= Solute = substance dissolved in a solution (ex: salt)

= Solvent = substance that solute is dissolved in (Ex: H20) (Fig. 3.6)
o Types of transport:

= Passive transport

NGNRGegREd (o ATP)

Movement from high [] to low [] (i.e. down its [] gradient)
= DIFFUSION

Diffusion =
The => the more molecules wants to

move
LESS [ GRADIENT VS. HIGH [] GRADIENT depends
on the [solute] on one side of the membrane. Check extra
notes
Types:
o Simple diffusion (PASSIVE TRANSPOS\&OIH&:
movement) (Fig. 3.7a)

.

“IQ , lipid-soluble (02, CO2,

\ eN \S age _
P P Facilitated diffusion (PASSIVE TRANSPORT)

(solute movement) (Fig. 3.7)
= Still from high [] to low []
= For

(NOTE: lipid soluble
molecules diffuse by simple diffusion)

= Diffuse across membrane _

) into sk. muscle




NOTE: lower OP =
higher [H20] and
vice versa

Less solute outsid
(higher [H20]) of cell
Cell swells (takes in
H20) + may burst
NOTE: Think of

“Hungry, Hungry,
Hippos

NOTE: If the -

=> then it’s

uf

(therefore, lower
[H20]) than ICF (=
CYTOSOL)

Cell shrinks (loses
H20)

O - solution

NOTE: “iso-*“ = same
ECF and ICF have
Cell neither shrinks
nor swells

RBC = All [solutes]
w./in equals

matter

when we’re



)
* (NOTE: gated channels are named

after their stimuli)
" Other examples:

o Temp’ = thermal gates

© Mechanical (physical)
deformation = mechanical
gates
O Resting Membrane Potential (RMP)
= (Fig. 11.7+11.8)
= NOTE: Diff. in [ionic] on diff. side
® Atrest ), a

exist just (= \(
MEMBRANE POTENTIAL) O _\)
NOTE: Voltage is alwa be

Wween 2 points (=

\bcllctors E P (Fig. 11.8):
a.gHK#ATPase (Na+/K+ pumps)

o Breaks down and

preV'® m@&

=> both ions are pumped

therefore, -

o Effects:

= IMPORTANT: maintains [] grad’ of Na+
and K+

(a

* -- inside cell

o0 Can’t cross membrane (org- are non-diffusible)
NOTE: Large org- ions stay inside b/c they’re too
large to diffuse and transport



* 3.) More non-gated K+ channels than non-gated Na+
channels (this is not the Na+/K+-ATPase pumps)

o is than Na+
. Therefore, is the

o K+ diffuses out of cell down its [] grad’. Tf, cell
loses +ve charge (inside becomes more —ve inside)

o Unlike charges attract and
— negativity

inside the cell pulls the positive K+ back in

o 0 increasing attraction to -
— which is due to K+ efflux
o , tve charge going out (.
+ve charge
RS
.
o \%’699 moving out

the tve (Na+) moving in (at

@%qual leaving and

(ions — Na+ and

-70 mV
© Electrically Excitable Cells
= ONLY
= Capable of (-70 mV = set point)

(= changes in ext. or int. envr’)

=  When a neuron is stimulated:
* A)) Gated ion channels (voltage-gated channels) (ex: Nat/

1 (MP = a charge/voltage diff. across membrane))
. (NOTE:

graded b/c of various levels/grades due to strength of
stimulus — ex: small changes in MP — either +ve or -ve) (i.e
open lots of gates => strong stimulation)

* GG Triggers i aton poietl (AP) (i 1.1

o NOTE: -55 mV = THRESHOLD POTENTIAL



preV'e o age ISR

and if it’s

= Steps:

1.) Critical stimulus

v

2.) GP reaching threshold (= -55 mV)
v
3.) AP
The story so far...
Stimulate neuron

7

Gated ion channels open _

2
. (change in membrane potential)

K
« \ééa\e coY

O Degofajiz
d& e&lZ%nﬁal

Dies out (repolarizes
- RMP) AP

Action Potential (AP)

- Anerve impulse signl)

= How neuron transmits a signal

(Table 11.1)

O Steps (Check back to notes for an imp’ drawing) (Fig.11.11):
= 1.)GP-
= AP...




o0 3.) Rise Ca++ triggers exocytosis of nt-
containing vesicles

O 4.) Nt crosses synaptic cleft, binds to specific
receptors on postsynaptic membrane

.= open in response to nt

o 5.) Gated ion channels open => allowing

movement of ions into (-) postsynaptic
membrane (Fig. 11.16)

= Creates graded potential (GP) called a
(PSP)
. Characteristics of PSPs is
SAME as GP — any type of GP has same

characteristics as ordinary GP \(
o Postsynaptic potentials (PSPs) U

. PSP.s may be: a\e 'CO |

s o\N "(O o EPYPs &(ﬁg. 11.19 + 11.18)
tb opening of Na+ (or Ca++) channels or

e
P ( e\,\ P a.ge closing of K+ channels

= NOTE: Some stimuli can close channels

o Ntis often ACETYLCHOLINE (ACh) or
GLUTAMATE (Note: there are other types of
nt)

" 2. Inhibitory PSPs (IPSPs)

© =GP = causes hpz’ (moving away from -55
mV to more —ve charge)
Inhibits neuron from reaching AP
Nt is often GLYCINE (DON’T MIX THIS
WITH EXCITATORY GLUTAMATE) or
GABA

= PSPs occur on CELL BODY or DENDRITES (Like any GP)

Many neurons can synapse on to one (postsynaptic

neuron) Fi. 11.16) > I ASUEPSPA S SUHAGON



. _ = pathway of impulses

= Fig. 13.15
Stimulus => R (specific to a type of stimulus; responds to a specific stimulus) = CNS =>
E (effectors)
= Reflexes
O Reflexes are categorized according to:

¢ = effector is _ (Fig.

13.17)

* 11.) VISCERAL (-i = effector is

= B.) Which side of the body the sensory + motor neurons are
located (Fig. 13. 20)

* i) IPSILATERAL reflex = §énsoty + motor neurons on|
- W
o Ex: stimulus on right side :6@n§ put on
a\e.
reﬂ%Z
&

side = response/output on

right side

POLYSYNAPTIC reflex =
_ (NOTE: # of synapses doesn’t equal
the # of neurons)

= Examples:

o A.) SOMATIC spinal reflexes (somatic — E = sk. muscle)
= 1.) Stretch reflex
* Ex: Knee jerk reflex

o NGO SSGORFARH (s 13.15)

o Stimulus = tapping the patellar ligament, which

stretches the muscle (quad’)

© Receptor = (in quad’) (i.e.



¢ I epinephrine - => activates cAMP = r
9

*  Why use 2" messenger systems?

> A.) Hormone can’t enter cell (water soluble

hormones can’t enter phospholipid bilayer)
© B.) Rapid acting (
— you don’t have to make the protein — you

just activate them)

->
(ex: G protein = enzyme molecule) -

(i.e. hormones) can be

» Breakdown of hormones
o Lipid soluble hormones

= Still binds to receptors (= intracellular receptqes

E
)

:@ r settible hormones — peptides,

Takes time. Tf,
= Steps for action:

* A)) Enter target cell and bind to _ =

nuclear — in cytoplasm or nucleus, NOT intercellular)

a specific region on
=> starts gene transcription

(transcribing
messenger RNA (mRNA)

¢ to produce -
-> translating a series of nucleotides from

mRNA to a. acids [aa] - DON’T CONFUSE IT W.
TRANSCRIPTION)
© Regulation of Hormone Secretion into Blood:
» Fig. 164



NE converts glycogen to glucose IN
LIVER)

well, esp.

Therefore:

(other cells of the body)

(control: GH,

— they signal non-NS to
use fats for NRG)

o Overall:

(b/c y
d Tats and then use

em as NRG source) = NRG
— brain uses

cose)

, inhibition of

(ex: bone) =

+ antidiuretic

hormone
to

O Long Term Effects
(b/c fats and proteins are being used),

(b/c of A in blood glucose due to
cortisol inhibiting the release of glucose)

3.) Phase 3: Exhaustion

O Results from:

. (NOTE: Na+t is

used in causing AP)



prev!

= Bone growth, closure of epiphyses (epiphyseal plates close up)

= (NOTE: in males: testosterone goes into bones then
- to stop growth = _ — becomes epiphyseal
line)

O  Progesterone

Ovarian and Uterine Cycle
o Both occurs simultaneously

: Days 1-14

.) (Check the chart in extra notes)

O

O TI, blood estroge
Later on:

egte floa n%ro
er
ags at same time as la

e\l\!,"

1d of antrum)

(layer of endometrium)

* Proliferative phase (days 6-14)

© NOTE: = day 14 = ovulation

and causes

= 2.) Ovulation (Day 14)




(High NRG)

= NOTE: Break P bonds — NRG released

(ex: protein synthesis, etc.)

o Production of ATP using glucose

= Glucose enters most cells by _ (Tf,

no NRG/ATP needed — NOTE: it uses protein but
doesn’t use ATP) (may be A\’ ed in some cells by insulin

since

; in other situations,

(NRG/ATP needed) is used) u\(

= Overall: CO .
CsH1206 (1 glucose) + 602 =

e.
{got®
m
s A

ycolysi 0
an be aerobic or anaerobic

- Anaerobic => doesn’t require O2 even if O2 is present
B.) Enters mitochondria =
C.) Krebs’s cycle
D.) Electron Transport Chain (ETC)
= Check extra notes for chart!!

= Steps (F

preV\ s

= NOTE: when glucose is not present, we can still live off
proteins and fats
O In the body (Fig. 24.3):

. . => glucose = ATP

— depending on the body’s need,

(liver, kidney) or ATP

or

(most cells)




* Cycle repeats many times to shorten the sarcomere
(Fig. 9.6)
o Sliding Filament Mechanism
o Sarcomere shorten (Fig. 9.6)

= H zone (=lighter band at center of A band ?*MYOSIN ONLY)
and I band (=light band = actin + titin overlap) shorten
= A band = same length (which is the length of thick filament)
o Myeofibrils (NOTE: myofibrils makes up myofiber = muscle fiber)
shorten
o Thin (actin) + Thick (myosin) myofilaments remain the same length
O  Muscle Fiber Relaxation
o Steps (Fig. 9.8):
= 1.) ACh broken down by AChE on motor end plate (=

sarcolemma; which is facing the synaptic cleft)
* NOTE: GO BACK to the drawing of &%

Neurotransmitters — AC @
= 2) SR actively takes a+t2- ATPase)

es acti Z%)rt because Ca+2 is
1 g agal ySe f, ATP used

\, \e\l\l “) Tropo ’7 yosm binding sites on actin (b/c
P ( e ?@a_ more Ca+2 that binds to troponin)
= '4)

4.) ATP binds to myosin and release myosin head from actin
(no more actin-myosin binding) (Fig. 9.12)
O ATP necessary for:
o 1.) Cross bridge release (NOTE: ATP is not broken down yet when
cross bridge breaks)
o 2.) Activation of myosin (when ATP = ADP + Pi)
O 3.) Pump Ca+2 back into SR (NOTE: WHEN Ca+2 IS TAKEN UP:
it’s going against [] grad’; DURING RELEASE OF Ca+2: don’t need
ATP b/c we have high [] of Ca++ in SR already which goes down its
grad’)
o 3.) Fiber (= muscle fiber) Na+/K+-ATPase activity
= To reestablish [] gradients (i.e. Na+ and K+)
© Muscle Tension (Fig. 9.13)
o = Force exerted by a muscle or a muscle fiber
= Determined by a # of cross bridges formed
© In a muscle fiber — affected by:



Excitation-Contraction Coupling in Myocardial Cells

o 1.) Open v-g Ca+2 channels of AP
= Small increase in cytosolic Ca+2 (extracellular —- FROM
OUTSIDE TO INSIDE) = not enough to trigger contraction BUT
o 2.) Opens CHEMICALLY-GATED Ca+2 channels on SR => Increases
cytosolic Ca+2 => Binds to troponin, etc.,etc. => leads to contraction (same

events occur just like the events that occur in sk. muscles)

o 3.) Contraction

= Refer back to sliding filament mechanism

= Begins a few msec after AP begins

= NOTE: we don’t want maintained contraction => heart would stop

pumping if contraction is maintained

= Duration of AP == 250 msec and duration of twitch/
CONTRACTION == 300 msec

.\ 1O
=3¢ Q“’E‘ﬁfj@

Tf, contraction is almost over when AP ends )ﬁ{
RESULT = NO SUMMATION — REF M 10D
PREVENTS TETANUS \67 ;6 18.13

et alternation of

on an%el@éonce contraction ends,
relg

= 1) Electrlcal Activity (ECG or EKG)

NOTE: ECG = we’re looking at the whole electrical event
of the whole heart
Small currents due to dpz’ and rpz’ of heart movement
through salty body fluids
Potential measured on body surface using electrodes (=
leads)
Recording seen as waves
o = SUM of electrical activity of all myocardial cells
(NOT AN AP)
ECG Waves (Fig. 18.17 + 18.18):
© A.) P wave = atrial dpz = followed by contraction
© B.) QRS wave = ventricular dpz => contraction
= Also atrial rpz (= relaxation) — but masked
by a larger ventricular electrical event (due



= Digitalis (drug) -- A Ca+2 inside (Tf, A
contract motility)
o Forced decreased by:
= Acidosis — excess of H+
= A external K+ -- not a lot of K+ leaves
the cell; Tf, no restoration of RMP
= Cat2 channel blockers

i.e. drug (Ex: verapamil)
* Blood Circulation
o Blood Flow = volume of blood flowing through any tissue per min

(mL/min — same unit as CO)

BF in a vessel is determined by _

BF is calculated as:
=  Flow =AP/R = (b.p. gradient)/R

* F=Flow
* AP =b.p. gradient ?‘AA\(
) (A aorta (low P) to
arteriolgg (Y @D AMETER OF LUMEN
) N@’O @PS’)

— HIGH
)

o Opposes flow — friction of blood rubbing
against vessel walls

o ;
m (Iess R when diameter

is big and vice versa)
= b.) Blood viscosity (A viscous = A\ R)
* NOTE: vessel length and blood
viscosity doesn’t normally
change

c.)

(major

)
by

(NOTE: NO PSNS innervation of b.v.)

Vasodilation = A\ radius



previ®

@)

Vasoconstriction => skin, viscera
— reinforces SNS

Vasodilation = heart, sk. muscle,
liver — opposes SNS in just these
specific areas b/c we want
increased blood flow in these
areas

= Other hormone

° — causes

o Ex: allergy/ inflammatory

response

Blood Pressure

= Hydrostatic P exerted by blood on wall of blood vessel F
_ — results when F is op osed

Systolic pressure = pressure due Ve ﬁ strrctlon
Diastolic pressure = pr cular esistance (when

ventricle arﬁ are j w
V% 'g re in ry N2 = systolic/diastolic)

Arter1al @ure (MAP) = regulated _ — the body

regul Varlous baroreceptors — aortic arch and carotid
artery (i.e What the body measure)

= = Average b.p. through cardiac cycle

= But (Check chart w. timeframe in
extra notes), so:

MAP regulation:

= F=AP/R=> AP = (F)(R)

®*  Where TPR = resistance in all arterioles; HR (beats/

min); SV (mL/beat)

AP = MAP — venous P (P in vein is ~ 0 = Tf, AP = MAP)
MAP is regulated by controlling:

* 1.) Cardiac output

* 2.) TPR (arteriolar radius)



@)

= from blood
then from endothelial cell

» C.) Mediated transport

capillaries by:

Requires a carrier protein

Imp. mainly in the brain
©  Fluid (H20) enters (FABSORPTION) or leaves (= FILTRATION)

o NOTE: movement out of caps’ = filtration; into caps’ = absorption

preV'®

= 1.) Osmosis
= 2.) Bulk flow — due to P diff.

= Net Filtration Pressure
NFP (1

o FYOH:

4 pressures involved (Check extra notes):

P a@e

@)

Blood hydrostatic P (BHP) = b.p.

ISF hydrostatic P (IFHP) = 0 mmH
ISF osmotic P (IFOi) =

§+IF P) — (BOP +IFHP)

+IF s filtration and (BOP
1\trats ( absorption)

extra notes
NOTE: Whichever has the largest # in the
formula, it’ll determine whether you have net
filtration or absorption
Check extra notes for an example

In prev. example:

@)

@)

= 10 mmHg + (-9 mmHg) = Imm Hg
* T, he filtration
Tf, in the whole body

= 90% of filtered body fluid (= ISF)
reabsorbed to blood

= 10 % enters the lymph — which goes
back to the blood eventually

= Tf, ISF volume remains constant --
100% of filtered fluid gets into the blood
eventually



© Clinical Application
= Edema
* = Accumulation of fluid (.) in the tissue

ISF causes swelling
* Dueto:
High b.p. (= increased in BHP)
Leakage of plasma protein into ISF =
inflammation (AN IFOP)
o W plasma proteins (due to ex: malnutrition,
burns) (tf, ¥ BOP)
O Obstruction of lymph vessels — from ex:
elephantitis, surgery
= Circulatory Shock

= Inadequate blood flow

* (W 02, nutrients to cell) u\(

o 1.) Hypovolemic shock GO
NOTE, < \eemlc = “low volume”

Dueto: s, severe burns,
. \N “( Om Q @%1 &omiting
e % scular shock

e
P ( e\,\ P a.g = Blood vol’ normal but blood -

—

=  Examples:
* a.) Anaphylactic shock = allergic
rxns
©  Due to lots of histamine
(=vasodilator) released
from lots of mast cells
o NOTE: Epi pen => lots of
EpiE = causes
vasoconstriction to offset
vasodilation
o 3.) Cardiogenic shock
= Pump failure = W cardiac output



o NOTE: RBC = no nuc’ or
mitochondria (b/c mitochon’
uses O2 for cell resp’ => we
want O2 in gas transport)

= Tf,

(i.e. don’t use O2)

* b.) White Blood Cells (WBCs) (= Leukocytes)

©)

@)

e 8A Oclotting

1.) Granulocytes
= 1.) Neutrophils
* Firsttoenerinfected re (.
17.10)
= 2.) Eosinophil
(ex: worms)

— inhibits local

© NOTE: in order for
neutrophils to get into
infected areas — blood clot
must be inhibited in infected
areas
ii.) Agranulocytes
= 1.) Monocytes
= 2.) Lymphocytes

a.) T-lymphocytes

O-

b.) B lymphocytes

o When , they -
which




o Thoracic walls recoils out, lungs recoil in
o NOTE: lungs are elastic — but fluid holds them
together; Tf, P ip is slightly reduced
=  Types (Fig. 22.13 + 22.14):
®  Quiet Inspiration
o ACTIVE process = still requires ATP (b/c muscles
contract)
o -, (before muscle contracts): P atm =P alv (P
inside lungs) (760 mmHg) — no air moves, then:
= i) Diaphragm, ext. intercostal contract
* Tf, A\ vol. of thoracic cavity
= ii.) Lung resist expansion
* Tf, Pip V¥ (756 mmHg = 754
mmHg) (Fig. 22.14)

= iii.) Higher P difference between\l:)lgand P
ip pushes lungs out = IWQ Tf, P
alv W (b/c \ﬁ? => 758 mm Hg)

(}?;vn P gradient (until P

o WQOY% ;
pad

iaphragm, ext. intercostal,

preV!

(Tf, ACTIVE)

= All aid in inspiration (
)

o Big A in vol of thoracic cavity — Tf, P gradient

_) A and more air moves in

c.) Quiet Expiration

o Relax muscle = lungs to resting size = Tf, W
thoracic cavity (PASSIVE PROCESS)
Lung vol W, P ip A\ (754 = 756 mm Hg)
Tf, P alv AN (760 = 762 mm Hg) => air moves out/
down P gradient
* d.) Forced Expiration
© Labored or impeded (ex: asthma) breathing
o Relax diaphragm, ext. intercostals + contract int.

intercostals, abdominals (ACTIVE PROCESS)



by T, liliory Sgaa e

= i.) Gastric motility (slows emptying) due to:
* 1.) CCK —released due to presence
of FAs, a. acids
* 2)

o Directly
o Signals CNS => SNS
= ii.) W gastric secretion (acid, enzymes) due

to:

Secretin released due to acid
* CCK released due to a. acid, FAs
o Large Intestine (Fig. 23.29)

o Motility: O u\(

= 1.) Haustral Contractions
* Slow, weak — move matega\@xe%e allow mixing,

e\N %Md gn@‘la}{strocohc reflex = powerful

fecal mass to rectum:

_ (NOTE: Autonomic reflex

involved)
o Rectal (Defecation) Reflex (Fig. 23.31):
(stretch receptor in rectal wall)

preV\ey

= Stimulus

= CNS= . (PSNS)

= Effector = t, internal anal sphincter
relaxes

= External anal sphincter = _ (i.e. not part of
reflex)

= Digestion (Fig. 23.29):

-, but get bacterial _ of undigested

nutrients

Biotin)
= Absorption:



