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in a hypertonic solution water flows through aquaporins as cells respond to osmotic pressure
differences to maintain homeostasis. This essential physiological process involves the movement of
water molecules across cell membranes, facilitated by specialized channel proteins known as
aquaporins. When cells are placed in a hypertonic solution, the extracellular fluid has a higher solute
concentration than the intracellular fluid, prompting water to exit the cell. Aquaporins play a critical
role in this water efflux, enabling rapid and regulated water transport to balance osmotic gradients.
Understanding how water flows through aquaporins in hypertonic environments is fundamental to
areas such as cellular biology, medicine, and biotechnology. This article explores the mechanisms,
biological significance, and implications of water transport through aquaporins in hypertonic solutions.
The following sections will cover the nature of hypertonic solutions, structure and function of
aquaporins, the osmotic process driving water movement, and the physiological consequences of
these dynamics.
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Understanding Hypertonic Solutions
A hypertonic solution is characterized by having a higher concentration of solutes compared to the
inside of a cell. This difference in solute concentration creates an osmotic gradient that drives water
movement across the cell membrane. When cells are exposed to hypertonic environments, water
tends to flow out of the cell to the extracellular space to equalize solute concentrations.

Definition and Characteristics of Hypertonic Solutions
Hypertonic solutions contain solute particles at concentrations greater than those found inside the cell
cytoplasm. Common solutes include salts, sugars, and other osmolytes. The osmolarity of the external
solution exceeds that of the intracellular fluid, promoting water efflux. This osmotic imbalance can
lead to cell shrinkage or crenation if unregulated.



Comparison with Hypotonic and Isotonic Solutions
In contrast to hypertonic solutions, hypotonic solutions have lower solute concentrations than the cell
interior, causing water to flow into the cell. Isotonic solutions maintain equal solute concentrations
inside and outside the cell, resulting in no net water movement. These distinctions are essential for
understanding cellular responses to varying osmotic environments.

Examples of Hypertonic Environments

Seawater, which has a high salt concentration relative to most cells

Medical treatments involving hypertonic saline solutions

Cell preservation techniques using hypertonic cryoprotectants

Dehydration conditions causing increased extracellular solute concentration

Aquaporins: Structure and Function
Aquaporins are integral membrane proteins that form selective channels for water molecules,
allowing rapid and efficient water transport across biological membranes. These proteins are critical
for maintaining water balance within cells, especially under varying osmotic conditions such as
hypertonic environments.

Structural Features of Aquaporins
Aquaporins are composed of six transmembrane alpha-helices forming a narrow pore that selectively
permits water passage while excluding ions and other solutes. The channel’s constriction region
contains conserved amino acid motifs that facilitate water molecule orientation and single-file transit.
Their high specificity and permeability make them vital for cellular water regulation.

Types of Aquaporins and Their Distribution
Multiple aquaporin isoforms exist, each with unique tissue distributions and functional roles. For
example, AQP1 is widely expressed in erythrocytes and kidney tubules, while AQP4 is predominant in
the brain. This diversity allows cells to regulate water flow precisely according to physiological needs.

Functional Role in Water Transport
Aquaporins accelerate water movement across membranes by lowering the activation energy
required for diffusion. In hypertonic conditions, these channels become pathways for water to exit the
cell, aiding in osmotic equilibrium. Their regulation can be dynamic, involving gating mechanisms or



changes in expression levels.

Mechanism of Water Movement in Hypertonic
Environments
When a cell encounters a hypertonic solution, the osmotic gradient drives water molecules from the
area of lower solute concentration inside the cell to the higher concentration outside. Aquaporins
facilitate this movement, ensuring efficient water efflux to restore osmotic balance.

Osmosis and Its Driving Forces
Osmosis is the passive diffusion of water across a semipermeable membrane toward a region of
higher solute concentration. This process is governed by osmotic pressure differences. In hypertonic
solutions, the elevated extracellular osmolarity creates a net force pulling water out of the cell.

Role of Aquaporins in Facilitating Water Efflux
While water can permeate lipid bilayers slowly, aquaporins provide a rapid and regulated pathway.
Their selective channels allow water molecules to traverse the membrane efficiently without allowing
solutes to pass, preserving the integrity of intracellular solute concentrations.

Cellular Responses to Water Loss
Water efflux through aquaporins leads to cell shrinkage, triggering cellular mechanisms such as
volume-regulatory ion transporters and signaling pathways to counteract dehydration. These
responses help maintain cellular function and prevent damage under hypertonic stress.

Physiological Implications of Water Flow Through
Aquaporins
The movement of water through aquaporins in hypertonic solutions has significant physiological
consequences, affecting cellular health, organ function, and overall organismal homeostasis.

Cell Volume Regulation
Water flow through aquaporins plays a key role in maintaining cell volume. In hypertonic conditions,
controlled water efflux prevents excessive swelling and helps cells adapt to osmotic stress, ensuring
proper biochemical and mechanical function.



Kidney Function and Urine Concentration
The kidneys utilize aquaporins extensively to regulate water reabsorption and urine concentration.
Hypertonic medullary interstitial fluid drives water out of renal tubular cells via aquaporins, crucial for
maintaining body fluid balance and blood pressure.

Brain Edema and Aquaporin Regulation
In the brain, aquaporins such as AQP4 modulate water movement during hypertonic stress,
influencing edema formation and resolution. Proper functioning of these channels is vital for
protecting neural tissue under osmotic challenges.

Applications and Research Involving Aquaporins in
Hypertonic Conditions
Research into aquaporin-mediated water transport under hypertonic conditions has advanced
medical, environmental, and biotechnological fields by providing insights into water management and
cellular resilience.

Therapeutic Targeting of Aquaporins
Modulating aquaporin activity offers potential treatments for conditions like brain edema, glaucoma,
and kidney disorders. In hypertonic contexts, controlling water flow can mitigate cellular damage and
improve patient outcomes.

Biotechnological Uses
Aquaporins are exploited in water purification technologies and synthetic membranes to enhance
selective water transport. Understanding their function in hypertonic environments helps optimize
these applications for efficiency and durability.

Ongoing Research Directions
Current studies focus on the molecular regulation of aquaporins during osmotic stress, their role in
disease states, and the development of aquaporin inhibitors or enhancers. These efforts aim to
harness aquaporin function for improved health and environmental solutions.

Summary of Key Points

In hypertonic solutions, water exits cells via aquaporins to balance osmotic pressure.



Aquaporins provide selective, rapid water transport critical for cellular homeostasis.

Cellular adaptation to hypertonic stress involves complex regulatory mechanisms.

Physiological systems, especially kidneys and brain, rely on aquaporin function during osmotic
challenges.

Research and applications targeting aquaporins continue to expand medical and technological
advancements.

Frequently Asked Questions

What happens to a cell placed in a hypertonic solution?
When a cell is placed in a hypertonic solution, water flows out of the cell through aquaporins, causing
the cell to shrink due to loss of water.

Why does water flow through aquaporins in a hypertonic
solution?
Water flows through aquaporins in a hypertonic solution because water moves from an area of lower
solute concentration (inside the cell) to higher solute concentration (outside the cell) to balance solute
levels, following osmosis principles.

What role do aquaporins play in a hypertonic environment?
Aquaporins facilitate the rapid movement of water molecules across the cell membrane, enabling
water to flow out of the cell in a hypertonic environment to maintain osmotic balance.

How does the presence of aquaporins affect cell response in a
hypertonic solution?
Aquaporins increase the permeability of the cell membrane to water, allowing faster water efflux from
the cell in a hypertonic solution, which leads to quicker cell shrinkage or plasmolysis.

Can aquaporin activity be regulated in response to hypertonic
stress?
Yes, cells can regulate aquaporin expression or activity in response to hypertonic stress to control
water loss and maintain cellular homeostasis.

What is the difference between water movement in



hypertonic vs hypotonic solutions through aquaporins?
In a hypertonic solution, water moves out of the cell through aquaporins, while in a hypotonic
solution, water moves into the cell through aquaporins, due to osmotic gradients.

Do aquaporins allow solutes to pass along with water in
hypertonic solutions?
No, aquaporins are selective channels that only allow water molecules to pass; solutes cannot pass
through aquaporins during water movement in hypertonic solutions.

How does water flow through aquaporins help maintain cell
function in hypertonic conditions?
Water flow through aquaporins helps maintain cell function by enabling cells to adjust their volume
and osmotic pressure, preventing damage from excessive swelling or shrinking in hypertonic
conditions.

Are aquaporins present in all cell types exposed to hypertonic
solutions?
Aquaporins are widely present in many cell types, especially those frequently exposed to varying
osmotic conditions, but their presence and abundance can vary depending on the organism and
tissue type.

Additional Resources
1. Cellular Water Transport: Aquaporins and Osmotic Balance
This book delves into the molecular mechanisms of water movement across cell membranes, focusing
on aquaporins. It explains how hypertonic environments affect water flow and cellular homeostasis.
The text combines biophysical principles with physiological examples to provide a comprehensive
understanding of osmosis in living cells.

2. Aquaporins: Gatekeepers of Cellular Hydration
Exploring the structure and function of aquaporins, this book highlights their role in regulating water
permeability in various tissues. It discusses how cells respond to hypertonic solutions by adjusting
aquaporin activity. The book also covers recent advances in aquaporin research and their implications
in health and disease.

3. Osmosis and Membrane Transport in Biology
This textbook offers a detailed overview of osmosis, diffusion, and membrane transport mechanisms,
including the role of aquaporins. It provides insights on how cells cope with hypertonic stress by
modulating water flow. The book is well-suited for students and researchers interested in cellular
physiology and biochemistry.

4. Water Channels: The Biology of Aquaporins
Focused on the discovery and characterization of aquaporins, this book describes their importance in



maintaining water balance within cells. It explains the impact of hypertonic solutions on cellular water
flux and volume regulation. The text also explores therapeutic potentials of targeting aquaporins in
medical treatments.

5. Membrane Transport Proteins and Osmoregulation
Examining various membrane proteins involved in transport, this book dedicates significant attention
to aquaporins and their function in osmoregulation. It discusses how cells in hypertonic environments
use aquaporins to regulate intracellular water content. Case studies from plants, animals, and
microorganisms illustrate the principles of osmotic adaptation.

6. Physiology of Water Movement in Cells and Tissues
This comprehensive work covers the physiological processes governing water movement,
emphasizing the role of aquaporins in different tissue types. It highlights cellular responses to
hypertonic stress and the mechanisms of water transport through aquaporin channels. The book
combines experimental data with theoretical models to enhance understanding.

7. Biophysics of Aquaporins and Osmotic Flow
Focusing on the physical principles underlying water transport, this book explores aquaporin channel
dynamics and osmotic gradients. It explains how hypertonic solutions drive water movement through
these specialized proteins. The text is ideal for readers interested in the intersection of physics,
biology, and chemistry.

8. Cellular Responses to Hypertonic Stress
This volume investigates how cells detect and adapt to hypertonic environments, with a special focus
on water transport via aquaporins. It covers signal transduction pathways, regulatory mechanisms,
and changes in aquaporin expression. The book provides a multidisciplinary perspective combining
cell biology, molecular biology, and physiology.

9. Aquaporins in Health and Disease
Highlighting the clinical relevance of aquaporins, this book discusses their role in maintaining water
balance under normal and hypertonic conditions. It reviews diseases linked to aquaporin dysfunction
and potential therapeutic strategies targeting these channels. The text bridges basic research and
clinical applications, making it valuable for medical professionals and researchers alike.

In A Hypertonic Solution Water Flows Through Aquaporins
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practice you need to improve your skills. The comprehensive review features easy-to-follow examples
that reinforce the concepts tested on the Biology 1 End-of-Course exam. Our test prep is ideal for
classroom, group, or individual study. Tutorials and targeted drills increase your comprehension.
Color icons and graphics throughout the book highlight important concepts and tasks. REA's
test-taking tips and strategies give you the confidence you need on test day - so you can pass the
exam and graduate. The book contains two full-length practice exams that let you test your
knowledge while reinforcing what you've learned. The same two practice tests are also available
online at REA's Study Center. The online tests give you the additional benefits of instant scoring,
timed testing conditions, and diagnostic score reports that pinpoint your strengths and weaknesses.
Each practice test comes complete with detailed explanations of answers, so you can focus on areas
where you need extra review. This book is a must for any Florida student preparing for the Biology 1
End-of-Course exam. About the Exam The Florida Biology I End-of-Course exam measures middle
and high school student achievement of the Next Generation Sunshine State Standards. All public
school students are required to pass the exam in order to receive a high school diploma.
  in a hypertonic solution water flows through aquaporins: Nolph and Gokal's Textbook of
Peritoneal Dialysis Ramesh Khanna, Raymond T. Krediet, 2023-03-20 This fourth edition
comprehensively covers peritoneal dialysis. Peritoneal dialysis represents an intracorporeal
technique for blood purification. This unique dialysis system represents one of many human
attempts to manipulate nature for sustenance of life. Recent advances have focused on further
improvement of the technique, which are covered in full throughout the text. During the past
decade, the time during which this therapy has been increasingly utilized, the 3rd Edition has
continued to be recognized as the major source of the discipline's base knowledge. The evolution of
this text to its newest edition parallels the growth of peritoneal dialysis from Continuous Ambulatory
Peritoneal Dialysis in the eighties to the current therapy that encompasses manual and automated
therapies with full emphasis on adequacy of dialysis dose. Nolph and Gokal's Textbook of Peritoneal
Dialysis is the most in-depth publication on this dialysis technique and is an ideal resource for all
clinicians practicing peritoneal dialysis.
  in a hypertonic solution water flows through aquaporins: Anatomy & Physiology with
Brief Atlas of the Human Body and Quick Guide to the Language of Science and Medicine -
E-Book Kevin T. Patton, Frank B. Bell, Terry Thompson, Peggie L. Williamson, 2022-03-21 A&P may
be complicated, but learning it doesn't have to be! Anatomy & Physiology, 11th Edition uses a clear,
easy-to-read approach to tell the story of the human body's structure and function. Color-coded
illustrations, case studies, and Clear View of the Human Body transparencies help you see the Big
Picture of A&P. To jump-start learning, each unit begins by reviewing what you have already learned
and previewing what you are about to learn. Short chapters simplify concepts with bite-size chunks
of information. - Conversational, storytelling writing style breaks down information into brief
chapters and chunks of information, making it easier to understand concepts. - 1,400 full-color
photographs and drawings bring difficult A&P concepts to life and illustrate the most current
scientific knowledge. - UNIQUE! Clear View of the Human Body transparencies allow you to peel
back the layers of the body, with a 22-page, full-color insert showing the male and female human
body along several planes. - The Big Picture and Cycle of Life sections in each chapter help you
comprehend the interrelation of body systems and how the structure and function of these change in
relation to age and development. - Interesting sidebars include boxed features such as Language of
Science and Language of Medicine, Mechanisms of Disease, Health Matters, Diagnostic Study, FYI,
Sport and Fitness, and Career Choices. - Learning features include outlines, key terms, and study
hints at the start of each chapter. - Chapter summaries, review questions, and critical thinking
questions help you consolidate learning after reading each chapter. - Quick Check questions in each
chapter reinforce learning by prompting you to review what you have just read. - UNIQUE!
Comprehensive glossary includes more terms than in similar textbooks, each with an easy
pronunciation guide and simplified translation of word parts — essential features for learning to use
scientific and medical terminology! - NEW! Updated content reflects more accurately the diverse



spectrum of humanity. - NEW! Updated chapters include Homeostasis, Central Nervous System,
Lymphatic System, Endocrine Regulation, Endocrine Glands, and Blood Vessels. - NEW! Additional
and updated Connect It! articles on the Evolve website, called out in the text, help to illustrate,
clarify, and apply concepts. - NEW! Seven guided 3-D learning modules are included for Anatomy &
Physiology.
  in a hypertonic solution water flows through aquaporins: CSIR NET Life Science - Unit
1 - Principles of Biochemistry Mr. Rohit Manglik, 2024-07-02 EduGorilla Publication is a trusted
name in the education sector, committed to empowering learners with high-quality study materials
and resources. Specializing in competitive exams and academic support, EduGorilla provides
comprehensive and well-structured content tailored to meet the needs of students across various
streams and levels.
  in a hypertonic solution water flows through aquaporins: Taylor & Francis Group,
2010-12-31
  in a hypertonic solution water flows through aquaporins: Advanced Concepts in Plant
Biochemistry and Physiology Mr. Rohit Manglik, 2024-05-17 EduGorilla Publication is a trusted
name in the education sector, committed to empowering learners with high-quality study materials
and resources. Specializing in competitive exams and academic support, EduGorilla provides
comprehensive and well-structured content tailored to meet the needs of students across various
streams and levels.
  in a hypertonic solution water flows through aquaporins: Biochemistry - (Theory) Mr. Rohit
Manglik, 2024-09-24 Studies biochemical molecules, metabolic pathways, enzymes, and molecular
mechanisms essential for understanding physiological and disease processes.
  in a hypertonic solution water flows through aquaporins: Goodman's Medical Cell
Biology Steven R. Goodman, 2020-06-11 Goodman's Medical Cell Biology, Fourth Edition, has been
student tested and approved for decades. This updated edition of this essential textbook provides a
concise focus on eukaryotic cell biology (with a discussion of the microbiome) as it relates to human
and animal disease. This is accomplished by explaining general cell biology principles in the context
of organ systems and disease.This new edition is richly illustrated in full color with both descriptive
schematic diagrams and laboratory findings obtained in clinical studies. This is a classic reference
for moving forward into advanced study. - Includes five new chapters: Mitochondria and Disease,
The Cell Biology of the Immune System, Stem Cells and Regenerative Medicine, Omics, Informatics,
and Personalized Medicine, and The Microbiome and Disease - Contains over 150 new illustrations,
along with revised and updated illustrations - Maintains the same vision as the prior editions,
teaching cell biology in a medically relevant manner in a concise, focused textbook
  in a hypertonic solution water flows through aquaporins: AP Biology Premium Deborah T.
Goldberg, 2020-03-03 Barron's AP Biology is one of the most popular test preparation guides around
and a must-have manual for success on the Biology AP Test. In this updated book, test takers will
find: Two full-length exams that follow the content and style of the new AP exam All test questions
answered and explained An extensive review covering all AP test topics Hundreds of additional
multiple-choice and free-response practice questions with answer explanations This manual can be
purchased alone, or with an optional CD-ROM that includes two additional practice tests with
answers and automatic scoring. BONUS ONLINE PRACTICE TEST: Students who purchase this book
or package will also get FREE access to one additional full-length online AP Biology test with all
questions answered and explained. Want to boost your studies with even more practice and in-depth
review? Try Barron's Ultimate AP Biology for even more prep.
  in a hypertonic solution water flows through aquaporins: AP Biology Deborah T.
Goldberg, 2020-03-03 Barron's AP Biology: With Two Practice Tests is revised to reflect all upcoming
changes to the AP Biology course and the May 2020 exam. You'll get the in-depth content review and
practice tests you need to fully prepare for the exam. This edition features: Two full-length practice
exams in the book that follow the content and style of the revised AP Biology exam with detailed
answer explanations for all questions A fully revised introduction that covers the new exam format,



including the exam sections, the question types, the number of questions per section, and the
amount of time allotted per section Helpful test-taking tips and strategies throughout the book, plus
icons that designate sections with particularly helpful background information to know 19
comprehensive review chapters that cover all of the major topic areas that will be tested on the
exam (including the Cell Cycle, Photosynthesis, Heredity, and much more) End-of-chapter practice
questions that reinforce the concepts reviewed in each chapter Appendices (with key measurements
that you should be familiar with) as well as a glossary of key terms and definitions
  in a hypertonic solution water flows through aquaporins: Gastrointestinal System Mr.
Rohit Manglik, 2024-04-06 EduGorilla Publication is a trusted name in the education sector,
committed to empowering learners with high-quality study materials and resources. Specializing in
competitive exams and academic support, EduGorilla provides comprehensive and well-structured
content tailored to meet the needs of students across various streams and levels.
  in a hypertonic solution water flows through aquaporins: Barron's AP Biology Deborah T.
Goldberg, 2017-08-30 Barron’s AP Biology is one of the most popular test preparation guides around
and a “must-have” manual for success on the Biology AP Test. In this updated book, test takers will
find: Two full-length exams that follow the content and style of the new AP exam All test questions
answered and explained An extensive review covering all AP test topics Hundreds of additional
multiple-choice and free-response practice questions with answer explanations This manual can be
purchased alone, or with an optional CD-ROM that includes two additional practice tests with
answers and automatic scoring
  in a hypertonic solution water flows through aquaporins: Physiology of the
Gastrointestinal Tract Kim E. Barrett, Fayez K. Ghishan, Juanita L. Merchant, Hamid M. Said,
Jackie D. Wood, 2006-05-10 FROM THE PREFACE:The original purpose of the First Edition of
Physiology of the Gastrointestinal Tractto collect in one set of volumes the most current and
comprehensive knowledge in our fieldwas also the driving force for the Fourth Edition. The
explosion of information at the cellular level, made possible in part by the continued emergence of
powerful molecular and cellular techniques, has resulted in a greater degree of revision than that of
any other edition. The first section, now titled Basic Cell Physiology and Growth of the Gl Tract
contains numerous new chapters on topics such as transcriptional regulation, signaling networks in
development, apoptosis, and mechanisms in malignancies. Most of the chapters in this section were
edited by Juanita L. Merchant. Section II has been renamed Neural Gastroenterology and Motility
and has been expanded from seven chapters with rather classic titles to more than twenty chapters
encompassing not only the movement of the various parts of the digestive tract but also cell
physiology, neural regulation, stress, and the regulation of food intake. Almost all of the chapters
were recruited and edited by Jackie D. Wood. The third section is entirely new and contains chapters
on Immunology and Inflammation which were edited by Kim E. Barrett. The fourth section on the
Physiology of Secretion consists of chapters with familiar titles, but with completely updated
information to reflect the advances in our understanding of the cellular processes involved in
secretion. The last section on Digestion and Absorption contains new chapters on the intestinal
barrier, protein sorting and ion channels along with those focusing on the uptake of specific
nutrients. These chapters were recruited and edited by Hamid M. Said and Fayez K. Ghishan.·
Collected in one set - the most current and comprehensive coverage of gastrointestinal physiology·
Information presented in a style that is both readable and understandable· Valuable to the
specialized researcher, the clinical gastroenterologist, the teacher, and the student· Features an
entirely new section on Immunology and Inflammation· Each section edited by the preeminent
scientist in the field
  in a hypertonic solution water flows through aquaporins: Life Ricki Lewis, 1998 This text
is aimed at students from a non-scientific background, and provides an accessible introduction to
biology. It takes a comparative, concept-based approach and has a lively writing style. It has a new
chapter on the origins and diversity of life, and there is also a new chapter on biomes. The behaviour
and ecology unit has been expanded, as has the coverage of evolution. Ethical issues raised by



biotechnology are also discussed; the coverage of chemistry is revised as well.
  in a hypertonic solution water flows through aquaporins: Comprehensive Clinical
Nephrology E-Book Richard J. Johnson, John Feehally, Jurgen Floege, 2014-09-05 Consult this title
on your favorite e-reader, conduct rapid searches, and adjust font sizes for optimal readability. The
right amount of basic science and practical clinical guidance assists in making efficient and informed
decisions. Extensive updates on key topics keep you at the forefront of the field. New chapters on
glomerulonephritis associated with complement disorders, interventional treatments for
hypertension, renal disease and cancer, and epidemiology and prognostic impact of acute kidney
injury. Over 1,500 color illustrations highlight key topics and detail pathogenesis for a full range of
kidney conditions and clinical management. Hundreds of color coded algorithms promote quick
reference and to help you retain concepts. Over 400 NEW self-assessment questions available at
Expert Consult.
  in a hypertonic solution water flows through aquaporins: Hodson and Geddes' Cystic
Fibrosis Andrew Bush, Margarida D. Amaral, Jane C. Davies, Nicholas J. Simmonds, Jennifer L.
Taylor-Cousar, Sarath C. Ranganathan, 2023-11-20 Cystic Fibrosis has seen dramatic advances in
treatment since the last edition, including targeted cystic fibrosis transmembrane conductance
regulator (CFTR) protein modulators for most CFTR gene abnormalities. This new fifth edition is an
update and expansion of the rapid clinical and scientific advances in improving prognosis, and the
impact of COVID-19, all of which has transformed conventional models of care. It covers basic
science, such as how detailed understanding of the biology of the CFTR gene and protein has led to
novel and beneficial therapies, as well as all aspects of clinical management in high-, middle- and
low-income settings and the voices of individuals with CF from across the world. It will be a useful
reference for clinicians, including all levels of trainees, across the whole multidisciplinary team,
scientists and students. Key Features • Follows an appealing organization of chapters, by developing
fundamental knowledge of the reader before moving on to more complex or developing topics. •
Presents a comprehensive, authoritative and up-to-date text, integrating fundamental science and
clinical aspects of cystic fibrosis providing an attractive read for clinicians, trainee doctors and
scientists. • Draws on global expertise and reflects best evidence-based practice from experts
conducting cutting-edge clinical and basic science research from around the world.
  in a hypertonic solution water flows through aquaporins: Student Study Guide for Biology
[by] Campbell/Reece/Mitchell Martha R. Taylor, 1999
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