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Water

Water

Fig. 1.2 Orientation of phospholipid molecules at oil and
water interfaces. Depicted are the orientation of phospholipid
at an oil-water interface (A) and the orientation of phospholipid
in a bilayer, as occurs in the cell membrane (B).
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TABLE 1.1 Approximate Compositions of Extracellular
and Intracellular Flulds

Extracellular Intracellular

Substance and Units Fluid Fluid®

Na® (mEq/L) 140 14

K* (mEq/L) 4 120

Ca*, ionized (mEq/L) 2.5 1x10*
CI (mEq/L) 105 10
HCO;~ (mEq/L) 24 10

pH® 7.4 7.1
Osmolarity (mOsm/L) 290 290

*The major anions of intracellular fluid are proteins and organic
phosphates.

*The corresponding total [Ca*] in extracellular fluid is 5 mEg/L

or 10 mg/dL.

“pH is —logy, of the [H']; pH 7.4 corresponds to [H'] of 40 x

10 Eq/L.
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Fig. 1.3 Fluld mosaic model for cell membranes.
TABLE 1.2 Summary of Membrane Transport
Carrier- Uses Metabolic
Type of Transport Active or Passive =~ Mediated  Energy Dependent on Na* Gradient
Simple diffusion Passive; downbhill No No No
Facilitated diffusion Passive; downhill Yes No No
Primary active transport  Active; uphill Yes Yes; direct No
Cotransport Secondary active* Yes Yes; indirect Yes (solutes move in same direction
as Na* across cell membrane)
Countertransport Secondary active* Yes Yes; indirect Yes (solutes move in opposite

direction as Na* across cell
membrane)

*Na* 1s transported downhtll, and one or more solutes are transported uphtll
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Fig. 1.4 Kinetics of carrier-mediated transport. T, Trans-
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Fig. 1.5 Simple diffusion. The two solutions, A and B, are
separated by a membrane, which is permeable to the solute
(circles). Solution A initially contains a higher concentration of the
solute than does Solution B.
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Fig. 1.6 Na*-K* pump of cell membranes. ADF, Adenosine diphosphate; ATR adenosine tri-
phosphate; E, Na*-K* ATPase; E~P. phosphorylated Na*-K* ATPase; P, inorganic phosphate.
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Fig. 1.7 Na*-glucose cotransport in an intestinal epithelial
cell. ATP, Adenosine triphosphate; SGLT1, Na*-glucose transport
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Fig. 1.11 Generation of an Na' diffusion potential.
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Fig. 1.12 Generation of a C- diffusion potential.
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Net driving force (mV) = E;, — E

where

Driving force = Driving force (mV)
E, = Actual membrane potential (mV)
Ex = Equilibrium potential for X (mV)
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g, etc.= K* conductance etc. (mho, reciprocal of
resistance)

gr = Total conductance (mho)
Ey. etc.= K" equilibrium potential etc. (mV)
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Fig. 1.13 Time course of voitage and conductance changes during the action potential

of nerve.
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Fig. 1.14 States of activation and inactivation gates on the nerve Na‘channel. 7,
In the closed but available state, at the resting membrane potential, the activation gate is
closed, the inactivation gate is open, and the channel is closed (but available, if
depolarization occurs). 2, In the open state, during the upstroke of the action potential, both
the activation and inactivation gates are open and the channel is open. 3, In the inactivated
state, at the peak of the action potential, the activation gate is open, the inactivation gate
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Fig. 1.15 Spread of depolarization down a nerve fiber by local currents. A, The Initial
segment of the axon has fired an action potential, and the potential difference across the cell
membrane has reversed to become Inside positive. The adjacent area Is Inactive and remalns at
the resting membrane potentlal, Inside negative. B, At the active site, positive charges inside the
nerve flow to the adjacent Inactive area, C, Local current flow causes the adjacent area to be
depolarized to threshold and to fire action potentials; the orlalnal active reglon has repolarized

back to the resting membrane potential.
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where

T = Time constant
R = Membrane resistance
Cn = Membrane capacitance
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MOTONEURON

Acetate

Depolarization

@ of motor end plate
Action potential i

in muscle

Action potential
in nerve

ACh

Motor
end plate

Presynaptic nerve
terminal

MUSCLE

Flg. 1.16 Sequence of events in neuromuscular transmission. 1, Action potential travels
down the motoneuron to the presynaptic terminal. 2, Depolarization of the presynaptic terminal
opens Ca* channels, and Ca** flows into the terminal. 3, Acetylcholine (ACh) is extruded into the
synapse by exocytosis. 4, ACh binds to its receptor on the motor end plate. 5, Channels for Na*
and K+ are opened in the motor end plate. 6, Depolarization of the motor end plate causes action
potentials to be generated in the adjacent muscle tissue. 7, ACh is degraded to choline and acetate
by acetylcholinesterase (AChE); choline is taken back into the presynaptic terminal on an Na‘-

choline cotransporter.
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TABLE 1.3 Agents Affecting Neuromuscular Transmission

Effect on Neuromuscular Transmission

Example Action

Botulinus toxin Blocks ACh release from presynaptic
terminals

Curare Competes with ACh for receptors on
motor end plate

Neostigmine AChE inhibitor (anticholinesterase)

Hemicholinium Blocks reuptake of choline into

presynaptic terminal

Total blockade, paralysis of respiratory muscles, and death

Decreases size of EPP; in maximal doses produces
paralysis of respiratory muscles and death

Prolongs and enhances action of ACh at motor end plate
Depletes ACh stores from presynaptic terminal

ACh, Acetylcholine; AChE, acetylcholinesterase; EPP, end plate potential.
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Choline Esters Biogenic Amines Amino Acids Neuropeptides
Acetylcholine (ACh) Dopamine y-Aminobutyric acid (GABA) Adrenocorticotropin [ACTH)
Epinephrine Glutamate Cholecystokinin
Histamine Glycine Dvnorphin
Norepinephrine Endorphins
Serotonin Enkephalins

Gastrin-releasing peptide (GRP)

Glucose-dependent insulinotropic
peptide (GIF)

Clucagon

MNeurophysin 11

Neurotensin

Oxytocin

Secretin

Somatostatin

Substance P

Thyrotropin-releasing hormone (TRH])

Vasopressin, or antidiuretic hormone
(ADH])

Vasoactive intestinal peptide [VIF)

Spatial summation v
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Excitatory postsynaptic potentials !

Inhibitory postsynaptic potentials "
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Choline + Acetyl CoA

Synthesis choline acetyltransferase

Acetylcholine

acetylcholinesterase
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Degradation

=

Choline + Acetate

Fig. 1.17 Synthesis and degradation of acetylcholine.
Acetyl COA, Acetyl coenzyme A.

a5 (Sloddie i sldg)e aee I g Slewl)l puac

Sgdb oo by JByol (Vgoe awoliw i sladg,s

2300 GLES 1) (el oS il 40325 9 sl (6l yems VAV S
5od oS 5§ A wplsS Jl 5 S ol i 4L 5
Jetsl g8 Loy 1iSly cnl &5 wiilooe 1y g8 i
mas Abl Sl odsS Jutal o (ol 09t oo 2B 0l 5
Slatil gyl slié o @ 9300 bl ol oy
ouds fate (5SSl (s slooni S 4 il o 5 iy o0
Syl oS el (il SL2E )0 S o0 JUb 1, T 5
S oo S Sliwl 5 Gl 4 ) S Jutul 45 ol 292
By (omilimm lid ;o 1) oS il Joo o 55l
N1 edsS Jel a2 51 a8 lsS l ped Ly S o
i sl Toaze b 090 oo Jiie (pumlioms g AL & 09 oo

565 5l B ookl 390 oz (s J

cobigd 9 o pi) o p2 )8
@logal 5l oolsils G glael calysd 5 n il (onyiinlyg
s g 2iaa ol d oS e sle iy S Ll attes Soijse
ahews & ey ONA JSD) Wl Siide Flign e
w0 beo-Jl 5 ogise o beo-Jl & DS gp0ue (59,5
Geolisd ST osbie howd rolgd & S 92,50 Lgo alews
975 smas 4lly SsS 15T slasS g )0 DSy -l
e ST ogbioe hos iy 4 by Bl il

ol yo) 0l axisls 3959 (PNMT) 51,005l 5 o b eV i1

Synaptic fatigue °

Long-term potentiation *

Post-tetanic potentiation *

sy pupliw Colled & plbogy b

LD 0
U SRCCIN S PPV [ 251 IWRRCIPN-+ I B ) L7 AR WSV
Eel 5,56 S50 lae (pl Ho a0 F ) el H0 Sl (e
A3l U o ) i gl oo il o 535
b Giola,y o158l S i a0l 050l a5 el o) s oliel
3 S lBlal 51 A0 Yol oS sl uliew 0 ceac
6)Lw o).._’>.b L) f&:-\.o A.;J.? CA.?}EJ ] GAMLH-MJW 4.;[.'[4
5 e szl piale, Sl Jals 5 amse &, bl
sllie  cowlu> 6l 5 cwlew i slaall

D9 5o (o Ay (cammp i oy

ol Jobos 53 39500 latil axl 5l iSo 68 Seuly S
abl o cras b p135 adss 5l 56 Yas! aS S sl

s s 2uile

e o Gl Jold obierd Gl o Sledbl ]
B oy o el cmbiwiin Jske Sl uae
Glas )o ohg seoni S A peas (e Jlail 5 (gl
el sl Jailty )0 a5 olom) sl (ol

e G plsie a4 osle Sogo) 2Ll sl 2 sl jlee
sl calwion Jobo 50 Wb oole g co ooliiul ooac
s il (gl iy sk J S 51 by ools 105
slid (55, Siglayd cdale o olign Oyo 4 0ole ST

Gl Wb gl Joko ol gl a3, culow
3L 1N VIVO b

D508 ol 3 gAiLd A Glgi o 1) crac il Slge
loastng)ss o el Sladewl «Sijgn ol (dsS Juinl

os5 i
lizie hYs 4 ae 2ol SO Glyie 4 g el s
Jlasl o a5 canl eas _mbe b5 oS it Sl Sl
pled 5l cmae il pl 0gb e oolitul  Sdlac  eac

s )0 (Sloddie uy (Slacyg )98 ydun g Slodde st slagyg el

Facilitation '

Augmentation '

https://www.researchgate.net/profile/Mansoor-Keshavarz/publications :;! K|, ssbils



Y¥ .-

G (5 590 99 58 IS J g) Jucd A 5

LINDA S. COSTANZO

DS jpaia siS3

https://www.researchgate.net/profile/Mansoor-Keshavarz/publications :3| K, sgbls

Degradation

y Sl
v

g fe
A

D+ Copr
\h Homovanillic acid (HVA}

dopamine B-hydroxylase

Dihydroxymandelic acid
o /’lfﬁ/

neurons Morepinephrine = Mometanephrine
o
3-Methoxy-4-hydroxymandelic acid (VMA)
phenylethanslammne-N-methyiiransferase

b o o

Adrenal S - COMT
= S—
A4

o
3-Methaxy-4-hydroxymandelic acid (VMA)

Fig. 118 Synthesis and degradation of dopamine, norepinephrine. and epinephrine.
COMT Catechol-0-methyltransferase; MAQ, monoamine oxidase.
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Fig. 1.19 Synthesis and degradation of serotonin. MAO, Monoamine oxidase.
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Fig. 1.20 Synthesis and degradation of y-aminobutyric
acid (GABA).
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Fig. 1.21 Structure of thick (A) and thin (B) filaments of skeletal muscle. Troponin is a
complex of three proteins: |, Troponin I; T, troponin T; and C, troponin C.
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Fig. 1.22 Arrangement of thick and thin filaments of skeletal muscle in sarcomeres.
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Fig. 1.25 Transverse tubules and sarcoplasmic reticulum (SR) of skeletal muscle. The
transverse tubules are continuous with the sarcolemmal membrane and invaginate deep into the
muscle fiber, making contact with terminal cisternas of the SR.
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EXCITATION - CONTRACTION IN SKELETAL MUSCLE

@ Action potential in muscle membrane

A4
@ Depolarization of T tubules

A 4
Opens SR Ca?* release channels
(ryanodine receptors)

W
@ t Intracellular Ca+ concentration

W
@ Ca?* binds troponin C

W
Tropomyosin moves and allows interaction
of actin and myosin

l

@ Cross-bridge cycling and force-generation

]

® Ca?* reaccumulated by SR — relaxation

Fig. 1.25 Steps in excitation-contraction in skeletal
muscle. 58 Sarcoplasmic reticulum; Ttubules, transverse tubules.
See text for explanation of the circled numbers.
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Flg. 1.24 Temporal sequence of events in excitation-
contraction coupling in skeletal muscle. The muscle action
potential precedes a rise in imtracellular [Ca*l, which precedes

contraction.
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Fig. 1.27 Length-tension relationship in skeletal muscle. Maximal active tension occurs at
muscle lengths where there is maximal overlap of thick and thin filaments.
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Fig. 1.28 Initial velocity of shortening as a function of afterioad in skeletal muscle.
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Flg. 1.20 Mechanisms for increasing intraceliular [Ca®] in smooth muscle. ATE Adenosine
triphosphate; &, GTP-binding protein (G protein); IPs, inositol 1,4,5-triphosphate; PIA, phosphati-
dylinositol 4,5-diphasphate; PLC, phospholipase C; R, receptor for hormone or neurotransmitter.
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