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’ /\ 4 is the most abundant protein in mammals which is obtained from many sources such as

\’\ 6" bovine, porcine and human. There are increasing numbers of people seeking for solutions to
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Q\/‘ /7. improve their appearance. Consumers use different typeSof collagen cosmetic preéparation_{o

8 laok young and beautiful. The collagen can be used for different purposes such as dermal

7’9 ©\ filler, skin substitute and facial products. The Ob_LeCthC of this artlcle is to E are the
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12 Cosmetic products and preparations were used by people since they get aware apout their . ¢
) X 1 h {
13 look regardless of the gende% Federal Food, Drug and Cosmetic Act written in 1938, e /
| A
K1l
‘14 defined cosmetic as “articles intended to be rubbed, poured, sprinkled, or sprayed on, (W

15  introduced into, or otherwise applied to the human body or any part for cleansing, )

16  beautifying, promoting attractiveness, or altering the appearance”, h‘f‘iﬂ‘lout affecting any

. = et ]
17  structure or function of i&e hody(1). Developré;t apd researcheg related to the cosmetic field @
e

ol 6 N @ -
18  have ;GW? rapldly together w1th {the advancement in science and technology. This

~19 development allows many new discoveries including the uses of biomaterials for cosmetic

20 purposes ngmnmde&tlzeﬁevebpmmof the uses n‘a‘s‘the blomatenals Collagen

b e u ”~
21 is a type of protem found abundantly in the extracellular matrlx\whm:& about 80%-90% in

iy
22  dermis is type I collagen(2 3). The structure of each collagen has a characteristics feature in

A $
23 whichitis comprlsed of three a-chains. Each a-chains is composed of thou%ands amino acid
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Cosmetic products and preparations were used by people since they get aware abowt their v \
look regardless of the gende% Federal Food, Drug and Cosmetic Act written in 1938, _ e /
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defined cosmetic as “articles intended to be rubbed, poured, sprinkled, or sprayed on, AN

introduced into, or otherwise applied to the human body or any part for cleansing, \

beautifying, promoting attractiveness, or altering the appearance”, gﬁyhout affecting any
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structure or function of the hody(1). Develop ent anfd researchgg related to the cosmetic field @
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have rapldly together w1th {lhe advancement in science and technology. This

deve]opment allows many new discoveries including the uses of biomaterials for cosmetic

purposes TMmMsﬁleﬂevebpnmnfof theruses of tolla %Ft:r; as the-biematerials. Collagen
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is a type of protem found abundantly in the extracellular matrlx\whm‘.e about 80%-90% in
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dermis is type 1 collagen(2 3) The structure of each collagen has a characteristics_feature in

which it is comprlsed of three a-chains. Each u—chams is composed of thousands ammo acid
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24 and formmg polypeptide chainfbased on sequence —Gly -X-Y- (4) The glycine (Gly) is A W X ‘”ﬁ’“

N

25  positioned at every third position and)i-stlllows tight packaging along theAmolecules"';;e X “‘Q \ i)

26 and Y position is usually occupied by proline and hydroxyprolme(S)/'I'q]/;e are more than 28

27  different types of collagen that have been reported. The collag:; can be divided into few

28  different & .. s&ggas fibril-forming cgllagﬁ network forming, fibril-associated collagens-gee
ﬂi——ﬁ—ot:ﬁi'ri“"“r“-'r""t e

29 M interrupted trxple helices (FACIT), membrane—assomated collagens with interrupted
N

30  triple helices (MACIT) and multiplg triple-helix domains and interruptions
- 6L e ha bee -
31  (MULTIPLEXINs) (tablel)(6-9).The—teported “¢olagen-is. characterized based on the
D

32 diversity of its structure, functioxa[, complexity and the combination of the a-chains. Collagen

33 is chosen to be used in cosmetic industry due to its biodegradability, availability and

34  biocompatibility. The common sources of collagen are bovine, porcine, human collagen and

35 marine organism such as scale of” ’fish(10—12). The collagen can be used for different
RN /S

36 purposes such as in dermal filler, skin substitute or scaffglding, wound repair and facial
Pz Be v Lenfe e
37  product. what.-l-s.the effect of using collagen in eosmetic¥Is it good-orgive- bad»eﬁfects ) the
Lo\ N \ 3
38 users? The ai:m’of thlS review is to emplhasm 4)( the effect of collagen that commercially
[\

39  used for cosmetic purposes w_bether it gives good effect or bad adverse reactlorg 1The different
w5

40 types uses ef-collagen, c!Encal beneftts and pathologtcal 1mphcatlon of-ﬁ—arrﬂ&ereﬂghl-yh-—'
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43 Table 1: Collagen class, types and distribution (4-6).
Class Type Distribution
I Bone, skin, tendon, ligaments, cornea
I Cartilage, vitreous humor in the eyes

Fibril-forming
(Fibrillar)

III Skin, blood vessels

v Bone, dermis, co-distribution with type I

XI Cartilage, inverterbral discs, co-distribution
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49

with type 11
XXIV | Bone, cornea
XXVII | Cartilage

VII Bladder, dermis

IX Cartilage, cornea

XI1I Tendon, dermis

Fibril-associated collagens XIV | Bone, dermis, cartilage

with XVI | Kidney, dermis
interrupted triple helices XIX

(FACIT) XX

Basement membrane

Cornea of chick

XXI | Kidney, stomach

XXII | Tissue junctions

XXVI | Ovary, testis

v Basement membrane

VI Muscle, dermis, cornea, cartilage

Network-forming VIII | Brain, skin, kidney, heart

X Cartilage

XXVIIT | Dermis, sciatic nerve

. X111 Dermis, eyes, endothelial cells

collagens XVII | Hemi desmosomes in epithelia

with mterrppted triple XXM | Heart, rotina

helices

(MACIT) XXV | Heart, testis, brain

Multiple triple-helix XV | Capillaries, testis, kidney, heart

domains and interruptions :
(MULTIPLEXINS) XVIII | Liver, basement membrane
2. Collagen in cosmetic
2.1. Collagen in dermal filler/ cosmetic filler M~

L

Dermal filler is commercially used for several purposes such as for seft tissue augmentation,
v :{)\)\n'ﬁ Tt AV LW w

cosmetic surgery, face and hand rejuvenation, improvi&,t-he volume deficiencies and contﬁur

of face(13-15). The dermal filler will be injected into the deep dermis or the fatty

2



UNDER PEER REV]

o)

50 tissueSl%)f the particular part of bod{' Some of the dermal fille[)require}l pre-treatment
51 before the filler is injected. The most common type of collagen being used is bovine, porcine
52 and human. In late 1980s, the first injectable filler approved by US FDA was bovine

53  collagen-based filler(17) . It was followed by the approval of other derJ_n:";l\l fillerSsuch as
A

54  human CosmoDerm®, porcine Evolence™, and Bovine Zyderm®(13). In;United States, by

55 2014 the usel of soft tissue filler has increased by 3% from 2013 and collagen is one of the
*

56 K!Qmes of Getillers (figure1)(18).

"4
2014 Top-Cosmetic with Minimally-Tnvasive %c’ﬁ!ui’c'_é'

?
)
} MR
W F'{?L AN
® Botulinum toxin type A ®Soll \suc fillers ~ Chemical peel  # Laser hair removal
57
58  Figure 1: Cosmeticqvith minimally invasive procedures in 2014 in United States(13).
59 2.1.1 Advantages and disadvantages of collagen dermal filler ¢ owarn
\ B ¢ L
s 4
e el i 3 E l At .
60 -~ Bovine collagen is tunpon ary-and biodegr adablé filler. The sources of ghisTollagen Mows«a ¢
..... D ’\,‘_ ﬁw~ \- 'ﬁl
61 wherd it can be found in the muscle, skin and tendons. The most commonlgffse/ bovine
N
I
62 collagen-based dermal filler)¥ipe” Zyderm®and Zyplast® (Allergan In(;,, Santa Barbara g ( \l'
A £ ) ] k o
/ ¢ pd s e £ S
63 California, USA).There are some ‘dr/awba.c-ks for the uses of bovme collagen It is unable to e
S A l’j A Lueh ™

64  correct the hand appearance because of the low longevity, consistency and ¢aasES the skin to
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be uneven(19). Some adverse reactions were reported due to the uses of the bovine collagen.

Cases of local cutaneous necrosis were reported when Zyplast® was injected t%the glabellar é‘ LLk..
wnd fa'pe \
region which is the area between the eyebrows (20).Beswdes, Cukier et al. a studyOf \ PR, VAN

| j
1o o o : B o ! oo
mmdegee of dermatomyositis or polymyositis formation after injection o/fjwﬁe collagemin- Qf‘ LA B

8-year penod found that there were nine pat1ents whom developed this disease (21). Ther€ k Lee { M ; )

2 e A AN ! o p W L2
| LIRS n Bt rete "Q 4 SR,
we\e increases “1n  serum yantlbodles to- JhL @l@en and some delayed-type L,- N\

~—

hypersensitivity responsegZRZ) The diseases are types of inflammation responsesthat are
triggered by the usage éﬁllagen. Skin test is recommended for the users if they want to use the
.r
bovine collagen and some authors recommend two skin tes€in interval of two to four weeks
- 4

S g et
due to inflammatory response and allergic reaction caused by [’l’l'ﬁ\if:ollagen(22).
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There was a research conducted by Park et al. regasding iatrogenic retinal artery
N o

e f ‘ 'lﬂ‘ & W" 3 i
occlusion that caused by cosmetic facnal fxllert injections(23). jﬁd‘& this study /One case of 0
{J_’) | 4 p _’J‘.’ ,‘.\F\-.\‘ &
central retinal artery occlus1o‘rﬁ7uag;epoxted caused by collagen injection at the glabellar.

'!f\ r M e }
region. Thea, Kwon et al. also reported case of branch retinal artery occlusion after injection
A ‘
of collagenous filler into the left anterior nasal septum(24). Lazzeri et al. -i%ﬁdy,xegarding
o

blindness followin cosmeuc injectian of the face mdude&th@mses due (o the conse uences
g j \(\? q

v
of using the, cosmetic injections and.the_used.oﬁ bovine-collagen-was-mentioned in it(25). \ v,
|
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There is also dermal filler that used naturally sourced porcme collagen This type of

i

\

r‘ & Al & o L
filler can be used for the cosmetic correction of facial wrinkles and acne scars. Mﬁorcme
collagen can stimulate the formation of new collagen in response to the microtrauma that was (- w ¢ \(

induced by the 1nJect10n of the filler(26). The usage of this type of dermal filler qhowed no

xdn Al = ‘\ﬂnt\ VS
serious side effect and mlmmal dlscomfort(25) I#'can be cons1dered to be highly safe as

dermal filler. (A‘
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88 The differences in the. contents-of thie dermal filler used may result in different effect
89  and for different functich. Some may produce side effects and some will show good result for
90  cosmetic purposes. A0 N A o 0 .y L Y
91
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93  Figure 2: $ome of the collagen productapproved by Food and Drug Administration
4 )
94 (FDA)(13,27) B \\l re
95
96 2.2 Collagen as skin substitute/ scaffolding
{4
97  Skin substitute is required especially when the patient is suffered with full-thickness burns.
98  This could happen when there is nélenough,do,nor skin to cover the wound hence tissue
oad O Uty .
99  engineering method is considered as ga option{28). Pain, limitation in movement, undesired
<X | 4
#
100 cosmetic%lly after the injury ard the normal dermis strength of scar tissue contribute to the
101  discoveries and development of the skin engineering (29,30). \i : A
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2.2.1 Adv;:mtages and disadvantages of collagen skin substitute/scaffolding [
¥ ';-‘ ! -y
Therébi‘-_‘s}é research that combines collagen-based dermal sub'\,stitute and a fibrin-based l 5 » W N

cultured epithelium to replace the damaged skin of acute wounds. The dgmal substitute is an C( '}' r
o 1

artifi@ skin that consist of silicone sheet at the upper layer, and lower porous cross-linked
B

- ¢

bovine collagen with chondroitin-6-sulfate (glycosaminoglycan)(3,31). Frori this research,@ }\ W \

showed the development of normal skin on the artificial dermis was able to be done by 83%
\ ¢ W ‘
of the human epithelium that grown on the fibrin(32). Besides, there ase-tases reported of” (/"

positive long term outcome after using This_skin substitute with good formation of the skin \

structure and low chance of forming I-grpertrqphic scars(3) . The problem with this application

) \.!’.‘L"\

| “/'is the high cost and very intensive care is-required-—This type of skin engineering also has
= N .

successfully be used to treat patients with chronic Wounquuch as foot ulcers due to diabetes -

and venous leg ulcers(33). The time needed for the wound closure is lowered with high -

\
percentage of the successful wound healed. Somehow, it cannot be used with patient that

allergic to the bovine collagen and infected-waunds. _

‘Beéstdes;there is also new type of skin substitute developed in which it is derived from
ol

glycerol preservedf,{:'human allogeneic skin(34-36). It also consists of collagen and elastin

fibres. This type of dermal substitution is used on partia'll thickness .of burns as temporary

-

biologic’dressing and also for wound bed preparation of excised burns. Patients that are
treated with this type of skin substitute showed improvement in elasticity of the skin when it

is used together with skin graft treatment ;

1 N

When collagen-based scaffold is used, there will be limitation in elasticity and the
scaffold will contract during the repair process. This weakness is irr;provised by the presence
of elastin in the collagen based scaffold to decrease its stiffness and control the contraction of

the collagen(37). W‘co]lagen—elastin composite type of scaffold will promote elastin
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depositionﬁS)M} shows good result of cosmetically and functionally on the patients of”
£ { f

13

burns wrfh total body surface area (TBSA) of less than 20%“49) . It _also increased the
elasticity of the skin-and minirmize the contraction-of the 'wound(L\9). Somehow, the cost is

quite high with limifed quantity.
"\1‘ c\g
Another ﬁn(?ings as skin substitute is the use of collagen hydrogel. This collagen

hydrogel is combined with keratinocytes sheet to treat chronic or acute type of wouncf(40).

il

LA
Major advantage of it'is the ability to deliver cytokine by dermal fibroblast that will be used

to promote wound healing af the site of injury(41). The drawback}/()f this type of materials is"

¥at

) . - = ,
ifs extensive contraction with“the cells aiid-this-reduced the surfgce area after the culture and-
- (¥ I % o ff - AAN

{ -

poor stability(42). It also has poor neovaseplarisation se—it-€annot integrate to the host

Y

organism(43) . New blood vessels are impg{thht as jt will carry oxygen and feeds the resident

t\(‘“b” v\

cells (13). Then, it also has poor mechanical properties and hard to handle. Iffit s used as
scaffold, it is not resistant enough to promote cell remodelling and creation of neodermisy s¢”

this type of skin substitute is not accepted as permanent grafting (14).Mollagen hydrogel

wAYY
WA

is irﬁpr%(lj’sed based-ona Tesearch by concenrating the amount of collagen in-it-with-one of

the methods known as plastic cc:rmpression(44). Th'i{ concentrated collagen hydrogel can

stimulate cell growth and Ithe-t(‘)}lfraction of e materials is—inhibited-due to the higher

concentration of collagen that helps to improve its stiffness. It also provides easier handling:
#

properties (14). Neovascularisation zﬁ&g obseryed and it was completely colonized by the host

cells. This make the concentrated collagen hydrogel as a/more suitable candidate as dermal

substitute than the normal collagen hydrogel.

2.3 Collagen in skin care product

Skin-aging is one of the natural processes that occur as-the-age-of the person-increases. Hor

this stage, the skin will start to loss its elasticity and-content.of collagen. Wrinkles and flabby

W
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skin is result of diminishing collagen contents(45). Anti-aging product has gaining, interest ¢

among consumerjespecially women either-in form of cream or oral supplement.

-

2.3.1 Advantages and disadvantages of collagen skin care product

One of the oral supplement _i.«_'t:ollagen hydrolysate (CH) where specific collagen peptide is

its composite material(46). The supplementation of th#s CH to fibroblast culturesffrom the

L ¥

research carried out showed ]\at there is mcreased of type I collagen and proteoglycans with
L

statistically significant increase of skin eldstv‘ln The skin elasticity )s 1mproved aad .thm
gertd—be” due to the increase iw—the-biosynthesis of dermal matrix macromolecules 1).
Whe$tudy also reported there is no changed in skin hydration, skin roughness and
skin evaporation between CH treatment group and place({o trcatment group. From the same

study, the supplement is considered as long-lasting effect to dermal as the effect still can be

.

seen at the e{nd of 4- Week washout phase(46 47) ,Basrcally, the skin elastrcrty increase up to
\ . 1
W l ‘ . 20 L &
30% with reduetior )f/d/rmkles for about 17 7%(46 47).
: A 5 el \ e

__Sohlehow, the effect i§ different from the product that applied topically on the skin. The

1

effects of tgpically used skin, care products 38 anti-wrinkle is-investigated by Xhauflaire-
Uhoda et al.(48), Fhe study found that once the treatmiant of the topical product is stopped,
there is no evidence of skin moisturizing observed and /]\OW increase in skin hydration. The
tested product did not break the skin barrierf The topical type of product should be more
effective as it encountered superficial dermis and epidermis part of the skin where it,can help
to improve skin elastrclty by increase epidermal hydration(49). Ineffectrve topical skin care
products could be due to inability of it40 penetrato and overcome the structure of skin known
n
as stratum corneum batrier in order to reach the fibroblast cell of dermal layer(50) The
stratum corneum is known as part of the skin that function to mlmxrprze the passive loss of

L+ ; -
W \
water and prevent microbial invasion to the body(5 13852). Erom-this-findirig, it can be said
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thdt any raw collagen materials that used topically will show no desirable effects to the

consumers. A research by Huey-Jine Chai et al. investigating the effects on facial skin
qualities with penetration through transdermal Wh;n fish-scale collagen peptide is used (5).
The result showed that the; collagen peptide is still able to Ppenetrate the stratum corneum to
epidermis and dermis of I'r\nice model. The fish scale can‘ be considered as idéﬁf ‘choice for
source of cgllagen as it is cheap, sustainable and ricih(IO)J_.’ évera]], collagen is effectively

known to over aging skin but the route and the way the collagen-based product applied to the

skin is a]g0 important so that the effect of it-eanbe-ebtained.
S : x

There are some limitations in the uses of collagen for the cosmetic purposes. Some futuristic

development that can be done ircludes genetic modification of the transplanted cell and

P

improving the anatomy and physiology Bf' the skin substitute. This is a measure to improve
the b;oc\css of wound healing and performance of the skin substitute used such as improving
the formation of neovascularisation. The tissue engineered implantation that available now
does not have inbuilt capillary network so research regarding this aspects is one of the
important field. Besides, in regenerative medicine, it can be seen clearly that the uses of
medical devices and tissue graft has shifted to a new approach which is by utilising the
synthetic biomaterials. Somehow, the limitation in the ability of the biomaterials to
regenerate tissue for critical size of injury or defects is still a challenge in this field. Further
research should focus on this matter including few aspects such as the host response toward

the biomaterials implanted so that it gives a clear view that important for the development of

biomaterials in the next generation.

3. Conclusion

0\"\""( \
Collagen based biomaterials &rc—vf-uamost.l.mée;tame- for cosmetic purposes and tissue

engineering. This is due to its biocompatibility and biodegradability. In cosmetics
g 8 g L p
/y“ ¢
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that ’any raw collagen materials that used topically will show no desirable effects to the

B

consumers. A research by Huey-Jine Chai et al. investigating the effects on facial skin

14

qualities with penetration through transdermal when fish-scale collagen peptide is used (5).

The result showed that the collagen peptide is still able to penetrate the stratum corneum to

F 7
/

epidermis and dermis of lr\nice model. The fish scale Can“be considered as idedl choice for
source of collagen as it is cheap, sustainable and rich(lO)‘c: Quyerall, collagen is «effectively

known (o over aging skin but the route and the way the collagén-based product applied to the

skin is als6 important so that the effect of it-canbe-obtained.

There are some limitations in the uses of collagen for the cosmetic purposes. Some futuristic
development that can be done ircludes genetic modification of the transplanted cell and

N [ \,:\_"
v N\
jl\fnproving the anatomy and physiology SF the skin substitute. This is a measure to improve

l'hf: progss of wound healing and performance of the skin substitute used such as improving
the formation of neovascularisation. The tissue engineered implantation that available now
does not have inbuilt capillary network so research regarding this aspects is one of the
important field. Besides, in regenerative medicine, it can be seen clearly that the uses of
medical devices and tissue graft has shifted to a new‘approach which is by utilising the
synthetic biomaterials. Somehow, the limitation in the ability of the biomaterials to
regenerate tissue for critical size of injury or defects is still a challenge in this field. Further
research should focus on this matter including few aspects such as the host response toward
the biomaterials implanted so that it gives a clear view that important for the development of
biomaterials in the next generation.

3. Conclusion

MA. 1& '
Collagen based biomaterials dfc—of-aamcstmfaeuame--ﬁer cosmetic purposes and tissue

engineering. This is due to its biocompatibility and biodegradability. In cosmetics thé
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collagen can be used for different purposes such as for dermal fillers, skin substitute_apd
!

écaﬁfelding"and as facial products. The use of these biomaterials is good as' when {t.is"used as
LY |

dermal filler i¢ can stimulate formation of new collagengso-it.Can hé__us_@d_ to reduce wrinklgs,

Yk

LY Ty ]
£ skin substitute jf can helps in development of normal skin in-4 good formation. fr-also tir
L ¥ F ot LA €
promote wound healing. Bér facial products jt can increase the skin elasticity if it is used
e e =
orally. Somehow, there are bad effects for the uses;/of collagen in cosmetics. It can cause

inflammatory and allergic reactions and also may cause iatrogenic retinal artery occlusion.
For certain application, intensive cgre is needed and the cost is quite high. Some collagen
products that used as skin substitute have poor formation of new blood vessels and hard to

handle. In conclusion, the usage of collagen can give good and bad effects to the users. It
3 - ™ a o b 4 3 At ]

depends on the purposes of the usesgasse-sources of the collagen, location and a‘pplication‘of

the collagen and some-ether faetors. The consumers should aware about the compatibility of

5\
the product before using it to reduce the risk of develob‘mg any side effects.
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