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• The ingestion of collagen hydrolysate, 
or hydrolyzed collagen, has been 
dem

onstrated to im
prove skin and 

joint conditions.

• How
ever, critics have pointed out a 

lack of scientific evidence about the 
m

olecule’s m
echanism

 of action.

• Our research group has dem
onstrated 

that the ingestion of collagen 
hydrolysate increases blood plasm

a 
levels of bioactive collagen peptides, 
such as Pro-Hyp, in hum

ans. Pro-
Hyp increases fibroblast num

bers in 
collaboration w

ith grow
th factors 

and the production of extracellular 
com

ponents, w
hich could be 

associated w
ith the beneficial effects 

of collagen hydrolysate consum
ption.

How
 collagen hydrolysate  

                   works on  
     your skin and joints

Kenji Sato 

Collagen is the m
ain protein com

pound in the extra-
cellular m

atrix. The collagen m
olecule consists of three 

subunit chains and has a triple helical structure. The 
m

olecule has a rod-like shape. Collagen form
s a fam

ily 
w

ith different gene products. Type I collagen is the 
m

ain constituent of non-cartilage connective tissues, 
such as skin, bone, and tendon. Type II collagen is the 
m

ain constituent of cartilage. W
hile other collagens 

play significant biological roles in the body, their con-
tents are relatively low

 in the body. 

Type I and type II collagens and their derivatives are prepared on a 
large scale from

 byproducts of fishery and m
eat industries. N

ative col-
lagen m

olecules can be extracted from
 connective tissues by acid or 

alkaline extraction, com
bined w

ith lim
ited protease digestion. The tri-

ple helical dom
ain of collagen is resistant to m

ost proteases. O
n the 

other hand, the non-helical dom
ain at both ends of the collagen m

ol-
ecule can be digested by protease. Cleaving the non-helical dom

ain of 
collagen can release the collagen m

olecule from
 tissues. Som

e types of 
native collagen, especially type II collagen, are used as a food ingredi-
ent, aim

ed at attenuating rheum
atoid arthritis. In m

ost cases, collagen is 
extracted w

ith hot w
ater. During this heat treatm

ent, the helical struc-
ture collapses and is converted to the globular structure. The heat-dena-
tured collagen is referred to as gelatin, w

hich has a long history of use as 
a food ingredient. Gelatin solution form

s a gel after cooling and can be 
digested by proteases, thus form

ing collagen peptides. Collagen peptides 
are soluble in cold w

ater and lose their gel-form
ing ability. The hydro-

lyzed collagen (collagen hydrolysate) can then be used as a food supple-
m

ent to im
prove skin and joint conditions.

BENEFICIAL EFFECTS OF INGESTING 
COLLAGEN HYDROLYSATE 
Collagen has a unique am

ino acid com
position; it is rich in glycine (Gly), 

alanine (Ala), proline (Pro), and post-translationally m
odified am

ino 
acids such as hydroxyproline (Hyp), but lacks tryptophan (Trp). How

ever, 
the ingestion of collagen hydrolysate has been suggested to attenuate 
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aging-related and photo-induced skin dam
ages and joint pain. 

A few
 hum

an clinical trials using placebo controls have dem
on-

strated that the ingestion of collagen peptides increases skin 
m

oisture [1] and elasticity [1], decreases w
rinkle volum

e [1,2], 
and attenuates joint pain, com

pared to the placebo controls 
[3]. Furtherm

ore, anim
al studies also have confirm

ed these 
beneficial effects. Currently, the other functions of collagen 
hydrolysate are under investigation. 

FOOD-DERIVED COLLAGEN 
PEPTIDES IN HUM

AN BLOOD
M

ost scientists believe that orally adm
inistered peptides 

are degraded into am
ino acids during the digestion and 

absorption processes. It has been speculated that the inges-
tion of collagen peptide could not show

 specific responses 
beyond those of its constituent am

ino acids. H
ow

ever, 
observation of the presence of high levels of hydroxyproline 
(H

yp)-containing peptide in hum
an blood after the ingestion 

of collagen hydrolysate changed this conventional view
. 

Collagen consists of a unique am
ino acid, Hyp, w

hile m
ost 

other proteins lack it. Thus, a Hyp-containing peptide can be 
considered to be a collagen peptide. Unexpectedly, high lev-
els of collagen peptide w

ere observed in hum
an blood plasm

a 
after the ingestion of collagen hydrolysate [4]. Collagen pep-
tide levels in hum

an blood increase in a dose-dependent m
an-

ner. After ingestion of 5–10 g collagen hydrolysate, w
hich is the 

com
m

only used am
ount in supplem

ents, a concentration of 
approxim

ately 10–50 μM
 of collagen peptides are observed in 

hum
an blood plasm

a, depending on the preparation m
ethod 

and source of collagen hydrolysate. 
The m

ain constituent of collagen peptides in plasm
a is 

Pro-Hyp, w
hich has been confirm

ed by precolum
n derivatiza-

tion, follow
ed by high-perform

ance liquid chrom
atography 

(HPLC) separation and liquid chrom
atography–tandem

 m
ass 

spectrom
etry (LC-M

S/M
S). An anim

al experim
ent dem

on-
strates that Pro-Hyp is deposited in tissue after its clearance 
from

 blood. In addition, Pro-Hyp is also generated from
 endog-

enous collagen in inflam
ed tissues and w

ound healing sites.

BIOLOGICAL ACTIVITIES OF PRO-HYP
To elucidate the biological significance of Pro-Hyp, effects of 
Pro-Hyp on fibroblasts w

ere first exam
ined. M

ouse skin discs 
w

ere cultured in the presence of Pro-Hyp or constituent am
ino 

acids (200 μM
). The num

ber of fibroblasts m
igrating from

 the 
skin significantly increased in the presence of Pro-Hyp, com

-
pared to that in the presence of free Pro and Hyp (Fig. 1) [5].

This effect w
as abolished by the addition of m

itom
ycin 

C, w
hich does not affect cell m

igration but inhibits cell divi-
sion. Furtherm

ore, Pro-Hyp triggers the grow
th of fibroblasts 

att
ached to the collagen gel (Fig. 2) [5].

Fibroblasts att
ached to the collagen gel stop grow

ing even 
in the presence of grow

th factors, w
hile fibroblasts grow

 rap-
idly on plastic and glass plates (Fig. 2). These observations 
indicate that Pro-Hyp stim

ulates the grow
th of fibroblasts in 

tissues in collaboration w
ith grow

th factors. In addition, Pro-
Hyp increases the production of hyaluronic acid and glycos-

am
inoglycan by fibroblasts and chondrocytes, respectively. 

Pro-Hyp also increases the production of keratin-associated 
proteins from

 keratinocytes by affecting the excretion of som
e 

biological substances from
 fibroblasts. These in vitro activi-

ties of Pro-Hyp could be associated w
ith the in vivo responses 

of the ingestion of collagen hydrolysate, such as the increase 
of collagen content in skin, im

provem
ent of epiderm

is barrier 
function, and increase of glycosam

inoglycan in the joints. 

PRO
TEIN

S

FIG
. 1. N

um
ber of fibroblasts m

igrating from
 the m

ouse skin disc 
in the presence of Pro-Hyp, Hyp, and Pro (200 μM

). The asterisk 
indicates significant differences from

 the Pro group at each tim
e 

point (p < 0.05). This figure from
 [5] w

as adapted w
ith perm

ission.

FIG
. 2. Grow

th of fibroblasts from
 m

ouse skin disc on plastic the 
plate and collagen gel in the presence of Pro-Hyp, Hyp, and Pro 
(200 μM

). The different lett
ers on the values indicate significant 

differences (p < 0.05). This figure from
 [5] w

as adapted w
ith 

perm
ission.
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In conclusion, the ingestion of collagen hydrolysate 
increases the levels of bioactive collagen peptides such 
as Pro-H

yp in the blood and tissues. Pro-H
yp affects the 

grow
th of fibroblasts and stim

ulates the production of 
extracellular m

atrix com
pounds by fibroblasts, keratino-

cytes, and chondrocytes, w
hich are associated w

ith the 

beneficial effects of collagen hydrolysate ingestion on skin 
and joint conditions.
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