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UNDERSTANDING
OSMOSIS AND
TONICITY

To  fully  grasp  what
happens to a cell in a
hypotonic solution, it is
essential  first  to
u n d e r s t a n d  t h e
concept of tonicity and
the process of osmosis.
Osmosis is the passive
movement  of  water
molecules  across  a
s e m i - p e r m e a b l e
membrane  from  an
area  of  low  so lute
concentration  to  an
area  of  high  solute
concentration. Tonicity,
on  the  other  hand,
describes  the  relative

concen t ra t i on  o f
solutes in two solutions
s e p a r a t e d  b y  a
membrane.  There  are
three  primary  terms
u s e d  t o  d e s c r i b e
tonicity:  hypotonic,
i s o t o n i c ,  a n d
hypertonic.
A hypotonic solution
is one that has a lower
concen t ra t i on  o f
solutes  compared  to
the inside of the cell. In
this scenario, the water
potential  outside  the
cel l  is  h igher  than
i n s i d e  t h e  c e l l .
Consequently,  water
moves into the cell  to
try  and  equalize  the
solute  concentrations
on  both  sides  of  the
membrane.  This  influx
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of  water  causes  the
cell to swell. For animal
cells, this swelling can
h a v e  d r a m a t i c
consequences,  while
plant  and  bacterial
c e l l s  a r e  b e t t e r
equipped  to  handle
such environments due
to their rigid cell walls.
The  opposite  scenario
involves  a  hypertonic
solution,  where  the
solution  outside  the
cell has a higher solute
concentration than the
interior.  In  this  case,
water moves out of the
ce l l ,  caus ing  i t  to
shrink  or  shrivel.  An
isotonic solution is the
ideal  state  for  most
animal  cells,  as  the
concen t ra t i on  o f
solutes  inside  and
outs ide  the  cel l  is
equal,  resulting  in  no
n e t  m o v e m e n t  o f
water.  Understanding
these  three  states  is
the  foundation  for
e x p l o r i n g  w h a t

happens  when  a  cell
finds  itself  in  a
h y p o t o n i c
environment.

THE IMMEDIATE
EFFECTS ON A
CELL IN A
HYPOTONIC
SOLUTION

When a cell is placed in
a  hypotonic  solution,
the  immediate  and
most  noticeable  effect
is  the  rapid  influx  of
water.  This  occurs
b e c a u s e  t h e  c e l l
m e m b r a n e  i s
selectively  permeable,
allowing water to pass
through  freely  while
res t r i c t i ng  many
solutes.  The  driving
fo rce  beh ind  th i s
m o v e m e n t  i s  t h e
difference  in  water
p o t e n t i a l .  W a t e r
molecules  move down
their  concentration
gradient, from the area
o f  h i g h e r  w a t e r
concentration  (the
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h y p o t o n i c
environment)  to  the
area  of  lower  water
concentration  (inside
the  cell).
As  water  enters  the
ce l l ,  the  in te rna l
volume increases.  The
cell  membrane,  which
is  a  flexible  lipid
b i layer ,  begins  to
stretch. This stretching
puts  pressure  on  the
cell's  contents  and its
membrane. The rate at
which  water  enters
depends  on  several
factors,  including  the
magn i tude  o f  the
concentration gradient,
the  temperature,  and
the surface area of the
cell  membrane.  Small,
simple  cells  like  red
blood  cells  will  swell
much  fas te r  than
larger,  more  complex
c e l l s  w i t h  l o w e r
surface-area-to-volume
ratios.
The swelling is not just
a  physical  change;  it

also dilutes the internal
components of the cell.
T h e  c y t o p l a s m
b e c o m e s  l e s s
concentrated,  which
can  affect  the
efficiency  of  metabolic
reactions.  Enzymes
that  rely  on  specific
ionic  concentrations
may  become  l e s s
active  or  completely
d e n a t u r e d .  T h i s
dilution  effect  is  a
s e c o n d a r y
consequence  of  the
h y p o t o n i c
environment,  but  it  is
just  as  important  as
the  physical  swelling
when  considering  the
overall  health  of  the
cell.

Understa
nding



4

4 A Cell In A Hypotonic Solution 2022-06-29

Water
Potential
Water  potential  is  a
k e y  c o n c e p t  i n
understanding  the
behavior of a cell in a
hypotonic solution. It is
measured  in  units  of
pressure,  typically
megapascals  or  bars.
Pure water has a water
potential of zero. When
solutes are dissolved in
w a t e r ,  t h e  w a t e r
potential  becomes
negative  because  the
solute  molecules  bind
to  water  molecules,
reducing their freedom
to  move.  The  more
concentrated a solution
is,  the  more  negative
its water potential.
Water  always  moves
from an area of higher
water  potential  (less
negative) to an area of
lower  water  potential
(more  negative).  In  a

hypotonic solution, the
external  environment
has  a  higher  water
potent ial  than  the
inside of the cell. This
means  wa te r  w i l l
naturally  flow  into  the
cell.  This  flow
continues  until  the
water  potential  inside
and  outside  the  cell
become equal, or until
the  cell's  structure
p reven t s  f u r the r
expansion.
Understanding  water
potential helps explain
w h y  a  c e l l  i n  a
hypotonic  solution
behaves  differently
t h a n  a  c e l l  i n  a n
isotonic  or  hypertonic
solution.  It  provides  a
m e c h a n i s t i c
explanation  for  the
directional  movement
of  water  and  allows
scientists  to  predict
h o w  a n y  c e l l  w i l l
respond  to  any  given
solution.  This  concept
is fundamental in fields
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ranging from medicine
to agriculture.

ANIMAL CELLS:
THE RISK OF LYSIS

Animal  cells,  such  as
human red blood cells,
white  blood cells,  and
n e u r o n s ,  a r e
particularly  vulnerable
t o  h y p o t o n i c
environments.  Unlike
plant cells, animal cells
lack  a  rigid  cell  wall.
Their  only  protective
barrier is the thin and
flexible  plasma
membrane.  When  an
animal cell is placed in
a  hypotonic  solution,
water  rushes  in,  and
the cell begins to swell
dramatically.
As the cell  swells,  the
plasma  membrane
s t r e t c h e s  t o  i t s
physical  limit.  If  the
influx  of  water
c o n t i n u e s ,  t h e
membrane  can  no
longer  contain  the
expanding  volume.

Eventually,  the  cell
bursts  in  a  process
known as lysis. In the
case of red blood cells,
this  specific  event  is
called hemolysis. When
a  r e d  b l o o d  c e l l
undergoes  hemolysis,
it  releases  its  internal
contents,  including
hemoglobin,  into  the
surrounding  fluid.  This
is  why a  test  tube of
blood mixed with pure
water  will  turn  clear
and  red  as  the  cells
rupture  and  release
their  pigment.
Lysis is invariably fatal
to  the  cell.  The  cell
cannot recover from a
complete rupture of its
membrane.  However,
animal cells have some
limited  strategies  to
c o p e  w i t h  m i l d
hypotonic  conditions.
For  example,  some
cells can actively pump
out ions to reduce the
i n t e r n a l  s o l u t e
concentration,  thereby
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s lowing  the  water
influx.  Others  may
have  channels  that
open  to  release  small
molecules,  helping  to
balance  the  osmotic
pressure.  Still,  these
mechanisms  are  only
effective  for  small,
temporary imbalances.
A  sustained  or  highly
hypotonic environment
will always lead to cell
death in animal cells.

Medical
Implicatio
ns of
Hypotoni
c
Solutions
Understanding  what
happens to a cell in a
hypotonic solution has

significant  medical
i m p l i c a t i o n s .
Intravenous  fluids
given to patients must
be carefully formulated
to be isotonic to blood
p lasma .  Common
examples  inc lude
normal  saline  (0.9%
NaCl)  and  lactated
Ringer's  solution.  If  a
p a t i e n t  w e r e
mistakenly  given  a
l a r g e  v o l u m e  o f
hypotonic fluid, such as
pure  water  or  a  very
dilute saline solution, it
c o u l d  c a u s e
widespread  hemolysis.
This  would  lead  to
serious  complications,
i n c l ud ing  k i dney
damage,  anemia,  and
potentially death.
Conversely,  controlled
hypotonic solutions are
s o m e t i m e s  u s e d
therapeutically.  For
i n s t a n c e ,  i n  t h e
treatment  of  severe
hypernatremia  (high
blood sodium), doctors
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m a y  c a r e f u l l y
administer  a  slightly
hypotonic  solution  to
gradually  lower  the
sodium  concentration
w i t h o u t  c a u s i n g
dangerous  cellular
swelling.  The key is  a
slow  and  monitored
a d m i n i s t r a t i o n .
Additionally,  research
into  targeted  drug
delivery  sometimes
exploits  hypotonic
c o n d i t i o n s  t o
temporarily  swell  cells
a n d  m a k e  t h e i r
membranes  more
permeable, allowing for
more  efficient  delivery
of  genetic  material  or
therapeutic agents.

PLANT CELLS:
TURGOR
PRESSURE AND
TURGIDITY

Plant  cells  respond
very  differently  to  a
hypotonic  solution
compared  to  animal
ce l l s .  The  cr i t ica l

difference  is  the
presence  of  a  strong,
rigid  cell  wall  made
primarily  of  cellulose.
This cell wall surrounds
the plasma membrane
and provides structural
support. When a plant
ce l l  i s  p laced  in  a
hypotonic  solution,
water  flows  into  the
cell  through  osmosis,
just  as  it  does  in  an
animal  cell.  The  cell's
vacuole, a large water-
filled organelle, swells.
A s  t h e  v a c u o l e
expands, it pushes the
plasma  membrane
against  the  cell  wall.
However,  the cell  wall
is strong and does not
stretch  significantly.
Instead,  it  exerts  an
opposing  pressure
b a c k  a g a i n s t  t h e
swol len  ce l l .  Th is
pressure  is  ca l led
turgor pressure,  and
it  is  the  force  that
makes  plant  cells  firm
and rigid.  A plant  cell
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that  has  taken  up
water  and  is  pressing
against  its  cell  wall  is
described as turgid.
Turgor  pressure  is
essential for the health
of  plants.  It  provides
the mechanical support
tha t  keeps  s tems
upright  and  leaves
firm.  A  well-watered
plant,  with  its  cells
turgid,  stands tall  and
strong. This is a perfect
example of a cell in a
hypotonic  solution
functioning  optimally.
The cell  wall  prevents
lysis,  allowing the cell
to  safely  accumulate
water  and  generate
internal  pressure.  The
plant  cell  is  effectively
using  the  hypotonic
environment  to  its
advantage,  creating  a
structural  support
system  without  the
need  for  a  skeleton.

Plasmolys
is: The
Opposite
Effect
T h e  o p p o s i t e  o f
turgidity is plasmolysis,
which  occurs  when  a
plant cell is placed in a
hypertonic  solution.  In
this  situation,  water
leaves the cell, causing
the  vacuole  to  shrink
a n d  t h e  p l a s m a
membrane to pull away
from the cell wall. This
leads to wilting in the
whole  plant.  A  plant
that  is  not  watered
enough will  eventually
lose  turgor  pressure,
causing its leaves and
s t e m s  t o  d r o o p .
P l a s m o l y s i s  i s
revers ib le  up  to  a
point;  if  the  plant  is
watered  soon enough,
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i t  c a n  r e g a i n  i t s
t u r g i d i t y .
Understanding  this
process  is  crucial  for
farmers and gardeners
who need to  maintain
proper hydration levels
f o r  c r o p s  a n d
ornamental  plants.

BACTERIAL AND
PROKARYOTIC
CELLS

Bacterial  cells,  like
plant  cells,  possess  a
cell  wall,  although  its
c o m p o s i t i o n  i s
different.  Bacterial  cell
wa l l s  a re  made  o f
pep t idog lycan ,  a
polymer  consisting  of
sugars  and  amino
acids.  This  structure
provides  strength  and
protection.  When  a
bacterial  cell  finds
itself  in  a  hypotonic
solution,  it  faces  the
same threat of osmotic
lysis as any other cell.
H o w e v e r ,  t h e
peptidoglycan cell wall

generally  provides
enough  r ig id i ty  to
withstand  the  internal
pressure generated by
the inflowing water.
Nevertheless,  bacteria
are not immune to the
effects  of  a  hypotonic
solution. If the cell wall
i s  w e a k e n e d ,  f o r
e x a m p l e ,  b y  a n
antibiotic like penicillin,
t h e  b a c t e r i u m
becomes  vulnerable.
Penicillin  inhibits  the
formation of cross-links
in  the  peptidoglycan
layer.  This  creates  a
weak  cell  wall  that
cannot  withstand  the
internal  pressure.
When  a  bacterial  cell
with  a  compromised
c e l l  w a l l  i s  i n  a
h y p o t o n i c
environment,  it  will
swell  and  burst,  just
like an animal cell. This
is  the  mechanism  by
which  penicillin  kills
bacteria.
Other antibiotics,  such
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as lysozyme (found in
human tears), work by
directly breaking down
the  peptidoglycan
layer. This exposes the
b a c t e r i a l  c e l l
membrane  t o  t he
osmotic  forces  of  the
environment.  If  the
e n v i r o n m e n t  i s
h y p o t o n i c ,  t h e
unprotected  bacterial
cell  will  undergo lysis.
Understanding  this
relationship  between
cell  wall  integrity  and
osmotic  pressure  has
been a cornerstone of
antimicrobial  drug
d e v e l o p m e n t  f o r
decades.

OSMOREGULATION
AND ADAPTATIONS

Living organisms have
evolved a wide array of
strategies  to  maintain
a  s t a b l e  i n t e r n a l
environment, a process
k n o w n  a s
o s m o r e g u l a t i o n .
Whether  an  organism

c a n  s u r v i v e  i n  a
hypotonic environment
depends heavily on its
o s m o r e g u l a t o r y
abilities.  Freshwater
fish  are  an  excellent
example.  Their  body
fluids  are  hypertonic
c o m p a r e d  t o  t h e
surrounding  water,
m e a n i n g  w a t e r
constantly  tends  to
enter  their  bodies
through their gills and
skin. To avoid swelling
and  lysis,  freshwater
fish  rarely  drink  water.
Instead,  they  excrete
large volumes of dilute
urine  to  eliminate  the
excess  water.  They
also  actively  take  up
salts through their gills
to replace those lost in
the urine.
Conversely,  saltwater
fish  face  the  opposite
problem.  Their  body
fluids  are  hypotonic
relative to seawater, so
they  constantly  lose
water. They must drink
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l a rge  amounts  o f
seawater  and  excrete
the excess salt through
their  gills  and  urine.
These  adaptations
allow  fish  to  thrive  in
vastly different osmotic
environments.
S i n g l e - c e l l e d
o r g a n i s m s  l i k e
Paramecium  have  a
unique osmoregulatory
organel le  cal led  a
contractile  vacuole.
This  vacuole  collects
excess  water  that
enters  the  ce l l  by
osmos i s  f rom  the
hypotonic  freshwater
environment. Once the
vacuo le  i s  fu l l ,  i t
contracts  and  expels
the  water  out  of  the
cell  through a pore in
the  membrane.  This
process  is  continuous
and  requires  energy,
but  it  is  essential  for
the survival of the cell
in a hypotonic solution.
Without  a  contractile
vacuole,  a  freshwater

p r o t o z o a n  w o u l d
quickly swell and burst.

PRACTICAL
APPLICATIONS
AND EXPERIMENTS

The concept of a cell in
a hypotonic solution is
not  just  an  abstract
biological  principle;  it
has  many  practical
applications  and  is  a
c o m m o n  t o p i c  i n
l a b o r a t o r y
exper iments .  In  a
t y p i c a l  b i o l o g y
classroom,  students
might  observe  the
effects  of  a  hypotonic
solution  on  red  blood
cells. By mixing a drop
of  blood  with  distilled
water and observing it
under  a  microscope,
students can watch the
c e l l s  s w e l l  a n d
eventually  lyse.  This
simple  experiment
provides  a  powerful
visual demonstration of
osmosis and tonicity.
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A n o t h e r  c o m m o n
experiment  involves
elodea  or  onion  cells.
When mounted in pure
water, these plant cells
b e c o m e  t u r g i d .
Students  can  clearly
see  the  chloroplasts
lining the cell wall and
the  central  vacuole
pressing  against  the
membrane.  By  then
adding a salt  solution,
they  can  observe
plasmolysis as the cell
membrane  pulls  away
from  the  wall.  These
experiments  help  to
s o l i d i f y  t h e
understanding  of  the
different  osmotic
behaviors of plant and
animal cells.
In  a  more  app l ied
context ,  the  food
industry  uses  osmotic
principles  to  preserve
foods.  Pickling  is  a
process  that  places
food  in  a  hypertonic
salt  or  sugar  solution.
This  causes  bacterial

and fungal cells to lose
water through osmosis,
inhibiting  their  growth
and spoiling  the  food.
Conversely,  washing
fruits and vegetables in
pure  water  can  cause
them to become turgid
a n d  c r i s p .
Understanding  how  a
cel l  in  a  hypotonic
solution  behaves  is,
therefore,  relevant  to
everyday activities like
food  preparation  and
preservation.

CONCLUSION

In summary, the fate of
a  cell  in  a  hypotonic
solution is a fascinating
demonst ra t ion  o f
fundamental  biological
and physical principles.
The passive movement
of water across a semi-
permeable  membrane,
driven by differences in
solute  concentration,
dictates whether a cell
will swell, thrive, or be
destroyed.  For  animal
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cells lacking a cell wall,
a  h y p o t o n i c
e n v i r o n m e n t  i s  a
serious  threat,  often

leading to lysis and cell
death.  In  contrast,
plant  cells  and  many
bacteria


