Male Reproduction
· Spermatozoa are free living cells that will fertilize eggs.  They are haploid cells produced by meiosis in the testes.  Spermatozoa have little free cytoplasm with condensed nuclei, an acrosomal cap of hydrolytic enzymes to digest through the corona radiata.  They have a flagellum for propulsion, which came from a centriole that differentiated into a basal body and became part of the flagellum.  All of this is contained within the seminal fluid, important for its energy supply and modifying proteins via proteolysis.  

· Why is there no urine in the semen?  Sphincters release semen into the urethral canal, but no urine.  Why is it so painful to be kneed in the groin?  Can jockey shorts make you sterile?  

· The glands and ducts of the male reproductive tract include the testes, epididymis, vas deferens, seminal vesicles, prostate and bulbourethral glands, urethra and penis.  

· The tesis is in the scrotal sack.  It is a mass of seminiferous tubules contained within a CT sheath (tunica albuginea).  It’s contained in a potential space called the tunica vaginalis.  This space is potentially continuous with the space of the peritoneal body cavity.  

· The blood supply via the testicular arteries is cooled by returning venous blood (pampiniform plexus) via countercurrent exchange.  This combined with the exterior location from the body in the scrotum, as well as the action of the cremasteric muscle to elevate/lower testes, keep the testes 2-4 degrees cooler than the body to allow spermatogenesis and maturation of the sperm with normal fertilization capacity.  Wearing briefs vs. boxers won’t have much influence on temperature.  
· 10% of males are born with undescended testis.  Usually it will descend within the first year.  If it doesn’t descend, it would be barren.  By age 5, if it hasn’t descended, they usually do so surgically to prevent fibrosis and neoplasia there due to the high temperature.

· The seminiferous tubules of the testes are involved in making sperm.  A section of the testis shows lots of tubules, made of stratified germinal epithelium.  The border of the testis is covered in a CT sheath called the tunica albuginea.  The tunica albuginea is a very dense CT zone, which is vital and lies outside the body.  It’s important to maintain integrity of the testis.  This is mostly an incompressible organ, so when you put pressure on it, there is little compression before you get pressure on nerve fibers that trigger pain.  It’s a protective mechanism.  

· The seminiferous tubules include cells at many stages of sperm differentiation.  Stem cells at the basement membrane are called gonial cells, which divide to form spermatocytes that enter into the meiotic cell program.  Cells with swollen nuclei are in the meiotic prophase, with crossing over, etc.  More towards the lumen of the tubule, you see increasingly mature sperm.  Spermatids are haploid cells undergoing the final stages of differentiation.  

· Sertoli cells are support, or nurse, cells that extend from the basement membrane to the lumen of the tubule.  So they’re pretty big cells.  Sertoli cells are one of two cell types that respond to hormonal signals.  All spermatocytes embed in the sides of sertoli cells.  They have FSH receptors.  They feedback to FSH production.  Sertoli cells contribute to the formation of a blood-testes barrier, to protect the tubule contents from circulating metabolites.  

· The second type of cell that responds to hormones are Leydig cells.  They make testosterone, and are found in between the seiminiferous tubules in the interstitium.  They respond to LH.  

· Seminiferous tubules are flanked by myoepithelial cells with long skinny nuclei that impart contractile properties upon the tubule.  They may secrete paracrine factors to stimulate synthesis of certain proteins in the Sertoli cells.  

· The testis has a CT zone called the mediastinum where sperm exit, arteries/veins/lymphatics enter and exit.  The epididymis is a coiled duct system where sperm maturation occurs.  
· Spermatogenesis:  It takes about 64-74 days to make a sperm cell from a gonial cell.  They are initiated by spermatogonia, and with each division of these cells there is increasing commitment to meiosis.  Eventually after a period called spermatocytogenesis, primary spermatocytes are produced.  These enter prophase of the first meiotic division.  This takes about 3 weeks to compact the DNA and allow homologous pairing.  Meiosis follows, producing hapoild cells.  And then these haploid cells mature in a process called spermeogenesis.  1 committed spermatogonium cell goes through eight divisions between spermatocytogenesis, meiosis and spermeogenesis, producing 256 sperm cells from 1 committed gonial cell.
· Meiosis:  homologous pairs of chromosomes join and cross over.  DNA condenses.  You go through MI that, in women, generates a polar body.  Then these go through MII, producing gametes with unique combinations of maternal and paternal chromosomes.  

· Synaptonemal complexes join homologous chromosomes.  

· The spermatid has most cell characteristics.  A centriole begins to form a flagellum and take on the characteristics of a basal body.  The DNA must be compacted a lot at this point.  The cytoplasm is largely eliminated via bleb formation (called residual bodies).  A vesicle, the acrosomal vesicle) on the head of the sperm forms.  The golgi makes vesicles that fuse with it.  The acrosomal vesicle eventually encloses the interior end of the sperm cell.  PAS stains the acrosomal cap dark.  
· The sperm tail has a 9+2 arrangement of microtubules, allowing propulsion.  Outer fibers of keratin help stiffen it and an energy supply of mitochondrial derivates wrap around the whole flagellum and make ATP.

· Large, pale nuclei with prominent nucleoli in the seminiferous tubules are Sertoli (nurse) cells.  Spermatids and spermatocytes embed into the surface of Sertoli cells.  Sertoli cells join with one another to contribute to blood-testis barrier.  Leydig cells have peripherally condensed chromatin and very pink cytoplasm.  Leydig cells are in the interstitium.  

· Sertoli cell functions:  coordination of spermatogenesis, make testicular fluid (make inositol, secrete K, glutamate, etc into the seminiferous tubules), make androgen binding proteins (ABP accumulates and binds testosterone in the seminiferous tubule lumen…makes [T] high there – needed to stimulate spermatogenesis and keep epithelium in epididymis and vas deferens functioning), make proteins called inhibins/activins to feedback on FSH production, make proteases for eliminating sperm cytoplasm in residual bodies, make growth factors, make regulatory proteins (MIS- mullerian duct inhibiting substance), phagocytosis, and forming the blood-testis barrier (tight junctions between Sertoli cells).  

· Leydig cells are in the interstitial spaces between seminiferous tubules.  They respond to LH to make testosterone.  They have lipid droplet in the cell.  T is secreted (carried by carrier proteins).  Most of the T enters the body through the blood, but may also do so via lymphatics.  Leydig cells have lots of smooth ER for vital stages of T synthesis, as well as lots of mitochondria with tubular christae.  LH is the main stimulatory factor of Leydig cells. 
· Prolactin also targets the testis.  Prolactin regulates the number of LH receptors on Leygid cells.  Prolactin also influences hypertrophy of the prostate.

· From the seminiferous tubules, sperm pass through the rete testis en route to the epididymis.  The epididymis has a head, body and tail.  In the head and body, important maturation of sperm occurs, increasing its motility and ability to fertilize.  The tail functions for sperm storage.  During ejaculation, you get movement of some sperm from the caudal end of the epididymis.  

· The epididymis has a simple columnar (or pseudostratified) epithelium – very tall columnar cells – bounded by smooth muscle and CT.  There are basal cells with nuclei near the outside of the tubule.  The other principal cells function to change the fluid surrounding the sperm, in part to affect the sperm membrane proteins.  It contains sperm in the lumen.  

· The epididymis leads to the vas deferens.  It is a solid, robust, muscularized duct.  It has pseudostratified columnar epithelium, surrounded by a very thin lamina propria of CT, but has lots of smooth muscle cells that contract with ejaculation.  There is an inner longitudinal and outer longitudinal coat, with a middle circumferential coat.  This propels sperm out of the vas.  The ampulla of the vas is a dilated portion for sperm storage, though the rest of the lumen of the vas also contributes to sperm storage. 
· The vas goes up, wraps around a ureter, and as it descends toward the urethra, it starts to swell and form the ampullary part of the vas deferens.  Then it enters into the substance of the prostate gland.  Where it enters the prostate gland, it is called the ejaculatory duct and enters the urethral canal in the prostate. 

· The seminal vesicle makes the bulk of seminal fluid.  Its secretions are viscous and protein-heavy.  It empties into the vas before the ejaculatory duct.  The prostate gland has a proximal sphincter between it and the bladder that closes with ejaculation preventing urine from entering the urethra at the same time.  A more distal sphincter relaxes to let lots of fluid through.  

· The ejaculatory orifice is where the ejaculatory duct empties into the urethra.  In the wall of the urethra in the prostate are many holes which allow for secretion from the prostate into the urethra.  

· The seminal vesicle is a muscularized gland.  It has folded chambers that store secretory products, and it has lots of smooth muscle.  Secretory epithelium secretes products into lumen.  These secretory products include prostaglandins, sugars, seminal gellin, etc. 

· The prostate makes a watery secretion, with an acid phosphatase, citric acid, etc.  It completely envelopes the urethra.  The prostate also makes a prostate-specific antigen.  This acts on seminal gellin to do something.  It has smooth muscle layers, and it contracts with ejaculation.  Prostate secretory cells are simple columnar epithelium.  If the gland isn’t active, the epithelium may regress and look more cuboidal.  In the lumen, you see concretion (sp?) granules of unknown significance.  
· Various mammals have different volumes of semen.  

· The penis has the urethra with transitional or stratified squamous epithelium surrounded by the corpus spongiosum.  The urethra has glands of Latrae (sp?) that secrete mucus for lubrication.  The corpus spongiosum is highly vascular, surrounded by the CT tunica albuginea.  It has lots of vessels and cavernos spaces.  The veins have a thickened intima along one side that may act like a valve, so that when erect, they press on the vessel wall and help retain blood in that tissue.  

· There are also two corpora cavernosa, the main erectile tissues.  They also are surrounded by tunica albuginea.  

· With erection, the blood spaces fill and the tunica albuginea contains it allowing it to become erect.  The blood supply to the penis is controlled by a NAE (non-adrenergic, non-cholinergic) system, which Saul Snyder found to be based on NO signaling.  Gasseous NO signaling is made in endothelial cells and targets arterial smooth muscle to relax the blood vessels leading to the cavernous erectile tissue.  At rest, arterial blood bypasses cavernous tissue via a shunt.  With erection, you release NO and make cGMP to relax the arterial muscle to allow blood into the cavernous sinus.  Veins end up maintaining blood better too.  Viagra, cialis, etc. inhibit PDE and keep cGMP high to accomplish the same thing. 
· Spermatogonia are at the basement membrane and have large nuclei.  Primary spermatocytes are near the basement membrane and are undergoing meiosis.  Sertoli cells have large, elongated nuclei with prominent nucleoli.  Spermatids are tough to differentiate from secondary spermatocytes, and these are founded closer to the lumen of the seminiferous tuule.  Spermatozoa have elongated nuclei and are at the lumenal surface.  

· Seminiferous tubules → Straight Duct → Rete testis (simple cuboidal) → efferent duct (ciliated columnar cells and cuboidal cells to move still immobile sperm) → epididymis → vas (pseudostratified columnar, with inner and outer long. and middle circular smooth muscle).

· Testes have septae splitting them into lobules.  

· Chorionic gonadotropin production from the placenta stimulated Leydig cell development.

· Epididymal wall isn’t multi-layered like the seminiferous tubules, and the epididymis has tall, thin (pseudostratified) cells with a pale apical region due to the large intracellular golgi.  They have stereocilia, long microvilli with actin…not related to cilia which have microtubules.  The epididymal wall has a thin layer of smooth muscle and spermatozoa in the lumen.  

· The seminal vesicle is a diverticulum of the vas deferens.  It secretes fluid but doesn’t contain or store spermatozoa.  There is only 1, convoluted tube that makes up the seminal vesicle.  The mucosa is very folded, and has psuedostratified columnar epithelium with a thin lamina propria (loose CT).  Beyond this mucosal layer (epithelium and lamina propria) is a thin layer of smooth muscle.  
· The prostate has septae that divide it into lobules.  The urethra runs through it, and alveola release their secretions into it during ejaculation.  Alveoli closest to the urethra most often enlarge in older men.  Each alveolus has psuedostratified epithelium, beyond which is a stroma of fibromuscular tissue.  Calcified material may be seen in the lumen of prostatic alveoli, but they are more common in older men.  Ejaculatory ducts converge on the prostatic urethra and empty into it during ejactulation.  Each ejaculatory duct forms from a seminal vesicle duct and the ductus deferens.  

· The ductus deferens has a pseudostratified epithelium and a thin collagenous lamina propria.  Stereocilia are present nearer the epididymis.  It becomes simple columnar and loses stereocilia as it approaches the seminal vesicle.  
· The corpus spongiosum and corpora cavernosa are the erectile tissues.  They are surrounded by tunica albuginea.  Numerous vascular channels in the corpus spongiosum have unique smooth muscle bundles, forming sub-endothelial cushions.  With erection, you get more bloodflow to these tissues.  

Female Reproduction

· The female reproductive system produces female gametes (oocytes), receives male gametes (spermatozoa), provides a suitable environment for fertilization in the ovideuct, develops the fetus in the uterus, expels the newborn, and produces breast milk to nourish the newborn.

· Organs include the ovaries (oocytes mature, estrogen/progesterone produced), uterine/fallopian tubes or oviduct, uterus, cervix, and vagina.  These organs are constantly in a state of change due to hormonal influences.  

· The ovaries store and allow the maturation of oocytes, as well as produce E and P (cholesterol derivatives).  There are three kinds of estrogen (estradiol is the most abundant) including, estradiol, estrone, and estriol.  

· An ovary has an outer cuboidal epithelium, termed the germinal epithelium.  Beneath that is CT called the tunica albuginea, an acellular CT layer.  The outer ovary is the cortex.  The cortex includes primordial follicles stored and you also see developing follicles.  The inner region is the medulla, where blood vessels enter the ovary through the hilus.  Vessels here have large lumens and are very twisted and thus called the helicine arteries.  This twisted nature is thought to help them persist through the changes in the ovary over time.  

· Quiescent primordial follicles, growing follicles and mature follicles all exist in the ovary.  Atretic follicles are degenerating follicles.  The corpus luteum remains after an ovum is ovulated from a follicle.  It reorganizes into an endocrine organ producing E and P.  It degenerates by apoptosis into a CT corpus albicans.  The ovary is full of stromal cells, undifferentiated spindle shaped cells that are fibroblastic in nature.  They can differentiate to become an outer layer of the developing follicle.
· In female fetuses, primordial germ cells migrate from the yolk sac to the ovarian cortex.  They proliferate mitotically as oogonia.  There are about 7 million from fetal months 2-5.  Most degenerate through a process called atresia (apoptotic) so that only 1 million oogonia remain at birth.  Prior to birth, oogonia form primordial follicles by starting meiosis but arresting at prophase I.  They are surrounded by a layer of flattened follicular cells.  Atresia continues, and at puberty there are around 400,000 follicles.  Between puberty and menopause, only 4-500 oocytes are fully developed and ovulated.  The rest undergo atresia.  At menopause, there are no oocytes left.  

· An oocyte can remain arrested in meiosis I for as long as 55 years.  Just before ovulation, meiosis I is completed.  In metaphase II, the cell arrests again.  After fertilization, meiosis II completes.  So, females are born will all the eggs they’ll ever have.  Meiosis can remain arrested for many years.  This contrasts with males, in which gametes are continuously produced.  This has implications for chromosomal abnormalities.  Only a small percentage of available oocytes are ovulated, but the reasons for this are unclear.

· A publication in March 2004 suggests that some new eggs may be produced after birth.  Adult mouse ovaries produce active germ stem cells that replenish the follicle pool.  It suggests a paradigm shift.  
· Primordial (quiescent) follicles are covered in a layer of flattened follicular cells.  They have a huge oocyte with very pale cytoplasm.  The oocyte has a visible nucleus with a prominent nucleolus.  Every month, about 20 of these begin to development.  1 becomes dominant and is ovulated, while the rest degenerate.  The signaling mediating which are chosen remains poorly understood.  

· When activated, primordial follicles will become more round with cuboidal cells and be called primary follicles.  This is under FSH control.  Primary follicle cells are mitotically active and proliferate.  At this point, the follicle cells are called granulosa cells.  Outside of this, stromal cells organize themselves into the theca interna, which will become important for hormone production.  There is a basement membrane between the theca interna and granulosa cells.  The theca interna becomes vascularized and nutrients diffuse through the basement membrane and follicle cells to the oocyte.  A glycoprotein layer called the zona pellucida generated by the oocyte and granulosa cells is an important feature at this point.  The granulosa cells directly adjacent to the oocyte are called the corona radiata.  
· So from inside out:  nucleus/nucleolus, oocyte, zone pellucida, granulosa layer, basement membrane, theca interna.

· In the primary follicle, granulosa cells and the oocyte are connected by gap junctions through the zona pellucida.  Granulosa cells are also connected to each other by gap junctions.  For example, granulosa cells can regulate stuff in the oocyte, with molecules like oocyte maturation inhibitor from the granulosa cells.  

· The oocyte also regulates its own granulosa cells via paracrine secretion of stuff like GDF9.  GDF was the first identified, and the GDF -/- mice are sterile.  In these mutants, follicles develop but never proliferate.  So, the oocytes must make a factor important for the proliferation of its own follicle cells.  

· Secondary (antral) follicles are marked by an antrum, or lake of follicular fluid.  The fluid is secreted by granulosa cells.  Its major component is hyaluronic acid, a polysaccharide chain important for oocyte uptake by the oviduct after ovulatin.  Granulosa cells are still present, as is the theca interna.  The main job of the secondary follicle is to produce estrogen, carried out by theca interna and granulosa cells.  Here, there is a surrounding theca externa that provides support for the growing follicle.

· Estrogen is majorly produced in the secondary follicle.  There is a two cell hypothesis for estrogen production.  Estrogen is made from androgen precursors like T.  The difference between these two is the aromatization.  The theca interna cells (under LH control) produce androgens, and the granulosa cell (under FSH control) contains the aromatase that is necessary for catalyzing the aromatization and the reaction that produces estrogen.  
· A secondary follicle has a theca interna with very puffy cells.  They look like steroid producing cells (like adrenal cortex).  These cells have lots of smooth ER and mitochondria with tubular cristae for steroid.  

· The mature follicle is largely filled by the antrum.  The antrum is a key feature.  The oocyte sits on a pedestal called the cumulus oopherus.  Eventually the oocyte is only connected by thin threads.  Estrogen from the secondary follicle builds up in the bloodstream.  This causes a surge in LH, which promotes follicle rupture and ovulation.  The mature (Graafian) follicle is the follicle ready to be ovulated. 

· The oocyte completes meiosis I just prior to ovulation.  Then arrests in metaphase II.  

· In ovulation, the follicle responds to the LH surge and ruptures.  The oocyte with the corona radiata cells and some of the cumlus oopherus and some follicular fluid are expelled and swept up by fimbriae of the oviduct.  

· Hormones:  Follicle stimulating hormone (FSH) promotes the development of the follicle.  The secondary follicle makes a lot of estrogen that accumulates in the bloodstream.  When it reaches a threshold, it promotes an LH surge from the anterior pituitary that induces ovulation.  After ovulation, the corpus luteum remains in the follicle’s place, and it releases lots of estrogen and a particularly large amount of progesterone.  The corpus luteum appears yellow.  

· Atretic (degenerating) follicles appear at different points in development.  They are misshapen, often leaving only remnants of the zona pellucida behind.

· The ovarian cycle has a follicular phase in which the follicle develops.  At ovulation, you begin the luteal phase.  The ruptured follicle collapses and is reorganized into the corpus luteum, which will produce lots of progesterone and some estrogen.  High progesterone is the hallmark of the luteal phase.  The P gets the uterus ready for implantation.

· After ovulation, the granulosa cells become granulosa-lutein cells that still produce aromatase and now also steroids.  Theca interna cells become theca lutein cells that produce P and E.  The basement membrane between these two layers breaks down, and fenestrated capillaries invade the area.  So basically, P and E are produced and enter the bloodstream.  

· The corpus luteum has a lifespan of about 10 days.  It is maintained by LH.  But, as progesterone rises, it inhibits LH production.  And without LH, the corpus luteum can’t be maintained and degenerates in 12-14 days after ovulation, leaving behind a scar called the corpus albicans.  If pregnancy occurs, the corpus luteum is maintained for about 4 months because the placenta produces HCG which functions like LH to maintain the corpus luteum.  So, with pregnancy, progesterone continues to be produced.  The corpus luteum in pregnancy takes over a lot of the ovary in pregnancy (granulosa cells are pale, thecal cells are darker)
· The oviducts function to transport the ovulated oocyte and sperm to meet each other, as well as providing the site and environment for fertilization and very early development.  The overall organization of the oviduct is mostly the same.  
· The fimbriae and infundibulum are where the oocyte is received.  

· In the ampulla, there is a very convoluted mucosa.  It becomes progressively less convoluted farther from the fimbriae.  In the amuplla, you have ciliated cells that beat in the direction of the uterus and move the oocyte.  There are also secretory cells (peg cells) that protrude beyond the cilia.  These peg cells secrete things like glycogen and play a role in nutrition and protection of the oocyte and early embryo.  The presence of estrogen makes cilia longer, more abundant, and makes more secretory cells.

· In the isthmus, there is a highly folded mucosa with columnar epithelium with ciliated and secretory cells, and a lamina propria.  Beyond the mucosa is a thick muscular wall, surrounded by serosa.  

· Through beating of cilia and peristalsis of muscles, oocyte is moved along oviduct.  Near the amuplla or isthmus is where fertilization occurs.  The zygote takes 4-5 days to get to the uterus, and it begins development during that time.  So, there needs to be nourishment for the oocyte during this period, and the nourishment is provided by peg cells.

· Fertilization is a pretty complex process, much of which is still poorly understood.  It occurs in the ampulla, and is very ordered.  A spermatozoa must get through the cumulus cells surrounding the eggs to get access to the zona pellucida.  Species specific glycoproteins on the ZP act as receptors for the sperm.  When the sperm encounters this, it undergoes an acrosomal reaction that releases hydrolytic enzymes allowing it to penetrate the ZP.  Now, the sperm and egg plasma membranes can fuse.  They fuse and another reaction in the egg releases cortical granules.  These cortical granules release their product, which affects the zona pellucida and prevents polyspermy.  This is one of many polyspermy mechanisms.
· After fertilization, the oocyte completes the second meiotic division, and the nuclei of the egg and sperm and fuse.  

· In the uterus, the endometrium is the mucosal layer, beneath which is the muscular myometrium and a serosal layer.  The endometrium provides the environment for fetal development and undergoes cyclical changes with the menstrual cycle.  The myometrium doesn’t change much with the cycle.

· The endometrium has a superficial functinoalis and a deeper basalis.  There is no real distinction between the two, but the functionalis is lost with menstruation whereas the basalis remains.  Importantly, the vessels are different in these two places.

· The endometrium is lined with simple ciliated columnar epithelium.  It has many glands coming down from the surface and spiral arteries that grow up through the surface.  These glands and vessels are under hormonal control.  The functionalis changes cyclically.  The glands change in length and secretory capacity.  The arteries regrow each cycle.  

· Hormones integrate ovarian and uterine events.  Day 1 of the menstrual cycle is the day menstruation begins (ends in several days).  Then the endometrium proliferates and grows, and the spiral arteries grow into this.  At ovulation, it stops proliferating and the glands become highly secretory.  For successful implantation, the fertilized ovum requires an easily penetrable, highly vascular endometrium, and an abundant supply of glycogen for nutrition (secretory phase).  

· During menstruation, most of the layers except the basalis have been sloughed away.  During the proliferative phase, the stromal cells undergo mitosis and the epithelium reforms and we can see prominent glands.  During the secretory phase, there’s a change in the glands and they become saw-toothed and filled with secretions.  
· In higher power, proliferative phase endometrium shows glands and spiral arteries beginning to grow.  In the secretory phase, the glands look saw-toothed, and the spiral arteries have grown up to the surface.  

· In cross section, the proliferative phase shows a lot of mitotic figures as glands grow, and in the secretory phase cells lyse and liberate glycogen into the gland’s lumen (cells secrete other stuff too to nourish a newly implanted blastocyts.  

· If implantation doesn’t occur, menstruation ensues due to a lack of progesterone.  The spiral arteries constrict due to a lack of P, preventing blood flow to the endometrium (functionalis).  The tissue undergoes necrosis and the vessels rupture, leading to sloughing of the functionalis while the basalis remains.
· The uterine artery branches into large arcuate arteries in the myometrium.  This branches into radial arteries that go toward the endometrium.  Radial arteries bifurcate as they enter the endometrium into straight arteries that feed the basalis (aren’t under hormonal control) and spiral arteries that feed the functionalis (are under hormonal control).  With implantation, spiral arteries feed the placenta.  If not, they constrict and induce menstruation.

· The cervix links the uterine cavity to the vagina.  It functions to allow sperm entry, protect the uterus from bacteria, and allows the exit of the newborn.  Cervical mucosa undergoes little change in thickness during the menstrual cycle.  

· Cervical mucus is produced by cervical glands (infoldings of mucosa…no acini).  These are under hormonal control.  At ovulation the mucus is thin and watery to promote sperm entry.  After ovulation, the mucus becomes viscous to prevent microorganisms from entering.  

· At the junction of the cervix (simple columnar) and vagina (stratified squamous), there is an abrupt transformation.  This transformation is prone to cancerous changes, because this region is prone to cancerous changes.  So, pap smears are taken here.  

· The vagina is a fibromuscular canal.  It has stratified squamous epithelium.  The cells here are full of glycogen, which is released as cells are sloughed off.  Commensal bacteria metabolize the glycogen and produce a low pH that inhibits growth of undesirable bacteria.  

· The breast is comprised of 15-25 secretory lobes.  Each lobe is drained by a lactiferous duct, and each lobe contains many lobules.  Lobules consist of a series of ducts (alveolar ducts).  These are tubulo-acinar structures.  At the ends of the ducts you’ll see acini that are under hormonal control.  In puberty, they are alveolar buds, whereas in pregnancy they are highly proliferated.  In lab, we’ll contrast non-pregnant and pregnant acini.  The acini increase with pregnancy at expense of the CT, and in lactating females the alveoli are distended with milk.  
· Cilia are important for getting the cumulus mass and egg into the oviduct; the cumulus mass is also necessary for this transport.  But they don’t move it through the oviduct; this is done via peristalsis of the oviduct musculature.  A stricture of the oviduct stops the transport of the egg through the oviduct.  

Placenta

· The base of the placenta rests on the decidua basalis, what remains of the endometrium.  The roof of the placenta (chorion, or chorionic plate) faces the fetus.  The amniotic membrane covers the amniotic cavity which houses the fetus and umbilical cord.  The cord vessels branch into the chorion and carry blood to and from the placenta.

· Suspended from the chorionic plate are the placental villi with fetal blood vessels.  The villi are bathed in maternal blood which comes up from maternal spiral arteries into spaces between villi.  The principal function of the placenta is to allow nutrient and oxygen exchange by bathing villi in maternal blood.

· The amniotic membrane encloses the fetus, so the fetal side of the placenta has this membrane over it.  At birth, the side of the placenta that detaches from the endometrium looks ripped and bloody.  On the maternal side, the divisions (lobules) are called codelydons.  

· When ovulated, the oocyte is blocked at metaphase II.  It erupts from the surface of the ovary accompanied by the cumulus mass of granulosa cells.  As it moves down the uterine tube, fertilization is most likely in the ampullary isthmus area.  Fertilization results in the dispersal of the cumulus mass and the completion of meiosis II.  The zona pellucida continues to surround the egg, and is believed to help inhibit the cleaving embryo from sticking to the oviduct and preventing an ectopic/tubal pregnancy.  When the oocyte enters the uterine cavity, the egg hatches from the zona pellucida and this layer is discarded. 

· The embryo arrives in the uterus as a blastocyst, with an inner cell mass (to become the fetus) and a trophoblastic rim (becomes the placenta).  The development of the placenta begins with implantation, about 2-3 days after the blastocyts arrives in the uterus.  Implantation occurs in the edematous endometrial line in its secretory phase.  It depends on the adhesiveness of the blastocyst and endometrium.  

· In pregnancy, the endometrial stromal cells become large and have lots of pink cytoplasm.  They are called deciduous cells, and these changes are due to hormonal influences.  

· Implantation usually occurs in the upper, posterior uterus.  The chance of conceiving in a given menstrual cycle is ~30%.  Of lost pregnancies, 75% are failures in implantation.  Lots of factors influence this process, and the process is quite complicated.  
· After implantation, trophoblastic cells proliferate and invade the endometrium.  The replicating cells are uninuclear, called cytotrophoblasts.  The peripheral rim of trophoblastic cells fuse, forming multinucleate syncitia trophoblasts (derived from cytotrophoblasts and are incapable of further division).  Syn-trophoblasts have not yet made contact with endometrial vessels and glands. 

· There are many factors necessary to maintain early implantation.  Placental villi may be formed by cytotophoblasts.  The rudimentary villi are called trabeculae.  Lacunae are spaces in the syn-trophoblast layer between the trabeculae.  These lacunae can fuse with maternal blood sinusoids so that maternal blood can begin to contact the villi.  Maternal spiral artiers (deeper in the endometrium) have not yet been invaded.  

· Later, many maternal sinusoids empty into the trophoblastic lacunae.  Eventually, lacunae in the syn-trophoblast do make contact with the spiral arteries.  Maternal arterial blood now really begins to contact the villi, and this is the beginning of a functional placenta.  Veins also drain the blood.

· The cyto-trophoblasts form the solid core of villi with syn-trophoblasts on the outside in primary villi.  With further maturation, fetal mesenchyme invade the middle of the villus such that the cyto-trophoblast forms an inner lining around the mesenchyme and the syncytiotrophoblast as an outer lining.  This is called a secondary villus.  Finally, the villi form branches into the lacunae and fetally derived capillaries develop in the villi to make tertiary villi.  These capillaries become confluent with capillaries in the mesenchyme in the chorionic plate and umbilical stalk to establish the fetal circulation.  As the placenta matures, the capillaries will move farther out in the villi, closer to the trophoblastic surface.
· The inter-villus space is bathed in maternal blood.

· At 12-15 weeks, terminal villi develop.  Terminal villi are uniquely adapted for optimal diffusion.  Prior to this, there are larger villi with central vessels and two layers of trophoblastic cells.  Terminal villi are smaller, branched off of larger villi, located on the periphery of villi, contain dilated capillaries/sinusoids, and they have only syntrophoblastic coverings.  In many regions, their basement membranes fuse with the syntrophoblast cells’ basement membrane decreasing the diffusion barrier.  
· Villi at full term only have occasional cytotrophoblast cells.  These villi contain Hofbaeur cells with phagocytic properties.  Later villi have more branching too.

· The growth of the trophoblast deep in the endometrium is faster than the more superficial trophoblast.  The chorion in contact with the decidua basalis develops frond-like villus stems, and is called the chorion fundosum.  This develops into the full-sized placenta.  Small villi of the more distal chorion atrophy, and this becomes the smooth chorion labi.  The superficial aspect of the chorion facing the fetus is termed the chorionic plate.  

· During pregnancy, the part of the endometrium that changes is called the decidua.  It includes all but the deepest layers of the endometrium.  It’ll be shed with the placenta at birth.  After the blastocyts is embedded, different parts of the endometrium are given different names.  Some of these fuse with other structures later.  Chorionic villus sampling can be done at the end of the third month, and amniotic fluid sampling us usually done around the 4th month.  

· The maternal circulation to the placenta comes from arcuate arteries of the uterus, goes through the spiral arteries of the decidua basalis and the basal plate, and spurts into the intervillus space of the placenta to bathe the villi.  It returns to the maternal circulation through uterine veins.  

· The fetal circulation to the placenta comes from the umbilical arteries, circulates in the capillaries of the placental villi, and returns through the umbilical veins to a junction with the fetal IVC near the fetal heart.  Oxygen, carbon dioxide, fatty acids and electrolytes pass through the syncitiotrophoblast by diffusion.  Amino acids cross by active transport.  Igs and macromolecules are taken up by receptor mediated endocytosis.  
· The chorionic plate carries the vessels going to and from the umbilical cord.  Villi branch off of the chorionic plate.  
· During pregnancy, it’s important for blood flow through the spiral arteries to remain unobstructed.  The wall of the spiral artery which usually contains smooth muscle, now has cytotrophoblasts.  Cytotrophoblastic cells, through endovascular trophoblastic migration, invade the myometrium and replace the muscular wall with trophoblastic cells.  So, spiral arteries remain dilated during pregnancy.  It prevents constriction.

· The umbilical cord develops from the connecting stalk that connects the embryo to the chorion.  The mature cord has an outer covering of amniotic epithelial cells, and it contains two umbilical arteries and one umbilical vein.  The vessels are surrounded by mesodermal CT called wharton’s jelly.  The arteries contain unoxygenated blood, and the umbilical vein carries oxygenated blood back to the fetus. 

· Placenta previa is a low lying placenta, or one that covers the cervical os.  Cervical dilation may result in severe hemorrhage.  

· Placenta accreta results from a lack of formation of the decidual plate.  The chorionic villi extend directly into the myometrium, so the placenta can’t separate normally following delivery.  Severe hemorrhage may result.

· Abruptio placenta is when the placenta separates prematurely, prior to delivery and formation of retroplacental blood clots.  The oxygen and nutrient supply to the fetus is compromised.  

