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Rynchosia nulubilis, also called rat-eye beans, has been widely
used since ancient times as it has been known to promote hair
growth, hair shine, and elasticity. In this study, we tried to
develop a natural material good for human hair by fermenting
rat-eye beans with specific kimchi lactobacilli. Leuconostoc
holzapfelii is one of the dominant species in the early fer-
mentation of kimchi. According to a recent study, this strain is
involved in cell proliferation and cell cycle regulation of
human hair follicle dermal papilla cells and has the potential to
promote hair growth. Using a mixture of the small black bean
powder fermented by L. brevis Ceb-kc-006 and the powder of
L. holzapfelii Ceb-kc-003 purely separated from Korean
kimchi, the proliferation of human hair dermal papilla cells and
hair growth effects of the mixture were evaluated. When the
content of L. holzapfelii Ceb-kc-003 in the mixture increased,
human dermal papilla cell proliferation also increased by 61 +
2.96% compared to the control. When the genes VEGF and
FGF7, which are promoters of hair growth, were compared
with controls, the expression level increased 68.83 + 23.10%
and 28.96 + 6.02%, respectively. Furthermore, the Wnt3 gene
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increased by 61.81 + 14.79% compared to the control. The hair
growth inhibitors IL-1b and IL-6 genes decreased by 40.76 +
15.65% and 61.17 = 14.25% compared to the control, and TGF-
[ decreased by 7.88 + 25.38%. Based on the gene expression
results for hair growth and inhibition-related factors, it was
found that the mixed extract had a positive effect on hair growth
and hair loss inhibition.

Keywords: Lactobacillus brevis, Leuconostoc holzapfelii, Rynchosia
nulubilis, hair growth, human dermal papilla cell
(HDPC)
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Wosicka and Cal, 2010). o] 2|3t Z7}=2 Qls] &= AU 2| &
A, wtof gt A5 Egk S7Fstar QlrKPark er al., 2017;
Jang et al., 2018; Chio and Jeong, 2021).

AEE(BEKR) (Rhynchosia nulubilis)= F-1}of £3}+= t}
22 FwolF B ofFolohal: oy, thae] o
o] AZ e} (isoflavone), & A El(lecithin), OPE/\] o} (antho-
cyanin), A} (saponin) 50| BH6-E]0] QLTL, A1, 414
A 24 =R S Tl ol &so] glof ol =5 E d
2] o]-&-5|o] &Fti(Shin and Joo, 2017; Kim and Kim, 2018; Lee
and Park, 2021). TE3H A Ee= o g 245 wak A0 g 7]
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Leuconostoc holzapfelii=2007 o] o] ] 2 1] o}AL Hl g 7|
ol A A JZE 424 B8] 5= FEo|u(De Bruyne et
al.,2007), w4 G2 o) EE 27|y A2 I A Alof AR
Zt o 2 gl E ti(Jeong et al., 2013; Jung et al., 2013; Lee et
al.,2015). 2L Atof] W2 o] 3t Q7 K BAFA]
3Z[Human hair follicle dermal papilla cells (HFDPCs)] 2] A&
ST} M| 3EF7] 20| Tolsh, Wnt/B-catenin A5 A
ARE B3l 248 Eaf] il A =2 75Ao] HuEQ)
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Table 1. Information of strains used in the experiment

Lactobacillus brevis Ceb-kec-006

- s KCCM No. KCCMI12126P
4 N ’, /' - -
o\ Oxygen tolerance facultative anaerobes
Z - ” -
7 —
P - > 4 Temperature (°C) 35
Leuconostoc holzapfelii Ceb-ke-003
3
v J KCCM No. KCCMI11830P
= Lo
\ Oxygen tolerance facultative anaerobes
104 * - Temperature (°C) 30
N .

| Rhynchosia nulubilis powder |
!

| Sterilization (121°C, 15 min) |
1

Fermentation (35°C, 72 h)
(with Lactobacillus brevis Ceb-kc-006)

|
| Freeze drying |
1

| Pulverization |

!

add Leuconostoc holzapfelii
\
DMSO extracts (25°C, 40 KHz, 10 min)
|

Rhynchosia nulubilis fermented

DMSO extracts

Fig. 1. A flow diagram of DMSO-sonication extract preparation from
fermented Rhynchosia nulubilis.

2.9] CEFOgro™ human dermal papilla growth medium-&- 4]
ARl R] &2 ARE-8FL, 37°C, 5% CO, 7t 42| =)= A 22 u 7]
(Thermo Scientific) ol A] Bl ¥t GA oA Al St T2 &
28 2oelol Ao W58 08 QI BATA|ER B Al

2 stk

=32l Al Aleod A%

M= =4 "ot

THFEES FEEE ASAS ] X EARAI RS
Z2)3} =4 o] B2 F0l3}7) -[4’6}01] MTT assay (3-(4,5-di-
methylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide assay)
£ A A3} tH(Mosmann, 1983). Q17 -G-FA|ZE 96 well-
plateoﬂ 1 x 10* cells/well @] 1= 2 H=235}0] 24 A 7} vl oF3t 5
252,4,8, 10 pg/ul 7} o ZHPBS)S A 2|3t 237°C,
5% CO, 5ol A T2 A7 v oFali ). vl 9F £ 0.5 mg/ml thiazolyl
blue tetrazolium bromide (MTT; Sigma) 2282 Y o] 41| 7k
37°Col| A REGAIZ] 5] 4458 A A5}l /4 formazan-&
dimethyl sulfoxide 100 ulZ =] ELISA reader (BioTek)2
540 nmof| A SF =5 ST Al o] AEE(%) [(H
A<t ODgL =tk ODgh) * 100]0f] whet th&sk At

1‘61— = =

RNA == 2! Real-time PCR

Q7 Q=N ZE 1 x 10* cells/well 2] & 2 6 well-plate
ofl 24 A7k B gt 5, 7t wellofl ERFE= 2 pg/ul o 2t
(PBS)E A @5kaL 72A17E i £ v A& A| A% B2 Mini-
BEST Universal RNA Extraction Kit (TaKaRa Bio Inc.)& A}
&3lo] RNAS F&513ich 53 RNAS 522 One
step TB Green® PrimeScript™ plus RT-PCR kit (TaKaRa Bio
Inc.)2} CronoSTAR™ 96 Real-Time PCR System (TaKaRa
Bio Inc.)dH] & A&} real-time PCRE 42385} % th(Arita
et al., 2008). Real-time PCR-2 1) reverse transcription (42°C,
58, 95°C, 10%), 2) PCR reaction (95°C, 5%, 60°C 30%), 3)
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Table 2. Primer sequence for real-time PCR

Target gene Sequence
B-actin F catgtacgttgctatccagge
R ctecttaatgtcacgcacgat
FGF7 F  atcaggacagtggcagttgga
Fibroblast growth factor R aacatttccectecgttgtg
IL-1b F  ccacagaccttccaggagaatg
Interleukin-1b R gtgcagttcagtgatcgtacagg
IL-6 F  actcacctcttcagaacgaattg
Interleukin-6 R ccatctttggaaggttcaggttg
TGF-p F gcttetecttgetgegtgte
Transforming growth factor-f§ R tcatcgttgtegtegteatcac
VEFG F ttgeettgetgetctaccteea
Vascular endothelial growth factor R gatggcagtagcetgegctgata
Wat3 F  cctcaaggacaagtacgaca
R ggcaccttgaagtaggtgta

dissociation (60°C, 303, 95°C, 15%) 2] 3t+A| PCRS X 3Y5}
ar 2) PCR reaction -7F2-403] vE-51¢ 0, 7} 8-7] X]—_,] =1y
# 2 Bactin®] WEleko 2 g2 5}6t0] v
of| AR8-3} primer sequence= Table 22} Z;E}.
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ﬁx}(mean + SD)E %73 }S{i , = A 2412 Student’s t-test
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A e % brevis Ceb-kc-006 2. 35°C, 72 A1 7HH &
IFa fiol whE o] aEehEd o] wigAl/HIuiE A
EOﬁAH;J%adq-1<E&EQHWmewﬂmﬁi
g 410 ol=js}gick ol 4Eehe sst
ZaLzof w2} vl ﬂ(gemstm daidzin, glycitin)@} B8]
(genistein, daidzein, glycitein) 2 JF-E%|, BE g A Zo|=

o2 v A = EA ) w2 EE FE=
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HEkE o] A Y Sk 3L FFE ARSslo] W A tf =

Table 3. Analysis of Isoflavone in Rhynchosia nulubilis with/without
fermentation

Total Glycoside and aglycone (mg/100 g)

Specimen isoflavone  Genistin  Daidzin  Glycitin
(mg/1002)  Genistein  Daidzein Glycitein
11 13 2
Rhynchosia nulubilis 28 5
Fermented 7 2 27 -
Rhynchosia nulubilis 33 9 -

olaZele R5 5L 370] tAME] eJa) A A7)
Hluf G| 2 e ok YA S| ES L. brevis Ceb-ke- 006
o2 dtg 2] o|AZalE o] wdA/uugA] sk Wsle
Table 39 A 2|3} t} & o]AZTE 9F2 71 mg/100 g&.&2
R A|7]A] o2 A e thv] oF 2.58 F71sFRL AL, H]uj
A2l genistein= 16.58) Z7}5}31 ) Genisteine AFSE
e ek ot 71 skE A A7) AL B xS 5

7] 24, Bl A3 o] oldtehar e A 9t Liu et al., 2020;
Sharifi-Rad et al., 2021; Jang and Yu, 2022). whe}A] 2FE A&
B2 2] genistein 3HF 57k AW 9 o] =
o] g 2o wete)

Sk
S

ERIFES0| ZRFME B4 & =40l 0|x|
A Ee| EU-S- L. brevis Ceb-ke-006. 02 W a Al 7] Wra A&

e B bof| L. holzapfelii Ceb-ke-003 #F5 &350 DMSO
FE3 B2 E552,4,8, 10 pg/ul T =2 724 7F ujoF A
WA A5, AlZAgEEe] nAle 9FS
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Fig. 2. Effects of DMSO-sonication extracts from fermented Rhynchosia
nulubilis on the cell viability of HDPCs. Cell viability was measured by
MTT assay. Values represent the mean + SD of five independent
experiments. An asterisk indicates a significant difference compared to the
control group (Student’s t-test, *P < 0.05).
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S Helon, 7152 ug/ul oA AL EEo] Rt
T} 22.56 = 1.79% Z7}8tgich L 2] 4, 8, 10 pg/ul =52
2R} Z751= oFAbo] AT ITH(15.56 + 1.82%, 9.62
+2.87%, 14.98 + 2.25%; not 51gn1ﬁcati0n). 771 0] 2= o A]
A5z Y=ol Y ] Z7bsRe A MES 02 alg
A 5 Uk, A1) SR E e A A2
o SRR AL AYATANE BAEIRon, B2 e
9] L. holzapfelii Ceb-kc-003 9] $HF ZS71 A| Al EFA = o =
L ThH] 61 £2.96% Z7}18FS- 3121519 tHSupplementary data
Fig. S1). Wa}A] L. holzapfelii Ceb-kc-0030] Q17F WG4 3L
S0 BT 3L B A0 R AR, Eah, 27te] 5
of| A A EEAL T E] R Q¥ o] 23t AT Bil=E R
o] It HA-FA| 2L A2 AEEo| F3FS vA|A] o,
So] 5l BAE EA5H) S-S SISk, whebd, 2 A
ol Al 53 A2 3 3343
510

5 el

ko] A2 w Qe A SEof ik At 270 - oA Q1o
@@&%—% %ﬁn Alze] %*4, B9, 418 5g 245l o)

3t 1\]—0]57]— (cytoklne)-l—} ek A9y
HAERA R B 44 ) B ool ool B
NS T Al Sho] Hdhe] QA B 2] 23S Al
7= g g) A #QlR}F2l VEGF (vascular endothelial growth

150

100

50 I
0

control VEGF Wnt3

Gene expression (control of %)

Fig. 3. Effects of DMSO-sonication extracts from fermented Rhiynchosia
nulubilis on the gene expression of growth factor. Expression of growth
factors (VEGF, FGF7, Wnt3) were analyzed by real-time PCR. VEGF,
vascular endothelial growth factor; FGF7, fibroblast growth factor; Wnt3,
Wnt family. Values represent the mean + SD of five independent
experiments. An asterisk indicates a significant difference compared to the
control group (Student’s t-test, *P < 0.05, **P < 0.01).
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factor)o} B A& X at0] A7) S Sk Aok
EZAJ7RIAQ1 FGF (fibroblast growth factor) 7} Tt 2] a7,
HERAIRE mEb A 27 A 32 9] 4] 51 W hair germ cell
4 5] F03 4B SH= AT AL 7] A0 = Watp-
catenin pathway 7} 1 T}.

Q17 G| Zo]| 2 pg/ul BFEEE-S 7247 A 2%k &
VEGF, FGF7, Wnt3 -7} ¥ 9b4-S a5l ehFig. 3).
VEGF &} FGF7 F-AAE 2 -2 v 081 ¢S o, 71 2
o] 717} 68.83 +23.10%, 28.96 + 6.02% 275}tk Wnt3 921
A= 2 TH61.81 + 14.79% 73RS 2121619t} VEGF,
FGF, Wnt3 W&k =7} A3}12 & ) B3l2E5o] wHk A%
of 2784 FF= A Aoz ddE

12

D AR ofF| SRR WS UG}

TGF-B (transforming growth factor-beta)+= 2] Z(outer
root sheath) o] 4] AJAJE]o] AALA 0] o] A7 1S % 7)o &
Y712 FXA7 )= g7 A )Ate|w(Zhang er al., 2018),
IL-1, 6 (interleukin-1, 6) T3t Q]S H 2 A|3E o] £A 5}, K
ol A 5 A2 ofa|5hs 2.0 2 9kl A 9lkHoffmann er
al., 1996; Hibino and Nishiyama, 2004; Kwack et al., 2012).

IL-1b, IL-6 §-AA= o =23 vl A] 40.76 £ 15.65%,
61.17 £ 14.25% 7+43515 01, TGF-B2] 739 7.88 £ 25.38%
st ot oS QltkFig 4). wuk 47 oA o1z}
0l TGF-B& ZrAdl= A B o IL-1b, IL-6= 524
YA Fasigle B g, Bglaamo] Wi Ao |31 A

=] (e} =
sto] S RIS AT AOR AR
150

<
s
£ 100
g
8
g
£
]
2
250
o
o
8
O

0

control TGF-B IL-1b

Fig. 4. Effects of DMSO-sonication extracts from fermented Rhynchosia
nulubilis on the gene expression of inhibitory factor. Expression of
inhibitory factors (TGF-B, IL-1b, IL-6) were analyzed by real-time PCR.
TGF-B, transforming growth factor beta 1; IL-1b, Interleukin-1b; IL-6,
Interleukin-6. Values represent the mean + SD of six independent
experiments. An asterisk indicates a significant difference compared to the
control group (Student’s t-test, *P < 0.05).
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o FH

AEHE HAEEA o 25E o it A7 %
LA o Z ARE-H S m(Kim and Song, 2012), |+ &Y
el Q72 o] 2ol 1 ek, el HeAEel B
A& v EAREQ] L. brevis Ceb-ke-0060. 2 ¥ G 510
O 20 YA o] s E T O] v A H -8 EH*H_
shualglr). WaAmep o] B Ao B35 el
holzapfelii Ceb-kc-003-8 E3t3}o] a7 7 a} AJ3po]| %ﬁk
H AR E Atz shgich ofof & Aol = AR
A Ee] SAHF B3MES DMSO R 5510] Bt A2l Az =2
A9 s s

A, AL RS L. brevis Ceb-ke-006 0.2 B vl oF A]
genistein 1o oF 16. SHH 2718} t}. Genistein< B v A =2
A} QA A8 47} o)1t sk Aol holshie, v
A B Rzho] a7 ol A A AulE & 7 o 2 withy| 9]

AEeda i ol L. holzapfelii Ceb-kc-003-S Z3}5}0]
DMSO &3 5558 QX BA-FA| 3ol A o] AL =
“—ﬁdﬂﬂ%ﬂ248JM®M%E%H4ﬂHv4ﬁ
EE A e, 2 pg/ul 5= A2 Al ti=

79%9] Mz %4 Ak ek gick. 1e]
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ol 54 Xc}ﬁ\—oﬂ -8 5}01 Elﬂe]—/\é;g—oﬂ Tofgtriar ofm] ¥isxl
v} QJtHTsuboi et al., 1993; Tsuboi, 1997; Ozeki and Tabata,
2003; Sun ef al., 2018). 7 5 VEGF= Bo] A7 31 ol 4
3 A Ao E’_]—O:]TS‘ = 2 Q3 QxR %Pquq Q] o} o]_l,]
o, ole] BEAGe)H AT AT T F et wire)
5712 27715 A SES SN Bivt gt
(Yano et al., 2001). 17t R-GFAM| 2o A S22 52 AT
5lo] VEGF -2 2218} w] 68.83 + 23.10% Z715}¢]
=1 o DA B el B=ed Se ) ko Ree R

Lin et al. (2015)& FGFS Wil A4 22 A7) = 28 5
H] A XPOIX}(paracrlne growth factor)E} HsG o, 2
wo) 4AS & 2 =
e A E} Wnt#B -catenin signaling- 2H4d 3}5}o]
HERAZE mEE A 1 7] A 32 2] 24 31 hair germ cell
4] 5ol £Q35F 98-8 3ttkIto et al., 2007; Ouji et al.,
2007; Greco et al., 2009). Wnt family 0] 4] Wnt3+= HHF=E7|
@} ZjAY L 9= x| 52 Z=4)of] ZrofBttH(Kishimoto et al., 2000;
Choi, 2020; Wang et al., 2022). ©| 213t Wnt/B-catenin pathway

Lo

= Wntolo|E the el 487 A5 ag gL ge
Qolof oA = ZHETHLin ef al., 2015; Kiratipaiboon et
al.,2016; Lee et al., 2016). FGF= & X] 7|7} ¥ A ¥ C57BL/6
uk-2of A g4 9 27 dd T A7 GAE FAIAA B
Hh - FFAFA] 7 O 1, B-catenin @] HAFS 9819 THLin
etal.,2015). L2 2.2 FGF&} Wnt3 ©] uH 0] 27} Wnt/p-
catenin pathway & 44 SHA| 7 kARl A& 0l a1l&
= o= gotEch 2 A9 Aol A = FGF2F Wnt3 o] 4
o] th Z- thH] Z+2F28.96 £ 6.02%, 61.81 £ 14.79% =730
2, g 22 B Selstgict. ol elet ArkE Bot
A BURSEE 2EITALLATA YL T 2
ol S AL P A0 BEE, B
717 © &= Wnt/p-catenin pathway 7} J—1—01 Ao 2 ALRE]
U, sk gl 7] Aol Btol A 2% AT} o Bash,
TGF-B& Ko et <5 Whefistar =ik e] Eahr] &
ZAA 7|+ A2 51, 1 A A transcript level)2 2 HEFA
A P e B P B Sl i e s B A I PG el P R
7o) 2|7} Eltk(Seiberg et al., 1995; Tang et al., 2003). 2 &
Toll A TGF-Bo] Wrawhe: thxat} Bl sklS o, 7.88 +
25.38% s o] TAE QI o WAF At= 2 4
Tl ARG EFEEol ofsliA ko] A7) oA 5]
2 gol7k o] =oAL Y5 75T 4= Uck
IL-13} [L-6= 3} I vjo]|ounlA R A, By AR
AAeH= Ao 2 G A Utk IL-1, IL-6+= 2ot H ot 23
20]40.76 £ 15.65%, 61.17 £ 14.25% 217} 7145 9T &
Azl A TGF-B= HSHHE-ollA] H| = Alo] E7}1 9] &
S AA Al7]=d| dxZA 2 AL 2 IL-10] QJti(Harvey et
al., 1991; Park et al., 1997). T-G-5A| 30| A IL-1 ¥F& 744 9]
AL F AR =5 = ek 1) B2 B ot A5
S 014 4a-2) TGF-Bol ]2 1219 ke 2 o] 2o
PaANE A7k Basi,
weba] 2 ASEo] w9l oA T IRl TRE
AR AEL E ] L brevis Ceb-kc-006 0.2 2Fa A 7]
T B A} E& #5221 L. holzapfelii Ceb-kc-003-2 &3}5}0]
Sl 50 Wl AL dl gf i o7 of LA

o

gl

Hor

M

F=olF B oFF o)t Eal= AEE|\(Rynchosia nulubilis)
= o= e AR, R, e SXof oo s
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Zdoll de] Abg-E]o] itk 2 Aol A= A EdE 54 1

) s UL AdE St Al
H 7ol & A AEA S ISRl SFA: Lactobacillus
brevis= Al ZURE A Z 2| FEH A7} LA SF GRAS (Ge-
nerally recognized as safe) -F-AHF O 2 A, AFEF Al 2o
ZARE-E = A u| S 7 o|th Leuconostoc holzapfelii=
AAo) 27] IaolA Fatt T+t 5 shtb= 2 dAkof wh
21, QIXF g R EFA Lol A Al ZFA D A ZET] 24
of| Tojste] Ik 7 FX 7Hs/d o] HALE QI & ¢Ato]]
A= L. brevis Ceb-kc-0069] 2]3]| ¥t & ¥ A& 27} oh=-
A Ao A 24 B2l = L. holzapfelii Ceb-ke-003 55 &
35t DMSOE AF8-3to] &3 Wb A Zg] SANE B

it
ol

F

o 53
FEEZ o] gato] X BGFAE S 9wk A 3]
as JELkch Ha AEE AR 58 =229 L
holzapfelii Ceb-kc-003 FHego] S7Fghe] whef QIxF H/-FA
E 2T Z718HTHE] +2.96%, P <0.001). HHEHIAREZ]

ARE 2ot} Bl 74

942191 VEGFS}FGF7 5 WS
7} 68.83 + 23.10%, 28.96 + 6.02% 23l o] 2715191,
S A= 2 T H] 61.81 + 14.79% 2718 Ao & L%%EJ
Ak BRFIAAA| QIAFQIIL-1b H IL-6 3R }= o 21t
u] 3] 40.76 + 15.65%, 61.17 + 14.25% 7+43}9 1, TGF-B=
7.88+25.38% 7145l OFARS W olTh wheba] B o]
34 9 oA B IAE tieh 5 EE daksS vt

g;;
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