
ihi 2557 

21 	I 	2/ 	 I 
Q1 6 	 21 4 21 

d3 	 lu unnnu 

NIfl5J 	diAflfl 	Ut3fl 
lu q 

- 	 - 	 0 QJ ' 

nUc1'1gi 
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9' 

lnii 	'vti 
qJ 	 9 

LVEILVa Wi 

4,  a 	 4, r A a a 	 a 	 9- 

uThnu 	flflflfltWjfli 	 fl flflfl'11 

(Histology) 
2 

W 	n'1flni 	 fllj}fl 	} -In'u , 

9- 

Wifl-] fltlflJ 	 J1fl] (system) LU 

1iii 

1. L'Ei1 	(Epithelia[ tissue, Epithelium) 

2. L LJt (Connective tissue) 
9,  

3. ]fl-Jl, 	(Muscular tissue) 

4. ti'ì (Nervous tissue) 

9- 

	

t,Wfl 	UWI LLfl 

fl 	 LU IIJ 

9, 	 9- 	 .91  
flWU,U) L1'1' 	flThfl 	fl')Vt 	Lfr1J-J 

1. 	 J' 

tJ1914') 	in1rNr1i LL 	 1i11] 

ni u 	nn' 	 (secretion) Lfll1J 

(absorption) 
9,  

l,UIDL?jIaIjNQLLIJqIHnIMUU 2 	tvij1 	ii 	Lfl'1' L-U 

IALLd Simple Epithelium tt Stratified Epithelium (ti 7.1- 7.4) 
9, 

1.1 Simple Epithelium 	 W'Ji 4 

a fl fl,  U u,d 

- 91 - 
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(1) Simple squamous epithelium 	fltiJ squamous cell 

LThflV lW] 
 

nu t 	LJ1LflJfl endothelium (5,00 7.2 A) ijn OwwAq  

Jn pericardium 	tJfrtJfl pleura wn= glomerulus 1i.i Muh 

(2) Simple cuboidal epithelium t n'UYJ cuboidal cell 	LJfl -J 

(thyroid gland) Mii (ovary) iii'i (tubule) 

ti (iJ 7.2 B-D) &AU 

(3) Simple columnar epithelium tJ' n'auiti columnar cell 

JflV1J 	 LU n 	niwi (stomach) itn 

n (intestine) 3Tnvqlj goblet cells (L Ln) tnitJ Qtivi 7.2 E, F) 

(4) Pseudostratified ciliated columnar epithelium 

t'inn l,Lfl tfl basement membrane 	 uJu 

L1iU 	flt] 
LIfl 

amikaunu YULU 	LUWtJtkdu iiii (trachea) (iJ 

7.3 A-C) 	epididymis vD= 	 V1nJ 

V _ 

1.2 Stratified Epithelium LL flJfrYJ L 	1 tflUflY1iLt 
V 

vnIaIMIJUIA 4 t1cI1 	1flflfl'flYtN 2 't1-M 

(1) Stratified squamous epithelium UUUL!IULWU1Jn' 	'1'1-'1 

rn'n (epidermis) 	 (skin) L'1W (esophagus) tui (~dVi 7.3 D-G) 

(2) Transitional epithelium ni 	 (urinary 

bladder) IL 	 ndnntin 

"tJ L 	 nuYi cuboidal cells 	fltJ 	LUU fl'flJ 

1W' LL''1t] 	L 	 flinJ stratified squamous epithelium 

ininu tj 	(ihi 7.4) lu 
single layer of squ3ttous cells 

c43 r-- 

Skuple Cokannw Epithelia 

Simple Cuboidal Epithelia 

 

duct or tubule 
duet or tWeele 

— I 	 - - 

ith'i 7.1 L 	ILTi 	 LLLU 	 nufri simple epithelium 

- 92 - 
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Small intestine 

Simple Columnar Epithelium 
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Sub IIngth Gland H&E 91  equamous i 
ieiurn 

oida epithe 

  

ThbuI" 
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Ciliated Pseudostratified Trachea H&E 

A
t s 	 cilia 

 

be,Ønent meauie 	capillaries 

goblet ceL 

LI 
Iw 	406- * ' 

E Oesophagus H&E 	
squamous (plate-like) cell 

5. 

- 

keratinized stratified squamous 

dead, kesatluized coils at surface 

- s 	ltseT cell layeT.. 	a' 
.'- — FF 

non-kerathtised stratified squamous FG]  

living, nucleated cells at surface 
cells flatten 
totutrd surface 	 ceus Ilstten 

teaurd surface 

anitotic divisions 	 • • • • • 0 
00 	 mitotic divisions 

7.3 	 Pseudostratified Ciliated Columnar epithelium (A, B, C), 

Keratinized stratified squamous epithelium (D, F) u 	Non-keratinized stratified 

squamous epithelium (E, G) 
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'i 7.4 LJ4' Transitional 
-U '5 

epithelium (A, B, C) 

2. 	nim 

large, ovoid surce cells 

dP 40 FC I 
nomial 

trans ifional',-110, 

ftthed _ 

3 

(1) nJ 	Lhtfibroblasts, macrophages 

(2) VNIVi tSLr1 collagen fibers, elastic fibers Lunt reticular fibers 

(3) Intercellular ground substance mm2unLiou flflfl intercellular matrix 

2.1 

fln"ttlflW L't- iilth,t 

(1) Loose connective tissue (Areolar tissue) 	 YtJ1 

L'IU'tJ'tVW papilla 	(dermis) 	nJJ fibroblasts, macrophages, collagen 

fibers, elastic fibers 	reticular fibers vaUnp 	i innJ 	n 	uuuwm 

intercellular ground substances 	 (51jvi 7.5 A, B) 

(2) Dense regular connective tissue U'W't (tendon) 	 (ligament) il 
1 5.' 

collagen fibers -inn twnii 	WtJU 'tin LunnnnJc1 Wu (thi 7.5 

C) 

(3) Dense irregular connective tissue 	 loose connective 

tissue 	'uinn LtJU collagen fibers i 	flflJrWf1J u1jJtJ vui1 

i-11 	(i 7.5 B, D) 

 

 

 

 

 

 

 

 



r 	 4' 
H7  

'; 	ensirreguar c t. 
[:B 

V 
-. 

Note ta,the connective dune found beneath the banal surcn of the epidermis Is r3ndov 
oriented 
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(4) Adipose tissue VUfl 	 flflflJ tfltiJ fat cells Yn2unqi 

adipocytes 	n' L1U 	1J1iu 	 1IJU (oil droplet) 	 LWL 

(tJ 7.5 E, F) 

basal surface of epidermis 

Si
iJq 7.5 	nj'n Loose connective tissue (A, B), Dense irregular connective 

tissue (B, D), Dense regular connective tissue (C) u, 	Adipose tissue (F, F) 
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(5) Elastic tissue 	flBUtJ elastic fibers 	 fibroblasts 
'4 	 L 	 61 

LLY1'fl 	LWY fibers i W -J' LMJ LI 	l't4ULtlll YflJ L ligament 	flflU 

suspensory ligament lnN penis 	 medium wn large artery (Tflvl 7.6) 
lu 

7.6 LJ 

Elastic tissue 	161J 

medium artery (fl6) 
lu 

(6) Hyaline Cartilage vu 	 n'm'uirn L1U 

flfl fl IWZflLJ(larynx) LL 	 lwiJ (trachea) collagen fibers 

LflflJaJ 	WJV 	 flJcI'1 	L 	fl 	fl rEiD u LJfl'Y) 	chondrocytes 

flT 	jniLu lacuna 	w 	perichondrium 

(TiJ VVI 7.7 A, B) 

(7) Elastic cartilage 	chondrocytes n 4n 	 LL 	elastic 

fibers LLfl 	wn 	elastic fibers Jnnn 	collagen fibers 	 LL 

	

perichondrium nuln 	 'n hyaline cartilage uLtn (pinna) 

fl'N (epiglottis) LThiu (TJvi 7.7 C, D) 

(8) Fibrocartilage (Fibrous cartilage) 1qIjIAMnLL1Ai L1 qj 

(intervertebral disk) LL 	symphysis pubis L!h-t1'L d nuYi collagen fibers LJUhutlM 

chondrocytes 	hyaline cartilage 	 7.7 E) 

(9) Bone (n=n) dTntljn Haversian systems imuwin (TiJV, 7.8 A) ahn 
lu 

Haversian system 	nui (iVI7.8 B) 

n. Haversian canal 	 Lr1i 	flL'1' LLL'Th 
A 91 V 

T. 91Lan 	Jnij Haversian canal 	Ufl 	 LL 	LflJfli1 lamella 

nnilu lamella i lacuna LLflLJ rnti°h lacunaL 6 fl1fl (osteocyte) Ufl 

	

'Ll

LA lacuna 	 LWi1'U Haversian canal 	VYN canaliculi 	nirn 

LJJO 	 nuliJ 	osteocyte LW 

flfrjflJ I 	flflflfl tJflfl 	periostium 	 L11 

flflflL LJLt Haversian canal LTundi Volkmanns canal (iJ 7.8 A) 

-97- 
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-91A 7.7 	ni'i Cartilages 
lu 

l,tri Hyaline cartilage (A, B), Elastic 

cartilage (C, D) u, 	Fibrocartilage 

VT Fibrous cartilage (E) 

MM 
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ii 7.8 	 Bone uflm Haversian systems (A) akn Haversian 

system J? n'BulJ Haversian canal, lamellae, canaliculi, LLtW lacunae (B) 

6I1 (Blood) 
- 

Ln U Lva LL L  u Q iN u m VVI 0 u va i ma  iflJLlTJ 2 	 L1 Wl LtE1t 

(blood cells) 	 (platelets) 	 nc (blood plasma) 

iJu 2 	 (red blood cells) 	 (white 

blood cells, leukocytes) 	LL J-J 	 tti 

thi 	nwunhwaromru un 

nWIThJtJ W1J1J LW1 	flILL flU 	 blood smear ('thi 7.9) 
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I'd  M4  7.9 LI fl  I sN A 

ww B WAOMMIM&DMH 

(platelets) 

LL1'1 (erythrocytes) u.a 

(leukocytes) 

neutrophil, eosinophil, 

basophil, lymphocyte 

Wat monocyte 

1Aflflh/l C wn D wMil  

LBw1La1 L1,21 u 

vai 

 

 

 

 

 

 

 

 



104111 Fundamental Cell Biology Laboratory 	 Basic Animal Tissues 

3. 6Lfl1 
21 

LflnJl,U 	flu 	 fltiflJ LU' 

tJfl muscle fiber nn n fllL 	3 	141d 

3.1 n 	t°i 	n'wrii (Striated skeletal muscle) iflJtlfli 

muscle fibers 

muscle fibers 	 uflLL 	LflJ1J'Yi-fr'1fl 	flJ LL 	YNaalJflU 

fflfl-J1Jflfl' L 	flflJ L 	Jnji 	flfl'Jflfli'J 	(5t911 7.10 U 	7.11 A, 

B) 	nnJnnu u unan (voluntary control) 

	

, 	 0 

3.2 nw°t' (Striated cardiac muscle) LflUNUWk 

21 	V 

fl'1J'J 	 Lth1 	Lflfl'fLL1fl LL 	flflL1YN 	LJ 
qj 

flflflfl JRY Intercalated disc 	10LJ1flJ 

flflJ 	1itnn LU11l. 	L1iaflJ LflflT1J'flfl-J 	Jtiflti 	fl'1flWlfltfU1flfl 

UU 	 (involuntary control) 	7.10 wn 7.11 C, D, F) 

3.3 fl1 'JJ (Smooth muscle) u1 	 iaii 

nwnkn 

 

ul tIUTU7'njj1J1JY1fl1 LU1MfltJk 	tiu o 

utnin 	 tJnijti muscle fibers 

flIIa-JTU112van IWt fiber il 1 	 Lnu 

IfldIHqUqqIq (involuntary muscle) 	7.10 wn 7.11 F, G) 

i 
1cnitucIinoi section 	intercalated 

disk Cap 

ft Mu1 
- central nucleus 

I\ ki) 
cross section 

long sac 

{JLll LU~ ~ Iidht nj6dlt 

0, 1sitt1 t- 
'9 

II cur m t 

17 0Lr-1 	c 	 ti 	ci trethr 

- 
7.10 

V 
flfl3-JIU 3 5 1.,W1 6tUfl1IJtflFl 

frn-JtJflfl (longitudinal section, LS) wat  

fr1flJ61iflfl- (cross section, CS) Lon& 

.iflLLa:::1bJ .Jnue LJt 

- 101 - 
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9J 7.11 	 nnii'v (LS) 	yy (CS) TDl striated 

skeletal muscle (A. B), striated cardiac muscle (C, D, E) ,i, 	smooth muscle (F, G) 

- 102 -  
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4. Lrnt'1 
2 

L 	 L~U ma Luaylwwww li1J Pplfl fl'flW 

	

tJfl JflYl nerve cell 1'i 	neuron (fJ) 	LflJ (neuroglia) 

neurons 	 (nerve) 

(1) Neuron t 	fltJtJ 3 	 t&LLu1 cell body (perikaryon ¶'1' soma), 

dendrite 	axon (Ttivi 7.12) 

1. Cell body 	 organelles in.°] TUm Nissl bodies 

21 A 

(ni' RER) 	 cell body 	flYd1J nerve 

impulse gin dendrites LLIMAihaldtTi axon 

2. Dendrite &UTUW11fluivivarangin cell body 	flW1Jflfl 

1U
9
'ifliJ nerve impulse 'nn u° 	klv cell body 

3. Axon LU ma'afl'n cell body 	 -flflflfl 

dendrite aTrionLIfin6i nerve fiber 	 fltJ nerve impulse 

fl cell body 	 iJ'twIM5 axon 

flflJ 	 JfrVE1J 	 flUUUtThflQfl synapse LLl1 

neuron JWN 1 axon Miilu &mtlaxon ttinnnn cell body lu 
2' 

	

axon hillock 	tli Nissi bodies 	1.Lhti 
NV 

flIn 	 UWiJ'lfl 

a; 
Nissi Nucleolus NUCIOUC 	 Axon 	/CoUateraI 
bodies 	 hillock  

muscle 

Mitochondrion 

Cell body 

Dendrite 

Iii 7.12 
'U 

wAm neuroglia (glia) wti 

neuron 

- 103 - 

 

 

 

 

 

 

 

 



peripheral nerve (nnJ) 

flfl 	 nerve fascicle 

(nw') ni Tai nerve 

fascicle w8m nerve fibers Yl 

LLUQ 	wa z LLUqu-i') 

ENBONEURIUM around 
individual axon 

a) Transverse seclion showing the coverings of a spinal nerve 

neurium 

Fascicle 

MYLIN 

Fascicle 	

104- 

ENDONEURIUM 
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(2) Nerve  

axons (nerve fibers) 	J"in L 	L4-J 	 n1JflY 

epineurium (rni) 	nerve fascicles (L tinvi 

WflJflfl perifleUrlUm ( i) 	L1 	fascicle 

axons wvfj7 axons 	 ifl endoneurium (L' IJ) 	 wi 

axon 

Spinal nerve 

4 --EpiNEuniuM around 
r 	 enlire nerve 

, Fascicle 

/ 
PERINEUFIUM 
around Individual 
fascide 

Blood vessels 

7.13 	 vvl (th-) 

nJnn' 

peripheral nerve LLAmoam 3 

6fi 	(nin) 

- 104- 
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Vi 71; 7.2 B, C, D, F: 7.30,0, F, G; 7.4 B, C; 7.5 A, D. E; 7.9 A; 7.10; 7.11 0, E 

http:Ilwww. mhhe.com/biosci/ap/histology_mh/tismodov.html#overview  

7.2 E; 7.5 B, F; 7.12 B, 7.13 qj 

http://m issinglink.ucsf.edu/Im/IDS-101—histo—resource/index.htm 

7.1, 7.2 A; 7.3 B, E; 7.7 B, 0, E; 7.11 F 
91 

http://www.lab.anhb.uwa.edu.au/mb140  

ZiiVl 

http://erl.pathology.iupui.edu/HISTO/GENER59.HIM  

7.4 A; 7.5 C; 7.7 0; 7.8 A, B; 7.12 A 

http://www.mc.maricopa.edu/-minckley/anatomy/epithelialjissue.html  

TiiVl 7.7A 

http://www.technion.ac.ii/—mdcourse/274203/lect2.html  

TJi 7.11 A, B, G 

http://www.siumed.edu/-dking2/ssb/muscle.htm  

TLIVAI 7.11 C 

http://cellbio.utmb.edu/microanatomy/muscle/Question_8mus.htm  

7.6, 7.130 

http://www.google.com  

1. Hickman, C.P., F.M. Hickman and L.B. Kats. 2001. Laboratory Studies in Integrated 

Principles of Zoology. 10th  ed. WCB/McGraw-Hill: Boston. 

2. Lytle, L.F. 2000. General Zoology Laboratory Guide. 13 th ed. McGraw-Hill: Boston. 

3. Perry, J.W., D. Morton and J.B. Perry. 2002. Laboratory Manual for Starr and 

Taggart's Biology: The Unity and Diversity of Life and Starr's Biology: Concepts and 

Applications. Brooks/Cole, California. 
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- QJ fl 

_ fl J1lfl 	7 

T ID 	 ......... ..................... nyv1 ...... 

iA 	1. 	n 	ninvr I 'ii.............................................................................. 
qJ 	 cu 

2. LUMUUMW5 1 	LL1Jfl.3.................................................................... qj 
i 3. flL 	1flVV 	2 Iff .............................................................................. qj 

qj qj 
J B 	1. uivi 	aJ'mj 1 	flI 

........................................................................................ 
2. L 	LtJEJLW1J B iL 	.................................................................. 
3. JEl11.1i B 1LThlLI................................................................... 

CU 

JC 	1. 	nirnii....................................................................................... 
91 

2. UEifliifli 	....................................................................................... qj 

iiD 	1. 	flL1fli.............................................................................. lu 'I 

2. JJfliLflElL1J....................................................................................... 
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7 

- Basic Animal Tissues 

1 ........................................................... MA B ............................ 

flflYJ label 

Simple squamous epithelium Stratified squamous epithelium 

Simple cuboidal epithelium Transitional epithelium 

Simple columnar epithelium Pseudostratified epithelium 

-107- 
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Loose connective tissue Elastic tissue 

Dense regular connective tissue Hyaline cartilage 

Dense irregular connective tissue Elastic cartilage 

Adipose tissue Fibrocartilage 

SM 
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Bone Skeletal muscle 

Human blood cells Cardiac muscle 

Frog blood cells Smooth muscle 

Neuron Nerve 
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iiitini' 8 

0 	 d•  g, or 
du 	 4 

1l: 

Excitable Cells: Muscle and Nerve Actions 

	

V'I1 	UUfifl q 

4 ' , 	 I 

	

(stimulus) flfl7 	114fl1ti receptor imi sensory neuron 

,i7134n) 	LJt 	'i'LLiu nerve impulse (nLtth'1Yi) 	LFthU*fflfr1134 

sensory neuron a 	uthitii 	(brain) alui 	(spinal cord) Lri1fl1 

	

in 	 motor neuron (L 	1'n"l1) 

effector (i 	,iini) LU rikiij Ld 	fri1Jfrh. 1 
4 	2' 

L31fl1J L 	L 	flflL1UtflffiV) (contraction)  

fl14 LdU+ 	 ATP 	 LW I'Lfl L'U (aerobic 

2' 	 1 

respiration) wrni1 1ifl WlUl 

	

2'nin1± 	
•4• 	a 	 t, 	Iz 

	

 

i'i 	wn1n7Jnn.J 

fl1*N 1 iTu 

40 

U4 	U1fl17LW 	 flUfl11fl134 L tit Wi 
4 

1. 111 	 U4E1!J1 

2. n1ni7ru t 	u'm'h neural pathway (?Jm) autwfi 1 

nsinnaim  I nummownfluma (Muscles Action) 

	

(nerve) vwmhmum (artery) 	 (vein) 
2 	4 	s 	 V 	2' 	 4 	A l V 	 al A 

LtJ4 LNE'1.i 	1fl1 	fl2.J1341'fliJ nerve impulse 	Wi 	 Ltfri 
A 	 4 a 

¶mflMl 	t 	LWi' LtL 	1fl0fl U'11A1fl'1 LA 	1A 	 LtJUVfl1. 

deoxygenated blood (L 	LU'rJ) 	LJflfl metabolism (w LLuJ) 

t114 1 ¶''Nfl'Th 

-110- 
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V 	'J V V .' 	 V 	 0 	0 ,241, v 

	

ATP 	fl6Jfl'11flU ATP V 	flLfl-J' ll C'l 
V 	 V 

iu 	ATP 	iti 	 flL9fl 	ATP J'fliU 

&I LP51Z4 ATP Uad (1) m7 phospholation Tmjmini ADP Tom creatine phosphate (CP) VI 

21 

15 un (2) Aerobic respiration LiU 

°JJnn 	 Lfl$ ATP 	 (3) Anaerobic 

glycolysis 	lactic acid formation 	 4flflfl 	ULLt4 	ATP 	fJ 

ATP 	 nU 30-60 	flflVfl 	 nflfl' lactic acid 

91 
(ni uaan) 	 in 	nn u 	 nunn 	u.n 

91 
21 

fl,J 1 

bifl 

unn4'ti van 
lV 

3. LuU 
V

n (clothespin) 

2. 	nUn 
V 

0 V 
4. Ul W1J'.J 

n'nmJ%1 1.1 

(Effect of temperature on muscle action) 

!_]q 	nna 	dia 	u'u va' 

1. lnJn 	 n1 

nl'uvn 20 IVA iTuV'Inw4um-lriVI 8.1 

	

V 	V 	 V 
V - 	0_.  0 	 0 V 	 0 	0 

2. LL 	flLflflWiN (-0
0 
 ) unu 30 'tn'vi 	nnnnun wnn 

V 
0 	 V 

nirn-nv 1 	uuvin.ja 

3. nunninu (-40°') unu 30 u- 	n 	nnnn nnn n 
V 

in -iPa 1 	uvn 

4. Jnnnnn urJnu 

-111- 
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a 	4 	a a 	 4 	21 • 
fl'nJvi 1.2 	 Aflh1flW34L 

(Effect of fatigue on muscle action) 

-".J-  4.0 	ji s' 	0 	 4 

A 	 so 

U1J' 	UVt1fl 

1. LLL LU 4' 	LL1 1LUlv1J1 

unnL1Junrn114 
.4 21.- 	 21 . 	 2121 	 4 01 4 2.' 	 .4 

2. L11Ji 	un'L"L" 0L'ui111Ju 	 (caWu 

1 i) 	 i'an 	nuuu 	 niLi 30 7wrn 
.14  

1JUYlfl'FV1
.4 

 8.2 
2- 

3. tfl 1n 	2 n 4 Fl 	 150 n) 

4. L UU Ll 	 fl P 1-3 

a. 	 . a 	 V 	 a.a. 	 d 
n'nrni 2 n n n i 	(Reflex) 

uuu (reflex) in 	U 'n4n 	i'L 'El 1'l (involuntary 

responses) Spinal reflex Lnu reflex 	'ttii 	 ult 	 'bJlII 
.4 	0- 	 .1 	

i 
 

tjntiuuYt reflex arc 	 reflex innii 

flUflUflYl2J LU 

Reflex arc 	 mntjh.w, 

	

.1 	 0 	 , 	 11 .4 	 4 
nunintj 	 (homeostasis) 	11fl'J 	 niitmau 

Jtii reflexes LtuAuiu 

Reflex arc 'niiinlSiJu 2 	somatic reflexes I.= autonomic reflexes. Somatic 

	

.! 	.4.41...- 	2-1- AP 
reflexes iiiu reflexes 	l.Jfrrn in 	'flUflflfl7flil'Th 	ti'N (skeletal muscle) tfr)tJ 

somatic division val7nilitJnIVIA AQU Autonomic reflexes Q4r.i'1U autonomic nervous 

.4 	2- 	 0 	 2.' 	J' 4 	 2.' 	..J' 
system in 	nun 	flLL'tJ1J (smooth muscle) n.iiuwL (cardiac 

muscle) 	 U 	 flJVliU fl 	J)Tkfl7 fl1 l1iJUfl'J 	i1-WlU 
4

reflexes 
	

j 	
.44 	 0' 

	

knee m LLuu4t 	ii.riintj' L'U 	jerk reflex LLLIUU UU 
44 	21 	•1 	 0 	 •1 	 II 	a 

vu reflex in 	.nunn 	rnwii'kiin 	wL' ii 	tJULiUUL reflex 

4 	 01 4 .1 

arc 
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Reflex arc 	fl1Jfl 5 MOM 

1 Receptor JntJ sensory neuron 	 nerve impulse 

2. Sensory neuron 	nerve impulse 	 (CNS) 

3. Integration center 	ui ) Lu CNS 	 1 	-innnn 1 

neuron 

4. Motor neuron 	nerve impulse 'Yfl integration Center J'161 effector 

5. Effector (LnndfrI) RDIAUalka efferent impulse 	flflIW 

n w n 

Reflexes AuwinLN polysynaptic reflexes (IlannMi 1 synapse 1ifl1Ji neuron 

.flflflfl 2 neurons) 	1 	nnn 	1 interneuron 	uu 	unn (CNS) 

mul 	tin reflexes LN monosynaptic reflexes (N 1 synapse) Jnjj 2 neurons lvJ 

1 sensory neuron Wat 1 motor neuron LJJ interneuron 	itti Lu'nnv11JTvrn synapses 
V 	 V 

nnn 	nerve impulse 	umnl synapses n.fh reflex pathway qnilwla 
9,  

fl9flfl1 2.1 Somatic reflex: Patellar tendon reflex (Knee jerk reflex) 

Stretch (myotatic) reflex LUU monosynaptic reflex arc 

,inni 	dnii 	Patellar tendon reflex (knee jerk reflex) ttulS 
V 	 V 	V -' 	 V 

nn'i_Jn 	 (patellar tendon) reflex 

ULflflflfltJ LL 	L 	 Ll11J 	L1A9UVIA111JAIJ reflex 	lvnrn. 

uvr (L2-L4) 	n 	JnLun 	uu 	reflex 	L1cw iti'u spinal 

nerves ( ) UUflfl 	 2, 3 Lf 4 (1-2, L3 LL 

L4) 

Patellar tendon reflex il receptor ladlu muscle spindle 	ii effector LflflJL 

quadriceps femorls vDmwi (iJ 8.1) 1 	tunnn 	th,t 	L 	flflflYl patellar qJ 

tendon 	patella (nn'ih) nerve impulse 	 rnin sensory neuron 

sensory neuron 	synapse iTu motor neuron 

interneuron Lun nerve impulse 	flfl')J motor neuron 	nfl'113Ava quadriceps femoris 

LUi1 n 	 flLU 	 fl)nVi (i}vi 8.1) 
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91 

iii (percussion hammer (reflex hammer)) 

ThJ1 	nit 
4 	I 

1. 11flU 
,

tLV1!i L 1' 

2. val patellar tendon (Tdvi 8.1) 1JLi11JT1 1L 	 Lc1 tendon 

LU'll 1TUfllTl3.J LLflU 	 8.3 
21 

3. n'4i 2 tiij L1'i 	flYflJ LLfl'lt1 
, 	t 4 . 	 4 	 0 

4. icnrni 1U'fl (jog) Ufl L 	1J1fl1 4 l LL 	in 	Vi1J'E 2 

	

4 	 I 	 I 

L 	3 	fli 	UI4E' L 	fl1'Wifl'fl A'$lLfl 

5. t1J Ii L 	U.J'fl14 LL 	fll7Y 	9i 	LLIi41 1-4 

Cell body of 

Quadriceps 	 sensory neuron In 

muscle 	 dorsal root \ 
ganglion 

WhIte- 
matter vi" 

muscle 

A 	= Ion) 

• Sensory neuron 

• Motor neuron 

0 lnterneuron 

8.1 Reflex arch Jf'3 knee jerk 

(http://fig.cox.miami.edu/—cmallery/1 50/neuro/c7.48.4.kneejerk.jpg) 

nflJVi 2.2 Autonomic reflex: Pupillary reflex 

Pupillary reflex LJi, reflex 	 pupil (Jrn.wr) iri 	uini 
4 	 V 

LLLiLU 	(light intensity) 	retina 1JtiruLLi1.nPfl 

pupillary reflexes 344 3 iII 	lLfl 	Jflfl direct fight reflex 

pupil 	IthWJ LLt1tJ I3 	'hini consensual light reflex Jnti 	Jniwi Lfl 

	

v i 	 2' 	0 2' 
J'] 	pupil 	t1i01flWI U.1 LU 	1ifl1Ji'1frflYl L1J LL 	Lth IiJ LLt L01fl I 	iiliJ vn'L 
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Pupil 	fl 	flM 	Mnti'u iumvi 3 tindn accommodation reflex unnn 
21 	A 

TIN Pupil 	 v1lnflal7Yl (iJvi 8.2) 

a 
	

I) 	 C 

Postganglionic 
&..; 	svmpathtic axon 

IN:D superior 
44 	cervical 

ganglion 

Radially arranged 
\- 	smooth muscle 

/ 	 fibers of the iris 

LIGHT 
Iff NORMAL;  Circularly arranged 

smooth muscle 
.1 	fibers of the iris 

Pupil 

Ciliary 	From 
•.:.. gariglion 	oculomotor 

IN BRIGHT 
LIGHT 

:. 	_nerve 

... —1 Postganglionic 
parasympathetic axon 

ii' 8.2 (iju) nntiva 

pupils Lu direct light 

reflex, consensual light reflex 

accommodation reflex 

(http:/!www.the-aps.org/ 

education/lot/pdfs/neu rnetwork 

s03.pdf)  
2.' 	 4 

n ,) 	vai iris 

(dim light) wmtinP (normal 

light) 	 (bright 

light) (www.googie.com) 

	

Pupillary reflexes 2 	fl 	LIIJ'Ah direct light reflex LL 	consensual light 

reflex 	nJ]fl Photopupillary reflex 	retina vaWAU receptor, optic nerve (CN II) n 

wntn impulse 11161 CNS ifl ltJ afferent fibers kinuu synapse tTii nerve fibers 

TOW Optic chiasma lu midbrain muu neurons 1u midbrain qll,iiU 

	

nerve impulse 	 oculomotor nerve (ON Ill) nnn motor impulse 
9.' 	,ot.   

iris iiu effector '= un
6• 
 (center) lAiij1uuu un"i 

	

nuunuj unn 	 nnuu ,nu (thi 8.3) 
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Excitable Cells: Muscle & Nerve Actions 

Light 

Left eye 	 Direct fight reflex 	 Consensual light reflex 

Constrictor puplllae (Left eye) 	Constrictor pupillae (Right eye) 

Optic nerve 

I 	j (Left short dilary nerve) 	(R.S.C.N) 

Optic chiasma 	Citiary gangi ion 	Ciliary gangilon 

Jr 
Optic tract 

Pretectal nucleus 

Jr 	 11. 
Edinger Westphal nucleus (lii) 	 Edlnucleus gerWestphal nucleus (ill) 

Occuiomotor nerve 	 Occulomotor nerve 

shine light— pupiflary constrictio 
n eye 

postganglionic fibres  
in ciliary nerves to 
constrictor pupilla 

:ciliary  
ganglion 

prepan9lionic 
impulses pass along parasympathetic 
optic nerve, chiasma, fibres in II 
tract 
I thIdbrain 

I Edinger 

before reaching 
Westphal 

lateral geniculate 	 / 	• 	) 
nucleus 

4 body, some fibres 
branch to 

flhIdI midbrain 

nucleus 

8.3 (uuiL) ' LflTh 

LLM photopupillary reflex 

pathway (http://www.keyword  

picture.com/abuse/accommodat  

ion %2Oreflex%2Opathway; 

http://www.healcentral.org/ 

content/col lections/RCSI/cnsO44 

jpg) 

iris 	 1J1 pupil -ifl LJlV) 2 ULU At 

circular muscle 	radial muscle 	sympathetic 1L 	parasympathetic branch 1JN 

autonomic motor system 341 innervate m7ainu n-mial pupil 
U 
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LS'fl branch 	branch IAUI 	 parasympathetic 

nu0ti 

 

circular muscle 	
_,

pupil 	5flt1' 

sympathetic 	Jnu radial muscle 	pupil 	nn'n (~O 8.2) Lnu reflex In 

oculomotor nerve, optic nerve, retina, LVEI LEYD vai brain 

stem (mJ) 	flJ1 (7ti 8.4) qi 

ioriuI 
both put 

constrict 

71IM4 8.4 	it1i photopupillary reflex, normal pupil reflex wat abnormal pupil reflex 

(http://brai  ncon nection .positscience.com/topics/?main=fa/neurological-exam3) 

flLflrnRLU'W1c A4 

1.1 	 V 41IJ 0 

fiqjpJ 

nnvi ru 2 U-11  

2.  

3.  

4. ifl 	 pupil 
V 

5, 	 2 4n 

6. Xi mmwimvai pupil 	 fl1LUflfl1JaULW rnri 

7. Jnnn nu 

fl9fl3 nnw L 	 ntiv: Reactions 

Reaction 	nn 	 Luun'ii6'L (voluntary response) 	'nin 

	

, 	 o 
X~Lvma',m in'n reflex 	 luui0k (involuntary response) 

reaction PhwlT neural network 	 (conscious behavior) 

	

 2, 	 V 	61 
reaction 	nva Lun 	Uflflfln')fl reflex 	'nin 	'inniuima 	LU 
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J1 	1fl'U 11 'tJfl') reaction time 	L1fl 

reaction time Au aqq (age) iicl (gender) 

4 	 a 
VJ'4 Li' 	fl'tJ fl'l1i'WI ti41 	L? 	fl1U L1U 	 LAFYi L1tJ 

	

vai reaction time 	 0.25 1'1 	 0.17 

Lm.-lA-EnqTAj;Ttq 0.15 WIV41 reaction time 	ii 	4!Jtfl1 

	

0 	t# 	 SI 	 I 4 

	

LU ninrnn fl17 	UflULFI 	flWt flI7LL'INfl*1 19 

reaction time IVE11lV LL tflh1iU 

niulun (ruler) vmnflul 	flfl1 Ruler catching method 

Ruler catching method 

	

L 	I1n.fl reaction time 

3 laflN (IA 8.5) AIID 

1) 11fll3J1 

2) flW 	LL 	1Jti 	1.J Lfl 	UF1fl1 lfl" 	4')I "J 

3) lluniVS 
a 

nnn uFl 

MoorCoiiex 

(n) 
5'U2I Cortex 

/ 	 S / 
/ 

S 

8.5 (ri) Neural pathway dAtA ruler catching reaction 

(http://faculty.washington.edu/chudler/bex/4rt1.pdf)  (i) 13HIn)nMiaal ruler catching method 

(http://www3.wheatonma.edulkmorgan/brain  mindbehavior/ReactionTime.html) 
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iJn 60 "'TD 100 MUPWM 

9i5i;i 	flfl1lYli UltJfl111 	Juii 1iU 
_21 21 

1 	 winuut 	 (iJvi 8.5) nnuw 	1LIU 	ifl 

nun 1 

2. n1i 
91 21 

8.5) 

2' 	 2' 	 .- 	v  
3. tiflT "Y]..J" 	1U11-V') 10 	 "Y.J" 9.L1M 

4. 

 
9.' 2' 

21 

5. tiincin i,uii L 	 UlUll 	 lflWflfl 

LLJ 	fl1'N 7.5 
21 	 b 

6, 	3, 4 tt5 	n10 t3i 

tnuvn 10 	14 I'1fl "i" (T. 	ULLflJl 

u) 

7. fl 	n"t 	fl(1JW9J T11J' 1-6 

8. L1ian..n wi 	nviili-wiwn reaction time 	J 1fla1l..! 

nunh reaction time 	 ilth 

t=] 
cl  

CI 

= V') 

d = 	(ti..i) 'v11u1rinv 

a = 980 9l..J / °i..fl 2  (cn 	fl.JL( 	It') flfl 	fllW..J 

t114 	flfl1fl 	 20 12,1. nni 	ith t 	u 

/2x20 

	

t= 	I 	=0.20rn.,r15 
V 980 

 
. 1l4Ii 	 '14 WY reaction time 1 	 t.0 	L14 WN 8 M 114

0.' 
 

14flVIJ01I 	8 n 	atiun Lci Lti'L flL 	'] reaction time TtIN91i 

10. 1fl'1 1J reaction time 	 L14U' 	LWfl thfl4r LL 'JflJ Wi 
9- 

YLI1 reaction time Lflflhi'U? 
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ow 
reaction time *nJIJ L 	 iti wiirni 

1S 
Ua,

U 
	a

I 9l 
a' 

Reaction time 

1LJ17  

 a' 

Reaction time 

1 0.39 0.05 17 6.69 0.19 

2 0.79 0.06 18 7.09 0.19 

3 1.18 0.08 19 7.48 0.20 

4 1.57 0.09 20 0.79 0.20 

5 1.97 0.10 21 8.27 0.21 

6 2.36 0.11 22 8.66 0.22 

7 2.76 0.12 23 9.06 0.22 

8 3.15 0.13 24 9.45 0.22 

9 3.54 0.14 25 9.84 0.23 

10 3.94 0.14 26 10.24 0.23 

11 4.33 0.15 27 10.63 0.23 

12 4.72 0.16 28 11.02 0.24 

13 5.12 0.16 29 11.42 0.24 

14 5,51 0.17 30 11.81 0.25 

15 5.91 0.17 31 12.20 0.25 

16 6.30 0.18 32 12.60 0.26 

(http://www3.wheatonma.edu/kmorgan/brainm  indbehavior/ReactionTime. html) 

1flI4 

1. n7m IDUMTALTS. 2552. 	n1 	 flfi41Vi4 (Fundamental Cell 

Biology Laboratory) 	n'if 	LtUt714U 	99-110 

2. Gunstream, S. E. 1994. Biological Explorations A Human Approach. 2nd ed. 

Macmillan College Pub. Comp.: New York. p.  167-177. 

3. http://brainconnection.positscience.comftopics/?main=fa/neurological-exam3  

4. http://faculty.washington.edu/chudIer/bex/4rtI.pdf  

5. http:/Ifig.cox. miamLedu/-cmallery/1 50/neuro/c7.48.4.kneejerk.jpg 

6. http:/Iwww.goog!e.com 

7. http://www.healcentral.org/ contenticollections/RCSI/cnsO44.jpg 

8. http://www.keyword  picture.com/abuse/accommodation%20reflex%20pathway  

9. http://www.the-aps.org/education/lot/pdfs/neurnetworks03.pdf  

10. http://www3.wheatonma.edu/kmorgan/brainmindbehavior/ReactionTime.html  
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8 

ni nai 	 Wwi (Muscle and Nerve Actions) 

1 .......................................................... W B 

2 .......................................................... .ii.B ............................. 

— 
I 	 flJI1 	(Muscle Action) 

C'. 

i.rvi 8.1 

'nnnntrn1ulu 20 

2, 

9,  

crYJ 	 ?(Ln 	 rn) 

A4 	 .4 9, 	 0 	 21 
8.2 

0 	 01 	.0,1 	119, 	9. 
 30 	

09 

fl'UU L 	UiJJn9L  
91 	I 

V1 
09 

21UV 1 
I 

09 

AUVI 2 
09 09 	o,1 	9,09 

LiJU 
09.019,09 

u1V1JtJ1.,1 
0911 	909 

L1ltfl01 

2 

3 

4 

5 
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nqnij 2 fl 	11V1fl13JLWE 1iflfli1 	IL (Reflex) 

cnri 	8.3 Patellar tendon reflex 

rnLn2 

i*1!J (iu) 

1J1lTl (3') 

ri'itj (i) 

* 3+ = LLJ1fl, 2+ = flquniiqi, 1+ = L1J14q1') 0 = 

6fl 

rani,amwav Photopupillary reflexes 

I, 	 I.. 	 I 
1. W1J LY'PflJ 	pupil 1 	iJflUn 

a 	 t a 
2. fl 	LLllflU 	 '1' LL1flJ 	 fliIJ 	pupil 	i'9fl 

td ii 	a 	9  
JJ1' L?? lAIfl L 	Li1')tJ W1'l'1iYI 	h4J 	 W? 

3. nimaijiwaAuTh 1 Luc 2 tih pupillary reflexes 	i'i.? 
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0 

n'nani 3 n 	 Reactions 

8.4 Ruler Catching method 

1 	(i/n) MW 2 	/) 

LquRaJPIT Reaction time ('i) Reaction time (4fl) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

l'1VMti 	 1tT1 1'LItJ 

L'M'1 	1AM  ID 

0 	 0 	 V 
flfl14 1. WflUL 	 UW1Jfl'1i reaction time flfl flT1 

LV 	L10L? 

V 	 4 4 V 
2. 	flflnn 	flnu 	UJ reaction time 	 ifl? Ln1lc? 
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