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Variation in bioactive principles and bioactive compounds of Rosa rugosa

fruit during ripening
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Abstract Fruit ripening is a genetically programmed
process involving a number of biochemical and physiological
processes assisted by variations in gene expression and
enzyme activities. This process generally affects the
phytochemical profile and the bioactive principles in fruits
and vegetables. To appraise the variation in bioactive
principles of fruits from Rosa rugosa during its ripening
process, we analyzed the changes in antioxidant and
anti-elastase activities and polyphenolic compounds during
the four ripening stages of fruits. Overall, an extract of unripe
fruits contained the highest levels of total phenolic and
flavonoid contents, radical scavenging activity, reducing
power, oxygen radical antioxidant capacity, and elastase
inhibitory activity, compared with the extracts of fruits at
other stages of ripening. Additionally, we found that the
reduction of flavonoid content occurs because of decreased
transcriptional levels of genes involved in flavonoid
biosynthesis pathway during the ripening process. Based on
HPLC analysis, we found that the extract of unripe fruits
contained the highest amount of myricetin, caffeic acid,
chlorogenic acid, syringic acid, and p-coumaric acid and
suggested that the antioxidant and anti-elastase activities of
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the extract obtained from stage 1, should be mediated by the
presence of these compounds. Additionally, we analyzed the
interaction sites and patterns between these compounds and
elastase using the structure-based molecular docking approach,
and suggested that chlorogenic acid strongly interacted with
elastase. Together, these findings suggest that the maturity
of fruits has profound effects on the pharmaceutical value of
R. rugosa.
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Zru] I (family Rosaceae) A E5-2 917 9] 0] 4,828 L3
S 9lom], 48 i BEE0 2 $8), ofxlof, Hoju] 2]
7} A Hof A o] &% 1l Q) th(Christenhusz and Byng 2016). &
SRR ENE SR PR EREE
C, folic acid, catechin, carotenoid 71 2] 2 proanthocyanidin-g tf

ZF 505t 9o, o5 7|54 ER S vlgo 2 A

A, 3hujul g v} ah i %L/\ ol glol 5} = o] thoFs} A

22 7L Q= Ao E g A QltH(Chrubasik et al.

2008; Kim and Ko 2013). f?} FH T oo A= 2 FO

Z}, vitamin C 224, P& A7 52 2 0|8 &= 5(Choi
2009) 7154 YE BN wo HAS T 9t

a5 8H(Rosa rugosay= 1 97Foll 2HAISH= 203} hu] 4

9

3] (rose hip) <= vitamin

JdguBoR ddgo JYsgon, g Lyt
FPN AL UF, B, U4 S ko Ake] G W

¥ A 2 A| 2 ARE-F o] Srrh(Park 2008). s o] 2L

2 = vitamin C, terpenoids 71 2] 1! quercetin, isoquercetin, rutin
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59 ETR ol& A E o AE Y tellimagrandin I, II, rugosin
5 70 tawin 0] 531510f gloc], o2l A
serom jsie 2], 0, B8 W EAE BT
%, WAL, U2 9E, FRARZ, 73l
u E 3, e 2 59 A7k B 153 olek(ung et
al. 2005; Okawa 2005; Park 2008; Kang and Sohn 2010). £-3] 3}
Fot Eof 5 B LA Ao = i 2 Aol Al
o] W% FAA WS HEE Bl BT Aom n i Ho|
w2} ) AE o R A ol§ U OjorE AN RN FEE
Hk37 Q) T}(Choi et al. 2015).
shale] we W 4 4e Thepe &
o] ¥is}o] ofgk AystshA T1efar A
S} 1}Al o] A<=k = £t cell wall polysaccharides 9] £ U
zxqg W3} HE O] o A3, ¢ = 4 0] 24, anthocyaninT}
2 M40 =7, 3Fu| 4 SHkA] SF7] AJ B2 o] =7 Lo] dF
7 Eth(Carrari and Fernie 2006; Zhang et al. 2011). ©] 2}
WS Wshe )54 2l B ws o
o| & i/ &= sh= A | B/ o ste] F ot FFE v A=
Ao BT ek o & o] BEA] 7§ whalo] 4
2510 w}e} total phenolic content®] §HaFo] HAstH, o] 2
Qlsto] gike} &4 9 a-glucosidase A 3fl 5 E3F {FAdt=
Ao 2 AHA Uch(Hyunetal. 2014). o] of FAFSHA 22| H,
o 3, Zrehell, B7] Z22)aL of=yobe] - wpalo] At
of whe} gHita} g/ o] 7 ashs A 0 & KAl Bl th(Beltran
etal. 2005; Shin et al. 2008; Oh et al. 2011; Park and Kim 2016). ©]
3o AFA =Yg 718 7154 Al kel olof o
4ol 4% AR AE B Aso] 2 QL 01A 4 S
S A,
wjehd 2 Ao AL 754 A E LA, e FE R 2 A
O o] &A= TUA7I7] St HH o 2 st dnf = o
A A2 o vt ookttt 7|5 2E 9 T
v W B4 519 T} E 3t in-silico docking H4] S
s} el st Ao 2250 A4 AL Bale
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B AE o A AFL-3F 3 A= 28
shato] ALg-sl Tk A 2= 4 2] 4
ol pataiglon], §4 A% ¥ B4E Amd R4
(1:10)Z 7}3}e] 80°Cel| 14]7H4) 38] 231911, o] kA &

o]-g-3to] of 1} it A Tt FE2E2 A EHE AHE
alo] 25819 00, o] A| B =—70°Co|| B a}lo] Abgallch

Z Hls B=HTPC), £
L0|= EZHTCC) ’W

= Z2i20|E EZHTFC) L & 712

A4 A sl g3}t Gl 559 TPCo} TFC= 27} Folin
—Ciocalteu B'H 7} Colorimetric & 5-5}0] 24 515 thHyun
etal. 2015). | F3} =59 TPC+ gallicacid& EFEA 2
3t X &S 0]-&35Fo] GAE(gallic acid equivalent) 2 L}EF
Wow, TFCO| 7 -0+ quercetin® 2 =4 FAS 244
5}o] QE(quercetin equivalent) & e Sl th

FZ2E A& TCCE £43}7] 95+ Microplate Absorbance
Reader(iMark™, Bio-Rad, USA)S ©]-&3}o] &= 490 nm
(OD480), 510 nm (OD510) 7] T 750 nm (OD750)0] A] =4
5} 91 th(Parsons and Strickland 1963). TCC= o} 2| &} Z-& Al of
YgJsto] w2 AASH

TCC(ug/g of extrat) = 7.6 x (OD480-0D750) - 1.49 x
(OD510-0D750)

DPPH radical 2AHs &X

Radical 27 &4 272 ot ot Al & A 5}1+= 1,1-diphenyl-
2-picrylhydrazyl(DPPH)& AH8-3to &35l sids} &4
o /d <A H DPPH 4] A8l &2 M3HE #41517] 98l

90 L] 0.4 mM DPPHE thofsh o (62 5 — 1000 pg/mL)2]

NES ] 7}UP & A2 o A 1087} BH-S-A] 7] 11 520 nmol|

A SHES AAT, A28 b 0 24 A2

o} Hllo}@l radical 2~7] 52 WE-E&E YW L, 50% A

3l &= (RCso) g Al4FsH T

Reducing power assay

st A <% A A o] W3k Fe'' o] oA
Fe* o £.0 2 Blohl 522 v 8L ol §3tol 27 5t
At 44 & 529 AJF(100 pg/mL, 200 pg/mL, 300
pg/mL) 30 uLojl 0.2 M sodium phosphate buffer 200 uL(pH 6.6)
2} 1% potassium ferrlcyamde 200 uLE =3}35}9], 50°Co| 4] 20
= %OP HE-2-A171 3, 10% trichloroacetic acid 1 mL-& & 7}3}

= A 3H3lH. ©] 5500 pL A T2 tube 2 7] 3L &
9] =% 429}0.1% ferric chloride 0.1 mLE 4 7}3}of &+
3 750 nmof| A ST & =2A 5ttt oFA iR 1LE
HT (butylated hydroxytoluene) S A-8-35} %1t
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Oxygen radical antioxidant capacity (ORAC) &3

0.08 puM fluorenscein Z}F wellof] 150 uLA A7} &, 75 mM
phosphate buffer (pH 7.0, blank) 25 pL TE = 5= H ZH Al 2 &
25 uLA 718131 37°Col| A 103-7F HF-2-A] 71 T}-2-9] 2,2"-azobis
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Fig. 1 The expression pattern of flavonoid and carotenoid biosynthesis genes at various stages of the ripening process. (A) Rosa
rugosa fruit ripening stages considered in this study. (B) The expression levels for each gene were calculated, relative to their
expression (Log2 expression ratio) in stage 1. The means were significantly different as calculated, from a paired Duncan’s test at
p < 0.05. Enzyme names were abbreviated as follow: chalcone synthase (CHS), chalcone isomerase (CHI), flavanone 3-hydroxylase
(F3H), flavonol synthase (FLS), Phytoene synthase 1 and 2 (PSY1 and 2) and lycopene B-cyclase 1 (Lcy B1).

(isobutyramidine) dihydrochloride (0.12 g/mL)E- 25 uL&] 47}
143 th(Prior 2015). Fluorescence microplate reader (SpectraMax®
Gemini™ EM, Molecular Devices®, CA, USA)E o] &3}
excitation 4+ 485 nm, emission 3} 538 nmoj| A] 18 7HA S
2 9087t Y =& =4 5}o] area under the curve (AUC) &
AAbaLGth TR Z 0 20, 12.5,25, L 50 uM 2] trolox S AH-&
5k 21, ORACE EFA| oF F =9 AUC 7+9] 3] =545
0]-8-3}o] uM trolox equivalent (uM TE)Z #7|3}4 th.

Neutrophil elastase inhibition assay

&3} Grf) 3259 neutrophil elastase #] 3| 22 Neutrophil

elastase Inhibitor Screening Kit (Bio Vision, CA, USA) & A}-&-5}
o] 2243}t 37°Cof| A 5871 HE-3- 5, Fluorescence microplate
reader (SpectraMax® Gemini™ EM, Molecular Devices®, CA,
USA)E 0]-8-5}9] excitation I+ 400 nm, emission 3%} 505 nm
ol M 55 7h2 © 2 3037 §E S 278k Neutrophil
clastase A] 3] &/d 2 3 7H O v] Al H7Hol A 9] 3
Wag Ueelom 39 vhelo] e,

HPLC =4

Polyphenol 3}8+E EALS Q]3] HPLC (Shimadzu liquid-
chromatography system) & Luna 5 p C18(2) 100A column (4.6
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mm x 250 mm, particle size 5 pm)& ©]-&3}5 t}. o] FAF &uf
= Z540] 343} 0.1% trifluoroacetic acid(-&1] A)L} o}A
EYEHo| 343} 0.1% trifluoroacetic acid(21j B)E A&
Sholth &l o= ok 2 2 o A ekl o (0
-0.01 min, 90% A; 0.01 - 28 min, 60% A; 28 - 39 min, 40% A; 39
- 50 min, 10% A; 50 - 55 min, 10% A; 55 - 56 min, 90% A; and 56
- 65 min, 90% A), 922 0.7 mL/min®. 2 3} 1, UV 7 %7] 9]
254 nm, 280 nm ¥ 360 nm Ao A ST =& =45

Real time PCR2 St F&X} s

rat
MHI

.I
=~

st Al 4d < A anthocyanin A ¢4 B! carotenoid A
4 B SANE) WA S BA5) 99 AT}
& o) 2 K E] total RNAES- FavorPrep Plant Total RNA Purification
Mini kit (Favogen, PingTung, Taiwan)-& ©]|-8-3}¢] S=&3} 4t}
ZZ % total RNA= Nanodrop (DS-11+, DeNovix Inc, Wilmington,
USA)S o] &3}o] A= 3R, 500 ng? total RNAE=
ReverTra Ace®gPCR RT Master Mix (Toyobo, Co., Ltd, Osaka,
Japan)& ©]-&-5o] cDNAE A/dst3ith A E cDNAE
SYBR®Green Realtime PCR Master Mix (Toyobo, Co., Ltd,
Osaka, Japan)@} CFX96TM Real-time PCR system (Bio-Rad
Laboratories, Inc, CA, USA)& ©|-&3}¢] Real-time PCRS- A1
gstalon, 7 FHAAEY G actin®] HAFOo=
A vl A5 ) Real-time PCROY| AR5 primere=
Table 13+ ZFc}.

Table 1 Primer sequences for Real-time PCR analysis

Molecular docking =41

Human Neutrophil Elastase (PDB code : 1H1B), Caffeic acid
(PubChem CID : 689043), Chlorogenic acid (PubChem CID :
1794427), p-coumaric acid (PubChem CID : 637542), Gallic acid
(PubChem CID : 46780424), Lupeol (PubChem CID : 259846),
Mpyricetin (PubChem CID : 5281672) SPCK (PubChem CID :
5486692), Syringic acid (PubChem CID : 10742)& ©]-&3}o]
Molecular blind docking ¥} defined docking & 43§ sl o, 2
T} AFZ2 93] AutoDock4 (Morris et al. 2009)E o] -85} 91t}
Molecular docking +41-2 Seo and Efferth (2016)2] B2 o]
§-5Fo] =35} G1th. Blind docking ©] 749, A A X715 23t
S} grid mapsS & AJ 3} 2L number of evaluation= 2,500,000
© & number of run-S 1000 2 A A 319 0 1, Defined docking
9] ul} 7] ¥4 4= ZF-2 number of evaluation2 250,000.2. 2 number
of in& 2500 2 A3}t Docking 2 I}+= Lamarckian
Genetic Algorithm-& ©]-8-3} o] A A5l 4 © 1, AutodockTools-
1.5.7rc1& AF8-81o] A|2H3) 59l o). Elastase?] 2% Z A&
R o]F = HH E F o] u] X]+= Visual Molecular Dynamics software
(http://www.ks.uiuc.edwResearch/vmd/) £ AF--5}0] | 2F5HiTh

Sz
£ AT AP BYHO2IN ANHY O] BT E

o2 AT stHeh. EA 5 AL SPSS (Version 23, IBM,
USA)E AF§-31o] ANOVA B2 Axjskg o, 4950

Primer name

Sequence (5°-3”)

Accession number

CHS-F GTCGAGGAAGTCCGCAAAGC KP775998.1
CHS-Rev AGGAGTGGCTGTTCCGATGG

CHI-F AGTTCACGGCGATTGGAGTCT KP775997.1
CHI-Rev GTCAACTCCTCGGCCGTCTT

F3H-F GACTGGCGCGAGATTGTGAC KP775999.1
F3H-Rev CATGCCAAGCCCATCAGCTC

FLS-F TTGCTCTTGGTGTGGTTGCC KP768083.1
FLS-Rev TCGTACCACTGGCCATCTCG

PSY1-F AGAGAAAGGAGTCATGGAGCTCAG KP768076.1
PSY1-Rev TGTTCTTGATGGCAGAATCAGGGA

PSY2-F AGGTGTGGTGAGGTTTGTGCT KP768077.1
PSY2-Rev AGTTCATCAGTCCTTCTGCACCA

LcyBI-F CCCTTCTAGCCGGTTTCGGT KP768074.1
LcyBl1-Rev TGCCATACCGTGACACTTGC

Actin-F TGAGGCCATTTACGACAT AF394915.1
Actin-Rev AGATCACAGGAGCATAGGAG
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< A A g EE Y g HEkE
7] 18t 2k Ad < @A TPC, TFC 12| 1L TCCE 5
t}. 71 A3}, TPC (19.63+0.67 mg GAE/g to 4.74+0.05 mg GAE/g)
9} TFC (3.37+0.04 mg QE/g t0 0.670.04 mg QE/g)= &1} 7} 4]
==5to] ufg} 7HASHE o, o]e} Wit & TCC (19.06+3.58
ng/gto 179.75+13.46 ng/g)= Gulj 71 A 3ol whek S7tsh=
A0 2 ZALE QI th(Table 1).

SR ol B A 5ol A Ql o[} tAMIEZ A EA
71A] 8,000 o] o] HirE|of gl om, 2| Abs} o A, &4
A A D AR AE A oA 5 AR 2HE ol
QoFslal o 2 2 Q3 olu|E Zh=rt}(Harborne and Williams
2000; Han et al. 2013). £8}X =0]=+ phenylalanine (L-
phenylalanine)®] 3A HA=ZZH¥E AL, Chalcone
synthase (CHS)ol 9Jsji4] H A ¥ 4-coumaryl- CoA= THA]
CHSof| ¢]3}j 4] tetrahydroxychalcon=- & AJ 5} 2L chalconeisomerase
(CHI)©]| 2] 3 naringenin - A gl T}, o] 2 A| & A ¥ naringenin
2 t}A] flavonone 3-hydroxylase (F3H)f| &J 3} dihydrokaempferol
2 Z3}+E] 37 flavonol synthase (FLS)E- Z-3]| quercetin} kaempferol
= B3 Eth(Carteaetal. 2011). o] 5 F A5 T o]
i3t Al o Fefi o] & ok MSto| m A= e o
o} 2 7] 95to] Ao A< ThA Y CHS, CHI, F3H 18] 11 FLS
o] B8] 2F-2 real-time PCR-& £-3f &-¢15} 9l th. Fig. 10 A 2}
Zro| CHS, CHI, F3H 18] a1 FLSQ| ¥td o] Aufj 7} A< o
el g e RS R 2AE O H, o] = dEst A7t
s g St ol E g das TR o] AT
T FAAE] W Ao w2 Ayl S o] gl

]_

Ioox A o
3o
Hu)
ey
o
=
o,
g
g
2.
o
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(]
[}
S
D
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L o ofl o

b R TIC
ol Mz 2w rE
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72 E|leo| B Al ET o], BhE| 2o
3 AEANA A= ~
Ao EARA I 780l T SEelt
(Ha et al. 2003). 3} lycopene T} lutein, zeaxanthin, astaxanthin
5 g abs B2 ehf A ol = 9] gk S of
& Q77 AW T o)tk T o $2l o) 4% T
W 7z e o] g skel AR Tl § RS
7te) AT BAES Fobr 7] $J5ke] PSY 13} 2 (Phytoene
synthase 1 and 2), Z12] 11 Ley BI (lycopene B-cyclase 1)2] W&

oo
o:
4
of
-

A2 BASITE Fig. 1] M9} 20| o5 §7%e] el
g SotE ol = Y W RS T AEEEA
)7} Aol whet 2715t 202 2APE Tk A 29
SofEolE gl bR H o] Eof 22 o] AT ARHE S A
2 598 AT A2E Felo] ARA AT, Sol Bl
AR5 ofstol HAMHE S o] AR o] AE QR
A0 2 ®H 1150 QI thBedon et al. 2010; Ben Zvi et al. 2012).
Egt o] e} Zro] Fufj7} A< of| Wk 7h = H| o] = Fol
FASHE AL TUL HE FESS $T010 NS B4
A717] 93t slupe] A= Meko g AbE Eoh(Zifkin et al.
2012).

e 1w o2 o2

AR = ok 249 4SS A5 AR, reactive
oxygen species(ROS)%] A S 2 HE §7|A& HEdl= o
TS T mN of, G W A HS T o A
9] o i} Ul x| & o) o] 3krh(Surveswaran et al. 2007). 3
A 5ol A 5h= vitamins, 2t 0] =, 7ERE| o] =
2] 3L anthocyanin 7} & ¢ gHALSHA| 2 2 ohej A ¢l o, 1}
A0} s A o] 59 B4 9] h WSk A of 3HAksH
& Bt G A7 Sl A= B AL E o] QItK(Gull etal.
2012). & Ao A= sl g3t Aol A= THAE Fatets 9
Z}o] & vl BA)3}7] 95k ¢FA 3 free radical ] DPPH7}
Az & a5 AFEAY, FAA feE 4bskE
radicalo]] 2]} A] biradical & 3= = Y] & o] &5} Ak
3} &A1& =7 3}+= DPPH assay (Lee et al. 2007), radical chain
reaction®] 7} 41 21 Q1 T A Q1 4 AR} A E 3 A Hato
FHALSE 2 9 free radical 27 532 £ 4 5)+= ORAC assay
(Huang et al. 2005), 722] I Fe*" ferricyanide 234 & Fe** &
B 2 2h A A FEM S IEtE A5 i 4ket 59 it
HHE T3 ARl 2 EE =4 8)= reducing power
assay (Gulcin et al. 2006)E 4=3 3} %t} Fig. 2A0]| A 9} Zo]
SFALSE B4 S 2 AFSHZ| §]5)9], 50% DPPH free radical S 4~
Ast=d o3 Al 79 5 =5 YEW = RCy gha 545t
Hon, 7 A3t st dujrt A<kl w2k DPPH free
radical 2275 0] 74 st A0 2 ZALE It} E3T stage [
(OD1s50 value = 1.0017)2 714+ =2 31918 -& B §1 0 1, stage
IT (OD1s0 value =0.5560), stage ITT (OD5sp value =0.4243) 18] 12
stage IV (OD7sp value = 0.3577) =2 2 Z A} & 3 th(Fig. 2B).
o]} F-AFSHA 50 pg/mLY] stage I =52 127.19 uM TE
(trolox equivalent) 2] hydrophilic oxygen radical scavenging 43
< YEFH 2, stage IV (ORAC value 0of 44.91 uM TE) | 4| 7}
% S ORAC &4 & H }lth(Fig. 20). #l= 3= 2 &
H-ol=Z Z33F polyphenol 3Hot=-2 A 2g

A By A o Gl A7 el A e o

[e)

H
]
Aeh} 22 Aot 2 E g A Yl free radicalof] o 9h &4
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HES
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Fig. 2 Antioxidant activities of Rosa rugosa fruit extracts. (A)
DPPH radical scavenging activity of R rugosa fruit extracts.
DPPH radical scavenging activity was calculated as RCs). AsA:
ascorbic acid. (B) Reducing power of R. rugosa fruit extracts.
(C) ORAC values of R rugosa fruit extracts. ORAC values of
each extract are expressed as umol of Trolox (TE) equivalents.
Data are expressed as the mean+S.E of three independent
experiments. Values in the same column with different superscripted
letters are significantly different (p < 0.05)

dH e dyorny B Al g BUR B o
A} ) th(Pandey and Rizvi 2009). &3] polyphenol 3}-3-E0 2

S} free radical scavenging T2 =AY} E= HALE free
radical o] A|5-& 4= 91+ phenolic hydroxyl groups T+ H| &
T AAE o] F A Z 4= 31+ conjugated aromatic system©]| 2]
5to] LrEfu v (Dai and Mumper 2010), 3153} G v &=
A2 Fakel 242 o] polyphenol Shet=of| of3fof LtE}
W2 AlARRHCh

e Hof M= CHAE elastase Aol &4 =4

Abg ) sk f4] 2.9), B2 0] vk Fof ofstol
EIPNE RO LIPS g X AR D] ig gg A oo AE
22 F 1ol nh2 2 4ka 0] 7} o] ool Al 9]2)

010pg ES0pg H100pg

Relative activity (%)
(]
<
o

stage I stage IT stage III stage IV

Fig. 3 Effects of Rosa rugosa fruit extracts on elastase activity.
Values are the average of triplicate experiments and are
represented as the mean+S.E. Mean separation within columns
by Duncan’s multiple range test is at the 0.05% level

A =312 U th(Yang et al. 2016). U] 214 =319} 9]0l =

She B v Ay Sof EA sk o2 A R (elastic fiber) 9]
¥4 9 31902 collagen) 2] 7H4 ol 5t Al E2)7]
(extracellular matrix)®] -2} Q] 3|5 G- =olof m]H o] 2

£-& of7| 8t} (Chiocchio et al. 2018). £3] &F 8 A &= uj i
S BAsHE A2 elastino] gt G A2 LA E
9l o1, elastin -3 5} = elastase= FEAYA o] FL <
A 4 A I th(Tsuji et al. 2001). w2} A] elastase ] 3| A
e 25 A A Aol §lo] =9 targeto] &AL Qi &Y
3} G| 22 E 9] elastase A TS A E A1} =
EEY Aol FE7t 57 &5 elastase A o] 24 o] 5715}
dom, sigst dul 7t A< gholl whet elastase A sl /g o]
28be 702 2AFE 9 tHFig. 3). Stage | 22 10, 50,
100 ug A 2] A] ZrZ} 82.7%, 87.8%, 92.7% elastase A 3} S-A]-S
B o, 100 pg2 stage IV 352 85.5%9] elastase A 3
A& ATk ol 49l A7 Bk sl A9 014
Qo= 3 sl WA 2 918 SR 2 AR o] b

o Ao Az,

EL

ut

In-silico molecular docking &A= &8t a5t Enf FeH
elastase X{SHH| a4

g3t dnfj =&E9] 39 polyphenol A E-LS 9 3F12t
HPLCE o] &3tof A& w4 sastelen], 1 43 F 19
4—4 polyphenol AES =515 tH(Table 3). Stage | =5

o g E 2Z 53} v w5} mricetin (1.51+0.76 ng/10 mg of
extract), potocatechulc acid (5.96+0.62 ng/10 mg of extract),
clorogenic acid (39.69+2.76 ng/10 mg of extract), caffeic acid
(18.37£8.14 pg/10 mg of extract), syringic acid (69.56£19.66
ng/10 mg of extract) 18] I p-coumaric acid (15.68+1.69 nug/10
mg of extract) S Wo| 7311l Q= A0 Z XA E
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Table 2 Variation of total phenolic, total flavonoid, and total carotenoid contents during the ripening process of Rosa rugosa fruits

Extract and fractions Total phenol

Total flavonoid Total carotenoid

(mg GAE/g)" (mg QFE/g)” (ug/2)
Stage 1 19.63 + 0.67¢” 337 + 0.04c 19.06 + 3.58a
Stage 11 9.55 £ 0.26b 1.11 £ 0.00b 39.65 + 4.88a
Stage III 5.52 + 0.28a 0.66 + 0.04a 84.93 £ 7.56b
Stage IV 474 + 0.05a 0.67 + 0.04a 179.75 + 13.46¢

DTotal phenolic content analyzed as catechin equivalent (CAE) mg/g of extract. Values are the average of triplicates.
ITotal flavonoid content analyzed as quercetin equivalent (QE) mg/g of extract. Values are the average of triplicates.
9Each value represents the mean + SD, and the means were significantly different as calculated from a paired Duncan’s test at p <

0.05.

Table 3 Comparison of polyphenolic compounds from different ripening stages of Rosa rugosa fruits

Concentration (pg/ 10 mg of extract values)

z
)

Polyphenolic compound

Stage 1 Stage 11 Stage 1II Stage IV
1 Taxifolin 0.00 £ 0.00 0.00 + 0.00 0.00 + 0.00 3.09 £ 0.33
2 Naringin 0.00 £ 0.00 0.00 + 0.00 0.00 + 0.00 324 + 0.54
3 Hesperidin 0.00 =+ 0.00 0.76 + 0.13 0.31 + 0.16 2.59 + 037
4 Myricetin 1.51 £ 0.76 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
5 Quercetin 0.00 £ 0.00 5.82 = 0.03 3.85 + 1.92 6.20 + 0.03
6 Naringenin 025 = 0.00 0.16 + 0.08 0.20 + 0.10 0.53 + 0.08
7 Apigenin 0.00 £ 0.00 0.87 + 0.38 1.29 £ 0.00 1.65 + 0.10
8 Kaempferol 1.16 £ 0.01 0.76 + 0.38 0.77 £ 0.38 1.25 £ 0.03
9 Isorhamnetin 1.53 + 0.01 1.58 + 0.03 1.57 + 0.01 1.02 + 0.51
10 Rhamnetin 0.80 + 0.01 0.79 + 0.00 0.79 + 0.00 091 + 0.03
11 Nobiletin 031 £ 0.00 0.00 + 0.00 0.00 + 0.00 0.44 + 0.05
12 Tangeretin 022 = 0.11 0.00 = 0.00 0.22 + 0.11 0.36 + 0.01
13 Gallic acid 578 + 0.51 8.40 + 4.83 4.49 + 0.63 0.00 + 0.00
14 Protocatechuic acid 596 + 0.62 0.61 £ 0.23 0.56 £ 0.28 412 + 2.80
15 Chlorogenic acid 39.69 £ 2.76 6.08 + 0.54 16.82 + 2.56 12.60 £ 0.19
16 Vanillic acid 0.00 £ 0.00 691 + 0.14 10.29 + 1.50 523 £ 2.62
17 Caffeic acid 1837 + 8.14 16.46 + 1.22 11.04 £ 2.00 7.18 £ 0.20
18 Syringic acid 69.56 + 19.66 3.87 + 1.08 2.62 + 1.31 471 £ 245
19 p-coumaric acid 15.68 £ 1.69 6.84 + 0.65 0.00 £ 0.00 0.00 £ 0.00

3] stage I =2 & ©f| A= cyringic acid, stage Il =& &0 A=
caffeic acid, 12| 1L stage 1112} stage IV 3225 ]| 4] = chlor-
ogenic acid7} 8 A E S & B & ¢l th(Table 3). 333+ &
ff /g <5 ©A o] whe} polyphenol /8] 4] 9 gk o] 2ol
7t glgl o, oloh & Aol 7t et Aol &2l 417
2ol e ARk ulA A2 AR ET). E3 myricetin
caffeic acid 2] polyphenol 3}§HE-2 elastase 2] enzymatic
activity 2 A FFOoE M u| R 3t oA a7 Gl = AR
Hugof wet 754 HEY due g ot
(Duan et al. 2017; Widowati et al. 2017).

THE0.2 2] stage 1 35 20] Wol 4 Ho] i A
© 2 ZAFE myricetin, chlorogenic acid, caffeic acid, syringic
acid 12| 31 p-coumaric acid 2] elastase & A A 24 Q] 7}5A
S ol 7] $J3l in-silico molecular docking H-4]-2 E3f 2
o 59 2 A% FHE A5 Atk o] & $I8H blind

molecular docking2 Z+Z} 1001 2] Al 85} ¢] elastase U] binding
sites ML o, 71 AIE vlEL O 2 defined molecular
docking-& 41 3§ 3} ] elastaseof| Tf} ¢t myricetin, chlorogenic acid,
caffeic acid, syringic acid Z12] 1 p-coumaric acid®] binding
energy 4F= of| &3t 2 I}, chlorogenic acid (- 5.64 kcal/ mol)2}
myricetin (- 5.59 kcal/ mol)7} =& A3} A 3l4 S el = A
0 2 ZALE Q) tH(Table 4). 4-hydroxybenzoic acid, pinocembrin,
quercitrin 12| 3 lupeol 531} -2 elastase A A| Q] H S
elastase 2] active site®] SER195 residue@} 3523 0 =2 A
A EAS et = A o= g A ¢lo v (Narayanaswamy
et al. 2013, 2015 and 2016), ©] 2} -3-A}5}A| chlorogenic acid 1}
myricetin-> SER195 residue 2} hydrophobic interaction &= 7
O 7 ZAFE QI TH(Table 4). ©]/49] Ait= sfF 3t v« &
o &5 W /=54 E2 elastase ] active site2} 25 A
THO 2 elastase B/ A4 AT AlAHEHTH
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Table 4 Defined molecular docking of selected polyphenolic compounds to human elastase

Lowest Mean Residues involved . . .
Compounds binding energy binding energy hydrogen bond Residues involved Pki
. « . . 1)
(kcal/mol) (kcal/mol) interaction inhydrophobic interaction (kM)
Caffeic acid -5.6 -5.08 ASNI159, ARGI86  ARG20, ASN159, VALI185, 79.04
ARGI186, ARG187
Chlorogenic acid -7.8 -5.64 ASN61, GLY193,  PHE41, CYS42, HIS57, CYSSS, 1.91
SER195, VAL216 ASNG61, VAL62, CYSI191, PHE192,
GLY193, ASP194, SER195,
SER214, PHE215, VAL216
Myricetin -6.4 -5.59 ASN61, GLY193,  PHEA41, CYS42, HIS57, CYS3S, 20.98
SER195 ASN61, CYS191, PHE192,
GLY193, ASP194, SER195
Syringic acid -5.06 -4.60 GLN135, ARG187  GLNI135, ASN159, THR162, 194.89
VAL185, ARG186, ARG187
p-coumaric acid -5.58 -5.37 GLY18, ARG21 GLY18, GLY19, ARG20, ARG2I, 81.44
LEU144, GLN156
Lupeol -8.63 -8.53 CYS42, HIS57, CYS58, CYSI191, 472.99
PHE192, ASP194, SER195, (nM)
VAL216, CYS220
DPki indicates predicted inhibitory activity.
¥e o LS 93 st o4 ETHE o2 5 ie] wey
J3H2 9137154 AL ZA 2 He 4 S YEsact

X

Ao} Aol B AT oR T2 w3 ol 9)
+ Ao R HE ofy FHA TR a0 A8 o3t
Aeteta, el A 249 Aiks OIE} ole] U] T of
A A A o 3FeHA 24 1) gy - of) 3kt vrEk:
L AL gAst Autel Ao|tt 3 i}Q/] Ao 7} A <=st=
Aol A o5 B/ - W3tE 45| el Sl A
SHAHE Y © Gl A7 FEE o)A 9] it B4 9
2}o], 3} elastase Z4] & polyphenol 3}3HE 2] Haf2 B4 5}
ek 2o r njds @AY 9 FEE 2>
phenolic 213151} St -o| & ghefo] HEE Y on, 11

W

=

Bl

NI

of whe} =2 radical 275, T8 W ORACEAS
T}, E3F elastase A 3f) E/d ol A &= oh-2 Al < A <]
of W m < TA &) Al FEEA == B Y
A 02 2AE AT o 2ol 4ol A Behr
A T of e 4] W] e A
st1.0., 0] 2 o) Zehu o = o] ghepo] 7}

A‘jjcgw* S TH HPLCE A & E5) T} 2 A4 %74
E Sk n s Al FEEOA w2
caffeic acid, chlorogenic acid, syringic acid, p-coumaric acid 5 ©]
AZE Aot F= 7]199] molecular dokingS A& o] &
SH5HE 7} clastase®] 299} AE & HAsg o o] 2
%3) chlorogenic acid®} elastase”} 7435174 Agst= AL &
st mebAl, & AF+E FaliA st B o 44 A
©7} o] 4129 oFelaha 7o) 9T A AL 7Y
SFaL, v <t St Efl= S EAdaka Ao 9

Lud

l-> FI

AL At

AP AT 7]2 AT A U A (NRF-2017
RIA4A1015515) 18] 12 o] F-E 0}7] % (NRF-2018R1D1
A1B07043720)9] 2] o] ©]3] o] 2 o] & o
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