resources!
· Although note that these are not covered by health plans
· But we eventually end up paying for some aspects of them!
· Up to 3% of the world's births today in the developed world are a result of re-productive technologies!
· So these are the kinds:
· Artificial insemination
· This is when we inseminate the female but not the normal way - so deliver the sperm through something other than the penis
· So here we use either fresh or frozen sperm!
· Although there is a success rate 30% greater with fresh sperm!
· But sometimes you *have* to use frozen sperm, like if you're getting them from a sperm bank!
· Because sometimes the husband cannot produce fresh sperm…
· Sometimes before they undergo operations that will remove the sperm-producing ability, they'll save up a lot for later…
· There's even studies for getting pre-pubscent boys' germ cells so that sperm can eventually be produced from them…
· If the male is sterile because of obstructive azoospermia (cannot produce enough sperm because of obstruction in urinary tract)
· Then we can surgically remove sperm from the testes, epididymus (because it's there but it just can't get out)
· But at this point the sperm aren't mature - and there hasn't been a chance to put them through a selection process, where only the "hardiest" sperm get through…So you could be getting sperm that was not meant to survive!
· And a lot of times they centrifuge the sperm so that it centrifuges!
· Then they also do a "swim-up" procedure (in a culture medium) where only the strongest sperm are able to swim up through the culture medium - and then the sperm selects itself out so that you end up with those which are mature, viable, etc.
· Then you have to insert the sperm past the cervix!  So it doesn't have to bypass all the normal barriers
· So you can use the husband's sperm
· Or do assisted insemination (sperm comes from a donor)
· But there are safety issues!
· Sperm is a body fluid, and we can get infectious diseases transmitted!
· Also, the number of inseminations per donor is a safety issue!
· If people in the same area all use the same donor, then you can get lots of people who are half-siblings!
· And then if they marry each other, it's bad news
· But then if you want to prevent this, then you violate privacy!
· Also ethical issues:
· Paternal rights
· Sperm accidentally used
· Operating clinics operate long hours because the window for doing things is very small!
· A lot of it is self-serve
· Accidents can happen!
· And what if a father gives sperm for the mother but then they divorce…who has the rights?
· Paternal responsbilities
· If you allow your sperm to be used to inseminate a woman and produce a child, are you responsible for them?
· And, but what if the sperm is used without permission?
· Induced ovulation
· So you help the woman ovulate (often more than one ova!)
· We stimulate the ovaries and try to get the woman to release some ova...
· Here you use an anti-estrogen (caleld clomiphene citrate)
· And this stimulates FSH and LH!  (gonadotropic hormones)
· Because the brain thinks that there is no estrogen so it does more FSH and LH production
· But repeated use can possibly increase cancer risk!
· We can also use human menopausal gonadotropin (which is expensive!)
· Contains FSH, some LH
· But here are the side effects:
· If we produce more than 1 ova, then they can all get fertilized!
· Ovarian Hyperstimulation Syndrome
· This happens in 3-5% of treatment cycles!
· And this is enlargement of the ovaries!
· This causes pain!
· And abdominal distention
· And ascites - a build-up of fluid
· Hypovolemia (increased concentration of blood)
· Hemoconcentration (increased concentration of blood?)
· And this can lead to thrombosis - formation of blood clots!
· And the range of these bad effects are mild to fatal
· So what are the risk factors?
· Previous sensitivity to gonadotropic hormones (she reacts very strongly!)
· Polycystic ovary syndrome - cysts in the ovary that produce estrogen!
· In Vitro Fertilization
· 1978: 1st human IVF birth
· Since then, more than 1 million IVF births
· In the US, 1% of births are IVF!
· Here is the general approach:
· Stimulate ova production
· So we apply gonadotropic hormones
· Stimulate follicle maturation
· We want multiple oocytes maturing in any one cycle!
· So then we collect these multiple oocytes
· Then we puncture the enlarged follicle and aspirate the oocytes out!
· Then we mature the oocytes in culture for 3 to 30 hours
· And the culture medium improves over time!
· We can't really freeze the oocytes!  It is not viable
· It lead to a low success rate
· Fertilization
· We mix the sperm with the oocytes in the culture for 12-18 hours
· And hopefully they both undergo their last stage of maturation here!
· We can also to ICSI (intracytoplasmic sperm injection)
· So we inject a single sperm into a mature ova!
· And so this bypasses sperm selection!
· Many embryos end up with chromosomal or genetic abnormalities!
· And a recent study showed that less than 10% of infants show some abnormalities
· But by 5 years, there is still only slight cognitive impairment
· Because this process is not as selective (of good sperm) as the natural process is!
· And it's hard to do this kind of research because parents of IVF children are more well-off so that they can provide better care for their child!  So it's hard to control for that…
· And then 42-48 hours later…
· We should have the cleavage stage (2-8 cells)
· Now it's called a zygote!
· Note that recent studies suggest that we culture for 5-6 days, into a blastocyst!
· And then if we implant the blastocyst, we get increased viability!
· The Cochrane review (2002) shows that there is no supporting evidence for this…
· Then we transfer the embryos to the uterus!
· We usually transfer more than 1!
· We don't want to reduce the likelihood that it will succeed!
· The rest are stored/frozen/destroyed
· Once they're frozen, it's hard to destroy them because they are fertilized embryos which were hard to get!
· But ostensibly, embryos can handle being frozen!
· Although success is lessened…
· And there is an ethical question of ownership as well!
· But there is an alternative: GIFT (Gamete Intrafallopian Transfer)
· So we transfer the oocytes and sperm to the fallopian tubes
· So that they can fertilize there themselves!
· Also there is ZIFT (Zygote Intrafallopian Transfer)
· Increased success rate!
· This is when we transfer zygotes…
· But there are problems with IVF!
· 4% of pregnancies are ectopic - meaning that the implantation didn't occur where it's supposed to on the uterine wall!
· It goes in the Fallopian tube instead!
· 1% are heterotopic pregnancy
· 2 fertilized eggs - one implanted properly and the other isn't - but they're not growing!
· 1/30,000 in population!
· Options for dealing with problems:
· If we implant more than 2 embryos, we can do fetal reduction
· But there are ethical issues!
· Considerations:
· Most fertilizations - result in abnormal zygote/embryo!
· And the rate increases with maternal age!
· We don't have a good way of selecting the right embryos to implant!
· We can do visual selection
· Time to first cleavage
· Symmetry of the cleavage
· PGD (Pre-implantation Genetic Diagnosis)
· Remove cells from the embryo
· Test for gene defects before we implant!
· This doubles the implantation success rate
· And live birth rate goes up from 10 to 16 percent!
· But there are ethical issues - what kind of criteria do we have for our selection?
 

ART (Assisted Reproductive Technology) and Offspring Health

· Safety
· In October 2004, there was a conference for the American Society of Reproductive Medicine
· There was the 1st major study of IVF for health risks
· They only looked at singleton pregnancies
· Because IVF pregnancies are more likely to be twins (why?)
· TWICE the risk of premature birth, low birthweight, and dying in the 1st week!
· But there could be a good reason for this!  (not due to health risks)
· Possibly they were originally twins - so they had to share the womb for quite some time before the other one died, so they didn't have as much resources!
· But if they live to a year, then there are no increased health risks...
· Multiple births
· IVF/GIFT: 45% of the births are multiple births! (i.e. twins)
· Without IVF/GIFT, 1.2% of births are multiple!
· Although most are twins, some are triplets!
· So how about these twins?
· They have 3-4 times the risk for perinatal mortality!
· 3-4 weeks premature on average
· 30% lighter at birth on average (twins are rarely the same weight!)
· 2 times the risk for mental retardation and cerebral palsy
· They consume 3 times as many health care costs by the end of the first year
· And there are also long-term costs (special ed, etc.)
· And triplets?
· 8 times the mortality rate!
· The cost of triplets is the SAME as providing ART to all couples who wanted it!
· European Society of Human Reproduction and Embryology
· They classify multiple births as "complications", not successes!
· Sweden - transfer 1 embryo only
· Since 2000, no difference in success rate
· And the ASRM recommends that we transfer at most 2 if the mother is under (over?) 35 years!
· So the problem here is that the public perception of success rate is combined with cost!
· And clinics resist change!
 

Pregnancy

Duration and Stages

· Duration - approximately 270 days from fertilization!
· Or 284 days from the start of the last menstrual period
· The normal range of pregnancy is 240-300 days (so it could be 10 months?)
· Estimated birth date:
· First day of last period - 3 months + 7 days
· Example:
· 1st day of last period = June 7, 1997
· Due date = (June 7 - 3 months) + 7 days
· Means March 14, 1998
· Stages of pregnancy
· The embryonic stage is approximately the 1st trimester
· 4-8 weeks
· So we have to establish the organs and organ systems!  (organogenesis)
· And there is 3 germ layers!
· We have the ectodermal germ layer
· Organs/systems in contact with the external world
· Nervous systems, skin, glands (not endocrine glands though)
· And the mesodermal germ layer
· Makes the supporting tissue and parts of the urogenital system!
· Includes muscle, bone, vascular system, urinary system (not bladder), and spleen
· And the endodermal germ layer
· Here we get the epithelial lining inside your body
· Gastrointestinal tract, respiratory tract, urinary tract
· And we also get the formation of the body form!
· Head and tail folds...
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(The next stage of pregnancy is…)

 

· Early fetal stage (approx. 2nd trimester)
· A time of increased growth, elaboration of structures
· The body lengthens
· And it lengthens more than it gains weight!  So it gets to be long and thin!
· And the relative size of the head decreases!  (relative to the body)
· This makes it more like a human - not all head, like it is early on
· And the relative length of the upper limbs increase!
· It is also now covered with "downy"-type hair - lanugo hair!
· We also see the adult functions forming at this stage!
· We can now sense the heartbeat
· And it can respond to light and sound (blinking, thumb-sucking)
· But there is no co-ordination between systems (so we are still immature)
· For example, between the nervous and respiratory system
· There is a low survival rate if it is born now (premature birth)!
· Now, the movement is detected by the mother as well!
· Late fetal stage (approx. 3rd trimester)
· Now we increase body mass by fat deposition (the subcutaneous fat forms and fills out the wrinkles in the skin)
· Systems mature now too!  (especially lungs, nervous system, etc.)
· This is when we prepare for birth!
 

The Placenta

· Development
· After implantation, the zona pellucida disappears!  (The fairly thick barrier around the zygote)
· And the blastocyst forms a cavity called the blastocoel!
· Basically one huge cavity surrounded by a single cell layer
· And the structure at this point is called a trophoblast!
· The part that is inside the endometrial lining proliferates with inner cells - it's like a layer growing out towards the inside of the cell from the placenta side
· And this is called the embryoblast!
· Search "placenta" on Developmental Biology
· So the trophoblast at this pole (embryonic pole) forms into layers
· The outer layer is the syncytiotrophoblast
· These cells are poorly defined!  Not totally nucleated, etc.
· And they contain vacuoles called lacunae
· So the embryo is slowly penetrating deeper into the uterine wall!  (really?)
· Now let's talk about the uterus…
· There are maternal capillaries in there!  And their endothelial lining erodes!
· And then you get something called sinusoids
· And these things connect and become continuous with the lacunae!
· And this forms a maternal-embryo blood supply within 2 weeks
· After 4 weeks, we see 2 tissues forming…
· Uterus: decidua basalis
· Trophoblast: chorion frondosum
· These 2 things fuse to form the placenta!  It's a bi-layer thing - one from the mother, one from the child
· And after 8 weeks, it is attached to the embryo by the umbilical cord!
· Functions
· Exchange of gases
· Mostly oxygen (in) and carbon dioxide (out)
· This is generally done through diffusion!
· At term, the placenta needs to allow the diffusion of 20-30 cc/min of oxygen
· Nourishment
· The fetus doesn't eat at this time (has no gastrointestinal tract)
· But the cells need nourishment, energy, building blocks, etc.
· Amino acids
· This is done by active transport (positive balance)
· There are fewer high molecular weight polypeptides
· General rule: the higher the molecular weight, the less likely it will cross the placenta
· Free fatty acids
· They cross by passive diffusion (negative balance)
· Mostly essential fatty acids, cholesterol
· So we usually don't have triglycerides or phospholipids!
· Carbohydrates
· Transported by facilitative diffusion (a little more that diffusion, but less than active transport)
· Can transport 4 times more concentrated glucose than is in the mother's system
· Vitamins
· Lipid solube: diffusion (crosses by)
· Water soluble: active transport (crosses by)
· Minerals, electrolytes
· Cross by active transport
· Immunocompetence
· The fetus obtains some maternal anti-bodies through the placenta
· Immunoglobulin G is the main one! (is smaller than other Ig's)
· Enters through active transport 
· IgM, A, E, D don't cross because their molecular weight is too great!
· Endocrine function
· Produces progesterone (necessary for maintaining pregnancy)
· Can produce estrogen (especially late in the pregnancy)
· Produces some gonadotropins (some are molecularly distinct from the pituitary gonadotropins)
· So we know that the pregnancy is working properly!
· Produces its own hormone (human placental lactogen)
· It antagonizes the peripheral actions of the insulin
· So this prevents the uptake and utilization of glucose in the mother's system!
· This is important so that it can still be present in the blood so that the fetus can get it!
· But then the problem is that it is maternally diabetogenic
· If we increase the insulin activity in the periphery of the mother, we can get more glucose so that the infant can get more!
· Barrier function
· Prevents the transfer of some substances (of high molecular weight)
· Most maternal hormones (it is good because the hormones have high metabolical effects)
· But some synthetic steroids cross the placenta!
· And our system has not evolved to be able to deal with this!
· For example, diethylstilbestrol (DES) can cross the placenta
· It was being used to treat women with miscarriages
· But it was discovered that the daughters which were born after taking this had a high risk of reproductive cancers!
· *Some* infectious agents are kept out (but some get in, too!)
· For example rubella (German measles)
· Very few drugs are kept out by the placenta!
· All this because the placenta was evolved when the humans had few drugs to take, so that's why it doesn't protect against them!
 

The Neural Tube

· Development
· The embryoblast (massive tissue forming in the blastoceal at the endometrial end of the trophoblast) starts out with 2 cell layers (distinct layers!)
· They are called the epiblast and the hypoblast
· Check the "Early Mammalian Development" section (also Figure 11.26) from the Developmental Biology text
· The epiblast is towards the outer seal
· After 2 weeks, the primitive streak forms in the epiblast
· And then the cells invaginate and form a 3rd layer
· i.e. on the surface of the epiblast, a line forms and the cell goes down into itself and forms a 3rd layer
· This is called gastrulation because it is the beginning of the gastro-intestinal tract
· Also the beginning of the formation of the notochord
· Now we have the 3 layers:
· Outer - ectoderm
· Inner - endoderm
· Middle - mesoderm
· In the 4th week, the middle of the ectoderm thickens
· Now we have the neural plate!
· The lateral edges of the plate thicken more so that they rise and come towards each other
· And this is how neural folds are formed
· The folds meet at midline and form the neural tube!
· There are open ends in this tube
· Anterior/posterior neuropores
· And they should close! 
· The anterior around Day 25
· The posterior around Day 27
· And this becomes your CNS!
· The posterior end becomes your spinal cord
· The anterior end becomes the brain!
· Neural Tube Defects (NTD)
· Failure of neural tube closure!
· Usually spinal
· Before the mid 1980's, the incident rate was about 1 in 1000
· But it was higher in the UK!
· There is variable severity!
· NTD covers a range of different kinds of problems
· Mild case: pigmented/hairy skin at the base of spine (there is an opening still at the bottom of the spine)
· And the results could be perfectly healthy…or weakness/pain in the lower body
· Moderate case: spina bifida
· Here there DFEINITELY is an opening at the base of the spine
· And the lower vertebrae are opened to the environment!
· It's not clear what the reason for this problem is!
· Maybe it's that the opening allows amniotic fluid to come in, which prevents the cells from differentiating properly!
· This can result in various degrees of paraplegia
· The organs affected include legs, bowel, bladder (things which are innervated by the lower part of the spinal cord)
· We get hydrocephalus too! (fluid build-up in the brain)
· And this can lead to various levels of mental retardation…
· Severe: anencephaly
· Results in no brain!
· Treatment:
· The opening can usually be closed by surgery!
· But the issue is what kind of recovery you get by the surrounding nervous system?
· For the hydrocephalus cases you can do brain shunts to relieve the pressure!
· Prevention
· Maternal folate deficiency is associated with the risk of maternal tube defects!
· Folate is a natural form of folic acid (i.e. the form it is usually found in…)
· Folic acid is a B vitamin!
· In order to make the folate we need the following things to synthesize:
· Purine, pyrimidine, nucleoproteins, methylation reactions, etc.
· So basically we are low on something which is necessary for cell division!
· i.e. the cell division is impaired so much that the hole cannot close!
· Some people are deficient, some have genetic defects in folate metabolization
· There are 3 approaches for handling this!
· Dietary modification
· The average woman consumes 200 ug/day of folic acid
· But we should consume 3 times that for maximum safety against neural tube defects!
· But is this feasible?  Probably not!
· Vitamin supplementation
· Who should?  All women 18-24?
· You have to take it all the time because by the time you find out you're pregnant, that will be too late!
· All women planning pregnancy?
· Food fortification
· Add folate to flour, other cereal grain products
· So what's the outcome?
· Steady decline in incidence the past 20 years
· Caution
· The role in cancer risk is unclear - because remember that folic acid is encouraging more cell division!
 

Teratogens

· These things are environmental factors which affect prenatal development
· They alter the developing fetus!
· The early stages being the most critical…
· For most tissues and organs, the first 60 days…
· Effects depend on…
· Toxicity
· Level of exposure (is there a threshold dose below which you wouldn't expect to see problems?)
· Timing of exposure (does it come during a critical period?)
 

 

 

 

 

 

 

January 25

Tuesday, January 25, 2005

8:45 AM

 

· Hopefully after Thursday, the midterm material will be done
 

Teratogens

· Biological teratogens
· So these things are not man-made agents!
· We're going to talk about viruses…
· There are 3 main teratogenic viruses:
· Rubella
· This virus causes German measles (appear to be measles and were discovered in Germany)
· But they are different forms of measles!
· Most of us are at risk of getting acquired rubella (getting it through respiratory means)
· This happens in both adults and children
· You get it just like a cold (respiratory illness)
· It's asymptomatic/subclinical for up to 50% of cases
· That is, you don't actually feel anything
· The incubation period is 2-3 weeks - so that means that you might not show symptoms for 2-3 weeks after you get infected
· The main systems are a rash, fever, upper respiratory symptoms
· But we are interested in congenital rubella syndrome (CRS)
· This is when a pregnant woman transmits the virus to the embryo or the fetus
· So it passes by the placenta - not a good barrier for this!
· It is cytotoxic - this is how it kills already-existing cells
· It also does mitotic arrest (prevent new cells from developing)
· If the mother is infected, there is a 25% risk of birth defects
· The greatest risk is in the first 4 weeks!  (When a great deal of critical cell division is taking place)
· After this, the risk declines…
· There are still some effects up to 20 weeks, but it gets increasingly rare…
· Effects:
· Deafness (most common) - destroys organs in the ear
· Common especially after 16 weeks!
· Note that we only say this is common because it is the most prevalent among those who haven't been KILLED by the virus!  So it's technically not true to say it is the most common...
· Visual problems are also common!
· Microcephaly, mental retardation
· Some are normal at birth but are at risk for an early onset of diabetes!
· Rubella used to the be the most common cause of CRS and heart defects
· Before 1970's, it is the leading cause of congenital heart defects
· Heart would be the most common congenital defect
· Although some people think it could be the CNS, but it's hard to detect this!
· Ductus arteriosus
· This is the incomplete separation between the aorta and the pulmonary artery
· Although sometimes it closes at birth!
· The pulmonary system isn't even used before birth because the baby doesn't technically breathe…
· Atrial septal defects
· So here we have incomplete separation between the right and left atria
· And this is the most common!
· Ventricular septal defects
· Between the ventricles!
· Pulmonary artery stenosis
· It means that the pulmonary valve (which controls the blood flow) is underdeveloped - not efficient…
· Development of the heart:
· There is good stuff for this in the Developmental Biology book!
· The heart is the first functioning organ in the embryo
· On day 15, we have angiogenetic cell clusters in the splanchnic mesoderm
· And these are found anterior/lateral to the neural plate
· They combine to form bilateral heart tubes
· And then when the neural tube closes and there is formation of the brain vesicles, the 2 heart tubes join at the midline
· The tube folds up on itself so that what was on the bottom is now on the top…So the atria go on top of the ventricles like it's supposed to be
· After 4-5 weeks, we get septal formation - walls between atria, atria/ventricles, ventricles
· First we get the atrial division (aka atrial septal formation)
· The formation of the ventricular septa
· The aortic/pulmonary septa
· And then the atrialventricular wall…
· This is the most vulnerable period!
· You need to get the cells to close, and close quickly!
· If they don’t seize this chance, there could be trouble
· The last major rubella epidemic was 1964-65
· There were 12.5 million cases of (acquired) infection!
· And 20,000 birth defects resulted…
· Estimated $20,000 per case in medical costs on average…
· Rubella vaccine was discovered in 1969!
· The problem is that we don't know how effective the vaccine is because it's so new!
· It's called MMR (for mumps, measles, and rubella)
· It's administered in 2 doses
· The first after the child is 1 year old
· The 2nd one is after the child is 4 years old
· But new guidelines were issued after January 1, 2005
· And they say to put the 2nd dose after 18 months…
· In 1974, there were 10 CRS-related birth defects
· But there are complications in the vaccination:
· We should immunize the child but not the pregnant mother (she could have a bad reaction)
· And the risk is unclear…
· New epidemics - 1990's
· Sometimes people resist vaccination!  I.e. Amish communities which do not believe in vaccination
· Also we are at risk from immigrant populations which are not vaccinated
· Today, 20% of child-bearing aged women are not immune to rubella
· Human cytomegalovirus (most common)
· Herpes simplex (both I and II)
· This can cause defects in birth if the infection happens during pregnancy
 

Chemical Teratogens

· So these things are made by humans!
· Thalidomide
· It was a tranquilizer and anti-nausea drug
· First made in 1956 in West Germany
· Often prescribed for morning sickness!
· Never approved "for sale" in Canada/U.S.
· Although drug companies could send out free samples to doctors and let them give it out as they wished…
· But the outcome is that it leads to deformity of limbs!
· Limb development:
· At 4 weeks of age, limb buds being to develop
· And these things consist of ectoderm over mesenchyme (these cells are mesodermal) - cells destined to become cartilage
· The ectoderm at the end of the limb is thicker - it's called the apical ectodermal ridge
· And they induce underlying mesenchyme to differentiate and grow
· At 6 weeks, we start forming flat plates at the end which will become the feet and the hands
· And thalidomide stops limbs from growing
· They inhibit expression of IGF-1, FGF-2
· And if these things aren't expressed, angiogenesis can be prevented!
· And this serves to starve the growing limb
· Effects:
· Amelia
· This is when the limbs are absent
· Exposure on Day 21 and Day 27
· Phocomelia
· We get a reduction in the arms and legs (seal-flipper limbs)
· And here we have exposure later (day 27-35)
· May also cause mental retardation in children
· Retinoic acid
· Accutane contains isoretinoin which contains (?) vitamin A
· If you take 6-8 times the recommended dose of RDA, you will get a syndrome
· Carniofacial, CNS, cardiac effects
· So here we have the neural crest cells being impeded very early in development!
· Alcohol
· It is a major cause of mental retardation!
 

Physical Teratogens

· e.g. radiation
· We know that some things for sure can have teratogenic effects, i.e. x-rays
· So in hospitals you have to make sure you're below threshold when you do x-rays!
· But for other things, it is harder to estimate risk
· VDT (video display terminal)
· Microwaves
 

Congenital Birth Defects

· So this means a defect due to an alteration of genetic material
· So we looked at hospitalized children in Montreal
· Causes:
· 0.4% chromosomal abnormalities
· 6.8% because of a single gene disease
· So this is a single outcome: present or absent
· Single factor: gene defect
· And 22.3% was gene-influenced developmental disorders
· So that means that the nature of the genetic influence was not well-established
· For example, we have neural tube defects
· Which could be related to folic acid metabolism
· Like the C677T variant of the MTHFR gene (methylene-tetrahydrofolate reductase)
· This gene is involved in folate metabolism
· Homozygotes (both alleles the same) for this variant have increased homocysteine levels if they have low folic acid
· That is, they are more sensitive to homocysteine
· And it's believe to be a marker for neural tube defect susceptibility
· In 1995 they said there was a 3x increased risk for NTD if we are HMZ (homozygous)
· But in 1998 there was a large study that said there was NO difference…
 

Pre-natal Screening

Introduction

· We want to sample/analyze fetal fluids and tissues for certain kinds of problems
· We look for birth defects
· Chromosomal abnormalities (aneuploidies)
· Mutated genes
· So if we diagnose these problems…then what?
· You could continue the pregnancy and just take precautions at birth (phenylketonuria)
· Terminate the pregnancy - therapeutic abortion (Tay-Sachs disease)
· Fetal therapy (e.g. spina bifida)
· So surgeons go in before birth and go to close off the neural tube
 

Maternal Blood Tests

· Example: alpha fetoprotein (AFP) - we don't touch the fetus at all!
· This is a protein synthesized by the fetal liver
· And the amount increases throughout pregnancy!
· If this level is elevated, it could be a fetal abnormality
· The best readings are between 15-20 weeks
· Mass screening for AFP is a possibility
· Simple, inexpensive, no risk to the fetus
· But there is a high false-detection rate!  (esp. for twins (because of course they'll have more AFP), or misdated pregnancy (the farther along, the more afp you'll have)
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Maternal Blood Tests

· Example: alpha fetoprotein (AFP)
· The idea is that this protein is found inside the fetus and so if it is existing in high concentrations outside the fetus in the maternal blood supply then there is a problem with the integrity of the fetus and the protein is leaking out into the system
· But we don't even really know what the protein is for!
· Mass screening for AFP
· Simple, inexpensive, no risk to fetus
· High false-detection rate (especially for twins or misdated pregnancy)
· So we retest with ultrasound/amniocentesis
· So we confirm the pregnancy stage
· There are high public health costs with this!  Women get distressed, doctors have to spend time comforting them, etc.
· But the problem is that most women don't make their first prenatal medical visit until after 20 weeks
· But at this point, AFP is no longer reliable as an indicator - it fluctuates too much
 

Ultrasonography

· This is a word for a procedure which uses ultrasound
· So we are taking sound-wave pictures of the fetus in the womb
· Ultrasound focuses the sound very highly - it is very precise so when it echoes back it's like radar…
· It's non-invasive (just rub over the abdomen), safe if it's at low levels, and for brief periods
· If we use it for longer, there is no data on what the results of it are (so we just make it brief to be safe)
· This is actually not routinely used!  It's offered only if there is a particular reason why you need to see the fetus…
· So for example in the earlier stages, you can use it to determine whether it is a twin pregnancy
· Then at later stages, you can see visual defects!  (i.e. spina bifida - lack of closure of the neural tube)
· Health Canada guidelines:
· Ultrasound should not be used for keepsake pics/videos
· Sex determination
· They want to remove this so that people do not want to do therapeutic abortions depending on what the baby is
· Commercial purposes
· Here they use ultrasound for longer periods of time
· And it's not medical ultrasound so the energy level is not regulated!
 

Amniocentesis

· This means getting the (cells from the) amniotic fluid
· So this includes from the skin, lung, intestinal cells
· Used with the ultrasound to locate the fetus and placenta
· We must have 20 mL or more of amniotic fluid!
· So we need to grow the fetal cells in a culture medium
· What kind of tests do you then do?
· Biochemical
· Look for enzyme elevations (neural tube defects, for example)
· Map out the chromosomes via karyotype
· So here we would look for evidence of Down's Syndrome
· Also do sex determination for the purposes of sex-related genetic diseases
· Genetic tests
· Tay-Sachs disease, etc.
· Then they can give the mother special hormones during pregnancy, etc…
· But this is only used for high-risk pregnancies because…
· It is invasive!  You're putting a needle into the amniotic sac, and so on…
· Problems
· During 12-15 weeks, there is a 1-2% fetal loss rate (by accidentally messing something up)
· After the 15th week, 0.5-1% because everything gets bigger and it's easier to find what we're looking for and accidents won't happen
· It takes from 2-3 weeks to incubate the cells in the amniotic fluid (it is very dilute, by the way)
· But then if we wait until after this to abort, then it might be too late…
· The risks:
· To the fetus, the risk is moderate
· But it is relatively high for women - morbidity happens (hemorrhaging in the placenta, etc.)
· And for sure there is a risk in the 2nd trimester abortion
 

Chorionic Villus Sampling

· It is a biopsy of the chorionic membranes the fetus produces that form the placenta
· So a biopsy involves taking cells out and looking at them
· Usually done between the 8-12th week
· The chorionic villus is…
· Composed of early fetal membranes (trophoblast)
· Advantages:
· You get the cells directly!  (unlike just getting fluid…)
· So you need less time for incubation as well!
· Problems:
· It's technically difficult!
· It's transcervical - the needle is brought through the cervix…
· Or transabdominal - put through the abdomen
· And there is 0.5% - 1.5% fetal loss rate…
 

-------------------------

 

Pregnancy and Maternal Health

Complications of Pregnancy

· Ectopic pregnancy
· 1% incidence (but it's increasing!)
· This is when the egg implants somewhere beside the endometrium!
· It usually goes into the fallopian tube (tubal ectopic pregnancy)
· i.e. It doesn't go far enough...
· Other sites (which are very rare):
· Abdomen, ovaries, cervix…
· And surgery is necessary!
· Or else it will be fatal!  A fetus is big and it can't be in the wrong part of the body!
· Spontaneous abortion
· This is a miscarriage!
· 30-50% of conceptions lead to spontaneous abortions, and 15% of known pregnancies…
· And up to 90% of abortions are grossly abnormal fetuses anyway…
· Gestational diabetes
· This occurs in 3-6% of pregnancies
· So here we have a decreased carbohydrate tolerance
· This increases through pregnancy - we see it getting worse and worse and it decliens after birth
· There is insulin resistance and decreased insulin release
· And it is believed that this isn't specific to pregnancy - it's believed that it is a marker for a preclinical type II diabetes
· That is, the women are going to be diabetics anyways and the pregnancy brings on the symptoms more quickly
· So there's an increased risk for the mother…
· But as for the fetus…
· We know that the fetus is at increased risk for respiratory distress syndrome…
· 2003 study: The effects of fetal malformations are inconsistent…
· Pre-eclampsia/eclampsia (toxemia of pregnancy)
· So this just means increased blood pressure and hypertension associated with pregnancy
· Pre-eclampsia comes after 20 weeks…
· Because this is when the fetus is larger and putting more stress on the mother
· 5% of all pregnancies…
· If it's untreated, it becomes…(treatment is hazardous because you can't give meds if the mother is pregnant)
· It becomes eclampsia
· Eclampsia is a serious disease
· Convulsions, coma, renal failure
· Impaired kidney function is a giveaway for pre-eclampsia
· It is fatal to 50% of the fetuses and 13% of the mothers…
· The risk factors are…
· Pre-existing high blood pressure
· Abruptio Placentae
· Happens in 2% of all pregnancies…
· There has been a separation of the placenta from the uterine wall (usually in the 3rd trimester)
· Although this is the only time when the fetus would have a chance of surviving while separated…So if it happened earlier the fetus would have died and it would be counted as a spontaneous abortion
· It can be a partial or complete separation
· Range of symptoms:
· Mild: just rest in bed…
· Severe: can cause hemorrhaging, premature delivery, etc.
· Placenta Previa
· This is when there is implantation (of the conceptus) near the cervix
· Under 1% of pregnancy
· Range of symptoms:
· Severe: placenta covers the cervix and this is the birth canal!
· So we must do a Caesarean delivery
· Rh Incompatibility
· Also called erythroblastosis fetalis (hemolytic anemia)
· So the fetus is cranking out erythroblasts that aren't fully formed yet
· Hemolytic - lysing of blood cells (red blood cells)
· And this is why so many erythroblasts need to be made!
· Rh is a blood group antigens (a way of typing blood)
· The Rh group you are in determines whether you produce a certain antigen on your blood cells
· And Rh negative is genetically recessive to Rh positive
· 85% of Caucasians are Rh positive! (higher in other groups…)
· Caucasians - 7-8% of mating will have a Rh- mother and an Rh+ father
· There is a 4% risk of affected pregnancy by affected parents!
· So if we have an Rh- mother impregnated by a Rh+ father
· The fetus is Rh+
· These Rh+ cells are only found in the fetal blood
· The fetal RBC's reach the mother mainly at parturition
· The mother's immune system detects this as a foreign agent and produces antibodies
· But the 1st pregnancy will be unaffected…
· Few antibodies will be formed during pregnancies
· And most will be after birth
· For subsequent pregnancies, now the mother has antibodies which can destroy the fetal red blood cells!
· And so the fetus' liver starts producing bilirubin
· And before birth, the bilirubin will be cleared by the placenta
· After birth, the baby has to try to clear the bilirubin
· Because the mother can't anymore!
· And it accumulates in the baby's brain…
· Before 1969, there were 20,000 cases per year
· Today it is treatable!
· RhoGam - an Rh antiserum
· It destroys the fetal RBC as soon as they cross the placenta
· This prevents the mother from reacting to them and producing anti-bodies
· But you play it safe by administering at 28 weeks and after birth
· You put the antiserum in so that as soon as the RBC's get into the mother's system it is destroyed!  So the mother never produces antibodies…
· So that means that you have to catch it the first time!
· If the mother is already producing antibodies, it's too late - it won't reverse the process
 

Complications of Birth

· Episiotomy
· This is an incision of perineal tissue
· And this prevents tearing!
· If the baby's head is very big, they'll make an incision to let it come out instead of letting it come out with tearing…
· Breech presentation
· This is when the head doesn't come out first
· There is a 4x mortality rate
· Caesarean section
· This is the surgical removal of the baby
· It's usually done if it was done for prior deliveries
· No longer recommended…
· In 1985, there were only 9.1 vaginal births for every 100 previous Caesareans
· In 1993, it was 33.4:100
· Factors influencing CS deliveries (note that they aren't health related!):
· MD practices, hospital policy, hospital resources, patient education, patient demands
· i.e. If the hospital is understaffed then they can do a C-section to speed things up…
· Canada:
· Our CS rates are amongst the highest in the world
· Similar to the US
· But above the UK, Norway, Sweden…
 

--------------------------------------------------------------------------

THIS IS THE END OF MATERIAL FOR THE FIRST MIDTERM!

· We just need to know what's in the lectures
· Although we should be able to know the pictures on the websites...
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Growth

Why Assess Growth?

· Most of us don't think of growth as health - we don't have a medical specialty for "growth"
· But growth is a good index of overall well-being!
· Growth is energy intensive and requires a lot of resources, so if you're not well -- your resources are lowered and it impacts on health
· It tells us about the individual's deviation from the normal pattern (disease, diet)
· We use these things because they're easy and non-invasive to use!
· It's easy to see if someone is growing at the proper rate
· If they are, then probably we won't find anything serious
· But if not, then yeah…
· Most common anthropometric measures (infancy):
· Weight
· Length
· Head circumference
 

How is growth assessed?

· Weight for age
· This is an indicator for over/under/mal nutrition
· But you only can measure a child's weight w.r.t. a reference population - there are no absolute numbers he should be at
· So you'll have a range!
· The normal range is (mean + 2 standard deviations)
· Pitfalls of this method:
· No accounting for height differences!
· So, a low weight could be appropriate (if the baby is short…as opposed to being of a low weight due to malnutrition)
· But high weight could also be appropriate if the baby is tall, not obese
· So we've taken a single measure and given it a ranking relative to the population
· There's a better way to do this though…
· Use serial measures to look at growth over time!
· If a baby looks a little light on one visit, you don't worry but you wait a while and see how they are in a few months
· Length/height for age
· For infants under 24 months, it is recumbent length - you lay the baby down and measure its length
· But after 24 months, you measure stature - how tall they are standing up
· This indicator gives us more an idea of long-term nutritional status
· And this is called stunting - a serious problem (a chronic problem, too)
· The distribution of heights within a population is usually narrower than for weight
· This is a more sensitive measure than weight for long-term issues
· Pitfalls:
· It's hard to measure height accurately in a child!
· Weight for length/height
· Assess height percentile for age, using growth charts
· Then take their current weight as a fraction of weight for their age at the same percentile as height
· This is a sensitive index of CURRENT nutritional status
· And it's also less variable due to age and ethnicity!
· Unlike height, which varies according to ethnic groups, for example
· Also there is BMI = wt (kg) / ht (m)2
· And we have NCHS (National Center for Health Statistics) charts which tell us what the BMI values should be for various ages
· There are separate ones for boys and girls!
· Head circumference (first 2 years)
· Not usually something which will be used!
· It's an important screening measure for microcephaly and macrocephaly (usually non-nutritional abnormalities)
· Generally there is a high correlation with length growth
· And you measure the largest circumference - longest path around the head
 

Growth Charts

· Introduction
· They show a normal growth pattern of a healthy population
· So you're interested in percentiles!
· They should be symmetrical above and below the median (50th percentile)
· Most children will lie between the 3 and 97 percentiles
· Used for:
· Public health screening
· Secular trends
· Growth of individual
· Growth trend over time (e.g. in response to disease/treatment)
· Data for growth curves
· 3 major sets:
· Tanner and Whitehouse
· NCHS
· WHO
· Kinds of data:
· Cross-sectional data
· Measure a lot of individuals once each
· NHANES (National Health and Nutrition Examination Survey) I, II (1963-5)
· III (1966-70)
· Survey cycle (1971-4)
· ~1000 children per age (in the US)
· And because these children are somewhat normal, we should see normal variation!
· Longitudinal data
· Measure and follow children until adulthood
· Tanner and Whitehouse in 1966
· Based on approximately 2200 London schoolchildren
· This seems like a lot better data, but there is a reason why this kind of data isn't always used!  It's because this is very expensive and time-consuming!
· However it is a more accurate reflection of growth over time
· Growth velocity curves
· This assesses rates of growth!  Not just weights and lengths at certain ages
· We can look at weight velocity (how many kg per year)
· Or height velocity (how many cm per year?)
· And of course this is usually derived from longitudinal data…
· And it's most accurate over 6 months to 1 year…i.e. you measure the velocity for every 6 months
· Again you need repeat measurements and so they are expensive!
· But this is the most sensitive in detecting problems
· Problems with growth curves
· Representativeness of the reference population
· Are you looking at a chart which fits YOUR population?
· For example, NCHS 1977 charts for under 3 years had data:
· From between 1929-75 (n=867)
· White
· Middle class
· Mostly formula-fed
· Early introduction of solid foods
· In the first 3 months, the breast-fed babies are heavier
· But after 6 months, they tend to be lighter than formula-fed infants
· New NCHS charts revised November 2000
· NHANES 1963-4
· New WHO charts
· Based on international data for children from 0 to 5
· And their data is predominantly based on breast-fed infants!
· Discontinuous growth
· The curves are smooth so it looks like growth is always taking place…But that's not true!
· Individual growth is discontinuous!
· For example, there was a 1992 study…
· In the first 21 months, growth was only taking place 5% of the time!
· Usually just within a 24 hour period…
· And then periods of stasis!  (up to 2 months!)
· So, we must assess growth over time!
· Variation during pubertal growth spurt
· There's a great deal of variability in the onset of puberty!  Also during puberty, there is such an increased rate of growth that you have a lot of variation!
· In clinical settings, they use the Tanner staging used…
· It is used to assess pubertal development!
· Other notes…
· If you look at a growth chart and the child is at a low percentile, you don't make a decision right away - you have to look at where they are at for different times!
· We have to be able to use growth charts on the exam!
· http://www.cdc.gov/nchs/about/major/nhanes/growthcharts/charts.htm
 

Post-Natal Growth and Development

Nature of Growth

· Multiplicative growth
· You are getting an increased cell number!
· This kind of growth predominates in early life!
· There are 2 types:
· Interstitial: new cells throughout the structure
· If you did a study where you take an organ and mark 2 cells within the structure, after interstitial growth the 2 cells would be farther apart because there is growth going on inside the cell
· Appositional: new cells added onto the old (growth is occurring outside of the original structure)
· Same experiment as above - the cells would be the same distance from each other because the structure is not growing from within, but it is growing starting from its boundaries…
· Auxetic growth
· An increase in cell size
· Increase with maturation
· Accretionary growth
· Rather than the cells growing, there is increased intercellular structural material (this is all occurring outside the cell!)
· Collagen - just exists as fibers outside the cellular structure
· Increases with maturation
 

Phases of Growth

· 4 stages:
· Early embryo - cell division with little differentiation
· So we have a lot of stem cells dividing into more stem cells!
· Embryo to maturity
· Functional activity combined with growth
· Required balance
· Stem cells divide:
· Some must remain as stem cells
· And some must differentiate
· Adulthood (until ~60)
· Mainly functional activity
· Some stem cells still there, to replace cells which are lost
· Epithelial cells for example
· Some functioning cells become new functioning cells
· Liver, kidney, glands
· So you can still have dividing cells which are not stem cells!
· This is important after injury, normal wear and tear, etc.
· Late adulthood
· At this point, the replacement of cells cannot make up for the loss of cells
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Growth and Development of Tissues and Systems

· They don't all grow in the same way!
· One way it grows is by the addition of tissue to a developed organ
· For example skin…And some aspects of reproductive organs!
· Elaboration of existing cells - they already exist and have some function, but they acquire more functionality!
· Nervous system!
· Neurons are formed pre-natally, so by the time you are born they have all divided and differentiated
· But there is still subsequent growth to the nervous system…the cells themselves are developing
· Some of this is due to the increase in number of supporting cells (glial cells)
· Elaboration of existing cells
· Intercellular connections are the main way in which is elaboration occurs!
· Neurons only function by communicating with other cells, so they're always making new connections!
· Axons, dendrites, etc.
· There is both proliferation AND pruning of new connections
· Also there is myelination - interaction between neurons and other cells
· For example, Schwann cells in the PNS (long axons)
· Oligodendroglia in the CNS (shorter axons)
· The final neuronal mass can be 200,000 times greater than the mass of the original differentiated neuron!
· And the processes which come out of the cells can be 1000 times bigger than the whole cell body! (because of the axons, dendrites, etc.)
· Via the removal or atrophy of cells (you end with more cells than you started with)
· Nervous system
· Thymus gland
· There is a regression of lymph tissue by maturity
· And it gets replaced by fats
· Substitution of materials
· Like putting bone in the place of cartilage!
· Pre-natally, cartilage cells divide!
· At first, the cartilage has both interstitial and apositional growth
· And the cells from an extracellular matrix
· But as the bone develops, there is less interstitial growth (the matrix prevents it) but more apositional growth
 

Growth & Development of Tissues & Systems

General Principles

i/    tissues and systems do not grow in same way

—    at least 4 main ways

1)    addition of material to previously developed organ

—    i.e., skin, some aspects of reproductive organs

2)    elaboration of existing cells

—    i.e., nervous system

—    neurons are formed prenatally

—    all subsequent growth is tnehrough:

i.    addition of supporting cells (such as glial cells)

ii.    elaboration of existing cells

—    formation of intercellular connections

—    includes axons & dendrites

—    includes both the proliferation & the pruning of these connections

—    myelination

—    occurs as an interactive process between the neurons & the glial cells:

1)    Schwann cells in PNS

2)    oligodendroglia in CNS

—    the final neuronal mass can be up to 200,000X the original mass

—    cellular processes can comprise up to 1000X the mass of cell body

3)    removal or atrophy of cells

—    nervous system

—    the final number of neurons postnatally is less than the original number developing prenatally

—    thymus gland

—    after puberty, there is regression of lymph tissue

—    lymph tissue is embedded into, and replaced by, fat

4)    substitution of materials

—    example: substitution of cartilage by bone

i/    prenatal period

—    cartilage cells divide as template of future bone

—    at first, growth is both interstitial & apositional

—    cartilage cells form an extracellular matrix

—    as cartilage develops, there is less and less interstitial growth

ii/    2-3 months gestation

—    bone growth begins

—    starts as primary centre of ossification

—    cartilage cells hypertrophy

—    blood vessels and osteoblasts begin to form

—    osteoblasts deposit calcium & phosphorus salts to surrounding collagen fibres

—    some osteoblasts become osteocytes (which form actual bone)

—    at the same time, osteoclasts are formed and transported in blood vessels into the bone

—    these cells remove ossified material

—    create marrow cavity

—    therefore, there is both enlargement & shaping of ossified areas taking place

iii/    childhood -adolescence

—    there is also a secondary centre of ossification in some bones

—    in long bones, these occur simultaneously in the end of the bone (the epiphysis)

—    cartilage grows from centre of the bone

—    the bone lengthens

—    ossification of the bone expands

—    ossification occurs at a faster rate than cartilage extension, and eventually overcomes cartilage

—    when this happens, the epiphysis ossifies & fuses with the main body of the bone, and growth is completed

—    generally occurs by:

16-18 y. in females

18-21 y in males

ii/    tissues and systems do not grow at same rate

1)    lymphoid tissues: thymus, tonsils, lymph nodes

—    peak size attained at 12 - 13y, then begins to decline

2)    neural tissues: CNS, sensory organs

—    by age 5y, the CNS is 90% of adult size

3)    reproductive tissues

—    increased growth at puberty (stimulated by sex hormones)

Indices of Maturity in Childhood

i/    chronological age

—    crudest indicator

ii/    height and weight

—    must be assessed longitudinally

iii/    bone age

—    synonyms: skeletal, anatomical, radiological age

—    Ca accumulation during ossification renders the bone radio-opaque

—    degree of ossification a reasonably good indicator of developmental stage

—    usually carried out on the wrist or hand

iv/    dental age

—    based on:

1.    calcification of teeth (although this means is rarely used)

2.    eruption of teeth (more common means)

—    less accurate than bone age

—    3 stages

from 6mo - 2y: deciduous dentition (baby teeth)

from 6 - 13y: permanent dentition 

after 13 - 14y incr. calcification of teeth on X-ray

v/    sexual age

—    e.g. Tanner stages

—    based on the growth of the secondary sex characteristics

Stage 1:    Prepubescent stage

Stage 2:    first time that second stage is visible, as determined by

—    boys: enlargement of the penis and testes

—    girls: intial elevation of the breasts 

—    both: pubic hair begins

Stage 3-4:    further maturation

Stage 5:    adult stage

—    rapid, non-invasive staging

vi/    mental age

—    based on the maturation of the CNS

—    dependent on intrinsic & environmental factors, (e.g. nutrition)

—    intrinsic could also include the prenatal environment

—    standardized tests:

1)    developmental quotient (DQ)

—    originally used to separate normal from "problem" babies

—    because of the baby’s inability to speak or read, these tests must assess non-verbal abilities

—    after determining the individual test scores, then must standardize overall score for age group

—    gives a developmental quotient DQ (score of 100 "normal")

2)    Bayley Scales

—    originally, only used for 1st year

—    1993: Bayley II: updated norms (for up to 48 mos)

—    Bayley Scales assess more categories than the standard DQ test

—    provides a motor scale, mental scale, & behaviour profile

—    the score can still be converted to a DQ

—    if a child is more physically advanced, relative to other children its age, the score will increase

vii/    Motor Development

—    measured mainly in infants & toddlers

—    reflects maturation of neurons in CNS & PNS

—    order of development is predictable and consistent

—    age of beginning of each stage differs among individuals

—    duration of stages also differs

—    skills (e.g. walking) improve with practice

—    some environmental conditions favourable for motor development:

—    opportunity to practice skills

—    opportunities for safe exploration of environment & objects

—    caregiver support (play, physical interaction, etc.)

—    motor development in infants

—    follows cephalocaudal pattern

—    control of head, then arms, then upper trunk, then legs

—    CNS changes during development lead to changes in neuromuscular control:

a)    myelination of nerves

—    relatively low at birth, increases conduction speed and control of nerve impulses

—    increases associated with improvements in touch, vision, audition

b)    linkage between the cerebral cortex & the brainstem

—    increase in number of fibers and branching of neurons

—    form more/more efficient connections

—    links the brain with the peripheral nerves more effectyively

1)    Gross motor skills

—    sequence to walking

~ age    activity

1 mo.    chin up

2    chest up

4-6    sit with support

8-9    stand with help

10    crawl (variable)

13    climb stairs

14    stand alone

15    walk alone

—    girls usually earlier

2)    Fine motor control

—    in humans, occurs mainly in the forelimbs

—    develops from central to peripheral direction

—     from control of wrist action to control of fingers

—    e.g. at 1y of age, a child can pick up small objects with the tip of thumb and forefinger (pincer grasp)

—    can begin to feed self with spoon

viii/    Control of elimination 

—    (occurs between 2 - 4 y)

—    child learns to recognize signals from the bladder & bowel associated with need to eliminate

—    once begun, the process usually takes 5 - 10 mo.

—    involves psychological factors (motivation, fear, desire to please, desire to be independent, etc.)

—    50 y ago, children were toilet trained earlier (and today, they are toilet trained earlier in some less developed nations
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Factors Determining Growth and Development in Childhood

 

· It's an integrated function!
· Means that there is a complex interplay between genetic and environmental factors
· So today we'll talk about a number of different factors…
· They're equally important…so when one goes wrong, then that one is the most important!
· They are not in any particular order...
 

Hormones

· There are a number of hormones responsible for growth
· They include growth hormone itself (GH) and insulin-like growth factors (IGF's)
· Also thyroid hormones
· And steroid hormones!
· We skip what we know to be obvious effects of hormones because they don't affect GROWTH much…more just adult stuff
· Growth hormone (somatotropin)
· This is from the anterior pituitary
· It is different from the other anterior pituitary hormones!  
· Because…it doesn't have a specific target to work on!
· Unlike gonadotropins - the work on the gonads
· Thyroid hormones go to the thyroid gland…
· But GH is a general hormone!  And this is a unique feature of it!
· And its release is regulated by the hypothalamus (same as other AP hormones)
· GH releasing hormone ("releasing hormone" usually means its from the hypothalamus)
· This thing stimulates the GH release from the AP
· Another releasing factor of the HT is somatostatin - and this INHIBITS GH release!
· The GH release is pulsatile (released throughout the day in pulses)
· The pulses are stronger in puberty, and lower in adults…
· And the amount released is greater at night!
· Usually in the first quarter of our sleep
· (they say that babies grown when they sleep)
· And the trigger for this increase is low blood sugar levels which the GRRH responds to
· Mechanisms of action (effects of GH)
· Direct
· Reduces carbohydrate uptake/utilitization by tissues (so it is conserving)
· Increases the mobilization of lipids from adipose tissue (lipids are a good source of energy, they are very caloric and dense…we usually try to conserve it!)
· But GH releases it for growth!
· Now, GH acts as something that stimulates diabetes (diabetogenic)!  Because it reduces carb availability to tissues, increases fat…
· All this stuff is important after grwoth!
· We maintain our normal body composition and metabolism
· Indirect
· The indirect effect occurs through somatomedins
· "Medins" MEDIATE the effect of somatotropin…whereas somatostatin deal with the STASIS (steady state) of blah
· Insulin-like growth factors I and II are released by the liver by the stimulation of the somatotropins
· And they increase protein synthesis
· Increase cartilage cell proliferation
· These things are the precursor for bones…
· If they don't get produced properly, you get stunted growth!
· But if the CC's proliferate more then you get longer bone…
· GH disorders…they can fail to function properly in many ways!
· Excess of substance
· If this happens pre-puberty, then the disorder is called gigantism
· Leads to increased bone growth throughout the body
· So they are big but not disproportionate!
· There's a continuum…it's hard to know whether someone is naturally tall or big because of a disorder
· If this happens post-puberty…
· The disorder is called acromegaly
· Excess growth again!
· Cartilage in your nose, hands, feet, ridges of eyebrow, chin, and tongue proliferate so they become very large!
· The heart, lungs, and stomach also grow much larger than they are supposed to!
· Metabolic effects:
· Increased blood sugar and insulin…which results in a high risk of type 2 diabetes!
· Increase muscle causes narrowing of arteries which leads to heart disease…
· GH deficiency
· So here we get lowered GH, IGF-1, IGF-2
· These are people with short stature!
· They have increased fat deposition because the fat is not being mobilized!
· Now..the treatment for EXCESS GH is to inhibit its release from the pituitary…but GH deficiency is easier to treat - replace the GH so the person has more!
· Just extract human GH from pituitary glands…
· We can't use other species' GH!  It has to be from other humans…
· But there is risk…cases of CJD…
· There's always an illicit market for GH!  Bodybuildesr use it…
· In 1985, Genentech produces recombinant GH - synthetic growht hormone (chemically the same but produced differently)
· Also we get artifical GH-RH
· But once we have a treatment…people always want to use it!  So when do we use it!??!  Now that we have so much...
· Usually we use it on children diagnosed on being GH-deficient…
· There were 14000 GHD cases in the US at the time…at $20,000 a year or 280 million dollars
· Lowest 3rd percentile chidlren = 1.7 million (US) = $1.8 billion/year
· i.e. They measured children and the shortest ones in the lowest 3rd percentile they said that they should get some GH treatment…
· This is bad because it's possible that the shortest children were not short because of GHD!
· There was a debate about this because they didn't know what would happen!
· It could accelerate puberty onset!
· At this point your bones fuse and you stop growing - so chidlren with accelerated puberty have shorter stature and their bones stop growing!
· There are also side effects:
· Acute pancreatitis, intracranial hypertension
· May increase the risk of leukemia and stroke!
· Some kids…didn't even grow after getting GH!  But…some did…
· This is hard for doctors because Genentech is marketing hard…
· Only now are we learning the long term effects of GH!
· Laron Syndrome
· This is another GH abnormality!
· There is a defective hepatic growth hormone receptor…
· So we get high circulating levels of GH but low levels of IGF
· Short stature
· Hypoglycemia
· Decreased muscle development
· Obesity
· Osteoporosis
· Treatment - more IGF-1!
· There's also a variant - a defect in the GH plasma binding protein
· The plasma binding protein is not binding to the GH so it can't get delivered to the liver…
· So you get a reduction in the levels of GH to the liver…
· Thyroid hormone
· Thyroid hormoens are different from GH because there is a target tissue!
· Release:
· Hypothalamus secretes thyrotropin-releasing hormone
· Note that it doesn't directly release thyroid hormone
· Pituitary secretest thyroid stimulating hormone
· This is a standard anterior pituitary hormone now…
· Thyroid secretes thyroxine (T4) and triiodothyronine (t3)
· There is up to 50 times the amount of T4 than T3 in the circulation
· But the tissues which the T4 go to convert it to T3
· And T3 is supposed to have much greater physiological activity
· Mechanisms of action:
· Thyroid hormone has a permissive role!
· That is, it allows normal cell function and growth!
· So it doesn’t' cause big chances but just allows normal stuff to happen!
· It induces nitrogen retention for protein synthesis
· It also stimulates GH release and the action of GH!
· So it doesn't act as GH directly but it allows it to have better activity
· Like so if you gave GH to a child whose thyroid doesn't function properly then it would be useless!
· Thyroid hormone deficiency
· If it occurs in utero, it is has diffeent effects than later on…
· Thyroid hormone is secreted by the fetus after 20 weeks of gestation
· It's necessary for fetal protein synthesis and brain development
· Congenital hypothyroidism
· Mental retardation, stunting!
· If it occurs during in infancy…
· There will still be a growth delay!  Protein synthesis is still necesseary…and it's inhibiting GH action!
· It may or may not cause CNS damage - depends on how severe it is!
· And if in childhood/adolescencsy
· Delay in growth!
· Delay in skeletal maturity!
· But probably NOT CNS damage…
· Steroid hormones
· These things are the androgens and estrogens…
· And these things are produced by the ovaries and testes
· But also by the adrenal glands!
· And these things lead to increases in puberty!
· And they promote nitrogen retention!  And this encourages protein synthesis to take place!
· Also called anabolic steroids because they stimulate tissue building!
· Adrenal glucocorticoids
· Cortisol - is the main adrenal steroid hormone for humans
· Normal amounts don't have an effect on growth!
· Levels increase during stress! (both psychological and physiological stress) (stimulates adrenal cortex and produces more cortisol)
· This results in increased gluconeogenesis in the liver!
· But this requires substrates from other tissues
· And we usually get this from skeletal muscle and fat!
· Also, so there is a blood glucose uptake into tissues…because the liver needs the glucose!
· So it antagonizes the effects of insulin!  (tries to help tissues take up glucose)
· And it also increase the breakdown of glucose from tissues!
· So to summarize:
· Anatgonize insulin
· Increase breakdown from tissues
· Increase glucose substrates
· Increase fat breakdown
· Catabolic steroid (including bone!)
· So the theory is…
· If you're under stress and you get a lot of cortisol, this will impede your growth!
· But the problem with the data is…
· Stressful enviroinments are correlated with a lot of other changes!
· Poor nutrition
· Increased disease states
· So it could be these things which are causing the growth stunting!
· Medical use:
· Corticosteroids (prednisone) for asthma, cancer, lung disease, etc. in children
· Anti-growth action if prescribed in sufficient amounts
· It also inhibits somatomedin production and action on bone!
 

Genetics

· For example - parental height, racial differences in stature, shape, tempo of growth
· Genes have something to do with our height!
· For example - adult height in males
· 25 cm range (2 standard deviations) in general populations
· i.e. people within 2 SD's on the bell curve would be 25 cm apart
· Between brothers it is 16 cm!
· Including DZ twins (double zygote - fraternal)
· 1.6 cm between MZ twins (monozygote - identical)
· But the environment is also importatn!
· There's been a secular increase over time
· Relative to early 1900's…
· Children are larger at any given chronological age!
· And it's been pretty much 1-2 cm in height per decade!
· Although note there is no evidence for a darwinian thing going on…
· We also reach maturity earlier!
· Earlier age of menarche!
· Effects of migration (for example Asians in NA vs. Asia)
· The kids are taller than the parents because the parents grew up in China but we grew up here!
· Although this is slowly getting better…
· Genetic disease:
· Chromosomal abnormalities
· XO (Turner's syndrome) - a female with only one X chromosome
· Short stature
· No adolescent growth spurt!
· XXY (Klinefelter's syndrome) - males with an extra X and XYY - males with an extra Y
· In both cases they tend to be taller than average…
· Single gene mutations
· Achondroplasia
· Mutation - causes a deficiency in fibroblast growth factor 3
· Although the head and trunk grow normally
· But there is deficient growth of long bones…
· Growth hormone deficiency, gigantism, acromegaly, Laron syndrome
· Note - this is usually not related to normal variation!
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Development in Puberty

Definitions

· Maturation: biological change (growth differentiation) which leads towards adult form/function
· Occurs in different life stages:
· Prenatal - ossification centers and differentiation of sex organs
· Childhood - permanent teeth
· Adolescence - epiphyseal closure (maturation of bones)
· Puberty - sexual maturation
· Puberty: biological transition from childhood to adulthood
· Origin: the appearance of pubic hair
· Here we gain the capacity to procreate
· It is accompanied by the inclination to procreate, as well!
· Adolescence: the period of personality/behavioral changes associated with puberty
· There is a psychosocial construct here
· It extends beyond puberty, into the teen years
 

Changes Associated with Puberty

· Sex differentiation
· The greatest rate of change happens after the embryonic period
· The reproductive organs enlarge and become functional
· Growth spurt
· 30% of the variation in adult height comes from the variation in growth spurts (most of the variation has already happened, in childhood)
· It is greatest in the early period of puberty (the first 2-3 years)
· In pre-puberty, males are slightly taller than females
· Males gain 7-12 cm during the growth spurt (it starts later and lasts longer than females)
· Females gain 6-11 cm during the growth spurt
· First the leg length increases, and then the trunk length
· Most of the increase in height comes from the trunk length
· Morphology
· After growth spurt (as a result of it)
· Increased proportion of muscle to bone
· Decrease in fat
· Muscle
· Peak muscle growth velocity (MGV) occurs after peak height growth
· The MGV for males is greater than for females
· The increased size of muscles reflects increased contractile protein and increased strength
· Bone
· Recall:
· Ossification in epiphysis
· Eventually overcomes cartilage growth
· Epiphysis ossifies and fuses with main body of bone - and this is the end of skeletal growth
· Note that developing boys have 80% of the bone age of girls…
· This is because for girls, the skeleton matures earlier than for boys!
· The epiphysis fuses (earlier!) so the girls don't take advantage of the increased growth/sex hormone that would normally cause them to grow more…
· So their final height is smaller!
· Fat
· The proportion of fat in the body decreases at puberty!
· One reason is that Growth Hormone (GH) secretes more - and this causes fat reserves/deposits in the body to be mobilized
· The lowest rate of increase in fat tissue comes during peak linear growth - when your body is growing the fastest length-wise!
· Females have an increased proportionate accumulation of fat than males
· And this is partly because of estrogens!  --  they increase fat depositions in certain parts of the body
· This has probably evolved so that there are enough energy stores for pregnancy!
· Sex differentiation
· Hips
· For females, there is specialized cartilage in the hip joints - such that it responds to estrogen far more than it does to testosterone
· This causes the width to be increased moreso than in men!
· So this is an aspect of differentiation!
· And this allows for child bearing…
· Even at a young age, you can tell the difference between hips!  But most of the differences come at puberty…
· Shoulders
· For the males - there is specialized cartilage in the shoulder joints
· And it responds to testosterone!
· (Testosterone and estrogen are chemically very similar…But we respond so differently to them!)
· So the shoulders become wider in men!
· 2 theoretical reasons why this is the case:
· Men had to do more hunting historically
· But this doesn't make sense because early in evolution, women would have to do a lot of work too!  But they didn't develop big shoulders!  So…
· Men had to fight other men!
· But women wouldn't have to fight women…So maybe this is why they didn't develop broad shoulders!
· Forehead, jaw, canine teeth
· These are more prominent in the male!
· Some say they need a larger jaw for biting…Like if they have to bite their prey!  But this is unrealistic…Primates don't kill by biting!
· Physiology
· After puberty, there is increased capacity for exertion!
· So we have increased muscle strength!  (because we have more contractile tissue, etc…)
· We also get reduced heart rate!  (but we are more efficient!  So we have increased cardiac output)
· And we get increased blood pressure!
· Around 18 years of age, we have our "adult blood pressure"
· There's a reduction in the respiration rate!
· But this is a sign that it's more efficient!
· Our lungs have grown…We don't have to breathe as often to transfer the same amount of air!
· VO2 max (maximal aerobic power…)
· Absolute VO2 max increased before AND after the growth spurt!  It is growing through adolescence…
· HOWEVER…Your relative VO2 max DECREASES!
· Because your tissue mass grows at a faster rate than the VO2 max does!
· Onset of Puberty
· It is gradual and variable!
· For males, it comes between 11 and 17 years…
· This is relatively stable, but it's starting to occur earlier in males!
· For females, it usually between 10 and 15 years!
· But there has been a dramatic change here!
· In the US after 1900, the age of puberty has decreased by 4 months every decade!
· For both sexes -- if it's getting late, then doctors start to check for problems as to why it's taking so long…But it's possible that there is nothing wrong at all!
· So why has it happened like this?
· Better nutrition
· It's because we have increased energy/fat consumption!
· For some very obese girls, they enter puberty early!
· Also possibly, sex steroids are being produced by cholesterol in high-fat foods! (not a well-established theory though!)
· Increased estrogenic hormones in the environment!
· This is kind of a warning sign -- that the environment has changed so much that it's affecting our bodies!
· For example - meat from cows which were given steroid hormones causes a change in hormonal balance!
· And also children who are eating soy products…Soy has estrogenic properties too!
· Endocrinology of Puberty
· Hypothalamic pituitary gonadal axis (good times!)
· Most of our major hormone systems have this axis!
· The hypothalamus releases GnRH (gonadotropic releasing hormone)
· And then the anterior pituitary is stimulated to produce follicle stimulating hormone and lutenizing hormone!
· And then the 3rd stage is the gonads…
· Males: The leydig cells in the testes release testosterone!
· Females: the follicles in the ovaries release estrogens!  (plural!  More than one)
· Note that before puberty, we don't have a fully mature endocrine system…So it's different!
· Endocrine changes pre-puberty
· Early to mid gestation
· This is when we see the first development in the reproductive system!
· At this poiint, the hypothalamus develops
· GnRH is produced by 10 weeks of gestation (pulsatile release - released in pulses…not the adult form!)
· Pituitary also develops!
· FSH and LH are being released by 10-15 weeks!
· Ovaries develop too!
· Ovaries release estrogen in the female fetus!
· Testes
· Release testosterone in the male fetus!
· (The timing of ovaries/testes is fairly close to the pituitary)
· Even though all this stuff is being released, BEFORE 12 weeks there is not enough LH/FSH to stimulate the release of estrogen/testosterone
· However…hCG is released by trophoblast cells after day 6!
· Late gestation
· We see a toning-down of the reproductive system!  The structures have all formed!
· There is an inhibition of FSH/LH secretions…because of:
· The CNS (so it seems like the CNS is directly influencing FSH/LH)
· Also, negative feedback to fetal pituitary caused by a lot of maternal estrogen in the baby's system to make it stop releasing the hormones!
· Infancy and adolescence
· Birth
· There is a slight increase in FSH/LH
· It's probably just due to the loss of maternal estrogen!...So the pituitary reacts by not being inhibited so it releases more stuff!
· Juvenile pause
· This happens around the end of infancy…
· From 2-4 to 10-12 years…
· Sex hormones are not released…
· The "time of innocence"…We don't think about sex!
· The Leydig cells are quiescent - they don't respond to testosterone in a normal functioning child!
· Pre-puberty (just before!)
· There is an increased night-time secretion of FSH and LH!
· It occurs in surges (unlike the balanced rhythm of adults!)
· And we believe that these surges could contribute to the mood swings of pre-pubescent children!
· And then we also have Leydig cell growth occurring!
· Endocrine changes at puberty
· The testis and ovaries now BEGIN to respond to FSH, LH, estrogens, and testosterone
· Testes
· FSH stimulates the sertoli cells in the testes…(the other major cell population in the testes, besides Leydig)…And this initiates spermatogenesis…
· Note that testosterone also must be present for this to occur!
· Now after initiation, it's OK if there's no more FSH…As long as testosterone is still there!
· Also, the LH stimulates the Leydig cells which causes testosterone to be produced
· THIS leads to sperm production, secondary sex characteristics, and sexual drive
· Ovaries
· FSh and LH stimulate follicle development (maturation and functional characteristics) and stimulate estrogen secretion!
· Mature oocyte leads to ovulation, which makes the corpus luteum produce progestereone…and then we get secondary sex characteristics!
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Changes Associated with Puberty (cont'd)

· Reproductive changes in puberty
· Males (brought about by mostly testosterone, although estrogen is also needed)
· Growth of reproductive tract
· Sperm production
· Increase in testicular volume (around 11.5 years)
· Growth of seminiferous tubules
· Production of seminal fluid
· Other anabolic effects
· Growth of penis and scrotum (around 12.5 years)
· Emergence of pubic hair
· Peak height growth
· This starts at around 12.5 years
· Brought about by sex hormones, growth hormone, and androgens
· Development of secondary sex characteristics
· Muscle growth
· Shoulders broaden
· Facial hair develops
· Skull thickness increases
· Facial features change
· Larynx and vocal cords growth
· Sex drive increases
· Sebaceous gland secretion increases (this causes acne)
· Females
· Growth of uterus and ovaries occurs
· Menarche (the first menstrual period) happens around 13 years old
· Anovulatory cycles begin 12-18 months after menarche
· Genital and breast development
· This is due to estrogen, LH, and FSH
· Pubic hair also develops
· Peak height growth occurs here
· It starts from around 10.5 years
· It starts no later than 12 years (i.e. before menarche)
· This is due to growth hormone and estrogen
· E2
· This is the name for b-estradiol, a kind of estrogen secreted by the ovaries
· Effects of E2:
· Maturation of follicles
· Proliferation of uterine epithelium
· Thickening of epithelium in vagina
· Changing consistency of cervical mucus
· Effects of E2 if fertilization occurs:
· Control rate of ovum migration
· Assist in sperm capacitation
· Effects of E2 in the CNS:
· Aromatization of testosterone to E2 - this causes sexual interest
· Blood clotting increases
· Renal salt retention
· Epiphyseal closure of the bone is hastened
· Mineralization of the bone is supported
· Plasma cholesterol decreases
· Skin becomes softer and thinner
· Effects of progesterone:
· Reception of fertilized ovum is prepared for
· Breast development is promoted
· Mucus in the cervix is acted on to decrease sperm penetration
· Sperm capacitation is decreased
· Aldosterone in the kidney is inhibited, which increases NaCl excretion
 

Disorders of Puberty

· Precocious puberty
· This is when puberty comes before 8 years in girls, and 9 years in boys
· It is usually idiopathic (50% of the time in boys, and even more in girls)
· If it is not idiopathic, then we have:
· Hypothalamic lesions
· Prior androgen exposure (causing congenital adrenal hyperplasia)
· Androgen-secreting tumors
· Delayed puberty
· This is when puberty is after 13 years in girls, and 15 years in boys
· It is usually a "constitutional delay" - there is a family history of late puberty
· If not, then it is due to hypogonadism (insufficient gonadal hormone activity), of which there are 2 types:
· Hypogonadotropic
· Low basal FH/LSH levels
· Low response of pituitary gland to GnRH (gonadotropin-releasing hormone), due to pituitary tumors/malfunctions
· This can be due to a disease state such as anorexia, in which case the condition is called functional hypogonadotropic hypogonadism
· Hypergonadotropic
· High level of FSH/LH
· This is often due to chromosomal abnormalities
 

Development in Adulthood

Definitions

· Adulthood: the "mature years", from 20-65
· Adulthood is characterized by functional stability
· There is the optimal, integrated function of all body systems
· We have the ability to maintain homeostasis (peak time is from 20-30 years)
· There is a gradual decline in functionality as we get into late adulthood and senescence
· But this doesn't happen to all systems!
· Senescence: the condition of being old, from 65-death
· Lifespan: observed age of death of individual
· So the max lifespan is the highest documented age for any given species
· For humans, the maximum lifespan is 110-120 years
· But this is under optimum genetic and environmental conditions
· These numbers are similar to the oyster (100 years) and turtle (150 years)
· Life expectancy: average number of years of life remaining for a particular age
· It is usually given based on when someone is born
· In 1900…
· Life expectancy was 47.3 years (for males)
· The chief killer was infectious diseases during infancy
· In 1992… 
· Life expectancy was 75.7 years
· The chief killer was chronic diseases
· Disability-free life expectancy: the number of years of life which one can expect to be free of any major limitation of activity
· In Canada in 1994…
· Life expectancy was 78.3 years
· Disability-free life expectancy was 68.6 years
· Females have 3 years more of disability-free life expectancy than males
 

Variations in Life Expectancy

· Sex differences
· Reasons why females have greater life expectancy than males (in developed countries):
· Decreasing incidence of cardio-vascular disease and smoking (although this is changing)
· Protection from estrogens
· Behavioral differences (such as less risk-taking, more use of health care)
· Less occupational dangers
· Ethnic/racial variations
· This is because of SES, cultural, and environmental conditions
· American Caucasians live longer than African-Americans (75.4 vs. 69.4 years)
· However, after 80 years there is a cross-effect (African-Americans live longer than Caucasians)
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Development in Adulthood

Introduction [from March 1 lecture]

· Adulthood
· Senescence
· Lifespan
· Life expectancy
 

Variations in Life Expectancy [from March 1 lecture]

· Sex differences in life expectancy
· Ethnic/racial variation in life expectancy
 

Specific Causes of Variation in Lifespan 

· Genetics (but not necessarily the most important)
· If there's no variation due to anything else (i.e. environment), then genetics is the most important!
· But since there are these other factors, we try to change them first!
· i.e. Poverty has far more to do with poor health than genetics…So we go after poverty first!
· Evolutionary theory
· Remember that death usually occurs after successful reproduction (if nothing kills us too soon)
· So this usually means after raising the offspring for 16 or 17 years…Because after that you could die and your kids would probably survive
· And then after reproduction, there is a reduced evolutionary pressure on us - evolution will not affect the gene pool any more because people have already reduced!
· So there is reduced selection against harmful genes…
· And there's a prediction you can make from this!
· If this is true, then if there are genetics factors that allow you reproduce late…They should also work to let you live longer!
· So for example, delayed reproduction in drosophila - they selected from a generation the strain of drosophila who tended to reproduce later…
· And so they end up with drosophila who tend to live for twice as long!  (after 10 generations' worth of drosophila)
· And so there is some kind of hereditary thing that helps us to live longer!
· Genetic diseases
· Progeria (it is dominant!)
· You only get it from a mutation! (which causes early aging)
· You won't inherit it from your parents…
· So the child ages rapidly!
· "Old appearance"
· Acquire heart disease and stroke!
· And usually die by 15 years of age!
· This is rare because it usually occurs through a spontaneous mutation!
· So this is proof that you can have genes which produce peptides that can actually affect aging!
· Huntington's disease (a dominant condition)
· And this time it is an inherited mutation!
· One way of looking at Huntington's (not a perfectly clean way though) is that it is a premature aging of the nervous system!
· Although note that lots of nervous systems age and don't have the same symptoms at Huntington's
· It is a trinucleotide repeat syndrome…
· Familial pattern
· If you have a sibling who lives over 100, you have a 4 x greater chance of living over 90!
· So it runs in the family!
· Superior characteristics with genetic component
· Immune system
· So there is a major histocompatibility complex (genes on Chromosome 6) from your parents that you inherit all at once from a parent (so they come in a package) which affects the immune system
· Homeostatic compatibility
· The ability to recover from stress!
· i.e. Psychological, physiological, anything!
· Endocrine response too!
· This is all highly influenced by genotype!
· Pre-disposition to later diseases (i.e. those who don't kill us when we're young, but they kill us when we're old!)
· This is under genetic influence too!
· i.e. Cancer, diabetes, stroke!
· Although note that this stuff can be predicted a lot more easily from environmental factors than genetic factors!
· NOTE: Individual genes for longevity have NOT been identified!
· There are no aging or youth genes!
· For now we just think that various genes work in concert with other factors to increase or decrease susceptibility, etc… 
· Environmental factors (lifestyle variables)
· Smoking
· Causes decreased lifespan: cancer, CVD, emphysema!
· There's really no such thing as recreational smoking!  If you smoke then you smoke enough for it to be a problem!
· Alcohol
· Causes hypertension, cancers of the GI tract
· However for alcohol, there can be recreational drinking which is under a threshold where it will cause no harm!
· Exercise
· A history of physical activity is good, although it is never too late to start!
· Beneficial effects of exercise:
· Reduce the aging effects!  (if they don't increase lifespan, they at least increase the quality of life!)
· So it's actually better to increase the QOL instead of increasing lifespan if we can't increase the lifespan AND the QOL at the same time!
· Exercise causes the reduced loss of lean mass/bone mass - so we have better strength and balance!
· Improvement in joint movement and increased mobility (esp. in the elderly!)
· Psycho-social benefits - i.e. the reduction of loneliness!  Now that we can go out and do stuff with other people!
· Nutrition
· Caloric restriction has been shown to be a way of increasing longevity!
· So one way to live a long time is to severely reduce your caloric intake!
· Chronic disease susceptibility is affected by nutrition!
· And anti-oxidant vitamins can help too!
 

Aging and Disease

· Aging is accompanied by physiological and functional changes!
· We don't expect people to change when they get older!
· So we have great difficulty distinguishing between primary and secondary aging!
· Primary aging
· So this is an inevitable set of declines/gains governed by maturational processes
· It is shared by all people who age!
· And, but there is individual variability too!
· Secondary aging
· So these are changes which are a product of environmental influences, health habits, and disease
· And these changes are NOT inevitable!
· And not shared by all!
· So how do we figure out which is which!?
· There are unique characteristics of disease in aging!  (as opposed to disease in other stages of life!)
· Symptoms are more vague and subtle because they are masked by primary aging changes!
· And so they're probably unreported too!
· Also the disease is probably multi-system!
· Altered response to treatment
· Drug research is based on young healthy adults!
· And so it's guess-work to decide whether or not they would also work for older people!
· There's an increased danger of iatrogencitiy - death/morbidity caused by medical treatment!
· Co-morbidity
· If you are looking for symptoms of one disease in a person, you will probably find it for other disease too!
· The prevalence of greater than 1 disease increases with age!
· And for 2 or more conditions:
· From 60-69 years: 45% of women and 35% of men 
· From 70-79 years: 61% of w, 47% of men
· Note that these don’t have to be life-threatening conditions though…Maybe just an inconvenience?
· Greater than 80 years: 70% w, 53%
· So there is a greater challenge for diagnosis and treatment!
· "Train wrecks" - seniors who have so many things wrong with them that it's hard to treat them!
· Self-awareness of disease
· It's different in the elderly!
· They are more likely to postpone seeking help!
· Also they assume that nothing can be done!
· Fear of dreaded diseases - i.e. cancer
· Ignorance is bliss!
· And they have a lack of knowledge about normal aging!
· Can't discriminate between deficits due to old age vs. disease!
· In a nursing home, the top 2 health things to do:
· The old men need to stop spitting on the floor and spreading their germs!
· No caffeinated beverages after noon!
 

Aging of Biological Systems

· Aging of the immune system
· Immune function decreases with age!
· Infectious diseases rise exponentially after 25 years old!  No typo!
· They say that pneumonia is the enemy of the young and the friend of the old!
· Influenza as well!
· Increased susceptibility to disease (i.e. cancer!)
· For example…
· The thymus gland changes with age!  It is a source of T-cells!
· The size DECLINES with age…
· And for the T-cells…
· The number of functional and proliferating T-cells declines with age!
· If they are destroyed by radiation or chemotherapy, it can take a longer time to recover than normal!
· The interleukins (produced by T- cells)
· Interleukin - 2
· Stimulates the proliferation of the T and B cells
· And this decreases with age as well!
· Aging of the endocrine system
· Reproductive system
· Climacteric - It's the loss of reproductive capability!
· It applies to both men and women!
· It's the 30 year period of after 35 years old…
· That's when you start seeing differences!
· Cessation of reproduction in the mid-climacteric stage!
· So this happens by the time they are 50 years old!  (in women)
· It is a rapid decline
· The final stages happen over the span of 2 or 3 years
· The maximum age for a mother is 57 years!
· Men have a more gradual decline!
· Early adulthood to old age…
· The maximum age to father a child is 97 years!
· So for women:
· Menopause is the permanent cessation of menstruation (different from climaceric!)
· It follows a period of perimenopause!
· Lasts ~12 months with irregular anovulatory cycles!
· And this occurs by the age of 49 to 51 in most women!
· There is little change over time (secular shifts)
· That means, it's not like over the pasasge of time in the last decade, menopause stats (i.e. age at which is happens) have changed!
· Note that menopause is earlier in:
· Developing countries!
· Malnourished women!
· Thin women with small frames!
· Childless
· Heavy smokers
· The physiological basis for menopause:
· There is a finite number of oocytes in the female! (remember?)
· And so there is a progressive loss through life (atresia!)
· We lose an oocyte every month…but that's not the only source of loss!
· So there is a decrease in primary oocytes who respond to FSH/LH!
· And this leads to decreased estrogen
· Average serum levels (of estradiol - the most potent estrogen in the woman) is 100 pg/dL
· After menopause --- only 20 pg/dL!
· Estrone is still produced from androstenedione and testosterone in peripheral tissues!
· So this is like weak estrogen!
· And no progesterone is produced anymore!
· FSH/LH levels are higher post-menopausally!
· Because…of feedback!  There is no negative feedback of estrogen anymore, so the pituitary is stimulated by the hypothalamus to produce even more!
· Effects of decreased estrogen:
· So many of the effects of aging on women are caused by this reduction in estrogen!
· Sex organs
· Estrogen stimulates the development of cervix, ovaries, fallopian tubes, urethra, etc.
· So when estrogen is gone, we see a regression!
· The breast tissue becomes less dense/firm
· The pubic hair decreases
· Decreased vaginal secretions
· This is like puberty in reverse!
· Cardiovascular system…
· Increased hemoglobin!
· Leads to increased likelihood of thrombosis, etc.
· Increased serum total and LDL-cholesterol
· Skeleton
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Aging of Biological Systems…

 

· Immune System
· Endocrine System
· Female
· Effects of Loss of Estrogen…
 

· (on the) Cardiovascular system…
· Estrogen has direct effects on different functions of blood in the heart!
· A drop in estrogen leads to increased hemoglobin content, increase serum total and LDL-cholesterol
· And also increases vasoconstriction and vascular resistance!
· So this increases blood pressure and decreases blood flow!
· So when you put all these things together…it's an unhealthy picture!
· (on the) Skeleton
· Increased responsiveness to parathyroid hormone after menopause!
· And reduced activity of calcitonin!
· These are 2 hormones involved in osteoclast activity and bone absorption
· Because they are used in calcium homeostasis
· They work opposite to each other…parathyroid absorbs calcium into the bone and then calcitonin causes it to wear away (check this)
· Osteoclast and osteoblast complement each other…blast replaces calcium, clast takes it away…
· So increased osteoclast activity leads to bone resoprtion
· Which leads to increased calcium release from the bone
· And increased demineralization!
· BUT…then you get decreased osteoblast activity following this drop in estrogen as well!
· So the end game is increased bone loss!
· Other symptoms…
· Hot flashes
· Periodic instances of:
· Flushing
· Sweating
· Tachycardia
· Disturbed sleep
· Fatigue
· These things happen for at least 2 years!
· And so this is usually in the early part of menopause…
· So this is related to increased GnRH, FSH, and LH from the pituitary gland!
· GnRH is released from the hypothalamus!
· And this is also a site of thermoreceptors (regulate temperature)
· So GnRH influences the thermoreceptors and then so they try to raise your termpeature by altering blood flow, sweating, etc.
· Urogenital disorders
· There is a drop in the pH of the vagina (secretions of vagina)
· This can lead to an inflammatory condition known as atrophic vaginitis!
· There is a decreased resistance to urinary tract infections!
· So anything that decreases your resistance to UTI increases the incidence of UTI's!  And also…as a result…
· Urinary incontinence!
· Behavioral changes
· There are estrogen receptors in the brain!
· The ones we are interested in especially are the ones in the limbic system, because this is the old part of the brain which is responsible for changes in emotional state!
· Also there are a lot in the hippocampus (important for memory and learning!)
· This loss of estrogen could cause mood and cognitive changes!
· But there are many confounding variables!  So the exact effects are unclear…
· Hormone replacement therapy (HRT)
· Big stuff has happened in the past year!
· Premarin (the most common drug used from hormone therapY…is made from equine estrogen - from horses)
· It used to be the most commonly prescribed drug in the US!
· It prevents the effects of the decline in estrogen!
· So you just replace the estrogen!
· So this means less hot flashes!
· Less atrophic vaginitis!
· Improved sleep patterns!
· Decreased behavioral effects!  (less irritability)
· Decreased bone resoprtion (means that you're not losing a lot of calcium from your bones!)
· Risks (compared from postmenopausal taking extra estrogen to those who are not):
· There is a 5x greater risk of endometrial cancer!  (because of extra estrogen…)
· If you have a hysterectomy then the estrogen won't work!
· So what you do is to add progesterone…
· Small increase in risk for BC (breast cancer…)
· This is unopposed by progesterone!  (what?!?!)
· Is there a benefit for CHD?
· Well the rationale is…
· Knowledge of what estrogen does for LDL, HDL, etc.!
· Also, from animal studies:
· Estrogen enhances vasodilation!
· Reduces vasoconstriction and atherosclerosis!
· And also observational studies:
· We see that there are reduced CHD risk if they are on HRT!
· A few studies…
· 1998: Heart and estrogen replacement study (HERS)
· 2700 postmenopausal women who had CHD were studied!
· And they were usulaly overweigth!
· So they weren't healthy women…
· So they put these women into a randomized control trial!
· So some people got it, some people didn't it (the therapy)
· So there was a combined HRT (progesterone + estrogen?) vs. placebo for 4+ years…
· And the results for the HRT group was:
· Increased CHD events in the first year! (event = heart attack, stroke, etc.)
· Also an increased risk of stroke!
· Also…1991: Women's Health Initiative (WHI)
· We want to measure disease, etc. using women!
· NIH trial: disease risk factors in women
· Over 100,000 subjects so far!  (many studies being done…)
· So the WHI hormone trial…
· These were randomized control trials!
· And there were 2 sub-studies!
· Combined HRT vs. placebo…
· There were over 16,000 subjects, each over 50 years of age!
· This is stopped after 5 years!  Because we want to check that no one is being harmed!
· So these were the results (per 10,000 women):
· 5 fewer cases of bone fractures (this is good!)
· 6 fewer cases of colorectal cancer!
· 8 more cases of stroke in the HRT group!
· 7 more heart attacks (both fatal and non-fatal!)
· Between 8-18 blood clots!
· 8 pulmonary
· 18 in the leg…
· 8 MORE cases of breast cancer!
· Soooooo…the negative things outweight the positive!
· Alright now for studies on estrogen vs. placebo (so just estrogen, no combined HRT)
· So there were over 10,000 subjects!
· It was smaller because all of these women were hysterectomized!
· (These are the only kinds which you can safely give estrogen alone to…)
· Again, the reuslts per 10,000 cases:
· 6 fewer cases of bone fracture!
· 12 more cases of stroke!
· 6 more cases of blood clots!
· (Most in the leg)
· No differetnce in the incidence of CHD!  (although it went up in the first 2 years, it went down afterwards…)
· And there were no differences in the colorectal/breast cancer rates!
· WHI memory study (WHIMS!)
· More than 2900 subjects
· Over 65 years, hysterectomy - we were looking for cognitive declines!
· So they were on estrogen treatment!
· Results (per 10,000 cases) (in the group getting hRT!):
· 12 more cases of dementia/cognitive impairment!
· The FDA now recommends that the HRT only be used to treat specific menopausal symptoms!
· And at the lowest dose for the shortest time!
· Males
· They undergo a climacteric thing too!  (andropause)
· It used to be a debatable topic…(thinking that there is a condition when there isn't one)
· But now more people agree that it exists!
· It results in a gradual decline of bioavaialble testosterone!
· i.e. the amount circulating in the blood which is available to the tissues
· So this means a decrease in the circadian rhythm
· The testerone usually peaks in the early morning hours…
· But older men don't get this anymore!
· This decline in bioavailability starts from early adulthood!
· Approximately 10% per decade!
· So the causes of this…:
· Aging of hypothalamus/pituitary gland
· Causes decrease in GnRH secretion! (from hypothalamus)
· And then decrease in LH secretion (from pituitary)
· And a decreased response of testes to LH!
· Decreased ability of Leydig cells to produce testerone!
· And there are fewer of them now too!  (decrease in numberof Leydig cells…)
· The effecst of lowered testereon!
· Fertility
· Atrophy of seminiferous tubules!
· Decrease in viable sperm!
· Increased in abnormal sperm!
· Decrease in sperm motility!
· This starts in 40's and declines slowly!
· The decline is always more gradual in the male than the female!
· Libido
· The interest/activity by men goes down!
· And this also starts from late puberty to early adulthood!
· In women the decline is after 50 years!
· So women peak when men are finished!
· Prostrate gland
· Gradual atrophy after 50 years
· Decreased secretions after 60 years!
· Decreased volume of seminal fluid!
· Decreased force of contraction and experience of orgasm!
· May enlarge which means that the urethra is constricted!
· The quick way to check prostrate is through a digital rectal exam…which is why most people avoid it!
· Other tissues
· Decreased muscle strength (upper body)
· Increased risk of atherosclertoic heart disease!
· So what about testerone replacement in older males?
· Androgen deficiency in aging males (ADAM) - this is what happens!
· The data is not yet available but there is pressure out there to define this as a syndrome which needs to be treated!
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Aging of the Nervous System

Structural Changes with Aging

· After 50 years, the weight of the brain starts to decrease…
· Overall it decreases by 6-11%
· There are 2 causes for this:
· Cell loss
· Neurons are lost and not replaced
· Different brain regions vary for how many neurons are lost:
· The cerebral cortex loses about 1% per year
· The cerebellum loses less, but it is more severe because those cells are responsible for:
· Coordinating movements
· Balance
· Fine movement
· After 60 years, the spinal cord starts to lose neurons
· However, note that glial cells INCREASE with aging
· Dendritic loss
· We lose dendrites and dendritic spines
· This causes a decrease in interneuronal communications
· The renewal rate of dendrites is also decreased, and so we have a net loss
· We also have a decreasing number of synapses, due to the decrease in numbers of dendrites
· We also get circulatory changes - the presence of atherosclerotic lesions leads to infarctions
 

Biochemical Changes with Aging

· We get a neurotransmitter imbalance!
· Decrease in dopamine, acetylcholine, and norepinephrine
 

Metabolic Changes with Aging

· Decreased water content in the brain
· Decreased protein content and synthesis
· Decreased lipid synthesis
· Decreased cerebral blood flow
· Decreased plasticity of the brain
 

Disease-related Changes with Aging

· Parkinson's Disease
· What is it?
· A progressive loss of dopaminergic neurons
· This leads to intellectual deterioration in 1/3 cases
· Highly variable
· Sometimes it is fatal
· Symptoms:
· Contractions in skeletal muscles, which can cause:
· A rhythmic tremor while the person is at rest
· However, this subsides when the person is actively willing movement, or when there is total relaxation
· It happens the most in extremeties
· Rigidity in skeletal muscle tone
· This can cause akinesia - when it is difficult to initiate movements
· Also it can cause bradykinesia - when movement can only be slowly executed
· Stooped posture
· Speech is slow and monotonous
· Loss of facial expression
· Advanced symptoms: dementia and loss of memory
· Timing:
· Onset is usually after 50 years
· Increased incidence after 75 years
· It is more common in men
· Neuropathology:
· It is associated with aminergic neuron loss from the following areas:
· Substantia nigra in the basal ganglia (dopaminergic cells)
· Raphe nucleus (serotonergic neurons)
· Locus coeruleus (adrenergic neurons)
· But the most critical loss is in the substantia nigra
· 80% of the basal ganglia's dopamine must be lost before we see clinical symptoms of Parkinson's Disease
· The substantia nigra connects to the corpus striatum via the nigrostriatal pathway
· Hypothesis:
· This nigrostriatal pathway is an inhibitory/excitatory pathway for motor control
· Inhibition is done by the dopaminergic neurons
· Excitation is done by the cholinergic neurons
· If dopaminergic neurons die, then there is so much cholinergic activity (recall, excitation!) that it leads to tremors
· Normal aging brings about:
· Loss of dopaminergic neurons (causes dopamine content in the brain to decrease)
· If neuronal loss is severe (greater than 75%) then we classify it as Parkinson's Disease
· Causes:
· Infectious diseases (such as post-encephalitic Parkinson's Disease)
· Head injury (from repetitive blows, as in boxing)
· Side effect of anti-psychotic drugs (which inhibit dopamine actions)
· Long-term exposure to environmental toxins
· Heavy metals (i.e. lead and mercury)
· Acute exposure to toxins
· MPTP is a synthetic heroin derivative which destroys dopaminergic cells in the substantia nigra - so it has similar effects as Parkinson's Disease
· But most of the causes are unknown!  So Parkinson's is an idiopathic disease!
· Treatment:
· Reduce the effects of acetylcholine
· We need to bring it back into balance with dopamine!
· So we use atropine and benztropine
· Increase dopamine activity
· Use dopamine agonists such as bromocriptine to stimulate dopamine receptors
· Or we could administer dopamine directly
· However it cannot cross the blood-brain barrier
· And so we use levodopa (L-DOPA) - an immediate precursor of dopamine - this can cross the blood-brain barrier and get into the brain, where it will be converted to dopamine
· The only problem is that levodopa is metabolized (i.e. broken down!) by dopamine-carboxylase in the peripheral organs!
· And so we use a dopa-carboxyl inhibitor called carbidopa
· This inhibitor cannot cross the blood-brain barrier and prevent metabolism in the brain, so it's all good!
· Slow the progression of neuronal destruction
· Recall that MPTP destroys dopamine neurons - it does this by getting converted by monoamine oxidase (MAO) to MPP+
· And so we want to use MAO inhibitors such as deprenyl early in the progression of Parkinson's Disease!
· So the treatment of Parkinson's Disease often involves a combination of the above drugs
· Transplant human fetal neurons and stem cells
· Dementia
· It is NOT a unitary condition (meaning that clinically meaningful subgroups of this condition CAN be determined)
· It is a syndrome - there is a decline in cognitive function
· Physically, socially, and intellectually
· It is usually progressive!
· In the United States:
· Up to 8 million people suffer from dementia
· In Europe:
· After 65 years, it has a prevalence of 5-10%
· And this doubles every 4 years - so by 80 years old, there is a 30% chance that you have it!
· It is higher in women!
· In the developing world - this comes at a lower rate!
· The effect of migration:
· The African-American rate is double that of African-Nigerians
· This could be due to environmental factors such as diet
· There are more than 200 subtypes of dementia, but there are 3 main types…
· Alzheimer's Disease
· It is the leading cause of age-related dementia
· In Canada 1996, there were 250,000 cases
· It is the 4th leading distal cause of death
· Symptoms:
· Gradual memory loss
· Impaired judgement
· Loss of the ability to perform routine tasks
· Disorientation and confusion regarding time and place
· Personality changes
· Difficulty learning new things
· Loss of language skills
· Loss of ability to recognize friends and family
· There are 3 stages for Alzheimer's Disease:
· Early
· Language disruption
· Short-term memory impairment
· This lasts for 1-5 years
· Middle
· Greater losses/declines of:
· Language comprehension
· Memory
· Activities of daily living (ADL)
· Personality
· This lasts for 5-15 years
· Late
· A complete loss of cognitive functions/basic skills
· Short and long term memory loss
· Loss of balance and ambulation
· This lasts for 3-5 years
· Diagnosis
· We can only be 100% accurate when we are doing the autopsy!
· In 1984, NINCDS-ARDRA made the following criteria for before-death diagnoses:
· Lab tests
· Mental status exams
· MRI/PET scans
· Must eliminate other causes
· And this identifies 75-90% of Alzheimer's patients
· But only in the later stages of the disease!
· Neuropathology - there are 2 main changes!
· The build-up of beta amyloid plaques
· These are extra-cellular plaques which contain:
· Amyloid peptides
· They are self-aggregating
· Derived from the amyloid beta protein precursor (APP)
· They are secreted as fibrils
· They add to the extra-cellular matrix
· They are expressed by a gene on chromosome 21
· Possibly related to Down's Syndrome and hereditary Alzheimer's Disease
· These are present in normal brains as well, but just to a lesser extent
· Alpha-1-antichymotrypsin (ACT)
· This is a protease inhibitor
· It prevents enzymatic degradation of fibrils
· Cellular processes
· Axons
· Dendrites
· Astrocytes
· Microglia
· They may be toxic to neurons!
· Neurofibrillary tangles
· These are intracellular (i.e. inside the neuron) helical (twisted) structures
· They are filaments which contain the tau protein, which forms part of a microtubule
· These are associated with the earliest stage of Alzheimer's Disease!
· And eventually we get neuronal death
· Even if the plaques are absent - their role is not clear!
· Eventually we get widespread neuronal death
· Usually this happens in:
· Hippocampus and the cells receiving efferents
· Limbic system
· Olfactory bulbs
· Amygdala
· Also we have neurotransmitter changes:
· Sites of NT synthesis die:
· Nucleus basalis (acetylcholine synthesis)
· Locus ceruleus (norepinephrine synthesis)
· Raphe nuclei (serotonin synthesis)
· We see Lewy bodies (this is a link to Parkinson's Disease!)
· They are fibrous constellations made of the protein alpha-synuclein
· In early-onset PD, we have detected mutations in the gene encoding the alpha-synuclein protein
· It is expressed in dying brain tissue
· Synuclein also causes the aggregation of the tau protein
· Dementia with Lewy Bodies is considered a form of dementia
· Risk factors:
· Genes
· Apolipoprotein gene
· The gene encodes for protein cholesterol transport
· The epsilon-4 allele may increase LDL cholesterol
· It is associated with late-onset Alzheimer's Disease
· 5-13% of all cases are caused by this
· And 40% of all late-onset cases
· PS1 and PS2 alleles of the presenilin gene
· Associated with early-onset PD
· Very few cases
· Disadvantageous early environment
· Low SES
· Poor nutrition
· Exposure to environmental toxicants
· Chemical exposure
· Pesticides
· Aluminum/zinc
· Down's Syndrome
· Treatment:
· Raise acetylcholine levels by administering acetylcholinesterase inhibitors such as Aricept
· This will delay the progression of symptoms
· Also use neurotrophic factors (nerve growth factors)
· This will inhibit neuronal death
· Animal trials have indicated that this regenerates the nucleus basalis!
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Disease-related changes with aging (cont'd)

· Vascular dementia
· It essentially is cerebral arteriosclerosis!
· Before the 1970's it was considered to be the main cause of dementia
· Now we see that it is only the case 30% of the time…
· It often co-exists with PD and AD!
· It is the result of vascular/circulatory pathology
· So let's talk about strokes (a vascular pathology)
· Defined as a rapid developing localized disturbance of cerebral function
· If it lasts more than 24 hours, there is a greater chance of death resulting from it
· There is no apparent cause for strokes other than vascular!
· In the United States, 500,000 people/year survive strokes
· Effects of stroke on cerebral blood supply:
· Well, first note that the human brain is 2% of body weight
· But it gets 20% of its oxygen supply
· And 15% of its blood supply
· A stroke STOPS this supply!
· And so we get unconsciousness within seconds
· Tissue damage comes in 4-5 minutes!
· Glucose supply is stopped and you get structural damage in 10-15 minutes!
· Causes of strokes:
· Occlusion of cerebral blood vessels
· We have narrowing of blood vessels here!
· Leads to atherosclerosis
· And also thrombosis (blood clot)!
· The progression is as follows:
· Ischemia (loss of blood flow)
· Results in anoxia (loss of oxygen)
· Results in infarction (death of neurons)
· Then we get edema (swelling due to extra-cellular fluid)
· Hemorrhage
· Generally, it is before the rupture of the blood vessel wall
· We get an aneurysm and atherosclerosis (which weaken the wall)
· Then we get a transient ischemic attack;
· Localized loss of function (from a few minutes to hours)
· Followed by recovery (since the blockage is only temporary)
· Often, this is followed by a major strokes after 3 years
· Or we could have a complete stroke:
· So the damage is permanent
· Some functions may recover, but there is no recovery of tissue damage - other brain regions just compensate
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· Marks have been posted…
· The average was 80.7
· Review session on the Thursday before our exam (details will be on the website)
 

· Vascular dementia (cont'd)
· Symptoms:
· Progression is often in steps!
· Symptoms/brain damage are often focal (localized)
· If it's a major artery, we will see both sensory and motor symptoms!
· If it is just in smaller vessels in specific control regions, only specific functions will be affected
· For example:
· Primary motor cortex will lead to hemiplegia (unilateral paralysis, i.e. just on one side)
· Primary sensory cortex leads to hemianesthenia (unilateral loss of sensation)
· Association cortex leads to aphasia (inability to produce or comprehend speech) and agnosia (inability to comprehend the significance of sensory information)
· There are 3 main types of aphasia (inability to produce or comprehend speech):
· Global aphasia
· So we can't comprehend or produce vocal or written language
· Wernicke's aphasia (a neurologist who discovered it)
· Can't comprehend or produce MEANINGFUL speech
· (Although we can often speak…)
· But what they say doesn't necessarily make sense
· Broca's aphasia (dealing with Broca's area of the brain)
· Here we cannot organize speech but they may be able to comprehend it!
· There's always a lot of variation on these…so real cases don't always exactly match one of these 3!
· Agnosia (can't comprehend significance of sensory information)
· So the part of the body this happens on affects which hemisphere's association cortex
· So if they are cold they might think they're getting tickled
· So it can be specific, in other words
· For example, prosopagnosia - it means that they can't recognize faces!
· (Recall that the association synthesizes information from other parts of the cortex - we can't organize information from different areas!)
· Parietal cortex
· Apraxia (is a common symptom): so this means some sort of motor problem - they can't perform complex, learned motor acts
· Can also be specific!
· For example, constructional apraxia - can't copy a single diagram
· They try to make people do this in clinical settings!...and they see that the people can't copy the picture at all!
· It's because they can't make their hand do the proper movements…it is NOT because they don't recognize what they see!
· So the neurologists can use this to try and determine where the lesion actually is!
· They do all these tests, and then when the person dies - they check the brain and figure out where the lesion is…and they get quite good at it!
· Prevention and treatment
· The risk factors are similar to the ones for coronary heart disease!
· Most variations in the risks are attributed to hypertension (high blood pressure)!
· This means that the most important risk is hypertension…
· Let's start with secondary prevention…
· So this is when people already have had a stroke and are getting treatment to prevent a further stroke
· Because there is a greatly increased chance of having a stroke if you've already had one!
· If you have a stroke there's a big chance you will get vascular dementia!
· We want to prevent further strokes - TIA - transient ischemic attacks (?)
· Prevent further cerebral emboli (clotting in the brain which can cause stroke)
· So we can use anti-platelet drugs such as aspirin
· Anti-coagulants (such as heparin, warfarin)
· Those are medical approaches…but we can do surgery too!
· Clear obstruction:
· Angioplasty/vascular stent
· They put a catheter in and try to increase the diameter of the blood vessel
· Carotid endarterectomy
· So here we clear the blockage manually - scrape it off the side of the blood vessel!
· It is not clear that the surgery is an effective form of prevention…if the blockage is more than 70% blocked, then there seems to be a reduction in mortality and further strokes…
· But it's not clear that it's more than what you would get with drugs!
· So if it's less than 70%, the benefit is not very obvious…
· This brings in a lot of money for hospitals!
· They cost far more money than the alternatives and they don't save more lives!
· We also want to prevent the effects of ischemic stroke!
· So it has already occurred…can we do something to make the effects less severe?
· If we can do something in the first 3 hours, it helps a lot!
· We administer tissue plasminogen activator (TPA's)
· These are "clot-busting drugs" such as streptokinase
· The idea is that if it's only been 3 hours since the episode and we haven't done much brain damage yet, we can break the clot down…
· However note that the side effects of this is hemorrhaging…
· However note that there is a similar overall mortality rate as if we didn't even use this!
· Because although the drug helps…taking the drug can kill too!
· Another thing we do is intra-arterial thrombolysis (surgery)
· We go inside and go to the blood clot directly, and put a blood-clotting drug directly on the clot…
· It's more done in the US than in Canada
· But there is an unclear benefit…doesn't always work!
· Now let's talk about primary prevention…
· Something that will prevent that initial stroke!
· So this usually just means reducing risk factors
· Like smoking, obesity, sedentary lifestyle
· Smoking is the most effective at causing strokes!
· Although obesity is catching up…
· 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (aka STATINS)
· People are starting to use them as a primary preventive technique…
· These things reduce cholesterol bio-synthesis!
· They are cholesterol-lowering drugs…
· So this reduces the incidence of coronary events in people who have coronary heart disease…
· So if we have been diagnosed with CHD and we are taking statins, the evidence shows that the events are reduced in frequency
· So if the person is a CHD patient, or hypertensive, or diabetic:
· The incidence of stroke is reduced!
· So is there a lower incidence in non-CHD patients?  Then will it still reduce the incidences?
· Most trials on people have suffered strokes have not been able to find a strong correlation with cholesterol levels…
· That is, cholesterol levels are not a good predictor of your risk for stroke!
· It could be because the subjects are of a relatively young age!
· That is, the young people could have an aneurysm (stroke)…but then they probably don't have high cholesterol levels because they're young…so you won't find a lot of causal correlation!
· So there are few aging trials on cholesterol level and stroke…we don't yet have evidence to say that high cholesterol levels increase your risk of stroke!
· They've done clinical trials where they give statins to people without CHD, and they find that there are no benefits to statins!
· This is important because there is a debate going on right now which says that statins should or should not be administered to people over a given age…because they won't make any benefit!
· BUT…what if we give it to people who are at RISK of developing CHD…but don't have CHD yet?
· In a 2004 study with reviewed 9 trials…
· You'd have to treat 100 patients for 5 years with statins to prevent ONE stroke…
· So basically, the benefits of statins are so small that it's not worth it because we don't know what bad effects there are from taking statins!
· So there is NO reduction in overall mortality, more or less!
 

Alcoholic Dementia

· This is widespread…you see it in nursing homes!
· People say that dementia is present in under half of all long-term alcoholics!
· It seems to result both from the exposure to ethanol, and because of nutritional insufficiency
· Alcoholics tend to not eat well…
· And alcohol itself also has effects on vitamin, mineral, fat metabolism!
· So the first we'll talk about is…
· Wernicke's-Korsakoff syndromes:
· Involves the B vitamins (in partiular thiamine - which is an essential nutrient)
· Involves energy metabolism (pentose-phosphate pathway)
· So it is related to glucose!
· It also produces anti-oxidants and neurotransmitters!
· Ethanol has caloric content and acts like a sugar when it is in the body…and it CONSUMES thiamine!  So too much of it (i.e. too much alcohol) can lead to a thiamine deficiency!
· Then we get energy starvation of the brain!
· And this leads to neuronal death!
· Also we have Wernicke's syndrome
· Focal lesions in the brain - in specific areas of the brain, we get neuronal death!
· The symptoms of this is what we call Korsakoff's psychosis!
· So it is subsequent to Wernicke's…
· Cognitive impairment, memory loss, and ataxia!
· So alcoholic dementia…
· Is a generalized demented state -> comes from chronic alcoholism
· So there is decreased neurons throughout the cortex…it's not localized like Wernicke's!
· May not be associated with nutritional deficits!
· Alcoholics who stop drinking can reocver some of this function!
· A sub-category of alcoholic dementia is: cerebellar degeneration!
· So the neuronal death is normally in the cerebellum!
· And we get a gait and balance disturbance
· And in some people we see it after just 10 years!
· We're also susceptible to thiamine deficiency
 

Cognitive Reserve

· This is a hot topic!
· So there is a low correlation between the amount of tissue damage we see (in autopsies) and the degree of impairment!
· Theories as to why:
· Passive approach
· Means that some people have increased brain reserve capacity so that more of the brain can be damaged before we see effects!
· i.e. More brain damage is required for the same effect!
· In other words, there is an increased threshold!
· So the risk is that people with larger brains need more damage before we show dementia!
· Active
· The brain actively compensates for damage!
· Some brains are better/more efficient at doing this than other brains!
· So if you have a higher education, higher IQ, engage in demanding cognitive tasks, etc. then there is a decreased severity for dementia!
· So the brain is experienced with adapting to demanding tasks!
· So it recruits other pathways/structures to aid in cognition…
· So we use the remaining brain optimally to compensate for the damage!
· Neurologically we are less, but functionally we can do the same stuff!
 

 

 

 

 

 

 

 

Aging of the Musculoskeletal System

· This includes the skeleton, joints, and muscles!
 

Skeleton

· There are 2 aspects to bone in the skeleton:
· Firstly, rigidity!  (which is due to the inorganic component of the bone…)
· The calcium phosphates, and so on…
· The other aspect is the plasticity! (the organic component of bone)
· We can't be totally rigid or else we'll hurt ourselves!
· So like, the collagen…
· The collagen forms a matrix embedded with osteocytes and hydroxyapatite (mineral deposits!)
· Trabecular bone (is the spongy part of the bone)
· It is 25% mineralized
· And it has a metabolic role, and it has flexibility!
· The corticol bone is the OUTER bone…so like the "tube"
· It is 75% mineralized
· It is the structural/harder part of the bone
· The 3 main functions of the skeleton are…
· Body support
· Mineral homeostasis
· Acid-base balance
· Mineral salts can react to changing acid-base balance of the body!
· The effects of aging:
· We get decreased height and posture changes with age!
· Note that skeletal aging rarely leads to death!
· People don't die in old age because of this!
· There is a reduced percentage of collagen fibers in the bone matrix…
· So we have less of a matrix forming, and thusly less of a template to hold the mineral content of the bone!
· And less opportunity for osteocytes to actually function!
· Because they have to be embedded into this matrix!
· So there is reduced activity of osteoblasts and osteoclasts!
· But note that the reduction of the ostebolasts is MORE THAN the reduction in the osteoclasts
· And it begins in women in their 30's!
· And begins after the age of 40 in men!
· So there is a failure to replace all the bone which is lost…there is increased porosity!
· You don't lose the ability to lose bone as much as you lose the ability to build bone!
· You lose the ability to rebuild bone MORE than you lose the ability to take away bone…
· So you're taking away bone and not being able to replace it as fast…!
· So you get decreased bone mass!
· Why?
· Because there is more calcium needed by the body
· Because there has been less efficient calcium absorption from the GI tract!
· Usually you get it from food sources but you're not absorbing it as well…so your body needs more!
· OR You may have reduced intake of calcium because you're eating less…
· So decreased dietary Ca/vitamin D intakes
· And there is an increased in parathyroid hormone (PTH) which helps the calcium to come out of the bone…
· So this is like bone resorption!
· This compensates for decreased calcium absorption!
· PTH: men < women!
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· There is good information for what we are talking about at:
· National Institute of Aging
· Health Canada
· Assignments are up…there are TWO of them!
 

Changes in bone with aging…(normal changes)

· Menopause
· Women lose 2-5% bone density per year for the first 5-10 years after menopause!
· So this can be like 30% of bone mass!
· And this reduced bone mass leads to reduced bone strength which leads to an increased risk of fracture!
· If the decrease in bone mass is more than 2.5 standard deviations below the mean…
· Then we call it osteoporosis - an actual disease state!
 

Osteoporosis

· Known as the "silent thief" - not noticed until it reaches a serious point!
· The bone is porous, because it has become demineralized!
· Especially so in the spinal vertebrae and the hip
· This leads to a decrease in height, curvature of spine, vertebral collapse/compression, and pain!
· 1.4 million Canadians!
· 25% of women over 50 are affected…although that many of those women will not know that they have osteoporosis…
· But only 12% of men…probably because they still produce a lot of steroid hormones!
· The cost of treatment is more than $1.3 billion/year!
· There are about 25,000 hip fractures per year in Canada…70% are because of this!
· Hip fractures aren't the most common result, but they are the most sensational!
· It leads to death in 20% of cases and disability in 50% of survivors!
· These things resulting from causes which are a result of hip fractures…
· So from a public health viewpoint…it can be huge if you can reduce hip fractures in osteoporosis people!
· How do you treat osteoporosis?
· Prevention is the best choice!  It's much easier to do this than to treat it after the fact…
· We should maintain calcium levels in the body, even though bone resorption is happening!  (i.e. the bone is losing calcium so we need to ingest more!)
· Also aerobic exercise (low-impact) is good!
· Bisphosphonates (e.g. alendronate)
· These are drugs for preventnion…they inhibit osteoclast activity (which inhibits further resorption of the bone)
· So if we stop osteoclast but let osteoblasts continue, we increase bone density!...and this means less fractures!
· So why not give these drugs to someone early on?
· Because they must be taken every day…and they are irritating drugs (cause esophageal irritation)
· Other treatments in development include:
· Growth factors, parathyroid hormone for helping (actually blocking?) bone growth…
 

Joints (next topic on the muscoskeletal system)

· Aging leads to inflammation and degeneration of the joints!
· And this means pain and disability in the elderly
· Also we get limitations in movement!
· Some disorders increase in prevalence with age!
· Normal aging:
· Osseous outgrowth (bone spurs)
· Thinning cartilage
· So the cumulative effect of this is arthritis - a bunch of different things caused by this normal aging process!
· It is any kind of inflammation or degenerative changes in the joints!
· It's chronic!
· It is a category of 100+ conditions…
· Most physicians only deal with 4 or 5 of them…most of them are quite rare!
· Prevalence of arthiritis:
· Under the age of 30, it's under 1%!
· Between 50-60 years, it's 1-3%!
· Then after 60…60-70 years, it's 8-11%
· After 79 years of age, it's 85%!
· In Canada…
· In 1996, 3.2 million or 13.2% of population have arthritis…
· By 2016, they think it'll be 16.1%, or 5 million!
· The costs incurred are $17.8 billion per year!
· First let's talk about osteoarthritis…
· It's a chronic inflammation!
· The cartilage in the bone inflames and degenerates!
· And (although you replace cartilage)…it's not enough, as you get older!
· And this restricts joint movement!
· And so we get bone spur development on the bone exposed bone ends!
· So you get a roughness…a rubbing…a pain!
· Now there is primary osteoarthritis…
· It's a consequence of aging!  There is no other source of the problem…
· By 40 years, 90% of people begin joint deterioration!
· Mostly lower limbs and the spinal column
· There is secondary osteoarthritis…
· Caused by disease or condition!
· Although it is still a late onset problem…because the disease takes a long time to get into effect!
· For example, causes can be obesity, trauma, birth defects, and diabetes!
· How do you treat osteoarthritis..?
· Analgesics
· Acetaminophen
· NSAID's (non-steroidal anti-inflammatory drugs)
· Although they are GI tract irritants!
· Cox-2 inhibitors
· Like Vioxx, Celebrex
· And these things inhibit pro-inflammatory actions of cyclooxygenase
· Cox-1 acted on the GI tract, so Cox-2 was supposed to be better!
· But…in late 2004, the FDA issues a public health advisory…
· Because it was found that Cox-2 inhibitors raise the risk of coronary events!
· 16 fatal or non-fatal strokes per 1000 people!
· It was estimated that 30,000 people died from taking Vioxx!
· Now we do rheumatoid arthritis…
· It's a major cause of long-term disability!
· More than 300,000 Canadians!
· Women have 2-3 times the rate of men!
· This is an auto-immune disorder, which means it is NOT caused by a natural change associated with aging…
· It's a specific disease!
· This occurs at any age…usually under 50 years!
· Increased debilitation with age!
· Pathogenesis:
· Synovial membranes produces synovial fluid! (a membrane between bones (?) )
· Arthritis websites will have diagrams of the joints which are affected!
· So this fluid lubricates the joint and provides nourishment for cartilages!
· So the membrane thickens!
· And if this is prolonged…it forms scar tissue and granulation…and we say that it has formed a pannus!
· It means a membrane which has hard mineral deposits encrusted into it…!
· It affects small joints - like the hands, feet, ankles, elbows, wrist…
· The extremeties first, and then it goes into the elbows and the wrist…
· Also, this is usually symmetrical!  (left and right at the same time…)
· And also systemic - there are other auto-immune symptoms going on…you won't find people with ONLY rheumatoid arthritis
· For most people with rheumatoid arthritis, there are alternating periods of remission and relapse!
· Over 10% of people will eventually become disabled though…
· Treatment:
· Anti-inflammatories (steroidal and non-steroidal)
· Disease-modifying anti-rheumatic drugs (DMARD's)
· They decrease joint destruction and deformity!
· And it creates gold compounds and chloroquines!
· But…they do have severe side effects in some people!
· Immunosupprres. Drugs
· Next we have gout!
· Excessive build-up of uric acid in the blood!
· Urate crystals form, which means that there is an inflammatory response in the joints!
· So it's progressive (you can trace the development of it):
· Asymptomatic period
· Increased urate production
· Associated with nutrition - high consumption of fructose, purine, vitamin B12
· Ethanol consumption also increases production of urate!
· Also, there has to be a decreased excretion of uric acid!
· This is because of: hypertension, dehydration!
· And then we get the plasma supersaturated!...crystals are forming in the plasma and migrating to the joints!
· Acute attacks
· This starts in the foot…then ankle, knee, wrist, hand…
· Then they usually subside…in an asymptomatic period…
· But then we get recurrent gout!
· Happens in 90% of people who aren't treated for it!
· 3/4 of recurrent attacks are in the first 2 years after the initial attack!
· (Final stage is…) Chronic tophaceous gout
· Usually within 10 years of the initial attack!
· It's 2-3 times more common in men!
· Treatment:
· Prevention when it is asmptomatic
· Otherwise we can use NSAIDS, etc…
 

Aging and Chronic Disease

· Major causes of death in our society, and how they fit into a course on aging?
 

Introduction

· There have been 2 changes in health status since 1840!
· Huge drop of mortality at all ages!  (peaked at 1950)
· A "rectangular curve"
· Means that everyone would live until 105 years, and then die abruptly
· So the curve "drops off"
· There has been a great change in our mentality!  Before they were always obsessed about dying…now we don't think that we can die!
· Change in cause of mortality!
· In the developed world…
· Before 1840's, infectious disease were the big killer!
· These things are called point-onset diseases!
· i.e. We can figure out when they started…
· Also at any age you can get hurt!  (although there are some sensitive periods of life)
· i.e. They are not diseases of aging...
· There's a point at which a person gets the disease…and that's when they are infectious! (?)
· In the 2000's…it's all about chronic diseases!
· Heart diseases
· Cancer
· Diabetes (believed to be a major killer in the future…)
· These things usually have a late onset!  (after 50…)
· Also we associate these diseases with lifestyle!
· Back then…people just didn't live long enough to get them, but also they had a different lifestyle!
 

Development of Chronic Disease…

· Cardiovascular disease
· It's a constellation of disorders (i.e. not a single disease!)
· In general, it decreases the ability of the heart to pump blood
· Arteriosclerosis:
· The arterial wall thickens and loses its elasticity!
· There are various types of arteriosclerosis…
· Atherosclerosis is the most common!  (often we substtitue atherosclerosis for arteriosclerosis, but this is inaccurate)
· And this beings as fatty streaks (lipid-laden cells migrate to endothelial lining of the blood vessel)
· And then this creates fibrous plaque!
· After years, they become calcified!...the plaque becomes calcified and more rigid…less like living tissue!
· And then we get reduced elasticity of the arterial wall…
· They can build up to a degree where they occlude the artery!
· So what's the point onset?
· It's not the fatty streaks…because they form in people who don't have this disease!
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· Thursday afternoon 2:30, 2 days before the final…tutorial session!
· Assignments are up -- there are TWO more!
· The volume number for one of the assignments is mixed up…59 instead of 95 (?)
 

· There's been a big shift in the last 200 year in terms of what kills us!
· Before it was point-onset diseases!
· i.e. An infection, when you know when the disease started!
· Most of us now…it's chronic disease!  (heart disease, cancer, diabetes, etc.)
· So it's hard to tell when we have the disease, and when we don't!  We can just look at symptoms!
· That's why health studies is more popular than biomedical studies…because health studies can stop the problems from coming, whereas biomedical studies can just make us feel better after we have the disease…
· Arteriosclerosis - when you find out you have it, there's not much you can do!
 

· Cardiovascular disease
· Hypertension
· This is a chronic increase in blood pressure!  (systolic or diastolic or both)
· Usually we're worried if it's the systolic one…
· Primary (aka essential) hypertension…
· It is ideopathic - i.e. there is no known cause!
· So we can't really prevent it!
· (We're more interested in…) secondary hypertension
· This is caused by changes in renal (kidney) function, vascular function, etc.
· So this secondary hypertension comprises:
· Increased vascular resistance
· Increased cardiac output
· The increased blood pressure develops!
· At first there are no symptoms…
· Eventually (if there is no treatment):
· We get generalized arteriosclerosis!
· This also results in nephrosclerosis - a narrowing of the lumen in the blood vessels of the kidney…leads to renal failure!
· Also we get left ventricular hypertrophy!
· Coronary, aortic, cerebral, renal, peripheral atherosclerosis
· This hypertension can take decades to develop!
· Cancer
· Cancer is also known as "neoplasms" - growth of new tissue!
· So here we have uncontrolled division of nonspecific monoclonal tissue (this is the tumor which forms)
· It is all derived from the same original cell!
· The risk for cancer increases with age!
· Develops over years and years, or even decades!
· So cancer begins with initiation…(in a single somatic cell somewhere in your body!)
· This is when somatic cells divide…
· And they start out as normal cells…
· But then they are exposed to some kind of an initiator (usually an environmental agent)
· And then the cell is transformed by a genetic mutation!
· So every progeny of the cell now has the altered DNA!  (it is a permanent change)
· Note that usually our body kills these changes!  We get them all the time but only rarely do they turn into a cancer…
· Then we get promotion!
· The agent stimulates cell division
· But the cell which was initiated divides uncontrollably!
· It is also more vulnerable to mutation now!
· Again there is a delay of many years from initation to here!
· Progression!
· After decades (maybe?), progression of the cancer begins!
· It is a process of growth and metastasis!
· You feel a tumor!
· We also have a loss of cell specificity!
· Also, the cells divide away from their influences!  i.e. Even in the presence of inhibiting influences!
· The risk of cancer is related to lifestyle!
· i.e. People who don't get tobacco smoke don't have lung cancer!
· It's also occupational!
· Breast cancer is hard because we don't know what causes it…so we can't prevent it!
· Well, except for telling women to have babies all the time to reduce the estrogen level (cause it is an INITIATOR!)
· There is a LONG delay between "causes" and symptoms…
· So we need to treat cancer like a chronic disease and treat it by getting to it at the earlier stages
· Diabetes
· This is the most common endocrine disorder!
· It is associated with peripheral neuropathies, atherosclerotic periphresal and coronary artery diseases!
· Usually people die of the heart disease resulting from heart disease, not diabetes itself!
· This is caused by hyperglycemia due to:
· Decreased insulin production
· This is due to the loss of pancreatic beta cells! (sometimes they are destroyed by their own immune system!)
· If this is the cause, we call it "insulin dependent diabetes mellitus"
· So we can treat this by replacing the insulin!
· This is also known as Type 1 diabetes!
· This accounts for 10-13% of cases!
· Usually strikes before the age of 30!
· We can also have decreased insulin effectiveness!
· This can happen due to a reduction in the secretory response to glucose!
· So there is a reduced tissue glucose uptake…i.e. we have the glucose, but we're not using it!
· And this is called non-insulin-dependent diabetes mellitus!
· Aka Type 2 diabetes
· Usually happens to people over 30!
· It is the most common form of diabetes!
· The incidence is increasing!  (although it doesn't necessarily killl people…)
· By 2010, they think that we'll have 2-3x times the amount of diabetes
· Most of these addition will be in China!  Because our society already has a lot…we are a diabetogenic society
· The development of type 2 diabetes:
· First we have a mild hyperglycemia
· And we have a reduced response to insulin!
· And then we get an increased insulin production to make up for the fact that the insulin isn't doing much!
· Usually this starts in adolescence/young adulthood!
· The symptoms however don't get revealed until mid-late adulthood!
· This is associated with obesity!  (i.e. the apple vs. pear type)
 

Chronic Disease and the Life Course

Metabolic Syndrome

· Refers to a pre-symptomatic syndrome!
· You can have it, but not have any health problems!
· It's marked by increased insulin resistance!
· Also they have dyslipidemia - an abnormal lipid profile!
· So they have increased plasma triglycerides and reduced HDL!
· Associated with future hypertension, CVD, stroke!
· Hypothesized progression:
· Insulin resistsance leads to increase insulin rpdouciton and then hyperinsulinemia!
· Then we increased triglyceride production in the liver, and then increased plasma levels in the triglycerides!
· And then we get increased lipid uptake by the endothelial cells!
· Then we get atherosclerosis!
· Increased blood pressure leads to hypertension!
· And then increased risk for cardiovascular disease!
· Does this predict future disease?
· Well, the Fels Longitudinal Study says…
· It studied growth, body composition, and disease risk factors!
· Studied people of both sexes who were born after 1929
· The results which are of interest to us…
· BMI
· BMI in our 20's correlates with our BMI in our 40's!
· The BMI in your childhood is less accurate than in teen years!
· Increases from 18-45!
· There's a greater increase if your birthweight is lighter!
· Cholesterol
· Levels at 9 years old predicts levels at 21 years!
· And this predicts the risk of CHD in later years!
· So the longitudinal studies suggest that we have to look back quite a bit to find all the factors!
 

Fetal Programming and Adult Disease

Thrifty Phenotype Hypothesis

· As opposed to the thrifty genotype hypothesis (some of us evolved genes which made us use nutrients very thriftily…and so we'd be prepared for famine…but then we get obese quickly!)
· So this is an early developmental response to nutritional challenge!
· So fetal life, under/intermittent nutrition…gives us a metabolic change!
· And then this potentiates survival in post-natal life!
· You get increased nutrient intake in later life, and this exceeds expenditure!
· And this is due to long-lasting metabolic changes!
· Then this leads to obesity, type 2 diabetes, etc.!
· EVIDENCE FOR THIS:
· Dutch Famine (Winter, 1944-45)
· Very little food can get here!  This is a battle ground!  Any available food is used by the military!
· Maternal smoking
· Her offspring have an increased rate of type 2 diabetes!
· But you wouldn’t bet the bank of this kind of evidence because children who are born to heavy smokers have a lot of other differences in their environment as well!  So this by itself is not necessaryily an acceptable factor!
· Monozygotic twins discordant for type 2 diabetes
· Recall that monozy.. Twins are genetically identical!
· So if one has it and the other doesn't, then that means they inherited it!  Look for a difference in their environemnt!
· And the twin with diabetes is likely the lighter twin at birth!
 

Fetal Origins Hypothesis

· By Barker in the 1980's!
· He says that chronic diseases (CHD, diabetes) in adulthood originates in utero!
· So by the time you are born, the risk for heart disease/diabetes is already there!
· So you are programming disease susceptibility in fetal development!
· And this is due to the nutritional status/health of the mother!
· EVIDENCE FOR THIS:
· Non insulin dpeendent diabetes mellitus (NIDDM), hypertensnion in later life is associatedw ith lower birthweight!
· And for monozygotic twins:
· Twin with NIDDM/higher BP is more likley to have lower birthweight!
· Approx 5 mmHg increased per kg loss!
