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Pazpmea 1.
OBIIME ITOJOXEHUSA

1.1. AHHOTANUSl AUCUMILINHBI

I'ucronorust, Iluronorusi, SMOpHONOTHs — OAWUH U3 0a30BBIX MEIUIIMHCKUX TPEIMETOB,
MO3BOJISIFOIIMX ~ CTYA€HTAaM  pacCMOTPETb  CTPOCHHME  YEJIOBEUECKOr0  OpraHu3smMa  Ha
MHUKpPOCKOIIMYECKOM YpPOBHE, OLICHUTh CBOMCTBA KJIETOK M TKAaHEH Ha HAJIMOJIEKYJSPHOM,
KJICTOYHOM M TKaHEBOM YPOBHE. BKIIIOUeHHME B COCTaB JIAHHOTO MpeaMeTa IMOPHUOIIOTHH TaKKe
MO3BOJIICT CTYACHTAM IMPOCICAWTh pPAa3BUTHE OpTraHW3Ma Ha YPOBHE BHYTPHYTPOOHOTO
npoiecca..

Takum oOpazom, npeamer ['ucronorus, L{utonorus, IMOpUONOTHs SIBISIETCS CBA3YIOIIUM
3BEHOM B TJIyOOKOM OCMBICIICHHH (YHKIIMOHUPOBAHUS OPTaHW3Ma MEXKIY MOJEKYJISPHBIM
YpOBHEM (UTO M3ydaroT Ha mpeamerax buoxumwust m MonekynsipHas buosorus), u opraHHbIM
YpOBHEM (UTO M3Yy4aroT Ha npeamerax HopmansHas anatomust u Hopmanbnas @uznonorus).
Heab npenogaBanusi AUCHUIIMHBI
Lenpto mpeamera SBISETCS YCTAHOBICHUE CTYICHTAM TMPUHILMUIOB KIETOYHOTO YpPOBHS
OpraHU3aIlMU Y€JI0BEUECKOro TeJa, €r0 HEOTHEMIIEMOM CBSI3U C )KUBOTHBIMHU KJIETKAMHM, a TaKKeE
MOATOTOBUTH K U3yYEHUIO TaKUX IpeaAMeToB Kak [laTomornueckas Anaromus u [laronornueckas
®u3noNorus, Tak Kak JaHHbIC IPEeIMEThl 0a3upyIOTCs Ha TTyOOKOM MOHUMAaHUN HOPMBI.

K Tomy xe B mpoiecce oOydeHUss Ha JAaHHOM IMPEAMETE HCIOJIb3YETCS MPUMEHEHHUE
MHUKPOCKOITUYECKONU TEXHUKH MCCIICIOBAHUS, YTO TO3BOJISIET CTYJEHTAM OCBOUTH OJMH U3 CaMbIX
JIOCTOBEPHBIX ~ CIIOCOOOB  MPOBEACHUS KIMHUYECKUX  HCCIEJAOBAaHUW  OpraHu3Ma  Kak
TUCTOJIOTHYECKOE HCCleI0BaHre OnomnTara.

1.2. 3apauyu npenogaBaHus JUCHUILIMHBI

OCHOBHBIMHU 3aJjauaMH TIpPEAMETa SIBIACTCS MOCTIXKCHHE CTYJIEHTAMH TJIYOOKOM B3aMMOCBSI3H
CTPYKTYypbl U (YHKUMHM TKaHel B >KMBOM OpraHU3Me, OCBOCHHE OCHOBHBIX IPHUHIIUIIOB
TUCTOJIOTMYECKOTO HMCCIEI0BAHMS, MOHATh I'PAHMUIBI BO3MOKHOCTEH COBPEMEHHOW HAyKH IpPHU
TUCTOJIOTHYECKOM  HccieAoBaHuU.  DOpMHUPYIOTCS  HaBBIKM  HUHTEPIpPETAllUU  JTaHHBIX
THUCTOJIOTHYECKOTO UCCIICOBaHMS ¢ (DYHKIIUSAMU OPTaHHU3MA.

V3HaTh CTpOE€HHE TKaHEHd OpraHu3Ma, pas3jiuuTab TUCTOJIOTMYECKUE Ipernaparbl Ha
yIBTPACTPYKTYPHOM YypPOBHE, MOHSITh HOPMalabHOE CTPOCHHE TKAaHEH U OpraHoB, YTOOBI
OTJINYATh 3/I0POBBIE TKAHU OT TOBPEKIEHHBIN MPU MaTOTMCTOIOTUYECKOM HUCCIIEIOBAHUY.

1.3. Mecto nucuuminnel (MoayJeil) B crpykrype OOII BITO
[lepen wusyuennem mnpenmera [ucromorus, LluTomorus, OMOpHONIOTUS CTYAEHT JOJKEH
o0nanate 0a30BBIMHM IMO3HAHUAMHU IIKOJBHBIX MPEAMETOB, 00JaJaTh 3HAHHEM MPUMEPHOTO

PACIIOJIOKCHUA OPraHoB, q)YHKLII/II/I OCHOBHBIX CHCTEM YCJIOBCYCCKOI'O OpraHuima, YCTpOﬁCTBa



OMONIOTMYECKUX CHCTEM, a TakKe IIOHMMaThb OCHOBHBIC NPUHLUIBI B3aHMMOOTHOILICHUE
MHKpPOMHUPA 1 MaKPOMHUPA.

[TpepexBusuts: O6mas Ouomnorust, OOmas xumusi, Opranndeckas xumusi, HopmanbHas
aHATOMUS

[TocTpexBe3UTHI: Hopwmanbnas ¢busmonorus, [Taronoruyeckas Amnaromus,

[TaTtonornueckas ®@usunonorus, Men.reneruka, Buyrpennue 6one3nu, OHkoorus

1.4. ®opmupyemble KOMIETEHIHH, a TAaK:Ke IMepedyeHb ILUIAHHPYEMbIX pe3yJibTATOB
o0yyeHHs] MO JMCUMILIMHe (3HAHUSI, YyMeHHs, BJiajJieHUs1)), cGopMyJUPOBAHHbIE B
KOMeINeTeHTHOCTHOM (popmaTe

B cootBerctBuu ¢ I'OC BIIO KP 1o cooTBeTCTBYIOIIEMY HAlPaBIECHUIO BBITHCHIBAIOTCS
BCE KOMIIETEHIIMHU, (POPMHUPOBAHHE KOTOPBIX MOJTHOCTHIO MJIM YACTHYHO OCYIIECTBISCTCS MPH
W3YYEHUU JAHHOUN JHCUUTUIHHBIL.
a) ynueepcanivHble:
- (OK-1); crtocoOHOCTBIO K a0CTPaKTHOMY MBIIICHHUIO, aHAIIU3Y, CHHTE3Y;
- (OK-2); cnocoOHOCTBIO HCHONB30BAaTh OCHOBBHI (uiiocopckux 3HaHHHN 17 HOPMUPOBAHUS
MHUPOBO33PEHYECKON MO3UIUY;
- (OK-5); TOTOBHOCTBIO K CaMOpPa3BUTHIO, caMOpealHu3allii, CamMoO0Opa30BaHUIO,
UCTIOJIB30BaHUIO TBOPUYECKOTO MOTEHIIHANIA;
- (OK-8); roToBHOCTBIO K paboTe B KOJUICKTHUBE, TOJEPAHTHOMY BOCHPHUSITHIO COIUAIbHBIX,
STHUYECKHUX, KOH(PECCUOHANBHBIX U KYJIbTYPHBIX Pa3IHuni.
— (OIIK-1); roTOBHOCTBIO pemniaTh CTaHAAPTHBIC 3a7aud MPOPECCUOHAIBHONU ACATEIHHOCTH C
UCTIOJIb30BaHUEM HH(OPMAIIMOHHBIX, OMOTHOrpadUIecKuX PECypcoB, MEIUKO-OHOIOTHYECKON
TEPMHUHOJIOTHH, HWH(GOPMAIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJOTUH M Y4YETOM OCHOBHBIX
TpeboBaHUi HHGOPMAITMOHHON O€30ITaCHOCTH;
—  (OIIK-7); TOTOBHOCTBIO K  HCIIOJB30BAaHHIO  OCHOBHBIX  (PH3UKO-XMMUYECKHX,
MaTeMaTHYECKUX M WHBIX E€CTECTBEHHOHAYYHBIX TIOHATHH, W METOJOB NPHU pEIICHUH
npohecCHOHANBHBIX 3a/1a4;
— (OIIK-9); crnocoOHOCThIO K OlIeHKE MOP(PO(PYHKIIMOHAIBHBIX, (PU3HUOTOTHIYECKUX COCTOSHUI
U MATOJIOTMYECKUX MPOIIECCOB B OpraHU3Me YeIoBeKa JIJIs pelleHus MpoPecCuOHANbHBIX 3a/1a4;
0) npogheccuonanvnuie (I1K):
- (IIK-1); crmocoOHOCTBIO M TOTOBHOCTBIO K OCYHIECTBICHHIO KOMIUIEKCA MEPOIPHSITHH,
HAIPaBIIEHHBIX HA COXPAaHEHHE W YKpEIUICHHE 3[0pOBbs JeTed M BKJIIOYAIOIIHUX B ceds
dopMupoBaHue 3A0pPOBOrO 00paza >KU3HH, NPEAYNPEKICHWE BO3HUKHOBEHHS U (WJIM)

pacripocTpaHeHus 3a00JIeBaHUI, UX PAaHHIO JUATHOCTHKY, BBISBICHUE MPUYHMH U YCIOBHHA HUX



BO3HUKHOBEHHUS M PAa3BUTHUS, & TAK)KE€ HANpPaBICHHBIX Ha YCTpPaHEHHWE BPEIHOTO BIUSHHUS Ha
3/10pOBbe JeTel (haKTOPOB CPebl UX OOUTAHMUS,

- (ITK-20); TOTOBHOCTBIO K aHAJIU3Y U MYOJINYHOMY IPEACTABICHUIO MEIUITUHCKON HH(POpMAITuu
Ha OCHOBE JOKa3aTCIbHOM MEIUIINHEL,

- (ITK-21); ciocoOHOCTBIO K y4aCTHUIO B TPOBEICHUH HAYUHBIX UCCIIEI0OBaHUM;

- (ITK-22); TOTOBHOCTBIO K YU4aCTHIO BO BHEJAPEHUU HOBBIX METOJIOB M METO/IMK, HAIIPABJIEHHBIX

Ha OXpaHy 370POBbs TPAKAAH.

15. Tpe6oBaHusI K YPOBHIO NMOATOTOBKH CTY/I€HTA, 3aBEePIIHBILIEr0 NMPOrpamMMy H3y4YeHHs
JAAHHOM TUCHHUILTHHBI.

B pe3yiabTarte u3yuenus 6a30Boii YacTH HUKJIA:

CTyaeHT 10J1KeH 3HATh:

»  CTpyKTypy ’KHBOM KIIETKH YEJIOBEKA

» Kiierounsle npoiiecchl GyHKIIMOHUPOBAHUS YEIOBEUYECKOTO TENa

> CTpOeHI/Ie OopraHru3Ma Ha KJICTOYHOM W TKAHCBOM YPOBHC OpraHHU3allun

>

OCHOBHBIE 3TAIIBI Pa3BUTHA OPTraHOB U CUCTEM OpraHu3Ma

CTyaeHT 10/1KeH YMeThb:

» ®opMyIHpOBaTh 3HAHUS 10 CTPOCHUIO KIIETKH, ITpOIecca JAeCHHs U Pa3MHOKEHHUS, a TAKIKE
pa3BI/ITI/I$[ opraHmMa

» JlaBaTh I'MCTOJIOrMYECKOE ONMCAHUE TKAaHEH opraHu3Ma

» Hcnonbs30BaTh COBPEMEHHYIO JIUTEPATYPY JJIS U3YUCHUS TpeaMeTa

» Hcnonp30BaTh MUKPOCKOITMUECKOE MCCIICIOBAHNE

CTyAeHT 10/I2KeH BJIAeTh:
» MeronaMu OATOTOBKH TKaHEH OpraHu3Ma ISl THCTOJOTHYECKOrO HCCIIeI0OBaHMUS

» MetogaMu MUKPOCKOTIMYECKOTO HCCIIEIOBAaHNS TKaHEH YeTI0BeKa



Pazpgea 2.
COJIEP’)KAHUE U TPYJTOEMKOCTH
B cootBercTBUY ¢ yueOHBIM IaHOM YupexacHus «CaapIMOCKOB YHUBEPCUTETY JICUCOHOTO
dakynprera npeamer [ucromorus, IluTonmorus, DmOpuosorus mpenogaércs B CIEAYIOMEM
obbeme: Bcero 4 kpeaurta Ha 1, 2 cemectpe.. KonmnuecTBo yacoB Bcero: 120 U3 HUX JEKIIMOHHBIX

3aHaTHhil 16 yacoB B 1 cemecTpe u 16 yacoB Bo 2 cemectpe, [IpakTrnyeckux 3ansaTuii 26 yacoB B 1

Ne Tembl MoayJ1eit KoimuectBo KosmmuectBo BCEI'O
aKaJeMHYecKHX 4YacoB CPC
Jlek. Ip. JIao. CpPC | CpPCIl
(cem)
I. 1,2 cemectp
2. Cytology 8 10 6 2 24
3. Sexual reproduction 4 8 3 2 15
4. Embryogenesis 4 8 9 3 21
5. Epithelial tissues 4 4 3 4 11
6. Connective tissues 8 14 9 4 31
7. Muscular tissue 2 4 3 4 9
8. Nervous tissue 2 4 6 4 12
Oowuii 00vem yuednou 32 52 36 25,2 120
Hacpy3Ku (¢ uacax):
Bcezo uacoe no yueonomy | 120
naauny:

cemectpe 1 26 yacos Bo 2 cemectpe, CPC B 1 cemectpe 18 uacos, Bo 2 cemectpe 18 yacos.



Pazpgea 3.

TEMATHUYECKHH ILTAH 11O MOJY.JISAM (1 CEMECTP)

3.1. Temamuueckuii nnan 1eKYuoHHwIX 3anamuil Ha 1 cemecmp

Ne Themes hour
1. Microscopy. Explain the microscopy method of examination. 2
Histological sample | Define types of microscopy, way to use compound

preparation microscope. Histological sample preparation
technic. Staining methods
2. Cell membrane Define the structure and function of cell membrane. 2
Membrane transport and vesicular transport

3. Cytoplasm Cytoplasm components. Role of membranous and 2

non-membranous organelles in a normal cell live.

4, Nucleus, Cell Structure of nucleus, components and functioning. 2
division Cell cycle in interphase and M phase. Detailed

process of cell division.

5. Meiosis. Detailed process of meiosis. Role of meiosis in 2
Spermatogenesis living organism. Detailed process of

spermatogenesis in male’s body

6. Oogenesis. Detailed process of oogenesis in female 2
Fertilization reproductive system. Fertilization male’s and

female’s events. Zygote formation.

7. First week of The process of early embryogenesis starting from 2
embryo cleavage until gastrulation process. Attachment of
development. embryo to endometrial wall.

Preimplantation,
Implantation
8. Second — third week | The process of 3 germ layer development. Axis 2

of embryo
development.
Gastrulation,
notochord
development,
neurulation, body

cavities formation

organs formation. Neural plate folding and followed
embryo folding process, leading to form body

cavities.




3.2. Temamuueckuit nian npakmuyeckux (cemunapckux) sauamuii na 1 cemecmp

Ne HaunmeHoBanue Kpartkoe coaepxanue Kou-Bo
3aHATHA 4acoB

1. | Microscopy. Explain the microscopy method of examination. 2
Histological sample | Define types of microscopy, way to use compound
preparation microscope. Histological sample preparation

technic. Staining methods
2. | Cell membrane Define the structure and function of cell membrane. 2
Membrane transport and vesicular transport

3. | Cytoplasm Cytoplasm components. Role of membranous and 2

non-membranous organelles in a normal cell live.

4. | Nucleus, Cell Structure of nucleus, components and functioning. 2
division Cell cycle in interphase and M phase. Detailed

process of cell division.

5. | Mitosis Cytology control work 2

6. | Meiosis. Detailed process of meiosis. Role of meiosis in 2

living organism.

7. | Spermatogenesis Detailed process of spermatogenesis in male’s 2

body

8. | Oogenesis. Detailed process of oogenesis in female 2

reproductive system.

9. | Fertilization Fertilization male’s and female’s events. Zygote 2

formation.

10. | First week of The process of early embryogenesis starting from 2
embryo cleavage until gastrulation process. Attachment of
development. embryo to endometrial wall.

Preimplantation,
Implantation.
11. | Second — third week | The process of 3 germ layer development. Axis 2

of embryo
development.
Gastrulation,
notochord

development.

organs formation. Primary mesoderm

differentiation




12. | Neurulation, body Neural plate folding and followed embryo folding 2
cavities formation process, leading to form body cavities.
13. | Third to eight week | General process of organ and system primordium 2
of embryonic formation.
development
3.4. Camocmoamenvhan pavoma cmyoenmosg (CPC)
Ne IIepeuyens TeM U pa3iesioB Kou-Bo dopma
4acoB OTYETHOCTH
(mpensiaraembie)
1. Biochemical  structure  of  cell 3 Report
membrane
2. Expression of genetic information 3 Report
3. Regulatory  mechanism of cell 3 Report
division
4. Epithelio-mesenchymal and 3 Report
mesenchymo-epithelial transition
5. Mesenchymal cells structure and 3 Report
further development
6. Neural crest cell function 3 Report
3.1. Temamuueckuit n1an 1eKYUOHHBIX 3aHAMUI Ha 2 cemecmp
Ne HaumenoBanue Kpartkoe coaep:xanue KoJu-Bo
3aHSATHS 4acoB
1. Types of tissues. Short introduction to different types of tissues. 2
Epithelial tissue Detailed explanation of epithelial tissue structure
2. Glandular Glands as a special type of epithelia. Exocrine 2
epithelium gland classification. Serous and mucous secretion.
Merocrine, apocrine, holocrine mechanisms of
secretion
3. Blood Components of blood. Structure and function of 2
blood plasma. Cells of blood count and structure
4. Connective tissue Components of connective tissue. Fibers, ground 2
substance, cells of connective tissue

10




5. Cartilages Structure of cartilage. Process of cartilage growth. 2
Classification of cartilages and their location
6. Bones, osteogenesis | Structure of bones. Extracellular and cellular 2
composition. Process of bone growth and renewal
7. Skeletal muscles. Classification of muscles. Skeletal muscle 2
Cardiac muscle. structure. Difference between skeletal and cardiac
Smooth muscle muscles. Smooth muscle structure
8. Nervous tissue Cells of nervous tissue. Neurons and neuroglial 2
cells. Classification and general structure.
3.2. Temamuueckuit ni1an npaKmuyecKux (CEMUHApPCKUx) 3auamuii Ha 2 cemecmp
Ne HaumenoBanue 3aHITHSA Kparkoe conepxanue Koua-Bo
4acoB
l. Epithelial tissue Short introduction to different types of 2
tissues. Detailed explanation of
epithelial tissue structure
2. Glandular epithelium Glands as a special type of epithelia. 2
Exocrine gland classification. Serous
and mucous secretion. Merocrine,
apocrine, holocrine mechanisms of
secretion
3. Blood Components of blood. Structure and 2
function of blood plasma. Cells of blood
count and structure
4. White blood cells WBC classification and functioning 2
5. Connective tissue. Fibers and ground substance of 2
Extracellular matrix connective tissue
6. Connective tissue. Cells of Residence and migratory cells 2
connective tissue. Types of | classification and functioning.
connective tissue Differentiation of dense and loose
connective tissue
7. Cartilages Structure of cartilage. Process of 2

cartilage growth. Classification of

cartilages and their location
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8. Bones Structure of bones. Extracellular and 2
cellular composition.

9. Osteogenesis Process of bone growth and renewal 2

10. | Skeletal muscles. Classification of muscles. Skeletal 2
muscle structure.

11. | Cardiac muscle. Smooth Difference between skeletal and cardiac 2

muscle muscles. Smooth muscle structure

12. | Nervous tissue Cells of nervous tissue. Neurons 2
classification

13. | Nervous tissue Neuroglial cell classification and 2
function

3.4. Camocmoamenvnasn pavoma cmyoenmos (CPC)
Ne IIepeuyens TeM u pa3iesioB Koa-Bo dopma OTYETHOCTH
4acoB (nmpeasiaraembie)

1. Blood formation. Stem cell theory 3 Report

2. Macrophages role in immunity 3 Report

3. Healing of fractured bones 3 Report

4. Differentiation of mesemchymal 3 Report

cells

5. Conductive cardiac muscle cells 3 Report

6. Degenerative brain disorders 3 Report
Pazpgea 4.

®OHJ OHEHOYHBLIX CPEJACTB JJIAA TEKYIEI'O, PYBEKXKHOI'O U UTOT'OBOI'O
KOHTPOJIEN IO UTOI'AM OCBOEHU S TUCIATLIANHBI

VY4eOHble OCTHIKEHUS - PE3yJbTaTbl OOy4EHHs CTYyAEHTOB oleHuBaroTcss mo 100-

OaTBbHOM IIKaje, COOTHOCSTCS C MATHOAIBHOM CHCTEMOI, 1 MOTYT COOTHOCHUTCSI C CUCTEMOM

ECTS (Ta6u.1).

pe3yJibTaTaM JBYX MOAYJIE U UTOTOBOTO KOHTPOJISI 3HAHU K.

Htorosas MOI[y.]'IBHO—prITPIHFOB&H OL€CHKa II0 JUCHUIIVIMHEC BBICTABILICTCA IIO

PacnpeﬂeneHI/Ie 0aJIoB peﬁTHHFOBOﬁ OLCHKU MCXKAY BUAAMH KOHTPOJIA YCTAHABJIMBACTCA B

CJICAYIOIICM COOTHOIICHUU:
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dopma KoumuectBo
NPOMEKYTOYHO 0aJ1J10B
i aTTecTanuun Texymmi Py06exnblii Hrorosmlii Cymma
KOHTPOJIb KOHTPOJIb KOHTPOJIb 0aJui0B
OK3aMeH 40 40 20 100
JuddepennmnpoBaHHbIN 40 40 20 100
3auer
Tabmuna 1
PeiiTunrosas 5-Tt; 6a/IbHAA Onenka Onpenenenne ECTS
ouenka (%) OlleHKa ECTS
85-100 5 — OTIINYHO A OTnuuHBIN pe3yabTaT ¢
MUHUMaJIbHBIMU
omuOKamMu
81-84 4 — xopol1io B Beimecpennuil pesynprar
C HEKOTOPBIMH OIINOKaMH
70-80 C CpenHuii pe3ynbTar ¢
3aMETHBIMH OIIHOKaMU
60-69 3- D CnaOwlii pe3ynbTaT co
YIIOBJIETBOPUTEIILHO 3HAYUTEIILHBIMU
HeJ0CTaTKaMu
55-59 E ITocpencTBeHHbIN
pe3yJsibTar
0-54 2 — F HeoOxomumo mepecnarthb
HEYIOBJIETBOPUTEIHHO BECh MIPOUICHHBIN
MaTepuan

CamocrositenbHas padbota cryaerta (CPC) cocTouT u3 AByX 4acTeii:

- epBada 4aCTb BKIHOYACT CaMOCTOATCIbHYIO paboTy ¢ y4acTHEM IIPEIoaaBaTeis

(CPID).

- BTOpafl HJaCTb OCHOBAHAa HA BBIITOJIHCHUEC MHANBUA yaanOﬁ CaMOCTOﬂTeﬂbHOﬁ [236OTI)I
(UCP). Cnenosarenbno, CPC = CPII + UCP.

3a,Z[aHI/Ie Ha CPC CTYACHTHBI JOJIKHBI ITOJTYUYUTh B HA4YaJIE CEMECTpaA.
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Htorosas oneHka 3HaHUM CTYACHTOB CJIarac€Tcsd U3 TPEX COCTABJIAKOIINX:

e Tekymmid KoHTpoib (TK);

e pybexusIii kouTposas (PK), T.e. pe3ynbTraToB MOAYIbHOM PabOTHI;

e camocTosTensHOoM paboTsl ctyaeHTa CPC).

CaenoBarensHo, UK=TK+PK+CPC

dopmupyembie
HNudopmannonnbie u
HanmenoBanu | Buabl yueOHoM KOMIIETEeHIIMH
Ne ni/nn o0pa3oBaTe/bHbIE
e pa3zaena padoThbI (Yka3bIBaeTcsi KO
TEXHOJIOTHH
KOMIIETEHIIMH)
1 2 3 4 5
1. Cytology Jlexnus 1-4 OK-1, IIK-1, IIK-2. |BBoaunas JICKIUS c
HCIIOJIb30BaHHUEM
BUJIEOMATEPHATIOB
Cemunap 1-5 |OK-3, TIK-2, T1K-5.
VYeTHEII W HOHUCBMEHHBIN
ormpoc, BEITTOJTHEHHE
YIPaKHEHHH, pelieHue
CUTYallMOHHBIX  33aJa4 U
CamocrostensH |[1K-1, TTK-2, TECTORB
as pabora
KoncynpTupoBanue U
MpOBEpPKa JIOMAaIITHUX
3aT1aHUH.
2. Sexual Jlexmusg 5-6. OK-1, IIK-2, TIK-3. |Jlekuus-Bu3yanu3anus C
reproduction MIpUMEHEHUEM CITaiI-
Cemunap 6-9. |OK-3, [IK-2, [IK-5 |mpoekTopa
VYeTHEII M IHUCBMEHHBIN
ormpoc, BEIITOJTHEHHE
YIPa)KHEHH, pelieHue
Camocrosrenss |OK-1, T1K-2, CUTYalMOHHBIX  3aJa4 |
ast pabora TECTOB
KoHncynbTupoBanue u
poBepKa JTOMAIITHUX
3aJaHNMN.
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Embryogenesis |Jlekius 7-8. OK-1, TIK-2, I1K-3. |Jlekuus-Bu3yanu3amnus c
MIPUMEHEHUEM cllann-
OK-3, [1IK-2, [IK-5 |mpoekTopa
Cemunap  10- YCTHBII ¥ NUCBMEHHBIN
13. ormpoc, BBITIOJIHEHUE
YIPA)KHEHHU, pelenue
OK-1, I1IK-2, CUTYalMOHHBIX  3aJa4d H
CamocTosaTenbH TECTOB
ast pabora KoncynpTupoBanue u
MpOBEpPKa JIOMAIITHUX
3aJaHul
Epithelial Jlexkuus 9-10 OK-1, IIK-2, [TIK-3. |JIexuus-Bu3yanu3anus C
tissues PUMEHEHHEM clan-
OK-3, [1IK-2, I[IK-5 |mpoexTopa
Cemunap 14-15 VCTHBII W NUCbMEHHBIN
orpoc, BBITIOJTHEHHE
yIpaxHEHUH, pelieHue
Camocrosrenst |OK-1, [1IK-2, CUTYallMOHHBIX  33Ja4 U
ast pabora TECTOB
KoncynsTupoBanue u
poBepKa JIOMAITHUX
3aJaHul
Connective Jlexuus 11-14  |OK-1, I1K-2, TIK-3. |Jlekuus-Bu3yanu3anus C
tissues IpPUMEHEHHUEM clIanI-
OK-3, IIK-2, IIK-5 |mpoekTopa
Cemunap 16-22 VYCTHBII W NUCbMEHHBIN
ompoc, BBITIOJIHCHHE
yIpaxHEHUH, pelieHue
CamocrosarensH |OK-1, ITK-2, CUTYallMOHHBIX  33Ja4 U
ast pabora TECTOB
KoncynpTupoBanue u
poBepKa JIOMAITHUX
3aJaHUN
Muscular tissue |JIekmus 15 OK-1, TIK-2, TIK-3. |Jlekuusi-BU3yanu3anus c
MIPUMEHEHUEM cllann-
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OK-3, [1IK-2, I[IK-5 |mpoexTopa
Cemunap 23-24 VCTHBII ¥ NUCbMEHHBIN
ompoc, BBIIIOJTHCHUE
YIPaKHEHHH, pelieHue
CamocrosarensH |OK-1, ITK-2, CUTYallMOHHBIX  33Ja4 U
ast pabora TECTOB
KoncynpTupoBanue U
poBepKa JIOMaIITHUX
3aJIaHUN
7 Nervous tissue |Jexmus 16 OK-1, IIK-2, TTIK-3. |JIekuus-Bu3yanu3anus c
MIPUMEHEHUEM cllann-
OK-3, IIK-2, IIK-5 |mpoekTopa
Cemunap 25-26 VYCTHBII W TUCbMEHHBIN
ompoc, BBIIIOJTHEHUE
YIPA)KHEHHU, pelienue
Camocrosarenss |OK-1, ITK-2, CUTYallMOHHBIX  33Ja4 U
as pabora TECTOB
KoncynpTupoBanue U
MpOBEpPKa JIOMAaITHHIX
3aJTaHUN
4.1. MeToanueckue MaTepualibl, onpeae/siiomme Npoueaypbl OlleHMBAHUA 3HAHUI,

YMEHHI HABBIKOB H (MJIH) ONBITA AeATeIbHOCTH

- KOHTpOJILHBIe BOIIPOCHI M 3aIaHUA 1JId MPOBCACHUA TEKYIIETIr0 KOHTPOJISA

(B Te4eHHe ceMecTPa M0 TeMaM M MOIYJISIM)

Neural plate cells are not responsible for:

Medulla of adrenal gland development

Spinal cord development
Liver development

Brain development

Name of embryonic cell mass responsible for somite formation?

Lateral mesoderm
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Neural tube

Paraxial mesoderm

Neural plate

Somites are:

Medial part of mesoderm responsible for urinary tract development
Peripheral part of mesoderm, responsible for body cavity formation
Medial part of mesoderm responsible for axial skeleton development

Intermediate part of mesoderm, responsible for digestive tract development

What is the role of lacunae in syncitiotrophoblast?
Containing enzymes to dissolve endometrium
Defense against maternal antibodies
Establishment of blood circulation in embryo

Allows movement of embryo deep in endometrium

What assists to zygote and early embryo in travelling along the fallopian tube?
Fimbria actively push the embryo toward uterus

Corona radiata uses its flagella to commit transportation

Epithelium of Fallopian tube which is covered by cilia

Zona pellucida uses it's cilia for active transportation

Gastrulation is:

Formation of extraembryonic mesoderm

Migration of hypoblast cells to epiblast to replace them
Folding of trophoblast to form endoderm

Bilaminar to trilaminar disc transformation

Septum transversum is responsible for:
Atrium formation

Ascending aorta formation

Formation of part of diaphragm

Heart ventricles formation

Name the process when secondary oocyte enveloped by zona pellucida and corona

radiata cells sheds out from ovary
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a) Meiosis 2
b) Ovulation
¢) Meiosis 1

d) Luteinization

9. Roles of syncitiotrophoblast is NOT:

a) Destroys the components of endometrium
b) Invade embryo deep in endometrium

¢) Rupturing of zona pellucida

d) Invasion of myometrium of uterus

10. What happens due to capacitation of sperm?
a) Motility of flagella decreased

b) Acrosome collects more enzymes

c) Acrosome gets ready for acrosome reaction

d) Acrosome ruptures

11. What is marked by #1 in diagram?

a) Somite
b) Rostral neuropore
¢) Primitive groove

d) Neural plate

12. Which changes ARE NOT normally happened with the embryo in uterus?
a) Shedding of zona pellucida

b) Hatching

c) Blastocyst formation

d) Meiotic division
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13.

d)

18.

a)

Characteristic of which embryonic structure is: "mesenchymal cells which aggregate
near the axial organs of embryo"?

Lateral mesoderm

Paraxial mesoderm

Endoderm

Intermediate mesoderm

. Notochord growth goes:

Toward the lateral part of embryo
Toward the cranial part of embryo
Toward the caudal part of embryo

Toward the yolk sac region

. Which protein of zona pellucida plays the role of trigger in acrosome reaction

Acrosin
Zona protein 3
proteolytic enzymes

Hyaluronidase

. What is the first phase when embryo touches the endometrium?

Invasion
Adplantation
Penetration

Sticking

. This step of fertilization takes place during spermatozoa stay in the female genital tract,

especially during the ascension towards the ovary through the uterus and fallopian tube.
Ejaculation

acrosome reaction

capacitation

Activation

Primitive yolk sac is formed of:

Hypoblast
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b) Syncitiotrophoblast
c) Epiblast
d) Zona pellucida

19. Between which stages of embryogenesis embryo entered into the uterus?
a) Zygote to two cell stage

b) two cell stage to four cells stage

c) Four cells stage to eight cell stage

d) morula to blastocyst stage

20. What is termed as a polarity of embryo?

a) Presence of positive charge on the surface of embryonic cell
b) Place of hatching determines the polarity

c) Location of embryoblast on the one pole of embryo

d) Presence of negative charge on the surface of embryo cells

21. Chorionic cavity is lined up by:
a) Cytotrophoblast

b) Extraembryonic mesoderm

¢) Amnion cells

d) Epiblast cells

22. Notochord tube temporary (for 24 hours) fuses with this cell layer
a) Exocoelomic membrane

b) Neural plate

¢) Endoderm

d) Mesoderm

23. One of layer of bilaminar disc is made up of:
a) Hypoblast

b) Amnion

¢) Exocoelomic membrane

d) Extraembryonic mesoderm

24. One of layer of bilaminar disc is made up of:



26.

a)
b)
©)
d)

27.

a)
b)
©)
d)

28.

a)
b)

c)

Epiblast
Extraembryonic mesoderm
Endoderm

Ectoderm

. Neurenteric canal connects amniotic cavity with:

Uterine cavity
Chorionic cavity
Oral cavity
Yolk sac

What of these is component of chorion?
intraembryonic mesoderm
Extraembryonic mesoderm

Epiblast

Hypoblast

In which part of embryo precardial plate (primordium of the heart) is located before the

folding?

Paraxial mesoderm
Cranial end mesoderm
Caudal end mesoderm

Lateral plate mesoderm

What is marked by #1 in diagram?

Cranial neuropore
Primitive streak

Somite
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d) Caudal neuropore

29. Mark the true statement about the cleavage.

a) Polar bodies emerge from embryo in that stage

b) Made by mitotic division only

¢) Zona pellucida ruptures after the first cell division

d) after the cleavage period blastocyst occurs

30. How many sperms usually reach the ovum right before the fertilization?
a) 10-20 thousands

b) 100-300

c) 1-2 million

d 1

31. What is shown in the diagram by "?" sign?

a) Primitive node
b) Endoderm
¢) Primitive pit

d) Primitive groove

32. Amniotic cavity is formed by:
a) Syncytiotrophoblast

b) Zona pellucida

¢) Hypoblast

d) Epiblast
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33. Cortical vesicles' primary and most important function is
a) submission of polar bodies

b) feeding of the sperm

c) Polyspermy block

d) assistance in impregnation

34. Which cell population appears peripherally to the embryo shortly before the contact
with endometrium?

a) Epiblast

b) Cytotrophoblast

¢) Syncitiotrophoblast

d) Embryoblast

35. What happens to sperm cell when it touches the surface of zona pellucida?
a) Acrosome reaction

b) Capacitation

c) Fertilization

d) Fusion with ovum

36. What is marked by #1 in diagram?

a) Somites

b) Neural crest cells

c) Caudal neuropore

d) Rostral neuropore

37. Second polar body forms:

a) After the 1 meiosis
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b) After the puberty
c) after the fertilization of secondary oocyte

d) after the menopause

38. Show the location of future neural crest cells on this diagram

1

Paraxial mesoderm

3

39. Extraembryonic mesoderm is appeared between:
a) Yolk sac and amnion

b) Yolk sac and Syncitiotrophoblast

¢) Yolk sac and cytotrophoblast

d) Cytotrophoblast and syncitiotrophoblast

What type of tissue lines the bladder?

What type of tissue lines most ducts?

What type of epithelium is associated with goblet cells?

What type of epithelial cells are as tall as they are wide?

What do you call the simple squamous epithelium that lines the blood vessels?

What cell type makes up the mucosa of the gallbladder?
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7.
8.
9.

10.
11.
12.
13.
14.
15.
16.

Which of the following is lined by a serosa?

What type of gland secretes its product through a duct or tube?

What is a gland called if the secretory portion is flask shaped?

What forms the brush border?

What type of epithelium forms the epidermis?

What type of tissue lines most of the gastrointestinal tract?

What type of tissue forms the alveoli in the lung?

What type of epithelium is composed of flat cells?

What do you call the simple squamous epithelium that lines the abdominal cavity?

What type of epithelium is composed of cells which all touch the basement membrane and is

only one cell layer thick?

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Which of the following is NOT lined by a mucosa?

What is a gland called if it has an branched duct?

What are finger like projections on the surface of some cells called?

What cell surface modification is made of microtubules?

Which of the following is NOT primarily composed of connective tissue?

Which of the following is NOT a fiber found in connective tissue?

Which connective tissue cell type contains properties of smooth muscle cells?
Which cell is a connective tissue macrophage?

Which of the following can be classified as "specialized connective tissue"?
Which of the following can be classified as "embryonic connective tissue"?

What type of tissue makes up the dermis of the skin?

What type of adipose tissue tends to increase as humans age?

Which of the following would be best suited to differentiate collagen fibers from other fibers?
What type of epithelium forms the epidermis?

What type of tissue lines most of the gastrointestinal tract?

What type of tissue forms the alveoli in the lung?

What type of epithelium is composed of flat cells?

What do you call the simple squamous epithelium that lines the abdominal cavity?

What type of epithelium is composed of cells which all touch the basement membrane and is

only one cell layer thick?

36.
37.
38.
39.

Which of the following is NOT lined by a mucosa?
What is a gland called if it has an branched duct?
What are finger like projections on the surface of some cells called?

What cell surface modification is made of microtubules?
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40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.

Which of the following is NOT primarily composed of connective tissue?

Which of the following is NOT a fiber found in connective tissue?

Which connective tissue cell type contains properties of smooth muscle cells?
Which cell is a connective tissue macrophage?

Which of the following can be classified as "specialized connective tissue"?

Which of the following can be classified as "embryonic connective tissue"?

What type of tissue makes up the dermis of the skin?

What type of adipose tissue tends to increase as humans age?

Which of the following would be best suited to differentiate collagen fibers from other fibers?
Which of the following is NOT primarily composed of connective tissue?

Which one of these cells is not a cell type routinely found in loose connective tissue?
Which connective tissue cell is a tissue macrophage?

Which of the following can be classified as "specialized connective tissue"?

Which of the following can be classified as "connective tissue proper"?

What type of tissue is Wharton's jelly?

What type of tissue is a tendon composed of?

What does connective tissue develop from?

What color do elastic fibers stain with Verhoeft Elastic stain?

Which of the following is a component of the ground substance?

Which of the following is NOT primarily composed of connective tissue?

Which connective tissue cell type produces the ground substance in connective tissue?

KOHTpOJIbeIe BOIIPOCHI CEMECTPOBOTO (I/ITOFOBOFO) KOHTPOJIA

(l'lO HTOr'aM U3YyYCHUSA )_II/ICIII/IHJII/IHI)I)

1. Epithelial tissue. Functions. Special features. Location of epithelium in different body
organs.

2. Epithelial cell. Polarity of the epithelial cell. Structure, features and function of basal and
lateral domains. Basement membrane

3. Epithelial cell. Polarity of the epithelial cell. Apical domain. Apical domain modification

4. Classification of epithelial tissue. Simple squamous epithelia. Simple cuboidal epithelium.
Structure, location of appearance.

5. Classification of epithelia. Simple columnar epithelia. Pseudostratified epithelium.
Structure, location of appearance.

6. Classification of epithelial tissue. Transitional epithelia. Stratified Squamous epithelia.

Structure, location of appearance.
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10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

26
27

28
29
30
31
32
33

34

Glandular epithelium. Exocrine and endocrine glands. Define differences, show examples

of endocrine and exocrine gland. Composition and function of its secretion.

Classification of exocrine glands. Simple tubular, Simple coiled tubular, branched tubular

glands. Their structure, location of appearance.

Classification of exocrine glands. Simple acinar, branched acinar glands. Their structure,

location of appearance.

Classification of exocrine glands. Comopound tubular, compound acinar, compound

tubulo-acinar glands. Their structure, location of appearance.

Merocrine mechanism of secretion. Explain mechanism. Show location

Apocrine mechanism of secretion. Explain mechanism. Show location

Holocrine mechanism of secretion. Explain mechanism. Show location

Plasma of blood. Plasma proteins. Define difference between plasma and serum

Plasma of blood. Organic and inorganic components. Composition. Function.

Erythrocyte’s function, structure and recycling

Granulocytes. Neutrophils. Morphology. Functions. Composition of granules

Granulocytes. Basophils. Morphology. Functions. Composition of granules

Granulocytes. Eosinophils. Morphology. Functions. Composition of granules

Agranulocytes. Monocytes. Morphology. Functions. Development

Agranulocytes. Lymphocytes. Morphology. Functions. Development

Three phases of blood formation. Yolk sac phase.

Three phases of blood formation. Fetal and bone marrow phase

Monophyletic theory of hemopoiesis. Name main branches of hemopoiesis

Lymphoid branch of hemopoiesis. Maturation of lymphocytes.

. Myeloid branch of hemopoiesis. CFU-GM. Granulocyte maturation

. Myeloid branch of hemopoiesis. MEP. Erythropoiesis. Developmental stages from
proerythroblast until erythrocyte

. Myeloid branch of hemopoiesis. MEP. Thrombopoiesis

. Regulation of hemopoiesis.

. Connective tissue proper. Composition. Classification.

. Connective tissue proper. Fibers of connective tissue. Elastic and reticular fibers.

. Connective tissue proper. Fibers of connective tissue. Collagen fibers.

. Cells of connective tissue. Residence cells. Morphology, function and location of
fibroblast

. Cells of connective tissue. Residence cells. Classification, morphology, function and

location of adipocytes.
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35.

36.

37.

38.
39.
40.
41.
42.
43.
44.

45

52.

53.
54.
55.

56.
57.
58.
59.

60.

Cells of connective tissue. Migratory cells. Classification, morphology and function of
mast cell. Function of eosinophils in connective tissue

Cells of connective tissue. Migratory cells. Classification, morphology and function of
macrophage and lymphocytes. Cellular immunity

Cells of connective tissue. Migratory cells. Classification, morphology, function and
development of plasma cell. Humoral immunity

Cartilages. Composition of cartilages. Classification.

Hyaline cartilage. Structure, special features, appearance.

Hyaline cartilage. Articular surface, epiphyseal plate, correlated diseases

Elastic cartilage. Structure, special features, appearance, location

Fibrous cartilage. Structure, special features, appearance, location

Structures of cartilage. Perichondrium. Lacunae. Isogenous group.

Chondrogenesis. Types of cartilage growth.

. Bone. Woven and lamellar bone structure. Structure of osteon
46.
47.
48.
49.
50.
51.

Cells of bone. Explain function of every cell of the bone

Bone’s extracellular matrix. Structure, formation.

Haversian system of bone. Compact and spongy bone

Bone growth in epiphyseal plate. Show and explain zones. Explain functions.

Types of ossification. Intramembranous and endochondral ossification

Structure of striated muscles. Define filaments, fibrils, fibers, fascicles. Name their
coverings.

Structure of striated muscle fibrils. Explain process of muscle contraction according to
changes in muscle fiber.

Explain neuromuscular junction. Structure and role of triads in muscle excitement
Cardiac muscle structure. Define differences between cardiac and skeletal muscles.
Cardiac muscle structure. Intercalated disc. Define differences between cardiac and
smooth muscles.

Smooth muscle structure. Location. Regulation of the smooth muscle contraction.
Nervous tissue. Structure of neuron. Classification of neurons.

Synapse. Classification of synapses. Explain the synaptic signal transmission.
Classification of neuroglial cells. Explain location and function of every glial cell you
know.

Connective tissue investments of nervous tissue. Connective tissue in CNS, connective

tissue in PNS.
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Pasnea 5.
CPEACTBA U MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE
JUCHUITIUHBI

JIeKITMOHHBIN 3a1 YKOMILUIEKTOBAHO KOMIIJIEKTOM BJIEKTPOITUTAHHUS o,
CHEIMAM3UPOBAHHON MeOENbi0 U OprcpeAcTBaMH (JOoCKa ayAMTOpHas, CToiKa-kadeapa, CTol
JIEKTOpa, CTYJ-KpPeclo, CTOJbl ayAUTOPHbIE, CTYJd ayAUTOPHBIN, a TakkKe TEeXHUYECKHUMHU
cpeactBamMu  00y4yeHUs (9KpaH HACTEHHBIM C  OBJEKTPONPHUBOJAOM H  JUCTAHIIMOHHBIM
YIpaBJICHUEM, MYJIbTUME/INA TPOCKTOP C HOYTOYKOM B CTAIMOHAPE).
[Tpu n3y4eHnH TUCIUILIMHBI UCTIOJIb3YETCS:

1. TexHu4yecKkre CpeaCTBA: KOMITBIOTED, TPOCKTOP.

2. Harnsigaeie mocoOwsi, CTEH b, TAOJIMIIBI H.T. 1.

3. KomnbrotepHblie MporpaMMbl, IPE3EHTAIMU, BUICOJICKIIUU U.T.]I.
JlaboparopHoe 060pyaOBaHHE:
CYUIWJIBbHBIN KA, TO3UMETPHI, pePpakTOMETp, BBITXKHON HIKad, MUKPOCKOII U T.II.

JlaGopaTopHbIe KHBOTHBIE, OMOMaTEepHAIIBI, TIPENapaThl IO BCEM TEMaM.

Pa3nen 6

YYEBHO-METO/IMYECKUE U HH®OPMAILIMOHHOE OBECIIEYEHUE
TUCHUIIINHBI

6.1. OcHoBHasi IMTEpaTypa
1. Laiq Hussain Siddiqui. Histology. 9-th edition
2. Medical Embryology Langman’s 12-th edition T.W. Sandler
3. Histology text and atlas with correlated molecular biology 7-th edition
6.2. JlonoiHMTEIbHAS JTUTEPATypa
1. Netter’s histology flash cards Updated edition William K. Ovalle, Patrick C. Nahirney
2. Atlas of histology with functional correlations. Eleventh edition. Victor P. Eroschenko
6.3. [lepeuens pecypcoB HH(OPMAIHOHHO-TEJIEKOMMYKAIIMOHHOI ceTH « MHTepHET»
HE00X0IMMBIH J1JIS1 OCBOCHHUSA T CIMIIJINHBI

1. https://www.embryology.ch

2. https://www.ncbi.nlm.nih.gov/

MUWHUCTEPCTBO OBPA3OBAHMSI U HAYKH KBIPTbI3CKOM PECITYBJIUKH
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7. MEPEYEHb METOJUAYECKHUX VYKA3AHWUHN JJIsI OBYYAIOILIUXCS IIO
OCBOEHMIO JUCHUIIJINHBI.
CamocrosTenpHas paboTa Mpu U3YYCHUU TUCIUILINH BKIIIOYACT:

® YTEHUE CTYJECHTAMH PEKOMEHIOBAHHOM JINTEPATYPhl U YCBOCHHUE TEOPETUIECKOTO

MaTepuaia JACIHILINHBI;

® 3HAKOMCTBO C MIHTEpHET-UCTOYHUKAMU;

® T[IOATOTOBKY K Pa3JIMYHBIM (pOpMaM KOHTPOIIS (TECThI, KOHTPOJIbHBIE pabOTHI);

® TIOJTOTOBKY U HamucaHue pedepaTos;

® BBINOJIHEHUE KOHTPOJIBHBIX PaboT;

Martepuan, 3aKOHCIEKTHPOBAaHHBIA Ha  JIGKIUSAX, HEOOXOIUMO  PEryjsipHO
npopa0OaTeiBaTh M JIONOJHATH CBEACHMSIMM M3 JAPYTUX HCTOYHHKOB JIUTEPATYPHI,
IIPEACTABJICHHBIX HE TOJIBKO B IIPOrpaMMe JUCUUIUINHBL, HO U B IEPUOJNYECKUX U3AAHUIX.

[Ipy u3yyeHUW AUCUMIUIUHBI CHayajla HEOOXOIUMO MO KaKIOW TeMe MPOYUTATh
PEKOMEHJIOBAaHHYIO JIUTEPATYPY U COCTAaBUTh KPATKUN KOHCIEKT OCHOBHBIX IOJOKEHHUM,
TEPMUHOB, CBEIECHUH, TPEOYIOIMX 3aIIOMUHAHUS U SIBIISIOUIMXCS OCHOBOIOJATAIOIINMH B
TOM TeMe JUIsi OCBOCHMS IIOCIENYIOIIMX TeM Kypca. [lnsg pacmmpeHus 3HaHUS 110
JUCLMIUIMHE PEKOMEHAYETCS HCIIOJIb30BaTh HTEpHET-pecypChl; NPOBOAUTH IIOMCKU B
pa3IMyHBIX CHUCTEMAx M  HUCIOJb30BAaTh MaTepuaibl CalWTOB, PEKOMEHJIOBAHHBIX

mpenoaaBaTcICM.

7.1. MeToan4eckne peKOMEHIAIUH K NPAKTHYECCKUM H JIeKIHOHHBIM 3aHATHAM

Jlabopamopnas paboma - 3TO NPOBEIEHUE CTYJECHTAMHU IO 33JaHUIO MperojaBaTelis Win
110 MHCTPYKLMHU OMBITOB C MCIIOJIF30BaHUEM MPUOOPOB, MPHUMEHEHHEM UHCTPYMEHTOB H JPYTUX
TEXHUYECKUX MPUCIOCOOICHUH, T.€. 3TO U3yYCHHE KAaKUX-THO0 OOBEKTOB, SBJICHUN C TIOMOIIBIO
CIHeLUaTbHOTO 000PY10BaHMS.

Ilpakmuueckass paboma TPOBOJATCS TIIOCJIE JIEKIHMH, M HOCAT pPa3bsICHSIIOLINM,
00o0mIaroIMii 1 3aKperuonmi xapakrep. OHU MOTYT IPOBOJUTHCS HE TOJBKO B ayJAHTOPHH,
HO U 3a IpeJieNlaMu y4eOHOIo 3aBeJICHHUS.

B xozme nmabopaTopHO-IPaKTUYECKUX PAOOT CTYIEHThl BOCHPUHUMAIOT M OCMBICIUBAIOT
HOBBI yueOHBIM Matepuan. IlpakTudeckue 3aHITHS HOCAT CHCTEMATHYECKHU XapakTep,
PETYJISIPHO CIIeys 3a KaKIOW JIEKIUEN WA JIBYMSI-TPEMS JICKIUSMH.

JlaGopaTopHo-nipakTHUecKue padOThl BBINOJIHAKOTCA COMNIacHO rpaduka yyeOHOro
npolecca M CaMOCTOATENbHOM paboThl CTyAeHTOB mo aucuuiuimHam. K maGopatopHo-

MMPaKTHUICCKUM pa60TaM CTYACHT JOOITYCKACTCA TOJIBKO IIOCJIC MHHCTPYKTaXa II0 TCXHHUKCE
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6e3omacHocT. [lonokeHHss TEXHUKH OE30MACHOCTH M3J0XKEHbl B MHCTPYKLMSIX, KOTOpBIE
JOJIKHBI HAXOAUTHCS HA BUAHOM MECTE B TaOOPATOPUH.

[Ipy moxaroroBke K JIaDOPAaTOPHBIM 3aHATHSAM HEOOXOAMMO 3apaHee H3YYUTh
MCTOANYCCKUEC PCKOMCHAAIWH 110 €ro INpOBCACHUIO. O6paTI/ITB BHUMAHHUEC Ha LCJIb 3aHATHUA, Ha
OCHOBHBIE BOIIPOCHI JJIsl TIOATOTOBKH K 3aHSATHUIO, HA CO/IEPKAHUE TEMbI 3aHSITHS.

Kaxnapiii cTyneHT BemeT pabouyro TeTpaib, ohOpMIICHHE KOTOPOH MOJKHO OTBEYATh
TpeOOBaHUSIM, OCHOBHBIE U3 KOTOPBIX CJICAYIOIINE:

¢ Ha TUTYJIbHOM JIMCTC YKa3bIBAIOT MNpPEAMCT, KypC, I'pyIily, (1)aMI/IJII/IIO, UM, OTUYECTBO
CTYJCHTA,

e Kaxaylo paboTy HyMEpPYIOT B COOTBETCTBHH C METOJAMYECKUMHU YKa3aHUSIMHU, YKa3bIBAIOT
JaTy BBIMOJIHEHHS paOOTHI;

® JIOJIHOCTBIO 3aIlMChIBAOT HAa3BaHHEC pa6OTI)I, oejb W IMIpUHOUII METOMHA, KpPAaTKO
XapaKTEePU3YIOT XO/1 SKCIIEPUMEHTA U OOBEKT UCCIIEIOBAHMUS,

e 1pu HEOOXOAMMOCTH TPUBOJISAT PUCYHOK YCTAaHOBKH; PE3yJbTaThl ONBITOB (DUKCUPYIOT B
BUJIC PUCYHKOB C 00s13aTEIbHBIMU MOJMUCSAMU K HUM, a TaKKe TaOIUIIbl UM OMHUCHIBAIOT
CJIOBECHO (xapakTep ohopmieHUs pabOThl OOBIYHO YKa3aH B METOJMYECKUX YKa3aHUSIX K
CaMOCTOSITEJIbHBIM paboTam);

® B KOHIIE KaXJI0¥ pabOThI JeNaoT BHIBOJI WIIH 3aKII0UYEHUE, KOTOPbIE 00CYKIAI0TCS Py
IIOABCACHUHN UTOT'OB 3aHATHUA.

Bce nepBuvHbBIE 3a1TUCH HEOOXOAMMO JIeIaTh B TETPAIU MO X0y SKCIIEPUMEHTA.

[TpoBenenmne 1abOpPaTOPHO-MPAKTHUECKUX paOdOT BKIIFOUAET B C€0sl CIEAYIOIINE ITAIbL:

® [IOCTAHOBKY TE€MBbI 3aHATUN U ONPEIETICHUE 3a]1a4 JIA0OPATOPHO-TIPAKTHUECKOU PabOTHI;

e ompezeneHre nopsiaka 1a00paTOPHO-PAKTHUECKONW PadOThI MIIH OTJEIIBHBIX €€ ITAIlOB,

® HENOCPEICTBEHHOE BBITIOJIHEHUE JIA0OPATOPHOU/TIPAKTUIECKON PabOTHI CTYACHTAMH U

® KOHTPOJIb 332 XOJIOM 3aHATHI U COONIOACHUEM TEXHUKH 0€30MaCHOCTH;

® TI0JIBEJICHHE UTOTOB JIA0OPATOPHO-MIPAKTUUECKON PabOTHI M POPMYIUPOBAHNE OCHOBHBIX

BBIBOIOB.

JIJIs TIpOBEpKU aKaIeMUYeCKOW aKTUBHOCTH M KadecTBa PabOTHI CTyJIEHTa pabodyio TeTpajib

MNEPpUOAUYCCKHU ITPOBCPACT NIIPCIIOAaBaATCIIb.

7.2. MeToanuyeckue peKOMeHAAIUY 110 MOAT0TOBKE MUCbMEHHBIX PadoT
Pedepar — kparkoe u3N0KEHWE B MUCbMEHHOM BHJIE COAEPKAHUSA HAYYHOTO TpyJa IO
MPEIOCTaBIEHHON Teme. OJTO caMocCTOsITellbHAas Hay4YHO-HCCIIe[oBaTeNbCcKas paboTta, rie

CTYACHT PACKPBIBACT CYTh PICCJ'IGI[y@MOfI HpO6HeMI>I C JJICMCHTaMHM aHaJlku3a I10 TCMC pe(bepaTa.
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[IpuBOIUT pa3nUyHBIE TOYKH 3PEHHs, a TaKKe COOCTBEHHBIC B3TJISAbI Ha MPOOJIEMBl TEMBI
pedepara. Coneprkanue pedepaTa 10JKHO OBITH JOTHYHBIM, U3JI0KEHHE MaTeprana HOCUTh
IpOo0JIEMHO-TEMaTHUECKHI XapaKTep.

TpeGoBanus k ogpopmiieHuIo pedepara:

O6beM pedepaTta MOKET KoNebaThes B Mpeaenax S5-7 MevaTHbIX CTPAHUII.

OcHoBHbBIE pa3fenbl: oriaBieHue (TUIaH), BBEIEHUE, OCHOBHOE COJEp)KaHME, 3aKIIOYCHHE,
CIIUCOK JIUTEpPaTypHl.

TexcT pedepara JoKEH COAEPKATD CIEYIOIIME Pa3/eIibl:

- TUTYJBHBIN JTUCT ¢ ykazanueM: Ha3Banus BY3a, kadenpsl, Temsl pedepara, DO aBTopa u
®UO npenoxaBarens

® BBEJICHUE, AKTYaJIbHOCTb TEMBI.

® OCHOBHOW pa3zfen.

e 3aKJI0OYeHHE (aHAM3 PE3yIbTATOB JIUTEPATYPHOTO TIOUCKA); BHIBOIBI.

® CIHUCOK JINTEPaTypHbIX  HCTOYHUKOB  JODKEH UMeTh He  MeHee 10

Ooubnuorpaduueckux Ha3BaHUM, BKIIOYAs CETEBBIE PECYPCHI.
TexcroBasi yacThb pedepara opopmisieTcst Ha JIMCTE clieayromiero popmara:
® OTCTYH CBEpXY — 2 CM; OTCTYI CJ€Ba — 3 cM; OTCTYyN cipaBa — 1,5 cM; OTCTYIl CHU3Y —
2,5 cm;

e mpudr tekcra: Times New Roman, Beicota mpudra — 14, mpoben — 1,5;

e HyMepalus CTPaHHULl — CHU3Y JucTa. Ha nepBoii cTpaHuile HOMEpP HE CTaBUTCA.
Pedepar nmomkeH OBITH BBIOJHEH TPAMOTHO C COOJIIOJIGHUEM KYyJIbTYyphl H3JI0KECHHUS.
OO0s3aTeNnbHO  JIOJDKHBI MMETBCS CCBUIKM Ha  HUCHOJB3YEMYIO JUTEpaTypy, BKIIIOuas
NEPUONUYECKYIO JIUTEPATYPY 3a MOCIEIHHUE 5 JIET.

Kpurepun ouenku pedepara:

® AKTYyaJbHOCTb TEMbI UCCIIEJIOBAHUS,

® COOTBETCTBUE COJIEP’KAHUS TEME;

e riyOMHa MpopabOTKKU MaTepHana;

® MPaBUIBHOCTH U MOJTHOTA Pa3pabOTKH MMOCTABIEHHBIX BOMPOCOB;

® 3HAYUMOCTh BBIBOJIOB JUIsl JAJIbHEMILIEH MPAKTUUECKON JeATEIbHOCTH;

® [PaBUJIBHOCTH U MOJIHOTA UCIOIb30BaHUS JINTEPATYPHI;

e cooTBeTcTBUE OopMIIeHUS pedepaTa CTaHAAPTY;

® KayecTBO COOOIIEHHS U OTBETOB HAa BOIPOCHI IIPU 3aIluTe pedepara.

7.3. MeTonnueckne peKOMEHIAI UM 110 MOAr0TOBKE CaAMOCTOSITeIbHBIX PadoT

CamMocTrosTenbpHas pa60Ta CTYACHTOB HaAIlIpaBJICHA HAa pCUHICHUC CICAYIONIUX 3aaa4:
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¢ BBIPa0OTKA HABBIKOB BOCIIPHUATHUS M aHAIN3a TPOPECCHOHATBHON HH(pOpMaIy;
® pa3BUTHE U COBEPIICHCTBOBAHHE CIIOCOOHOCTEH K MPUHSATHIO PEIICHUH U UX peaH3allii;
® Ppa3BUTHUE U COBEPIICHCTBOBAHHE TBOPUYECKUX CIIOCOOHOCTEH MPU CaMOCTOSITEILHOM

U3yYCHHUH TPOPECCHOHATBHBIX TPOOIIEM.

JIng pemieHus TepBOW  3agayd  CTYACGHTaM MPEUIAraloTcs K  IMPOYTEHHIO U
COZIEpKaTeIbHOMY aHaINW3y MOHOrpaduu W Hay4yHble CTaTbH IO MpoOjJeMaM OWOXHMHUHU
yenmoBeka. PesynmbTaThl paboThl C TeKCTaMH OOCYKIAIOTCS Ha CEMHUHAPCKUX 3aHATHUSAX U
KOJUIOKBHYMaX.

JInst pa3BUTHS HaBBIKOB CaMOCTOSITEIIBHON pPaOOTBHl CTYACHTHI BBIOJHSIOT 33/1aHMUS,
CaMOCTOATENIFHO O0Opamasch K y4eOHOH, CHpaBOYHOW W HAayYHO-METOAMYECKOH JHTEpaType.
[IpoBepka BBITOTHEHHS 33/IaHUI OCYIIECTBISIETCS KaK HA CEMHHAPCKUX 3aHATHSAX C TOMOIIBIO
YCTHBIX BBICTYIUICHHH CTY/JCHTOB M WX KOJUIGKTUBHOTO OOCYXXICHHWS, TaK M C IOMOIIBIO
IICBMEHHBIX CAMOCTOSITEIEHBIX Pa0OT.

JInst pa3BUTUSL M COBEpIICHCTBOBaHMS KOMMYHUKATHBHBIX CHOCOOHOCTEH CTYICHTOB
OpPTraHU3YyIOTCS CIEIHalibHbIE YIeOHbIC 3aHATUS B BUC «IHUCIYTOB» WM «KOH(EPEHIHN», MPH
MOJrOTOBKE K KOTOPBIM CTYJCHTHI 3apaHee pacHpelelsstoTcs MO TpyliaM, OTCTAMBAIOIUM Ty

WIN MHYIO TOUKY 3peHMs 110 00CyxkaaeMoii mpobieme.

8. UH®OPMALMOHHBIE U OBPA3OBATEJIbHBIE TEXHOJIOTI'NU
OOpasoBarenbHasi TEXHOJOTHS — YIOPSAJOYCHHAs CHUCTEMa JCWCTBUM, BBIIIOJHEHUE
KOTOPBIX MPUBOJIUT K JIOCTH)KEHUIO MOCTaBJIEHHBIX II€Jied U 0Opa3oBaTelbHAsl TEXHOJIOTUS —
KOHCTPpYHpOBaHUE Y4eOHOro mpolecca ¢ TapaHTUPOBAHHBIM  JIOCTHDKEHHEM  IIEJIEH.
OO0pa3oBarenbHble TEXHOJIOTUU O0y4YeHHUs! Kak 00OOIIeHHas yHUBEpcaabHas cHCTeMa, KOTopas
OpPraHUYHO W ONTHUMAIBHO MHTETPUPYET MHOTHE TEXHOJIOTUH, HEOOXOAUMBIC JUIS JTOCTHKCHHUS
KOHKPETHBIX 00pa30BaTeNbHbIX M PAa3BUBAIOLIMX LEJNEeH M KOTOpas Kak LIEJIOCTHOE €JUHCTBO
COJIEp>KaHUsl U TEXHOJIOTUHU €T0 U3yUEHUs Peanu3yeTcs yepe3 KOMILIEKC TEXHOIOTHIA:
Hcnonb3yemblie MHTEpaKTUBHBIE (POPMBI M METOJIBI O0yUYEHUS IO AUCLIUTIIIMHE
Jlekmmst — ¢opma opraHM3anudu y4eOHOTO Tpolecca, IpU KOTOPOM MpPEoaBaTelb
nepexaer OoNbIION 00BEM CHCTEMAaTU3MPOBAHHOW HH(OpPMAIMM KaK OPHUEHTHPOBOYHOM
OCHOBBI JIJIsl CAMOCTOATEIHHON PabOTHI CTYACHTOB.
OOt CTPYKTYpHBIN Kapkac 1000 JeKIUH — 3T0 (pOpMYIHpPOBKA TEMBI, COOOIIECHNE
IUIaHa U PEKOMEHJYEMOH JUTepaTyphl Al CaMOCTOATEIbHOW padoThl, a 3aTeM — CTPOroe

CJIEZIOBAaHUE IIJIaHY MPEATIOKESHHON PabOTHI.
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Buanl Jexknmii

1. Beoonas nexyus naeT mepBoe IEJIOCTHOE MpeCTaBlieHne 00 yueOHOM MpeaMere U
OpPUEHTHUPYET CTYJICHTa B CUCTEME pa0OTHI 0 JAHHOMY KypCy. JISKTOp 3HAKOMHUT CTYICHTOB C
HA3HAYCHHUEM M 33J1adyaMH Kypca, €ro POJIbI0 M1 MECTOM B CHUCTEME YUCOHBIX TUCIUIUIMH U B
cUCTEeME IMOJArOTOBKM crnenuanucta. Ha 3Toil JeKUMH BBICKA3bIBAIOTCS METOAUYECKUE H
OpraHHU3aIlMOHHbIE 0COOCHHOCTH paboOThl B paMKax Kypca, a TakXe JaeTcs aHalIu3 ydeOHO-
METOJIMYCCKON JINTEPATYypPhl, PEKOMEHIyeMOH CTyJICHTaMH, YTOYHSIOTCS CPOKH U (POpPMBI
OTYETHOCTH.

2. Jlexyus-ungopmayusn. OpHEHTHUPOBAHA HA H3JIOKEHHE M OOBICHEHHE CTYACHTaM
HAayyHOW WH(OpPMAIMK, TMOJIekKAlled OCMBICICHHI0O W 3allOMHHAHUIO. OJTO Ccamblid
TPaJULIMOHHBIA TUI JICKIIMI B TPAKTUKE BBICIIECH IIKOJIBI.

3. Ob30pHas nekyus — 3TO CUCTEMATH3alMsl HAyYHBIX 3HAHUN Ha BBICOKOM YpPOBHE,
JolycKaromasi OOJIbIIOE YHCIO AaCCOLIMAaTUBHBIX CBSI3eM B TPOIECCE  OCMBICICHUS
uHbOpMaIMK, U3TIaraeMoil IpU PacKPBITUU BHYTPHU MPEIMETHON U MEX IMPEIMETHOH CBS3H,
UCKIIIOYasl JIeTalu3ali0 W KOHKperw3anuio. Kak mnpaBuiio, CTepkKeHb H3JIaraeMbIX
TEOPETHUUECKUX TIOJIOKEHUN COCTaBJISIET HAYYHO-TIOHATUMHAS W KOHIIENTyajlbHas OCHOBA
BCEr0 Kypca Ui KPYIHBIX €ro pa3aeioB.

4. Jlexyus-euzyanuzayus TPEACTaBIseT co00H BusyalbHylo (GopMy MoAauu
JexkroHHoro matepuana cpeacreamMu TCO uinu ayauoBUICOTEXHUKH. UTEHHE TaKOW JICKIIMU
CBOAUTCS K Pa3BEPHYTOMY WJIM KpPAaTKOMY KOMMEHTHPOBAHHUIO IPOCMATPUBAEMBIX
BU3YyaJIbHBIX MATEpUAJIOB.

5. bunapnas nexyus — 5TO PA3HOBUAHOCTh UTEHUS JleKIMH B (GopMe ABYX
npernoaaBareneil (TuO0 Kak MPEACTABHTEICH JBYX HAy4YHBIX MIKOJI, JIMOO KaK YYEHOro W
MpaKTUKa, MPEeroaaBaTeisi U CTYIACHTA).

6. Jlexyus-kongepenyus TPOBOAUTCS KaK HAyYHO-NPAKTUYECKOE 3aHATHE, C 3apaHee
MOCTaBIICHHOW MPOOJIEeMON U CHUCTEMOW IOKJIAIOB, IIUTENbHOCTHIO 5-10 munyT. Kaxmoe
BBICTYIUICHHE  TPEACTaBIsieT coOOM  JIOTMUECKM  3aKOHYCHHBIM  TEKCT,  3apaHee
MOATOTOBJICHHBINA B paMKax MPEAJIOKEHHOM MperogaBaTeIeM MpOorpaMMBl.

MeToabl M IpUEMbI HHTEPAKTHBHOIO0 00y4eHH S NMPAKTHYECKUX 3aHATHH

Moseo60u wimypm — TOTOK BOIPOCOB M OTBETOB, WM NPEIJIOKEHUM U UIeH 1O

3aJIaHHOW TeMe, TIPH KOTOPOM aHaJU3 MPaBWIBHOCTH/HETPABUILHOCTH MPOU3BOIUTCS TIOCIE

npoBeaeHus wrypma. Yuraiite noipodHee 0 MO3TOBOM LITYpME Ha YPOKAX.

Kaacmegzbl, CPAaBHUTCIIbHBIC JHAI'PAMMBI, I143JIbI — IIOUCK KJIXOUCBLIX CJIOB H HpO6J’I€M

10 OHpG,I[GJ'IGHHOfI MHWHHU-TEMC.
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Hnmepaxkmusnwiii ypox ¢ IpUMEHEHUEM ayauo- U Bujpeomarepuano, MKT. Hanpumep,

TCCTBI B PCIKUMCEC OHHaﬁH, pa60Ta C JJICKTPOHHBIMU y‘le6HI/IKaMI/I, O6yanOII_[I/IMI/I [mporpamMmamu,

y4eOHBIMU CaTaMH.

KOJJICKTUBHOC O6cy)K,I[CHI/IC yqyauMucHd HpO6HeMLI,

Kpyenviii cmon (nuckyccus, nedatbl) — TPYIIIOBON BUJ METO/a, KOTOPBIE PEAIOIaraet

COBMECTHBIN MONCK PCLICHUA.

NPEIOKEHUH,

uaey, MHEHUH U

Memoo npoexmog — caMOCTOSATENbHAS Pa3padOTKa YJalIMMHCS MPOEKTa 110 TEME U €ro

3aIIuTa.
dopmupyembie
Ne HaumenoBanue | Buabl yueOHoi ROMIETCHIUTH Hugopmaumonnbie n
(yka3biBaeTcs o0pa3oBaTe/bHbIE
n/n pa3aeina padoThbI
KO/ TEXHOJIOTHH
KOMIIETEHIIMH)
1 2 3 4 5
Cytology Jlexmus 1-4 OK-1, IIK-1, IIK-|BBoanas JICKIUS C
2. HCIIOJIb30BaHUEM
BHJIEOMATEPHAIIOB
Cemunap 1-5 v N N
CTHBI U TIMCBMEHHBIA OMPOC,
OK-3, TIK-2, TIK-\ o nmerme YIPaKHECHUH,
. pelieHnue CUTYallMOHHBIX 3aja4
1 TECTOB
CamocrosiTenbHast KoHcynsTupOBanue u mnpoBepka
pabora JIOMAaIlIHUX 3aJaHHH.
IIK-1, TTIK-2,
2. Sexual Jlexuus 5-6. OK-1, TIK-2, IIK-|JIexkuus-Bu3yanu3anus c
reproduction 3. MIPUMECHECHUEM cliai-
Cemunap 6-9. MIPOEKTOpa
OK-3, TIK-2, IIK-|YcTHBII U MHCBMEHHBIA OMPOC,
5 BBITIOJIHCHHUE yIpaxHEHUH,
pellleHrne CUTYallMOHHBIX 3aj]a4
CamocTosTeapHast U TECTOB
paborta KoncynsTupoBanue u mposepka
OK-1, TIK-2, JIOMAaIlIHUX 3aJaHHuM.
3 Embryogenesis  |Jlekmust 7-8. OK-1, TIK-2, TIK-|JIeknus-Bu3yanu3amus c
3. MIPUMEHEHUEM cra-
MIPOEKTOpa
Cemunap 10-13. |OK-3, IIK-2, IIK-|YCcTHBII 1 MUCBMEHHBIN OMpoOC,
5 BBIIIOJIHCHHUE yIpaxHEHUH,
pellleHrne CUTYallMOHHBIX 3a]ad
CamocTosiTeapHast 1 TECTOB
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pabora

KoHcyneTHpOBanue u npoBepka

OK-1, T1IK-2, JIOMAaNTHUX 3aJaHui
4 Epithelial tissues |Jlexmust 9-10 OK-1, IIK-2, IIK-|JIekuus-Bu3yanusamnus c
3. MIPUMEHEHUEM cra-
MIPOEKTOpa
Cemunap 14-15 |OK-3, IIK-2, IIK-|YCTHBII 1 MUCBMEHHBIN OMpoOC,
5 BBIIIOJIHEHUE YIPaXHEHUH,
pellleHre CUTYallMOHHBIX 3a]ad
CamocTosTeapHast 1 TECTOB
paborta KoncynsTupoBanue u mpoBepka
OK-1, T1IK-2, JIOMAaNTHUX 3aJaHui
5 Connective Jlekmusa 11-14 OK-1, TIK-2, IIK-|JIexuus-Bu3yanu3anus C
tissues 3. MPUMEHEHUEM clanm-
MIPOEKTOpa
Cemunap 16-22  |OK-3, TIK-2, IIK-|YCTHBII 1 MUCBMEHHBIN OMpoOC,
5 BBIIIOJIHEHUE YIPaXHEHUH,
pelieHnue CUTYallMOHHBIX 3aja4
CamocTosiTepHast 1 TeCTOB
pabora KoncynbrupoBanue u mpoBepka
OK-1, T1IK-2, JIOMAaITHUX 3aJaHui
6 Muscular tissue  |JIeknms 15 OK-1, TIK-2, IIK-|JIekuus-Bu3yanu3anus C
3. MIPUMEHECHHUEM clamn-
MIPOEKTOpa
Cemunap 23-24 |OK-3, IIK-2, TIK-|YcTHBII U MUCEMEHHBIA OMPOC,
5 BBIIIOJTHCHHE YIPaKHEHHH,
pelieHnue CUTYallMOHHBIX 3aja4
CamocTosiTepHast 1 TECTOB
pabora KoncynbrupoBanue u mpoBepka
OK-1, T1IK-2, JIOMAaNTHUX 3aJaHui
7 Nervous tissue  |JIekmus 16 OK-1, TIK-2, IIK-|JIexuus-Bu3yanu3anus C
3. NPUMEHEHUEM clanm-
MIPOEKTOpa
Cemunap 25-26 |OK-3, IIK-2, TIK-|YcTHBII U NUCEMEHHBIA OMPOC,
5 BBIIIOJTHCHHE YIPaKHEHHH,
pelieHnue CUTYallMOHHBIX 3aja4
CamocTosTeapHast 1 TECTOB
pabora KoncynsTupoBanue u mpoBepka
OK-1, TIK-2, JOMAIIIHUX 3aJaHui
9. MATEPUAJIBHO-TEXHUYECKOE OBECIIHEYEHUME JUCIHUIIJINHbI

MeTtoabl HU3YyYCHUA TUCHUIIJINHBI

1. JIekunoHHbIA MaTepua

2. CamocTtodaTenbHas padora
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3. Teopetnueckoe 000CHOBaHUE

4. I'pynnoBoe o0CyKIeHHEe

5. Buzyanu3zauus

6. PaboTta ¢ MUKpOCKOTIOM
NudopmanmnoHHo-TEXHUYECKOE o0ecnievyeHne

1. Kuuru u atinacel 110 THCTOJIOTHA
2. Onucanus npenaparon
TexHu4veckue cpeacTsa o0yueHust

1. IIpoekiMOHHAsT KOMITBFOTEPHASI yCTAaHOBKA
2.1IK
3. MUKpOCKOTIBI

4. Cnaiiapl ¢ mpemnapaTaMu 1o BCEM TeMaM

10. KOHCIIEKT 3AHATHUI

1. Tissue Preparation and Microscopy

General Considerations

Biological tissues must undergo a series of treatments to be observed with light and electron
microscopes. The process begins by stabilization of the tissue with chemical fixatives. Next, the
tissue is made rigid to allow sectioning. Finally, it is stained to provide contrast for visualization
in the microscope.

Steps in tissue preparation

Fixation

Dehydration

Infiltration and embedding

Sectioning

Staining

Chemical Fixation

Preserves cellular structure and maintains the distribution of organelles.

Formaldehyde and glutaraldehyde are the most commonly used chemical fixatives. They
stabilize protein by forming cross-links between primary amino groups. Formaldehyde in
solution is referred to as formalin.

Osmium tetraoxide is a fixative used to preserve lipids, which aldehydes cannot do. Osmium

combines with and stabilizes lipid and, in addition, also adds a brown color (light microscopy)
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or electron density (electron microscopy) at the site of the lipid. Osmium fixation is required for
electron microscopy, especially to preserve the lipid in membranes.

Dehydration, Infiltration, and Embedding

Tissue water is not miscible with the embedding solutions and must be replaced using a series
of alcohols at increasingly higher concentrations. This step is followed by alcohol replacement
with an intermediate solvent that is miscible with both alcohol and the embedding solutions.
Infiltration and embedding. The liquid form of the embedding compound, for example,
paraffin wax or epoxy plastic, replaces the intermediate solvent. The liquid embedding medium
is allowed to solidify, thereby providing rigidity to the tissue for sectioning.

Sectioning

The embedded tissue is cut thin enough to allow a beam of light or electrons to pass through.
Section thickness

Light microscopy. 1-20 microns

Electron microscopy. 60—100 nanometers

Section planes

Cross-section (cs) or transverse section (ts) is a section that passed perpendicular to the long axis
of a structure.

Longitudinal section (Is) is a section that passed parallel to the long axis of a structure.

Oblique (tangential) section is any section other than a cross- or longitudinal section.

Staining

Most tissues have no inherent contrast; thus, stains must be applied to visualize structures.
Conventional staining. Relies mostly on charge interactions.

Light microscopy staining

Hematoxylin and eosin (H&E). These two dyes are the most commonly used stains in routine
histology and pathology slides. Most conventional stains bind to tissue elements based on
charge interactions, that is, positive charge attraction for a negatively charged structure.
Hematoxylin binds to negatively charged components of tissue, the most prominent being
nucleic acids. Hematoxylin imparts a purple/blue color to structures and, therefore, the nucleus
and accumulations of rough endoplasmic reticulum in the cytoplasm, which contains large
amounts of nucleic acid, appear blue or purple in sections.

Structures, like the nucleus and rough endoplasmic reticulum that stain with hematoxylin, are
referred to as basophilic or “base loving.” The term basophilia, refers to the property of a
structure or region that stains with a basic dye, such as hematoxylin.

Structures that stain with eosin, for example, the cytoplasm of most cells and collagen fibers,

appear pink or orange and are referred to as eosinophilic.
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Electron microscopy

Images in the electron microscope are produced by passing a beam of electrons through the
tissue that has been “stained” with salts of heavy metals, usually lead (lead citrate) and uranium
(uranyl acetate). These metals bind to areas of negative charge and block the passage of the
electrons through the section, resulting in a dark area in the electron micrograph. Electron
density is also achieved using osmium tetroxide, which also serves as a lipid fixative.

Areas or structures in tissue that bind the metals are referred to as electron dense. Areas where
the metals do not bind appear light and are referred to electron lucent.

Histochemical staining. Localizes chemical groups

Osmium tetroxide. Stains lipids

Periodic acid—Schiff stain (PAS). Stains carbohydrates

Immunocytochemistry

Localization of specific antigens in cells using labeled antibodies

In situ hybridization

Detection of messenger RNA or genomic DNA sequences using labeled nucleotide probes
Artifact

The term artifact is used to refer to any feature of a tissue section that is present as a result of the
tissue processing. These include tears and folds, shrinkage, spaces resulting from extracted
cellular contents (e.g., lipid, precipitates), and redistributed organelles.

Microscopy

Properties

Resolution is the smallest degree of separation at which two objects can still be distinguished as
separate objects and is based on the wavelength of the illumination.

Light microscopy. Approximately 200nm

Electron microscopy. Approximately 1nm

Magnification. Enlargement of the image

Bright field microscope

An image is formed by passing a beam of light through the specimen and then focusing the
beam using glass lenses.

The bright field microscope is called a compound microscope because it uses two lenses,
objective and ocular, to form and magnify the image. The compound microscope typically has a
total magnification range of 401000 times.

Electron microscope

Transmission electron microscope (TEM)
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An image is formed by passing a beam of electrons through the specimen and focusing the
beam using electromagnetic lenses.

Similar arrangement of lenses is used as with optical microscopy; magnification is up to 400,000
times, which is sufficient to visualize macromolecules (e.g., antibodies and DNA).

Scanning electron microscope (SEM).

The image is formed by electrons that are reflected off the surface of a specimen, providing a
three-dimensional image; magnification ranges from 1-1000 times.

Freeze fracture technique

This technique is used to examine the number, size, and distribution of membrane proteins.

A tissue is frozen and mechanically fractured; the exposed membrane surface is coated with a
thin metal film called a “replica.”

The replica is viewed by TEM. Membrane proteins appear either as bumps or pits in the replica.
Section Interpretation

In histology, three-dimensional tissues are viewed in two dimensions; therefore, it is extremely
important to learn to visualize the three dimensional structure from the two-dimensional image.
For example, a cross-section through a tubular structure appears as a ring, whereas a longitudinal
section appears as two parallel bands. As an added challenge, most sections pass obliquely to
these perpendicular axes and, thus, require further “mental gymnastics.”

*  The plasma membrane is a lipid-bilayered structure visible with transmission electron
microscopy. The plasma membrane (cell membrane, plasmalemma) is a dynamic structure that
actively participates in many physiologic and biochemical activities essential to cell function and
survival. When the plasma membrane is properly fixed, sectioned, stained, and viewed on edge
with the transmission electron microscope (TEM), it appears as two electron-dense layers
separated by an intermediate, electron-lucent (nonstaining) layer. The total thickness of the

plasma membrane is about 8 to 10 nm.

2. Cell membrane

The plasma membrane is composed of an amphipathic lipid layer containing embedded integral
membrane proteins with peripheral membrane proteins attached to its surfaces. The current
interpretation of the molecular organization of the plasma membrane is referred to as the
modified fluid-mosaic model. The membrane consists primarily of phospholipid, cholesterol, and
protein molecules. The lipid molecules form a lipid bilayer with an amphipathic character (it is
both hydrophobic and hydrophilic). The fatty-acid chains of the lipid molecules face each other,
making the inner portion of the membrane hydrophobic (i.e., having no affinity for water). The

surfaces of the membrane are formed by the polar head groups of the lipid molecules, thereby
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making the surfaces hydrophilic (i.e., they have an affinity for water). Lipids are distributed
asymmetrically between the inner and outer leaflets of the lipid bilayer, and their composition

varies considerably among different biologic membranes.

In most plasma membranes, protein molecules constitute approximately half of the total
membrane mass. Most of the proteins are embedded within the lipid bilayer or pass through the
lipid bilayer completely. These proteins are called integral membrane proteins. The other types of
protein— peripheral membrane proteins —are not embedded within the lipid bilayer. They are
associated with the plasma membrane by strong ionic interactions, mainly with integral proteins
on both the extracellular and intracellular surfaces of the membrane. In addition, on the
extracellular surface of the plasma membrane, carbohydrates may be attached to proteins,
thereby forming glycoproteins; or to lipids of the bilayer, thereby forming glycolipids. These
surface molecules constitute a layer at the surface of the cell, referred to as the cell coat or
glycocalyx. They help establish extracellular microenvironments at the membrane surface that
have specific functions in metabolism, cell recognition, and cell association and serve as receptor
sites for hormones.

Integral membrane proteins

Have important functions in cell metabolism, regulation, integration, and cell signaling.

Six broad categories of membrane proteins have been defined in terms of their function: pumps,
channels, receptors, linkers, enzymes, and structural proteins. The categories are not
mutually exclusive (e.g., a structural membrane protein may simultaneously serve as a receptor,
an enzyme, a pump, or any combination of these functions).

Pumps

serve to transport certain ions, such as Na+, actively across membranes. Pumps also transport
metabolic precursors of macromolecules, such as amino acids and sugars, across membranes,
either by themselves or linked to the Na+ pump.

Channels

allow the passage of small ions, molecules, and water across the plasma membrane in either
direction (i.e., passive diffusion). Gap junctions formed by aligned channels in the membranes of
adjacent cells permit passage of ions and small molecules involved in signaling pathways from
the cytoplasm of one cell to the cytoplasm of the adjacent cells.

Receptor proteins

allow recognition and localized binding of ligands (molecules that bind to the extracellular
surface of the plasma membrane) in processes such as hormonal stimulation, coated-vesicle

endocytosis, and antibody reactions. Receptors that bind to signaling molecules transmit the
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signal through a sequence of molecular switches (i.e., second messengers) to the cell’s internal
signaling pathways, thereby initiating a physiological response.

Linker proteins

anchor the intracellular cytoskeleton to the extracellular matrix. Examples of linker proteins
include the family of integrins that link cytoplasm actin filaments to an extracellular matrix
protein (fibronectin).

Enzymes

have a variety of roles. ATPases have specific roles in ion pumping: ATP synthase is the major
protein of the inner mitochondrial membrane, and digestive enzymes such as disaccharidases and
dipeptidases are integral membrane proteins.

Structural proteins

are visualized by the freeze fracture method, especially where they form junctions with
neighboring cells. Often, certain proteins and lipids are concentrated in localized regions of the
plasma membrane to carry out specific functions. Examples of such regions can be recognized in
polarized cells such as epithelial cells.

Cell signaling

is the process by which extracellular stimuli are received, processed, and conveyed by the cell to
regulate its own physiological responses. A single cell may receive many different signals at the
same time, and it needs to integrate all information into a unified action plan. Signaling
processes often are involved in regulation of gene expression, exocytosis, endocytosis,
differentiation, cell growth and death, cytoskeletal reorganization, movement, contraction,
and/or cell relaxation. Individual cells also send out signaling molecules to other cells both near
(e.g., neurotransmitters in nerve synapses) and far away (e.g., hormones acting on distant cells).
Internal membrane proteins such as cell surface receptors and channels are involved in cell
signaling processes.

Membrane Transport and Vesicular Transport

Some substances (fat-soluble and small, uncharged molecules) cross the plasma membrane by
simple diffusion down their concentration gradient. All other molecules require membrane
transport proteins to provide them with individual passage across the plasma membrane.

There are generally two classes of transport proteins: Carrier protein and channel protein
Carrier proteins

Transfer small, water-soluble molecules. They are highly selective, often transporting only one
type of molecule. After binding to a molecule designated for transport, the carrier protein
undergoes a series of conformational changes and releases the molecule on the other side of the

membrane. Some carrier proteins, such as the Na+/K+ pump or H+ pump, require energy for
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active transport of molecules against their concentration gradient. Other carrier proteins, such
as glucose carriers, do not require energy and participate in passive transport.

Channel proteins

also transfer small, water-soluble molecules. In general, channels are made of transmembrane
proteins with several membrane-spanning domains that create hydrophilic channels through the
plasma membrane. Usually, channel proteins contain a pore domain that partially penetrates the
membrane bilayer and serves as the ion-selectivity filter. The pore domain is responsible for
exquisite ion selectivity, which is achieved by regulation of its three-dimensional structure.
Channels are ion-selective and are regulated on the basis of the cell’s needs. Channel protein
transport can be regulated by membrane potentials (e.g., voltage-gated ion channels in neurons),
neurotransmitters (e.g., ligand-gated ion channels such as acetylcholine receptors in muscle
cells), or mechanical stress (e.g., mechanically gated ion channels in the internal ear).

Vesicular transport

maintains the integrity of the plasma membrane and also provides for the transfer of molecules
between different cellular compartments.

Some substances enter and leave cells by vesicular transport, a process that involves
configurational changes in the plasma membrane at localized sites and subsequent formation of
vesicles from the membrane or fusion of vesicles with the membrane

The major mechanism by which large molecules enter, leave, and move within the cell is called
vesicle budding.

Vesicles formed by budding from the plasma membrane of one compartment fuse with the
plasma membrane of another compartment. Within the cell, this process ensures
intercompartmental transfer of the vesicle contents.

Vesicular transport

Vesicular transport involving the cell membrane may also be described in more specific terms:
Endocytosis is the general term for processes of vesicular transport in which substances enter
the cell. In general, endocytosis controls the composition of the plasma membrane and the
cellular response to changes in the external environment. It also plays key roles in nutrient
uptake, cell signaling, and cell shape changes.

Exocytosis is the general term for processes of vesicular transport in which substances leave the
cell.

Endocytosis

Uptake of fluid and macromolecules during endocytosis depends in general on three different
mechanisms. Some of the endocytotic mechanisms require special proteins during vesicle

formation. The best known protein that interacts with the plasma membrane in vesicle formation
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is clathrin. Although the presence of clathrin is certainly important for endocytic vesicle

formation, many vesicles are formed in a clathrin-independent manner utilizing different

proteins (i.e., caveolins or flotillins). Therefore, endocytosis can be classified as either clathrin-

dependent or clathrin-independent. In general, three mechanisms of endocytosis are recognized

in the cell:
1. Pinocytosis
2. Phagocytosis
3. Receptor-mediated endocytosis

Pinocytosis

[Gr., cell drinking] clathrin-independent endocytosis. It is the nonspecific ingestion of
fluid and small protein molecules via small vesicles, usually smaller than 150 nm in
diameter. Pinocytosis is performed by virtually every cell in the organism, and it is
constitutive (i.e., it involves a continuous dynamic formation of small vesicles at the cell
surface). The mechanism proposed for vesicle formation in pinocytosis is associated
with the presence of caveolin and flotillin proteins that are found in lipid rafts.
Phagocytosis

[Gr., cell eating] clathrin independent but actin-dependent endocytosis is the ingestion
of large particles such as cell debris, bacteria, and other foreign materials. In this
nonselective process, plasma membrane sends out pseudopodia to engulf phagocytosed
particles into large vesicles (larger than approximately 250 nm in diameter) called
phagosomes. Phagocytosis is performed mainly by a specialized group of cells belonging
to the mononuclear phagocytotic system (MPS). Phagocytosis is generally a receptor-
mediated process in which receptors on the cell surface recognize non—antigen-binding
domains (Fc fragments) of antibodies coating the surface of an invading
microorganism or cell.

Receptor-mediated endocytosis

Is the clathrin-dependent endocytosis which allows entry of specific molecules into the
cell. In this mechanism, receptors for specific molecules, called cargo receptors,
accumulate in well-defined regions of the cell membrane. These regions, which are
represented by the lipid rafts in the plasma membrane, eventually become coated pits.
Cargo receptors recognize and bind to specific molecules that come in contact with the
plasma membrane. Clathrin molecules then assemble into a basket-like cage that helps
change the shape of the plasma membrane into a vesicle-like invagination

Exocytosis
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Exocytosis is the process by which a vesicle moves from the cytoplasm to the plasma
membrane, where it discharges its contents to the extracellular space.

A variety of molecules produced by the cell for export are initially delivered from the site
of their formation to the Golgi apparatus. The next step involves sorting and packaging
the secretory product into transport vesicles that are destined to fuse with the plasma

membrane in a process known as exocytosis.

There are two general pathways of exocytosis:

In the constitutive pathway, substances designated for export are continuously
delivered in transport vesicles to the plasma membrane. Proteins that leave the cell by
this process are secreted immediately after their synthesis and exit from the Golgi
apparatus, as seen in the secretion of immunoglobulins by plasma cells and of
procollagen by fibroblasts. This pathway is present to some degree in all cells. The TEM
reveals that these cells lack secretory granules.

In the regulated secretory pathway, specialized cells, such as endocrine and exocrine
cells and neurons, concentrate secretory proteins and transiently store them in secretory
vesicles within the cytoplasm. In this case, a regulatory event (hormonal or neural
stimulus) must be activated for secretion to occur, as in the release of secretory vesicles
by chief cells of the gastric mucosa and by acinar cells of the pancreas. The signaling
stimulus causes a transient influx of Ca2+ into the cytoplasm, which in turn stimulates
secretory vesicles to fuse with the plasma membrane and discharge their contents. In the
past, secretory vesicles containing inactive precursor (zymogen) were called zymogen

granules.

3. Cytoplasm

Endosomes

The TEM reveals the presence in the cytoplasm of membrane-enclosed compartments
associated with all the endocytotic pathways described in previous lecture. These
compartments, called early endosomes, are restricted to a portion of the cytoplasm near
the cell membrane where vesicles originating from the cell membrane fuse. From here,
many vesicles return to the plasma membrane. However, large numbers of vesicles
originating in early endosomes travel to deeper structures in the cytoplasm called late
endosomes. The latter typically mature into lysosomes.

Early and late endosomes differ in their cellular localization, morphology, and state of
acidification and function. Early and late endosomes are localized in different areas of
the cell. Early endosomes can be found in the more peripheral cytoplasm, whereas late

endosomes are often positioned near the Golgi apparatus and the nucleus. An early
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endosome has a tubulovesicular structure: The lumen is subdivided into cisternae that are
separated by invagination of its membrane. It exhibits only a slightly more acidic
environment (pH 6.2 to 6.5) than the cytoplasm of the cell. In contrast, late endosomes
have a more complex structure and often exhibit onion-like internal membranes. Their
pH is more acidic, averaging 5.5. TEM studies reveal specific vesicles that transport
substances between early and late endosomes. These vesicles, called multivesicular
bodies (MVBs), are highly selective transporters. Within early endosomes, proteins
destined to be transported to late endosomes are sorted and separated from proteins
destined for recycling and packaging into MVBs. In general, substances transported to
late endosomes are eventually degraded in lysosomes in a default process that does not
require any additional signals. Because late endosomes mature into lysosomes, they are
also called prelysosomes. Late lysosomes may fuse with each other or with mature
lysosomes.

Lysosomes

Lysosomes are digestive organelles that were recognized only after histochemical
procedures were used to demonstrate lysosomal enzymes.

Lysosomes are organelles rich in hydrolytic enzymes such as proteases, nucleases,
glycosidases, lipases, and phospholipases. A lysosome represents a major digestive
compartment in the cell that degrades macromolecules derived from endocytotic
pathways as well as from the cell itself in a process known as autophagy (removal of
cytoplasmic components, particularly membrane-bounded organelles, by digesting them
within lysosomes).

Previously it was postulated that lysosomes arise as complete and functional organelles
budding from the Golgi apparatus. These newly formed lysosomes were termed primary
lysosomes in contrast to secondary lysosomes, which had already fused with incoming
endosomes. However, the primary and secondary lysosome hypothesis has proved to
have little validity as new research data allow a better understanding of the details of
protein secretory pathways and the fate of endocytotic vesicles. It is now widely
accepted that lysosomes are formed in a complex series of pathways that converge at the
late endosomes, transforming them into lysosomes. These pathways are responsible for a
targeted delivery of newly synthesized lysosomal enzymes and structural lysosomal
membrane proteins into the late endosomes. As stated earlier, lysosomal enzymes are
synthesized in the rER and sorted in the Golgi apparatus

Three different pathways deliver material for intracellular

digestion in lysosomes.
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Extracellular large particles such as bacteria, cell debris, and other foreign materials are
engulfed in the process of phagocytosis. A phagosome, formed as the material is
internalized within the cytoplasm, subsequently receives hydrolytic enzymes to become a
late endosome, which matures into a lysosome.

Extracellular small particles such as extracellular proteins, plasma-membrane proteins,
and ligand-receptor complexes are internalized by pinocytosis and receptor-mediated
endocytosis. These particles follow the endocytotic pathway through early and late
endosomal compartments and are finally degraded in lysosomes.

Intracellular particles such as entire organelles, cytoplasmic proteins, and other cellular
components are isolated from the cytoplasmic matrix by endoplasmic reticulum
membranes, transported to lysosomes, and degraded. This process is called autophagy
Rough-Surfaced Endoplasmic Reticulum

The protein synthetic system of the cell consists of the rough endoplasmic reticulum and
ribosomes.

The cytoplasm of a variety of cells engaged chiefly in protein synthesis stains intensely
with basic dyes. The basophilic staining is caused by the presence of RNA. That portion
of the cytoplasm that stains with the basic dye is called ergastoplasm. The ergastoplasm
in secretory cells (e.g., pancreatic acinar cells) is the light microscopic image of the
organelle called the rough endoplasmic reticulum (rER).

The rER is most highly developed in active secretory cells. The rER is particularly well
developed in those cells that synthesize proteins destined to leave the cell (secretory cells)
as well as in cells with large amounts of plasma membrane, such as neurons. Secretory
cells include glandular cells, activated fibroblasts, plasma cells, odontoblasts, ameloblasts,
and osteoblasts. The rER is not limited, however, to secretory cells and neurons. Virtually,
every cell of the body contains profiles of rER. However, they may be few in number, a
reflection of the amount of protein secretion, and dispersed so that in the light microscope
they are not evident as areas of basophilia. The rER is most highly developed in active
secretory cells because secretory proteins are synthesized exclusively by the ribosomes
of the rER. In all cells, however, the ribosomes of the rER also synthesize proteins that
are to become permanent components of the lysosomes, Golgi apparatus, rER, or
nuclear envelope or integral components of the plasma membrane.

Ribosomes

Ribosomes, are attached to the membrane of the rER by ribosomal docking proteins.
Ribosomes measure 15 to 20 nm in diameter and consist of a small and large subunit.

Each subunit contains ribosomal RNA (rRNA) of different length as well as numerous
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different proteins. In many instances, the rER is continuous with the outer membrane of
the nuclear envelope (see the next section). Groups of ribosomes form short spiral arrays
called polyribosomes or polysomes

Protein synthesis involves transcription and translation.

The production of proteins by the cell begins within the nucleus with transcription, in
which the genetic code for a protein is transcribed from DNA to pre-mRNA.
Transcription is followed by translation in which the coded message contained in the
mRNA is read by ribosomal complexes to form a polypeptide. A typical single
cytoplasmic mRNA molecule binds to many ribosomes spaced as close as 80 nucleotides
apart, thus forming a polyribosome complex, or polysome. A polysome attached to the
cytoplasmic surface of the rER can translate a single mRNA molecule and
simultaneously produce many copies of a particular protein. In contrast, free ribosomes
reside within the cytoplasm. They are not associated with any intracellular membranes
and are structurally and functionally identical to polysomes of the rER.

"Free" ribosomes

synthesize proteins that will remain in the cell as cytoplasmic structural or functional
elements. Proteins targeted to the nucleus, mitochondria, or peroxisomes are synthesized
on free ribosomes and then released into the cytosol. In the absence of a signal sequence,
proteins that are synthesized on free ribosomes remain in the cytosol.

Cytoplasmic basophilia is associated with cells that produce large amounts of protein
that will remain in the cell. Such cells and their products include developing red blood
cells (hemoglobin), developing muscle cells (the contractile proteins actin and myosin),
nerve cells (neurofilaments), and keratinocytes of the skin (keratin). In addition, most
enzymes of the mitochondrion are synthesized by free polysomes and transferred into
that organelle.

Basophilia in these cells was formerly called ergastoplasm and is caused by the
presence of large amounts of RNA. In this case, the ribosomes and polysomes are free in
the cytoplasm (i.e., they are not attached to membranes of the endoplasmic reticulum).
The large basophilic bodies of nerve cells, which are called Nissl bodies, consist of both
rER and large numbers of free ribosomes. All ribosomes contain RNA; it is the phosphate
groups of the RNA of the ribosomes, not the membranous component of the endoplasmic

reticulum, that account for basophilic staining of the cytoplasm.

Nissl bodies in neuron

Smooth-Surfaced Endoplasmic Reticulum
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The sER consists of short anastomosing tubules that are not associated with ribosomes.
Cells with large amounts of smooth-surfaced endoplasmic reticulum may exhibit distinct
cytoplasmic eosinophilia (acidophilia) when viewed in the light microscope. The sER is
structurally similar to the rER but lacks the ribosome-docking proteins. It tends to be
tubular rather than sheet-like, and it may be separate from the rER or an extension of it.
The sER is abundant in cells that function in lipid metabolism (i.e., cells that synthesize
fatty acids and phospholipids), and it proliferates in hepatocytes when animals are
challenged with lipophilic drugs. The sER is well developed in cells that synthesize and
secrete steroids such as adrenocortical cells and testicular Leydig (interstitial) cells

Golgi Apparatus

The Golgi apparatus is well developed in secretory cells and does not stain with
hematoxylin or eosin.

The Golgi apparatus was described more than 100 years ago by histologist Camillo Golgi.
It is active both in cells that secrete protein by exocytosis and in cells that synthesize
large amounts of membrane and membrane-associated proteins such as nerve cells. In the
light microscope, secretory cells that have a large Golgi apparatus (e.g., plasma cells,
osteoblasts, and cells of the epididymis) typically exhibit a clear area partially surrounded
by ergastoplasm

Golgi Apparatus

In EM, the Golgi apparatus appears as a series of stacked, flattened, membrane-limited
sacs or cisternae and tubular extensions embedded in a network of microtubules near the
microtubule-organizing center.

The Golgi apparatus is polarized both morphologically and functionally. The flattened
cisternae located closest to the rER represent the forming face, or the cis-Golgi network
(CGN); the cisternae located away from the rER represent the maturing face, or the
trans-Golgi network (TGN). The cisternae located between the TGN and CGN are
commonly referred as the medial-Golgi network.

The Golgi apparatus functions in the posttranslational modification, sorting, and
packaging of proteins.

Mitochondria

Mitochondria are abundant in cells that generate and expend large amounts of energy.

It is now evident that mitochondria increase in number by division throughout interphase,
and their divisions are not synchronized with the cell cycle. Videomicroscopy confirms
that mitochondria can both change their location and undergo transient changes in shape.

They may therefore be compared to mobile power generators as they migrate from one
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area of the cell to another to supply needed energy. Because mitochondria generate ATP,
they are more numerous in cells that use large amounts of energy such as striated muscle
cells and cells engaged in fluid and electrolyte transport.

Mitochondria evolved from aerobic bacteria that were engulfed by eukaryotic cells.

Structure of mitochondrion

Mitochondria contain the enzyme system that generates ATP by means of the citric acid cycle

and oxidative phosphorylation.

Peroxisomes (Microbodies)

Peroxisomes are single membrane-bounded organelles containing oxidative enzymes.
Peroxisomes (microbodies) are small (0.5 um in diameter), membrane-limited spherical
organelles that contain oxidative enzymes, particularly catalase and other peroxidases.
Virtually all oxidative enzymes produce (H20> ) as a product of the oxidation reaction.
Hydrogen peroxide is a toxic substance. The catalase universally present in peroxisomes
carefully regulates the cellular hydrogen peroxide content by breaking down hydrogen
peroxide, thus protecting the cell.

NONMEMBRANOUS ORGANELLES

Microtubules

Microtubules are nonbranching and rigid hollow tubes of polymerized protein that can
rapidly assemble and equally rapidly disassemble. In general, micro tubules are found in
the cytoplasm, where they originate from the MTOC. They grow from the MTOC located
near the nucleus and extend toward the cell periphery. Microtubules are also present in
cilia and flagella, where they form the axoneme and its anchoring basal body; in
centrioles and the mitotic spindle; and in elongating processes of the cell, such as those in
growing axons.

Microtubules are involved in numerous essential cellular functions:

Intracellular vesicular transport (i.e., movement of secretory vesicles, endosomes, and
lysosomes). Microtubules create a system of connections within the cell, frequently
compared with railroad tracks originating from the grand central station, along which
vesicular movement occurs.

Movement of cilia and flagella

Attachment of chromosomes to the mitotic spindle and their movement during mitosis
and meiosis

Cell elongation and movement (migration)

Maintenance of cell shape, particularly its asymmetry

Actin Filaments
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Actin filaments are present in virtually all cell types.

Actin molecules (42 kDa) are abundant and may constitute as much as 20 % of the total
protein of some nonmuscle cells. Similar to the tubulin in micro tubules, actin molecules
also assemble spontaneously by polymerization into a linear helical array to form
filaments 6 to 8 nm in diameter. They are thinner, shorter, and more flexible than
microtubules. Free actin molecules in the cytoplasm are referred to as G-actin (globular
actin), in contrast to the polymerized actin of the filament, which is called F-actin
(filamentous actin). An actin filament or microfilament is a polarized structure; its fast-
growing end is referred to as the plus (barbed) end, and its slow-growing end is referred
to as the minus (pointed) end.

Actin filaments participate in a variety of cell functions. Actin filaments are often
grouped in bundles close to the plasma membrane. Functions of these membrane-
associated actin filaments include the following.

Anchorage and movement of membrane protein. Actin filaments are distributed in
three-dimensional networks throughout the cell and are used as anchors within
specialized cell junctions such as focal adhesions.

Formation of the structural core of microvilli on absorptive epithelial cells. Actin
filaments may also help maintain the shape of the apical cell surface (e.g., the apical
terminal web of actin filaments serves as a set of tension cables under the cell surface).
Locomotion of cells. Locomotion is achieved by the force exerted by actin filaments by
polymerization at their growing ends. This mechanism is used in many migrating cells—
in particular, on transformed cells of invasive tumors. As a result of actin polymerization
at their leading edge, cells extend processes from their surface by pushing the plasma
membrane ahead of the growing actin filaments. The leading-edge extensions of a
crawling cell are called lamellipodia; they contain elongating organized bundles of actin
filaments with their plus ends directed toward the plasma membrane.

Extension of cell processes. These processes can be observed in many other cells that
exhibit small protrusions

Intermediate Filaments

Intermediate filaments play a supporting or general structural role. These rope-like
filaments are called intermediate because their diameter of 8 to 10 nm is between those of
actin filaments and microtubules. Nearly all intermediate filaments consist of subunits
with a molecular weight of about 50 kDa. Some evidence suggests that many of the

stable structural proteins in intermediate filaments evolved from highly conserved

51



enzymes, with only minor genetic modification. Intermediate filaments are formed from
nonpolar and highly variable intermediate filament subunits.

Unlike those of microfilaments and microtubules, the protein subunits of intermediate
filaments show considerable diversity and tissue specificity. In addition, they do not
possess enzymatic activity and form nonpolar filaments. Intermediate filaments also do
not typically disappear and re-form in the continuous manner characteristic of most
microtubules and actin filaments. For these reasons, intermediate filaments are believed
to play a primarily structural role within the cell and to compose the cytoplasmic link of a
tissue-wide continuum of cytoplasmic, nuclear, and extracellular filaments

Centrioles and Microtubule-Organizing Centers

Centrioles represent the focal point around which the MTOC assembles.

Centrioles, visible in the light microscope, are paired, short, rod-like cytoplasmic
cylinders built from nine microtubule triplets. In resting cells, centrioles have an
orthogonal orientation: One centriole in the pair is arrayed at a right angle to the other.
Centrioles are usually found close to the nucleus, often partially surrounded by the Golgi
apparatus, and associated with a zone of amorphous, dense pericentriolar material. The
region of the cell containing the centrioles and pericentriolar material is called the
microtubule-organizing center or centrosome. The MTOC is the region where most
microtubules are formed and from which they are then directed to specific destinations
within the cell. Therefore, the MTOC controls the number, polarity, direction, orientation,
and organization of microtubules formed during the interphase of the cell cycle. During
mitosis, duplicated MTOCs serve as mitotic spindle poles. Development of the MTOC
itself depends solely on the presence of centrioles. When centrioles are missing, the
MTOC:s disappear, and formation of microtubules is severely impaired. The pericentriolar
matrix of MTOC contains numerous ring-shaped structures that initiate microtubule
formation.

Centrioles provide basal bodies for cilia and flagella and align the mitotic spindle during

cell division.

The Cell Nucleus

OVERVIEW OF THE NUCLEUS
The nucleus is a membrane-limited compartment that contains the genome (genetic
information) in eukaryotic cells. The nucleus contains genetic information, together with

the machinery for DNA replication and RNA transcription and processing. The
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nucleus of a nondividing cell, also called an interphase cell, consists of the following
components:

Chromatin is nuclear material organized as euchromatin or heterochromatin. It
contains DNA associated with roughly an equal mass of various nuclear proteins (e.g.,
histones) that are necessary for DNA to function.

The nucleolus (pi., nucleoli) is a small area within the nucleus that contains DNA in the
form of transcriptionally active ribosomal RNA (rRNA) genes, RNA, and proteins. The
nucleolus is the site of rRNA synthesis and contains regulatory cell-cycle proteins.

The nuclear envelope is a double membrane system that surrounds the nucleus of the
cell. It consists of an inner and an outer membrane separated by a perinuclear cisternal
space and perforated by nuclear pores. The outer membrane of the nuclear envelope is
continuous with that of the rough-surfaced endoplasmic reticulum (rER) and is often
studded with ribosomes.

The nucleoplasm is nuclear content other than the chromatin and nucleolus.

NUCLEAR COMPONENTS. Chromatin

Chromatin, a complex of DNA and proteins, is responsible for the characteristic
basophilia of the nucleus. Each eukaryotic cell contains about 6 billion bits of
information encoded in DNA structure, which has a total length of about 1.8 m. The
length of the DNA molecule is 100,000 times longer than the nuclear diameter. Therefore,
the DNA must be highly folded and tightly packed in the cell nucleus. This is
accomplished by the formation of a unique nucleoprotein complex called chromatin. The
chromatin complex consists of DNA and structural proteins. Further folding of chromatin,
such as that which occurs during mitosis, produces structures called chromosomes.
Each human cell contains 46 chromosomes. Chromatin proteins include five basic
proteins called histones along with other nonhistone proteins. A unique feature of
chromatin packaging is that it permits the transcriptional machinery

In general, two forms of chromatin are found in the nucleus: a condensed form
called heterochromatin and a dispersed form called euchromatin.

In most cells, chromatin does not have a homogeneous appearance; rather, clumps of
densely staining chromatin are embedded in a more lightly staining background. The
densely staining material is highly condensed chromatin called heterochromatin, and the
lightly staining material (where most transcribed genes are located) is a dispersed form
called euchromatin. It is the phosphate groups of the chromatin DNA that are
responsible for the characteristic basophilia of chromatin

Nucleosomes
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The smallest units of chromatin structure are macromolecular complexes of DNA and
histones called nucleosomes.

They are found in both euchromatin and heterochromatin and in chromosomes. These 10-
nm-diameter particles represent the first level of chromatin folding and are formed by the
coiling of the DNA molecule around a protein core.

This step shortens the DNA molecule by approximately sevenfold relative to the unfolded
DNA molecule. The core of the nucleosome consists of eight histone molecules (called
an octamer). Two loops of DNA (approximately 146 nucleotide pairs) are wrapped
around the core octamer. The DNA extends between each particle as a 2-nm filament
that joins adjacent nucleosomes. When chromatin is extracted from the nucleus, the
nucleosomal substructure of chromatin is visible in transmission electron microscopy
(TEM) and is often described as "beads on a string"

In the next step, a long strand of nucleosomes is coiled to produce a 30-nm chromatin
fibril. Six nucleosomes form one turn in the coil of the chromatin fibril, which is
approximately 40-fold shorter than unfolded DNA. Long stretches of 30-nm chromatin
fibrils are further organized into loop domains (containing 15,000 to 100,000 base pairs),
which are anchored into a chromosome scaffold or nuclear matrix composed of
nonhistone proteins. In heterochromatin, the chromatin fibers are tightly packed and
folded on each other; in euchromatin, the chromatin fibrils are more loosely arranged.
Chromosomes

In dividing cells, chromatin is condensed and organized into discrete bodies called
chromosomes.

During mitotic division, chromatin fibers formed from chromatin loop domains attached
to a flexible protein scaffold undergo condensation to form chromosomes [Gr., colored
bodies]. Each chromosome is formed by two chromatids that are joined together at a
point called the centromere. The double nature of the chromosome is produced in the
preceding synthetic (S) phase of the cell cycle, during which DNA is replicated in
anticipation of the next mitotic division.

Telomere

The area located at each end of the chromosome is called the telomere. Telomeres
shorten with each cell division. Recent studies indicate that telomere length is an
important indicator of the lifespan of the cell. To survive indefinitely (become
“immortalized”), cells must activate a mechanism that maintains telomere length. For
example, in cells that have been transformed into malignant cells, an enzyme called

telomerase is present that adds repeated nucleotide sequences to the telomere ends.
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With the exception of the mature gametes, the egg and sperm, human cells contain 46
chromosomes organized as 23 homologous pairs (each chromosome in the pair has the
same shape and size). Twenty-two pairs have identical chromosomes (i.e., each
chromosome of the pair contains the same portion of the genome) and are called
autosomes. The 23rd pair of chromosomes are the sex chromosomes, designated X and
Y. Females contain two X chromosomes; males contain one X and one Y chromosome.
The chromosomal number, 46, is found in most of the somatic cells of the body and is
called the diploid (2n) number. To simplify the description of chromosomal number and
DNA changes during mitosis and meiosis, we use the lowercase letter (n) for
chromosome number and lowercase letter (d) for DNA content. Diploid chromosomes
have the (2d) amount of DNA immediately after cell division but have twice that
amount—that is, the (4d) amount of DNA—after the S phase (next lecture)

As a result of meiosis, eggs and sperm have only 23 chromosomes, the haploid (1 n)
number, as well as the haploid (Id) amount of DNA. The somatic chromosome number
( 2 n) and the diploid (2d) amount of DNA are reestablished at fertilization by the fusion
of the sperm nucleus with the egg nucleus.

Nucleolus

The nucleolus stains intensely with hematoxylin and basic dyes

The nucleolus is the site of ribosomal RNA (rRNA) synthesis and initial ribosomal
assembly. The nucleolus is a nonmembranous region of the nucleus that surrounds
transcriptionally active rRNA genes. It is the primary site of ribosomal production
and assembly. The nucleolus varies in size but is particularly well developed in cells
active in protein synthesis. Some cells contain more than one nucleolus. The nucleolus
has three morphologically distinct regions:

Fibrillar centers

Fibrillar material (pars fibrosa)

Granular material (pars granulosa)

Fibrillar centers contain DNA loops of five different chromosomes (13, 14, 15, 21, and
22) that contain rRNA genes, RNA polymerase I, and transcription factors.

Fibrillar material (pars fibrosa) contains ribosomal genes that are actively undergoing
transcription and large amounts of rRNA.

Granular material (pars granulosa) represents the site of initial ribosomal assembly and
contains densely packed preribosomal particles.

Nuclear Envelope
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The nuclear envelope, formed by two membranes with a perinuclear cisternal space
between them, separates the nucleoplasm from the cytoplasm.

The nuclear envelope provides a selectively permeable membranous barrier between the
nuclear compartment and the cytoplasm, and it encloses the chromatin. The nuclear
envelope is assembled from two (outer and inner) nuclear membranes with a perinuclear
cisternal space between them. The perinuclear clear cisternal space is continuous with
the cisternal space of the rER. The two membranes of the envelope are perforated at
intervals by nuclear pores that mediate the active transport of proteins,
ribonucleoproteins, and RNAs between the nucleus and cytoplasm. The membranes of
the nuclear envelope differ in structure and functions:

The outer nuclear membrane

The inner nuclear membrane

The outer nuclear membrane closely resembles the membrane of the endoplasmic
reticulum and in fact is continuous with rER membrane. Polyribosomes are often
attached to ribosomal docking proteins present on the cytoplasmic side of the outer
nuclear membrane.

The inner nuclear membrane is supported by a rigid network of intermediate protein
filaments attached to its inner surface called the nuclear (fibrous) lamina. In addition,
the inner nuclear membrane contains specific and several lamina-associated proteins that
bind to chromosomes and secure the attachment of the nuclear lamina.

Nuclear pores

The nuclear envelope has an array of openings called nuclear pores.

At numerous sites, the paired membranes of the nuclear envelope are punctuated by 70-
to 80-nm “openings” through the envelope. These nuclear pores are formed from the
merging of the inner and outer membranes of the nuclear envelope. With an ordinary
TEM, a diaphragm-like structure appears to cross the pore opening. Often, a small dense
body is observed in the center of the opening. Because such profiles are thought to
represent either ribosomes or other protein complexes (transporters) captured during their
passage through the pore at the time of fixation, the term central plug/transporter is
commonly used to describe this feature.

During cell division, the nuclear envelope is disassembled to allow chromosome
separation and is later reassembled as the daughter cells form. In late prophase of cell
division, enzymes (kinases) are activated that cause phosphorylation of the nuclear

lamins and other lamina-associated proteins of the nuclear envelope.
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After phosphorylation, the proteins become soluble, and the nuclear envelope
disassembles. The lipid component of the nuclear membranes then disassociates from the
proteins and is retained in small cytoplasmic vesicles. The replicated chromosomes then
attach to the microtubules of the mitotic spindle and undergo active movement.
Reassembly of the nuclear envelope begins in late anaphase, when phosphatases are
activated to remove the phosphate residues from the nuclear lamins. During telophase,
the nuclear lamins begin to repolymerize and form the nuclear lamina material around
each set of daughter chromosomes. At the same time, vesicles containing the lipid
components of the nuclear membranes and structural membrane protein components fuse,
and an envelope is formed on the surface of the already-reassembled nuclear lamina. By
the end of telophase, formation of a nuclear envelope in each daughter cell is complete.
Nucleoplasm

Nucleoplasm is the material enclosed by the nuclear envelope exclusive of the
chromatin and the nucleolus.

Although crystalline, viral, and other inclusions are sometimes found in the nucleoplasm ,
until recently, morphologic techniques showed it to be amorphous. It must be assumed,
however, that many proteins and other metabolites reside in or pass through the nucleus
in relation to the synthetic and metabolic activity of the chromatin and nucleolus. New
structures have recently been identified within the nucleoplasm, including intranuclear
lamin-based arrays, the protein filaments emanating inward from the nuclear pore
complexes, and the active gene-tethered RNA transcription and processing machinery

itself.

Cell cycle. Mitosis. Meiosis

CELL RENEWAL

Somatic cells in the adult organism may be classified according to their mitotic
activity.

Static cell populations consist of cells that no longer divide (postmitotic cells), such as
cells of the central nervous system and skeletal or cardiac muscle cells. Under certain
circumstances, some of these cells (i.e., cardiac myocytes) may enter mitotic division.
Stable cell populations consist of cells that divide episodically and slowly to maintain
normal tissue or organ structure. These cells may be stimulated by injury to become more
mitotically active. Periosteal and perichondrial cells, smooth muscle cells, endothelial
cells of blood vessels, and fibroblasts of the connective tissue may be included in this

category.
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Renewing cell populations may be slowly or rapidly renewing but display regular
mitotic activity. Division of such cells usually results in two daughter cells that
differentiate both morphologically and functionally or two cells that remain as stem cells.
Daughter cells may divide one or more times before their mature state is reached. The
differentiated cell may ultimately be lost from the body.

Slowly renewing populations include smooth muscle cells of most hollow organs,
fibroblasts of the uterine wall, and epithelial cells of the lens of the eye. Slowly renewing
populations may actually slowly increase in size during life, as do the smooth muscle
cells of the gastrointestinal tract and the epithelial cells of the lens.

Rapidly renewing populations include blood cells, epithelial cells and dermal
fibroblasts of the skin, and the epithelial cells and subepithelial fibroblasts of the mucosal
lining of the alimentary tract.

CELL CYCLE

The cell cycle represents a self-regulated sequence of events that controls cell growth
and cell division.

For renewing cell populations and growing cell populations, including embryonic cells,
and cells in tissue culture, the goal of the cell cycle is to produce two daughter cells, each
containing chromosomes identical to those of the parental cell. The cell cycle
incorporates two principal phases: the interphase, representing continuous growth of the
cell, and the M-phase (mitosis), characterized by the partition of the genome. Three other
phases, G1 (gapl) phase, S (synthesis) phase, and G 2 (gap2) phase, further subdivide
interphase. Rapidly renewing populations of human cells progress through the full cell
cycle in about 24 hours. Throughout the cycle, several internal quality control
mechanisms or checkpoints represented by biochemical pathways control transition
between cell-cycle stages. The cell cycle stops at several checkpoints and can only
proceed if certain conditions are met—for example, if the cell has reached a certain size.
Checkpoints monitor and modulate the progression of cells through the cell cycle in
response to intracellular or environmental signals.

G1 phase

The G1 phase is usually the longest and the most variable phase of the cell cycle,
and it begins at the end of M phase.

During the G1 phase, the cell gathers nutrients and synthesizes RNA and proteins
necessary for DNA synthesis and chromosome replication. The cells progress through
this phase is monitored by two checkpoints: ( 1 ) the restriction checkpoint, which is

sensitive to the size of the cell, the state of the cell’s physiologic processes, and its
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interactions with extracellular matrix; and (2) the G1 DNA-damage checkpoint, which
monitors the integrity of newly replicated DNA. For instance, if the DNA has irreparable
damage, then the Gl DNA-damage checkpoint detects the high levels of tumor-
suppressing protein p53 and it does not allow the cell to enter the S phase. The cell will
then most likely undergo programmed cell death (apoptosis).

The restriction checkpoint (or "point of no return®) is the most important checkpoint in
the cell cycle. At this checkpoint, the cell self-evaluates its own replicative potential
before deciding to either enter the S phase and the next round of cell division or to retire
and leave the cell cycle. A cell that leaves the cycle in the G1 phase usually begins
terminal differentiation by entering the Go phase (“O” stands for “outside” the cycle).
Thus, the G1 phase may last for only a few hours (average 9 to 12 hours) in a rapidly
dividing cell, or it may last a lifetime in a nondividing cell. This checkpoint is mediated
by interactions between the retinoblastoma susceptibility protein (pRb) and a family of
essential transcription factors (E2F) with target promoters. In normal cells, proper
interaction between pRb and E2F turns off many genes and blocks cell-cycle progression.
S-Phase

In the S phase, DNA is replicated. Initiation of DNA synthesis marks the beginning of
the S phase, which is about 7.5 to 10 hours in duration. The DNA of the cell is doubled
during the S phase, and new chromatids are formed that will become obvious at prophase
or metaphase of the mitotic division. Chromosome replication is initiated at many
different sites called replicons alongn the chromosomal DNA. Each replicon has a
specifically assigned time frame for replication during S phase. Presence of the S DNA-
damage checkpoint in this phase monitors quality of replicating DNA.

G2-Phase

In the G 2 phase, the cell prepares for cell division.

During this phase, the cell examines its replicated DNA in preparation for cell division.
This is a period of cell growth and reorganization of cytoplasmic organelles before
entering the mitotic cycle. The G2 phase may be as short as 1 hour in rapidly dividing
cells or of nearly indefinite duration in some polyploid cells and in cells such as the
primary oocyte that are arrested in G2 for extended periods. Two checkpoints monitor
DNA quality: the G2 DNA-damage checkpoint and the unreplicated-DNA checkpoint.
The latter checkpoint prevents the progression of the cell into the M phase before DNA
synthesis is complete.

Regulation of the Cell Cycle
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Passage through the cell cycle is driven by proteins that are cyclically synthesized and
degraded during each cycle.

A number of cytoplasmic protein complexes regulate and control the cell cycle. Some of
these proteins function as biochemical oscillators, whose synthesis and degradation are
coordinated with specific phases of the cycle. Cellular and molecular events induced
during the increase and decrease of different protein levels are the basis of the cell-cycle
“engine.”

Other proteins actively monitor the quality of the molecular processes at the different
checkpoints distributed throughout the cycle (described above). The protein complexes at
the checkpoints may drive the cell into and out of the cell cycle, stimulating growth and
division when conditions are favorable and, conversely, stopping or reducing the rate of
cell division when conditions are not favorable.

A two-protein complex consisting of cyclin and a cyclin-dependent kinase (Cdk) helps
power the cells through the checkpoints of cell-cycle division.

The reserve stem cell population may become activated and reenter the cell cycle. Cells
identified as reserve stem cells may be thought of as Go cells that may be induced to
reenter the cell cycle in response to injury of cells within the tissues of the body.
Activation of these cells may occur in normal wound healing and in repopulation of the
seminiferous epithelium after intense acute exposure of the testis to X-irradiation or
during regeneration of an organ, such as the liver, after removal of a major portion. If
damage is too severe, even the reserve stem cells die, and there is no potential for
regeneration.

Mitosis

Mitosis occurs in the M phase.

Mitosis nearly always includes both karyokinesis (division of the nucleus) and
cytokinesis (division of the cell) and lasts about 1 hour. Mitosis takes place in several
stages described in more detail below. Separation of two identical daughter cells
concludes the M phase. The M phase possesses two checkpoints: the spindle-assembly
checkpoint, which prevents premature entry into anaphase, and the chromosome-
segregation checkpoint, which prevents the process of cytokinesis until all of the
chromosomes have been correctly separated.

The mitotic catastrophe caused by malfunction of cell-cycle checkpoints may lead to
cell death and tumor cell development.

Cell division is a crucial process that increases the number of cells, permits renewal of

cell populations, and allows wound repair.
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Mitosis is a process of chromosome segregation and nuclear division followed by cell
division that produces two daughter cells with the same chromosome number and DNA
content as the parent cell. The term mitosis is used to describe the equal partitioning of
replicated chromosomes and their genes into two identical groups.
The process of cell division includes division of both the nucleus (karyokinesis) and the
cytoplasm (cytokinesis).
The process of cytokinesis results in distribution of nonnuclear organelles into two
daughter cells. Before entering mitosis, cells duplicate their DNA. This phase of the cell
cycle is called the S or synthesis phase. At the beginning of this phase, the chromosome
number is (2n), and the DNA content is also ( 2 d); at the end, the chromosome number
remains the same (2n), and the DNA content doubles to (4d).
Mitosis follows the S phase of the cell cycle and is described in four phases.

* Prophase

* Metaphase

* Anaphase

* Telophase
Prophase begins as the replicated chromosomes condense and become visible. As the
chromosomes continue to condense, each of the four chromosomes derived from each
homologous pair can be seen to consist of two chromatids. The sister chromatids are
held together by the ring of proteins called cohesins and the centromere.
In late prophase or prometaphase (sometimes identified as a separate phase of mitosis),
the nuclear envelope begins to disintegrate into small transport vesicles and resembles the
sER. The nucleolus, which may still be present in some cells, also completely disappears
in prometaphase.
In addition, a highly specialized protein complex called a kinetochore appears on each
chromatid opposite to the centromere. The protein complexes that form kinetochores in
the centromere region of chromatid are attached to specific repetitive DNA sequences
known as satellite DNA, which are similar in each chromosome.
Microtubules of the developing mitotic spindle attach to the kinetochores and thus to the
chromosomes.
Metaphase
Metaphase begins as the mitotic spindle, consisting of three types of microtubules,
becomes organized around the microtubule-organizing centers (MTOCsSs) located at
opposite poles of the cell. The first type, the astral microtubules, is nucleated from the 7-

tubulin rings in a star-like fashion around each MTOC. The second type, the polar
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microtubules, also originates from the MTOC; however, these microtubules grow away
from the MTOC. The third type, the kinetochore microtubules, emanates from the
MTOC to probe the cytoplasm in search of kinetochores. When a kinetochore is finally
captured by a kinetochore microtubule, it is pulled toward the MTOC, where additional
microtubules will attach. The kinetochore is capable of binding between 30 and 40
microtubules to each chromatid. In some species, kinetochore microtubules are formed
by MTOC-independent mechanisms that involve kinetochores. Kinetochore microtubules
and their associated motor proteins direct the movement of the chromosomes to a plane
in the middle of the cell, the equatorial or metaphase plate.

Anaphase

Anaphase begins at the initial separation of sister chromatids. This separation occurs
when the cohesins that have been holding the chromatids together break down. The
chromatids then begin to separate and are pulled to opposite poles of the cell by the
molecular motors (dyneins) sliding along the kinetochore microtubules toward the
MTOC.

Telophase

Telophase is marked by the reconstitution of a nuclear envelope around the chromosomes
at each pole.

The chromosomes uncoil and become indistinct except at regions that will remain
condensed in the interphase nucleus. Hie nucleoli reappear, and the cytoplasm divides
(cytokinesis) to form two daughter cells. Cytokinesis begins with the furrowing of the
plasma membrane midway between the poles of the mitotic spindle. The separation at the
cleavage furrow is achieved by a contractile ring consisting of a very thin array of actin
filaments positioned around the perimeter of the cell. Within the ring, myosin II
molecules are assembled into small filaments that interact with the actin filaments,
causing the ring to contract. As the ring tightens, the cell is pinched into two daughter
cells. Because the chromosomes in the daughter cells contain identical copies of the
duplicated DNA, the daughter cells are genetically identical and contain the same kind
and number of chromosomes. The daughter cells are ( 2d) in DNA content and ( 2n) in
chromosome number.

Meiosis

Meiosis involves two sequential nuclear divisions followed by cell divisions that produce
gametes containing half the number of chromosomes and half the DNA found in somatic

cells.
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The zygote (the cell resulting from the fusion of an ovum and a sperm) and all the
somatic cells derived from it are diploid ( 2 n) in chromosome number; thus, their cells
have two copies of every chromosome and every gene encoded on this chromosome.
These chromosomes are called homologous chromosomes because they are similar but
not identical; one set of chromosomes is of maternal origin, the other is from the male
parent. The gametes, having only one member of each chromosome pair, are described as
haploid (1n). During gametogenesis, reduction in chromosome number to the haploid
state (23 chromosomes in humans) occurs through meiosis, a process that involves
two successive divisions, the second of which is not preceded by an S phase. This
reduction is necessary to maintain a constant number of chromosomes in a given species.
Reduction in chromosome number to (1 n) in the first meiotic division is followed by
reduction in DNA content to the haploid (Id) amount in the second meiotic division.
Phases in the process of meiosis are similar to the phases of mitosis.

Prophase |

The prophase of meiosis I is an extended phase in which pairing of homologous
chromosomes, synapsis (close association of homologous chromosomes), and
recombination of genetic material on homologous chromosomes is observed. Prophase |
is subdivided into the following five stages:

Leptotene

Zygotene

Pachytene

Diplotene

Diakinesis

Leptotene. This stage is characterized by the condensation of chromatin and by the
appearance of chromosomes. Sister chromatids also condense and become connected
with each other by meiosis-specific cohesion complexes (Rec 8 p). At this phase, pairing
of homologous chromosomes of maternal and paternal origin is initiated. Homologous
pairing can be described as a process in which chromosomes actively search for each
other. After finding their mates, they align themselves side by side with a slight space
separating them.

Zygotene. Synapsis, the close association of homologous chromosomes, begins at this
stage and continues throughout pachytene. This process involves the formation of a
synaptonemal complex, a tripartite structure that binds the chromosomes together. The
synaptonemal complex is often compared to railroad tracks with an additional third rail

positioned in the middle between two others. The cross ties in this track are represented
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by the transverse filaments that bind the scaffold material of both homologous
chromosomes together.

Pachytene. At this stage, synapsis is complete. Crossing-over occurs early in this phase
and involves transposition of DNA strands between two different chromosomes.
Diplotene. Early in this stage, the synaptonemal complex dissolves, and the
chromosomes condense further. Homologous chromosomes begin to separate from each
other and appear to be connected by newly formed junctions between chromosomes
called chiasmata (sing., chiasma). Sister chromatids still remain closely associated with
each other. Chiasmata indicate that crossing-over may have occurred.

Diakinesis. The homologous chromosomes condense and shorten to reach their
maximum thickness, the nucleolus disappears, and the nuclear envelope disintegrates.
Metaphase I

Metaphase I is similar to the metaphase of mitosis except that the paired chromosomes
are aligned at the equatorial plate with one member on either side. The homologous
chromosomes are still held together by chiasmata. At late metaphase, chiasmata are
cleaved and the chromosomes separate. Once the nuclear envelope has broken down, the
spindle microtubules begin to interact with the chromosomes through the multilayered
protein structure, the kinetochore, which is usually positioned near the centromere. The
chromosomes undergo movement to ultimately align their centromeres along the equator
of the spindle.

Anaphase I and Telophase I

Anaphase I and telophase I are similar to the same phases in mitosis except that the
centromeres do not split. The sister chromatids, held together by cohesin complexes
and by the centromere, remain together. A maternal or paternal member of each
homologous pair, now containing exchanged segments, moves to each pole. Segregation
or random assortment occurs because the maternal and paternal chromosomes of each
pair are randomly aligned on one side or the other of the metaphase plate, thus
contributing to genetic diversity. At the completion of meiosis I, the cytoplasm divides.
Each resulting daughter cell (a secondary sperm atocyte or oocyte) is haploid in
chromosome number (In ) and contains one member of each homologous chromosome
pair. The cell is still diploid in DNA content ( 2 d).

Meiosis 11

After meiosis I, the cells quickly enter meiosis II without passing through an S phase.
Meiosis I is an equatorial division and resembles mitosis. During this phase, the

proteinase enzyme separase cleaves the cohesion complexes between the sister
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chromatids. Cleavage of the cohesin complexes in the region of the centromere releases
the bond between both centromeres. This cleavage allows the sister chromatids to
separate at anaphase Il and move to opposite poles of the cell. During meiosis II, the cells
pass through prophase II, metaphase II, anaphase II, and telophase II. These stages are
essentially the same as those in mitosis except that they involve a haploid set of
chromosomes (In) and produce daughter cells that have only haploid DNA content ( 1 d).
Unlike the cells produced by mitosis, which are genetically identical to the parent cell,

the cells produced by meiosis are genetically unique.

6. Spermatogenesis and oogenesis

Mature germ cells are also termed gametes. There are male gametes, the spermatozoa (sperm
cells), and female gametes, the oocytes (egg cells). Through the fusion of the gametes during
the fertilization a zygote is created, the first cell of a new individual. In order for it to have the
normal number of 46 chromosomes, each of the gametes has half, i.e., 23 chromosomes.
The reduction of the number of chromosomes and the recombination of the genetic
material are processes, both of which occur during meiosis. Meiosis is a special form of cell
division that only takes place in gametogenesis.

Gametogenesis mainly describes how the oocytes in the ovary and the spermatozoa in the
testicles are generated during the period of human sexual maturity.

The male gametes are produced in large numbers in the testicles from puberty onwards and for
the rest of the man's life. Several million of them are present in a typical ejaculate.

The female gametes - oocytes - are already generated and stored during the embryonic and fetal
periods and a certain number of them (1 - 2 million) are present in both ovaries when a baby girl
is born. The number of the oocytes in the ovaries is thought to constantly diminish right up to
menopause. During the fertile period in the life of a woman, from menarche until menopause,
roughly 400 oocytes (approximately 13 periods x 30 years) are ovulated. Hormonal regulation,
operating in cycles, is responsible for the maturing and expulsion of the oocytes from the

follicles.

Spermatogenesis

Spermatogenesis is initiated in the male testis with the beginning of puberty. This comprises the
entire development of the spermatogonia (former primordial germ cells) up to sperm cells.
The gonadal cords that are solid up till then in the juvenile testis develop a lumen with the start
of puberty. They then gradually transform themselves into spermatic canals that eventually reach

a length of roughly 50-60 cm. They are termed convoluted seminiferous tubules (Tubuli
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seminiferi contorti) and are so numerous and thin that in an adult male testicle their collective
length can be 300 to 350 meters. They are coated by a germinal epithelium that exhibits two
differing cell populations: some are sustentacular cells (= Sertoli's cells) and the great majority
are the germ cells in various stages of division and differentiation.

The development of the germ cells begins with the spermatogonia at the periphery of the
seminal canal and advances towards the Ilumen over spermatocytes I (primary
spermatocytes), spermatocytes Il (secondary spermatocytes), spermatids and finally to mature
sperm cells.

Developmental stages of spermatogenesis

In the course of spermatogenesis the germ cells move towards the lumen as they mature. The
following developmental stages are thereby passed through:

A-spermatogonium

B-spermatogonium

Primary spermatocyte (= spermatocyte order I)

Secondary spermatocyte (= spermatocyte order II)

Spermatid

Sperm cell (= spermatozoon)

The approximate 64 day cycle of the spermatogenesis can be subdivided into four phases that
last differing lengths of time:

Among the spermatogonia (all in all, over 1 billion in both testicles) that form the basal layer of
the germinal epithelium, several types can be distinguished: certain type A cells are seen as
spermatogonia that divide mitotically and reproduce themselves (homonymous division),
whereby the spermatogonia population is maintained.

The beginning of spermatogenesis is introduced through the so-called heteronymous division, in
which the daughter cells (second group of type A cells) remain bound together by thin bridges
of cytoplasm. Through the preservation of these cytoplasmic connections, spermatogonia are
inducted into the spermatogenesis process.

After a further mitotic division type B spermatogonia are engendered that also divide
themselves mitotically into primary spermatocytes (I).

The freshly created primary spermatocytes (I) now enter into the first meiosis. They then go
immediately into the S phase (that is, into the preleptotene meiosis), double their internal DNA,
leave the basal compartment and reach the special milieu of the luminal compartment. Following
the S phase, these cells attain the complex stage of the prophase of the meiosis and become
thereby noticeably visible with a light microscope.

This prophase, which lasts 24 days, can be divided into five sections:
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Leptotene

Zygotene

Pachytene

Diplotene

Diakinesis

In the prophase in every germ cell a new combination of maternal and paternal genetic material
occurs. After the long prophase follow the metaphase, anaphase and telophase that take much
less time. One primary spermatocyte yields two secondary spermatocytes.

The secondary spermatocytes go directly into the second meiosis, out of which the spermatids
emerge. Since in the secondary spermatocytes neither DNA reduplication nor a recombination of
the genetic material occurs, the second meiosis can take place quickly. It lasts only around five
hours and for that reason secondary spermatocytes are rather seldom seen in a histological
section. Through the division of the chromatids of a secondary spermatocyte, two haploid
spermatids arise that contain only half the original DNA content.

Besides the sperm cells the spermatids are the smallest cells of the germinal epithelium. In a
process lasting several weeks (so-called spermiogenesis or spermiohistogenesis) they are

transformed into sperm cells with the active assistance of the Sertoli's cells.

Spermiogenesis (spermatohistogenesis)

The differentiation of the spermatids into sperm cells is called spermiogenesis. It corresponds to
the final part of spermatogenesis and comprises the following individual processes that partially
proceed at the same time:

Nuclear condensation: thickening and reduction of the nuclear size, condensation of the nuclear
contents into the smallest space.

Acrosome formation: Forming a cap (acrosome) containing enzymes that play an important role
in the penetration through the pellucid zone of the oocyte.

Flagellum formation: generation of the sperm cell tail.

Cytoplasma reduction: elimination of all unnecessary cytoplasm.

Nuclear condensation

The nucleus becomes smaller, denser and takes on a characteristic, flattened form. Seen from
above, the nucleus is oval and, from the narrow side, is pear-shaped. The acrosome lies over the
tip. Nucleus and acrosome form the sperm cell's head that is bound to the mid-piece by a short
neck.

Acrosome formation

The Golgi complex engender the vesicles, which then merge into a larger formation that settles
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close to the cell nucleus and finally inverts itself like a cap over the largest part of the nucleus.
The acrosome corresponds functionally to a lysosome and thus contains lysosomal enzymes

(hyaluronidase among others).

Development of the flagellum

The future axonemal structure grows out of one centriole (distal). This consists of a bundle of
nine peripheral double microtubules and two single ones in the center. During its development,
through the rotation of the nucleus and acrosomal vesicle, the flagellum primordium comes to lie
on the opposite side of the acrosome.

Cytoplasmic reduction

The cytoplasm of the spermatids that is no longer needed is phagocytized by Sertoli's cells or is
disposed of in the lumen of the tubules. A clump of cytoplasm, though, can remain hanging on
the neck and mid piece of the sperm cell for a little while.

During sperm cell production considerable individual variations exist that are also partially
influenced by psychological factors. Per day roughly 100 million sperm cells are produced. It is
said that in each ejaculate an average number of 50-200 million sperm cells are present (WHO
standard value: over 40 million).

In the genital primordium the following processes then take place:

A wave of proliferation begins that lasts from the 15th week to the 7th month: primary germ
cells arise in the cortical zone via mitosis of oogonia clones, bound together in cellular bridges,
that happens in rapid succession. The cell bridges are necessary for a synchronous onset of the
subsequent meiosis.

With the onset of the meiosis (earliest onset in the prophase in the 12th week) the designation of
the germ cells changes. They are now called primary oocytes.

The primary oocytes become arrested in the diplotene stage of prophase I (the prophase of
the first meiotic division). Shortly before birth, all the fetal oocytes in the female ovary have
attained this stage. The meiotic resting phase that then begins is called the dictyotene and it lasts
till puberty, during which each month (and in each month thereafter until menopause) a pair of
primary oocytes complete the first meiosis. Only a few oocytes (secondary oocytes plus one
polar body), though, reach the second meiosis and the subsequent ovulation. The remaining
oocytes that mature each month become atretic.

The primary oocytes that remain in the ovaries can stay in the dictyotene stage up to menopause,
in the extreme case, without ever maturing during a menstrual cycle.

While the oogonia transform into primary oocytes, they become restructured so that at the end of

prophase I (the time of the dictyotene) each one gets enveloped by a single layer
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of flat, follicular epithelial cells (descendents of the coelomic epithelium). (oocyte + follicular
epithelium = primordial follicle).

Oogenesis

Structure of the ovary

An ovary is subdivided into cortical(ovarian cortex) and medullary compartments (ovarian
medulla).

Both blood and lymph vessels are found in the loose connective tissue of the ovarian medulla.

In the cortical compartment the oocytes are present within the various follicle stages.

The sex hormones influence the primordial follicles to grow and a restructuring to take place.
From the primordial follicles the primary follicles, secondary follicles, and tertiary follicles
develop in turn. Only a small percentage of the primordial follicles reach the tertiary follicle
stage - the great majority meet their end beforehand in the various maturation stages. Large
follicles leave scars behind in the cortical compartment and the small ones disappear without a
trace.

The tertiary follicles get to be the largest and, shortly before ovulation, can attain a diameter up
to 2.5 mm through a special spurt of growth. They are then termed graafian follicles.

The follicle stages from primordial follicle to tertiary follicle

Primordial follicle

At the time of birth all the surviving primary oocytes are surrounded by thin, single layers of
so-called follicular epithelial cells. These are delimited from the rest of the ovarian stroma by a
thin basal lamina. Follicular epithelial cells are former coelomic epithelial cells. The primordial
follicles always form the majority of the follicles in the ovary.

Under the influence of the sex hormones some of them are able to develop further to one or
more of the subsequent stages in the following 50 years. Although this further development can
already take place sporadically in the time before birth and up to puberty, the main part occurs as
soon as a regular hormonal cycle is established. Particularly the last phase of the maturation of a
tertiary follicle to become a large follicle, ready to rupture, remains reserved for the time of
regular cycles.

Primary follicle

In the transition of the primordial follicles into primary follicles the follicular epithelium that
surrounds the oocyte becomes iso- to highly prismatic.

Secondary follicle

When primary follicles survive, secondary follicles with follicular epitheliums
encompassing multiple rows are engendered. This is now called the stratum granulosum. In

the secondary follicles a glycoprotein layer, the pellucid zone, between the oocyte and follicular
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epithelium becomes visible. Cytoplasmic processes of the granulosa cells that lie upon it reach
the oocyte through the pellucid zone and thereby assure their maintenance function. Outside the
basal lamina the stroma ovarii organizes itself to become theca folliculi cells.
Tertiary follicle
If the secondary follicles survive, tertiary follicles are engendered. Their identifying
characteristic is a fluid-filled cavity, the antral follicle. The oocyte lies at the edge in a mound
made of granulosa epithelial cells, the cumulus oophorus. In the meantime it has grown so large
that its cellular nucleus has attained the size of a whole primordial follicle. The connective tissue
around the follicle has already clearly differentiated itself into a theca interna, well supplied with
capillaries, out of large, lipid-rich cells (hormone production) and a theca externa, which forms a
transition to the stroma ovarii and contains larger vessels.

1. Oocyte
Pellucid zone
Stratum granulosum
Theca interna
Theca externa

Antral follicle

S A e

Cumulus oophorus (Granulosa cells, together with the oocyte)

8. Basal lamina between theca and stratum granulosum
Decisive for a successful follicle growth is a well-developed net of capillaries in the theca interna.
The precise steering mechanism that leads to the selection of a follicle and its subsequent
maturation to become a graafian follicle is still unknown. Before ovulation a growth spurt of the
tertiary follicles takes place.
Graafian follicle
This corresponds to an especially large tertiary follicle that can be expected to suffice for
ovulation
The ovarian cycle
Of the roughly 500'000 follicles that are present in the two ovaries at the beginning of sexual
maturity, only around 480 reach the graafian follicle stage and are thus able to release oocytes
(ovulation). This number is simply derived by multiplying the number of cycles per year (12)
and the number of years in which a woman is fertile (40).
The hormonal cycle:
Cyclic changes in the hormone household (hormonal cycle), governed by the hypothalamic-
pituitary system, are responsible for the periodicity of the ovulation. In a woman, the rhythmic

hormonal influence leads to the following cyclic events:
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the ovarian cycle (follicle maturation) that peaks in the ovulation and the subsequent
luteinization of the granulose cells

cyclic alterations of the endometrium that prepare the uterine mucosa so fertilized oocytes can
"nest" there. In the absence of implantation, the mucosa will be eliminated (menstrual bleeding)
In the center of this hormonal control is the hypothalamamics-hypophysial (pituitary gland)
system with the two hypophysial gonadotropins FSH and LH. The pulsating liberation of GnRH
by the hypothalamus is the fundamental precondition for a normal control of the cyclic ovarian
function. This cyclic activity releases FSH and LH, both of which stimulate the maturation of the
follicles in the ovary and trigger ovulation. During the ovarian cycle, estrogen is produced by
the theca interna and follicular cells (in the so-called follicle phase) and progesterone by the
corpus luteum (so-called luteal phase).

The control circuit of the hormonal cycle has two  essential control
elements:The pulsatile liberation of GnRH, as well as FSH and LH

The long-loop feedback-effect of estrogen and progesterone on the hypothalamic-hypophysial-
system (these two hormones are synthesized in the [ready to rupture] follicle and so originate in
the ovary, thus the name "long loop").

As arule, the ovarian cycle lasts 28 days. It is subdivided into two phases:

Follicle phase: recruitment of a so-called follicle cohort and, within this, the selection of
the mature follicle. This phase ends with ovulation. Estradiol is the steering hormone.
Normally, it lasts 14 days, but this can vary considerably!

Luteal phase: progesteron production by the "yellow body" (= corpus luteum) and lasts 14

days (relatively constant).

7. Fertilization

The female genital tract

The ovary and the dominant follicle

Roughly a week before the midpoint of the menstrual cycle the dominant follicle develops in
one of the two ovaries. This grows faster than the other tertiary follicles and prepares itself for
ovulation. It reaches a diameter of up to 25 mm and is also known then as the graafian follicle.
Ovulation

The oocyte in the cloud of cumulus cells following ovulation

In the fallopian tube, the secondary oocyte is surrounded by the corona radiata and scattered
parts of cumulus cells (so-called cumulus cell cloud). The fluid that lies in between is sticky and
stringy (effect of the hyaluronic acid) with a high concentration of progesterone (to attract the

spermatozoa).
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Spermatozoa maturation steps

Looking at a spermatozoon one distinguishes:

Head

Neck

Mid-piece

Principal piece

Endpiece

The head contains the condensed nucleus, which is covered on the top by an acrosome, a cap-
like vesicle. Hydrolyzing enzymes that play an important role in the penetration of the protective
coverings of the oocyte (corona radiata and pellucid zone) are stored in the vesicle.

The acrosome, in terms of volume, takes up around 40% of the head.

The cervical canal

After the ejaculation the sperm cells are cloaked by a slightly alkaline, buffering seminal plasma
that protects them from the acidic vaginal milieu. Nevertheless a large portion of the sperm cells
meets there their end. The survivors are attracted by the alkaline, sperm-friendly milieu of the
cervix.

At the time of ovulation the properties of the cervix mucus changes from a "sperm-hostile
"environment to a very "sperm-friendly" one.

Before the ovulation the cervical canal is narrow and the cervix mucus is strongly meshed (it
forms the so-called cervical barrier) that hinders the passage of sperm cells.

At the time of ovulation the cervix wall becomes looser and the canal wide. The folds of the
mucosa increase in number and let deeper and branched crypts come into being; there are then
also more cervix glands.

Under the influence of the estradiol that increases shortly before ovulation the cervix mucus is
restructured and the mucus barrier becomes passable for sperm cells.

With the restructuring of the cervical barrier the mucus becomes thinner and more fluid.
Therein meandering passages coated with specific chemotactic molecules form that the sperm
cells will prefer in order to pass through the cervix.

The passage through the cervical canal is an important step for the selection of the sperm cells.
The cervical mucus barrier functions as a filter in which atypical sperm cells remain hanging.
They are hindered in ascending by means of a hydrodynamic effect. Through this simple
mechanism it is assured that only normally formed and highly mobile sperm cells are able to
overcome the cervical mucus barrier.

Sperm cell capacitation
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After the ejaculation the sperm cells go through several essential physiological changes during
their time in the female genital tract before they, at the end, are able to penetrate the oocyte
membrane.

The first change in this cascade is capacitation. The sperm cells accomplish this during the
ascension through the female genital tract (in contact with its secretions). It has to do with a
physiological maturation process of the sperm cell membranes, which is seen as the precondition
for the next step to follow, namely the acrosome reaction.

Capacitation is a functional maturation of the spermatozoon. The changes take place via the
sperm cell membrane in which it may be that receptors are made available through the removal
of a glycoprotein layer. The area of the acrosomal cap is also so altered thereby that the acrosome
reaction becomes possible.

Through the membrane alterations, the motile properties of the spermatozoon also
change. Discharging whipping movements of the tail together with larger sideways swinging
movements of the head take place. This type of motility is designated as hyperactivity. One can
therefore say that the visible consequences of capacitation consist in hyperactivity of the
spermatozoon.

Capacitation is what one calls the changes that lead to hyperactivity of the spermatozoon
and which later allow the spermatozoon to go through the acrosome reaction.

Penetrating the cumulus cells

In vivo -the spermatozoa arrive in waves at the oocyte that is surrounded by cumulus cells. When
fertilization is carried out in a test-tube, the amount of sperm cells introduced must be carefully
observed because if there are too few, no fertilization occurs.

Enzymes are set free by the acrosome reaction; the hyaluronidase dissolves the intercellular
matrix between the cumulus cells, other enzymes dissolve the pellucid zone that lies around the
oocyte.

Normally, the acrosome reaction of the spermatozoa takes place first when they encounter the
pellucid zone. In a small percentage of the sperm cells, though, the acrosome reaction occurs
spontaneously, just as when a small percentage of the cells experience capacitation immediately
following ejaculation. This circumstance assures that a small amount of hyaluronidase is
present from the very beginning and, when the wave of sperm cells meets the oocyte, a few of
them are thus assisted in making their way to the pellucid zone. Upon arriving at the pellucid
zone, these sperm cells themselves undergo an acrosome reaction and a further amount of
hyaluronidase and other enzymes are released. In this way, the throng of cumulus cells is further
loosened up and more and more sperm cells obtain the possibility of undergoing the acrosome

reaction themselves at the pellucid zone.

73



The hyperactivity of the spermatozoa caused by the capacitation is a decisive factor that
contributes to the spermatozoa being able, with the whipping motions of their tails, to go through
the mass of cumulus cells, in the beginning even without much assistance from the hyaluronidase.
Summarizing, we have here to do with a directed "attack" of many sperm cells on the structures
surrounding the oocyte, with the final goal of making it possible for one single spermatozoon to
unite with the oocyte.

The contact with the pellucid zone

When the sperm cells encounter the pellucid zone they bind themselves there. Following
the binding of the sperm cells to the pellucid zone the acrosome reaction is then
induced through ZP3 (zona protein 3).

The changes that occur on the cell membrane of the spermatozoon while going through

capacitation are also decisive for the success of the acrosome reaction. Both the binding to the

pellucid zone as well as the subsequent acrosome reaction depend on the function of the cell

membrane.

The acrosome reaction

During the acrosome reaction the contents of the acrosome are released outwardly. The cell
membrane of the spermatozoon fuses with the outer membrane of the acrosome. The contents of
the acrosome flow out through the resulting pores.

A prerequisite for the success of the acrosome reaction is the previous binding of the
spermatozoon to the pellucid zone.

That the zona-binding represents a decisive step in the fertilization cascade can perhaps be seen
in the fact that the zona-binding is species specific; the subsequent binding of the oocyte
membrane onto the oolemma, on the other hand, is not.

When the acrosome reaction has been completed, the spermatozoon is now covered at its upper
end only by the former inner membrane of the acrosome. For the further progress of the
fertilization this is decisive because structures are thereby uncovered which are necessary for
contact with the oocyte. One consequence of this is that changes appear, especially in the post-
acrosomal membrane area of the spermatozoon.

The penetration of the pellucid zone

The enzymes that are released in the immediate vicinity of the pellucid zone by the acrosome
reaction dissolve it locally and thus create a way through it for the sperm cells. A number of
enzymes that have been released are involved. The best known are the already mentioned
hyaluronidase and acrosin, whereby the acrosin makes it possible for the spermatozoa to get
through the pellucid zone.

The docking mechanism of the spermatozoon onto the oocyte (the key-lock principle)
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The final penetration of the spermatozoon into the oocyte can only take place after a complex
sequence of processes have occurred for both the spermatozoon and the oocyte.

At the molecular level the recognition of the spermatozoon and its attachment to the oolemma,
the oocyte membrane, functions via a key-lock principle.

Keys and locks are receptor proteins, inserted into the cell membranes of spermatozoon and
oocyte and having great mutual affinity.

In order for the docking to be successful, the corresponding membrane location has to first be
uncovered, which is achieved by means of the complete and error-free course of the acrosome
reaction.

The course of the acrosome reaction is the precondition for the membrane coalescence
between spermatozoon and oocyte.

The docking triggers a cascade of events with the following goals:

Polyspermy block: The penetration of further sperm cells should be hindered

Hardening of the pellucid zone as a mechanical protection of the embryo

Entry of the spermatozoon into the oocyte

Termination of the 2nd meiosis of the oocyte with expulsion of the 2nd polar body

Preparation at the molecular level of the oocyte for unpacking the paternal DNA

The polyspermy block

As soon as a spermatozoon has docked, further sperm cells must be hindered from also doing the

same. In the oolemma as well as in the pellucid zone the appropriate changes occur.

The docking triggers a rapid wave of depolarization in the oolemma, leading to changes in the

membrane surface.

The depolarization wave then also causes small cortical vesicles, found on the inside of the
oolemma, to empty out their contents into the perivitelline space. The pellucid zone is
"hardened" thereby. It no longer allows sperm cells to pass through unhindered. From this time
on, and over the next few days, the pellucid zone provides excellent protection for the

developing zygote.

The entry of the spermatozoon into the oocyte (impregnation)

After the spermatozoon has docked onto the oolemma, a coalescence of the two membranes
takes place. This makes it possible for the structures lying inside the spermatozoon to enter the
cytoplasma of the oocyte. One calls this process the impregnation of the oocyte. Among other

things the nucleus with the highly concentrated DNA, the centrosome that lies across the
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nucleus in the neck region and the mid piece with the mitochondria and the kinocilium (tail) are
transferred.
The genetic material, lying in the nucleus and coming from the father, is unpacked and is used
for building the paternal pronucleus. In what follows, the centrosome plays an important role in
the convergence of the two pronuclei. Later - after the subsequent division - it will also be
responsible for building the first division spindle of the new creature. All centrosomes in the
bodily cells of a human originate from that of the father.
Other sperm components transferred to the oocyte cytoplasm, like the kinocilium, are dissolved.
Effective processes also exist for eliminating sperm mitochondria from the cytoplasm of the
oocyte.
Thus, all mitochondria in the bodily cells of an individual normally derive from the mother alone

1. Oolemma

2. Cell membrane of the

spermatozoon
Kinocilium

4. Nucleus (compact) of the spermatozoon

5. Centrosome of the spermatozoon
The termination of the second meiosis of the oocyte
At the moment of impregnation one encounters the following condition in the secondary oocyte,
which was created shortly before ovulation:
The mitotic spindle, arrested in the metaphase of the second meiosis, becomes active again due
to the impregnation. From the docking and impregnating spermatozoon a signal for a resumption
and termination of the second oocyte meiosis is triggered. One speaks now of an impregnated
oocyte.
In the two hours following impregnation the mitotic spindle pulls the chromatids, situated around
the equator, apart so that in the oocyte only 1n1C remains. A new formation of the 2nd polar
body takes up the other 1n1C. The remaining first polar body bound by a thin cytoplasma bridge
receives the same signal and also divides.
The termination of the second meiosis implies the division of the secondary oocyte (1n,2C)
into a mature oocyte (1n,1C) by the expulsion of the 2nd polar body (In,1C) into the
perivitelline space.
In what follows the structures of the mitotic spindle dissolve. Mitotic spindles formed in the
future will be formed from the centrosome introduced by the father.

Introduction into the creation and development of the pronuclei
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After the spermatozoon has impregnated the oocyte, i.e., has delivered the paternal portion of the
genetic material, things are now set into motion within the oocyte so that the paternal as well as
the maternal genetic information are put into a form that allows both to be brought together in a
proper way. The unpacked DNA is enclosed in the slowly forming paternal and maternal
pronuclei. During a synthesis phase the duplication of the DNA occurs in them.

After the synthesis phase, which takes almost a day, the DNA condenses into chromosomes.
These promptly order themselves on the zygote's mitotic spindle so this can divide into the two-
cell stage.

In the following, these processes are explained in greater detail.

The formation of the paternal pronucleus

Via the head of the spermatozoon an extremely thickly packed, haploid chromosome set (1n1C)
has penetrated into the cytoplasma of the oocyte. This specially condensed DNA must be
unpacked as a first step, i.e., decondensed. The protamines that are wrapped around the DNA
strands are expanded and decomposed. With the help of enzymes and molecules from the
cytoplasma the oocyte gradually expands the paternal pronucleus. A nucleic membrane encloses
the decondensing DNA. The formation of a (pro)nucleus is necessary for the subsequent
synthesis phase in which the DNA is duplicated.

The formation of the zygote

After the two pronuclei have come as close together as they can, no merging of them takes
place, i.c., a fitting together of the chromosomes of the two pronuclei within a single nucleic
membrane does not happen. It is much more accurate to say that the nucleic membranes of both
pronuclei dissolveand the chromosomes of both align themselves on the spindle apparatus at the
equator.

The zygote, the first cell of a new organism with an individual genome (2n4C) is created by the
alignment of the maternal chromosomes together with the paternal ones on a common spindle
apparatus.

The mitotic spindle divides the chromosomes that have just been brought together into the two
first cells of the embryo. This proceeding towards the two-cell stage occurs on average between

22 and 26 hours after fertilization.

8. Early embryogenesis

* Following a successful fertilization the preimplantation period that lasts for around 6

days ensues.
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While the fertilized oocyte wanders from the ampulla through the fallopian tube into the
uterine cavity, an implantation-ready blastocyst develops through cell divisions. At the
end of the sixth day after fertilization the blastocyst embeds itself in the endometrium.
The cleavage divisions up to the morula stage

Approximately 24 hours after fertilization the impregnated oocyte begins with the first
cleavage division.

Morula

The morula, a collection of around 30 cells (blastomere), is created at about 96 hours.
Because these cells arise only through the cleavage of the zygote and all are found inside
the pellucid zone, which cannot expand, no growth is seen. Every new cell is thus only
half as large as the cell from which it derives. The name of this stage comes from its
resemblance to a mulberry, since it really looks like a collection of spherical cells.

How a blastocyst is engendered

On the 4th day after insemination the outermost cells of the morula that are still enclosed
within the pellucid zone begin to join up with each other (so-called compaction). An
epithelial cellular layer forms, thicker towards the outside, and its cells flatten out and
become smaller. The cells contact one another by means of tight junctions and gap
junctions. A cavity forms in the interior of the blastocyst into which fluid flows (the so-
called blastocyst cavity). The two to four innermost cells of the preceding morula develop
into the so-called inner cell mass of the blastocyst. The actual embryo will develop solely
from these cells (embryoblast). These cells are concentrated at one pole, the embryonic
pole of the blastocyst. What has thus been formed is an outer cell mass (the trophoblast),
consisting of many flat cells, and the embryoblast, formed from just a few rounded cells.
The ratio between the number of embryoblast cells to those making up the trophoblast
amounts to roughly 1:10. From the trophoblast the infantile part of the placenta and the
fetal membranes will arise.

The emergence of the blastocyst (hatching)

Around the end of the fifth day the embryo frees itself from the enveloping pellucid zone.
Through a series of expansion-contraction cycles the embryo bursts the covering. This is
supported by enzymes that dissolve the pellucid zone at the abembryonic pole. The
rhythmic expansions and contractions result in the embryo bulging out of and emerging
from the rigid envelope. This "first birth" is called hatching.

The polarity of the embryo

The polarity of the embryo is seen in the forming of embryonic and abembr-

yonalic poles. This is obvious when observing a blastocyst where an inner cell mass
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(ICM) has formed. This is concentrated at one pole in the interior of the hollow sphere
and is made from blastomeres.

The migration of the embryo through the fallopian tube

Implantation

The implantation (nidation) of the blastocyst in the uterine endometrium, begins between
the 6th and 7th day following the fertilization and ends around the 12th day with the
formation of the primitive utero-placental circulation. A basic developmental stage is
involved here that is absolutely necessary for the survival of the nutrient-poor blastocyst
(the oocyte has no yolk). The implantation of the human embryo is interstitial, whereby
the blastocyst is taken up in the endometrium and completely embedded there. This
extremely important stage not only allows separation of the embryo from the outer world,
it also makes an intimate contact with the maternal organism possible, guaranteeing the
delivery of nutrients that are indispensable for further development.

Site of implantation

The main functions of the uterus are receiving the embryo, sheltering the fetus during
pregnancy and delivering the newborn at term. The uterus is a pear-shaped, muscular,
hollow organ with a triple-layered wall: an outer tunica serosa, the perimetrium, a thick
tunica muscularis, the myometrium, and an inner tunica mucosa, the endometrium. The
endometrium is the layer in which the implantation takes place. This layer experiences
morphologic and functional changes that are closely associated with the cyclic release
of sexual hormones. In absence of periodic hormonal influence, i.e., before puberty or
following menopause, this tissue has a constant morphology and thickness. Following
the menarche the uterus prepares itself in each menstrual cycle for receiving a fertilized
oocyte. This takes place via the proliferation and differentiation of the endometrium. If
the implantation does not occur, the functional (outermost) layer of the endometrium is
shed and expulsed, leading to menstruation.

The endometrium consists of a single-layered prismatic epithelium with or without cilia
(depending on how far along the menstruation cycle is) and its basal lamina, uterine
glands, and a specialized, cell-rich connective tissue (stroma) containing a rich supply of
blood vessels. One recognizes the spiral arteries (end branches of the uterine arteries as
well as a venous outflow system.

Endometrial functions

Cyclic alterations of the uterine glands and blood vessels during the course of the
menstruation, as preparation for the implantation

Location where the blastocyst is normally implanted
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Location where the placenta develops

Normal implantation zone

In order that implantation can take its normal course, the blastocysts and the uterine
mucosa must be able to interact. These two, independent structures must, therefore,
undergo synchronous changes. The implantation normally takes place in the superior
and posterior walls of the uterine body (corpus uteri) in the functional layer of the
endometrium during the secretory phase of the cycle.

Stages

Adplantation of the blastocyst on the endometrium

Adhesion of the blastocyst to the endometrium

Invasion of the trophoblast and embedding

Invasion of the trophoblast and embedding

The trophoblast differentiates into two different cell masses, shortly before it comes into
contact with the endometrium:

the outer syncytiotrophoblast (ST)

the inner cytotrophoblast (CT)

The cytotrophoblast, deep inside, consists in an inner irregular layer of ovoid, single-
nucleus cells. This is also where intensive mitotic activity takes place.In the periphery
the syncytiotrophoblast forms a syncytium, i.e., a multi-nucleic layer without cell
boundaries that arises from the fusion of cytotrophoblast cells. The syncytiotrophoblast
produces lytic enzymes and secretes factors that cause apoptosis of the endometrial
epithelial cells. The syncytiotrophoblast also crosses the basal lamina and penetrates into
the stroma that lies below, eroding the wall of capillaries. With the implantation of the
blastocyst in the endometrium the syncytiotrophoblast develops quickly and will entirely
surround the embryo as soon as it has completely embedded itself in the endometrium.
The uterine mucosa reacts to the implantation by the decidual reaction. The
syncytiotrophoblast cells phagocytize the apoptotic decidual cells of the endometrium
and resorb the proteins, sugars and lipids that have been formed there. They also erode
the canals of the endometrial glands and the capillaries of the stroma.

In the middle of the 2nd week extracellular vacuoles appear in the ST. They join
together forming lacunae. Initially these lacunae are filled with tissue fluids and uterine
secretions. Following the erosion of the maternal capillaries, their blood fills the lacunae
that later develop further into intervillous spaces. The invasive growth of the ST ceases
in the zona compacta of the endometrium. At around the 13th day the primitive utero-

placental circulatory system arises.
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* At the end of the 2nd week, when implantation has ended, the embryonic bud consists
schematically of two hemispheric cavities that lie on one another: the amniotic cavity
(dorsal) and the umbilical vesicle (primory yolk sac) (ventral).

The floor of the amniotic cavity is formed by the epiblast, and the roof of the umbilical
vesicle by the hypoblast. These two layers, which lie on one another, form the embryo or

the double-layered embryonic disc.

2 cemecTp

1. Introduction
At the light microscope level, the cells and extracellular components of the various organs of
the body exhibit a recognizable and often distinctive pattern of organization. This organized
arrangement reflects the cooperative effort of cells performing a particular function. Therefore,
an organized aggregation of cells that function in a collective manner is called a tissue.
Despite their disparate structure and physiologic properties, all organs are made up of only
four basic tissue types.
Introduction
Epithelium (epithelial tissue) covers body surfaces, lines body cavities, and forms glands.
Connective tissue underlies or supports the other three basic tissues, both structurally and
functionally.
Muscle tissue is made up of contractile cells and is responsible for movement.
Nerve tissue receives, transmits, and integrates information from outside and inside the body to
control the activities of the body.
Epithelial tissue
Epithelial tissue
Epithelium is characterized by close cell apposition and presence at a free surface.
Epithelial cells, whether arranged in a single layer or in multiple layers, are always contiguous
with one another. In addition, they are usually joined by specialized cell-to-cell junctions that
create a barrier between the free surface and the adjacent connective tissue. The intercellular
space between epithelial cells is minimal and devoid of any structure except where junctional
attachments are present.
Classifications of epithelium are usually based on the shape of the cells and the number of cell
layers rather than on function.
Muscle tissue

Muscle tissue
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Muscle tissue is categorized on the basis of a functional property, the ability of its cells to
contract.

Muscle cells are characterized by large amounts of the contractile proteins actin and myosin in
their cytoplasm and by their particular cellular arrangement in the tissue. To function efficiently
to effect movement, most muscle cells are aggregated into distinct bundles that are easily
distinguished from the surrounding tissue.

Muscle cells are typically elongated and oriented with their long axes in the same direction. The
arrangement of nuclei is also consistent with the parallel orientation of muscle cells.

Muscle tissue

The bulk of the cytoplasm consists of the contractile proteins actin and myosin, which form thin
and thick myofilaments, respectively. Skeletal muscle and cardiac muscle cells exhibit cross-
striations that are produced largely by the specific arrangement of myofilaments. Smooth
muscle cells do not exhibit cross-striations because the myofilaments do not achieve the same
degree of order in their arrangement.

Nervous tissue

Nervous tissue

Nerve tissue consists of nerve cells (neurons) and associated supporting cells of several
types. Although all cells exhibit electrical properties, nerve cells or neurons are highly
specialized to transmit electrical impulses from one site in the body to another; they are also
specialized to integrate those impulses. Nerve cells receive and process information from the
external and internal environment and may have specific sensory receptors and sensory organs to
accomplish this function. Neurons are characterized by two different types of processes through
which they interact with other nerve cells and with cells of epithelia and muscle. A single, long
axon (sometimes longer than a meter) carries impulses away from the cell body, which contains
the neuron’s nucleus. Multiple dendrites receive impulses and carry them toward the cell body.
(In histologic sections, it is usually impossible to differentiate axons and dendrites because they
have the same structural appearance.) The axon terminates at a neuronal junction called a
synapse at which electrical impulses are transferred from one cell to the next by secretion of
neuromediators.

Connective tissue

Connective tissue

Connective tissue is characterized on the basis of its extracellular matrix.

Unlike epithelial cells, connective tissue cells are conspicuously separated from one another. The
intervening spaces are occupied by material produced by the cells. This extracellular material is

called the extracellular matrix. The nature of the cells and matrix varies according to the
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function of the tissue. Thus, classification of connective tissue takes into account not only the

cells but also the composition and organization of the extracellular matrix.

2. Epithelial tissue

Introduction

Epithelium is an avascular tissue composed of cells that cover the exterior body surfaces
and line internal closed cavities (including the vascular system) and body tubes that
communicate with the exterior (the alimentary, respiratory, and genitourinary tracts).
Epithelium also forms the secretory portion (parenchyma) of glands and their ducts. In
addition, specialized epithelial cells function as receptors for the special senses (smell, taste,
hearing, and vision).

Functions

Protection

Absorption

Secretion

Exchange

Characteristic features of epithelial tissue

Very cellular with little intercellular space (20 nm)

Usually avascular

Cells rest on a basement membrane

Cells show polarity

Cells may display surface modifications

Cell polarity

Epithelial cells exhibit distinct polarity. They have an apical domain, a lateral domain, and
a basal domain.

Specializations of the Basal Surface (Basal Domain)

Epithelial cells rest on a basement membrane, consisting of a basal lamina and a reticular
lamina, which provide an underlying foundation for the cells. The term “basement
membrane” is used in light microscopy observation, although the basement membrane is
often difficult to visualize with the light microscope. The terms “basal lamina” and “reticular
lamina” are ultrastructural terms and refer to features that require electron microscopy to be
seen. Epithelial cells produce their own basement membrane. Cells are anchored to the
basement membrane by hemidesmosomes, junctions that connect the cells to the underlying

basement membrane. Basal plasma membrane enfolding may also be present in some
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epithelial cells (e.g., salivary gland excretory duct epithelium). This is a corrugation of the
cell membrane in the basal (and sometimes lateral) regions of the cell, which increases cell
surface area and is involved in ion and fluid transport. There are many mitochondria in the
vicinity of the plasma membrane enfolding. These produce adenosine triphosphate (ATP) for
active transport. The combination of the plasma membrane enfolding and the concentration
of mitochondria result in a striated appearance in some of the epithelial cells.

THE LATERAL DOMAIN AND ITS SPECIALIZATIONS IN CELL-TO-CELL
ADHESION

The lateral surface of epithelial cells contains cell junctions and cell adhesion molecules

that are responsible for the cohesive nature of epithelial tissue. Intercellular connections of
the epithelial cells include tight junctions (zonula occludens), that completely surround the
apical cell borders to seal the underlying intercellular clefts from the outside environment;
adhering junctions (zonula adherens), found just beneath the tight junction, also forming a
band-like junction surrounding the entire cell and serving to attach adjacent cells;
desmosomes (macula adherens), located beneath the adhering junctions, also assist in cell

to cell attachment (the junctional complex is composed of tight junction, adhering junction,
and desmosome); and gap junctions, which are communicating junctions, provide a low-
resistance channel to permit passage of ions and small molecules between adjacent cells. Gap
junctions are present not only in epithelial tissues, but they can also be found in many other
tissues (smooth muscle, cardiac muscle, and nerve tissues) in the body. However, gap
junctions are not present in skeletal muscle, blood cells, and spermatozoa.

Classification of Epithelia

By number of layers:

1) Unilayered, or simple

2) Multilayered, or stratified

By shape of the cells:

1) squamous

2) Cuboidal

3) Columnar

4) Pseudostratified

5) Transitional

Classification of Epithelial Tissues

Epithelium can be classified as simple or stratified based on the number of layers of cells. If
there is a single layer of cells, it is referred to as simple epithelium. If there are two or more

layers of cells, it is considered to be stratified epithelium. Epithelium is also classified
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according to the shape of the cells in the most superficial layer. If the surface cells are
flattened in shape, it is called squamous epithelium. If surface cells are cuboidal in shape, it
is called cuboidal epithelium. If the surface cells are tall, with their height much greater than
their width, it is called columnar epithelium. If the surface cells change shape in response to
stretching and relaxing, it is called transitional epithelium (urothelium). As described
below, these terms may be variously combined to designate layers of cells and shapes
forming the superficial layer of the epithelium. In some cases, the height of an epithelial cell
represents the level of metabolic activity. For example, epithelial cells lining the thyroid
follicle usually exhibit as simple cuboidal epithelium. However, when the follicle cells are in
a high metabolic state, they form a simple columnar epithelium. By contrast, when the
follicle cells are in a low metabolic state, they form a simple squamous epithelium.

SIMPLE SQUAMOUS EPITHELIUM

SIMPLE CUBOIDAL EPITHELIUM

SIMPLE COLUMNAR EPITHELIUM

PSEUDOSTRATIFIED COLUMNAR EPITHELIUM

STRATIFIED SQUAMOUS EPITHELIUM

STRATIFIED CUBOIDAL EPITHELIUM

STRATIFIED COLUMNAR EPITHELIUM

TRANSITIONAL EPITHELIUM

3. GLANDS

Introduction

Typically, glands are classified into two major groups according to how their products are
released

Exocrine glands secrete their products onto a surface directly or through epithelial ducts or
tubes that are connected to a surface. Ducts may convey the secreted material in an unaltered
form or may modify the secretion by concentrating it or adding or reabsorbing constituent
substances.

Endocrine glands lack a duct system. They secrete their products into the connective tissue,
from which they enter the bloodstream to reach their target cells. The products of endocrine
glands are called hormones.

In some epithelia, individual cells secrete substances that do not reach the bloodstream but
rather affect other nearby cells. Such secretory activity is referred to as paracrine signaling.
Cells that produce paracrine substances (paracrines) release them into the subjacent

extracellular matrix. The paracrine secretion has very limited signaling range; it reaches the
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target cells by diffusion. For example, the endothelial cells of the blood vessels impact the
vascular smooth muscle cells by releasing multiple factors that cause either contraction or
relaxation of the vascular wall.

Exocrine glands are classified as either unicellular or multicellular.

Unicellular glands are the simplest in structure. In unicellular exocrine glands, the secretory
component consists of single cells distributed among other nonsecretory cells. A typical
example is the goblet cell, a mucus-secreting cell positioned among other columnar cells.
Goblet cells are located in the surface lining and glands of the intestines and in certain
passages of the respiratory tract.

Multicellular glands are composed of more than one cell. They exhibit varying degrees of
complexity. Their structural organization allows subclassification according to the
arrangement of the secretory cells (parenchyma) and the presence or absence of branching of
the duct elements. The simplest arrangement of a multicellular gland is a cellular sheet in
which each surface cell is a secretory cell. For example, the lining of the stomach and its
gastric pits is a sheet of mucus-secreting cells

Other multicellular glands typically form tubular invaginations from the surface. The end
pieces of the gland contain the secretory cells; the portion of the gland connecting the
secretory cells to the surface serves as a duct. If the duct is unbranched, the gland is called
simple; if the duct is branched, it is called compound. If the secretory portion is shaped like
a tube, the gland is tubular; if it is shaped like a flask or grape, the gland is alveolar or
acinar; if the tube ends in a sac-like dilation, the gland is tubuloalveolar. Tubular secretory
portions may be straight, branched, or coiled; alveolar portions may be single or branched.
Various combinations of duct and secretory portion shapes are found in the body.
Classification and description of exocrine glands may be found in the next slide.

Cells of exocrine glands exhibit different mechanisms of secretion.

The cells of exocrine glands have three basic release mechanisms for secretory products
Merocrine secretion. This secretory product is delivered in membrane-bounded vesicles to
the apical surface of the cell. Here vesicles fuse with the plasma membrane and extrude their
contents by exocytosis. This is the most common mechanism of secretion and is found, for
example, in pancreatic acinar cells.

Apocrine secretion. The secretory product is released in the apical portion of the cell,
surrounded by a thin layer of cytoplasm within an envelope of plasma membrane. This
mechanism of secretion is found in the lactating mammary gland, where it is responsible

for releasing large lipid droplets into the milk.
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Holocrine secretion. The secretory product accumulates within the maturing cell, which
simultaneously undergoes destruction orchestrated by programmed cell death pathways.
Both secretory products and cell debris are discharged into the lumen of the gland. This
mechanism is found in sebaceous glands of skin and the tarsal (Meibomian) glands of the

eyelid.

4. BLOOD

Functions

Blood’s many functions include:

delivery of nutrients and oxygen directly or indirectly to cells,

transport of wastes and carbon dioxide away from cells,

delivery of hormones and other regulatory substances to and from cells and tissues,
maintenance of homeostasis by acting as a buffer and participating in coagulation and
thermoregulation, and

transport of humoral agents and cells of the immune system that protect the body from
pathogenic agents, foreign proteins, and transformed cells (i.e., cancer cells).

Consistence

Blood consists of cells and their derivatives and a protein-rich fluid called plasma.

Blood cells and their derivatives include:

erythrocytes, also called red blood cells (RBCs);

leukocytes, also known as white blood cells (WBCs); and

thrombocytes, also termed platelets.

Plasma is the liquid extracellular material that imparts fluid properties to blood. The relative
volume of cells and plasma in whole blood is approximately 45% and 55%, respectively. The
volume of packed erythrocytes in a sample of blood is called the hematocrit (HCT) or
packed cell volume (PCV). The hematocrit is measured by centrifuging a blood sample to
which anticoagulants have been added, and then calculating the percentage of the centrifuge
tube volume occupied by the erythrocytes compared with that of the whole blood

Plasma proteins consist primarily of albumin, globulins, and fibrinogen.

Albumin is the main protein constituent of the plasma, accounting for approximately half of
the total plasma proteins. It is the smallest plasma protein (about 70 kDa) and is made in the
liver. Albumin is responsible for exerting the concentration gradient between blood and
extracellular tissue fluid. This major osmotic pressure on the blood vessel wall, called the
colloid osmotic pressure, maintains the correct proportion of blood to tissue fluid volume. If

a significant amount of albumin leaks out of the blood vessels into the loose connective
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tissue or is lost from the blood to urine in the kidneys, then the colloid osmotic pressure of
the blood decreases, and fluid accumulates in the tissues. (This increase in tissue fluid is most
readily noted by swelling of the ankles at the end of a day.) Albumin also acts as a carrier
protein; it binds and transports hormones (thyroxine), metabolites ( bilirubin), and drugs
(barbiturates).

Globulins include the immunoglobulins (- globulins), the largest component of the globulin
fraction, and non-immune globulins (-globulin and -globulin). The immunoglobulins are
antibodies, a class of functional immune system molecules secreted by plasma cells. Non-
immune globulins are secreted by the liver. They help maintain the osmotic pressure within
the vascular system and also serve as carrier proteins for various substances such as copper
(by ceruloplasmin), iron (by transferrin), and the protein hemoglobin (by haptoglobin). Non-
immune globulins also include fibronectin, lipoproteins, coagulation factors, and other
molecules that may exchange between the blood and the extravascular connective tissue.
Fibrinogen, the largest plasma protein (340 kDa), is made in the liver. In a series of cascade
reactions with other coagulation factors, soluble fibrinogen is transformed into the insoluble
protein fibrin (323 kDa). During conversion of fibrinogen to fibrin, fibrinogen chains are
broken to produce fibrin monomers that rapidly polymerize to form long fibers. These fibers
become cross-linked to form an impermeable net at the site of damaged blood vessels,
thereby preventing further blood loss. With the exception of these large plasma proteins and
regulatory substances, which are small proteins or polypeptides, most plasma constituents are
small enough to pass through the blood vessel wall into the extracellular spaces of the
adjacent connective tissue.

Plasma facts

Serum is the same as blood plasma except that clotting factors have been removed.

The interstitial fluid of connective tissues is derived from blood plasma.

Erythrocytes are anucleate, biconcave discs.

Erythrocytes or red blood cells (RBCs) are anucleate cells devoid of typical organelles.
They function only within the bloodstream to bind oxygen for delivery to the tissues and, in
exchange, bind carbon dioxide for removal from the tissues. Their shape is that of a
biconcave disc with a diameter of 7.8 m, an edge thickness of 2.6 m, and a central thickness
of 0.8 m. This shape maximizes the cell’s surface area (140 m2), an important attribute in gas
exchange. The life span of erythrocytes is approximately 120 days. In a healthy individual,
approximately 1% of erythrocytes are removed from circulation each day due to senescence

(aging); however, bone marrow continuously produces new erythrocytes to replace those lost.
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The majority of aged erythrocytes (90%) are phagocytosed by macrophages in the spleen,
bone marrow, and liver.

The shape of the erythrocyte is maintained by a specialized cytoskeleton that provides
the mechanical stability and flexibility necessary to withstand forces experienced
during circulation.

Erythrocytes contain hemoglobin, a protein specialized for the transport of oxygen and
carbon dioxide. Erythrocytes transport oxygen and carbon dioxide bound to the protein
hemoglobin (68 kDa). The function of hemoglobin is to bind oxygen molecules in the lung
(requiring high oxygen affinity) and then, after transporting it through the circulatory system,
to unload oxygen in the tissues (requiring low oxygen affinity). A monomer of hemoglobin is
similar in composition and structure to myoglobin, the oxygen-binding protein found in
striated muscle. The disc shape of the erythrocyte facilitates gas exchange because more
hemoglobin molecules are closer to the plasma membrane than they would be in a spherical
cell. Thus, gases have less distance to diffuse within the cell to reach a binding site on the

hemoglobin.

LEUKOCYTES

Leukocytes are subclassified into two general groups. The basis for this division is the
presence or absence of prominent specific granules in the cytoplasm. As previously noted,
cells containing specific granules are classified as granulocytes (neutrophils, eosinophils,
and basophils), and cells that lack specific granules are classified as agranulocytes
(lymphocytes and monocytes). However, both agranulocytes and granulocytes possess a
small number of nonspecific azurophilic granules, which are lysosomes.

Neutrophils

Neutrophils are the most numerous WBCs as well as the most common granulocytes.
Neutrophils measure 10 to 12 m in diameter in blood smears and are obviously larger than
erythrocytes. Although named for their lack of characteristic cytoplasmic staining, they are
also readily identified by their multilobal nucleus; thus, they are also called
polymorphonuclear neutrophils or polymorphs. Mature neutrophils possess two to four
lobes of nuclear material joined by thinner nuclear strands. The arrangement is not static;
rather, in living neutrophils, the lobes and connecting strands change their shape, position,
and even number. The chromatin of the neutrophil has a characteristic arrangement. Wide
regions of heterochromatin are located. chiefl y at the periphery of the nucleus in contact
with the nuclear envelope. Regions of euchromatin are located primarily at the center of the

nucleus with relatively smaller regions contacting the nuclear envelope. In women, the Barr
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body (the condensed, single, inactive X chromosome) forms a drumstick-shaped appendage
on one of the nuclear lobes.

Neutrophils are motile cells; they leave the circulation and migrate to their site of action
in the connective tissue.

An important property of neutrophils and other leukocytes is their motility. Neutrophils are
the most numerous of the first wave of cells to enter an area of tissue damage. Their
migration is controlled by the expression of adhesion molecules on the neutrophil surface
that interact with corresponding ligands on endothelial cells and are often involved in cell
binding.

Phagocytosed bacteria are killed within phagolysosomes by the toxic reactive oxygen
intermediates produced during respiratory burst.

Phagocytosed bacteria can also be killed by a diverse arsenal of oxygen-independent
killing mechanisms utilizing bacteriolytic enzymes and antimicrobial peptides.
Inflammation and wound healing also involve monocytes, lymphocytes, eosinophils,
basophils, and fibroblasts.

Eosinophils

Eosinophils are about the same size as neutrophils, and their nuclei are typically bilobed. As
in neutrophils, the compact heterochromatin of eosinophils is chiefly adjacent to the nuclear
envelope, whereas the euchromatin is located in the center of the nucleus.

Eosinophils are named for the large, eosinophilic, refractile granules in their cytoplasm.
The cytoplasm of eosinophils contains two types of granules: numerous, large, elongated
specific granules and azurophilic granules (otherwise, the eosinophil contains only a sparse
representation of membranous organelles).

Azurophilic granules (primary granules) are lysosomes. They contain a variety of the
usual lysosomal acid hydrolases and other hydrolytic enzymes that function in the
destruction of parasites and hydrolysis of antigen—antibody complexes internalized by the
eosinophil.

Specific granules (secondary granules) of eosinophils contain a crystalloid body that is
readily seen with the TEM, surrounded by a less electron-dense matrix. These crystalloid
bodies are responsible for the refractivity of the granules in the light microscope. They
contain four major proteins: an arginine-rich protein called major basic protein (MBP),
which accounts for the intense acidophilia of the granule; eosinophil cationic protein (ECP);
eosinophil peroxidase (EPO); and eosinophil-derived neurotoxin (EDN).

Eosinophils are associated with allergic reactions, parasitic infections, and chronic

inflammation.
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Eosinophils develop and mature in the bone marrow. Once released from the bone marrow,
they circulate in peripheral blood and then migrate to the connective tissue. Eosinophils are
activated by interactions with IgG, IgA, or secretory IgA antibodies.

Basophils

Basophils are about the same size as neutrophils and are so named because the numerous
large granules in their cytoplasm stain with basic dyes.

Basophils are the least numerous of the WBCs, accounting for less than 0.5% of total
leukocytes.

Often, several hundred WBCs must be examined in a blood smear before one basophil is
found.

The basophil cytoplasm contains two types of granules: specific granules, which are larger
than the specific granules of the neutrophil, and nonspecific azurophilic granules.
Azurophilic granules (primary granules) are the lysosomes of basophils and contain a
variety of lysosomal acid hydrolases that are similar to those in other leukocytes.

specific granules (secondary granules) exhibit a grainy texture and myelin figures when
viewed with the TEM. These granules contain a variety of substances, namely, heparin,
histamine, heparan sulfate, leukotrienes, IL-4, and IL-13. Heparin, a sulfated
glycosaminoglycan, is an anticoagulant. Histamine and heparan sulfate are vasoactive
agents that among other actions cause dilation of small blood vessels. Leukotrienes are
modified lipids that trigger prolonged constriction of smooth muscles in the pulmonary
airways. Interleukin-4 (IL-4) and interleukin-13 (IL-13) promote synthesis of IgE
antibodies.

Basophils are functionally related to, but not identical with, mast cells of the connective
tissue.

Both mast cells and basophils bind an antibody secreted by plasma cells, IgE, through high-
affinity Fc receptors expressed on their cell surface. The subsequent exposure to, and
reaction with, the antigen (allergen) specific for IgE triggers the activation of basophils and
mast cells and the release of vasoactive agents from cell granules. These substances are
responsible for the severe vascular disturbances associated with hypersensitivity reactions
and anaphylaxis.

Lymphocytes

Lymphocytes are the main functional cells of the lymphatic or immune system.
Lymphocytes are the most common agranulocytes and account for about 30% of the total
blood leukocytes. In understanding the function of the lymphocytes, one must realize that

most lymphocytes found in blood or lymph represent recirculating immunocompetent cells
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(i.e., cells that have developed the capacity to recognize and respond to antigens and are in
transit from one lymphatic tissue to another). Therefore, lymphocytes are different in several
aspects from other leukocytes:

Lymphocytes are not terminally differentiated cells. When stimulated, lymphocytes are
capable of undergoing divisions and differentiations into other types of effector cells.
Lymphocytes can exit from the lumen of blood vessels into tissues and subsequently can
recirculate back into blood vessels.

Despite the fact that common lymphoid progenitor cells originate in the bone marrow,
lymphocytes are capable of developing outside the bone marrow in tissues associated with
the immune system

Three functionally distinct types of lymphocytes are present in the body: T lymphocytes,
B lymphocytes, and NK cells.

The characterization of lymphocyte types is based on their function, not on their size or
morphology.

T lymphocytes (T cells) are so named because they undergo differentiation in the thymus.

B lymphocytes (B cells) are so named because they were first recognized as a separate
population in the bursa of Fabricius in birds or bursa-equivalent organs (e.g., bone marrow)
in mammals.

Natural Kkiller (NK) cells develop from the same precursor cell as B and T cells and are so

named because they are programmed to kill certain types of transformed cells.

Monocytes

Monocytes are the precursors of the cells of the mononuclear phagocytotic system.
Monocytes are the largest of the WBCs in a blood smear (average diameter, 18 m). They
travel from the bone marrow to the body tissues, where they differentiate into the various
phagocytes of the mononuclear phagocytotic system—that is, connective tissue macrophages,
osteoclasts, alveolar macrophages, perisinusoidal macrophages in the liver (Kupffer cells),
and macrophages of lymph nodes, spleen, and bone marrow among others. Monocytes
remain in the blood for only about 3 days.

Monocytes transform into macrophages, which function as antigen-presenting cells in
the immune system.

During inflammation, the monocyte leaves the blood vessel at the site of inflammation,
transforms into a tissue macrophage, and phagocytoses bacteria, other cells, and tissue debris.
The monocyte—macrophage is an antigen- presenting cell and plays an important role in

immune responses.
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THROMBOCYTES

Thrombocytes are small, membrane-bounded, anucleate cytoplasmic fragments derived
from megakaryocytes.

Thrombocytes (platelets) are derived from large polyploidy cells (cells whose nuclei
contain multiple sets of chromosomes) in the bone marrow called megakaryocytes. In
platelet formation, small bits of cytoplasm are separated from the peripheral regions of the
megakaryocyte by extensive platelet demarcation channels.

The membrane that lines these channels arises by invagination of the plasma membrane;
therefore, the channels are in continuity with the extracellular space. The continued
development and fusion of the platelet demarcation membranes result in the complete
partitioning of cytoplasmic fragments to form individual platelets. After entry into the
vascular system from the bone marrow, the platelets circulate as discoid structures about 2 to

3 m in diameter. Their life span is about 10 days.

5. Blood formation (4 h)

Hemopoiesis (hematopoiesis) includes botherythropoiesis and leukopoiesis (development
of red and white blood cells, respectively), as well as thrombopoiesis (development of
platelets). Blood cells have a limited life span; they are continuously produced and destroyed.
the ultimate objective of hemopoiesis is to maintain a constant level of the different cell types
found in the peripheral blood. Both the human erythrocyte (life span of 120 days) and the
platelet (life span of 10 days) spend their entire life in the circulating blood. Leukocytes,
however, migrate out of the circulation shortly after entering it from the bone marrow and
spend most of their variable life spans (and perform all of their functions) in the tissues.

In the adult, erythrocytes, granulocytes, monocytes, and platelets are formed in the red bone
marrow; lymphocytes are also formed in the red bone marrow and in the lymphatic tissues.
Hemopoiesis is initiated in early embryonic development.

During fetal life, botherythrocytes and leukocytes are formed in several organs before the
differentiation of the bone marrow. the first or yolk-sac phase of hemopoiesis begins in the
third week of gestation and is characterized by the formation of “blood islands” in the wall of
the yolk sac of the embryo. In the second, or hepatic phase, early in fetal development,
hemopoietic centers appear in the liver. Blood cell formation in these sites is largely limited
to erythroid cells, although some leukopoiesis occurs in the liver. the liver is the major blood-
forming organ in the fetus during the second trimester. the third or bone marrow phase of

fetal hemopoiesis and leukopoiesis involves the bone marrow (and other lymphatic tissues)

93



and begins during the second trimester of pregnancy. After birth, hemopoiesis takes place
only in the red bone marrow and some lymphatic tissues, as in the adult. The precursors of
both the blood cells and germ cells arise in the yolk sac.

Monophyletic Theory of Hemopoiesis

According to the monophyletic theory of hemopoiesis, blood cells are derived from a
common hemopoietic stem cell.

Considerable circumstantial evidence has for many years supported the monophyletic
theory of hemopoiesis in which all blood cells arise from a common stem cell. Decisive
evidence for the validity of the monophyletic theory has come with the isolation and
demonstration of the hemopoietic stem cell (HSC). the hemopoietic stem cell, also known
as pluripotential stem cell (PPSC), is capable not only of differentiating into all the blood cell
lineages but also of self-renewal (i.e., the pool of stem cells is self-sustaining). Recent studies
indicate that HSCs also have the potential to differentiate into multiple non—blood cell
lineages and contribute to the cellular regeneration of various tissues and multiple organs.
During embryonic development, HSCs are present in the circulation and undergo tissue-
specific differentiation in different organs. Human HSCs have been isolated from umbilical
cord blood, fetal liver, and fetal and adult bone marrow. In the adult, HSCs have the potential
to repair tissues under pathologic conditions (e.g., ischemic injury, organ failure).

A hemopoietic stem cell (HSC) in the bone marrow gives rise to multiple colonies of
progenitor stem cells.

In the bone marrow, descendants of the HSC differentiate into two major colonies of
multipotential progenitor cells: the common myeloid progenitor (CMP) cells and the
common lymphoid progenitor (CLP) cells. Ultimately, common myeloid progenitor (CMP)
cells, which were previously called colony-forming units— granulocyte, erythrocyte,
monocyte, megakaryocyte (CFU-GEMM), differentiate into specific lineage-restricted
progenitors. These include the following:

Megakaryocyte/erythrocyte progenitor (MEP) cells

Granulocyte/monocyte progenitor (GMP or CFUGM) cells

Common lymphoid progenitor (CLP) cells

The common lymphoid progenitor (CLP) cells are capable of differentiating into T cells, B
cells, and natural killer (NK) cells. these multipotential CLP cells previously have been
called colony-forming units—lymphoid (CFU-L). The NK cells are thought to be the prototype
of T cells; they both possess similar capability to destroy other cells.

Development of Erythrocytes (Erythropoiesis)
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The first microscopically recognizable precursor cell in erythropoiesis is called the
proerythroblast. the proerythroblast is a relatively large cell measuring 12 to 20 m in
diameter. It contains a large spherical nucleus with one or two visible nucleoli. the cytoplasm
shows mild basophilia because of the presence of free ribosomes. Although recognizable, the
proerythroblast is not easily identified in routine bone marrow smears.

The basophilic erythroblast is smaller than the proerythroblast, from which it arises by
mitotic division. the nucleus of the basophilic erythroblast is smaller (10 to 16 m in
diameter) and progressively more heterochromatic with repeated mitoses. the cytoplasm
shows strong basophilia because of the large number of free ribosomes (polyribosomes) that
synthesize hemoglobin. the accumulation of hemoglobin in the cell gradually changes the
staining reaction of the cytoplasm so that it begins to stain witheosin. At the stage when the
cytoplasm displays both acidophilia, because of the staining of hemoglobin, and basophilia,
because of the staining of the ribosomes, the cell is called a polychromatophilic
erythroblast.

Development of Erythrocytes (Erythropoiesis)

the staining reactions of the polychromatophilic erythroblast may blend to give an overall
gray or lilac color to the cytoplasm, or distinct pink (acidophilic) and purple (basophilic)
regions may be resolved in the cytoplasm. the nucleus of the cell is smaller than that of the
basophilic erythroblast, and coarse heterochromatin granules form a checkerboard pattern
that helps identify this cell type.

The orthochromatophilic erythroblast is recognized by its increased acidophilic
cytoplasm and dense nucleus.

At this stage, the orthochromatophilic erythroblast is no longer capable of division.
Development of Erythrocytes (Erythropoiesis)

The polychromatophilic erythrocyte has extruded its nucleus.

Polychromatophilic erythrocytes are also (and more commonly) called reticulocytes. In
normal blood, reticulocytes constitute about 1% to 2% of the total erythrocyte count.
However, if increased numbers of erythrocytes enter the bloodstream (as during increased
erythropoiesis to compensate for blood loss), the number of reticulocytes increases.

Mitoses occur in proerythroblasts, basophilic erythroblasts, and polychromatophilic
erythroblasts.

At each of these stages of development, the erythroblast divides several times. It takes about
a week for the progeny of a newly formed basophilic erythroblast to reach the circulation.
Nearly all erythrocytes are released into the circulation as soon as they are formed; bone

marrow is not a storage site for erythrocytes. Erythrocyte formation and release are regulated

95



by erythropoietin, a 34 kDa glycoprotein hormone synthesized and secreted by the kidney
in response to decreased blood oxygen concentration.

Hemoglobin recycling

Erythrocytes have a life span of about 120 days in humans. When erythrocytes are about
4 months (120 days) old, they become senescent. the macrophage system of the spleen, bone
marrow, and liver phagocytoses and degrades the senescent erythrocytes. the heme and
globin dissociate, and the globin is hydrolyzed to amino acids, which enter the metabolic
pool for reuse. the iron on the heme is released, enters the iron-storage pool in the spleen in
the form of hemosiderin or ferritin, and is stored for reuse in hemoglobin synthesis. the rest
of the heme moiety of the hemoglobin molecule is partially degraded to bilirubin, bound to
albumin, released into the bloodstream, and transported to the liver, where it is conjugated
and excreted via the gallbladder as the bilirubin glucuronide of bile.

Development of Thrombocytes (Thrombopoiesis)

Each day, bone marrow of a healthy adult produces about 1x10'! platelets, a number that can
increase 10-fold in time of increased demand. The thrombocytopoiesis from the bone marrow
progenitors is a complex process of cell divisions and differentiation that requires the support
of interleukins, colony-stimulating factors, and hormones.

Thrombocytes (platelets) develop from a bipotent megakaryocyte/ erythrocyte
progenitor (MEP) cell that differentiates into a megakaryocyte-committed progenitor
(MKP) cell and finally into a megakaryocyte.

Development of Thrombocytes (Thrombopoiesis)

Further development proceeds toward a unipotent megakaryocyte-committed progenitor
(MKP) cell (or CFU-Meg), which further develops into the megakaryoblast. the
megakaryoblast that develops from this MKP is a large cell (about 30 m in diameter) with a
nonlobed nucleus. No evidence of platelet formation is seen at this stage. Successive
endomitoses occur in the megakaryoblast (i.e., chromosomes replicate), but neither
karyokinesis nor cytokinesis occurs. Under stimulation by thrombopoietin, a 30 kDa
glycoprotein hormone produced by liver and kidney, ploidy increases from 8z to 64n before
chromosomal replication ceases. the cell then becomes a platelet-producing megakaryocyte,
a cell measuring 50 to 70 m in diameter with a complex multilobed nucleus and scattered
azurophilic granules. Both the nucleus and the cell increase in size in proportion to the ploidy
of the cell. With the TEM, multiple centrioles and multiple Golgi apparatuses are also seen in
these cells.

Development of Granulocytes (Granulopoiesis)
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Granulocytes originate from the multipotential common myeloid progenitor (CMP) stem
cell, which differentiates into granulocyte/monocyte progenitors (GMPs) under the
influence of cytokines such as GM-CSF, granulocyte colony stimulating factor (G-CSF), and
IL-3. GM-CSF is a cytokine secreted by endothelial cells, T cells, macrophages, mast cells,
and fi broblasts. It stimulates GMP cells to produce granulocytes (neutrophils, eosinophils,
and basophils) and monocytes. the neutrophil progenitor (NoP) undergoes six
morphologically identifi able stages in the process of maturation: myeloblast, promyelocyte,
myelocyte, metamyelocyte, band (immature) cell, and mature neutrophil. Eosinophils and
basophils undergo a morphologic maturation similar to that of neutrophils. GMP cells, when
induced by GM-CSF, IL-3, and IL-5, differentiate to eosinophil progenitors (EoPs) and
eventually mature to eosinophils. Lack of IL-5 causes the GMP cells to differentiate into
basophil progenitors (BaPs), which produce basophils. One cannot differentiate
eosinophilic or basophilic precursors from neutrophilic precursors morphologically in the
light microscope until the cells reach the myelocytic stage when the specific granules appear.
Development of Granulocytes (Granulopoiesis)

Myeloblasts are the first recognizable cells that begin the process of granulopoiesis.

The myeloblast matures into a promyelocyte.

Promyelocytes are the only cells to produce azurophilic granules.

Recognition of the neutrophil, eosinophil, and basophil lines is possible only in the next
stage—the myelocyte—when specific (secondary) and tertiary granules begin to form.
Myelocytes first exhibit specific granules.

Myelocytes continue to divide and give rise to metamyelocytes.

The metamyelocyte is the stage at which neutrophil, eosinophil, and basophil lines can
be clearly identified by the presence of numerous specific granules.

Development of Granulocytes (Granulopoiesis)

In the neutrophil line, the band (stab) cell precedes development of the first distinct
nuclear lobes.

the nucleus of the band (stab) cell is elongated and of nearly uniform width, giving it a
horseshoe-like appearance. Nuclear constrictions then develop in the band neutrophil and
become more prominent until two to four nuclear lobes are recognized; the cell is then
considered a mature neutrophil, also called a polymorphonuclear neutrophil or
segmented neutrophil. Although the percentage of band cells in the circulation is almost
always low (0% to 3%), it may increase in acute or chronic inflammation and infection.

Development of Monocytes
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The multipotential CMP stem cell also gives rise to the cells that develop along the
monocyte—macrophage pathway.

Monocytes are produced in the bone marrow from a GMP stem cell that can mature into a
monocyte or another of the three granulocytic cell lines. In addition, GMP gives rise to
dendritic cells. the transformation of MoPs to monocytes takes about 55 hours, and the
monocytes remain in the circulation for only about 16 hours before emigrating to the tissues
where they differentiate under influence of both GM-CSF and M-CSF into tissue
macrophages. their subsequent life span is not yet fully understood.

Development of Lymphocytes (Lymphopoiesis)

Development and lineage commitment of CLP cells depend on the expression of a
variety of transcription factors.

Although lymphocytes continuously proliferate in the peripheral lymphatic organs, the bone
marrow remains the primary site of lymphopoiesis in humans. Progeny of the common
lymphoid progenitor (CLP) cells that express GATA-3 transcription factor are destined to
become T lymphocytes. these cells that express GATA-3 leave the bone marrow as pre-T
lymphocytes and travel to the thymus, where they complete their differentiation and thymic
cell education. they then enter the circulation as long-lived, small T lymphocytes. Another
transcription factor, Pax5, activates B-cell-specific genes in CLP cells destined to become B
lymphocytes. In mammals, these cells originate in bursa-equivalent organs such as the
bone marrow, gut-associated lymphatic tissue, and spleen. Although a number of
transcription factors have been identified in the development of lymphoid cell lineages, little

is known about factors that may influence development and lineage commitment of NK cells.

6. Connective Tissues (4 h)

Connective tissue is a type of tissue in which cells usually occupy less space than the
extracellular material, and which serves in most cases to bind organs to each other (for
example, the way a tendon connects muscle to bone) or to support and protect organs. Most
cells of a connective tissue are not in direct contact with each other, but are well separated by
extracellular material. Connective tissue is the most abundant, widely distributed, and
histologically variable of the primary tissues. Mature connective tissues fall into three broad
categories: fibrous connective tissue, supportive connective tissue (cartilage and bone), and
fluid connective tissue (blood).

Functions
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Binding of organs. Tendons bind muscle to bone, ligaments bind one bone to another, fat
holds the kidneys and eyes in place, and fibrous tissue binds the skin to underlying muscle.
Support. Bones support the body and cartilage supports the ears, nose, trachea, and bronchi.
Physical protection. The cranium, ribs, and sternum protect delicate organs such as the brain,
lungs, and heart; fatty cushions around the kidneys and eyes protect these organs.

Immune protection. Connective tissue cells attack foreign invaders, and connective tissue
fiber forms a “battlefield” under the skin and mucous membranes where immune cells can be
quickly mobilized against disease agents.

Movement. Bones provide the lever system for body movement, cartilages are involved in
movement of the vocal cords, and cartilages on bone surfaces ease joint movements.

Storage. Fat is the body’s major energy reserve; bone is a reservoir of calcium and
phosphorus that can be drawn upon when needed.

Heat production. Metabolism of brown fat generates heat in infants and children.

Transport. Blood transports gases, nutrients, wastes, hormones, and blood cells.
EMBRYONIC CONNECTIVE TISSUE

Embryonic mesenchyme gives rise to the various connective tissues of the body.
Mesoderm, the middle embryonic germ layer, gives rise to almost all of the connective
tissues of the body. An exception is the head region, where specific progenitor cells are
derived from ectoderm by way of the neural crest cells. Through proliferation and migration
of the mesodermal and specific neural crest cells, a primitive connective tissue referred to
as mesenchyme (in the head region, it is sometimes called ectomesenchyme) is established
in the early embryo. Maturation and proliferation of the mesenchyme give rise not only to the
various connective tissues of the adult but also to muscle, the vascular and urogenital systems,
and the serous membranes of the body cavities. The manner in which the mesenchymal cells
proliferate and organize sets the stage for the kind of mature connective tissue that will form
at any specific site.

Embryonic connective tissue is present in the embryo and within the umbilical cord.
Embryonic connective tissue is classified into two subtypes:

* Mesenchyme is primarily found in the embryo. It contains small, spindle-shaped cells of
relatively uniform appearance. Processes extend from these cells and contact similar
processes of neighboring cells, forming a three-dimensional cellular network. Gap junctions
are present where the processes make contact. The extracellular space is occupied by a
viscous ground substance. Collagen and reticular fibers are present; they are very fi ne and
relatively sparse. The paucity of collagen fibers is consistent with the limited physical stress

on the growing fetus.
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* Mucous connective tissue is present in the umbilical cord. It consists of a specialized,
almost gelatin-like ECM composed mainly of hyaluronan; its ground substance is frequently
referred to as Wharton’s jelly. The spindle-shaped cells are widely separated and appear
much like fibroblasts in the near-term umbilical cord (e.g., the cytoplasmic processes are thin
and difficult to visualize in routine hematoxylin and eosin [H&E] preparation). Wharton’s
jelly occupies large intercellular spaces located between thin, wispy collagen fibers. Some of
the cells isolated from Wharton’s jelly express significant amounts of mesenchymal stem cell

markers and have the ability to differentiate under adequate condition into

7. Fibrous Connective Tissue (Connective Tissue proper)

Connective tissue proper comprises a very diverse group of tissues, both functionally and
structurally.
Structural functions of connective tissue proper:
Forms a portion of the wall of hollow organs and vessels and the stroma of solid
organs
Forms the stroma of organs and subdivides organs into functional compartments
Provides padding between and around organs and other tissues
Provides anchorage and attachment (e.g., muscle insertions)
Provides a medium for nutrient and waste exchange
Lipid storage in adipocytes
Defense and immune surveillance function via lymphoid and phagocytic cells
All connective tissues are composed of two basic components, which vary widely among
different types of connective tissue. The components of connective tissues are:
Cells (e.g., fibroblasts and macrophages)
Extracellular matrix
Fibers (e.g., collagen and elastic fibers)
Ground substance
Cells of Connective Tissue
Connective tissue cells can be subdivided into two major groups:
Resident cells are derived from mesenchyme and are continuously present in the tissue (e.g.,
fibroblasts and adipocytes).
Migratory cells enter and leave the blood stream to migrate through and function in
connective tissues (e.g., neutrophils and macrophages [monocytes]).
Fibroblasts

Synthesize and maintain fibers and ground substance
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Major resident cell in connective tissue proper
Active and inactive fibroblasts
Active fibroblast
Large, euchromatic, oval nucleus
Cytoplasm not usually visible but contains abundant rough endoplasmic
reticulum and Golgi
Elongated, spindle-shaped cells
High synthetic activity
Inactive fibroblast
Small, heterochromatic, flattened nucleus
Reduced cytoplasm and organelles
Low synthetic activity
Macrophages
Derived from blood monocytes; monocytes enter connective tissue from the bloodstream and
rapidly transform into macrophages that function in phagocytosis, antigen processing, and
cytokine secretion.
Comprise the mononuclear phagocyte system of the body; include Kupffer cells in the liver,
alveolar macrophages in the lung, microglia the central nervous system, Langerhan’s cells in
the skin, and osteoclasts in bone marrow
Macrophages
Structure
Heterochromatic, oval nucleus with an indentation in the nuclear envelope and
marginated chromatin
Cytoplasm usually not visible unless it contains phagocytosed material
Mast cells
Mediate immediate hypersensitivity reaction and anaphylaxis by releasing immune
modulators from cytoplasmic granules, in response to antigen binding with cell surface
antibodies
Mast cells
Structure
Round to oval-shaped cells
Round, usually centrally located nucleus
Well-defined cytoplasm filled with secretory granules containing immune-modulatory
compounds (e.g., histamine and heparin)

Plasma cells
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Secrete antibodies to provide humoral immunity
Derived from B-lymphocytes
Structure
Oval-shaped cells
Round, eccentrically located nucleus with heterochromatin clumps frequently arranged like
the numerals on a clock-face
Basophilic cytoplasm due to large amounts of rough endoplasmic reticulum
Well-developed Golgi complex appears as a distinct, unstained region in the cytoplasm near
the nucleus and, for that reason, is often referred to as a “negative Golgi.”
Adipose cells (adipocytes, fat cells)
Store lipids
Types
Yellow fat (unilocular)
Brown fat (multilocular)
Yellow fat (unilocular)
Each cell contains a single droplet of neutral fat (triglycerides) for energy storage and
insulation.
Minimal cytoplasm, present as a rim around the lipid droplet
Flattened, heterochromatic, crescent-shaped nucleus that conforms to the contour of the lipid
droplet
Can occur singly, in small clusters or forming a large mass, which is then referred to as
adipose connective tissue
Brown fat (multilocular)
Cells contain numerous, small lipid droplets.
Large numbers of mitochondria
Present mostly during early postnatal life in humans, abundant in hibernating animals for
heat production
White blood cells (WBCs, leukocytes)
These cells enter and leave the blood stream to migrate through, and function in, connective
tissues. The most common WBCs encountered in connective tissue proper are lymphocytes,
neutrophils, and eosinophils.
Lymphocytes (T and B [ymphocytes)
Small spherical cells with sparse cytoplasm and a round heterochromatic nucleus, often with
a small indentation B cells enter connective tissue where they transform into plasma cells

and secrete antibodies. T cells are primarily located in lymphatic tissues and organs; however,
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T cells can be present in connective tissue proper under certain circumstances (e.g., organ
transplantation).
Neutrophils (polymorphonuclear leukocytes, PMNs)
Spherical cells with a heterochromatic nucleus with three to five lobes
Pale-staining cytoplasmic granules
Highly phagocytic cells that are attracted to sites of infection
Eosinophils
Spherical cells with a bilobed nucleus
Cytoplasmic granules stain intensely with eosin.
Modulate the inflammatory process
Extracellular Matrix. Fibers
Collagen fibers
Tropocollagen
Basic collagen molecule consisting of three alpha subunits intertwined in a triple
helix; collagen types are distinguished by their subunit composition.
Produced by fibroblasts and other matrix-forming cells
Secreted into the matrix, where they spontaneously orient themselves into fibrils with
a 64-nm repeating banding pattern
Major collagen types
Type 1. Fibrils aggregate into fibers and fiber bundles; most widespread distribution;
“interstitial collagen.”
Type 1. Fibrils do not form fibers; present in hyaline and elastic cartilages
Type I1I. Fibrils aggregate into fibers; present surrounding smooth muscle cells and nerve
fibers; forms the stroma of lymphatic tissues and organs
Type IV. Chemically unique form of collagen that does not form fibrils; major component of
the basal lamina
Elastic fibers
Composed primarily of elastin; produced by fibroblasts
Elastin forms the central amorphous core of the fiber, which is surrounded by microfibrils.
Unique chemical properties of elastin provide for elasticity.
Elastic fibers occur in nearly all connective tissues in varying amounts and are intermixed
with collagen fibers. When present exclusively, they constitute elastic connective tissue.
Frequently difficult to differentiate from collagen with conventional stains
Reticular fibers

Collagen type III fibers
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Highly glycosylated and stain with silver (argyrophilic)

When they are the major fiber fiber type (e.g., in the stroma of lymphoid organs), they

constitute reticular connective tissue.

Ground substance

Functions

Forms a gel-like matrix of variable consistency in which cells and fibers are embedded

Provides a medium for passage of molecules and cells migrating through the tissue

Contains adhesive proteins that regulate cell movements

Components of ground substance

Tissue fluid. Contains salts, ions and soluble protein

Glycosaminoglycans (GAGs)
Long, unbranched polysaccharides composed of repeating disaccharide units, which
are usually sulfated
Large negative charge of the sugars attracts cations, resulting in a high degree of
hydration. The matrix formed ranges from a liquid passageway to a viscous shock
absorber.
GAG:s are generally attached to proteins to form proteoglycans.
Proteoglycan aggregate. Many proteoglycans are attached to hyaluronic acid, which
is itself a glycosaminoglycan.

Adhesive glycoproteins. For example, fibronectin and laminin.

Classification of Connective Tissue

Connective Tissue Proper
Loose (areolar)
Dense

Loose (areolar) connective tissues

Highly cellular, numerous cell types present

Fewer and smaller caliber collagen fibers compared with dense

Abundant ground substance, allows for diffusion of nutrients and wastes

Highly vascularized

Provides padding between and around organs and tissues

Dense connective tissue

Fewer cells, mostly fibroblasts

Highly fibrous with larger caliber collagen fibers, provides strength

Minimal ground substance

Poorly vascularized
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Types
Dense, irregular connective tissue. Fiber bundles arranged in an interlacing pattern;
forms the capsule of organs and the dermis of the skin
Dense regular connective tissue. Parallel arrangement of fiber bundles; restricted to
tendons and ligaments
Connective Tissues with Special Properties
Adipose connective tissue. Consists of accumulations of adipocytes that are partitioned into
lobules by septa of connective tissue proper. Provides energy storage and insulation
Blood and hematopoietic (blood-forming) tissues
Elastic connective tissue. Regularly arranged elastic fibers or sheets (e.g., the vocal ligament)
Reticular connective tissue. A loosely arranged connective tissue whose fibers are reticular
fibers. Forms the stroma of hematopoietic tissue (e.g., bone marrow) and lymphoid organs
(e.g., lymph node and spleen).
Mucoid connective tissue. Embryonic connective tissue with abundant ground substance and
delicate collagen fibers; present in the umbilical cord
Supportive Connective Tissues
Cartilage

Bone

8. Cartilage. Chondrogenesis

Composition is similar to that of all connective tissues:
Cells
Extracellular matrix consisting of fibers, ground substance, and tissue fluid
Cartilage is avascular and possesses no lymph vessels or nerves.
Types of cartilage
A. Hyaline. Provides nonrigid support
B. Elastic. Provides support with large amount of flexibility
C. Fibrocartilage. Provides strength under stress
Components of Cartilage
Perichondrium. Connective tissue surrounding cartilage tissue. Layers include:
Fibrous layer. Outer portion, composed of dense connective tissue, serves as a source
of reserve cells for the chondrogenic layer.
Chondrogenic layer. Inner, more cellular portion contains chondroblasts and blends

imperceptibly into cartilage tissue proper.
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Cells
Chondroblasts
Lie on the surface of cartilage in the chondrogenic layer of perichondrium
Secrete extracellular matrix around themselves, thus becoming chondrocytes
Chondrocytes
Are chondroblasts that have surrounded themselves with matrix
Lie within cartilage in potential spaces called lacunae
Secrete and maintain extracellular matrix
Are frequently located in isogenous groups, a cluster of chondrocytes, resulting from
the proliferation of a single chondrocyte
Extracellular matrix. Both flexible and noncompressible
Composition
Fibers. Collagen fibrils and fibers predominate in hyaline cartilage and fibrocartilage,
respectively; elastic fibers predominate in elastic cartilage.
Ground substance. Tissue fluid surrounds proteoglycan aggregates bound to collagen
fibers. Collectively, these form a firm gel, which resists compressive forces.
Subdivisions
Territorial matrix immediately surrounds chondrocytes. This matrix stains more intensely
with hematoxylin due to the high concentration of proteoglycans.
Interterritorial matrix is the lighter-staining matrix outside the territorial matrix and between
isogenous groups.
Growth of Cartilage
Cartilage is capable of two kinds of growth, appositional and interstitial.
With the onset of matrix secretion, cartilage growth continues via a combination of two
processes:
appositional growth, the process that forms new cartilage at the surface of an
existing cartilage; and
interstitial growth, the process that forms new cartilage within an existing cartilage
mass.
Types of Cartilage: Hyaline cartilage
Is the most common cartilage type and is hyaline (glassy) in appearance
Contains collagen type II fibers that have the same refractive index as ground substance and,
therefore, are not visible with the light microscope by conventional staining methods
Stains blue with conventional dyes, due to the relative abundance of its ground substance

matrix
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Possesses numerous isogenous groups

Types of Cartilage: Hyaline cartilage

Function and distribution. Forms most of the cartilages of the body, comprises the fetal
skeleton, attaches ribs to the sternum, forms epiphyseal plates, and lines articular surfaces.
(The lack of a perichondrium on the articular cartilages provides a smooth, glassy articular
surface.)

Clinical Correlation: Osteoarthritis

Osteoarthritis, a degenerative joint disease, is one of the most common types of joint
diseases. The pathogenesis of osteoarthritis is unknown, but it is related to aging and injury
of articular cartilage. Most individuals show some evidence of this disease by age 65. The
disease is characterized by chronic joint pain with various degrees of joint deformity and
destruction of the articular cartilage. Osteoarthritis commonly affects weight-bearing joints:
hips, knees, lower lumbar vertebra, and joints of the hand and foot. There is a decrease in
proteoglycan content, which results in reduction in intercellular water content in the cartilage
matrix. Chondrocytes also play an important role in the pathogenesis of osteoarthritis. By
producing interleukin-1(IL -1) and tumor necrosis factor (TNF -), the production of
metalloproteinases is stimulated, whereas synthesis of type Il collagen and proteoglycans by
the chondrocyte is inhibited. In the early stages of the disease, the superficial layer of the
articular cartilage is disrupted. Eventually, destruction of the cartilage extends to the bone,
where the exposed subchondral bone becomes a new articular surface. These changes result
in progressive reduction of mobility and increased pain with joint movement. Osteoarthritis
has no cure, and treatment focuses on relieving pain and stiffness to allow a greater range of
joint movement. Osteoarthritis may stabilize with age, but more often, it slowly progresses
with eventual long-term disability.

Elastic cartilage

Has a visible network of interlacing elastic fibers in addition to collagen type II fibers
Possesses fewer isogenous groups than does hyaline cartilage.

Elastic cartilage is found in the external ear, the walls of the external acoustic meatus, the
auditory (Eustachian) tube, and the epiglottis of the larynx. The cartilage in all of these
locations is surrounded by a perichondrium similar to that found around most hyaline
cartilage. Unlike hyaline cartilage, which calcifies with aging, the matrix of elastic cartilage
does not calcify during the aging process.

Fibrocartilage

Is a functional and structural intermediate between hyaline cartilage and the dense connective

tissues
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Possesses abundant collagen type 1 fibers, arranged in either a regular or irregular
configuration. These collagen fibers cause this cartilage to stain pink with eosin.
Has minimal ground substance. The ground substance that is present is usually located
immediately around the chondrocytes.
Possesses few isogenous groups
Fibrocartilage
Combines great tensile strength with flexibility
Frequently found where a tendon or a ligament attaches to a bone (regular arrangement of
fibers)
Located in the pubic symphysis and knee cartilages (irregular fiber arrangement)
Regressive Changes in Cartilage
Occur in cartilage more frequently than in many other tissues
Regressive changes also occur in the hyaline cartilage of the epiphyseal plate and represent
critical steps in endochondral bone formation.
Stages of regression
Chondrocytes hypertrophy and secrete alkaline phosphatase that provides a
calcifiable matrix.
Calcium phosphate is deposited in the matrix, prohibiting diffusion of nutrients to the
chondrocytes.
Chondrocytes die, leaving behind empty lacunae and the calcified matrix.
Chondrogenesis. Appositional growth
New cartilage cells produced during appositional growth are derived from the inner portion
of the surrounding perichondrium. The cells resemble fibroblasts in form and function,
producing the collagen component of the perichondrium (type I collagen). When cartilage
growth is initiated, however, the cells undergo a differentiation process guided by an
expression of the transcription factor SOX-9. The cytoplasmic processes disappear, the
nucleus becomes rounded, and the cytoplasm increases in amount and prominence. These
changes result in the cell becoming a chondroblast. Chondroblasts function in cartilage
matrix production, including secretion of type II collagen. The new matrix increases the
cartilage mass, while new fibroblasts are produced simultaneously to maintain the cell
population of the perichondrium.
Chondrogenesis. Interstitial growth
New cartilage cells produced during interstitial growth arise from the division of
chondrocytes within their lacunae. This is possible only because the chondrocytes retain the

ability to divide and the surrounding matrix is distensible, thus permitting further secretory
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activity. Initially, the daughter cells of the dividing chondrocytes occupy the same lacuna. As
new matrix is secreted, a partition is formed between the daughter cells; at this point, each
cell occupies its own lacuna. With continued secretion of matrix, the cells move even farther
apart from each other. The overall growth of cartilage thus results from the interstitial
secretion of new matrix material by chondrocytes and by the appositional secretion of matrix

material by newly differentiated chondroblasts

9. Bones. Osteogenesis

Provides structural support, giving shape and form to the body

Provides movement through the insertion of muscles

Serves as a stored source for calcium and phosphate

Contains bone marrow (myeloid tissue)

Histological preparation of bone

Ground bone preparation. Unpreserved bone is ground to a thinness where light can be
transmitted through it. Because no preservation has occurred, neither cells nor organic matrix
survive. Lamellae, lacunae, canaliculi, and general architecture of inorganic matrix are well
displayed.

Decalcified bone. Cells are fixed (preserved) and inorganic matrix removed by
decalcification. Good detail of organic matrix (cells, periosteum, etc.) is maintained, but
lamellae and inorganic matrix are difficult to distinguish.

Gross Appearance of Bone, Macroscopic Structure

Compact bone. Appears as a solid mass to the naked eye, covering the exterior of bones and
forming the shaft of long bones.

Spongy or cancellous bone. Gross appearance is like a sponge, with a labyrinth of bony
spicules and intervening spaces that are filled with loose connective tissue or red marrow and
at least one blood vessel. Spongy bone is located in the interior of bones.

Architecture of a Long Bone

The diaphysis (shaft), composed of compact bone, is hollow and is usually lined by a thin
band of spongy bone.

An epiphysis, the knob at either end of the diaphysis, is composed of a thin rim of compact
bone. The spongy bone in its interior houses red marrow.

Metaphysis. Flared region between diaphysis and epiphysis.

Epiphyseal plate. Hyaline cartilage separating epiphysis and metaphysis in growing bones.
Growth in bone length occurs as hyaline cartilage in the epiphyseal plate goes through

various stages of regression, providing a framework on which bone is deposited.
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When the hyaline cartilage in the epiphyseal plate is exhausted, growth stops. The epiphysis and
metaphysis fuse in the adult, leaving an epiphyseal line as a remnant of the epiphyseal plate.
Marrow

Red marrow, found in all bones of the fetus, is restricted to spongy bone areas of selected bones
in the adult and contains hematopoietic tissue that forms blood cells.

Yellow marrow, found in the shafts of long bones in the adult, consists mainly of adipose
connective tissue that retains the potential to become red marrow under hemorrhagic stress.
Articular cartilage is composed of hyaline cartilage and covers articular surfaces of bone. This
cartilage does not possess a perichondrium; the glassy, smooth cartilage provides a good
articulating surface.

Components of Bone. Extracellular matrix

Organic portion, osteoid. Secreted by osteoblasts

Collagen type 1 fibers comprise the majority of the organic matrix. Their predominance causes
bone to stain pink with eosin.

Ground substance is minimal, composed of glycosaminoglycans such as chondroitin sulfate,
keratan sulfate, and some glycoproteins that avidly bind calcium.

Inorganic portion. Calcium and phosphate, in the form of hydroxyapatite crystals, are deposited
along the collagen fibrils and form 50% of the dry weight of bone. This ossified matrix renders
bone impermeable to diffusion of nutrients and requires that bone be well vascularized.
Components of Bone. Cells. Osteoblasts

Located on all exterior surfaces of bone as the innermost portion of the periosteum or in the
endosteum lining all interior bony surfaces

Inactive osteoblasts are flattened cells with heterochromatic nuclei.

Active osteoblasts are stellate and contain organelles necessary for protein, primarily collagen,
production. These cells synthesize high levels of alkaline phosphatase.

Function to synthesize bone

Secrete osteoid first

In the presence of alkaline phosphatase, osteoblasts facilitate the deposition of calcium
phosphate, thus mineralizing the osteoid.

Components of Bone. Cells. Osteocytes

Are osteoblasts that have completely surrounded themselves by bony matrix and, therefore, must
lie within, rather than on, bone tissue. These flattened, inactive cells lie in lacunae (spaces) in the
bone and extend long processes from the cell body. These processes lie in narrow tunnels called
canaliculi and connect, via gap junctions, with adjacent osteocytes and/or osteoblasts at the bone

surface.
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Function to transport materials between blood and bone and to maintain surrounding matrix;
they do not divide or secrete matrix.
Osteoclasts
Are large cells with 15-20 or more nuclei and vacuolated, frothy cytoplasm. A ruffled border,
the highly enfolded cell membrane facing the bone, is the site of bone resorption.
Are located on internal surfaces as part of the endosteum or on external surfaces as part of
the osteogenic layer of the periosteum.
Osteoclasts lie in depressions in the bone, Howships lacunae, which form as osteoclasts
resorb bone.
Resorb bone via the acid phosphatase and proteolytic enzymes they secrete
Surface coverings
Periosteum. Double layer of connective tissue surrounding the outer surface of bones, except
for articular surfaces
Layers
Fibrous layer. Outer layer of dense connective tissue that serves as a reserve-cell source for
the osteogenic layer
Osteogenic layer. Inner, more cellular layer, contains osteoblasts and osteoclasts. Site of bone
deposition and resorption, respectively.
Well vascularized and richly innervated
Endosteum
Is composed of a single row of osteoblasts, osteoclasts, and/or osteo-progenitor cells
that lines all interior surfaces of bone except for lacunae and canaliculi
Serves as a means of bone growth and/or resorption
Microscopic Appearance of Bone (Related to the Age of a Bone)
Woven or immature bone is the first bone deposited.
May be either spongy or compact
Referred to as woven bone because fibers are deposited in a random array
Contains osteocytes that are more numerous and spherical than those of lamellar bone.
These osteocytes are not in any orderly arrangement.
Is less well mineralized than lamellar bone and, therefore, appears bluer than lamellar
bone with hematoxylin and eosin stains
Is usually resorbed and replaced by lamellar bone
Lamellar or mature bone
Replaces most woven bone or may be deposited de novo

May be either spongy or compact
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Is referred to as lamellar bone because the matrix is deposited in layers or lamellae
Fibers are deposited in parallel array within a lamella.
Osteocytes are fewer and flatter than those in woven bone and are organized in rows between
the lamellae.
Better mineralized than woven bone
Bone is not a static structure and is constantly being resorbed and reconstructed. Therefore,
lamellar bone is also resorbed and reconstructed throughout life.
Architecture of Adult, Compact Lamellar Bone
Outer circumferential lamellae. Stacks of lamellae extend at least partially around the outer
circumference of a long bone. Deposition of these lamellaec by the periosteum results in
increased thickness in the wall of the diaphysis.
Inner circumferential lamellae. Stacks of lamellae extend at least partially around the inner
circumference of a long bone facing the marrow cavity. Deposition of these lamellae by the
endosteum results in increased thickness of the wall of the diaphysis.
Architecture of Adult, Compact Lamellar Bone
Haversian systems, osteons
Primary structures of compact lamellar bone
Cylinders of concentric lamellae, deposited by endosteum, that run parallel to the
long axis of a bone
Composition
Central Haversian canal
Appears round in cross-section with a smooth periphery
Contains a blood vessel(s) and loose connective tissue
Is lined with an endosteum
Concentric lamellae (4-20) surround the Haversian canal.
Collagen fibers are in parallel alignment within a single lamella, wrapping
helically around the Haversian canal.
Pitch of the helix varies with each lamella in the osteon.
Provides great strength to a long bone
An osteon is formed by the centripetal deposition of the concentric lamella (i.e., outer
lamella is the oldest).
Additional lamellae/structures associated with adult, compact lamellar bone
Interstitial lamellae. Portions of Haversian systems that remain after resorption of the rest of

the osteon. These lamellae are interposed between other, complete Haversian systems.
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Volkmann's canals. Channels oriented perpendicularly between adjacent Haversian canals,
interconnecting these canals with each other and with the surfaces of bone. Volkmann’s
canals contain blood vessels that transport blood from the surface of bone to blood vessels
within Haversian canals.
Cement lines. Thin, refractive lines that are collagen poor and stain, therefore, with
hematoxylin. Cement lines are located:
Around Haversian systems, demarcating where resorption stopped and the formation
of a new osteon began
Beneath and between circumferential lamellae, denoting where deposition of lamellae
halted for a period of time and then began again
Bone Growth, Deposition, and Resorption
Bone Growth
New, adult bone is always laid down on preexisting bone or cartilage.
Bone growth is always appositional, with either endosteum or periosteum laying
down lamellae of bone. Interstitial growth is impossible in bone because its rigid,
ossified matrix does not allow osteocytes to secrete additional matrix or to divide.
Bone Growth, Deposition, and Resorption
Bone Deposition
Newly deposited bone assumes the shape of the bone or cartilage on which it is
deposited
In spongy, lamellar bone, new lamellae are laid down by osteoblasts in the endosteum
located at the periphery of each trabecula, thus increasing its thickness.
In compact lamellar bone, new lamellae are laid down either as outer circumferential
lamellae by osteoblasts in the periosteum or as inner circumferential lamellae and
Haversian systems (osteons) by the endosteum.
Bone Resorption
Bone Resorption
Removal of bone by osteoclasts for remodeling during growth and/or to mobilize
calcium throughout life
Resorption process
Osteoclasts on the periosteal and endosteal surfaces resorb bone from bone
surfaces.
Resorption canal
Is a cylindrical, longitudinal tunnel formed as compact bone on the

interior of bone is resorbed
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Bone Resorption

Appears in cross-section as an irregularly shaped, bony surface lined with an endosteum
containing osteoclasts

Usually extends past cement lines, eroding through portions of several osteons. Therefore,
remnants of resorbed osteons may surround the resorption canal.

Is not lined by concentric lamellae as are osteons

When resorption stops, osteoblasts begin filling in a resorption canal by centripetal (from
outside to inside) deposition of new lamellae, forming a new osteon. The newest lamella of
this secondary osteon is the one adjacent to the Haversian canal.

Remains of partially resorbed Haversian systems around this secondary osteon are called
interstitial lamellae.

Bone Development

Bone development can be classified as intramembranous ossification and endochondral
ossification, according to the mechanism of its initial formation.

(1) Intramembranous ossification is the process by which a condensed mesenchyme tissue is
transformed into bone. A cartilage precursor is not involved; instead, mesenchymal cells
serve as osteoprogenitor cells, which then differentiate into osteoblasts. Osteoblasts begin
to deposit the bone matrix.

Bone Development

(2) Endochondral ossification is the process by which hyaline cartilage serves as a cartilage
model precursor. This hyaline cartilage proliferates, calcifies, and is gradually replaced by
bone. Osteoprogenitor cells migrate along with blood vessels into the region of the calcified
cartilage. These cells become osteoblasts, which then begin to deposit the bone matrix on the
surface of the calcified cartilage matrix plate. Endochondral ossification involves several
events. The development of long bone is a good example of endochondral formation. In this
particular case, the hyaline cartilage undergoes proliferation and calcification in the
epiphyseal plates. This epiphyseal cartilage can be divided into five recognizable zones:
reserve zone, proliferation zone, hypertrophy zone, calcification zone, and ossification
zone

Overview

Bone is a specialized type of connective tissue characterized by a mineralized extracellular
matrix that stores calcium and phosphate. Bone contributes to the skeleton, which supports
the body, protects vital structures, provides mechanical bases for body movement, and
harbors bone marrow.

GENERAL STRUCTURE OF BONES
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Bones are classified according to shape. Long bones are tubular in shape and consist of two
ends (proximal and distal epiphyses) and a long shaft ( diaphysis). Metaphysis is the
junction between the diaphysis and the epiphysis. Bone is covered by periosteum, a
connective tissue membrane that attaches to the outer surface by Sharpey’s fibers.
Periosteum contains a layer of osteoprogenitor (periosteal) cells that can differentiate into
osteoblasts.

Bone cavities are lined by endosteum, a single layer of cells that contains osteoprogenitor
(endosteal) cells, osteoblasts, and osteoclasts.

Bones articulate with neighboring bones by synovial joints, a movable connection.

The articular surfaces that form contact areas between two bones are covered by hyaline

(articular) cartilage.

CELLS AND EXTRACELLULAR MATRIX

Osteoblasts differentiate from osteoprogenitor cells and secrete osteoid, an unmineralized
bone matrix that undergoes mineralization triggered by matrix vesicles.

Osteocytes are mature bone cells enclosed within lacunae of bone matrix. They
communicate with other osteocytes by a network of long cell processes occupying canaliculi,
and they respond to mechanical forces applied to the bone.

Osteoclasts differentiate from hemopoietic progenitor cells; they resorb bone matrix during
bone formation and remodeling. They differentiate and mature under the control of the
RANK-RANKL signaling mechanism.

Bone matrix contains mainly type I collagen along with other noncollagenous proteins and
regulatory proteins.

GENERAL STRUCTURE OF BONE TISSUE

Bone tissue formed during development is called immature (woven) bone. It differs from
mature (lamellar) bone in its collagen fiber arrangement.

Bone tissue is classified as either compact (dense) or spongy (cancellous). Compact bone
lies outside and beneath the periosteum, whereas an internal, sponge-like meshwork of
trabeculae forms spongy bone.

Mature (lamellar) bone is mostly composed of osteons (Haversian systems). These
concentric lamellar structures are organized around an osteonal (Haversian) canal that
contains the vascular and nerve supply of the osteon. Perforating (Volkmann’s) canals are
perpendicularly arranged and connect osteonal canals to one another.

The lacunae between concentric lamellae contain osteocytes that are interconnected with

other osteocytes and the osteonal canal via canaliculi.
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BONE FORMATION

The development of bone is classified as endochondral (a cartilage model serves as the
precursor of the bone) or intramembranous ossification (without involvement of a cartilage
precursor).

Flat bones of the skull, mandible, and clavicle develop by intramembranous ossification; all
other bones develop by endochondral ossification.

In endochondral ossification, the hyaline cartilage model is formed. Next, osteoprogenitor
cells surrounding this model differentiate into bone-forming cells that initially deposit bone
on the cartilage surface (periosteal bony collar) and later penetrate the diaphysis to form the
primary ossification center.

Secondary ossification centers develop later within the epiphyses.

Primary and secondary ossification centers are separated by the epiphyseal growth plate,
providing a source for new cartilage involved in bone growth seen in children and
adolescents.

Epiphyseal growth plate has several zones (reserve cartilage, proliferation, hypertrophy,
calcifi ed cartilage, and resorption). Resorbed calcified cartilage is replaced by bone.

BONE GROWTH, REMODELING, AND REPAIR

Elongation of endochondral bone depends on the interstitial growth of cartilage on the
epiphyseal growth plate.

Bone increases in width (diameter) by appositional growth of new bone that occurs between
the compact bone and the periosteum.

Bone is constantly being remodeled throughout life by bone-remodeling units composed of
osteoclasts and osteoblasts. This process allows bone to change shape in response to
mechanical load.

Bone can repair itself after injury either by a direct (primary) or indirect (secondary) bone
healing process.

After injury, periosteal cells become activated to produce soft (fibrocartilage) callus, which
is subsequently replaced by hard (bony) callus.

PHYSIOLOGIC ASPECTS OF BONE

Bone serves as a reservoir for Ca** in the body. Ca** may be removed from bone if the
circulating level of Ca2 in the blood falls below the critical value. Likewise, excess Ca2 may
be removed from the blood and stored in bone.

Maintenance of blood Ca?* levels is regulated by the parathyroid hormone (PTH), secreted
by the parathyroid glands, and calcitonin, secreted by the thyroid gland.
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PTH stimulates both osteocytes and osteoclasts (indirectly via RANK-RANKL signaling
pathways because osteoclasts do not have PTH receptors) to resorb bone, thereby increasing
Ca** levels in the blood.

Calcitonin inhibits bone resorption by inhibiting the effects of PTH on osteoclasts, thereby

lowering blood Ca?* levels.

10. Muscles. Skeletal, smooth, cardiac

Muscle tissue is specialized for the ability to shorten or contract. While all cells possess the
cellular machinery necessary for shape change and contraction, these structures are
significantly more prominent in muscle cells. For some muscle types, the cells are
nonproliferative due to this high degree of specialization and differentiation.

Muscle contraction is accomplished by the reciprocating sliding of intracellular filaments
composed of actin and myosin.

Muscle tissue comprises the “flesh” of the body and much of the walls of hollow organs. Due
to its high degree of specialization, unique terms are used for certain structures in muscle
cells:

Individual muscle cells are called muscle fibers.

The cytoplasm of muscle fibers is called sarcoplasm.

The muscle fiber plasma membrane is called the sarcolemma.

The smooth endoplasmic reticulum is called the sarcoplasmic reticulum.

Classification of Muscle

Functional classification is based on the type of neural control.

Voluntary

Involuntary

Structural classification is based on the presence or absence of crossstriations.

Striated

Nonstriated (smooth)

Combined functional and structural classification

Skeletal muscle

Striated and voluntary

Found mostly attached to the skeleton

Cardiac muscle

Striated and involuntary

Composes the majority of the heart wall (myocardium)
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Smooth (visceral) muscle

Nonstriated and involuntary

Found mostly in the walls of hollow organs and vessels

Skeletal Muscle

Connective tissue investments of a skeletal muscle

Function

Separate muscle into compartments

Transmit the force of contraction to insertion points

Components

Endomysium. Reticular fibers surrounding each muscle fiber plus the external (basal) lamina
produced by the muscle fiber

Perimysium. Dense connective tissue surrounding groups of fibers and dividing the muscle
into fascicles

Epimysium. Dense connective tissue surrounding the entire muscle, blends with the deep
fascia and tendons

Hierarchy of skeletal muscle organization

Mpyofilaments. Visible only with the electron microscope; composed primarily of actin,
which forms 5-nm wide thin filaments, and myosin, which forms 15-nm wide thick filaments
Myofibrils. Visible with the light microscope, 1-2 microns wide, oriented parallel to the long
axis of the cell; composed of bundles of overlapping myofilaments that are arranged in
register, producing an alternating light-dark, striated banding pattern

Muscle fiber. Specialized term for a muscle cell, 10-100 microns wide; sarcoplasm is filled
with hundreds of myofibrils, which are oriented parallel to each other and to the long axis of
the muscle fiber.

Muscle fascicle. Collection of muscle fibers surrounded by perimysium; collections of
muscle fascicles are surrounded by the epimysium and form a muscle.

Structure of skeletal muscle fibers

Largest fiber type, fibers can be 1-30mm in length and 10—100 microns in diameter.

Each muscle fiber is cylindrical, unbranched, and multinucleated.

The multiple nuclei are located at the periphery of the muscle fiber immediately beneath the
sarcolemma.

Extensive smooth endoplasmic reticulum is called the sarcoplasmic reticulum.

Each fiber is surrounded by an external lamina (basal lamina), which contributes to the
endomysium of the muscle fiber.

Fibers can increase in size (hypertrophy) but not in number (hyperplasia).
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Structure of skeletal muscle fibers
Fibers show prominent, alternating light and dark bands (cross-striations) due to the
alignment and overlap of the myofilaments within myofibrils. Myofilaments within a
myofibril are arranged in register and adjacent myofibrils are similarly aligned, causing the
banding pattern seen at both the light and electron microscopic levels.

Structure of skeletal muscle fibers
A band appears dark and contains actin and myosin.
I band appears light and contains actin only.
Z disc (or Z line), composed of alpha-actinin, is located in the center of the I band.
H zone is located in the center of the A band and represents the area where actin is not
present.
M line is located in the center of the H band and represents areas of cross-connections
between myosin filaments.

Structure of skeletal muscle fibers

Sarcomere

Contractile unit of striated muscle fibers, seen in both skeletal and cardiac muscle fibers
Extends from Z-line to Z-line

Sarcomeres are repeated in series along the length of each myofibril. Adjacent myofibrils
maintain the alignment of sarcomeres.

Alterations in sarcomeres during contraction

Sarcomeres shorten.

Z-line interval narrows.

Width of H and I bands decrease as actin is pulled past the myosin.

A band width remains unchanged.

Coordination of skeletal muscle fiber contraction

A complex system of intracellular, membranous structures called the triad insures
coordinated contraction throughout the muscle fiber by (1) allowing the nervous impulse to
penetrate and simultaneously reach all parts of the muscle fiber; and (2) releasing calcium in
response to the nervous impulse. These functions are accomplished by the “triad.”

Triads. Composed of one T-tubule plus two adjacent terminal cisterns of the sarcoplasmic
reticulum

T-tubules are invaginations of the sarcolemma that occur at the junction between A and I
bands of the myofibrils.

Terminal cisterns are expanded portions of the sarcoplasmic reticulum that lie adjacent to the

T tubule and release calcium to initiate contraction.
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Role of triad in muscle contraction

A nerve impulse arriving at the muscle fiber depolarizes the sarcolemma at the
neuromuscular junction.

The membrane depolarization propagates along the sarcolemma and extends down the T-
tubules.

T-tubule depolarization is transmitted to the terminal cisterns and the remainder of the
sarcoplasmic reticulum, causing release of stored calcium.

Calcium initiates the interaction between actin and myosin myofilaments, leading to muscle
contraction.

Calcium is recaptured by sarcoplasmic reticulum during relaxation.

Mechanism of contraction, sliding filament model

At regions where actin and myosin myofilaments overlap, release of calcium causes the head
groups of myosin to contact the actin filament.

Hydrolysis of ATP causes a change in the configuration of the myosin head group, resulting
in a sliding of the actin myofilament past the myosin by the ratcheting action of the myosin
head groups. Since the actin filaments are anchored at the Z-line, the result of the sliding is
shortening of the sarcomere.

Associated structures

Neuromuscular junction (motor end plate)

Specialized “synapse” between the terminals of a motor axon and the sarcolemma of a
muscle fiber

Motor unit. Consists of the motor neuron, its axon, and all the muscle fibers it innervates
Proprioceptors

Sensory receptors, encapsulated by connective tissue, serve to regulate muscle tension and
tone.

Types

Muscle spindle. Highly modified skeletal muscle fibers, intrafusal fibers, are aligned with
and surrounded by normal skeletal muscle fibers.

Golgi tendon organs. Located within tendons

Embryonic Development of the Skeletal Muscle

During the course of embryonic development, mesenchymal progenitor cells originating
from the somites, undergo a multistep differentiation process to form muscle fibers and
muscle mass. Each somitic area (occipital, cervical, thoracic, lumbar and sacral) contributes

to the formation of muscles. Muscle satellite cells are formed during embryonic development
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as well, and persist in a quiescent state in the adult muscles, ensuring restoration of muscle
cells following any type of muscle injury.

Cardiac Muscle

Cardiac muscle occurs only in the myocardium of the heart and, to a variable extent, in the
roots of large vessels where they join the heart.

Structure of cardiac muscle fibers

Intermediate in size between skeletal and smooth muscle

Fibers are cylindrical, branch, and form interwoven bundles.

Usually one nucleus per fiber located in the center

Organelles are clustered at the poles of the nucleus.

Myofilament organization into myofibrils is identical to skeletal muscle. Cross-striations and
bands identical to skeletal muscle are present, but not as prominent.

Intercalated discs

Junctional complexes that are unique to cardiac muscle fibers

Consist of specialized cell junctions and interdigitations of the sarcolemma at the ends of the
fibers

Contain three types of junctions

Fascia adherens. Similar to zonula adherens of epithelia; serve to attach cardiac muscle
fibers and anchor actin filaments of the terminal sarcomeres at the ends of the cell. Acts as a
hemi-Z-line.

Desmosomes. Bind ends of fibers together

Gap junctions. Provide ionic coupling between fibers

Coordination of cardiac muscle contraction

Sarcomeres, myofibrils, and myofilaments are the same as skeletal muscle fibers.

T-tubules are located at the level of the Z-lines, rather than at junction of A and I bands as in
skeletal muscle.

No triads. Sarcoplasmic reticulum is not as well developed as in skeletal muscle fibers and
does not form terminal cisterns. Contraction is initiated by intracellular calcium release.
Contraction can spread through the myocardium due to the presence of gap junctions that
allow calcium to flow from one fiber into another.

Embryonic Development of the Heart:

The cardiovascular system is the first system to form and function in an embryo, and the
heart is the first functional organ. In the mouse embryo, 50 founder cells make up the earliest
heart precursor cells and are detectable as early as E6.5, on either side of the midline in

the epiblast of early gastrula stage embryos. The human heart develops on day 18 or 19
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following fertilization. In response to induction signals from the underlying endoderm,
the mesoderm in the cardiogenic area forms the cardiogenic cords. A hollow center forms
within the cords, giving rise to the endocardial tubes. With lateral folding of the embryo, the
paired endocardial tubes approach each other and fuse into a single tube called the primitive
heart tube (human: day 21 following fertilization; mouse: E8.0). On the day 22, the primitive
heart tube develops into five distinct unpaired regions and begins to pump blood. Between
days 23 and 28 (mouse E8.5-10.0), the primitive heart tube elongates unevenly, twisting and
folding to form a U-shape and then an S-shape. As a result, the atria and ventricles of the
future heart assume their final adult positions. Further heart development involves
remodeling of the chambers and the formation of septa and valves to form a four-chambered
heart.

Smooth Muscle

Smooth muscle occurs mostly as sheets, which form the walls of most hollow organs with
the exception of the heart. Smooth muscle is also prominent in the walls of blood vessels,
many respiratory passageways, and some genital ducts.

Structure of smooth muscle fibers

Smallest fiber type, length varies from 20 microns in blood vessels to 500 microns in the
uterus

Unbranched spindle-shaped fibers are elongated with tapering ends and unbranched.

Possess a single, centrally placed, oval nucleus, which can appear spiraled or “inch-worm”—
shaped when the fiber is contracted.

Organelles are clustered at the poles of the nucleus.

Nonstriated; no myofibrils are present.

External (basal) lamina is present along with reticular fibers.

Abundant gap junctions

Capable of both hypertrophy and hyperplasia

Organization of the contractile proteins

Actin and myosin myofilaments are present, but they are not organized into myofibrils.
Myofilaments overlap as in striated muscle and crisscross throughout the sarcoplasm,
forming a reticulum.
Dense bodies

Serve as insertion points for myofilaments to transmit the force of filament sliding

Contain alpha-actinin and, thus, resemble Z-lines of striated muscle

Present in the cytoplasm and associated with the sarcolemma

Coordination of smooth muscle contraction
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No T-tubules are present; however, fibers do have a rudimentary sarcoplasmic reticulum.
Sliding filament mechanism. Regulated by intracellular release of calcium but with some
differences from striated muscle fibers

Types of smooth muscle

Visceral smooth muscle

Occurs in sheets in the wall of hollow organs (e.g., digestive tract)

Minimally innervated; contraction spreads in peristaltic waves facilitated by large numbers
of gap junctions.

Specialized for slow, prolonged contraction
Multiunit smooth muscle

Richly innervated

Specialized for precise, graded contraction (e.g., iris of the eye)

11. Nervous tissue

Nervous tissue is highly specialized to employ modifications in membrane electrical
potentials to relay signals throughout the body.

Neurons form intricate circuits that (1) relay sensory information from the internal and
external environments; (2) integrate information among millions of neurons; and (3) transmit
effector signals to muscles and glands.

Anatomical subdivisions of nervous tissue

Central nervous system (CNS)

Brain

Spinal cord

Peripheral nervous system (PNS)

Nerves

Ganglia (singular, ganglion)

Cells of Nervous Tissue.

Neurons

Functional units of the nervous system; receive, process, store, and transmit information to
and from other neurons, muscle cells, or glands

Composed of a cell body, dendrites, axon and its terminal arborization, and synapses

Form complex and highly integrated circuits

Supportive cells

Outnumber neurons 10 : 1

123



Provide metabolic and structural support for neurons, insulation (myelin sheath), homeostasis,
and phagocytic functions

Comprised of astrocytes, oligodendrocytes, microglia, and ependymal cells in the CNS;
comprised of Schwann cells in the PNS

Structure of a “Typical” Neuron

Cell body (soma, perikaryon)

Nucleus

Large, spherical, usually centrally located in the soma

Highly euchromatic with a large, prominent nucleolus

Cytoplasm

Well-developed cytoskeleton

Intermediate filaments (neurofilaments). 8—10 nm in diameter
Microtubules. 18-20 nm in diameter

Abundant rough endoplasmic reticulum and polysomes (Niss/ substance)
Well-developed Golgi apparatus

Numerous mitochondria

Dendrite(s)

Usually multiple and highly branched at acute angles

May possess spines to increase surface area for synaptic contact
Collectively, form the majority of the receptive field of a neuron; conduct impulses toward
the cell body

Organelles

Microtubules and neurofilaments

Rough endoplasmic reticulum and polysomes

Smooth endoplasmic reticulum

Mitochondria
Axon

Usually only one per ne

Generally of smaller caliber and longer than dendrites

Branches at right angles, fewer branches than dendrites

Organelles

Microtubules and neurofilaments

Lacks rough endoplasmic reticulum and polysomes

Smooth endoplasmic reticulum

Mitochondriauron
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Axon

Axon hillock. Region of the cell body where axon originates

Devoid of rough endoplasmic reticulum

Continuous with initial segment of the axon that is a highly electrically excitable zone for
initiation of nervous impulse

Usually ensheathed by supporting cells

Transmits impulses away from the cell body to

Neurons

Effector structures. Muscle and glands

Terminates in a swelling, the terminal bouton, which is the presynaptic element of a synapse
Multipolar neuron.

Most numerous and structurally diverse type

Efferent. Motor or integrative function

Found throughout the CNS and in autonomic ganglia in the PNS

Pseudounipolar neuron

Afferent. Sensory function

Found in selected areas of the CNS and in sensory ganglia of cranial nerves and spinal nerves
(dorsal root ganglia)

Bipolar neuron

Afferent. Sensory function

Found associated with organs of special sense (retina of the eye, olfactory epithelium,
vestibular and cochlear ganglia of the inner ear)

Developmental stage for all neurons

Arrangement of Neuronal Cell Bodies and their Processes

In both CNS and PNS, cell bodies are found in clusters or layers and axons travel in bundles.
These groupings are based on common functions and/or common connections.

Synapse

The function of the synapse is to alter the membrane potential of the postsynaptic target cell
to either facilitate or inhibit the likelthood of the stimulus to be propagated by the
postsynaptic cell. Most neurons receive thousands of synaptic contacts, both stimulatory and
inhibitory, and the algebraic sum of these inputs determines whether the postsynaptic cell
will depolarize.

Synapse
Classified according to postsynaptic target

Axodendritic. Most common
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Axosomatic

Axoaxonic. Mostly occur at presynaptic terminals

Neuromuscular junction

Structure of the synapse

Presynaptic component

Distal end of the axon branches, each branch terminating in a swelling or button called the
terminal bouton.

Bouton contains synaptic vesicles/granules, which contain neurotransmitters and numerous
mitochondria.

Synaptic gap/cleft. Separation (20-30nm) between pre- and postsynaptic cells.

Postsynaptic component

Formed by the membrane of the postsynaptic neuron or muscle cell and contains receptors
for neurotransmitters

Membrane shows a postsynaptic density or thickening on its cytoplasmic side.

Bouton en passant. “Bouton-like” swellings along the length of an axon, allows a single axon
to contact many distant cells. Common in smooth muscle innervation.

The Reflex Arc

The reflex arc is the simplest neuronal circuit and includes each of the elements discussed
above. These circuits provide rapid, stereotyped reactions to help maintain homeostasis. To
begin the reflex, a pseudounipolar, sensory neuron is activated by a receptor. The axon
carries an afferent signal from the skin into the spinal cord where it synapses on a multipolar
association neuron or interneuron. The interneuron signals a multipolar, motor neuron whose
axon then carries an efferent signal to skeletal muscle to initiate contraction.

Supportive Cells

Supporting cells of the CNS (neuroglial cells); outnumber neurons 10:1

Astrocytes

Stellate morphology

Types

Fibrous astrocytes in white matter

Protoplasmic astrocytes in gray matter

Functions

Physical support

Transport nutrients

Maintain ionic homeostasis

Take up neurotransmitters

126



Form glial scars (gliosis)

Supportive Cells

Oligodendrocytes

Present in white and gray matter

Interfascicular oligodendrocytes are located in the white matter of the CNS, where they
produce the myelin sheath.

Ependymal cells. Line ventricles

Microglia

Not a true neuroglial cell; derived from mesoderm whereas neuroglial cells, as well as
neurons, are derived from ectoderm

Highly phagocytic cells

Supporting cells of the PNS. Schwann cells

Satellite Schwann cells surround cell bodies in ganglia

Ensheathing Schwann cells

Surround unmyelinated axons. Numerous axons indent the Schwann cell cytoplasm and are
ensheathed only by a single wrapping of plasma membrane.

Produce the myelin sheath around axons

Myelin Sheath

The myelin sheath is formed by the plasma membrane of supporting cells wrapping around
the axon. The sheath consists of multilamellar, lipid-rich segments produced by Schwann
cells in the PNS and oligodendrocytes in the CNS.

Functions

Increases speed of conduction (saltatory conduction)

Insulates the axon

Similar structure in CNS and PNS with some differences in protein composition

Myelin Sheath

Organization

Internode. Single myelin segment

Paranode. Ends of each internode where they attach to the axon

Node of Ranvier. Specialized region of the axon between myelin internodes where
depolarization occurs.

In the PNS, each Schwann cell associates with only one axon and forms a single internode of
myelin.

In the CNS, each oligodendrocyte associates with many (40-50) axons (i.e. each

oligodendrocyte forms multiple internodes on different axons).
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Connective Tissue Investments of Nervous Tissue

Peripheral nervous system

Endoneurium. Delicate connective tissue surrounding Schwann cells; includes the basal lamina
secreted by Schwann cells as well as reticular fibers

Perineurium. Dense tissue surrounding groups of axons and their surrounding Schwann cells,
forming fascicles; forms the bloodnerve barrier

Epineurium. Dense connective tissue surrounding fascicles and the entire nerve

Central nervous system Meninges

Pia mater

Thin membrane lying directly on the surface of the brain and spinal cord

Accompanies larger blood vessels into the brain and spinal cord

Arachnoid membrane

Separated from pia mater by connective tissue trabeculae

Encloses the subarachnoid space, which contains blood vessels and the cerebrospinal fluid (CSF)
produced by the cells of the choroid plexus

Together with pia mater, constitute the lepfomeninges; inflammation of these membranes
produces meningitis

Dura mater

Outermost of the meninges

Dense connective tissue that includes the periosteum of the skull

11. TJIOCCAPUI

General Terms The following general terms are commonly used in histology.

afferent - conveying toward an organ, as an afferent lymphatic vessel, or afferent nerve; efferent
-conveying away from an organ, as efferent lymphatic vessel or efferent nerve. These terms are
used with reference to an understood organ.

capsule - a structure enclosing an organ, usually composed of dense connective tissue.

cortex - the outer portion of an organ, distinguished from its inner, medullary portion.

hilus or hilum - a depression or pit at that part of an organ where the vessels and nerves enter.
lumen - the cavity or channel within a tube or hollow organ. (Abluminal=on the side away from
the lumen; as "the basal lamina is on the abluminal side of the endothelium". adluminal- toward
the lumen; as "the microvilli are on the adluminal side of the gut absorptive epithelium.")

medulla - the inner portion of an organ, usually in the center.
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mucosa - a mucous membrane, comprised of several layers (an epithelium, lamina propria, and
often a muscularis mucosae).

parenchyma - the essential elements of an organ; a general term used to designate the functional
elements of an organ as distinguished from its framework, or stroma.

stroma - the supporting tissue or scaffolding of an organ, as distinguished from its functional
element, or parenchyma.

septum, pl. septa -the dividing wall or partition usually between lobes of an organ.

serosa - a serous membrane, comprised of a mesothelium and underlying connective tissue,
lining the serous cavities of the body.

trabecula, pl. trabeculae - a supporting or anchoring strand of connective tissue, usually

extending from a capsule into the substance of the enclosed organ.

Etymology

Although it is no longer true that the study of Latin, and to a lesser extent Greek, is prerequisite
for the study of medicine, the composition of today's medical vocabulary makes it evident why
study of these languages was once considered necessary. No less than 75% of the vocabulary of
anatomy is derived from Greek and Latin words. Thus, some familiarity with these two
languages will simplify the task of learning a basic vocabulary and of comprehending new words

as they are encountered.

Many of the terms that we use as part of the regular vocabulary retain the original Latin words
like "tunica" (=a covering or coat), "vas" (=a vessel), and "stratum" (=a layer) and they are not
defined here. This Appendix is prepared principally to explain the meaning of the most
commonly encountered Latin and Greek combining forms of words that have undergone some

change in the transfer to English.

Many histological terms are composed of a combination of two or more word elements with an
"o" or "i" usually inserted between the two roots to facilitate pronunciation. Thus the word
"osteocyte" is derived from the nouns "oste-" (bone) and "-cyte" (cell). By knowing the
meanings of the roots used in the prefix, root and suffix of the terms you encounter, you can
understand and remember many of the words you will learn as part of your medical career.
Prefixes (pre=in front of, before, + fix=to fasten) Many compound terms consist of a root word
preceded by a prefix, commonly a preposition, adverb, or adjective.

a- (=no) agranulocyte

auto- (=self) autosome, autocrine
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bi- (=two, twice) binucleate, binocular

circum- (=around) circumferential lamellae, circumvallate
con- (=with, together) concentric, condensing

demi- (=half) demilune

dis- (=apart, away from) discontinuous

ect- (=outside) ectoderm, ectopic

end- (=inside) endocardium, endoderm

epi- (=upon, after) epiphysis, epimysium

erythr- (=red) erythrocyte, erythropoiesis

eu- (=good, normal) euchromatin, eukaryote

exo- (=outside) exocrine, exocytosis

extra- (=outside of, beyond) extrapulmonary, extracellular
heter- (=other) heterochromatin, heterolysosome

hyper- (=above, beyond, extreme) hypertrophy, hyperplasia
hypo- (=under, below) hypodermis, hypothalamus

inter- (=among, between) interlobar, intercalated

intra- (=inside, within) intralobular, intracellular

juxta- (=near to) juxtaglomerular cell

leuko- (=white) leukocyte

macro- (=long, large) macrophage, macroscopic

mega- (=great, large) megakaryocyte

mes- (=middle) mesenchyme, mesangial

meta- (=after, beyond) metaphysis, metarteriole

micro- (=small) microscope, microtubule

mono- (=only, sole) monocyte, mononuclear

multi- (=many, much) multivesicular, multinucleate

neo- (=new, young) neocortex, neonatal

neutro- (=neither) neutrophil

non- (=not) nonkeratinized, nonciliated

para- (=beside, beyond) paracrine, paracortex

peri- (=around) perikaryon, periosteum

poly- (=much, many) polyploid, polyribosomes

post- (=after, behind in time or place) postsynaptic, postmitotic
pre- (=before in time or place) precapillary, preadipocyte

pseudo- (=false) pseudostratified
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pro- (=before in time or place) proerythrocyte, procollagen
stereo- (=solid, having three dimensions) stereocilia
sub- (=under, below) subcutaneous, submucosa
supra- (=above, beyond) suprarenal, supravital
syn-, sym- (=with, together) syncytium, symphysis
trans- (=through, across, beyond) transendothelial, transcytosis
Roots Latin or Greek roots commonly found in combined words.
aden- (=gland) adenohypophysis

adip- (=fat) adipocyte

bronchi- (=windpipe) bronchiole

cardi- (=heart) myocardium

chondr- (=cartilage) chondrocyte

cyt- (=cell) cytoplasm

dendr- (=tree) dendrite, dendritic cell

derm- (=skin) epidermis

desm- (=band, ligament) desmosome

fibr- (=fiber) fibroblast

fili- (=thread) filiform

gastr- (=stomach) gastrointestinal

hem-, hemat- (=blood) hemoglobin

hepat- (=liver) hepatocyte

kary- (=nut, nucleus) megakaryocyte, perikaryon
kerat-(=horn) keratinocyte

lact- (=milk) lactiferous duct

lip- (=fat) lipofuscin

lys- (=loose, dissolve) lysosome

my- (=muscle) myofibril

nephr- (=kidney) nephron

neur-(=nerve) neurofilament

nucle- (=kernal) nucleoplasm

odont- (=tooth) odontoblast

ost(e)- (=bone) osteocyte

ov-, 00- (=egg) oviduct, oocyte

pod- (=foot) podocyte

sarco- (=flesh) sarcoplasm
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theca- (=case, box) theca folliculi

Suffixes (sub=under + fix=to fasten). Latin or Greek derivations that are added to other roots to
form nouns or adjectives.

-blast (=bud, a growing thing in its early stages) osteoblast, fibroblast

-clast (=break) osteoclast

-crine (=separate off) endocrine, merocrine

-cyte (=cell) osteocyte, monocyte

-elle, -cle, -ole, -ule (=a diminutive) lobule, spicule, canaliculus, caveolae, corpuscle
-form (=shape) filiform, fusiform

-oid (=form) sinusoid, nucleoid

-phage, phago- (=eat) macrophage, phagocyte

-phil, -philia (=like, have affinity for) acidophilic, hydrophilic

-phobe, -phobic (=fear, dread) chromophobe, hydrophobic

-some (=body) lysosome, chromosome

12. IPUJIOKEHUA
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