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tme v hal acbivity ol -ny orpanilsm is A@perniels poL
varionus cio ical and physical reactions ovecurying il ita
cells, Such activity may be nodiiied Ly phernacolopiocl
agents which may act either br stimulation or depression,
or by removing: adverse conditicns and esbtablishing
favourable circumstances, Thus Uhe normal functioning of
the body may be ailded and its nabural recuperative powers
encouraged, The important nomeosbatlic role ol the kidney

in maintaining the volume and the composition ol the body

FH

1uids ie well kmowm, It ig not surprising, therefore to

M

ind thai druszs which alter reral funcilon conprise a
major end indispensable group oi therapeutic agents. As
knowledge oi the fundamental physiological mechanisms of
renal funchtion has expanded, the number of drugs Thalb can
affect this function has grown in a parallel faghion

especially those drugs havir a divretic activity.

fhe vooume and composition ol urine Toimed by the
widney is nfluenced by the three important processes:
~lemerular ©iltration, tubulaw roabsorptlon, and LHubular

scerelion, Hxperience has domonsbrated thal one can

slter the rabe of excretion of meny gubstalices nuch more
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er oooudar dasculon vlan Uy
winge bthat clunge 1iltratior rate., Tn fact real plasma
Flow and Gonerulan Siltrabicn rate tend to roaagis 3La--
tilvely cougbant in normal humais, snd
ordinarily have no important effect on thene functions,
Sowever, albUerationsin glomerular filtration and renal
plasue flow may be of primary importance in tha develop-
menty of oedeua, and this knowledge helps to define
objectives in therapy, The mechanisms of filtration and
Teabsorption have little in common, The former is g
physical process in which the hydrostatic energy is
provided by the heart for transpors of waber, permeative
solute ions and molecules,across a permeable mombranc .
Tubular reabsorption on the other hand is achieved by
active transport of electrolytes and certair mole 'iles
from tubular urine te tudbular cells and thence to Lho
extracellular fluid, The tubular reabsorntive tras.sport
mechanismg in general may be subdivided into ruximsl and
dlstal mecherisn with the realizatior, awuever, that they
do not necessarily have disecrebe anabouical correlotiong,
dthug i fhe proximal tubule regbsorstion -7 codis with

slaca

|-

an attendant fixed enion, usually chloride, tales

by actlve cellular processcs susce tible Yo Inribition by

divps,  “he ac

o £

Lve Granspory of sodium, as il:tvzbrobod in

v
by
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coll acuonrs ¢ adjpacert to the perivvibular fluild, il

boe Drusa oovdoer ol Sas cell ip dwdy peiicacle Lo tho
diiivsici. ol godium, The acbive Sransoort of sodivm oul
o vhe cell and into the peoristubular fluid dininishes She
concentiration of sodium insgide the cell; and creabes an
electrical potential of ~70 wv, inside the cell; go sodium
long difivise from the lumen of the fubule to the irnterior
of the cell, Once there, the active transrort process
carries the sodium the rest oi the way into the seri-
tubular fluid, And the diffusion ¢f sodium Zrom the lumen
of the tupbulce into the interior of the epithelial cell

decreases bae electrlcal potential of the tubular luman Lo

-
[&]

approximately ~20 nv, Thug, there ar. ¢lectuilcal rradient
oL 50 mv, bevwecrn the lumen of (hxw tudbule aud ths intoerior
ow bhe epithellal cell, being wors negative insidc tha

cell, "iie clectrical gradlenty acus as o foves o vll
sodizn dong Luus e oplinsllal coll foom Uiew tubaloio Lumen,
Lvionsly, widls ls a secord raetor 1t addliUlor o Ll Colie
cesration cifloreaces that carse diffusion ol godive Trom
the tubular lumen to the invesdior oLl $he coll, Trer.ioza

botlh a concanbration gradient, the chemical gradie:.t, and

an electrical pradicent move sodionm theovgh the Torah
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PERITUBULAR
FLUID
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O mv. 220 my.

Fig. (1) Mechaniem for active transport of sodium
from the tubular lumen intc the peritubu-
lar fluid, illustrating active transport
at the base of the epithelial cell and
diffusion through the lumenal border of
the cell.
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Lo uar . ol 3oL it oo Dhie o alawt s e s waElelUe
anonical sredleat, e sasic meolanlan Lor acllve Gra:s—
port of moniun shrough bne coll nopbrane is Ynat sodiwm
copbines with a carrier in Yhe aubsbance oi bthe membrane and
in this Form (iffuses Lo the ooiposibe wall, where it is
released, NMebabolle processes gupply the energy for the
chomical reactlons that cause sodium to be transporbted
{hrougl the membrane, Thus energy could cause conbination
of the carrier with sodlum or 1% could cause splitting of
the sodium away from the carrier, Regardless of which of
these is bruc, the encrgy is probably supplied to the
trensport systea abt the inside gurface of the cell membrane;
because it is inside the cell thatb large crantities of the
ererpy giving substance adenosine trirhosphate are availleble
for proumoting chemical reactions, The eneryy reguired 1s
sroportional to the logaritim of %hs cegree thab tho
svbstance is ocncentrated, Soveral different carvior
svsbons exist in cell membraics, cach ol wihilch bracaooris
only cewtain goeclfic subgbanece, One carricr systom, 1ol
instance, sransports sodlum to btho outside of tho wombrane
and probably bSransports pobassivm to the inside al the

samc time, The bransport processes of the endoplasmic

reticulum, have generelly the same properties ol both
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cuborn (195Y), dYader zmorual condivions, chis active Lo
cosorpbion of sodiun bakling place di the veoxdmal urbhule,
scaounts Lo about 80% of the filvered sodium, The renal
epitheliwm in this area is freely permeable to the dlifu~
gion of water so that, as solubte is reabsorbed, an 1lso-~

osmotic eguivalent of wabter is also reabsorbed so thatb

the tubular fluid remains iso—osmobtic wibh plasma,

In the loop of Henle the resbsorption of sodium is
guantitatively less slgnidicart thean that occurring in
the proximal tubule but it ie ol unique importance in
determining the final golube concentration of the urine,
This is accomplished by a counlercurrent mechanlism invol-
ving both lhe descending and ascending loops (Dipalma,
1965). Sodivm 1s actively transported from the asgcending
limb of Henlcls loop inbo the medullary interstitimm

vhernever 1t difiusss inbto the descending limb, Lhis

¥

cstablishes 2 small conceutraticn gradisnt between tne
fluid contenbts ol the gscending and descerding limbs ab
cach level along the coursce ol the loop, The godium con-
centration inocreases progressively down thie degcending
linmb becange ol countercurrent flow, and each uvniv of

Tiltrate becomes more concenbrated wuntil it reaches tTho
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logp itacli, Thug is establisacd Lae sypertondeicy ol vhe
nedullar; ioberstivivm which is wainbalnod by vlig voosa-
recta actire as a countercurrent oxchanier, 1his

srocess, which depends on the slowv rate of medullary blood
{low, maintains the 300 /1200 w0em, per L concenbration
differential bobtween the cortux and the tip of the medulla,
Only the wator and sodlum necessary GO maintainr the normal
electrolyte concentration of the body pass into the systemic
cireulabion, The counbtercurrent ewcharge system thus
prevents the excessive lossg of goditm From the medulla and
npapillac, ke dinal deternination of urinaxry solutc con-
centration is achleved in tho collecting dnets that i from
the relatively iso-osnotic distal tubules in the corvex
through the yyper-nsmotic renal nedulla to the papilla,

So the osmolerity of the voided urine is established,
primarily by the rate ab which the water diffuses fiom the

-
i
i

tubulas FLuid o the hyper-osmobic medullary Uissue, hils

niocoss, in turi, is deberminced by permcanility oLl Fae
vonal coithoeliun to water, Anonts such ag anvidivretic
novmone (ATH) have a direct eflcct on these permeabllily
characherisiics, rFollowing: the iso-osmoilce reabsorptilon
of the major portiorn of the ylomerunlar filtrate in the

lecetrolyte reabsorption continues in

Q)

proximal uubule,
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dictal oe:voluged Subule and tus collecuing dicts, Lov-
ever, ‘m the alserce oy arbiclarevic lwrnone (ADH), Uue
eoitheliur of the ascending limo, distal couvoluted
tubule, and collecting tubule is relabtively impermeable to
water, The fluid enbtering the distal convoluted tubule

is already nypotonic and becomes steadily more dilute as
electrolyto Teabsorption continues, Thus, when Uhe sze-
retion of Hhe hormone is complebely suppressed by over
hydration, 15% or more of the wabter ox the glomerular
filtrabe may escape into the urine virtually free of
electrolyte resulting in the Iformation of hypotonic uring,
when levels of circulating sniidivretic hermone rise an
increase in the permeability of the distal convoluted
gubule and the colleeting duel to water takes vlace,
allowing more water to be reabsorbed along the osmotic
gradient that has boen supplied o the actilve reabsorpilon
oi cloetrolyies with Formation ol hypervonic vrine, Yhon
maxinally oiveetive lovels of amtidivretic horuence are

SrTesent, the tubular vrine Losves she distal tvbulce 2ueh
reduced in volime and isc-osmotlc witl plaswa, duc o the
L=

continuing vcavsorption ol cloetrolyte and, tho diffusion

of water oui of the lumen along the osmobtlc gradient
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ToeTewan cuoeabor . S bloal sessoeatn
deverained in ¢ collecting cuchtz ag they pass tizoughn

the hyportoalc iuberstitiuwm o- tihwe remal pepillas, During
dehydration and maximal anticlurcsis, water is passively
abstracted “rom Ghe lumen of %Hie collecting <uct into the
hypertonic peritubular fluid so that the two fluids arec in
osmotiec eguilibrium, as the urine cmerges from the tip of
the papilla, Under these conditions, papillary osmotic
pressure may Teach 1200 mOsm or more per 1iter and thus
urine having 4 to 5 times the oswotic pressure of onlasnma
may be excrebed, The amount oi wabter abstracted and
conserved in concenbtrabting the urine to an osmotic pressure
greater than that oy plasna,ls known as the negative free
water clearanceo (TOHEO), end is usually congidered to

have a maximal value of bebtweer 4 and 8 ml per minubte in

man, althouzh higher fipures have been recorded,

o gt e b e = T 43 [ TN B DN A
Many svoglances can ve  acuively ahgrihel din e distal

g aTpa T -l T T s e a Ty e Y - I T T e -t e T
vibules ex. collestiie dnets, esozeially sodivn and Crebably

chloride lons, In addition, these scsmonts scorete large
Quantitics ol ydrogen, potassiwr lons and amonia, An
espeelally iaporvant fecature ol metive transport hero is

that it can occur against greetor electrochumical ~srad-

[y

ients than those occurring in the proximal tubules, On
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the other ra i, the tobzi gue tloles oo wtosbroces ST RIE0T~
hed or secrelal i the distal svnules wne colloching ~u U8
are nuen less then in the prowilasl tnbules, svoeraging only

to about 10-15%,

An important function oi the kidney ls tie malnte-
nance of the alkaline reserve of blood within normal
limits, end this is eifected through regulation of the pH
of urine by mesns of three mecharisms,each ol which is
based fundamentslly on an exchange of lyydrogen ion secrebed
by tubular cell with sodium ilon nresent in ftubular urins,
Tirgbly complete reabsorpbion of the Tiltered godium bi-~
carbonate, uicn acidification of urinary vuifers and lastly

o

the excrebions of fized anlons in combinailon with amicnium

PN

ion rabher Yhan sodiuww lon,

Mhe gowreco of aydrogen ion secrebed by fubular ecell
is crrbonic acid derived from hydration ol corben dloxide
. - o A e s
Shreush a reactlion GG, = 0 —ae— HACC. wirich is iconizable

2 2 2773

into hdroen lon and plcarbonate ions, :ig reaction nust
sroceed ranidly bo supply th amonot ol hydrogen lon
necessar, Lor Lhese exchange veactlomns end such an adcquate
rate is achieved by the activity of the enzyme carbonic

anhydrase Tresei In larsze amnoiats in the rengl c¢ortex,
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