· Ovaries
· Functions:
· Steroid production
· Estrogen
· Promotes growth & maturation of internal & ext. sex organs
· Responsible for female sex characteristics

· Promote breast development
· Progesterone

· Prepares uterus for pregnancy by promoting endometrial Δ’s

· Prepare mammary glands for lactation
· Oogenesis:  transformation of female germ cells (oogonia) into mature oocytes

· Outer ( Inner:
· Germinal Epithelium:  single layer of mesothelium
· Misnomer – primordial germ cells migrate from embryonic yolk sac
· Tunica albuginea:  iDCT capsule
· CORTEX
· Ovarian follicles (primordial, 1o, 2o, mature or Graafian, & atretic)
· Ovarian follicular derivatives (corpus luteum & corpus albicans)
· Stroma
· Collogen fibers, ground substance & closely-packed spindle shaped fibroblast-like cells
· Medulla:  
· LCT 
· Ovarian Hilum:  continuous with medulla
· Route for relatively large & highly coiled blood vessels, lymphatic vessels, & nerves
· Ovulation: 
· After puberty, sufficient hormonal environment to complete oogenesis/follicular development ( ovulation of ovum; 10 – 20 follicles begin to develop ea. month
· developing follicles increase 500 fold in size in 14 days, while oocytes increase 4 fold in the primordial follicle to the 2o follicle in 14 days
· Follicles Introduction:  Follicle = supporting (follicular) cells encircling oocyte
· Primordial Follicles (appear in 3rd month of fetal development)
· Inner(outer:  1o oocyte (arrested in Meoisis I for 12 – 50 yrs)(follicular cells(B.L.
· Distinguishing features:

· Oocyte:

· Lg nucleus w/ prominent nucleolus

· Single extensive Golgi
· Many mitochondria

· Follicle:
· Single layer of squamous follicular cells
· Primary Follicles 
· Inner(outer:  1o oocyte(zona pellucida(granulosa cells (previously known as follicular cells)(basal lamina(theca 
· 1o follicles initially I.D. by cuboidal follicular cells; also multiple Golgi 
· Granulosa cells = follicular cells that have proliferated into additional layers
· Zona Pellucida develops; 1o oocyte produces acidophilic layer b/w it & granulosa cells
· Extracellular gel-like coat composed of 3 highly glycosylated proteins (many glycosaminoglycans, GAG’s) are eosinophilic:  ZP1, ZP2, ZP3
· Very glycosolated (t/f very identifiable w/PAS stain:  GAG’s ( magenta)
· Gap Junctions:  Intercellular communication
· Inner-most (closest to oocyte) granulosa cell processes extend (through the z. pellucida) and make contact w/μ-villi on oocyte surface
· Theca – CT cells surrounding the follicle cell basal lamina – become specialized
· Theca Interna:  vascularized; endocrine-like
· Theca Externa:  less vascularized; blends in w/ovarian cortex CT
· Best seen in 2o follicles
· Granules (vesicles):  
· appear throughout ooplasm (oocyte cytoplasm)
· released by exocytosis IF ovum is activated by sperm
· release proteases to block multiple fertilization of same ovum (polyspermy)
· Recognition:  TEM:  multiple Golgi, ↑ number of ribosomes, sm. vesicles, rER, lipid droplets, and lipochrome pigments, cuboidal follicular cells, ZP
· Secondary Follicles
· Inner(outer:  1o oocyte(z pellucida(z. radiata(cumulus/granulosa (w/antrum)(basal lamina(theca
· Continued oocyte/follicle grwth require FSH, estrogen, GF (from oocyte & thecae), Ca2+
· Antrum:  distinguishing feature of 2o follicle
· as follicle continues to grow, a fluid-filled space appears; 
· Liquor folliculi fluid (mostly hyaluronic acid + hormones & GF) fills antrum
· AKA Antral Follicle due to antrum
· Cumulus Oophorus (granulosa):
· Mound of granulosa cells with oocyte located eccentrically (known as C.O.)
· Cumulus cells tightly associate b/c sticky secretion of  hyaluronic acid (viscous glycosaminoglycan – GAG)
· Corona Radiata – layer of cumulus cells in direct contact w/ z. pellucida
· Gap Junctions:  Intercellular communication
· Inner-most (closest to oocyte) corona radiata cell processes extend (through the z. pellucida) and make contact w/μ-villi on oocyte surface
· Unknown factor passes through gap jxns to regulate [c-AMP]
· Intracellular c-AMP maintains oocyte in meiotic arrest
· Remainder of granulosa cells lies in several layers along the basal lamina
· Thecae (interna/externa) folliculi:  stromal cells considered component of the follicle
· Theca Interna – specialized endocrine/secretory cells
· Inner highly vascularized layer of plump, steroid-secreting endocrine cells possessing LH (adenohypophysis) receptors
· LH stimulates theca interna cells to synthesize & secrete androgens (& some progesterone)
· The androgens pass through the basal lamina into granulosa cells
· FSH stimulate granulosa cells to convert androgens(estrogen (1o output)
· Take Home of T. Interna: estrogen stimulates granulosa cell proliferation
· Granulosa cells gradually acquire LH (in addition to FSH) receptors
· Theca Externa – blends with ovarian cortex cells (CT capsule)
· Graffian (Mature) Follicles – large antrum (C-shaped around oocyte+Z.P.+C. Radiata)
· In response to LH surge from Hypophysis:
· Luteinization:  acquirement of LH receptors (in addition to FSH receptors) as result of LH surge
· Granulosa cells & Theca interna cells (both now have LH receptors) mainly produce progesterone along with some estrogen
· Meiosis Continuation:
· Prior to ovulation:  in response to LH release, Meiosis I of 1o oocyte resumes
· Oocyte completes Meiosis I & divides asymmetrically
· Ovulation:  release of 2o oocyte by the follicle
· 12 to 24 hrs after LH surge:  the 2o oocyte & 1st polar body are formed
· 2o oocyte proceeds through & stops at Metaphase II
· Ovulated (expelled) = oocyte + Z.P. + corona radiata (detachment from cumulus oophorus) + cumulus oophorus
· Recognition:
· Large antrum
· Zona pellucida
· Detachment of oocyte + ZP +corona radiate from cumulus oophorus
· Completion of Meiosis I several hours before ovulation
· Corpus Luteum (CL) – secretes progesterone (& some estrogen)
· After ovulation, the luteinized theca & granulosa cells that remain in the ovary become the corpus luteum
· Lumen (former antrum) of corpus luteum replaced by CT
· Granulosa cells – transform into granulosa lutein cells (large & eosinophilic)
· Theca Interna – transform into theca lutein cells (smaller & less cytoplasm)
· If fertilization – 
· Meiosis immediately continues: 2o oocyte (w/most of cytoplasm) + polar body (w/little cytoplasm)
· Human chorionic gonadotropin (hCG) from the placenta stimulates C.L. to continue to enlarge & produce estrogen & progesterone 
· Estrogen & progesterone prevent continuation of menstrual cycle and eventually menses (bleeding)
· Eventually the placenta takes over progesterone/estrogen production for the C.L. 
· If NO fertilization:  corpus luteum regresses to a Corpus Albicans (no ZP: expelled during ovulation); CT will eventually replace the degenerating luteal cells
· Atretic Follicles
· 10 – 20 follicles/mo. begin to develop, but only one follicle completes per uterine cycle
· Atresia:  remaining follicles degenerate by spontaneous death & resorption of the oocytes
· Atretic Follicles: follicle showing conclusive sign of cell death or obvious degeneration
· Basal lamina thickens, folds and becomes eosinophilic (“glassy membrane”)
· Zona Pellucida is recognizable in some atretic follicles (distinguishing)(t/f canNOT be Corpus Albican (b/c Z.P. expelled from follicle during ovulation)
· Corpus Albican is much larger & thicker than atretic follicles
· Take Home:  be able to I.D. follicles of different stages
