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THE SCIENCE OF
THE BURN:
UNDERSTANDING
PROCESSES
ACCOMPANIED BY
LACTIC ACID
FORMATION

For  anyone  who  has
pushed  through  the
final rep of a heavy set
of squats, sprinted up a
steep  hill,  or  held  a
p l a n k  u n t i l  t h e i r
muscles  quivered,  the
s e n s a t i o n  i s
unmistakable.  That
deep,  burning ache in

the working muscles is
a  familiar  signal  of
intense  effort.  For
decades, this sensation
was  s impl ist ical ly
b lamed  on  " lact ic
a c i d . "  H o w e v e r ,
m o d e r n  e x e r c i s e
physiology  tells  a  far
more  nuanced  and
fascinating  story.  The
processes  that  are
accompanied by lactic
acid formation are not
just  about  pain;  they
are  about  survival,
e n e r g y ,  a n d
a d a p t a t i o n .
Understanding  this
complex  biochemical
cascade  is  crucial  for
athletes,  fitness
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en thus i as t s ,  and
anyone  interested  in
h o w  t h e i r  b o d y
f u n c t i o n s  u n d e r
pressure.  This  article
wi l l  delve  into  the
science  of  lactic  acid,
exploring why it forms,
what  it  actually  does,
and how its  existence
is  a  marker  of  high-
intensity  performance
rather  than  a  sign  of
failure.

What is
Lactic
Acid? A
Matter of
Context
Before we explore the
processes  that  are
accompanied by lactic
acid  formation,  it  is
essential  to  clarify
what  we  are  actually

talking  about.  Strictly
speaking,  the  human
body does not produce
"lactic acid" in the way
we  often  imagine.
Instead,  the metabolic
byproduct  is  lactate.
The difference is subtle
but  significant.  Lactic
acid  has  a  hydrogen
ion  (H+)  that  it  can
donate,  making  it  an
acid.  However,  under
the  phys io log ica l
conditions  within  your
cells  (specifically  the
pH), this hydrogen ion
is immediately stripped
away.  This  leaves  us
with  the  negatively
charged  ion,  lactate,
and  a  free  hydrogen
ion.
Therefore, the burning
sensation and the drop
i n  p H  ( i n c r e a s e d
a c i d i t y )  t h a t
accompany  intense
e x e r c i s e  a r e  n o t
directly  caused  by
lactate  itself,  but  by
the  accumulation  of
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those  hydrogen  ions.
Yet, the processes that
are  accompanied  by
lactic  acid  formation
are,  in  practice,  the
same  processes  that
l e a d  t o  t h e
accumulation of lactate
a n d  H +  i o n s .
T h r o u g h o u t  t h i s
discussion, we will use
the  terms  interwoven
as they are in common
understanding,  but
keep  in  mind  that
lactate  is  the  star  of
the show. It  is  a vital
fue l  source  and  a
signaling molecule, not
m e r e l y  a  w a s t e
product.

The
Biochemi
cal Stage:

Anaerobi
c
Glycolysis
The primary metabolic
p a t h w a y  t h a t  i s
accompanied by lactic
ac id  f o rmat ion  i s
anaerobic  glycolysis.
To understand this, we
must look at how your
body produces energy.
Your  cel ls  run  on  a
m o l e c u l e  c a l l e d
adenosine triphosphate
( A T P ) .  W h e n  y o u
exercise, your muscles
demand ATP at a much
higher rate than when
you are resting. There
are  several  ways  to
produce ATP:

Oxidative
System
(Aerobic): Uses
oxygen to break
down fats and
carbohydrates.
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This is efficient
but slow.
Phosphocreatin
e System (ATP-
PC): Provides an
immediate but
very limited
burst of energy
(lasting about
5-10 seconds).
Glycolytic
System
(Anaerobic):
Breaks down
glucose (from
blood sugar or
stored glycogen)
without the use
of oxygen.

W h e n  y o u  a r e
performing  a  high-
intensity  effort—such
as a 400-meter sprint,
a  h e a v y  s e t  o f
weightlifting,  or  a fast
b r e a k  i n
basketball—your  body
cannot  get  oxygen  to
the  muscles  quickly
enough  to  meet  the
e n e r g y  d e m a n d
through  the  oxidative

s y s t e m .  T h e
p h o s p h o c r e a t i n e
system  has  already
been exhausted in the
first  few  seconds.  The
body then turns to the
glycolytic system. This
process  is  fast  and
powerful, and it is the
pa th  tha t  i s  mos t
c o m m o n l y
accompanied by lactic
acid formation.
In  g lyco lys is ,  one
molecule of glucose is
broken down into  two
molecules of pyruvate.
This  process  yields  a
small  amount  of  ATP
(net gain of 2 ATP) and
a  molecu le  ca l led
NADH.  Under  aerobic
c o n d i t i o n s ,  t h e
pyruvate  would  be
shu t t l ed  i n to  the
mitochondria  to  be
further  broken  down
f o r  m o r e  e n e r g y .
H o w e v e r ,  u n d e r
intense,  anaerobic
c o n d i t i o n s ,  t h e
mi tochondr ia  a re
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overwhelmed.  The
pyruvate  accumulates,
and  the  cell  must  do
something  with  it  to
k e e p  g l y c o l y s i s
running. This is where
lactate  dehydrogenase
(LDH)  comes  in .  I t
c a t a l y z e s  t h e
conversion of pyruvate
into  lactate.  This  step
regenerates  NAD+,  a
crucial cofactor that is
required  for  glycolysis
to  continue.  Without
this  regeneration,
glycolysis  would  stop,
and  ATP  production
would cease, leading to
a  l o s s  o f  m u s c l e
func t i on .  So ,  t he
formation of lactate is
a necessary adaptation
to  keep  you  moving.
Every single repetition
during a high-intensity
set is accompanied by
lactic  acid  formation,
ensuring  a  continued
supply  of  energy.

Why the
Burn?
Separatin
g Lactate
from
Acidity
O n e  o f  t h e  m o s t
pervasive  myths  in
exercise science is that
the  "lactic  acid"  itself
causes  the  burning
sensation  and  muscle
f a t i g u e .  A s  w e
mentioned, the process
that is accompanied by
lactic acid formation is
also accompanied by a
significant  release  of
hydrogen ions (H+). It
i s  th is  increase  in
acidity (lowering of pH)
that  interferes  with
muscle  contraction.
High H+ concentration
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inhibits  the  enzymes
involved  in  glycolysis
and  directly  interferes
with  the  binding  of
ca lc ium,  wh ich  i s
essential  for  muscle
contraction.  This  is
w h a t  c a u s e s  t h e
sensation  of  fatigue
and  the  burning  pain.
In  a  fascinating  twist,
lactate  is  actually  a
buffer  against  this
acidity.  The  human
body is designed to be
robust ,  and  i t  has
m e c h a n i s m s  t o
m a n a g e  t h e s e
conditions. Lactate can
b i n d  w i t h  t h o s e
troublesome  H+  ions,
temporarily  reducing
t h e  a c i d i t y .
Furthermore, lactate is
a crucial fuel source. It
can be shuttled out of
the  fast-twitch  muscle
fibers  that  are
p r o d u c i n g  i t  a n d
carried  through  the
blood to other tissues,
including the heart, the

b r a i n ,  a n d  e v e n
neighbor ing  s low-
twitch  muscle  fibers,
which can use it  as a
fuel.  This is  known as
the  "lactate  shuttle."
T h e r e f o r e ,  w h i l e
strenuous  exertion  is
i n e v i t a b l y
accompanied by lactic
acid  formation,  the
lac ta te  i t se l f  i s  a
beneficial  molecule.
The  pain  is  from  the
associated acidity,  not
the lactate.

Real-
World
Examples
: When
the
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Process is
Most
Prominen

t
HIGH-INTENSITY
INTERVAL TRAINING
(HIIT)
HIIT  is  the  perfect
example  of  a  training
m o d a l i t y  t h a t  i s
directly  accompanied
b y  l a c t i c  a c i d
formation.  The  work
intervals  are  designed
to push you above your
lactate  threshold—the
point  at  which  lactate
production exceeds the
body's  ability  to  clear
it.  During a 30-second
all-out sprint on a bike
or  a  set  of  burpees,
your  musc les  a re
relying almost entirely
o n  a n a e r o b i c

g l y c o l y s i s .  T h e
resulting  accumulation
of lactate and H+ ions
is  what  makes  these
intervals so challenging
and,  paradoxically,  so
effective.  The  stress
signals  your  body  to
adapt by improving its
buffering  capacity  and
lactate  c learance
mechanisms.

RESISTANCE
TRAINING AND
BODYBUILDING

When  you  perform  a
set of 8-12 repetitions
with  near-maximal
effort, the latter half of
that  set  is  when  the
"burn"  truly  sets  in.
This burn occurs as the
m u s c l e s  b e c o m e
increasingly  acidic.
T h i s  p r o c e s s ,
accompanied by lactic
acid  formation,  is  a
p r imary  d r i ve r  o f
m u s c l e  g r o w t h
(hypertrophy).  The
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metabol ic  s t ress ,
cellular  swelling,  and
hormonal  responses
t r i gge red  by  th i s
e n v i r o n m e n t  a r e
potent  s t imul i  for
m u s c l e  p r o t e i n
s y n t h e s i s .  M a n y
athletes  seek  th is
"pump" and burn as a
sign  of  a  productive
set.

ENDURANCE EVENTS
AT HIGH INTENSITY

Even  in  endurance
spor t s ,  the re  a re
moments  where  the
pace  is  forced  up.  A
breakaway in a cycling
race or a surge at the
end  of  a  marathon  is
accompanied by lactic
acid  formation  as  the
athlete  exceeds  their
aerobic  capacity.  The
ability to sustain a high
percentage  of  your
maximum  effort
without  accumulating
too much lactate  is  a
k e y  p r e d i c t o r  o f

e n d u r a n c e
performance.  Training
at  or  near the lactate
t h r e s h o l d  i s  a
c o r n e r s t o n e  o f
programs  for  runners,
cyclists, and rowers.

Factors
Influencin
g Lactate
Accumula
tion
Several  factors dictate
h o w  q u i c k l y  t h e
process that results in
lactic  acid  formation
gets  underway  and
how  uncomfortable  it
becomes.

Fiber Type:
Type II (fast-
twitch) muscle
fibers are more
glycolytic and
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are the primary
site of lactate
production.
People with a
higher proportion
of fast-twitch
fibers may
produce lactate
more quickly.
Training
Status: A well-
trained athlete
has more and
larger
mitochondria, a
more robust
capillary
network, and
more efficient
lactate shuttle
mechanisms.
They can clear
lactate from the
blood much
faster than a
sedentary
person, meaning
that their blood
lactate levels
remain lower at
the same
workload.

Dietary
Glycogen
Stores:
Anaerobic
glycolysis relies
on glycogen. In a
state of
carbohydrate
depletion, your
body cannot
produce ATP
through this
pathway
efficiently. The
rate of exertion
that is
accompanied by
lactic acid
formation will be
lower if your
glycogen stores
are low.
Blood Flow:
Adequate blood
flow helps to
remove lactate
from active
muscles and
bring in oxygen.
Isometric
exercises (like
holding a wall sit)
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restrict blood
flow, leading to a
much more rapid
accumulation of
metabolic
byproducts and a
faster, more
intense burn.

Managing
and
Adapting
to the
Process
While  the  process  of
anaerobic exertion that
is  accompanied  by
lactic  acid  formation
can be uncomfortable,
i t  i s  a l s o  h i g h l y
trainable.

Lactate1.
Threshold
Training: This
involves training

at an intensity
that is right at
the border of
your body's
ability to clear
lactate. Typical
"tempo runs" or
"sweet spot"
cycling efforts
are designed to
improve your
body's efficiency
at clearing
lactate and to
increase the
intensity you can
sustain before
the steep
accumulation
begins.
Active2.
Recovery: After
a high-intensity
effort, the best
way to clear
lactate from the
blood is not to
stop entirely but
to perform very
light activity
(e.g., slow
jogging,
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walking). This
active recovery
maintains blood
flow to the
muscles,
allowing the
lactate to be
shuttled to the
liver (via the Cori
cycle) for
conversion back
to glucose or to
be used as fuel
by the heart and
other muscles.
Nutritional3.
Support:
Bicarbonate
loading
(consuming
baking soda
before an event)
is a practice used
by some athletes
to increase the
body's buffering
capacity against
the H+ ions. This
can delay fatigue
in events that
are heavily
reliant on the

glycolytic
system. It must
be used with
caution due to
potential
gastrointestinal
distress.

Beyond
the Gym:
Lactic
Acid in
Medicine
and
Industry
The  process  that  is
accompanied by lactic
acid  formation  is  not
confined  to  the  realm
o f  s p o r t s .  I t  h a s
significant  clinical
implications.
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Sepsis and
Shock: In
medical
emergencies, a
high blood
lactate level
(lactic acidosis)
is a critical
marker of tissue
hypoxia. When
the body is in
shock, tissues
cannot get
enough oxygen,
and anaerobic
metabolism
ramps up
systemically,
producing large
amounts of
lactate.
Ischemia:
Conditions like a
heart attack or
stroke involve a
reduction in
blood flow to a
tissue. The
affected tissue,
starved of
oxygen, will
undergo

anaerobic
glycolysis, and
the resulting
lactate
accumulation
contributes to
cellular damage.
Food and
Cosmetics:
Lactic acid is a
common
ingredient. It is
used as a
preservative in
food (it is the
sour taste in
sourdough bread
and fermented
foods) and is a
popular agent in
skincare
products for its
exfoliating
properties.

Conclusio
n:
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Embracin
g the
Chemistr

y of Effort
The next time you feel
that deep burn in your
musc les  du r i ng  a
workout ,  you  can
a p p r e c i a t e  t h e
complex  and  v i ta l
biochemistry  at  work.
The  exper ience  of
muscle fatigue and the
burning sensation is a
d i r ec t  r e su l t  o f  a
p r o c e s s  t h a t  i s
accompanied by lactic
acid formation.  It  is  a
sign  that  you  have

pushed  your  body
beyond its comfortable
aerobic limits and into
a  zone  of  high-power
output and adaptation.
Rather  than a  sign  of
impending  muscle
failure, this process is a
testament  to  your
body 's  incred ib le
abil ity  to  generate
energy under pressure
and to its resilience. By
understanding the true
role of lactate as a fuel,
a  signaling  molecule,
a n d  a  m e t a b o l i c
intermediary,  we  can
train  smarter,  recover
better,  and appreciate
the intricate design of
the  human  body.  The
burn is not the enemy;
it is the teacher.


