
Chondroitin Sulfate

*This leaflet is an English translation of sales promotion material for chondroitin sulfate products sold in Japan as pharmaceutical products.
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02 Cartilage Structure

Femur

Synovial fluid
Joint cartilage

Synovium

Tibia Fibula

Proteoglycan (conceptual image)

(Conceptual image)

● Proteoglycan is shaped like a bottlebrush
     and is entwined between collagen fibers. 
     The gaps between these two substances are
     filled by glucosamine.

● Chondroitin sulfate
     Water retention. Maintains resilience
     through transfer of water.
● Collagen
     Bone structure. Maintains physical form.
● Hyaluronic acid
     Found in synovial fluid and reduces
     friction.
● Glucosamine
     The raw material for chondroitin, 
     hyaluronic acid and other substances.

● Joints are where two bones connect.

● There is "cushioning" on the ends of the bones so
     they do not rub directly against each other.

● This "cushioning" is known as cartilage, and it is
     very resilient, softening the impacts that the joints
     experience.

● Because there are no blood vessels in cartilage, 
     nutrients are transported to it through the transfer
     of synovial fluid.

● 65% to 80% of cartilage is water.
     In addition to water, cartilage also consists of
     collagen and proteoglycan, and within this
     exist the cartilage cells.

● Cartilage Collagen

Proteoglycan Chondroitin sulfate

Cartilage cells Hyaluronic acid

Water Proteins

Hyaluronic acid core

Core protein

Collagen fibers

Hyaluronic acid core

Oligosaccharide
Binding protein

Core protein

Keratin sulfate

Chondroitin
sulfate

Chondroitin sulfate

01 Joint Structure

The Structure of the Knee Joint

Enlarged

Enlarged
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● Chondroitin Sulfate Retains Fluids in the Cartilage
      - Chondroitin sulfate acts similar to a magnet, in that it attracts fluids.
      - Chondroitin sulfate is structured like a coil of sugar, and acts to send fluids into proteoglycans.
      - These actions of chondroitin sulfate allows cartilage metabolism to occur.

● The Role of Cartilage
   Cartilage acts like a cushion to ease the impact on joints.

● The Metabolism of Cartilage
      - There are no blood vessels in cartilage and it cannot exchange oxygen, nutrients, or waste       
      (metabolism) through blood.
      - Because of this, cartilage metabolism occurs through the exchange of fluids (synovial fluid), 
      which makes up 65% to 80% of the cartilage.
      - If we think of cartilage as a sponge...
      When your body weight applies pressure to the cartilage, the joint fluid (synovial fluid) is
      squeezed out. 
      When the pressure is relieved, fluid (synovial fluid) seeps back into the cartilage. 
      Cartilage metabolism occurs through the repetition of this process.

When pressure is applied 
to the joint, synovial fluid is 
squeezed out, and seeps 
back in when pressure is 
released.

(Conceptual image)

Because chondroitin sulfate has a negative charge,
they repel each other, forming interspace. 
Water enters these interspace.

Water
Water

Water Water

Water
Water

Water

(Conceptual image)

03 The Role and Metabolism of Cartilage



C
hondroitin

3

C
ho

nd
ro

iti
n

04 The Mechanism of Joint Pain

Change in chondroitin sulfate in the body
with age

Keratan sulfate

Prior to birth
(weeks)

After birth
(years)

Chondroitin
sulfate - C

Chondroitin
sulfate - A

(%)

60

40

20

20 20 40 60 80

Friction between joint cartilage
(Chondroitin by reduction in chondroitin)
Bones come into direct contact

Joint cartilage
(Rich in chondroitin salfate)
Acts as a cushion
between bones

(pointed bones)Bone

Pain

Bone spur

Synovial fluid

The amount of chondroitin 
sulfate in your body 
decreases with age

(Human Costal Cartilage, Mathews)

(Conceptual image)

Chondroitin sulfate is not only found in joint 
cartilage, but it is also found in large quantities 
in the skin, blood vessels, cornea, inner ear, 
and other areas around the body. It also plays a 
part in cell metabolism and is a substance vital 
to the body. However, chondroitin sulfate levels 
decreases with age, leading to aging.

Pain
occurs

Chondroitin
sulfate
decreases
with age

Joint cartilage
becomes
thinner

Bones rub
directly
against each
other

JOINT PAIN

Normal

Abnormal

JOINT PAIN

Normal

Abnormal

JOINT PAIN

Normal

Abnormal
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05 (Chondroitin, Hyaluronic Acid, Collagen, Glucosamine)

(Human Costal Cartilage, Mathews)

Formation of Chondroitin Sulfate in the Body

Reduces with age!

Glucose Glucosamine Chondroitin Chondroitin
sulfate

Active sulfate
synthesis enzyme

Change in chondroitin sulfate in the body with age

Keratan sulfate

Chondroitin sulfate - C

Chondroitin sulfate - A

(%)

60

40

20

20 20 40 60 80

Prior to birth 
(weeks) After birth (years)

■ Structure of Joint Cartilage

(Conceptual image)

Joint 
cartilage

Hyaluronic acid core

Core protein

Collagen fibers

Chondroitin sulfate

Synovial 
fluid

The Roles of Substances That Help Alleviate Joint Pain

Ingredient Major locations Role Other

Chondroitin sulfate Retain elasticity
Absorb shock

Hyaluronic acid Lubrication

Collagen Bone structure

Glucosamine

Joint cartilage

Synovial fluid

Joint cartilage

Major locations
Substance that
helps form
cartilage

Popular as a
health food
ingredient

Used as an
injection for
medical use

Also found in
skin (dermal layer), 
corneas, and other
locations

The half life of
collagen in cartilage 
is over 100 years

Ability to
retain
water

◎

○

̶

̶

- Chondroitin sulfate is created in the body by
   converting glucose into glucosamine and
   then chondroitin.
- Although chondroitin sulfate is formed from
  chondroitin by an enzyme called an active 
  sulfate synthesis enzyme, this enzyme 
  decreases in quantity with age.
- As a result, it is believed that despite
  consuming large quantities of glucosamine, 
  it becomes difficult to form chondroitin
  sulfate after a person passes middle age.
* In addition, although glucosamine is popular
  as a health food ingredient and as a source
  of cartilage-forming substances, it is not 
  certified as a medical active ingredient.

◎… Hight　○… Low

What's the Difference Between Glucosamine and
Chondroitin Sulfate?
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Lower Back Pain, Frozen Shoulder, Nerve Pain, Recovery from
Fatigue, Acoustic Trauma, Neural Hearing Loss

Normal
intervertebral disc

Intervertebral discs
are deformed and 
protruding

Intervertebral discs
become 
impoverished

■ Chondroitin is an Ingredient for Intervertebral Discs

Coccyx

Hip
bone

Cervical
vertebrae
(7)

Lumbar
vertebrae
(5)

Sacrum

Thoracic
vertebrae (12)

Pelvis

Vertebral
endplate

Fibrous
ring

Nucleus
pulpous

Vertebrae

Vertebrae

(Conceptual drawing)

(Conceptual drawing)

Intervertebral
discs

Lower back pain can largely be separated into that caused by 
muscle and that caused by intervertebral discs. Lower back 
pain caused by intervertebral discs comes from a change in the 
shape of the discs due to age. Chondroitin retains the fluid in the 
intervertebral discs and improves their cushioning actions.

The spine consists of a total of 24 vertebrae: 
Seven cervical, twelve thoracic, and five lumbar 
vertebrae (if the spine was one bone, you 
wouldn't be able to bend your back).
There are intervertebral discs in between each 
vertebra to prevent them from coming into 
contact with each other and to absorb impacts. 
The intervertebral discs are round in shape and 
very elastic, and they also contain chondroitin 
sulfate (in all of parts of the disc, including the 
nucleus pulpous, fibrous ring, and vertebral 
endplate)!

Nucleus pulpous
A semiliquid consisting of a
mucosubstance. It changes shape to
distribute pressure coming from
various directions and then transmits it. 
Contains large quantities of chondroitin 
sulfate.

Fibrous ring
Distributed in concentric circles around
the nucleus pulpous. Although it
contains chondroitin sulfate, it is mostly
collagen.

Vertebral endplate
To put it simply, this acts as cartilage.
It is a structure that is attached to the
vertebrae and is located at the top and
bottom. Contains chondroitin sulfate.

Intervertebral discs
are highly elastic
structures that are rich
in chondroitin sulfate. 
They act as cushioning
against various
pressure applied on the
lower back and waist.

06

Lower Back
Pain
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Lower Back Pain, Frozen Shoulder, Nerve Pain, Recovery from
Fatigue, Acoustic Trauma, Neural Hearing Loss

Frozen 
Shoulder
One of the causes of frozen 
shoulder is an inflammation of 
the joint capsule, resulting from 
age-related deterioration of 
the shoulder joint. Chondroitin 
sulfate prevents the deforming 
of the joint cartilage and 
maintains elasticity.

Chondroitin sulfate is involved in the 
transport of oxygen and nutrients to cells in 
the entire body.

The hair cells in the cochlear duct of the inner ear contain 
large amounts of chondroitin sulfate and are essential 
in hearing. However, if the amount of chondroitin sulfate 
in the hair cells decrease due to prolonged periods of 
listing to loud sounds, or other causes, you will start to 
experience hearing loss.
By normalizing hair cells, chondroitin sulfate helps 
improve hearing loss.

Recovery from
Fatigue

Acoustic Trauma, Neural Hearing Loss

Nerve fibers are protected by the myelin 
sheath. Nerve pain is caused by inflammation 
of the bones, joints, fascia or myelin sheath. 
Chondroitin helps repair the damaged myelin 
sheath.
It leads to relieve nerve pain by revitalizing 
the metabolism in the affected area and 
surrounding area.

Nerve Pain

Dentinogenesis

Acromion

Clavicle

Striated muscle

Motor nerve ending
(Motor endplate)

Myelin sheath

Cell

Cell Cell Cell

Nutrients

Connective
Tissue
(Chondroitin
  sulfate)

Connective
Tissue
(Chondroitin
  sulfate)

CO2

WasteTransport
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Cell Cell

Functional decline 
of structures and 
organs

Aging

Semicircular
canal

Cochlear 
duct

Eardrum

Nerve fiber

(Conceptual drawing)

(Conceptual drawing)(Conceptual drawing)

(Conceptual drawing)

Cell aging

Functional decline
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● 1861 - Fischer and Boedeker successfully isolate chondroitin
     from cow cartilage.
● 1930s - Meyer starts full scale research.
● 1940s - Professor Fujio Egami (Tokyo University) conducts
     research on chondroitin as headache medication.
● The name chondroitin is derived from "khondros," Greek for
     cartilage.
● Chondroitin sulfate is widely distributed throughout the body, not only in joint cartilage, but also in the corneas of
     the eyes, inner ear, the dermal layer of the skin, blood vessel walls, connective tissue, and more.
● Chondroitin is chemically classified as a mucopolysaccharidosis, with its structure being a repetition of 
     N-acetyl, D-galactosamine, and D-glucuronic acid.
● Sodium chondroitin sulfate is a white or light yellow hygroscopic powder and is virtually taste and odor free.
● Easily soluble in water, producing a viscous solution.
● In addition to being used as an ingredient in medications such as joint pain medication, eye drops,
     vitamins and nutritional supplement drinks, sodium chondroitin sulfate is also widely used in cosmetics and
     health foods.
● Chondroitin sulfate can be found in large quantities in animal-based foods such as shark fin, soft-shelled turtles,
     monkfish, eels, kamaboko (cured surimi), and the skin and cartilage of chicken. The keywords here are sticky
     and crunchy.

Since its founding, Zeria Pharmaceutical has been a pioneer in the research 
and development of chondroitin.
Examples of chondroitin research in recent years. 

ZPD/AS a subsidiary of Zeria Pharmaceutical manufactures high-quality
sodium chondroitin sulfate using a unique proprietary production technology 
and supplies this product to Japan,Europe and other parts of the world.

1 The Effect of Chondroitin Sulfate on Rat Knee Cartilage (Source:Arzneim-Forsh./Drug Res. 49 (II) 1999)

2 Anti-Inflammatory Effects of Chondroitin Sulfate (Source: Biological & Pharmaceutical Bulletin, published by the Pharmaceutical Society of Japan)

3 Clinical Effects of Chondroitin Sulfate Sodium (CS) on Knee Osteoarthritis (Announced at the Japanese Society
  for Joint Diseases on 11/12/2011)

When an inflammatory substance (bradykinin) is injected into the rear knee joint of the rat, the amount of proteoglycan in the joint cartilage decreases. In contrast, the 
group of rats that had been given chondroitin orally in advance for 14 days were confirmed to have dose-dependent control over the reduction in proteoglycan.

As a result of studying the effects of chondroitin sulfate on a model of arthritis* derived from human cells, it became apparent that chondroitin not only suppresses the 
destruction of cartilage cells, but the synovial cells as well.
The fact that the results showed that chondroitin sulfate works on both the cartilage cells and synovial cells, which control and restrict the joint structure, backs up the fact 
that chondroitin sulfate is an effective medical substance to combat osteoarthritis.
*A test tube arthritis model artificially induced through inflammatory cytokines (IL-1β(Interleukin-1 Beta), which is involved in knee osteoarthritis.

A double-blind comparison test was conducted on the 73 cases of patients who visited the Department of Orthopedic Surgery, Fujita Health University and affiliated 
hospitals within Nagoya City for knee osteoarthritis. The results showed that the group that was given 1,560mg/day of CS showed significant improvements over the group 
that was given CS260mg/day.

Corporate Profile
Established
Head office
Business operations
Main product

2009
ZPD A/S

H.E.Bluhmes Vej 63 DK-6700 Esbjerg, Denmark
Manufacture and sales of chondroitin,a raw material for use in drugs
Sodium Chondroitin Sulfate

07

08

What is Chondroitin Sulfate?

Zeria Pharmaceutical and Chondroitin Sulfate

ZPD A/S(Specialist bulk manufacturer of
high-quality sodium chondroitin sulfate)09


