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(57) Abstract: The present invention relates to a composition
for preventing or treating diseases caused by mitochondrial dys-
function, containing berberine as an active ingredient, wherein
berberine promotes mitophagy activity, and thus can be effec-
tively used in the treatment of diseases caused by mitochondrial
dysfunction.
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AA 1L EGA ] &4 A 4

L1 v EFA o v} 2@ A X A2}

Py 25 v EAolntr A H N EFE A 2ty 918 A
3o, 23], 100-mm ¥ % % Ali= 0.001 % poly-L-lysine & 2 21 2-of A]
O+ &t ZHake] =H]8FaL, 4 x 100711 9] 293L A 325 v 3 Al 4]
& %, 10 % FBS7} % 71 € DMEM Hj| & el o] A] 2441 7F 5 <F vl & o),
ol %, W EA o]n} Fe} 21| = DNA (pLVX-mt-Keima, 3 pg) <} packaging DNA
(psPAX2,3.75 pg; E pVSVG, 0375 ug) & WL 8AZF &2t 254
(transfection) & 3y 3t AT}, o] %, AA 3 kel 0 2 w33} a1 4841t F<t 7
w ¥k 3, vlol o] 2 7F 23t kel & FH3to] 045 um EE] 2 A el v EFA on}
glElnfo] 2] 2~ & #1813t

| EA ol ntE HHAA] 7] 212} 3= Al E = 60-mm | F Aol A 2441 1E
m Fato] E=rl ekl aL, vl g Al ztgk vl EA o] nl A E]vlo] & 2 1 mld} W Y |
mlg 412 F v EA olvtE LFA| 7] 12} 3= Aol ¥ o] 244 7F F<t
AN FA. o] 3, vl NS A A S AL, FZvlo] Al (puromycin, 2 pg/ml)S
A ] 3te] nfol ] ~7F = | M ETHE A5Gl

> o

[u—

i
2T

i =]
L

1.2. 741 £ £ (Flow cytometry)ol &3 | ExX] &4 &4 v
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[100]
[101]
[102]

[103]
[104]
[105]

[106]

[107]

[108]

[109]

Eupx] o] 284S B4l 98te] ulEA olnk & 3-8 405 nm 2 561 nm ]
o of SAsEATE =, ZF Al 32 9] 405 nm & o] A ol o] gF

0nm AE7]2 AE3S A% (BV605)2t &A1l 561 nm

o £ 610+ 10nm A&7 2 54 2% (PE-CF594)E #
521 (dot plot) &2 A g F W E k2] g4 o] o} "high" Al o] E ]|

FIA Stz Ao vl g2 v EatA] g o 2 Aol (3 D).

= reen) O % U EJUI AL, 555 nm @l o] A 2B 9] HFANTE A A
2 Uehd -5, A v EF e ok A4 0 2 LB AL, 1] EabA| o
& HaF R o7t v EZ=goki= A4 ¥HA (red puncta) &2 L EFLEA

S T2 A A ol A o] AA HATEEH v E g
gdo] ol Ao 2 vfEpE I Alo] vl &8 v EakA] g4 0 7 A 4bslgl o
(%= 2).

1=
o~
asg

AAld 2. M ETA] 4 24 3159 T

VA ES A e AYEd =L dol B E a8 ek
TEH R FARRE o)A Emdl kR ol =Rl Wl =W d (Berberine) =
HEaA] o] g4 X EA R dasigitt

AR 3. A% FHZAANEFAA W2 Ho] &3 nEA] ] B4 £ 53

=
usl
>
»
[\
=
5
e
=2

(uncoupler)®= &2 X CCCP (10 uM)E 24 A 3F &9t
EE T2AANN A S ALEste] nESA o S &
FA ol of gk m EakA| o A& S5l oh

_N‘_'l
i)
rob
|
el
o, X,
ol
=
BN
M
o
@]
2
=2
=
:(‘>L_r‘
=)
Hm
i
>
o
e
ox,
o
r.%
By
Ot
ok

AsFAT (32 3A). B3, T2 AV AE & AEshe] 1 EvhA] 9]
H 2w - A 3 Tl A

rr
m 2
PN
" A
8
2
=2
)

v E5bA o] Bo] F7hE 9122 BBk T ( 3B). V] £ eole] o
o3 M EstA o] B S ZA T Aol E A2 AL A A

th 2 Fcom)el] B3} P EZ = elobe] ool 7a¥ 1S Belshglar, o)

W Zulglol] ol o) v =k of Sl FFE Y eS 1A 0 R Bl sk

3C).
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[110]
[111]
[112]

[113]

[114]

[115]
[116]

[117]

[118]

[119]
[120]
[121]

A 4. TGS AEFAA A2 o3 ERR Y &4 £ &7 F4
P A S S T e Al T A S vl 2 "o of st n] Eubx]| o] 2] o]
A GelshE 43S 333kt (He3], Parkin (E3 ubiquitin ligase)©]
Ab-a- 7 H-9F Al 5291 HeLa Al 3 (HeLa-Parkin), 13+ 3 9F Al 591
AS549 A3 R 1SR o] Aol ARGE = QI A R A EE A ETS]
SH-SY5Y Al Xof] W2 ¢ = CCCPE A &) 3 T v Eubx] o] 84S
B ST

71 A3}, Parkino] 2 ¥ = Hdaﬂ%ﬂ‘tﬂEﬂHJﬂﬂﬂJﬂ

n| Egpx] o g o] AAHA FT7HE S RIS (& 4A). M EZ =g o}
Fs FAG Ao E W EZMAS A e A EZE o) %kOl ad
O = RIS, o] = FAH XAV E ALGsto] v EabA] of &A& FA g
Aupel npz 7R 2 | 2 A S A2 gk A5 v Eapx] o E4do] FIHE S
A o2 gls T (5 4B).

5, H M EFA A549 M ol M 5wl =& A ] & A5 th kol vl
n| sk x) o] g o] F7FE Al (52 4C), A A BA| & A X521 SH-SYSY
A Z oA S W 2 S A2 gk A5 v EapA] o] @A o] FTHE NS
g5ttt (= 4D).

AAd 5 W2 de A R AT nE v EAX Y] &Y £ 53

2 aygAES W2l A 2 A ARkl uhE v Rt o] &4 3
= 3, W=

BIE FAel= A9S deg (ras], HEHH L nEA olnlE

13 3F= BEAS-2B A 3ol 5201 5 5 (0, 5, 10, 20, 40, 60, 80, 100 ! 200

uM W 24X 3 %J A2 et T FAE A 7] & o] 8-8Fe] v E kx| A4S
2

71
B ﬂ - Oﬂ Hﬂﬁﬂﬂﬁ (80 MM)% _Zr 76]‘ /\]Z_]’ 0,3,6, 12,
|-g3to] v EutA] &g g

(o]

18 3 24 /ﬂ 7P) EOP A gk F, FAEEM TS
=748kt

1A, W= R AT 5 A= 10 uM ol A= T EvbA] o] A9
oju] g+ xbo] 7} YhebLbA] @ 9ka1, 20 uM B n| Evbx| o] 24 o] F71eEgl o,
80 uM 7HA] Fx ol o 7 Z7el Sl ar, 80 uM o]t o] F R A ] gk A -§-of =
2ol 2 2ol 7k gl & &3l (&= SA) S, W =’ el A Ak
3T 3 AR m Rk o] @A o] F7FselaL, 12 ARkl H TR 4] o)
S7kskl o, 12 A 7t o] 739 ﬂﬂ/«]ﬁfﬂwt = 2ol 7k e A ok
geletdtt (5 5B).

AAl e 6. Wl 2| ol o] 3 W =SR] HolH 4 7= &<
6.1. M 2| ol o3 v ETA] SolH &4 F71 &A1)
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[122]

[123]

[124]
[125]
[126]

[127]

[128]
[129]

[130]

[131]

g 22 W 2Rl o] nEapA| o] S Rg Sol A o 72 FIHA 7| = 4]

th has], n EA o] nhE W d &= BEAS-2B A 329

CCCP (10 uM) == W Z W & (80 uM)S 24 A F FoF A 2] 3 &,

%3@ %Ulﬁf’_i U]Eﬁ‘rﬂ AL AT e L B A] 2 FUHE

%‘ = BEAS-2B A| 3 & HBSS (Hanks' balanced

AP (starvation, starv.)E F- 56 6

Al ZEE < w2 = (80 MM)% Aget & TP AR QEARX B4 &

27@ 3}0:1;}

1 A7, W EZWY-E CCCPe s stA v Eat x| o] &AL Fxlst= a37t

&t

AATHE 6A). W, A F AN AR 3 A2 A & A o= LETAS
FEstg o MY 6 ARk Ao A= LETAY] BYL
F7HAAA = A AT (5 6B). Z, Ml 2l & ] EvA o] RS
Sol 4o F7hA 7] AL Felsgint

6.2. W 2H| ol o3 v ETA] So|H &4 F71 F2U(Q2)
Sol 40w Z7hAY] a1, THE AIE 27| gol
Qﬂs}ﬂ &t M EEE FJ oM(mt-YFP), M| ¥ 27| ¥+ ER,
A7 pe roxisome(peroxi Turqouise) ]l
ZWH S 200 £ 400 uM EE =2
FEAaV|H AN s e HEtE T2

75 747w OP“ Hela /‘ﬂEE of] H
o], 244 ZF | BT}, i ok B 21 A
o= FAlste] 7hA 3} 5l

, 5 70 vrebd mRef ol v 2u - o] s Tt SRS
nEZrelole] o] frol Ao g sk A
peroxisome®l| A= & Zo] WM3}7} gl AL gl
A FEL7| Bz QTGS 71 A A oA, MERAE 2
gelstaitt.

o 7. W 28| dof| g3 M EFR] BAFZAA fEZE= oL THHe H
& W3 Y
BAbES v = e o) nEFZ=g]oke] whA e @ g4k Aof ofu gt
H3}7h dojrp=A] Felst= A3 S stk f|EZ =g ofe]
1} 2] (mitochondrial membrane potential)™= TMRM (tetramethylrhodamine methyl
ester) o] Al o] & F4 ¥ 91aL, 1] = Z & gl of o] A2 (ROS)T= MitoSOX 0149
2 DCF-DA o] A o] & &3l ¥4 ¥ At}

A H2AE A E A5 CCCPE A g gh 7 -0l Hlal m EFZEd]olo
A el & 2pol 7F VERUEA] Sk (5 8A). A AFA(ROS) S -0l =
CCCPE A &gk Lol A 1= A A &HA| T7HH Lo, w2 u=1s A & gt
1ol M= 2 Aol 7 LB LEA] 29k (52 8B).
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[132] £-3], 318} A| Q1 NAC (N-Acetylcysteine) & A 2] §+ 7 §- CCCP ] <] gt
HEvpx] 9] 2842 oA v, W 2w ol 9 3 n Evix] o] B4
o] Ao} #AF ol FAHE A& &8} (I 8C). 8 NACE
$-cccpell 9 &l =7H¥ ROS7F A A & A A5 o
o) A= ROS7F A 7HA %A 3kt (5 8D R 8E).
Fol) 2 H, W 2w d& CCCPeF &2 M EZ = gole 5453 &
o ofsl] v Eubx] o] BA& F7HAI 7= A o= gl i

[133] AF7]

o

[134]

[135] A 8. v 2d| Ao o & n| EntA] &4 3t A AMPK (AMP-activated
protein kinase) & & 77

[136] AMPK (AMP-activated protein kinase)2| 4] s}= @ E3}X| 4 w] E3}x] 9] 7] A|
AN T8 g Ao By gl oo & g AES v = | o]
AMPKe] &J &2 0 2 nEabx]| o &S FH315k=A] glst= A48 &
skl heke], v EA o] n} & ¥ 8Fi= BEAS-2B A Eof] i 212 (80
uM)& o8 OHE 5 52.5,5 2 10 uM) 2] AMPK & A| A (inhibitor)$! Compound C
o} A 3AI7F ot A gk &, {FAERA V] E o] G5t nEnx] o] A4S
WA T

[137] 1 AT, AMPK QA A ] 557t S 7Estel] upe) v 2wl o)) o] §F 1| E 5k+] 9
gAo] Zad A& AT (52 9). 7] A2 HE, W2 -2 AMPKel

[138]
[139] A9 HEzHH 9 v EZ=g o} A =X
[140] ot 252 v 28| of o] ek v Eulx] o] 4] SE7lo] dojut Fof] A &

(10-N-nonyl acridine orange)%! &3 @85 & o] &slo] nEZ=glolo] ¢

EAE A vl =a9e Ay @ Aol = v EF=e]oto] ol ZHadt

[Zko] Aol whel 254 3]3S &laksith (5 10A).

[141] Tk EZEgol Al T4 24 A= ¢ X PGC-1a (Peroxisome
proliferator-activated receptor gamma coactivator 1-alpha), NRF1 (nuclear respiratory
factor 1) 2 TFAM (mitochondrial transcription factor A)2] mRNA & #F-&-
RT-PCRS ©]-&3to] 8218 A1} PGC-1a, NRF1 2 TFAM2| mRNAT=
Hl 2w A 23k 548 Aol A f-olnekA 7tsl ol a5 18T (=
10B, 10C % 10D).

[142] 7] A2, A2 v EF=gole] A2 =gt A
gl o

r

>
O

"9 ¢

[143]
[144] AA 10, F & Zdo A W 2w A 3 v EZ =g o} 75 N &
[145] 10-1. A9 4 2 55 Rl #Z2wAde 53 &2
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[146] & EHAEL A Lo W 2w o) o sto] mEZrgo} 75 7|

[147]

[148]

[149]

[150]
[151]
[152]

[153]

B7F d=A Felehr] gk A st Ihde], v EEZ et Vs
A2 &4 % 2221 PINK1 (PTEN-induced kinase 1) 23 MEF (murine
embryonic fibroblast) Al 35 41 § o] AF-8-3} %] 31, TMRM (tetramethylrhodamine
methyl ester) o] Al 0] & B2l v EF=e]ol AL E A6, ey 55
SAste] Aol A ES HAEIT 11 A, PINKI 23] MEF Al 25
(KOYyoll A= 478 Al 25 (WDell Bl &l =] of M 9 o] A5t 3 %%E*
Hj F ool A A A o M EZEd ot Vs ool E1¥ ATt (& 11A &
11B).

= | ol gk n| EakA| F7hel -5 gelslr] #18ke] PINKI A
MEF A X F=o]] W 2 W ¢ -2 10, 40 2 80 uM "5 52 24A|F A 2] gt &
| EZE g o) sl o] SRA] Wil Al 1 SDHB (succinate dehydrogenase complex
subunit B) G A o] S Y ~HEZH R FASITh 1 A v W 2w
2]l ol SDHB ©Hi A o] uhl ko] &4 3] ZHAstl &2 skl (&=
11C), o]= W=l A ol o n] Ea A7} 7 5 5 9l -2 2 v gt

L gH PINK1 23 MEF Al 3229 DMSO %+ 80 uM <] # = l%% 24 A3k
A T 4 B FILE HHOWPWH H| E &= gfo} v %——E—ﬁ%}%

23S ettt 1 AT W2 S X 2] $ PINKL 23 MEFxﬂ*
EZrdol B = A AEF (WD I =8 FE o2 85y 7t
e 2l }OﬂE}(E 11D).

gk oSS S Zobe] Rl A w = e o gt

nEZEgole] 7 A a3 E gelet= A8 S sttt 1 A,
climbing assay off A= Wl =2 A& At 49 thzzaol 8]l A A 5HA
Z7FE QAL (5 124), ATP ©fl QJol M % thz kol vl sl 715 Lo (5 12B),
survival rate ©] YA E M= AL A3 A9 g0 v]8] =7 A S&
gl gl (% 120).

A A o 10-2. HﬂEHﬂﬁ/‘lQ] NEZZ=gol 7|5 M 2

Vot 252 v 7lsy wdo A, d 28 H ol n|EZ=gole] 7] 5l A
BHE 7HA=A gelstr] et H]E%E o} 7
F7Hs 2l etk A A o5, A A S B ESH] $18H], mitoSox §

A8 o A AL EET(WT), PINK ﬁ«g MEF A| ¥ =(PINK KO)&
AFE3EATE A 2T o2, DMSOE A lslar, Aglw o2 W =W - 400
uME =2 A g aho], 244 7F 3 A 3 A 72 A sl o gk s g
Z A, v EF = o)l 5 &S XF24 flux analyser® w2 8} 31t}

1A, = 130 e vk} o], PINK1 23 MEF xﬂ}: (PINK1 KO,
DMSO)7} A7 M EF(WTHHE T 447 F7E o] &-& glstgl o,
W 2w & A sl & o, @447 BGA 2T A o R

[o
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Ak A& ERASFATHE 13).
[154] ol v Efs ol &8-S B4 A AAAEF W) v] ulslo],

PINK1 23] MEF A % F(PINK1 KO)ol| A M EZ = glo}o] 55 f0] &4 3]
= g5t v E 2= glolg]

Faslo] Qi AL Helstg o, M2
EEFO] FolotA F7hE A S HABATHE 14),

[155]

[156] A Al & 11. MELAS 33 (mitochondrial encephalopathy, lactic acidosis, and
stroke-like episodes)ol 4] Wl 2| o] o] N EZ =gl o} 7|5 7§14 &3}

[157] MELAS =3 7-& nEZ=2g]lo} DNAY E ¢l olo o & wAal= of 3 4] ¢l
FAA MEZ=g ol Aso 2 MELAS 3 ShAfoll A - 3k A £ oA
HEFZ=2lol DNAS &Aool ofaf n|EZ=g]ole] 7|5 A&7t YErdth
K1 o] 9ITh MELAS %+ 32} f-# Al o A= A4 DNAE 7Hx
n E & glol9l ¢ o] DNAS 7H4 v EZ 2] ol7} 4] ] 1= heteroplasmy
FEN7E A e, EA o] DNAE 7Hd mEZ =g o7 A8 &S ol A o
WA e o] Vel A " o] B A& S | Enpx] o] o5 HA R o]
DNAE 7 v EZ=glolE AEl X o2 A AT oREZAR nEZ= o) 7| 58
A = A=A FlekeE A8 s askgith

[158] 1 A3}, MELAS %" $k4} foff Al A= v EZ=e]of B A7 A<l
el M EF (normal)ell VI3 A 8be a1, @447 A A S| F7HE = F
HEFZ =g ol 75 ol o] ¥ At (5 15A # 15B).

[159] ESH B g A5 -2 MELAS 5% 3h2F f-2ll Al EF0 A W2 W ol of gt
| EubX] SIS g2lstr] flete], MEZW S 10 2 80 uM == 24 A|7F
28] e & v EE =gl of nlA 1 MFEN2 (mitofusin-2), SDHB, UQCR2
(ubiquinol-cytochrome c reductase core protein II) 2 COX IV T 2 o] Wl gF-&
AV ERS T3l HAet= A S st 2 A, W2 g A s
A7 nEZ =g o) nhA] 5 MEN29| BHal gko] §1 A8 A A e
g1 (5 15C). o] 24, MELAS 59" 32} f- 2l Al ol A v Zu] o
ofaf| v EupA| 7} 7 2 E & Fel ekl

[160] 8 2 252 MELAS 5% 34 f-2l Al 320l DMSO %= 80 uM 2]

S 4 9 B0k F7H R Fol M E R o}

[\
~
>,
o
of
°
_N‘_rl
)

[161]

[162]  whebA, 2 o] v =gl e, v e 5k & frste], 7] % o) 4
IEE ool Al s A2 2] :
A2 Hlstoieh, mebA, 2 W2l 01X 7] Fol & AHA | B
M ERE ol 750 4R ofy] B 4 9= Haly AR By e

(o3

:

o
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A

L)
O
Olt
_‘4

ShUE), thE A §74

21 o} 23l MELAS 3 7o %=
A gaqgf7t -5 A
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[ 1] | 2 W] 2 (Berberine) S & 5.A4] ¥ 0 & E 3}5li= n| EZ T g o} 7| ol At
(mitochondrial dysfunction) &2 1%t A 3lo] ofj v} == X &

78713 2] ﬂlﬂd ] o] A,

7] W20 @2 1) E54) (mitophagy)®] B44& FHA7E RS

Hoﬁ_

[ 3]

N
=
i
ﬂgﬁiizw

— o,

[7d - 4]

X
=
tm
g

& ooX

[ 5]

o 2 i ox 2 Ui o 2 ox X

7] Hlad A3 d=3to] ¥ (Alzheimer's disease), 71>

(Parkinson's disease), 7| 2 ¥ (amyotrophic lateral sclerosis), 31 & & ¥

(Huntington's Disease), THIAd 7d 3} (Multiple sclerosis), *H < A 0] %

W75 BA, AaA ANAE A )ALA o] A S

U 7k ¥ (Niemann-Pick disease), ] & & ¥ ¥HEd =2 QI
2] vl (dementia) & O] Fo] X = 1 FE o) A A Bl E] = of - 3]

E;ﬂ o7 O}L }_Aé%

g7 6] A1l glofA,
A7) nERZ g o) 7] Fol Ao g ole AFS MELAS =3
(mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes),
Ak2Z 5 mlg] 522 A 3} (Charcot Marie Tooth disease, CMT) 2. & o] F0{
ol A el E = o] = sl A S S0 E 5hE 24 =

4727 () MEAT} (mt-Keima) S L H k= A3l Al 22 -& A ¢l sk @l
EL
(b) " E3}A] (mitophagy)9] 48 A= 9,8 237
] EZE g o} 7|5 o]/ (mitochondrial dysfunction) 2=
A zA o] 2= .

(%1% 8] Al 7 3ol oA,
A7) v EvbR] o] 842 f- M EHAH (flow cytometry) & ¥ EF

1] 7 (confocal microscopy)®ll &J3te] ZAHE = A& 5 02 3=

P
g
Py
o

131

il
.
da o] A7 Zell 9lofA,
A7l Alg =z e v EvpA o @48 AR A5 v EZE o)
5ol o Qg A%k N BA AR Fkehis @A S FUhHor
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U E§eh= e SH R o= .
g 10] A7 Zell 9lofA]
A7l mEZE ol 7ol g o ® Qg deE HaA Al A
o= B Y.
(e 1] A 10 Fell LA,
A7) B @Al A3k ek =3Fo] B (Alzheimer's disease), 371 <=4
(Parkinson's disease), =7l & ¥ (amyotrophic lateral sclerosis), 31 & & ¥
(Huntington's Disease), T4 74 &}5-(Multiple sclerosis), 1 & 7| o]
w75 A, A AN A E A g, thARA = A g
Y 7k ¥ (Niemann-Pick disease), > 3] & 2 H & =2 2l st
Al (dementia) & O FO A 3= Z1F | A A E H 1= o = Bl A=
E;ﬂ o7 OP:_ tﬂ—lﬂq‘
g3 12] Al 7 &l 9l A,
A7) v EFZ =g o) 7] Fol o g ole ASS MELAS 5%
(mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes),
F A2l ¥ (amyotrophic lateral sclerosis, ALS) & A2 5 vhg] F2 2 3
(Charcot Marie Tooth disease, CMT) 2. & o] F0] 7 -of| A Al ¥ = of ==
Sl AL EX o5 5F= v,
[-7313] A9 & W (invitro)ol| A W 2 H-& 1| EZ =] o} 7] 5ol Al 3o
|

=

-

(o3

—_

I
.

Jm

=

A ss GAE 28kels v Eg x| o] 84S FX1A] 7] = Hhy
[d7-314] W Z2H ¢ (Berberine) & F 802 X33l QAR 7|5 Aol oW} =

g8 Oktﬂﬂ ZAE

[A7a15] H= H1]‘j4(Bf:rbf:r1n Ve Faidior ¥3s= AR 7] 5 Aol ok iE=

=
74 9ol A1F 0] OFSHH 2 T2 AA o Folahiz
A5y

(B3 16]  FSTH 2
A& E3elE, vl EZE g o) 7] 5 o] (mitochondrial dysfunction) 2.2
AEF A ko oW 1= A 5 WY,

(73 17]  oFstA o= fagh ol A4 ofshd A =& Aol Folsh=
GAE Lok QIA 7] 5 ol of ot iz X 5 .
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