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Hypertrophic scar is a complication of wound healing and has a high recurrence rate which can lead to significant abnormity
in aesthetics and functions. To date, no ideal treatment method has been established. Meanwhile, the underlying mechanism
of hypertrophic scarring has not been clearly defined. Although a large amount of scientific research has been reported on the
use of medicinal plants as a natural source of treatment for hypertrophic scarring, it is currently scattered across a wide range of
publications. Therefore, a systematic summary and knowledge for future prospects are necessary to facilitate further medicinal
plant research for their potential use as antihypertrophic scar agents. A bibliographic investigation was accomplished by focusing
on medicinal plants which have been scientifically tested in vitro and/or in vivo and proved as potential agents for the treatment
of hypertrophic scars. Although the chemical components and mechanisms of action of medicinal plants with antihypertrophic
scarring potential have been investigated, many others remain unknown. More investigations and clinical trials are necessary to

make use of these medical plants reasonably and phytotherapy is a promising therapeutic approach against hypertrophic scars.

1. Introduction

Scar formation strongly depends on the presence of contrac-
tion during healing and the nature of the scar is actually
the uneven look of the healed tissue resulting from disfig-
ured tissue deformation and overaligned collagen fibers [1].
Collagen in hypertrophic scars is found to be in a disor-
ganized, whorl-like arrangement rather than in the normal
parallel orientation manner. Therefore, hypertrophic scars are
indurate, elevated, poorly extensible, and also characterized
by hypervascularity, thereby providing their erythematous
appearances [2]. HS can cause significant abnormality in
aesthetic and functional symptoms and to date no recognized
treatment has been established. It commonly occurs after
surgical incision, thermal injury, and traumatic injuries to
the dermis with a subsequent abnormal healing response

[3]. Furthermore, it is often associated with contractures that
can lead to considerably reduced functional performance in
patients.

The development of antihypertrophic scars is an unsolved
problem in the process of scar treatment. For this rea-
son, some undiscovered successful treatments are needed
to prevent excessive hypertrophic scarring. The reported
preventions include topical medical application, cryotherapy,
use of silicone gel sheets, injection of steroids, radiotherapy,
and an early surgical procedure for wound closure [2]. In the
last decade, there has been a renewed interest in the use of
indigenous medicine worldwide, arising from the realization
that orthodox medicine is not widespread. Although modern
medicine may be available in some communities, herbal
medicines have often maintained popularity for historical
and cultural reasons, in addition to their cheaper costs [4].
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FIGURE 1: The mechanism of hypertrophic scarring.

Recent research has introduced the uses of phytochemical
compounds and extracts isolated from medicinal plants in an
attempt to resolve these problems as a promising therapy.

Many treatment strategies are sought to prevent scar
formation without compromising the wound healing process
[5]. The effectiveness of currently used therapy against hyper-
trophic scar arises most probably from the increase of the
medicinal plants reported. In the modern system of medicine,
about 25% of prescriptions contain active principle(s) derived
from plants [4]. A significant correlation between medicinal
plants and their use in the treatment of many types of
scars has been shown in epidemiological data generated
throughout the world. Published clinical trials have, as
yet, largely focused on characterizing the pharmacokinetics
and metabolism of medicinal plants. Despite experimental
advances in medicinal plant research against scars, findings
in humans are still limited. However, in recent years, diverse
benefits of medicinal plants in the treatment of hypertrophic
scars have been described [6-9].

In line with the latest findings responsible for the
increased recognition of medicinal plants as potential ther-
apeutic and/or preventative agents, the aim of the present
review is to focus on recent experimental findings and
clinical trials of medicinal plants and other preparations with
similar actions that could account for beneficial effects on
hypertrophic scars in patients. Natural products, such as
plant extracts, either as pure compounds or as standard-
ized extracts, provide unlimited opportunities for control of
hypertrophic scarring owing to their chemical diversity [10].
Currently, a great deal of effort is being expended to find
alternative sources of safe, effective, and acceptable natural
medicinal plants for the treatment or prevention of hyper-
trophic scars; hence, all literature available was reviewed.

2. Suggested Mechanism of
Hypertrophic Scarring

The molecular mechanism of hypertrophic scarring is asso-
ciated with the unusual proliferation of fibroblasts and over-
production of collagen and extracellular matrix [70]. An array
of intra- and extracellular mechanisms is essential in the pre-
vention of scar formation. With the help of molecular biology,
cell biology technology, hypertrophic scar animal models,
and the setting-up of scar tissue engineering, the mechanism
of hypertrophic scarring has been clearly defined (Figure 1).
It is usually considered as migration and proliferation of

different cell types such as keratinocytes, myofibroblasts [59],
and mast cells [71]. Fibroblasts play an essential role in new
tissue formation during wound repair [33], but their abnor-
mal low death rate and high proliferation rate can cause scar
tissue formulation [11]. Meanwhile, keratinocytes are indis-
pensable in signal transduction between paracrine secretion
and epithelium matrix. When cultured in the presence of ker-
atinocytes, fibroblasts exhibit significant proliferation activity
[72], showing the contribution of keratinocytes to fibrob-
lasts proliferation. Myofibroblasts, which are different from
fibroblasts and are related to the composition, organization,
and mechanical properties of ECM [73], increase collagen
synthesis and retard cell migration [71], thus resulting in
excessive and rigid scarring. Fibroblasts are transformed into
myofibroblasts by heterocellular gap junction intercellular
communications between mast cells (RMC-1) and fibroblasts
[71, 74]. In the process of wound healing, the combination
of fibroblasts and myofibroblasts triggers excessive produc-
tion of abnormal extracellular matrix protein [75], eliciting
scarring [1, 75]. With the assistance of keratinocytes and mast
cells, proliferative fibroblasts produce massive collagen which
makes extracellular matrix accumulate below dermis, leading
to scar formation. The complex forming process consists
of three different phases, inflammation, proliferation, and
maturation, which leads to hypertrophic scarring in the end
[76]. The ratio of I to IIT collagens in healthy adults ranges
from 3.5 to 6.1, while in patients with hypertrophic scars,
it could be down to 2 and in keloid patients it can be as
high as 19, which is related to the abnormal metabolism
of collagens I and III in pathological scars, including more
collagen synthesis and less collagen degradation.

Although many targets of action, by which scarring can
be inhibited, have been experimentally studied or postulated,
few are well known or defined for inhibition of hypertrophic
scarring by plant-derived compounds. Figure 2 and Tables 5
and 6 summarize and enumerate the suggested mechanisms
and correlative medicinal plants.

The size of a scar is influenced by many factors, such as
wound size, wound contraction, and healing time. Wound
contraction makes an important contribution to scar for-
mation also the larger the area of the wound, the more
cells migrate, resulting in more prominent scarring [1].
Therefore, induction of fibroblast apoptosis and reduction of
extracellular matrix and collagen I/III production may be the
pivotal measures against hypertrophic scarring.
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FIGURE 2: The mechanisms by which extracts and compounds from medicinal plants display antihypertrophic scar activity.

Many kinds of test models are applied to investigate
wound healing mechanisms and inhibition of scar formation,
including 2D hybrid agent-based model [1], pig surgical
injury model, fibroblast populated collagen lattice (FPCL)
model, rat laminectomies at Lumbar-1 level [5], incisional
wound healing model [6], and rabbit ear model [54]. These
models provide a mean for detecting and evaluating the
mechanobiology in wound healing and scar formation [1].

However, the complex mechanism of hypertrophic scar-
ring still remains unknown which raises the question of how
to control scar hyperplasia.

3. Medicinal Plants against
Hypertrophic Scarring

Many beneficial uses of medicinal plants are extensively
documented in the traditional medicine systems in many cul-
tures. To collect the data which supports this finding, we per-
formed a systematic review using PubMed, Elsevier, Springer,
and Google Scholar databases and peer-reviewed articles
published in the last 10 years. The search terms included
scar, scaring, fibroblast, extract, and preparation. The phyto-
chemicals from medicinal plants against scar hyperplasia are
presented in Tables 1 and 2, respectively, whilst the medicinal
plant extracts are listed in Table 3. Their activities and mech-
anisms for antihypertrophic scarring were also described,
respectively, in Tables 1, 2, and 3. There are five prepara-
tions (Table 4) reported on their effects and mechanisms
of antihypertrophic scarring, namely, liposome-encapsulated
10-HCPT, oxymatrine-phospholipid complex (OMT-PLC),
solid lipid nanoparticle-enriched hydrogel (SLN-gel), Gin-
senoside Rg3/poly (l-lactide) (G-Rg3/PLLA), and Centella

asiatica extract capsule, which are composed of different
medicinal plants and vehicles. Medicinal plants can be used
for different therapeutic purposes or as precursors of useful
drugs containing different types of phytochemicals.

The use of herbal medicine remedy has been steadily
increasing worldwide in recent years, as well as the search
for new phytochemicals that could be potentially developed
as useful drugs for the treatment of hypertrophic scar and
other scar diseases [4]. The antihypertrophic scar activity
of medicinal plants results from a variety of components
contained in these plants (Tables 1and 2). Many plant extracts
(Table 3) have antihypertrophic scar activity owing to their
phytochemical constituents. However, more work is needed
to focus on purification and identification of active compo-
nents and to elucidate the roles that these play in inhibition
of scars when used alone or jointly. Moreover, many of them
have not been tested for their cytotoxicity to normal cells,
which seriously blocks in vivo investigations. Undeniably,
no toxic and side effects have been proved for some active
components. For example, Genistein, which is easily obtained
and commonly used for hypertrophic scar treatment, has
strong pharmacological effects, with no obvious toxicity or
side effects [13].

4. New Preparations of Medicinal Plants

A large number of extracts and compounds of medicinal
plants display antiscar activity. Nevertheless, drugs are diffi-
cult to get through the stratum corneum due to the natural
barrier of skin, which causes lower permeability of drugs.
The oral bioavailability of drugs at the permissive dose is
very low, owing to their hydrophilicity (low permeability),



Evidence-Based Complementary and Alternative Medicine

uoraIs 'g-10 7,

[81] pue ] ua8e[[od/] uaSe[[od JO 3seIIJ

sg4SH jo uonerpoidnuy N 00T~STI o314 uf

jooy

Jesourwnga|

Snadvuv.iq

WA
snjpSpysy

Al
apisoredensy

NH 0 e JUaW0URYUD

g N ¢ 18 uotssardxs YNYW SOI-D
pue NN [-D JO 25ea109p ‘S)Se[qOIqY

PIO[ U] $Ise[qOIqy uewuny Ut SO4-D pue
NN[-D Jo uorssaxdxs yN W £1031qIyuy
sayfoounjeray upys ur uorssardxo

VNIW g-SO JO 9582109p pue uorssardxo
VNIW NN [-D Jo asearouy aseyd -0
Jo aseanur pue aseyd 'H-0o jo aseardag
s)se[qoIqUOAUI 0JUT SISL[qOIqY

[£1-¢1] JO UOTJEUAIAPIpSUeT) AI0IqIYU]
s[[o2 stsoydode jo saguey L3ojoydiowr

jo uononpuy ged pue ‘7/IT

T/IAN Fed -2 Jo uonefroydsoyd
£10)1qIyuT pUe ‘vorssardxo

VNOd JO Uononpal “yNJw [11/] usge[jod
J0 uonjenSa1-umop ‘uorssardxd YN W
uaderrooaxd 111/1 sod4y Jo uoniqryuy
urajo1d xegq jo juswaoueyuy ujord
7-1o9 PUe VIANS- JO Sasea1d9p pue
‘¢c-asedsed Jo aseaIour ‘$HJ.T, JO UOnIqIYU]

WM 0LE~LE

stsoydode Jo uonjowoig
stsojtua Jo uorssarddng

04314 U
sqISH jo uonerdyjord-nuy

Twi/31 001~ST

ymig

sesourwnga|

Xvud dU1A]D)

UI9)STUID)

uorssaxdxa YN W ¢I-JININ pue

7-1°9 JO 9s8a109p pue uolssaIdxa YA w
xegq Jo uonejoe] ¢-asedses/c-asedses
JO UOTIBATIOY "UI[JOD PUB [NV

“¢1d ‘ged jo uonedroydsoyd L1oyqryuy
[z1 1] T9[oNU Jo JUauISeI) pue UTRWOIYd
Jo uonesuapuoy) uonezrejodap
SUBIQUIAW [BLIPUOYDO)IW pue

a8exurLIys TesponU Jo uonjouwroid ‘ursjord
[e309]9350145 pue ‘urajoid sjuswrely
unoe-J ‘uoneIdrur Y H Jo UonIqIyu]

Sureay punom jo uoryeyoe]
UOIJRULIO] J€DS$ JO JUSUIYSTUTUII(]
stsoydode Jo uonowoig

SqASH Jo uonerdyoxdnuy

N7 001~01 oA ug

yuerd
S[0UM

SRIJIPQUIN

DI1IDISY
vjjPIUI)

IPISOSSeIIPRIN

SADURIRJY UO0T1)O® JO WISTUBYIIN

19979 S0 UuoneAIssqO

11ed
[PUTIPIN

Arureg

swreu
[eotuejog

juauodwon)

“Ky1anoe reos orydonzodAynue yim sjueld eurdrpawr wogy syusuodwiod YT, ;] A19V],



Evidence-Based Complementary and Alternative Medicine

uoneurioy Ippe] YN
pue ‘uoneurioj Apoq snoydode ‘3urqqarq
QUBIqUIDUI ‘UOTJESUIPUOD UTJRUIOTYD

[1€] oFexuLIys SEISH JO UONeII[IOe] pue stsoydode jo uonanpug INM 0S~S 04314 UJ Jmig seaoerdy A A0YISO
uotssaxdxe urajoid 'g-10 7, Jo saseadd (g pue sgASH Jo uoneiIoidnuy PO
uorssardxo YNJW Z-[2g JO UONIqIyur
pue uorssaxdxe YNJW Xeq JO UOLIOWOI]
uorssaidxa uraj01d z-pg SISOIQIJ ANSST) JBIS JO ISBAIID w Q) uond3ur [edo QwozZIyx Suasuid - 3
[o€ ‘62] JO 9s82109(J 2-34D) pue ‘c-osedsed ‘Xeq 18019y H 3 a . Aw [0 UOR9tt [0 . 4 QBDRI[RIY : (€94-D) €2
“VNDd Jo uorssaxdxs urajoid jo asearouy SHJo toniqrul Tw/eure oma v 100d XUUDd - SPISOUSSUID
¢pewg JO UOTJEDO[SURI) TBI[ONU
pue ¢pews-d jo uoniqryuy uorssardxo
. urjoid /pewg jo uonowold Yy pue sisojdode q jo vonowoid W .N va1uodol
[82 ‘£zl 3 d Tu/Sw o] o414 uJ jo0y sesourwnga| aurewixQO
¢pews jo uorssaidxa urejoid jo uononpax e o woneraqosdnu coT vioydog
pue 1] uaSeyjoo/1 uaSe[jod jo uorssardxa 9dH PU® QI3 3O BoReIjIoIdnty o
VN w £1031qryur ‘oseyd g jo asearouy
U2IU0D J9qY UaSe[[0d JO uonoInpa xoput drydon1adAy jo asearnaq Sw uonoa(ur [ed0
Ju9y qy 1102 nonpay sisordode §qH Jo uonowoig /oW 08~0T uondaiur 8307
1SSS ur uaderoooxd 171 9d4£y/1
2dA£3 jo worssaxdxe yNYw A1031qIyuy
(urp4d) urajord YNDJ SISe[qoIqy yuerd vypunidiuas
[9z-%7] pue uade[[oo [e303 Jo UOT}ONPAI puk ISSS jo vonerdyordnuy /8w 0ZI~0% ot u AJOUM 9eadeplIald S1aIg S
‘¢c-asedseo jo asearour ‘usderjoo | ad4y pue awWn[oA §q JO UONONPAY /3w 0F~01 taug
'g-1D 1. jo uorssaidxs urajoid paseardsq SdH jo uonjerdyioxdnuy  Tw/8M 08~07 04314 Uf
aseyd § 03 'n woig sysejqoiqy jo aSexporg
(2] aseyd g jo asearuy sgISH Jo uonerdjroxdnuy 1/8w 08~07 04314 UJ oEMMMM 2v2001U034104 E:MMW_MNMM UTPOW-20[Y
/I pue ¢/IMHN Jo
uonefroydsoyd Lroyqryuy aseyd o) ojur
0/ Jo uonuaaaid pue seyd 'n/0n
Jo aseamnur ‘oseyd § pue awmjoa uage[jod
[e101 Jo UonONPAY T-dMA PUe ‘Z-Pg ‘III 07 B
uade[[0o/] uadeyoo jo uorssaidxa urejord “Tur/Sw oG U
©0
[zz-61] JO9sBAIR(T uoissaxdxa YNJW gpews jo sqISH jo uoneidjoxdnuy /8w z~60 1801 100y oeadRWIAdSTUIA vip EM:E JuULIpURI],
uonIqyur pue ‘uorssardxe YNYW [-dININ /8w o1~ oa1A u v GaIS
pue /peuwig Jo EOUOEOH& aQOUQSUmEmb 23. 08~01 04314 UJ
VNIW 'g-191, Jo uoniqryuy
11ed dwreu
SIOUIJNY UOT)O® JO WISTUBYDIIA 1099 9s0(  UONBAIISQO R Arure,g R—— yuauodwo))

"panunuoy) : 414V],



Evidence-Based Complementary and Alternative Medicine

TISH
J0 xoput orydonaadAy pue sjaad] usSerjod

914003s8W JO UOTIRIAJOIdNUY

uota(ur [ed0] T 07

Jo uononpai pue 9seyd 'H-o jo asearour Suriress TYSH Jo aseardoq P z/Tw/3w 09 omaup unuues) Iy
(1s-87] UOT}BIIUIOUOD WND[Ed JO uorjowold SqASH Jo uonerdyoxdnuy Tu/Sw 907" 0~¢0T°0 04314 Uf .
“UNeTIONYD Jea[dNU Jo uoredarduo))
UOTJeI}STUTWPE
(7] xopur orydonradAy TYSH jo uonedgroid isejqoiqunuy SunseSenur T o1 onAu]  UTESTUSROIPAYIQ
puv $12qy UABe[[02 JO UOIGIYu] SurLress qSH Jo uoniqryuy Sy/3uw g1
Ayisuap eore 10qy usdeyjod pue suorda(ur outa 1]
[o%] xopur orydonzad4y jo uononpay uorssardxo STISH Jo uonerdyrordnuy [0 p/TW 0 ‘NW 0'T~S0 ’ urumoIny)
VN W [ uadefjoooid jo uoniquyuy N 001~S°T1 o314 Uf
uorssaidxa
VNI W [-dINA Jo uonjowroxd pue 4jiaroe
Xd-HSD pue qOS-I. JO asearour Kyanoe . .
[sP—€¥] dOX pueuajuod <D§wo uorjen3arumop sisordode sgISH Jo couwﬁuﬁ Tw/Sw W&ozmo 0 oj1a ug VII ue],
(soseqd § 01 '£) WOy SEASH 3O SEISH jo uonerdprordnuy Tu/31 08~0T
a3exo[q ‘uorejuowdesy pue UOIIESUIPUOD
98eULIYS 129]oNU JO UONRII[IOR,]
suadeyjoooid 111 2d4y/1 xopur 1eos orydoxrad4y jo uononpay  suonoa(ur [e207 N 00F~0ST oAlA Uf
44! [011RIDASY
2dA3 Jo uorssaxdxa YNRIW 33 JO UONIqIYu] sqISH jo uoneidyjordnuy Y 007 ~ST 04314 Ug
SISOUJUAS uade[joo
[17-6€] JO 3SBAIO3p pUE “WNID[ED Je[N][aeI3ul SEISH Jo uonerdyrordnuy Tw/31 002~05 o4pa ug urpoury
Jo aseanur Oseyd 'n/°n jo uoniqryuy
MY pue YN/ jo uonedioydsoyd oy PISH jo uoneidjiordnuy INM 0F~0T 04314 Uf
[8€]  jojuswsdUEYUD pUR [-JINJA JO UOIssaIdxa sopur ssepeY] Uy SULLIES8 30 GORIGIU] uonjeorddy [eso] onra up uradIaNnd)
VN w pue urajoid a3 Jo asearour O/M “%1~%S0"0
onjex uade[[od [I[/] JO JUSWOULYUD
(€] pue dAp pue sseusSorpAyap 2je10e]  sq.ISH ul sisoydode Jo uononpur pue uonerroidnuy 1/300°S~10°0 04314 Uf SULIJBI
Jo uoniqryur ‘9seyd JA-°0) Jo uonowoIJ
surojoid T-JINLL pue uadefoo
L1/ 590141 10 worseondo ot 10 M%b% wﬁ . sgASH Jo uonesyoid-nuy w‘a\wi 00€ o uf
[oc-¢¢]  ‘uorssardxe yNW fg-gD,L jo uoneIIIOYy e wo;umquewmo o asoaton " w o pISOONRISY
9510 PUe T-NOON VO g0 xopur ME mwbb Y JO aseardoq coﬁum.:_ [e007] outa 1]
30 UOFSsadES YN ST 3O WOHAN] TYSH jo erse[dradAy 1eos jo uononpay Tw/Suw 05~Gg
syse[qoIqy ur urajoxd waderjoo sisordode
[z€] Jo uononpai pue ‘oseyd § jo uorjowoid s 6 UOIAADUL DUE S o uoneIemoidng /3w 91~1 04314 uJ eyydeu eorjpduy
saseyd /70 pue 1500 jo uoniqryu g4SH jo uononput pue sq.JSH jo uonelajijordnuy
ST Jo uonexdjrjoxrd L1ouqryur pue (LIDH)
[s] [ aserawostodo) Jo wonIqIyu]  uorsaype [ernpids Jo uonoNPIY 'sIsL[qoIqy JO JaquInu Tw/SW '0~10"0 oaa uy  urdYoyduresfxorpA
3y} pue anssiy Ieds [eInpids Jo eare Y} JO 9seaId9(q -01
RERIEREIEN | UoTO. JO WSTUBYIIA 10079 90  UOTRAIdSqO STEOTWAYO0)AYJ

"syuerd eudIpaW Ul pAINqLISIp APpIm steoruraypolfyd Surderdsip reos orqydonradAynuy iz a14av],



Evidence-Based Complementary and Alternative Medicine

Surreusrs aseyeydsoydrn sursouend

oy pue ‘g¢d Yy Jo uoreAndeu]
‘sa1hd0uow

M UOISaYpe 1SB[qOIqY JO 33e00[g 100§
s1j01qy ur uonuajax ageydoroewr/sL>ouour
pue a3fooydwd] | @D jo uononpay

[9¢]

sgASH jo uoneajrjoxd jo uoniqryuy

spour asnowr

PIONPUI-YDJA1)S [EDTUBYDIIW © UT UOIJRWWIBUI [€D0] JO
uorssaxddns pue Surrress orydonsadAy jo uonenuayy

Tw/31 pg-¢g

sAep 07 10§ uorda(ur
[esuoytradenur ¢ _p-8y/3w o1

04314 UJ

oA Uy

upAwuaurery

suaSe[joooid [11/] Jo uorssardxa

VNRIW 243 Jo uoniqryul pue <'g-1o [, pue g
ur4d o uorssardxa urejoid oy Jo uononpar
¢¢d pue ‘6-dININ “C-dINIAL JO uolssardxod
urajoxd 2ty jo JuauradueYUY dseyd

§ o uonqryur pue aseyd o jo asearouy

[ss]

stsoydode Jo uonowoig

WY 05~1

04314 UJ

urpny

I11 uade[oo/1 uadeyoo pue 'g-Jo 1,
Jo uortssaxdxa urajoxd a1y Jo uonONPay

‘6-9sedseo pue ‘¢-asedses ‘T-JININ

Jo uorssaIdxo YN W Y3 JO aseardu]

TIEd PUB T-dINLL ‘T-dININ ‘VNIW 'g-ID L,
Jo uorssaxdxa YN W 213 JO UOTIqIyu]

[¥s]

X9pUI UOTJRAI[? Jeds Jo uononpai pue ‘sisojdode
Jo uononpur ‘Gurrress srydontad4y jo uoniqryuy

skep
SATINDISUOD Q7 10J 9% TpUe
‘G ‘g'z Jo uoneordde reordoy,

oAl uJ

poY d1joues|O

UOTJBI}UDUOD

WNIO[ED 921) Je[N[[90LIUI JO UOTIQIYUT

pUe ‘YINS-» pue 'g-10 1, Jo uorssaxdxa
urejoxd a3 jJo uononpas @seyd g jo asearour
‘saseyd 'n-n pue -5 jo uoniqryug

[¢s “zs]

SqISH jo uonerapoxdnuy

Tw/31 008~00%

o4J1a Uy

(SN) sutuodes
Suasurdojou xeueq

$O0UDIJY UOTIO® JO WISTURYIIA

14

3so(

UOTJeAIdsSqO

STEOTWAYO0AYJ

‘panunuoy) g 414V],



adewrep YN
noym uonjerdrw pue ‘vononpoid
uage[oo yamord onserdiadAy

Evidence-Based Complementary and Alternative Medicine

[#9]  Surpnpur ‘sasuodsax reordojoyed Sur1re0s Jo aseaId(T T34 o oujia ur - juerd S[OYAN QLIOBRUIPWIWIOY) YUSIY DULIJIIUY %Mbuhw
IDIY snoLrea jo uononpay ‘ursjoid fourt
zpews Suonpa £q Surreudis
juspuadap-'g-1D 1, Jo uonIqIyuUY
SONSS SROIRU UOTJRUIUIRJUT-T)U UMOW{U oala u 2ABI[ YNI® seadeqER P A
[£9] pUe S[[2 [JeIP JO UOTJRUTWI[T B BUrHuY Rl t A red qaed SHpULIDWY], snoanby
worssaidxo uade[[od s1se[qoIqYy Jo uonjerdjrordnuy A/A %G T~T 04314 uf enxe
[s€] odk1 pUe I o uonemdord 90TW SSI[ITRY uoneordde reoor ot u uro) 9BAORI[IT vdas wnypy snoonb
[o¢h pue I-dNIN ¥ Hel 0 ur 3urireds jo uorssarddng AJA %G T~ v v
§-10130 Surrreds jo uonIqIyu UORELISIUItIpe oA1A U, 00 sedoRIUIR maswmwwww BN
(9] yorssoxdxo urdjo1d a3 Jo uonONpPaY HHLIEDS JO HORIqIUT reurroprds Tui/3w o1 o lood el fsuarnq [oueyyg
: : DLID]OINIS
sisaquds uoneyuawdidiod4y jo uoniqryu UMOUU oA u 001 “YIe 9B30BIO pomzey PEIXO
[19] SWIAZUD 9SeUIS0IA) JO UOHONPAY e : 130 HORIqIHT Lt HAML 001 IRE W D1JoU0SSNOL  JOURTIIIN
o QWOZIYI wnpupd J0BI)XD
[09] aseyd 'H/°n jo asearouy SqISH Jo uonerdjrordnuy Tw/31 67 04314 uJ 00y seaoeu034[0g wnay sweeoe A
95U2SIUIS TB[N][D
(6¢] SOY jo uonowoid Jo uonjowoid pue sjse[qoiqy eI meiom 04314 uf umowyun umowu) ayows ay3aIed) wsuﬁw“wxw
pue Xd-HSO pue dOS jo uoniqiyuj unys jo uonesepordnuy pajernies 9001 v
sJse[qoIqy . vxopvivd JOBI)XD
[8¢] SOY pue HT JO 5ea109(] [EULISD [EIOU J0 UOR3%IO%] Tw/31 01~T°0 04314 uJ pa9as seaoerdeu Dastggous) snoanby
PBPULIYS 15°[401qY SN1I0JIU1] 10BI)XD
(6] Jo uonowoid pue SISOYULs sgISH Jo uonerdjrordnuy Tu/31 g~¢ 04314 Ur IOMO[] 9BILISY s ta. S
urajo1d uader[od jo uoniqryuy 1O oaemd
Ig-10 1, pue suade[[oo [11/I Jo HSUPUUD 10BIIXD
(6] orssoxdxs uoj01d o jo asearsaq SEASH jo uonesdpordnuy Tu/8w O[~G oapauf - yuefd Sjoym SBIIBIPIOD) wnpipn) 27e39€ AU
129y uonensIuupe
uaBe[[02 PUT S[2SSA POOIq 3STIqOIqY ©IIE PUNOM JO 9SBIIDD ! Mﬁ.:& Mm oAlA U, 2ABD OBORIY  SJ01VAIS IS} PRI
(8] Jo asearour pue SurSuaaeds P 3 a w Mm M 1 v S0NDAS PHSH STOURYIAN
[ed1pel [AX0IpAY JO uonIqIyuy %0TPUe 5
UOTOBIJUOD
SaNIAT)OR ) uonensIuupe
(£] [BIqOIDTWIUE PUE JUBPIXONUY PUTIOM JO 95EIOUT HIPEM [eurzoprda oA1A UuJ jo0yg ovaoerdy  vpouvo snonvq PDEIXO
.H:Bno.u St .o & P U 1eds pue ‘porrad uonezipyds = ’ : srjoueyyg
1j01dAx01pAy Jo aseardu] . %% pue 7 ‘1
©IIE PUNOM JO dSLAII(]
stsayuds uabeyrod oy} pue m&m: MHE%MMHMM o:ww :ouuﬂuwwww WM oAl U, Teq 00y oedoeperdops vojuv3t3 EIXO
[9] pue aurjordAxo1p4y jo asearou] Rl J PP - i MUL - HRq 300 PRIOPSY sidoygoppy  orjouryyg
UOT}ORIJUOD PUNOM JO ISBIIOU] /8w 00%~001
SaoUAIYY UOT)O. JO WISTURTIIA 109  UONENSIUTWPE 3S0(]  UOTBAIISqQO QSBMH\M Aureg  swreu [esruejog JorIXY

“Burrress orydonadAy-nue Surerdsip syuerd [eudIpawr WOy $10BIIXS YT, :¢ AIAV],



Evidence-Based Complementary and Alternative Medicine

soprLreypoesAjodoonu d1pioe
pue uaSe[[0d Jo JuSWdURYU

UOTJRWTIR[JUT-TUe

snsdeo

stsajuhs ueoL[Soururesod£[3 pue ‘pIo[ey pue Ieds
[69] DUre “SUIPPOWaS J0 TOHINPSA “GAOLBIRN0 oA1A uf SurgoN amsde) ﬁﬁhxw Mum.xu.au juerd sjoypy  owvaoerdy  woyvisv vjjaIUs)  1OBIIXD BITIRISE B[AIUD)D)
uade[oo ‘uorssardxa urejoxd anss) Jo uonIqIyuy 112120
[ uade[[od Jo uorjowroIq
UOIJeULIO)
S[9SSIAOIITUI 138 JO uonuaAd s1aquoueu 29y (VT1d/e34-D)
. . : pue ‘s)se[qoIiqy  oAlA uf . (apnoe[-7) (epnoer-7) QWIOZIYX Suasurd (¢39-0)
[6z]  pue ‘s12qy uadeyod ‘ssawpry Jjo uonerdjiordnue  04j14 uJ SPIOPE-S Sn01qy Ajod A[od/¢3q 900y SLIIB[EIY xvuvd pay ¢3y apIsouasurn
JToAe[ sTurIap jo Juatuasoxduy : e ’ undsonoarg : :
pmois oo undsondo[g  9pISOUISUIL)
1S€[qOIQY JO UOLIqIYU]
UOT}BULIO)
Ieds Jo uoniqryur 3
uonezuesio pue 3ureay punom jo  AI2A1[9p (198-N1S)
remn3a1 uafeyoo jo d [9801pAy Sornd [9801pAy
[89] 1uswasoxduy sisouadordue pue UOHOWOA] SISPIQOIqy UL [¥140) pnredoueu [2007pAY payoLIud j00y sesourunSo| STIIDUBIqUIIL Al dpiso[eSensy
: : ayedn Snup jo asearouy  ‘oara uf : pidry : : snpSp4sy :
311 2INSO[D PUNOM JO dSBIIIU] prdiy prjos -spnaedoueu
“Kemipyed stsopfoopus aejoaae)) uoneijioid pue o1 uf pidiy prjos
: uonerSru sajhoouneray e b
JO JUdUIdUBRYUY .
vwagsoidqns
upys Ul LJNQ JO 01kl Uorjuajax Asonpop (OTd-LNO) vioydos pue
'Jo asearour pue Apiqeauriod ssejqoiqy - [eardoy UOTS[NTI0IIT drjoydso opduiod umouyu) Jesourwno saproinaadory SULNRAX,
o] 3 - : wo :w.ﬁw.._w\woh dw Jo vonerdrordnuy  oara uf Bl TN praoqasotd prdrjoydsoyd T : 1 vioydos (LINO) durny o
Bis LINO J0 3 I 04314 Uf -surnewdxO ‘suassaav]f
vioydos
anssty 1eds [eanpido uorsaype [eanpids jo ey poyernsdeons LdDH-01 Dy (LdOH)
[9969] oy} UI JOqUINU JSB[qOIQY PUE UONONPAI PUL SISE[qOIqY owosodr]  pojemsdeous  oAed[ UMI]  9BAJESSAN :
oA1A up -swosodr voayj03duv)) unapoiduresfxorpA
eare Jeds [eanpida Jo asearddq Jo uonerdjrordnuy -owosodr]
SIOUIJAY UOTIOL JO WSTURYDIA 109 UONLAIdSqQQ  WIdISAS AIDAT[d( STYIA uoneredaig ?:Wwwog Arureg sureu [esTuejog suonjeredarg

“fy1anoe Jeos orqdonzadAynue yim syued feurorpawr Juazegip woy suonjeredard ayy, i A14V],



10 Evidence-Based Complementary and Alternative Medicine
TABLE 5: Summary of antiscarring mechanisms of medicinal plant components.
Mechanism Medicinal plant component
Inhibition of p-p38 signaling Madecassoside, Genistein, and Xiamenmycin
MAPK pathwa istei i i
pathway Inhibition of p-ERK1/2 signaling Genlstelln, Tetrandrine, Cryptotanshinone, and
Quercetin
Inhibition of p-JNK signaling Quercetin
PI3K/AKT signaling Madecassoside
Madecassoside, Genistein, Ginsenoside Rg3, and
. . Increase of Bax
Mitochondrial-dependent Osthole

pathway Decrease of Bcl-2
Increase of cytoplasm Cyt-c
Decrease of G,-G, phase
Cell cycle Increase of G,-M

Decrease of S phase

Prevention from G,/G, into G, phase
Inhibitory secretion of RhocA, ROCK-I, and

RhoA/ROCK-I signal pathway CTGF

VEGF signal pathway
FAK signal pathway
TGF-f/Smad signaling pathway

Downregulation of collagen I/III
expression

Decrease of a-SMA

L Activation of caspase-3
Activation of caspases P

Activation of caspase-9
Suppression of TPK activation

Inhibition of topoisomerase I
Decrease of TGF-f3, secretion

Inhibition of TGF-f3;

Madecassoside, Genistein, Tetrandrine, Ginsenoside
Rg3, and Osthole

Ginsenoside Rg3

Genistein, Angelica naphtha, Emodin, and Panax
notoginseng saponins

Genistein

10-Hydroxycamptothecin, Tetrandrine, Aloe emodin,
and Hirudin

Tetrandrine
Xiamenmycin

Cryptotanshinone
Cryptotanshinone, Xiamenmycin
Oxymatrine

Genistein, Astragaloside IV, Tetrandrine, Resveratrol,
5F, Curcumin, Oleanolic Acid, and Hirudin

Genistein, Panax notoginseng saponins

Madecassoside, Genistein, 5F, Cryptotanshinone,
Oleanolic Acid, and Ginsenoside Rg3

Madecassoside, Oleanolic Acid

Kazinol F

10-Hydroxycamptothecin

Tetrandrine, Panax notoginseng saponins, Osthole, and
Hirudin

Astragaloside IV, Oleanolic Acid

transcription
Downrégulatlon of TIMP-1 Oleanolic Acid
expression
Reduction of LDH and increase
of the ratio of collagen I/collagen Matrine
11T
Inc.re{ase of T-SOD and GSH-Px Tan TIA
activity
Enhancement of MMP-1 Tetrandrine, Tan IIA, and Oleanolic Acid
MMP Enhancement of MMP-2 and MMP-9 Hirudin
Enhancement of MMP-13 Madecassoside

Increase of intracellular calcium

Emodin, Arteannuin

poor absorption, and biotransformation or compact scar
tissue. The appropriate form of prepared drugs can evidently
improve drug permeability, lipid solubility, skin permeability,
retention ratio, release time, and cytotoxicity. Hydroxycamp-
tothecin (HCPT) is thought to be one of the most effective
components against scars. However, the poor solubility and
short half-life severely limit its clinical applications [65].

Compared with HCPT, the liposome-encapsulated HCPT
(L-HCPT) can reduce epidural fibrosis by preventing the
proliferation of fibroblasts in the scar tissue with longer half-
life and better solubility [65]. The application of a silicone
derivative to herbal extracts can improve skin pliability and
alleviate the concomitant symptoms of scars including pain
and itching [2]. However, it is extremely important to control
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TABLE 6: Summary of antiscarring mechanisms of plant extracts.

Mechanism

Medicinal plants extract

Cell cycle
Increase of G,-G, phase

Collagen
Downregulation of collagen 1 expression
Downregulation of collagen III expression
Enhancement of collagen synthesis
Inhibition of collagen synthesis
Promotion of collagen I

MMP
Enhancement of MMP-1
Increase of MMP-3 and MMP-9

Elimination of hydroxyl radical

Decrease of LDH

Decrease of ROS

Increase of ROS and reduction of SOD and GSH-Px

Rhubarb

Gelidium amansii
Gelidium amansii, Scutellaria baicalensis Georgi
Calotropis gigantea
Carthamus tinctorius
Onion

Neonauclea reticulata, Onion
Neonauclea reticulata
Pistia stratiotes
Oenothera paradoxa
Oenothera paradoxa, Neonauclea reticulata
Cigarette Smoke

the cytotoxicity of biomaterials for their clinical applications.
Microemulsion, a transparent dispersion system, is a good
vehicle for drug delivery due to its many advantages such
as thermodynamic stability (long shelf life), easy formation
(zero interfacial tension), low viscosity, high surface area
(high solubilization capacity), and small droplet size [67]. It
has been revealed that drug-free microemulsion is a promis-
ing preparation due to inapparent cytotoxicity [67]. The local
or transdermal application of water-soluble pharmaceutical
formulation may be suitable for medicinal plant extracts and
compounds.

Owing to compact scar tissue, it is necessary for the
combination of natural products or crude extracts with some
adjuvant as new dosage forms to increase their solubility,
content, release time, uptake, and penetrability. These dosage
forms include microemulsion [67], liposomes [66], solid
lipid nanoparticle [68], and electrospun fibrous scaffolds
[29]. Improvement of drug permeation may be a promising
treatment in future research on the basis of the known
medicinal plants.

In addition, some of these plant extracts or purified
chemical components are prepared as traditional medicinal
injections for the deep antiscar treatment. For example,
Carthamus tinctorius injection, whose primary component
is hydroxysaflor yellow A, softens hypertrophic scar tissue
and inhibits fibroblast proliferation by decreasing the type
I/type III collagens ratio and the TGF-p; level after local
treatment [77]. The radix astragali injection also inhibits the
proliferation and reduces scar thickness and hardness by
reducing Smad3 and TGF-, levels [78].

5. Current Treatment and
Prospects for Future Therapies

Currently, occlusive dressings, compression therapy, intrale-
sional steroid, cryosurgery, laser, radiation, surgical excision,
and interferon therapy are curative for the majority of patients

with hypertrophic scars [79]. Surgical therapy and excising
fiber fraction are the common approaches for the treatment
of hypertrophic scars. However, significant disadvantages
were reported, such as the recurrence of adhesion after
surgery as high as 45%-100% [54], which seriously limits its
extensive application to scar prevention. Accordingly, physio-
therapy is established, including occlusive dressings, pressure
therapy, cryosurgery, radiation therapy, and laser therapy.
Meanwhile, pharmacotherapy is also frequently applied,
such as intralesional corticosteroid injection and topical
drug treatment with interferon, bleomycin, 5-fluorouracil,
verapamil, vitamin E, imiquimod, TGF-f;, or interleukin-
10 [79, 80]. Pharmacotherapy mainly inhibits inflammation,
proliferation, and remodeling phase [7] or modifies ECM
metabolism via interfering the pivotal molecules of MAPK,
TGF-f3, and PI3K signaling transduction.

However, there is no ideal treatment for hypertrophic
scars so far and some chemical drugs also cause mal-
effects simultaneously. Many kinds of natural products from
medicinal plants have good antiscar activity and show notable
advantages due to their fewer side-effects. Therefore, in addi-
tion to widespread uses of surgical therapy, physiotherapy,
and pharmacotherapy, there is a great need for developing
new natural drugs more efficient than or synergizing with
the existing ones. Many kinds of purified natural products
originated from medicinal plants are abundant in the natural
environment, such as Ginsenoside Rg3 [29], Oleanolic Acid
[54], Resveratrol [42], Asiaticoside [34], and Genistein [13],
and are popular as antiscar agents due to their easy obtain-
ment and fewer side-effects. Hence, we overviewed the major
current herbs and their preparations applied to the treatment
of hypertrophic scars.

Itis a challenge to identify and evaluate a safe, wholesome,
and effective natural product against scars. Even though a
number of new products have been reported by pharmaco-
logical tests in the last decades, many others remain unknown
or untested.
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6. Discussion

In this review, we gathered publications on medicinal plants
with antihypertrophic scar activity and addressed the ques-
tion whether the treatment of scars with medicinal plants is
effective in humans. Although in vivo and in vitro investiga-
tions play an important role in the evaluation of safety and
effectiveness of medicinal plants in preclinical trials, there is
no perfect denouncement for their ultimate success as human
drugs. Clearly, animal data are not sufficient for the confirma-
tion of the safety and efficacy of medicinal plants in humans
owing to their physiological structure differences. Further-
more, there are some conflicting clinical trials reported. For
example, it has been reported that honey was effective in
rapidly cleaning infection and promoting wound healing,
indicating that honey possessed anti-infection activity [81].
However, it was also reported that honey did not affect the
wound, scar, length, and remained length [82]. Therefore, the
effectiveness of some drugs needs to be further clarified.

On the other hand, only four publications reported nega-
tive results in our retried papers. Genistein phosphorylated c-
Raf, MEK1/2, ERK1/2, and p38 proteins, but not JNK protein
[14]. Asiaticoside had no effect on the expression of Smad2,
Smad3, and Smad4 [34], while madecassoside regulated
keloid-derived fibroblasts proliferation, migration, F-actin
filaments, cytoskeletal protein actin, and the phosphorylation
of cofilin via p38 MAPK and PI3K/AKT signaling, but not
ERK1/2 and caspase-8 signaling [12]. Quercetin promoted
phosphorylation of JNK and ERK, but not p38; it increased
the protein and mRNA expression of MMP-1, but not type
I collagen and TIMP-1 [38]. These studies indicate that the
antiscar activity of medicinal plants needs to be scrutinized
further.

Many traditional medicines used in folk medicine are
reported to have antiscar activity, but only a few have been
studied systematically in vitro or/and in vivo, such as rhubarb
[60] and tamarind [63]. Although numerous in vitro studies
have substantiated the antiscar activity of plant extracts and
phytochemicals, there is very little evidence in humans. The
number of clinical trials and their highlighted results are
limited. The numerous traditional formulations effectively
and extensively used in clinics have not been investigated.
Also, the majority of the plants (Tables 1, 2, and 3) tradi-
tionally used as antiscar agents have not been investigated
in animals. The phytochemicals with in vitro antiscar activity
may have no effects in vivo due to the exceedingly high doses.
Moreover, many of these phytochemicals have not been tested
for their cytotoxicity, acute toxicity, or/and long-term toxicity
in normal cells and animals, which seriously limits in vivo
investigations. Only two medicinal plants have been reported
on their untoward reactions and cytotoxic effects. The clinical
efficacy and safety should be investigated simultaneously for
medicinal plant extracts and compounds.

The natural barrier of skin can block drug getting through
stratum corneum or decrease the amount of drug perme-
ation, causing inefficiency or low-efficiency of drugs. Some
adjuvants can significantly improve the penetrability of drugs
and the desired therapeutic effects can be achieved. For
example, hydroxycamptothecin (HCPT) is considered one

Evidence-Based Complementary and Alternative Medicine

of the most effective agents against scars, which prevents
fibroblast proliferation and reduces epidural adhesion, but
the poor solubility and short half-life severely limits its clini-
cal application [65]. Some new dosage forms evidently reverse
these conditions, such as microemulsion [67], liposomes
[66], solid lipid nanoparticle [68], and electrospun fibrous
scaffolds [29]. Therefore, the development of new dose types
is necessary in order to ameliorate drug effects.

Although enormous progress has been achieved over the
last years, the impact of medicinal plants on individual types
of scars needs to be explored in more detail. Polymechanistic
phytochemicals such as Genistein may have an advantage
over targeted therapeutics, which simultaneously tackle scar
treatment from multiple angles. Genistein can act on many
target points, including suppression of PDGF-promoted TPK
activation, decrease of types I/III precollagen and PCNA
expression, reduction of c-Raf, MEK1/2, ERK1/2, and p38
protein phosphorylation, and inhibition of RTK-Ras-MAPK
(ERK/p38) [13]. Further insights into the molecular mech-
anisms of phytochemicals will facilitate the development of
new drugs for the prevention and treatment of human scars.

7. Conclusion

In conclusion, the scaring process is complicated. The char-
acteristics of an appropriate therapy for the prevention and
treatment of scars should comprise the following: simple
and easy delivery, comparability (effectiveness) with current
therapies, and minimal drug interaction with concomitant
treatments and lack of significant side effects [83]. Manyex-
tracts and compounds from medicinal plants can inhibit
scarring. The main mechanisms are suppression of prolif-
eration and/or induction of apoptosis in scar fibroblasts by
regulation of several pathways, such as MAPK, PI3K/AKT,
RhoA/ROCK-I, VEGE FAK, and TGF-3/Smad. Although the
approaches described here are quite different and mecha-
nisms are complicated, the utility should be maximized for
medicinal plants as antihypertrophic scar agents. However,
screening is necessary to minimize any potentially harmful
side effects on human skin and health.

Abbreviations

AKT: Protein kinase B

ECM: Extracellular matrix

ERK:  Extracellular regulated protein kinases
FAK: Focal adhesion kinas

HS: Hypertrophic scar
HKF: Human keloids fibroblast
HF: Human fibroblast

HPS:  Human pathological scar

HSKF: Human skin fibroblast

HSRE: Hypertrophic scar model of the rabbit ears
LDH: Lactic dehydrogenase

MAPK: Mitogen-activated protein kinase
MMP: Matrix metalloproteinases
NF-xB: Nuclear factor-kappaB

PCNA: Proliferating cell nuclear antigen
PI3K: Phosphatidylinositol 3-kinase
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PS: Pathological scar

RESF:  Rats epidural scar fibroblasts

ROS:  Reactive oxygen species

SOD:  Superoxide dismutase

SSSE:  Systemic scleroderma skin fibroblast

TIMP-1: Tissue inhibitor matrix metalloproteinase-1
TGF-p,: Transforming growth factor-f3;

TPK:  Tyrosine protein kinases

TxA2: Thromboxane A2.
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