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PREFACE

The success of the first edition of this text suggested that preparation
of a second edition was warranted. In conversations regarding possible
alterations and additions, it occurred to us that the scope of the text
could be broadened and improved by merging the outlook and ex-
perience of a teacher of basic science with those of a teacher of clinical
science and practice. If this merger has worked, it is because both of us
are primarily renal physiologists with similar interests in research. To
that common foundation we have attempted to unite the expertise each
of us has acquired from our different training and experience. One of us
has taught physiology to first year medical students for more than
twenty years. For the last twelve of those years the other has received the
same students during their clinical training, has repaired the gaps in
their knowledge of physiology and has taught them and house staff how
to apply that knowledge to the diagnosis and treatment of disease.

The goal of the text remains the same: to teach the principles of renal
physiology to medical students and physicians. We have not attempted
to review or survey research in this field; rather we have tried to present
a basic statement of the current knowledge of the functions of the kid-
ney, pointing out, where necessary, the imperfections that still exist in
that body of knowledge. We hope that our joint effort has enabled this
second edition to approach that goal more closely and has made it more
relevant to the needs of students and practitioners of medicine.

The changes in this second edition are extensive. We have changed
the order in which the various topics are covered. Eight of the thirteen
chapters are totally new; only three bear a close resemblance to chapters
in the first edition. Two of the chapters cover topics not previously
addressed: calcium, magnesium, and phosphate transport and diuretic
agents. Two thirds of the figures have been replaced and 38 new figures
have been added.

We are immeasurably indebted to the medical students of the Univer-
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viii * PREFACE

sity of Kansas School of Medicine for their unwitting but valuable as-
sistance in the preparation of this text. We also wish to acknowledge the
assistance of many of our colleagues at this institution. They patienily
read and commented on many sections of this text. We particularly wish
to thank Drs. Larry Welling and Francis Cuppage who pravided the
transmission electron micrographs and Dr. Andrew Evan of the Uni-
versity of Indiana who supplied us with the beautiful scanning electron
micrographs. We wish to thank Larry Howell and the staff of the Design
and Illustration Section at this institution, who beautifully and imagi-
natively prepared all the new illustrations for this edition. We also wish
to thank Linda Carr and Helen Knefel who patiently and accurately
typed all the drafts of the manuscript and Lorraine Rome who, despite
our reluctance, persuaded us to accept her corrections of punctuation
and sentence structure and thereby improved the quality of the final
product.

Kansas City, Kansas ‘ Lawrence P. Sullivan

Jared J. Granthanr



CONTENTS

Chapter One: Basic Principles
INEOAUCHIONT. & 0025 /s saji 5735 et siosiosms s s 461350, 805 15 oo i e Foraaso e s
Structure of Cell Membrane ................... ...,
Passive DIFUBION. o« oii il iein wack svenminisme s 58 @ ionssors 5500 s wiaie ebia mieswrase s
Movement of Water through Membranes ........................
Electtical GraidiOMES, o x<ic ¢ s s sypms 55 50500806 B 6514, 50 a1 & 3 o o 308 18 53 616
Types of Solute Movement across Membranes ...................
‘Transport in Epithelial TisSUE v s m e datiyiin e o desins & s s

Chapter Two: Anatomy and Function of the Nephron
History of Renal Physiology ............ccoiiiiiiiiiiinnnnnn.
Anatomy of Renal Circulation ............................ouu..
Anatomy of the Tubular Network ..................c. . ooina..
General Features of Glomerular Function ........ O R O T
General Features of Tubular Function ...........................

Chapter Three: Measurement of Renal Function
Renal Plasmia FIOW . q - we oo s s 0sis 5 bosis 5sbmi v smns o 58 5.5 3 504 53 mmis ok

Glomerular Filtration Rate . .. s:csreiniiases i dib Sonirafi: o
THBOIEr TEROBPOTE o i v vt o vm 5o % 500 w580 008 o b o & o505 6 i B0 b s A
The Contept of TIoMtanes & .« se it tiiasbasbrprssbe ool
Tybular Transport MaXiMa: s s g5 .00 nas s s 3lake sine s s
Clinical Measurement of Renal Function ....... AR i T
Methods for Experimental Investigation .........................
Chapter Four: Blood Flow and Filtration
Pressure Gradients and Control Points ..........................
The Juxtaglomerular Apparatus ..........c.i0iiianiiiina..... “
The Glomeruls: oo o imeibeslin pews A o e e LR
Composition of the Filtrate ................ s RO P s {111 ¢



x * CONTENTS

Forces Involved in Glomerular Filtration ......................... 74
Factors Affecting GFR ... ... c.cionvrsmins saimssod v sndomdossas 77
Factors Affecting the Arterioles. ...... . oiauivirmemminansencsnese 78
Regulation of RBFand GFR ..............c.ciiiiiiiiiiine 80
' Distribution of Renal Blood Flow ............ ... ..., 85

Chapter Five: Tubular Anatomy and Function

Proxinral TubLe ... sz o ammes prrs v s s bl svepel v ass sl 87
LOGP Of HIORID . . . o xcnnsiisnsindnidhsmisSrrs bRy duibss ragisms vass 94
DHSEAY THDULE .. oo ioooioionoionstio o oo ba 65858 5101 55500 68 98 oyl 2008 e 96
Collectinng: TUBMIE . .. - i conmnmii i o o gstions 8o 5 ad 500 sy SRS 58 97
SUITUYALY o0t omsiaiis 973 2 siows s oot oomsir sxad i pesi biilfionet sansisiriovon sinp s S s S s 5.0y 100
Electrical Properties of the Nephron .......................... .. 101
Types of Tubular Transport Mechanisms .................. e 103
Chapter Six: Excretion of Organic Molecules
LIHCA <0515, 5o o i Bt 55 0 518 SR OO0 8 8 RS 0918 BASEEYoV oA o 68§50 3 T 9 109
OILANUC ATIIONS' 500 vos e g0 o esormss: sospinise s 5 RRRARAE RT3l 608 91858 om B 111
Organic CatioNs: . ..ot cumifacems - m sieuinin Foneustaverie 516 5 Sioss 2 il e e 115
Glucose, Amino Acids, and Plasma Proteins .................... 116

Chapter Seven: Mechanisms of Salt and Water Reabsorption

Proximal TubUle . . o o o cvinoaicm omain w0 s 5 b aost s soa s b ok gpi g 119
LOOp-0f Benler .. . vcae oo o milinieiniip oot o asnms v b1 8 TR LR o 127
DIstal TUbC it it v wondis mdifibin o6 o0 2 o siocs: s infmc Tt s g 46 Eat S oot 129
Collecting TUBUIE ., o v« vy s Fasinime cmsmm s wae s wbimag o mas s o iy o
SURPMIATY iy o 5s 575 o 555 5 .50 1 155 8 51 e 008 w1 e T o0 5 0 e wioers 06 oo 132
The Dilution Process . . - 24 o0 Ve wk s Fimgring & his sz 05 wpe s o 508 132
The Concentration Process: Countercurrent Mechanism ........... 133
Measurement of the Concentrating and Diluting Ability of the

BIBNEY 5c oo i oo o 5y Do o 3 B A 4 S aat spaa 142
Factors Affecting the Concentrating Ability of the Kidney ........ 143

Chapter Eight: Diuresis

Water Diuresis ............... I A T e LR ST . 149
Soliate DIuPesiB (o .2 ioi i ofie ot oo vilves mes v stk s G wh e vo i . 150

Chapter Nine: Control of Osmotic Concentration and Volume of

the Extracellular Fluid _
Regulation of the Osmotic Concentration ....................... 155
Control of Extracellular Fluid Volume .......................... 161
Vascular Compartments and Volume Receptors ................. 162
The Role of the Juxtaglomerular Apparatus ..................... 164
Effector MEChaniSIS: o os s sms wnin simnrsms sve s siam sossa sressbe sy 5. 36 165

SUNINATY: 5.0 5 5w o s 1 575 S S5 F Saria s S B R S5, 5 A8 3 Ap s 5392 172



S bl

Ry o @

CONTENTS * xi

Chapter Ten: The Role of the Kidney in Acid-Base Regulation

Hydrogen Ion Secretion ..............cooviiiiiianiiiiiiian... 179
Buffer Reactions within the Tubular Fluid ...................... 181
The Isohydric Principle .........ccociiciiieiiieiiiciieinnnn. 182
Bicarbonate Reabsorption .............cccieiieiiiciicciaccanes 184
Excretion Of Acid «:.cscveesvsnenevaascoscssiseisnssssssseossass 186
. Contribution of the Nephron Segments ......................... 188
Renal Reaction to Acid-Base Imbalances ........................ 189
The Role of Carbonic Anhydrase ............. e G s e s 193
Relationship to Salt and Water Reabsorption .................... 194
Measurement of the Renal Reaction to Acid-Base Imbalances ..... 195
ARETTIALE CONCEPID: v« < oo iocoimnin cimsoren ooiai 55 355 5,8 SEATS S S B5 55505 w5 195
ATOMONIUIIY 6 5750 6« o106 0100 50: exoratoin aim sioeinimzsiors @ 5iala B 196
Chapter Eleven: Maintenance of Potassium Balance
Tubular Sites of Reabsorption and Secretion .................... 204
Mechanism of Transport .............ooiiiiiiiiiiiiiian. 206
Factors Affecting Excretion .............oiiiiiiiiiiieiiinennnnn 208
Chapter Twelve: The Excretion of Calcium, Magnesium, and
Phosphorus

CAIGIATIL o = 515, 5o 1ot 564 00 ma el ok e ot s bt o ) o kol o4 = 5y =301 B35 528 51 518 5 i B 213
IMIAGTICSITMN | - 5 5615 5 1 e 1 oo 5 i omaiil o il o o i i 58 S s oo i Tl o 81 214
PRROSPIIOFONIS, 1 515052 155 151 o 151 it o1 151 ] i w1 0 i i 1 0 o g o 107 56 s 6 214

Chapter Thirteen: Diuretics
Effect of Diuretics on the Individual Segments of the Nephron ... 218

General Principles of Diuretic Action ..........cccoiamacinininn.. 220
Effects on Potassium Excretion ..................ciiiiennn.... 223
Other Effects ........cooiiiiiiiiiiii it ittt it it e 223



CHAPTER 1

Basic Principles

INTRODUCTION

In the process of evolution, the first simple forms of life developed in
a fluid medium or environment of a constant composition, the sea. As
time progressed, organisms evolved that were able to live first in fresh
water and then on dry land. These organisms were able to face a hostile
and everchanging external environment because they had developed
mechanisms that enabled them to bathe their cells in a constant internal
environment. To state it differently, these organisms could live a life
relatively free and independent of changes in their external environ-
ment because of the constancy of the composition of their internal en-
vironment, their extracellular fluids. The attainment of this physiologic
freedom was possible to a great extent because of the development of the
kidney, the organ primarily responsible for the maintenance of the
internal environment.

The kidneys accomplish this vital task in the followmg way. From the
large volume of plasma that the circulation brings to the kidneys daily,
the glomeruli filter a fluid almost identical in composition to plasma
except for protein. This fluid then flows through the approximately
2,000,000 nephrons in the kidneys. The cells lining these nephrons
reabsorb from this fluid specific substances in varying quantities and
return them to the blood. These cells also extract additional substances
from the blood and secrete them into the urine. As the kidneys perform
their task, the process of glomerular filtration and all the myriad tubular
mechanisms respond to a variety of factors to return to the circulation a
fluid with the composition and volume required to maintain the con-
stancy of the internal environment. In a day’s time, the kidneys process
the equivalent of the extracellular fluid volume of the body some 15
times by filtering approximately 40 gallons of fluid, reabsorbing from it
the necessary amount of various substances and water, and adding

1



2 « PHYSIOLOGY OF THE KIDNEY

other substances to the urine. Less than half a gallon of fluid with a
vastly different composition is finally excreted.

The process of urine formation essentially consists of the transport of
water and solute particles through membranes and cell layers. This
transport can occur in several ways. In the glomeruli, water and solutes
flow together through a porous membrane in response to hydrostatic
pressure gradients. In the tubules, water and various types of solute
molecules may move across cell layers in different directions at varying
rates in response to a variety of forces. Common properties of the mem-
branes and cell layers that substances must cross and basic principles of
the mechanisms by which they are transported are reviewed in the
following section.

STRUCTURE OF CELL MEMBRANES

Those cell membranes that have been isolated and chemically ana-
lyzed consist mainly of protein, cholesterol, and phospholipids. The
phospholipids consist of a charged phosphoric end attached to a hydro-
carbon chain. The polar end is hydrophilic and the hydrocarbon chain
is hydrophobic. Protein molecules are thought to be mainly globular,
and may also be bimodal like the phospholipids; that is, one part of the
molecule is hydrophilic and the other is hydrophobic.

The lipid molecules within the membrane are arranged in two layers,

_as indicated in Figure 1-1. The polar hydrophilic ends are in close
contact with fluid on each side of the membranes, and the hydrophobic
chains are aligned away from water within the interior of the structure.
These molecules are not frozen in position; rather, they are believed to
move freely in any direction within the plane of the layer. Floating in
this lipid layer are globular protein molecules, which may be embedded
within only one layer of the lipid molecules or may extend through both
layers. The polar or hydraphilic portions of these protein molecules are
thought to be in contact with the solutions on either side of the lipid
bilayer; the hydrophobic portions are immersed within the lipid bi-
layer. This construct is considered to be a highly labile, dynamic struc-
ture. Some of the protein groups may be free to move in the plane of the
membrane and some may appear or disappear with time and in re-
sponse to various stimuli. Other types of protein may be attached to the
membrane in a more peripheral fashion on either surface. Small micro-
filaments may be attached to the inner surface of the membrane, assist-
ing in holding the membrane in the shape characteristic for the particu-
lar cell type. A surface coating of carbohydrate molecules may also be
attached to proteins floating in the lipid matrix.

The protein molecules within the membrane and other, extrinsic pro-
teins that may beé attached to the surface of the membrane may serve as
enzymes catalyzing reactions within and without the cell. They may also
serve as receptors for specific chemicals or hormones that affect cell
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Figure 1-1. A hypothetical view of the structure of the cell membrane. (Adapted
from: Singer, S. J.: Architecture and Topography of Biologic Membranes. In Weiss-
mann, G., and Clairborne, R., Eds: Cell Membranes. New York, H. P. Publishing Co.,
1975; and Sweadner, K. J., and Goldin, S. M.: Active transport of sodium and potassium
ions. N. Engl. J. Med. 302:777, 1980.)

function. The nature of these proteins varies greatly among different cell
types.

Molecules may enter or leave the cell through the membrane by a
variety of means. Substances such as CO,, O,, NH;, ethanol, and many
drugs are soluble in lipid and may easily enter or leave the cell by
diffusion through the lipid layer. Here, the limiting factor is not the size
of the molecule but its lipid solubility. Substances that are not soluble
in lipid, such as water, electrolytes, and many carbohydrates, find the
lipid layer an effective barrier to diffusion. However, the protein mole-
cules within the membrane may serve in a variety of ways to permit
certain lipid-insoluble substances to cross the membrane. The structure
of a protein molecule can be such that a pore or channel through the
membrane is formed. The diameter of the channel may limit the size of
molecules that can penetrate, but be otherwise unselective, some chan-
nels may be lined with positive or negative charges which repel ions of
like charge, and others may be much more selective and accept only
certain specific molecules.

The presumed diameter of these channels or pores is near the limits
of resolution of the electron microscope, so anatomic evidence of their
existence is not convincing. These pores may be rigid or dynamic in
nature, forming and disappearing with time. Molecular size and con-
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figuration, pore diameter and ionic charge are among the factors limit-
ing penetration by lipid-insoluble compounds through such pores or
channels. These channels are thought to occupy only a small fraction of
the surface area of a membrane, limiting the rate at which even the
smallest lipid-insoluble substances may enter the cells by diffusion.
Lipid-soluble substances, on the other hand, have available to them a
large fraction of the surface area and can cross the membrane by dif-
fusion at faster rates.

Various cells also possess special mechanisms that transport specific
substances across the membrane at rates faster than can be explained by
diffusion. In many instances, these mechanisms involve proteins with-
in the membrane that serve as enzymes for chemical reactions that result
in the translocation of a specific substance across the membrane.

PASSIVE DIFFUSION

The thermal energy of ions and molecules in a solution causes them
to move and collide with one another in a random fashion. In a well-
mixed solution, such movement does not change the concentration of
the solute or solvent in any one volume unit of the solution, since
molecules moving out of such a unit are replaced by molecules moving
in. However, if a difference in concentration of a particular molecular
species exists between two volume units or between two solutions sepa-
rated by a membrane, the probability of those molecules moving from
the region of high concentration to the region of low concentration
exceeds the probability of the molecules moving in the opposite direc-
tion. In this situation, a net movement in one direction will take place.

In Figure 1-2 the concentration of substance X is higher in solution A
than in B. The probability that molecules of X will move through pores
in the membrane from A to B is higher than the probability of their
moving in the opposite direction. The net flux of solute particles from
A to B equals the difference between the two movements from A to B
and from B to A. The magnitude of the net flux (J) of uncharged mole-
cules per unit time is dependent on the magnitude of the concentration
difference (A C), the permeability per unit surface area of the membrane
to the solute (P), and the effective surface area (A) of the membrane
available for diffusion of that particular solute. In practice, it is often
difficult to determine A and it is more convenient to determine the
combination of P and A, the permeability coefficient, k.

Thus,

= k,AC (1-1)

The k; of a membrane for a particular solute depends on the tempera-
ture; the characteristics of the membrane, such as its thickness, com-
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Figure 1-2. Passive diffusion of solute molecules between two solutions separated
by a permeable membrane.

position, and surface area; and the characteristics of the diffusing
substance, including its size, charge, and lipid solubility.

Diffusion is the primary process by which the exchange of oxygen,
carbon dioxide, nutrients, and the products of cell metabolism occurs
across cell membranes and capillary membranes in all organs and tis-
sues. It is also the major process by which drugs are absorbed from the
gastrointestinal tract into the circulation and by which they reach their
site of action from the circulation. Thus, molecular size, charge, and
lipid solubility are among the primary determinants of the activity of
many drugs. In the clinical procedure of peritoneal dialysis, diffusion is
the primary mechanism for exchange of solutes across the peritoneal
membrane between the circulation and the dialysate infused into the
peritoneal cavity. In hemodialysis of patients with renal failure, solutes
are exchanged between the patient’s blood and the dialyzing fluid by
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diffusion across an artificial membrane. The efficacy of the artificial
kidney critically depends on the selection of membrane material that
will permit optimum diffusion of solutes.

MOVEMENT OF WATER THROUGH MEMBRANES

In the kidney, water moves across membranes and cell layers in re-
sponse to hydrostatic pressure gradients and to osmotic pressure
gradients. Under the influence of these forces, water moves through
pores by a bulk or hydraulic flow process as well as by diffusion of
individual molecules. The movement of fluid by hydraulic flow in re-
sponse to these pressures is described in this section.

Filtration

In Figure 1-3a, a rigid membrane penetrated by pores separates two
volumes of pure water. The hydrostatic pressure is higher on side A
than on side B. The greater pressure on side A increases the random
motion of water molecules on that side, and it may be considered that
they bombard water molecules within the pore at a greater rate and with
a greater force than do water molecules on side B. To state it another
way, the greater activity of water molecules on side A forces water
molecules within the pore into side B and a bulk flow of water takes
place.

The amount of water filtered per min (Ju,0) is dependent on the
pressure difference across the pores (AP), the hydraulic permeability of
the membrane, (Lp), and its surface area (A). Because of the difficulty of
determining Lp and A for many biologic membranes, the product of the
two is often determined. This product is called the filtration coefficient
(k). It is an expression of the permeability of the total membrane to

water and has the units of ml per min per mm Hg.
Thus,

Jn0 = ki AP (1-2)

Osmosis

In Figure 1-3b two volumes of fluid under equal hydrostatic pressure
are separated by a membrane permeable only to water. The fluid on side
A is pure water, the fluid on side B is a solution of sucrose. Only water
exists in the pores within the membrane since sucrose is too large to
enter. It has been suggested that this causes a hydrostatic pressure
gradient to exist along the length of the pore in the following way.
Because of the size of the sucrose molecule, water molecules within the
pore are subjected to collision only with water molecules on either side.
A larger number of water molecules per unit volume are on side A than
on side B, so the number of collisions per unit time between water
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(a) FILTRATION (b) OSMOSIS

MEMBRANE MEMBRANE
Pao> Pg Tg > WA
Juo™ ki AP ano- kAT

Figure 1-3. (a) Filtration of water through a permeable membrane caused by a
hydrostatic pressure gradient. The pressure of each volume of water is indicated by the
meter. (b) Osmotic flow of water through a semipermeable membrane caused by an
osmotic concentration gradient.

molecules outside the pores and those inside will be greater on side A
than on side B, and this will force water molecules within the pores into
side B.

A hydrostatic pressure can be applied to side B to stop the flow of
water through the pores. Again, it may be considered that this raises the
rate of random movement of water molecules (the activity of water) in
solution B. The increased number and force of collisions between water
molecules on side B and those within the pore become equal to that on
side A and thus the net flow of water through the pores becomes zero.

By definition, the osmotic pressure of the solution is that hydrostatic
pressure that must be applied to it to stop the net influx of water into the
solution from a volume of pure water. Remember that water flows from
" aregion of high water concentration or activity (low solute concentra-
tion, low .osmotic pressure) to a region of low water concentration or
activity (high solute concentration, high osmotic pressure).

The osmotic pressure () of a solution is directly related to the concen-
tration of the solute. In an ideal dilute solution

= RTC | (1-3)
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R is the gas constant (62.3 L-mm Hg/osmole-degree), T is absolute tem-
perature, and C is the concentration expressed in osmoles per liter.
o then has the units of pressure.

The unit of osmotic mass, the osmole, is an expression of the number
of solute particles in a mole of a substance. One mole of a nonionized
substance such as glucose is equal to one osmole. Each molecule of a
substance such as NaCl will produce two osmotic particles (Na* and ClI")
when dissolved in a dilute solution. Therefore, one mole of NaCl dis-
solved in a large volume of water will provide two osmoles. The osmotic
pressure of a solution with a concentration of one milliosmole per kilo-
gram H,O (mOsm/kg H,O) at body temperature = 19.3 mm Hg or 26.2
em H;O (Equation 1-3).

In Figure 1-3b, the amount of water flowing from A to B per unit time,
Ji,o0, is determined by the filtration coefficient of the membrane (k¢) and
the osmotic pressure difference (A7) between the two solutions.

Juzo = kiAm (1-4)

This equation is directly analogous to the one described earlier for
filtration (Equation 1-2).

Often the movement of water across a biologic membrane other than
a cell membrane results from a combination of osmotic and hydrostatic
pressures. Such a situation is illustrated in Figure 1-4a. Two solutions
of varying compositions are separated by a rigid, porous membrane.
Solution A contains 100 mOsm/kg H,O of urea and a hydrostatic pres-
sure of 25 cm H,O is exerted upon it. Solution B has the same concentra-
tion of urea, and in addition, contains 2 mOsm/kg H,O of sucrose. A
hydrostatic pressure of 50 cm H,O is exerted upon it. The membrane has
pores with a radius much larger than the radius of the urééxmolecules
but smaller than the radius of sucrose molecules.

Solution A has a total osmotic concentration of 100 mOsm/kg H,O,
that of solution B is 102 mOsm/kg H,O. However, the membrane will
allow urea to' move through it with water; thus this solute exerts no
effective osmotic pressure. The only effective osmotic pressure results
from the presence of sucrose, Therefore, solution A has no effective
osmotic concentration (7, = 0) and solution B has an effective osmotic
concentration () of 2 mOsm/kg H,O, or an osmotic pressure of 52.4 cm
H,O at body temperature.

-Figure 1-4b illustrates the direction each pressure will tend to cause
fluid to flow. The sum of the hydrostatic and osmotic pressures exerted
on solution A is greater than that exerted on solution B; the net pressure
difference is 27.4 cm H,0, and that will force fluid to flow from A to B.
The flow that results is a bulk flow of solution A. Since the pores are -
much larger than the urea molecules, urea will pass through the mem-
brane in the stream of water. The concentration of urea in this stream
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(a) OSMOSIS and FILTRATION (b)

Urea U) = 100mM in A & B P exerted on A =(PA* 7g)
Sucrose & = 2mM in B onB=(Pg ¢ m,)
Pa= 25cm H20 Pg= 50cm H20 Net P= (Py* mg)~(Pg *ma)
wa= 100 mOsm/Kg Hz0 yg=102 mOsm/Kg H,O =274 cm HyO from A to B

Effective 7a= 0 mOsm/Kg HO 1= 2 mOsm/Kg H0

Figure 14. (a) Flow of solution through a semipermeable membrane resulting from
a combination of hydrostatic and osmotic pressure gradients. (b) The pressures acting
to cause flow of fluid through the membrane illustrated in a.

will be the same as in solution A. Therefore, no change in the concentra-
tion of urea will take place in either solution A or B as a result of the fluid
flow. Such movement of solute particles with the stream of solvent is
termed solvent drag.

Reflection Coefficient

The membrane represented in Figure 1-3b was considered to be
completely impermeable to the solute. In reality, few combinations of
solutes and biologic membranes can be described that way. Most mem-
branes are permeable to some extent to almost all solutes found in body
fluids. Because of this, the actual or observed osmotic pressure exerted
on a membrane by the presence of a substance in a solution is always
somewhat less than that predicted on the basis of its concentration in
the solution. The ratio of the two pressures, o/ Tmeor, €quals o, the
reflection coefficient. The upper limit of the reflection coefficient is 1.0,



