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Anti-obesity and anti-diabetic effects of fermented Momordicae
charantiae fructus with Lactobacillus plantarum CBT-LP3

Sang Hee Kwak (), Byung Chull An(®, Jun Young Ahn(®, Jusung Lee ), Myung Jun Chung®, and Yongku Ryu*
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As the prevalence of diabetes in South Korea continues to
rise, there is a rapid increase in the prescription rate of oral
hypoglycemic agents. Given that these medications need to be
taken for a lifetime, there is a necessity to develop treatments
that ensure long term safety and devoid of any side effects.
Although much research has been conducted on the develop-
ment of alternative drugs using plant-derived extracts, the
active ingredients obtained through general extraction methods
have limited effectiveness. Therefore, it is necessary to develop
materials that maximize efficacy. Traditionally, Momordicae
charantiae (MC) has been known for its effective anti-diabetic
properties, so we utilized our own lactic acid bacteria, L.
plantarum CBT-LP3, to enhance the anti-diabetic efficacy of
MC. In the present study, we assessed the anti-diabetic and
anti-obesity activities of bio-fermented M. charantiae fructus
(BMC) using in vitro exams. The results demonstrated that the
BMC increased glucose uptake through Gluz4 induction in
3T3-L1 adipocytes. The BMC also effectively decreased lipid
accumulation compared to untreated adipocytes. Furthermore,
we found that the BMC substantially induced fat browning
compared to untreated adipocytes. BMC, as another property,
significantly increased reviving and recovering partially
destroyed B cells by streptozotocin (STZ) treatment. This result
suggests that BMC can protect and help to recover B cells
against damage. In addition, BMC improved f cell dysfunction
in high glucose conditions and protected against oxidative

*For correspondence. E-mail: ykryu@cellbiotech.com;
Tel.: +82-31-987-8101; Fax: +82-31-987-8109

stress-induced diabetes. In conclusion, this study demonstrated
that the fermentation of M. charantiae fructus using CBT-LP3
enhanced its anti-diabetic and anti-obesity effects.

Keywords: Lactobacillus plantarum, M. charantiae fructus,
anti-diabetic, anti-obesity, INS-1 pancreatic beta
cell, 3T3-L1 adipocytes
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3] & Q 3}c(Salimifar ef al., 2013; Li et al., 2019). T o
W2 91t o] 3t At A Q= Aol tieh 7= o]of
A A2l e] B 7)ol gk A7 F ek gle.

HARE-S 2| Ao)skal Qladl A= IAAIE = e ?ﬂﬁ
5 A7) 7ol tigh Aol HE= AL ik
o] 3= vl Cucurbitaceae) of] £81= G| o}A|o}At
o] g2/ A= & £&49-Z 7K AL 9lo] 113} %= Bitter melon
olg}a i Moon et al., 2015; Jia et al., 2017). S| ute} 2
Aol A ez o= AHE vEA|, SF3ARO|E, o
oAk AR, GZER o] &, HIEHIC, Bk, vyl W HE
7hRE 5 ookt A S-S v ek e, &
5| IR} F Aol T2 7k H‘ﬂ U= 7l (charantin)- 3|
7 H[EbA| 320 2-g-sho] Q17 o] Bl E FXte e m dY
et AE 7R = Aoz OPE%X% ItiMoon et al., 2015;
Goo et al.,2016). d| ZEE o= 219 FJE| 2 Q1w ==L, o}
o7}, eelofulzlzl 5 W Aol A b ALl o] 9k
o whel Seluelo A A el A B0 = g
N A= Aol AR, 22 ol of 39 of ] A2 2]
a0l ahﬂ AHA DG AoHE 913 SR A T2 AR
=l e et al., 2012). SFA|TE 67} wiZbol|A] EE] A}
|5 %—t— ol vl sl o1=9] o]-§ & 5ol T3t 5hA|
A At 52 oA mlu| gk Aot
ol o2} 7|54 SehEAE 7 AE
g AAFE Aol T g A7) o] Fof Z]
A = ol o8l o5 RS 1 A5
SHAEE Ut o] a5S Stiaket A 7t
o] @531 Qlrk vAES o83 WA (Bio-
= 7H djdl JALE 7HR BT 7] e = AR ARt A
Z1 7] 7dho] Aol t o] Fo] XL glow, 58] AFo]| A9
71&7 o] FF7E o]F a1 9Jti(Seok et al., 2010; Kim et al.,
2013). A= F2E YR AE2 & St A 73
6 7 AlZFH(Korea Food and Drug Administration, 2000)
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A o]t (Fuller, 1989; Goldin, 1998; Jung, 2001). o] o] & =
oA = o5 Fdie A5 FUZ I8l AAF S8 FAkE
Lactobacillus plantarum CBT-LP3 (7|€-¥ 5. KCTC 10782BP)
2 o] g5t o, dha My} 9] gietyy W u|ut FAS in
vitro ABE B3 B71stol 1 EI B4 71 0E s

w7} g},

Mz A

FE=9 M=

A Fo) A A E AFE LT A {71 % o] F Guf R
g Fofste] ARG AR TR FFHAE 10%
(W/v, 0.1 g/ml) 2] H]-&-2 F3lsle] 7] E £ 121°C,

1=
1SR R A A 2904 A A5 3 AL A% 2(Cold room)ol
A 51 Y2 Ak AR EE-S o] 5)o] pHT 2 BT
Z LP3E 3 x 10* CFU/mIZ A&3}4 11, 30°C 27914 150

rpm, 96X 7 L EE 4=3) }OﬂE} o] ZFHE-S 12,000 rpm,
4°C, 20+ 59t AR & A5 S gHsto] o fAE

v g A|(Biofermented momordica charantia L. extracts, BMC)
2 A z3FAT) 272l o5 AR E(Momordica charantia
L. extracts, MC)2 S-AHFS 27614 ¢al st HHo =2

A 238 I hFig. 1).

3T3-L1 M HHQF 2! X|HF 23}

Ao A1 3T3-L1 Af|3E+= American Type Culture Collection
(CL-173, ATCC)ol| A F3}At}. 3T3-L1 A 322] A-3-H[ A
2 1X penicilin/streptomycin/glutamine (P/S/G, Gibco) 2} 10%
bovine calf serum (BCS, HyClone) 7} 323+ Dulbecco’s modified
Eagles medium (DMEM, Gibco)-2 AF&-51913137°C, 5% CO,
v 71 ol A vyttt 3T3-L1& A N2 F- =8t =
HH.© Tamar Golan 52 ®5 o] whel AA|5FE tHGolan et
al.,2019). WH-S 7+2F3] 7| & s (Fig. 2), 6 well plateof] A 32

£33} o] high-glucose DMEM©]| 10% FBS, 1% penicillin-
streptomycin-g F53}] 37°C, 5% CO, wjjoF 27 ol A A
7} 85% & wj7hA] vljFsheict o] 1.5 ug/ml insulin, 500 p
M IBMX 2 1 uM dexamethasone (MDI)& 3 3}5}+=3T3-L1
differentiation kit (DIF001; Sigma-Aldrich)&- 10% Fetal bovine
serum (FBS, Atlasbio)”7} 3£} Dulbecco’s Modified Eagle
Medium/Nutrient Mixture F-12 (DMEM/F12, Gibco) v} %] o]|
A7}eto] Aol Helatelck A2 22 310% FBS2} .5 pg/ml
insulin (Sigma-Aldrich) v} © 2 =7} ujjokS A A5 2
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Fig. 1. Manufacturing process.

Preadipocyte Mature adipocyte
3T3-L1 Differentiation

-2

3T3-L1 Confluence;
Seeding Growth arrest
Day 0 Day 2 Day 4 Day 6 | Glucose uptake
a Treatment for 15 min
) 115 ug/mL IBMX ) 2-deoxyglucose (2-DG)

10 ug/mL Insulin 10 ug/mL Insulin  * 10 pg/mL Insulin +MC or BMC or 1 pM insulin
1 uM Dex

b. = ), | Real-Time PCR

Treatment for 48 h

MC or BMC
DMEM media DMEM/F12 media
With 10% Bovine Calf Serum With 10% Fetal Bovine Serum
(BCS) (FBS)

Fig. 2. Experimental scheme. For the induction of adipocyte differentiation, 3T3-L1 preadipocytes were seeded. At confluence (day 0), the cultured
preadipocytes were induced to differentiate by the addition of differentiating medium containing 115 pg/ml methylisobutylxanthine (IBMX), 10 pg/ml
insulin, and 1 pM dexamethasone (Dex) from day 0 to day 2. At day 2, medium was changed with medium containing 10 pg/ml insulin for an additional 4 days
from day 2 to day 6. The medium was refreshed every 2 days. At day 6, differentiated 3T3-L1 cells were incubated with MC or BMC or 1 uM insulin for 15
minutes and then assayed for glucose uptake activities (a). Mature adipocytes were used for Real-time PCR analysis. MC or BMC were added to the cell
culture medium at concentration of 2% from day 0 to day 2 (b). DMEM, Dulbecco’s modified Eagle’s medium. DMEM/F12, Dulbecco’s modified Eagle
medium/Nutrient Mixture F-12.

o, vl 2% Wi RS WA S 23R B Aol 35St INS-1 M| HHQ¥
A 8 & A frobA| 2] S AU E 3T3-L1o] 4-¢ X2 #)0] 01421 K| 321 INS-1 A Z= Al W57} 200014
AA| 2 BohE A& ghelstar g o ARg-shaich 301 Alo] 2] Z1-& AR-5}9] 31, Roswell Park Memorial Institute

=32l Al Aleod A%
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1640 Medium (RPMI 1640, Gibco) 8] Z| o] 10% FBS, 1%
penicillin-streptomycing &35}o4 37°C, 5% CO, vl 7] o]
A eFSCk HCFRS 34 ) 7120 2 SIEBRLL trypsin-
EDTA (Invitrogen Co.) =2 A=} oF 3} th

M==d =3

INS-1 AW EFN Z-E 96 well plateo]] 5 x 10* cells/well =
£} 0] %, MCS} BMCE 7}2% S5 & X231 484]
ZF =0t vjoksl gt 2 2] Al7F o] &, cell counting kit-8 -8-2H
(CCK-8, Dojindo Molecular Technologies)2 ZF wellof| 10 pl
2 2711 1 A17E§HS A7) 5, A formazan S §-35}0]
FHEE SR 183 4 RS A B v
T3} vl ko] Az o] AE5-& st Lee and Kwon,
2020).

MIE BEE(%) = Al =] FE/H 2] 85 > 100

TECH SAL =X

96 well plateo]] =5 3T3-L1 |22 37 A= =H &
o] Yl vl = WA Sk 164171 HljSF 5, 2% BSA 7L 32
3+=] 100 ul Krebs-Ringer phosphate buffer [in mM: 137 NaCl,
4.7 KCl, 10 sodium phosphate (pH 7.4), 0.5 MgCl,, 1 CaCl,] 2
4027w Fste] Al W ko Fdas A2 AIZH MC &
+BMC&} | 1 mM 2-deoxyglucose (2-DG)E- #2317 15
BT vl oFsle] W& £1]3} th(Fakhoury er al., 2018).
Glucose uptake assay kit (Promega)2- o|-8-31o] =23}ith
(Wang et al., 2017).

Table 1. Primer-probe sets for real-time PCR

L1 AMPALE W AP St 2171
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Oil red O &M

o of whE 3T3-L1 Al W) AR 52
I8kl MDI A 2|71 7F 58 ZF A 25 2% 5 &
316 well plateof| 4] 8 59+ 235} 3T3-L1 A3
A ASEZ, 10% formalin 1 mI= F7}5)e] 5E7¢
A)8F3dt. 0] %--52] 10% formalin 8- ThA
SHE A& TATE o] A Ao A WA 3 5 A5
11.60% isopropanol 500 ul& & 718lo] A ZE A
3] AZA)F ) Oil red O working solution (Oil red O:
R = 6:4) 0.2 AE o] ZHE APARES QA
PBS (phosphate buffered saline, pH 7.4) & A8-3}¢] 3~53] 0]
A AR & GE Az duld o' sk tHKwak
and Kim, 2018; Yoon and Pyo, 2022).
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Real-Time PCR

2} ekl A= 3]4> 5 RNeasy Mini Kit (Qiagen) = ©]-&
3} RNA F531%3th NanoDrop (molecular devices) 7]7]& ©|
8310] 325 RNA 512 212l 451 eiek. TOPscript
RT DryMIX dN6 plus (enzynomics)S ©|-83}¢] cDNA T4
(33 270: 25°C 105, 42°C 147}, 95°C 5.5, 4°C)3} &, TB
Green Premix Ex Taq II (Takara Bio)E ©]-23}o] qRT-PCR
(BIO-RAD) A &3} THGRT-PCR Z71: 50°C 55, 95°C 155,
95°C 152, 60°C 302, 72°C 303240 cycle). 1= CT 32 0|
Slo] AACT gL AR 582 I A SHE 24151t K Table 1).

Gene name Forward

Fgf21 ACACAATTCCAGCTGCCTTG

Ppary CGC TGA TGC ACT GCC TAT GA
Cebpa AAA CAA CGC AAC GTG GAG A

Glut4 CCAACAGCTCTCAGGCATCA
Wdnml CCTGGGCTCTGTCTAACC

Pgcla CCCTGCCATTGTTAAGACC

Ucp-1 GATGGTGAACCCGACAACTT
Prdm16 GAAGGTGTCCAAACTGACAATGC
Cidea CCAGAGTCACCTTCGACCTATACA
B-Actin GACTTCGAGC AAGAGATGGC

Reverse
TAGAGGCTTTGACACCCAGG
AGA GGT CCA CAG AGCTGATTCC
GCG GTC ATT GTC ACT GGT C
TGACCACACCAGCTCCTATGG
CATCGTTCATCACAAGTTCC
TGCTGCTGTTCCTGTTTTC
CTGAAACTCCGGCTGAGAAG
CGTCACTTTTGGCTAGCTTCCT
CTCGTACATCGTGGCTTTGACA
CCAGACAGCA CTGTGTTGGC
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MAAE(reactive oxygen species, ROS) AAd2F =X
A3 Y ROS A& 712 9)51e] CellROX® Oxidative
Stress Reagents (Lifetech) & AR5l 3332 =4 51= 1
£ o] 8315k 3G =896 well plateof| INS-1 A EE well
34000 cell FZ35}1 24 A7 v F3}QITE 0] 3 o}l A o)
A] phenol red”} §1+=RPMI1640 (Gibco)oll FBSE 10% 37}
3F i 2|2 AFR-81I) 13] PBS wash & HLE A3t 1,1-
Dimethylethyl hydroperoxide 1.2 mM¥} Z+2+e] A -2 37°C
of| A 24171 B3 A 2]8}% 1, 1,1-Dimethylethyl hydroperoxide
12 mM 2417F B Helas 0 H 2o 2 sholth AEe
L-Ascorbic acid 10 mM, MC T+= BMCE- 7+ 2% % 2]514
t}. 71 5 iR & A A 5HA] ¥3LROS probeE 5 ypME- E-=53131
37°CollA] 304 ¥Wh&-A]7]aL, PBSE ©]-8-5to] 31 washs}al,
HljoF vl x| & E5551 T fluorescence microplate reader (Promega)
71715 E35}o] ROS Q] M3l =7 5}9 thExcitation, 627

nm Emission, 660-720 nm).

Streptozotocin®i| 2Jst M=2A0]| CHSH MIE S|2s S8

INS-1 Z A EFA S well - 10000 cell %55}31 24 4171
s Fstict 1% FBS7F Z3HE RPMI1640u 2] 12.5 mM
Strepozotocin (STZ)E A &]sto] tizat-& A 9 2= 2o
B 6AIZE S 1 ulgoHITE. 12] PBS wash 5 2t A3 o]
T MC 1= BMCE Z42%4) 2] 2] 3k 48417t uf st
o} A 2] A7 o] 5, WST-8 -0 7 wello]] F=7}5}aL |
REG-AIZ] ¥, /g formazan& 8-85to] F81=5 S35
ok 28] 3L 7 A B8 A 2|ShA] Q-2 ko) H] ashod A3

o] BE5& vlasth

RIS YEBO) = AR FYE/N 2T FE * 100

olagl BHls =3

INS-1 ZAHERA ZE wellZ 1 x 10° cells/200 pul HZE3}aL
24 A7t vl oF31A T 1% FBS7| 335 RPMI1640 v 2] ol MC
e} BMCE 2} 2% A 2|3t & 48417 v s} 3it). 33] PBS
wash 3= Krebs-Ringer phosphate buffer [in mM: 137 NaCl, 4.7
KCl, 10 sodium phosphate (pH 7.4), 0.5 MgCl,, 1 CaCl,] 2 12
A7 AEE AT e BH)E 12617 918 2.8 mM,
5.5mM F=30 mM EEP-S Eals1= KRPBE A Eof %]
S IT 2417 3 A TARZ LS oA 8l0] Q14el e 2o
AR5 T Q1T EH] = Insulin Human ELISA kit (Abcam)
& ARE-3}o] WH2-A]1 7] & micro plate reader (BIO-RAD) 2 450
nmol| 4 FHES 2459t

=32l Al Aleod A%

v-Aminobutyric acid Si2F £

75 52 2 A8-SFy-aminobutyric acid (GABA)-2- Sigma-
Aldrichof| A -8t th Al 59] =43} AH8-3E Borate
buffer (PN 5061-3338), FMOC Reagent (PN 5061-3337), OPA
Regent (PN 5061-3335)+= Agilent Technologies©l| 4] 7-]3}
At} y-Aminobutyric acid 35 F24]-2 2412 UV-detector 7}
H.2+=] HPLC (Infinity 1290, Agilent Technologies)E AR5}
31, column2> ZORBAX Eclipse AAA (4.6 x 150 mm, 3.5
um, Agilent Technologies)2} ZORBAX Eclipse AAA (4.6 x
12.5 mm, 5 pm, Agilent Technologies)E Z3lslo] AR5}
tH(Fig. 3). Column oven 2%+ 40°C, injection volume-2- 10
ul, UV wavelength+= 338 nm, reference 390 nm & =343} c}.
0]54F A+= 40 mM sodium phosphate (NaH,PO,) -8-28-2 10N
sodium hydroxide (NaOH) -89 © & pH 7.8 2 H A5} A=
S}, o] =4 BE acetonitrile:methanol:waterS 45:45:10
(V) ¥l Egeto] A Zal 9tk o B4R 2 mUmin G450
2 45 PHlE Fo] EAISHRLO, M 8-S 0% (0, 0% (1.9
) 57% (18.18), 100% (18.65), 100% (22.35), 0% (23.2
1) 0% (2658 22805191 CHTable 2).

S 2|

EAEA nE 27 0] B EA-2 GraphPad Prism®8
(Graphpad Software Inc) & 132 0]-835}0] 33] oA} =
3t Bat(mean)} EFHAKS.D)E HUEtH it 2 A7
- 7] -0 HE5= flske] 4 i A] 2AF A (one-way
ANOVA)L2 & 243}9] ©n Tukey’s post hoc test H-4]3}
o, §-9142 pvalue <0.0591 9§ 40] Q= A0 = 3

7Fat ATt

Fig. 3. Position of reagent vials.
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Table 2. Injection program

Function Parameter
Draw Draw 2.5 pl from location “P1-A-1” (borate buffer) with default speed using default offset
Draw Draw 0.5 pl from sample with default speed using default
Mix Mix 3 pl from air with maximum speed for 2 times
Wait Wait 0.5 min
Draw Draw 0 pl from location “P1-A-2” (water without vial cap) with default speed using default offset
Draw Draw 0.5 pl from location “P1-A-3” (OPA) with default speed using default offset
Mix Mix 3.5 pl from air with maximum speed for 6 times
Draw Draw 0 pl from location “P1-A-2” with default speed using default offset
Draw Draw 0.5 pl from location “P1-A-4” (FMOC) with default speed using default offset
Mix Mix 4 pl from air with maximum speed for 6 times
Draw Draw default volume from location “P1-A-5" (water) with default speed using default offset
Mix Mix 18 pl from air with maximum speed for 2 times
Injection Inject
Wait Wait 0.1 min
Valve Switch valve to “Bypass”
(A) 800000 (©) 3%:
=) oa®
g = 600000 ol e activitet
s < ucose uptake activity
X
o & 400000 4 3T3-L1 cell
2 3 7
Q O
2 £ o
O 'E 200000 L
a
04 / FGF21 = :;‘?vl;;
Vehicle Insulin MC BMC D@Q N
C/EBPa
MDI
B) Fgf2] mRNA expression Ppary mRNA expression Cebpa mRNA expression Glut4 mRNA expression
5 ] g 3 w8 N g -
2 Z 2 i i
° 5 °E g g 28
23 104 #8940 23 44 5 101
S S 3 S 3 T g
o o Iy o & o
Z = 2 e 2 8 Z ¥
= * = = X =N
5% 53 54 53
2 5 T 2 & 204 iy 83 24 ERCIIEN R
<s <% <% < B idid
= °© = o Z ° =z °
: % : £
& 0- 0- 0 0-
¥ & & F & & S F o
) 9 ) 9
SEEI I, TS & TS & T &S
Q@?’ > @ Q@q’ > Q,@?’ > XS & XS

Fig. 4. BMC enhances glucose uptake in 3T3-L1 by activating Fgf21 signaling pathway to increase glucose transport 4. (A) The effect of MC and BMC on
glucose uptake in 3T3-L1. Values are means = SD “p < 0.01 vs. preadipocyte, “p < 0.01 vs. MDI. (B) Effects of MC and BMC on mRNA expression of

Fgf21, Ppary, Cebpa and Glut4 in 3T3-L1 cells. Values are means + SD p < 0.05, ¥*p <0.01 ™""p < 0.0001 vs. preadipocyte, “p < 0.01, “*p <0.001, “*p
<0.0001 vs. MDI. (C) Graphical abstract.

4 1} charantia L. extracts, BMC)2 #|2]5l0] T E452 =

A3t A3l= Fig. 4A0f A|ASE vle} 2t} Glucose analog?l

e e k- 2-deoxyglucose 2DG)+= Z =g} ZHe- 1Al 0 7 A3 Y2
3T3-L1 A|A| Lo HZHRE(Momordica charantia L. 9] = o] Hexokinase©]] &]3}] 214FSHphosphorylation)¥ c}.

extracts, MC) = o3 Ak 25 A|(Biofermented momordica o]Z A &2 = 2-deoxyglucose-6-phosphate (2DG6P)+= T 0]
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p;‘eadipoéyte

Fig. 5. BMC reduced lipid accumulation 3T3-L1 and induced brown fat phenotype morphology in vitro. Oil red O (ORO) staining used to assess the degree
of differentiation. Microscopy observation of number and size of intracellular lipid droplets in 3T3-L1 adipocytes.

& AFEIA] QFaL M| 32 ol %2 %7] diZell Alzz Wz
2DG6P2] OF& 2A5)0] H|E0] EEef H42 v o)
= ] A3 T Pajak er al., 2020). 3T3-L1 Ao MCE- A
2Jolo] B F45-S Br16190S v o) 22 ahe] fo) 19l
a7 gllo, fikto 2 WA A BMCE A 25kl
2DG6P7} 2713k AL Bl ). B3, 1o ] wstol
OF 1.84}] =2 2DG6P oF UEM o] 2= ST} 2715
slolslgl E](Fig. 4A). BMCoJ| 9]t Glucose uptake Z1}-5 5
219] Seeo] 4] 221517] $15) Lo} el =l Thil o mRNA
U S qPCRS S3o] E45F3ATh 21 A, BMCE A &gt
Aol A ARE G o] Ty PGS HAAATFE=
SHA] 3% Z}9] Fibroblast growth factor 21 (Fgf21)2] W&
ojH o g F7PAZ o M(Tan et al., 2023), 3H9] AR
peroxisome proliferator activated receptor y (Ppary), CCAAT

:10

enhancer binding protein o (Cebpa), ~12] 31 glucose transport
4(Glutd) o] RS Z7MIA A Z Y 20| LET 48 7}
3= A2 E1ek 4= 91 th(Fig. 4B and C).

XU=A x| gt

B3} S T3-LI A ) 2e] 20} 517]

v
o7 B2 B 444 Stk Figue 59| ol w3 2

u] Ay E3535] 2] A60H Als

I} B5IA 7] 2] 982 3T3-L1 A A HHA| 2= A Lipid droplet)
7} BEEA) Qoo s, ofF AR AejsiA ok $EE =
S ) 2o ure o) 2|uFy) 8 A E AL Bsl ) Oil
red O G4 5 o 27} H| 8} wf) MC, BMC-ol| A 2]
B0l Al E= A Bolew, BMCollA] B E2 4]
HlL 2 7k a7 o) Wk ol gl A A z‘s:]n]?ﬂ kst
A}, BMCol| A A 912] 217] 71 2hopx] = AL 2hlgt 4
AN THFig. 5).

HHAHX|HfO| ZHMHX|HISHFat browning)

Akt H7]9] A= ZAXH(Brown adipocyte tissue,
BAT)®| £ opipo 2, ol A%517] 915 gPCR S 3
fat browning T $-Hx}o] €HeS Abw HQFtk(Stock and
Cinti, 2003). Figure 6 Z 3}, u} A} X] HFE(White adipocyte tissue,
WAT) 3T3-L12 X|Ho] B35} o u}2} Westmead DMBAS
nonmetastatic cDNA 1 (deml)«] o] Zrlst= Aoz
Huww, & =FoX e £t iEd AggolA 104 01
H| A gt thiH] 7t 2 gelsialnt 28ki= =4
MC %= BMCE A 23t Foll A L o] f-o)5 o= Zha
sh, T Zpol= WA A ] BMCtol| A B Wo| Zaxdt=
A& 2Hlskgict. Hlo] A AA| Z(Beige adipocyte) 1} <1



Lactic acid bacteria fermentation of M charantiae fructus + 19

White adipocyte marker

Wdnm1 mRNA expression

W
1

S
H

w
1

S}
1

mRNA relative expression
of Wdnm1/B-actin

Beige adipocyte marker

Pgcla mRNA expression

2.5+ 31 HHHH

i

201 HitHH

kokokok

—
W
1

kskockok

of Ucp-1/B-actin
s

mRNA relative expression

mRNA relative expression
of Pgcla/B-actin
2

0.5 HitHH
0- 04
N < @] ¢ S O @
X & RS & &
¢ > ¢ >

Ucp-1 mRNA expression

mRNA relative expression

skk

Brown adipocyte marker

Prdm16 mRNA expression Cidea mRNA expression
5+ = 31
.8
i g HitiH
£ H 2.5
g 88
g 58§ 2
A 34 o
3 =N kkok
= ) 20 14
< <3
S 1. é Hitt
=)
04 0-

o S &

S S
9 9
Q’» Q&

Fig. 6. BMC converted 3T3-L1 adipocytes, classical white adipocytes, to brown adipocytes. Expression of white, beige and brown adipocyte selective gene

Hhx wokk

markers in 3T3-L1 cells. Values are means = SD ,

Peroxisome proliferator-activated receptor gamma coactivator
1-alpha (Pgcla)+=MC E=BMC A o] ]3] MDI T=4] 2]
T 0120 2 ZI1SHIL, WA o] 2 gSte] 7H
2} 2 Q3 UNCOUPLING Protein (Ucp-1) &L BMC+2o]|
A F7F5HE 22 & 4= USleh 2R A E So) A vl
@] PR domain containing 16 (Prdm16)3} Cell death activator
CIDE-A (Cidea) 3 T & BMCZo] 4|5k §- 24} 4Hal o] £-9] %)
o7 Z7tele AL BRIATh Tk, BMCE Z4 704 &

2 Aol 7] eF B2 frAte] HEwF 28e Sl 7HA 2
N

A XA SE S |0 A A XA T Z A S
A7) 212 Ex1slo] Hlulo] F7}9le A 0w Alel ]
1 O

MaE| AR LS HRMIENIE BS Y Sit
373 W]} A E INS-1 4 7.8] 430 MC2FBMC 7} 1]

L e 24 919 S NS 1 A MCs

BMC 25 3 0] AAPA-2 oF2u) 71 37} A Ak

'»<0.001 ""p<0.0001 vs. preadipocyte, “p < 0.05, p < 0.01, "™ p < 0.0001 vs. MDI.

(Fig. 7A). Streptozotocin (STZ)E #| 2|5} HE} A 3£ 9] ¢1¢]
20 2 S GuIAIZ] ) A 3553 A 5 HTQiao
etal.,2021). 22 A &5 LE o] STZ 12.5 mM &2 *| 2]
sto] Al ZZAFEARS =3t F WST-83 S43F 23}, thet
tjB] STZE ©h= A 23t Lol A Al 22 AEE0] °F 50% 7Ha
Qe = 919l om, MCE BMCE A 2|3 72 Al =

2t} HS3E o I REE AS Eeld
Ch(Fig. 7B). FYHEbA)| 2= AL & 47} F55)o] Ab
oF AE | 2of 53] FofshH, HebA| 2] 4} A E | 2o
o2 o2 2F3kA| 71t) t-butyl hydroperoxide (TBHP)
£ Agsto] YA E FET 2o R R
L-ascorbic acid®} MC = BMCE & g]slo] 39| ghiks}
A= AsolE A, 2wt the] MC %= BMC A 2]3to]|
A 2F30% A= ROS 275 a5 Yel A chFig. 70). o]
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Fig. 7. Prevention of Streptozotocin (STZ) or hydrogen peroxide-induced
pancreatic beta cell damage by MC and BMC. (A) The effect of MC and

BMC on proliferation in INS-1 cell. Values are means + SD, " < 0.0001

vs. control. (B) Recovering effect of partially destroyed B cells by STZ
treatment. Values are means + SD, "'p < 0.01 vs. control, “p <0.01, #p <
0.001 vs. STZ. (C) Intracellular reactive oxygen species (ROS) level in
INS-1 cells. Values are means + SD , “*"p < 0.0001 vs. control.
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Table 3. Content of y-Aminobutyric acid at 338 nm

Sl Retentif)n time GABA
(min) (ng/ml)
MC 9.320 114.3 +0.46
BMC 9.319 132.4+4.48

o #45 5F MCSF BMC7} S et Al 9] 145 2olo] o
A B B ARYRS mM), IR mM),
AEF(33 mM) 24 o) MCIBMCE 712% 5= 2 2A1 7k
Helgh AL, 2 i) A8, JAY 2014 F 24
BE Qe BulE 771 2L HAT 4 gglo

BMC2] A g]o] o] T &
7} ksl 22 Be1g 4+ ASITHFig. 8).

QAR 2i50]| 215t y-Aminobutyric acid2| & HE}
023 7 2 MC2] GABA TH& 114.3 = 0.46 pg/ml 0] 1

o] SA G M A BMC= 132.4 +4.48 pg/ml © 2 H]HFg A
of vlal 2 15.8% 5715} A th(Table 3). whehA] of 3= 2| 2/
21 GABAZ}LP3 f-AF A of oJsf 5715k A 0.2 At gt
(Fig. 9).
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( A) mAU 4
s GABA 100 ppm
60 <
m
40 <
Qo
” JL
] A
5 10
(B) DADI A. Sig=338. 10 Ref=390.20 (231213 GABA 2023-12-13 10-36-46\1BD-0401 D)
DADI A. Sig=338. 10 Ref~390.20 (231213 GABA 2023-12-13 10-36-46\1BC-0301.D)
mAU >
=
25
—> BMC
20
Q
Q
5
8 —> MC
=
o
@
<

S

5 10

2 o ApakE Q] BAk(lactic acid)S pHE:

9] S AL B84 IS THESehE A=
rHan, 2005). T4 fabsp A 452 71594 574
A1717) 5 sh=d], 21 o 2 Jung 52
plantarum= & A7) Adx Gl 2558 YA A9
o] 3w PR-A7F uE MR vl FEE R A
axof Qo] B anpAoleh= A+ AN Jung er al., 2017), A
23 Sz 2 E9] db/db u}- 2 T Elof] SRS HE S o] ujoF
A RFE a2 g 85 A Ao Fxraed
A2 o thH] 2= WA ¢’ A o] avpdo R
A E = AL &I v QIthKim er al., 2015).

rﬂ“
=
2
h
S
i}
3
S
S
Q.
=
S
1)

A 2% G o] A5 1w AR AOR Qg nEy
o] FH YO o] &, A YRH I L TERH oA
Qe WAL 7H*df‘é.L?nMi Ty U e Y| S
& BN 5= Qlek(Kim eral, 2019). T $0] AL
A T OlA) Ak zzz%g 2 o X0 2 ARG}

oL
7] wfjol] ZHA A Ho] gHd Sk AW = thAboll = Rk
1] 21 tH(Sharma ef al., 2022). A A| 2 v]qk 2 gy k2 of| A] 2+
AR EFO] S S5 T o] AA|S] Ak o] §lgo] Halk]
A Qlom, Tt A AT 2RO =27 = 11 s
7t led A BHo) SlSo] ¥ AL Itk Cho er
al., 2006; Seo et al., 2020; Sharma et al., 2022). & A3 A1}

BMCE H2|5t92 o
o, AE ) EEY 548 S A30 2M A 745 EnE
P LR Bl o S P RIS R S

] =]

] 2DG6P 2] OFo| F7}

rSL'
A
o
st
0]
pec)

o 82 = Fef21 3128 I S 4
9] fAe] W 2Aeo] Glud S84 S 5
uptake ©] Z7} 20 w82 o] Z-04 2] ko2 S % éxl o)
4 215 YeErti(Badman ef al., 2007; Inagaki et al.,
2007; Jiang et al., 2014). Fan©] W 3E 5t =Fof| 2, o] F=
AMPK (AMP-activated protein kinase) A3} 7] 42 £3f
Ppary, Cebpas}t 722 3}19] S-7%}2] Z@QEEW Az
Al Al22af o & Glutd =355 SX18k0] 2 F4-5 S7HA
VAL A B 210 2 5 e 2
Vel = Ao 2 B % tiFan et al., 2019). Fgf21-2> AMPK
O] AFQ] &AJ Q1A}E Fibroblast growth factor®] gt $H2 A
U 220 w2} endo/paracrine 57 H o=, A=t T
A8 oA S S EakSH W ER0) oA AR &
A3} Qlth(Jimenez et al., 2018; Song, 2020). Xu 2} Ding 2]
2177 7}oi] w2l Fgf21-£ oblob th§-20] w9 2b4) 7]
WAl g 5te] T F4ol g Fadh T4 AR
Glut4, Glut1 o] W& 7} 32 = Q1 AFS} § 4~ Hexokinase 2]
FHE 2NN o2 A7 A TEGE A FIE 7R =

Ao 72 B ETKDing et al., 2012; BonDurant et al., 2017; Xu

-
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etal.,2009). Invitro AG-Z Z3| AW} ZZ]oj| A Fgf212] 7|4
2 g At autke} o Eol Qled 7H4=/J(insulin-sensitizing)
A UE = o a3k WAL, o] BHgolA 5] &
A2 HF 22 0 2 A3t glucose uptake 7t A ojuf= Zlo] &9l
EAHDing et al., 2012; BonDurant et al., 2017). Lactobacillus

plantarum bt 0183 o5 WEA| 9] 92442 Wen7}

SHSERE QA A ol A SR W1 v ol W o) el A
£e)a thgFe} R o) RS Hut Fo] Folstel
WHE R IR B B4 A A W o F o)
RollAl HIRF Qe AR W A S gt vk
t] Holuk Ao & vk Atk Wen ef al., 2019). FEHE 24
2 %9 Thgob e A Aol AR o] Yot Alel
2 75 0] Akl Zloleh, 2 s B4 2] el 7 gl
o MAEE A AHelHrks Hatk 2Hol7k YOk, in vivo A
Hol A= G ol AR aPIT 9 g -2

EPUITHE 2] 2917} Ik, o] AV WA A S| A
oh5 F ok g ] AU L AT o) H S WAk

=

HAERA 227 442 e YA o8 717 9UA
11 3 A A E | A (oxidative stress) 7| o] Gre A Qlal,
o] = QIgt HXIA QI A EA £ 7] o] -2 A2 T T
oA Q& A2 o= F7HA It Coyle and Puttfarcken,
1993; West, 2000; Lee et al., 2007). Ak} AEH A= AU
A AFA~Z(reactive oxygen species, ROS)o] o] AJAJ&] A
L Ak Al 4] 8] 7] 50] A St HA A AFkA| 2F 3FAke}
Aol 2P Lo® dojub= Ao g A et T
gl o 2 nEtto] X5 free radical (H,0,, Oy, HO )9|
Y] of 4HeHA] AE | AE frsho], o] 2 Q17 HHEbA|
320 119} 7] 5 o[ s Uo7 A H o mH G o] A3}
A G d WS, G 4S5, U2 AEE S, G

¥

~

¢

Ghes
Hl & =9 o uletiIshige ef al., 2001; Laybutt ef al.,
2002; Gurgul-Convey et al., 2016). 2 ATLo| A= AkshA A
Ef A FEHER R t-butyl hydroperoxide (TBHP)-S AME-3}
of I ERAI Z T INS-1 cellofl &4 skl om, o]d
AFeA EAfo R of = YA E o = fAlRE AR A7 R

T A LA SIBHT 1 49 T 29 BT ROSE
02 H4A7 FPHEAEE HETH Ao et

=32l Al Aleod A%

1} 7] E tH(Gurgul-Convey et al., 2016). o] & F=Al(glucose
toxicity) o] 2}aL ab, l&d AR A o] 7ha Y o
Jol AsliElo] T=2 o= A 27 T 2323}

o] =31 QJtEguchi ez al., 2021). & AA T}, o] F

F ikt WA= HH e 22 A2 BEES ST
o)

=
=1 e}
-

O
>Ry
Mo ok
B

X

2 4
N
g
b
nﬁ
é
rr
oft
i
ox
BN
Y
2
>
H
(%
(o
it
(L

et
Y
"
F]F
L
o
fu
i
o
o
=
e
T
&2
re
-1
i
=

-

N

H ~ Y
At E A7 lEd A& At o= A AsHH A 4

Joll M EFA 2] H 57|52 71| = g 24
SA R 5 9l ]2 A 245 E Flolt.

y-Aminobutyric acid (GABA)+= Tl -2 JLAJ51A] ¢k= 7]
573 o] i=ALO 2 olutamic acid Z-5-E] glutamate decarboxylase
(GAD) Z1| 2 getite|o] At El= S ash ey =4
o|tHKook and Cho, 2013). GABA: 8% S| A2 4 2
DAY S7F AA, ol kA, EoF A5, JGA, e A
59 o AR EdS 7, 53], ] A2z A A 417
A=A R o] @& o] A 5 F718L ] /& 2%
oM W A2 YARS FX8h= A o2 G A qlo] oFeA]
O 2 g k= g ojnk o] 23t GABAS] = <l
2| ol 71578 AlEaA 2419 GABAC] thgt T4l o] ALz E
I 9t} Akt GABA S A4beh= =8 BEA 5 skl
, ©|%= Lactobacillus brevis, L. plantarum, L. rhamnosus 2} 2+
2 Lactobacillus 2] o] §-Ak1-0] glutamate decarboxylase
(GAD) A|A81E 712 11 Q)7] wjEo]tKSa ef al., 2015; Wu
and Shah, 2017; Lee et al., 2018; Lim et al., 2018). GABA A§ At
QA of2] MHE AJE0 2 RE Re| 7R, GABAS
AR AR o) 85 715 A M AL E A A7t 2y
) Q3L 9l o2 S, 2 ete] oA ) WAl
Q1 0.7 717 2| GABA Al4Hs 0] & SAHES 1)
of 202) Wio] ol &g, GABA 44518 714
kit A R ] 2ELE(Starter) 2 ©]-8-5F] GABA7}
A7V 71678 A5e AAbksts 2ot Cho e al., 2011; Wu
and Shah, 2017; Lee et al., 2018). & A A3} o] 3= SAF W
7o o3l =873 GABA 3ol 571 A& & 4= ARl o]
= AFGui7 A T EE Fote] A e T T
Ao S/ o Stk A& AlAbel &

ZAEX O R o] dulji= CBT-LP3 {4kt o] ofalA
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)

2 Aol A= TRt A e, of A A& 7HAIAL Sl
Ao ez 9ol BEE HS F7IA LR
A 71578 A= BgstaLal, A 53] fAkt Lacto-
bacillus plantarum CBT-LP3 & 0]-83}o] €ha A7l & 1 3=
2] e h 9 eSS e, Bk
of Qlof A= FARE WA A= 3T3-L1 A Al 32.2] 2-deoxy-
glucose 5 1 pM Q] Ql&d B} 1.8 vl A S7HAI Itk
o ) 3 9] WS o] A B2 Tl 2] §01
21 2pol 7t g19ieh. Wk ohje} ol AR WEAL T
/g ol thRHINS-1 HduebA| a2 o) Qled 4] 75 74
FIE AR o, AFSHA AE Y AR EE] A ebA)| L
o §Eee BN O BEsh AL BT 4 U5ich B
H|TE S o) Qlof of 5= frakt R A= 3T3-L1A| 29| 2|1
T 7] e A Ao 2 O] f AL jSHE Bl AHlnt A
s Uete Aoz 2RlEn, o]= & =wolA AL e

Ak ke, AT 2= 2 4efxl y-Aminobutyric acid

(GABA)®] ¥HE 7/% o2 A3 Ak fAF Ha S 5

3 o 15%2] 3k Z717k etels ik, 2 0 2 o) )

© CBT-LP3 fi-that U] 2J8l GABA ] ot} e 9l

PR AL S7HE e, o)E B8t Ve A Ee

AL F02 T4 717k ik HekEch
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