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Note: Qucslion no. I i\ tompukory. Eflch ca ies equal I mfih.

1. Choose the corr€ct ans*er:

;

(i).

(ii).

(iii).

(i").

(v).

(vD.

(vii).

(viii).

(ix).

(xr'

(b) Myosirr

(c) M LiDe

(d) Inspiratory capacity

(d) Oxygen

(a) Active transport

(a) Salivar"y iuicc and pancreatic juice

(d) Renal pyramid, renel cortex and renal column

(b) Nephron

(a) Spinal cord

(c) Signal propsgation
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956 CHAPTER24 . THE DrGEsTtvE sysrEM

Absorption in the Smatt Intestine
All dre chemical and mechanicil phases of digeslion tuom Lhe
moudr Ilrcugh the ynall inrcsrine are direcrcd r{^r d.t)rnsing
fbo.l i:,ro fomrs that can trss rnrough thc rbsorltive .itrtrelial
cells iining the mucosa and itrlo thc underlying bn!\t md
iymphric vessels. These fonxs r.e monosacchxrides (:tLrcosc,
fncnrse. and gxlactose) from crrbohydmtes: singlc rmiro acids,
dipeptidcs, and tripeptidcs fxnD proleins; and fatty acjds, glyc-
erol. urd monoglycerjdes from rriglycerides. Passage of these
digcsted nutrienh frcm the gasrrointesrinal tnct irto the blood
of lynrlh is called absorption.

Absorprion of mal€rials occurs via diffirsion. facilirated
diffusion, osmosis, ,nd acrive lirnspo.r. Abour 90Eo of ali
absorption of nutrients occurs in lhe smatt inreninc; the other
107. occun in the stomach ltnd large intestine. Ary undigeslcd
or unabsorbed material lefr in rhe smail inrestine passes on to the
large intestine.

nl,

p-!/ l*orption o1 Monosdccharides
A crbohydraies are absorb€d as monosaccharides. The capa-
cily of lhe small intestine to absorb monosacchrrides is huge
an estimar,ed 120 grams per hour. As a rerult. all dietary
carbohydrates lhat are digested nornally are absorbed, leaving
only indigestible cellulose and fibers in rhe feces. Monosac-
charidcs pass from the lumen through rhe apicat mcmbrane
via lacihated dillusion or actire trunsport. Fruc(,sc, a nono
saccharide found in fruits. is transponed \ia fadhated .tifli-
rior; glucose md galaciose are rransponed into absoTtive celts
of the villi via r?.arddr) d.r'r? rzirrprlr that is coupled to the
active trarsport of Na' (Figure 24.20a). The transporter has
binding sil,es for one glucose rnole.ule and iwo sodium ions;
unless ,11 thre€ sites 3re 61led, neither substance is aansDorted.
Gaircro'e competes qrrh gluco\c ro ride lhe ,ame transponer
Gecause both Na+ and glucose or galacrose nove in the same
direction, this is a ryrr?rrrer Monosaccharidcs ther move out of
tbe absorptive c€lls tbrough their basolareral surfaces via/ac'r,-
tated difitsion and enter the capillaries of the villi) (see Fig-
ure 24.20b)-

Absorption of Amino Acids, Dipeptides,
and Tipeptides

Most p{oieins are absorbed as am'rc *:ids yia actbe tmnsporr
process€s that occur mainly in rhe duodenum and jejunum.
About half of the absorb€d amim acids are present in food; the
other half come ftom rhe body itself ar proteins in digestive
juic€s and dead cells that slough off tlle mucosal surfac€!
Normally, 95-98% of rhe protein presenr in the snall itrt€stine is
digested ad absorbed. Differenr transporten carry difierent
U?es of amino acids. Some amino acids enter absorprive cels
of the villi via Na+-dependent secondary active transpon
processes ihat are similar to the glucose transporrer; other
amino acids are actively transporred by rhernselves. Ar tea$ one
symporter bdngs in dipeptides and rripepiides together witi
H+; the peptides then are hydrolyzed ro single amino acids
inside lhe absorptive cells. Amino acids move out of the absorD-

tive cells via diffusion and enie. c.ilillaries of the vilhs
(Figure 24.20i. b). Both monosacchrrides and amino acids lrrc
trarsported i lhc blood ro the lir.r by wxy of the hepxric
portal sysr.nr. If not removed by hrirnoc)tcs, they enrcr rtrr
geneitl ci.crlrion.

t 6 l
Absorption af Lipids \|/
A1l dietary litids are abso6ed \ia tinple difrttion. Adxlrs
absorb about 9570 of the lipids present in the small intestine; due
to their lower production of bile, newbom infanis lbsorb only
about 85% of lipids. As a result of ibeir €rnulsificalion nDd
digestion. triglycerides are mninly broken down inro monoglyc-
erides and fatty.acids. which can be eirher shon,€hain fatty acids
or long chain fatty acids. Alrhougb shon chain falry acids arc
hydrophobic, they are very small in sizc. Because of their size,
they can dissolve iD rhe walery intesrinal chyne, pats through
the absor?tive celts via s;mple ditrusion. and folow rhe same
route taken by monosaccharidcs and amino acids inro a btood
capi ary of a villus (Figure 2.{.20a). Long-chain fatty acids md
nonoglycerides are brge and hydrophobic and have difficulty
b€ing suspended in ahe watery environment of the inlestinal
chyme. Besides their role in emulsificarion, bil€ salrs also hetD b
make these long,chain fatty acids and monoglycerides Inore sot-
uble. The bile salts in intesrinal chyme sunound the long-chain
fatty acids and monoglycerides, fonning tiny sphercs caled mi-
celles (mi-SEIZ: small morsels), e.ch of which is 2 l0nmin
diameter and includes 20 50bile srlr molecules (Figue 24.20a).
Micelles are fomed due to the amphipaihic narure of bile satts:
The hydrophobic .egions of bile salts intemcr with the lons,
chain fiuty acids and monoglycerides, and tlrc hydrophilic
regions of bile salts interaca with ihe watery iniEstinal chyme_
Once forned. the mic€lles move from rhe interior of the small
intestinal lumen to the blush border of the absorptive cels. Ar
lhat point, the longrhain fatty acids and monogtycerides diffrrse
out of the micelles into ihe abso$tive cells, leaving rhe micelles
b€hind in dle chyme. The micelles conrinually rcp€at rhis ferry-
ing tunction as they move from the brush border back throush
tbe chyme io fie btEriorof rhe \null intesrinat tumen ro Dick;D
more long-chain fany acids and monogtycerides. Miceles atso
solubilize other larye hydrophobic molecules such as fat-soluble
vltamins (4, D, E, and K) and cholesterol lhat may be presenr in
intestinal chyme, and aid in their absomrion. These far-soluble
vitamins atrd .holesterol molecules .re packed in ihe nice]les
along wirh the long"chain fany acids and monogtycerides.

Once inside lhe absorytive cells, long-chain fatry acids and
monoglycerides ar€ recombin€d ro form triglycerides, which
aggregate into globul€s along with phosphotipids and choles,
terol and becom€ coated wirh proteins. These brge spherical
marses, about 80nm in diamerer, are calted rhJlomicroN,
Chylonicrons leave the absoryrive cell via exocytosis. Because
they are so large and bulky, chylomicrons camot enter blood
capilhries-{he pores in the wal]s of blood capitaries arc too
small. Instead, chylomiuons enter lacreals, which have much
larger pores than blood capillaries. Fron lacieals, chylonicaons
arc transponed by way of lymphatic vessets ro rhe rhomcic
duct and enter the blood at ihe left subclavirn vein
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tigure24.20Absorptionofdigetedtrutrietrisinthesmal|intestine.ForsimPficity'alldigestcdfoodsarcshomin
fte lumen ol me smax lntesme. eren though some nutrients are digested by bflsh-border enzvme

tong.chainfattyacidsandmonoglyceridesareabsoibedintolactealsiothelploductsofdigest ionenter
blood capiLlades.
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tlgure 23.12 Boyle's law.

l@ rne vorume ora sas varles InveEely with its

volume-1| [er  VoLume=1/2l i ter
Pt lgE=1alm Prcssuro=2ann

lfthevotume is decreased hom l literto 1/4lit€r, howwould
the pressure chanse?

The process of gas exchange in the body, called respiration, ha!
tlie€ basic stepsl

1. P$lmonary ventilation (pulu,n- = lung). or breathing, is
rhe jnbalation (inflow) md exhalation (outflow) of air md in-
volves the exchege of air between the atnosphere and the alve-
oli of the 1u8s.

2. External (pulmonary) rcspiration is lhe exchanse ofgases
betwen the alveoli of the lurgs atrd the blood in pulnonar/
capillaries across the respimtory membrane. In this process,
pulmonary capillary blood gains O, ald loses CO,.

3. Intcmal (tissue) respiration is L\e exchange of sases
belween blood jn systemic capiltsties ard dssue cells. In this
slep the blood loses O, md gains COr. widrh cels, lle meta-
boLic rcactions that consume O? and give otr CO, dudng the
producdotr of ATP are termed cellutdt t spiration (disctssed i'
Clrapter 25).

In pulmonary ventilation, air flows between the atmosphere
and lhe alveoli of the lungs because of .ltemting pressure
alifierences ffeated by conaaction and reldano! of respfatory
muscle,s. The rare of airflo\t and the amoun! of etron needed for
bredhing is also innuenced by alveolar surface tension, codtpli'
ance of ihe lungs, and ais,ry resistance.

Pressure Changes During
Pulmonaryventilation
Air mo\es into the lungs when ihe air pressure inside the lungs
is less than the air pressure in lhe atmosphere. Air moves out of
dle iungs when the air pressure inside the lnDgs is grealer than
the air pressure iD the atmosphere.

Inhalation
Breathing in is called inhalation (inspLation). Just before each
inhalation, tlre air pressure insjde lhe lungs is equal to th€ air
pressure of the atmosphere, which ar sea level is about 760 mil-
limeters of mercury (mmHg), or 1 atnosphere (atn). Fo. an to
flow inio the 1un8s. the pr€ssure inside the alveoli nus! become
lower than the atmospheric pressure. This condition is achieved
b! incrers:ng the \i/e ofthe lungs.

The pressure of a ga! in a closed coniainer is invenely pro-
portional to the volume of the container. This means that if the
size of a closed conlainer is increased, the pressure of the 8as
inside the conrairer decreases, and that if dre size of the
container is decreas€d, lhen lhe pressure inside it increases- This
inverse relationship between volune and pressure, ca[ed
Boyle's lan, may be demonstraled as follows (Fisure 23.12):
Sulpose we place a g:s in a cylinder that has a movable pision
ond a Fessure gauge, md that the initial pressure created by the
gN nolecules sirikng the wail of the corlainer js I atn. If the
piston is pushed down, the gas is comprcssed into a sntaller

volume,jo that the same f,umber of ga mole-.ulas strike less
wall area. The gaug€ shows that the pressure doubles as the gas
is compressed to balf ils original volume. In other words, the
same nmber of nolecules i! half the volume Foduces
twice the pressure- Conversely, if the pislon is raised to increase
the volume, the pre$ue decreases. Thus. the pressure of a gas
vdrie. inve!.ely wirh lolLme.

Drtrerer.e\ ln pE \ure c.u.eJ by ch"ngcs rn lung volume
force aii in|o o r lungs when we inhale and out when we e*alc.
For irbalation to occur, rhe lungs must exped, which increases
lutrg volume and thus decreases rhe pressure in ihe lungs !o
belos atnospheric pressure. The first step in expeding the
lungs during nornal quier inhalariotr involves contraction of the
main muscles of inhdatioo, the diaphiagn and extemal inter-
costals (Fisure 23.r3).

The moit importrnt muscle of inhalalion is lhe diaphmrn,
the dome-shaped skeletal rnuscie tha! forms the noor of thd
thoracic cavity. It is inneNated by fibers of fie lbreni
which eme.ge tom the spinal cord at cervical levels 3,4, and 5.
Contacdon of ihe diaptuagm causes it lo flattcn, lowering its
doin€. This increases lhe venic diameter of the $orrcic cavity.
During nornal quiet inhalation, dE diapbrasn descends &out
I cm (0.4 rn.,. proJucing a pressuie ditrercnce oi l-l mmHg
and the inhalation of abou! 500 nL of air In strenuous breaih-
ing, the diaph.agn nay descend l0 cm (a in.), which produces
a press,Ie ditrerence of 100 nDrHg and fte inhalation of
2-3 liters of air Contraction of the diapkagm is lesponsible for
about 7590 of the air that enters die lungs during qujet breathing,
Advuced pregnancy, excessir€ obesity, o! conining lbdolniial
clorhing crn pre\enr complere de"-ent ol ne diaphra8m.

Tlre next most imporlant muscles of jnhalation are ihe exter
nal irtercostals. Whetr lhese muscles contracl, lhey elevote the
ribs. As a result, rhere is u inct€ase in lhe anteroloslenor and
lateral diameters of the chest cavily. CoEtrrction of the extemal
intercostals is responsibte for aboui 25% of the air !h3! enters lhe
lLngs during normal q-ie ore"fiin8.

vor,r* i rLr"r'
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Flgore 23.13 Musalg of tnhalstion and dlld{tion anitthelr acttoN. The pectoralis minor muscle (not sbown here) is illus!.ted
in Fignre I L l4a on Pagc 371 .

(b) chanqd In rlz. ol rh@dc 6w
dunng inhalation and exialall@

lO Risht now, whnt is the rnain muscle that powers your br€athlng?

During quiel inhalaiions. the preslre between ihe two pteual

layels in the lleurat cavity. called intrapleural (i.trathoractc)
pressure, js alw.,vs subatmosPheric (lowe. than atrnosphenc
prcssure). Just before inhalation, it is abou!'l mmHg less than the
atmospherlc presure, o. about 756 mmHg at an atnosphenc
pressu.e of 760 ']mHs (Pigure 23.1,1). As ihe diapbrngm and
exremal inrercostals contract and 1!e overall size of the lhoracic
cavity increases, fie volume of the pieual cavity also increases,
which causes intralleL{al pressure to d€crease to aboul
754mmHg. Durirg expansion of the tbo.ax, rhe pdielal ud vis-

PULINONARY VENT]LATION

|GF= 
3",lgrr:*.$"g:d 

breathing. accessory muscles or inhalation (stemocleidomastoids, scalenes, and pectoralis

MUSCLES OF EXHALANONMUSCLES OF INHALATION

{a) Mu*los ol Inhalalls .nd th6k aclons (lefi)l
mu$les ol.xnabton and rhelr.clions ( oh0

(c) Dunna inna|alion,lhe rlbs m@ upw.rd
and outorad llke lhe iandlo on a buckel

ceral pleurae nomally adhere tightly because of the subatmos-
pheric pressu'€ between them and because of the surface tension
created by their mois! adoining slrfaces. As lhe thoracic cavity
expands, the panetrl pleula lining the cavity is lllled outward in
all dire€tions, and tbe visceral pleura and lungs ate pulled along
with it,

tu tbe volume oftbe IunC' increa e' rn Lhis way. tbe pres(urc
iDside the lungs, calt€d th€ alveolar (intrqulnonic) prcssorc,
drops fion 760 to 758 mr {g. A prcssure differcnce is thrrs es-
tablished between the ahosphere and rhe alveoli. Because air



igure 23,14 Pr€ssurE cllangEs iD pulrmnary ventitrnoL DuiDS irhlation, thc diapbEgm conFa.b, rh6 chest dDhds,
the loDgs re pulled oulwed, ud arleolar pressw decreases. Du.ing exhalarioL the diaphragm cta{es, t}e
lungs recoil inward. od alveold pressure itrcreases. forcing aii out of the lungs.

Air moves into the llngs wh€n alveolar pressur€ is less than armospherjc pressure, and out ofthe lungs
whef aLveolar pressure js greater than atmosphedc pressure.

Attusph.dc pFNb = 760 fihHg

I

3, D!nn! Exturalion (dlaphnqm 6tdinq)

O How does the Int6pteural pressure change durinsa normat, quietbr€ath?

ahays nows from a region of hisber pressure to a Esion of
lower pressure. inhalation rikes place. Air contiiues to flow imo
the Iungs as long as a pressuc difference exisls. Duing deep,
forcetul inlalatiols, accessory muscles of inspirarion also panic-
ipate in increasing the size of rhe thoracic caviry Gee Figu.e
23.13a). The mscles are so named because they male Uttle, if
any, contribution during nomal quier inhalarion, but during ex-
ercise or forced ventilalion they may cort act vigorously. fte
accassory muscles of inlatarion include the sreDocleidomartoid
nuscles, which elevate lhe stemum: the scrlene muscles, which
€levate the first two ribs: ed the pectoralis minor muscles,
which elevate the thid throueh nfih ribs. Because both nomal
quiet irnalation and inlalarion during exercise or forced ventila,
tion involve muscular conaaction. the process of inhalatior is
said to be a.rte.

figure 2J. | 5a surnmdizes Ue even 15 of ioha]auon.

Alrnosph€ c prEssrtro = 760 mmHg

t

Ethalntinn

Breathing out, called €xhalation (expiration), is also due to a
pressure gradienr, bur in this case the gradient is in the opposire
direction: The pressue in the lungs is grearei thd rhe pressue
of the atnosphere. Normai exhalation duriog quier br€athiDg,
unuke innalatioq is a ?a$tv? rrocesr because no muscular coD-
aacdons are involved. lnstcad, exhalation r€srlts liom elastic
recoil of the cbest wall and lungs, botb of which have a mnrrat
tendercy to slring back after rhey have been srretched. Tlvo
inwa-rdly directed forces coltlibute ro elasric r€coit: (1) the
rccorl of elasric fibea |nar we.e \uelched dwing irhatadon
ed (2) the inward pun of sudace tensjon due to thc 6kr of
alveolal fluid.

Exhalation sturs when lhe iDspnatory muscles rclax. As the
diaphnigD ralaxes, ils dome moves superiorly owing ro i:rs
elasticig. As the e.\!e{nal iDtercostals relax, tha dbs a€'

Ario$phedc p'€gB ' 7@ mmHg
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Figur€ 23,15 Sunm..y of events oflnhaltflor ard ethaltdoD

t6.l: trrr'artor a-a oxha'atiol .re cadsed bv cl"an8es in alveolar Dressure'

Owhatis 
normalatmosphe t pressuteatsea level?

depressed. Thcse movenents decreNe the venical, laieral, and

anteroposlerior dianeteB of the thoracic csvitv, whjcb decreases

lung volume. In tum. the alveolar prcssure

?62 mmHg. Air 0ren flows from the area of higher presslr€

in the alveoli to lhe area of lower preslre in the atmosphe'e
(see Figure 23. 1.1).

Exhalation becomes active only duflng forceful breathing' as

occuis while playing a wind irstnment or during exerctse'

Duing these tines, muscles of e*alation-the abdonimrs

dd intemal inte'costals (see rigure 23 13a){ontracl which

increases pressure in the abdomilal ,region and thorix'

Contraction of the abdominal muscles moves lhe infeior ribs

downwaJd and co'npte*^ rhe ,odomj'3 \'(era iherebv

tor(ing r\e didpl'r'18T supe-iorl) Conlmcuon of rhe i'remal

mlerconal!. $l'ich e(end 'nl"iorly and posleriody be$een

adjacent ribs. pulls fte nbs inferiorly. Although intnpleural
pressure is always less than alaeolar pressure. it rnal briefly

exceed almoslleric pressure during a forcetul exhilaiion' such

Figure 23.15b sunnarizes the evenB of exhalanon.

Other Facto15 Affecting PulmonaryVeniilation

As you have just leam€d. air Piessure ditre.ences dnve airflo*
during inhalati@ and exhalation. However, three otler factois
affect the Ete of airfo{ and ihe ease of pulmomry veDtilatiot:

surface tension of the alveolar fluid, compliance of the lungs'
dd ainvay resistance.

Surface Te sion of Abeolar Fluil
As nor€d earliet a thin layei of alveolar fluid coat! the lumiml
surface of alveoli and exens a force klown as surfac€ lension.
Surface tension arises at all air-ivater interfaces because the
polar watei molecules are more strongly attracted to each otber
lhan ihet, are to gas molecules in fte air w}en liquid sulTolrnds
a slhere of air, as in d alveolus or a soap bubble. surface
rcnsion prodlces an inwardly direcred force. Soap bubbles

"bursl' because L\ey collapse inrvard due to surface tension- In

the lungs, surface tension causes the alveoli to assume the smarl'
es! possiblc diameter. Dliing br€athirg, surface Gnsion must be

overcone to expand th€ lungs during €ach inlalation. Srrrface
tension also accounts for two-thirds of ltng elaltic recoil, which
decreases lhe size of alYeoli durlng exhalation

The surfactanf (a niiltnre of phospholipids and liPolroleins)

F€sent in alveolar flDid .educes its snrface tensjon below the

surface lension of pure water. A deficiency of surfactanl in
pr€mature infatts ca$es rcspirutory distrcss slndrome, n
which the surface rcnsiotr of alveold fluid is Crady itrqeased.
so that many alveolj collapse ar the end of each exhalation. Great
€ffon is tben needed at the next ithalaiior to reopeo the

.  a : r
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Memlrme Poten|als 
_and Act'il 

f """1 _*;

Active Transport of Sodlum and potassium tons
lhrough the Membrane-The Sodium-potassium
(NaLK+) Pump. First, iet us recall from ChaDrer 4 that
aI cell membranes of the body have . pow.rii.t tru,.x.
pump that continualiy kaisports soAum ions ro me out-
side of the cell and potassium ions to the inside, as illus-
lrated on tle lefl-hand side in Figure 5-4. Frufiea nore
thar this is an de.troSerrc pahtp because more positive
charyes are pumped to the outside than to the inside
(three Na, ions to the outside ior each two K'ions to the
inside), leavin€ a net defcit of positive ions on the inside;
tnis causes a negative potmtial inside the cell membrane.

._ 
The Na'-K. pump €lso causes lerge concentration gra-

oents br sodium and potassium aqoss the resting nerve
membrane. These gmdients are the folowing

Chapter 5

I
Na. (outstde): r42 mtqn

Na. (inslde): la mEq^

r (ostside): a inEvt

K. (lnsid€): lao mEq^
the ratios of th€s€ two respective ions ftom the insiale to
the oulside are

Na'l*/Na'.4= 0.1

(lt&/Kl'e = 35.0

Leakage of Potassium Through the Nerve
Membrane. The righr srde or f.gurc 5-4 shows I (han_
nel protein, sometimes caJled ̂ "tunAeh pole domait
potassi m channel, ot potassiun (K) "teak" chanhet, i^6e
nerve nembrane through which potassium can leal even
in a resting c€ll. The basic strucrure of potassium ch€n_
nels wEs described in Chapter 4 (figure 4 4). Ihese K.
lealchaJ)nels mryrlso lerlsodjrm ions stighrly bur dre fir
more permeable to potassium rhan to sodium, normaly
about 100 times as permeable. As discussed latea rhis dif,
ferential in permeabilty is a key facror in determining the
level ofthe norrnal resting membrane potential.

The restirg mcnbrane pot€rliirl of lafg. nerve fibefs
\\hen nat tnosnttting nerve si:nrls is about _90 nill-
volts. Il Lrt is, the porentiat rrdr l/rcrrel is 90 miltivot tj
mofc negrtive than the potenrial nl thc cxtraceltutar ftuid
on the outside of rhe ffber. In the nert fc\! paragrapns, tn.
transpo.t properties of the resl;rg rerve nembrane Ior
sodiun andpotassium andrhc Irctors rllar derermme mc
level ofthis resting potential are erelained.

ri8urc ,5-4 functioml characteistics of the N a1-K' pump and of
thc K+ leak" channels. ADp, adcnosine diphospha!e;lTp, adenos_
ineviphosphate-The K'" leak channebalsoleakNa' ionsInrorhe
cellslightly, but are much more permeable to K'_
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Unit Menbrane Physialory, NeNe, aN Muscle

Origin of the Normal Resting Membrane Potential

Figure 5-5 shows the important lacrors in the establish-
ment of the normal resting membrane poiential of -9O
milivolts. Th€y are as follows.

Contribution of the Pota55ium Diffusion PotentiaL
ln Figure 5-5,4, we make the assumption dut the only
movement of ions ttuough rhe membrare is difiirsion of
potassium ions, as demonstrated by the open channels
between the potassium symbols (K') i6ide and outside
the membrane. Because of the high ratio of potassium
ions inside to outside, 35:1, the Nernst potenti.l corre-
sponding to this ratio is 94 millivolts because the loga-
rithm of 35 is 1.5,4, and this multiplied by 61 millivolts is
-94 millivolts. Therefore, if potassium ions werc the only
factor causing the resting potenti:I, the resting potential

K+
a mEq/L

inside the Jiber wouldbe equal to 94 milivolts, as shown
in the figure.

Contribution of Sodium Diffusion Through the
Nerve l"lembrane. Figure 5-58 shows the addition of
slight permeability of the nerve membrane to sodium ions,
caused by the minute diffusion of sodium ions through
the KrNa' leal chnnels- The ratio of sodium ions from
insid€ to outside the membrane is 0.1, and dds giv€s a cal-
cl ated Nemst potential for the inside of the membrane of
+61 milivolts. But also shown in Figue 5-58 is the Nernst
potential for potassium diffusion of -94 milivolts. How
do these interact with each othea and what wiI be the
summated potential? Thb can be answered by using the
coldman equatlon described previously. lntuitively, one
can see that if the membrane is higNy permeable to potas-
sium but only slighdy permeable to sodiun! it is logical
that the ditrusion of potassium contributes far morc to the
membrane potential than does the ditusion of sodium. In
the normal nerve 6ber, the p.rmeability of the membrane
to potassium is about 100 times as gfeat as its permeability
to sodium. Using this value in the Goldman equation gives
a potential inside the membrane of -86 milivolts, which is
near the potassium potential shown in the ffgule

Contribution of the Na*-K' Pump. In Figur€ 5-5C
the Na' K' pump is shown to proide an additional contri-
bution lo I c resl.nS potential.In tii. ngJe. $ere is con.
tinuous pumping of three sodium ions to the outside for
each two potassium ions pumped to the inside ofthe mem-
brane. The fact that more sodium ions are being pumped
to the outside than potassium to the inside causes con-
tinual Ioss of positive charges from inside the membrane;
dis creates arr additioml degee of negativity {about -4
milivolts additional) on the inside beyond rhat which can
be accounted for by diffusion alone. Therefore, as shown
in Figure 5-5C the nel membrane potential with aI these
factors operative at the same time is about -90 milivolts.

ln summary, dre diffusion potentials alone caused by
potassiuft and sodium diffusion would give a membrane
potentbl of about 86 mllivolts, almost all of this being
determined by potassium diffusion. Then, an additional

4 millivolts is contributedto the membran€ potenlialby
the connnuously acting etectrogenic NarK'pump, giving
a net membrane potential of-90 millivolts.

Nerve Action Potential ?i
.: : ,:t::: :. . ..- .. .. .:tal.

Nelve signals afc transm\fted by actiofi potentials, wl].ich
are rapjd chxnges in the membrane poteniial that spread
rapidly along the nerve Iiber m€mbran€. Each rction
potential b.:Is wiih a sudden chn:r ftom th€ normal
restingnegr! rr mcnrbrane potcnlialt. ! positiyc potcntiai
and then er* rviih an almost equallf,.rpjd change back to
the negativc fol.ntial. To conduct a nrNc signal, thc action
potential movcs along the nerv€ fibcr urtil it comcs to the
fiber'send.

1,r2 mECL
K+

4 mEq/L

1a0 mEqA (-86
( 94.nvl

l
+ : -

Diflusion
E*  - {

Na. <F- tta.pump

1,t2 mEq/L r i_ l4mEq^
' :

tl
Oiffiiion

E-  - {
K+---+K.pu,mp

4 rnEq/L + l_ 140 mEql-

. r - (-90 mU' t
+ 1 -

^ (Anions)  +! -  (Anions)-

rigu.e 5-s Establishment of resting membGne potentiah in
ne(e fib€6 under thre€ coidliions: ,4, when the menbrane
potentialis calsed €ntneLy by f..1asium dllfusion alone;r. vr'hen
the dembGne potentialis ca!s.l by diflusion ofboth 5oai!m and
potassium io.siand C, when thc membrane potential is ca u rd by
difflsion of both sodlum and potassium ions ptus pumping of both
these ions by the NarK'p!mp.
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