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Antioxidant Effect of Viola mandshurica W. Becker on the High Fat
Diet—Induced Renal Oxidative Stress
Mi Hye Choi, In Sik Park*
Department of Anatomy, College of Korea Medicine, Dongguk University

The prevalence of renal disease is increased with the overweight and obesity. High fat diet-associated oxidative
stress increases production of reactive oxygen species (ROS) and induces apoptosis. There are two types of
antioxidant defense mechanisms for oxidative stress. One is the enzyme defense mechanism by antioxidant enzymes
such as superoxide dismutase (SOD), and catalase (CAT). The other is non-enzyme defense mechanism by signaling
molecules such as nuclear factor-like 2 (Nrf-2), HO-1. In this study, we induced obesity in mice with high fat diet
for six weeks and thereafter administered orally Viola mandshurica for 4 weeks. V. mandshurica is known to clear
heat, detoxify and cool blood, and subside a swelling effect. In the V. mandshurica administered group, the
immunoreactive signal of the Tunel staining was weaker than that of obesity group. Proapoptotic Bax, caspase 3
immunoreactives of the V. mandshurica administered group was lower than those of obesity group, whereas
anti-apoptotic Bcl-2 immunoreactity was higher in the V. mandshurica administered group. Antioxidant enzyme
mechanism such as superoxide dismutase 2 (SOD2), catalase (CAT) immunoreactives of the V. mandshurica
administered group and Antioxidant non-enzyme mechanism such as Nuclear factor-like 2 (Nrf2), Heme Oxygenase 1
(HO-1) immunoreactives of the V. mandshurica administered group was higher than those of obesity group. These
results demonstrate that V. mandshurica had the antioxidant and anti-apoptosis effects on obese mice.
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e ZANA AU YAt A A0] 2P Fo] otn B
g Ich. stAlsll 4 AMA(reactive oxygen species, ROS)7t

segt AGENe NASS Nstz ddsto] AAED wgo] A4 WYEo] E/ &4EE AsHE AEA(oxidative stress)
53 AEHY BAVL 5 glch 20149 FUAZuPZT] A of OfF AHgolch. ol FAAC] i YAN Wolrlozs
=019] 12¢7F 7AZZAR golgE A5t Ay, ZA AFA A superoxide dismutase(SOD), catalase(CAT) Si} Ze FAA
of vla] vlgtQl ArdojAA nEY, T, oXES, AP SoRIAZ Qleh, QQld Foj71xte 2= Vit A,CE, Flavonoid
o] s¥re o] 28] ol A uepgon,) 20149 wmE AY, PolyphenolFo] ¥la 4% WolxAt Exfgtct.?
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201399 AYAFIYRAL Zap TPAZAS FHE(T304] o] S REX R (EAeT)2 A8 Z2H(Violaceae)o] 43 thd
A, Z=5 o]AN)L 20099 2.6%0A 2013¢ 3.9%=2 Z7}5tY L, Az B0l MY ZE(Viola mandshurica W. Baker) ¥ =& Al
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Aldo] A18E 522 FHF 20gX3509] Balb/c mouse(male,
65%)2 QaAEutol o0y PSP, 15UEH L8 22+
1°C, 3% 55+3%91 A A o)A 121\]7} HH;g 2712 ALA]
71 & 7t ASZ o 7~8ul2]R Lol ArRslYict ALr)7t Zot
L ge 1ce°|]71I UTALEE AF5HA st

S
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£ ¢ FA+(Nor)E tixgdoz
ddEE2 7-80tA Utk HFE2 10
60kcal%fat(DIO DIET, USA)Q] 1 XA|gAlo]§ Fojsto] w|qt
st JJat2 637 60kcal%fat(DIO DIET, USA)Q] 1X]

YAlolg Rofatu, 75-10500E TAYAlS SFHA WY 13
U A 24)0] ABAPE A5l Stk AT 5
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=82 sodium pentobarbital2 OIFA|71 &
ol dojxl ’5.° 10% %’“ zagAd 1241%F 1A & 5=
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(rehydration)3tgitt. z2g}std M2 PAS @M& RJBstglct.
doizdslety  gae  gmetEd § Jlasd EES
proteinase K (20 pg/ml)o] 58 5¢t proteolysis g AR &
3% FAskpAR SR ANste ZAU U itstasr s
AAst, 1xF &A|E *x2]5t9] 4°C humidified chambero]A] 24
A|7t Zor ¥r2A|Zch 1A13A] %5 Superoxide dismutase 2
(SOD2), Cleaved caspase3, Baxt Cell signaling Technology,
Inc., Danvers, MA, USAE A}835}9¢0n, Bcl-2, Nuclear
factor-like 2 (Nrf-2), Catalase (CAT), Heme Oxygenasel
(HO-1)= Santa Cruz Biotechnology Inc., Dallas, Texas, USA
£ AgstYTh ol% PBSE FEs 248 & 24 ANES Ast
o] A2oJA 1At &<t gHZAIZ . ABC &% (ABC kit, Vector
Laboratories, Inc., Burlingama, CA. USA)o] A&ofA] 3087t
Ht2A171 & 0.05% 3,3’-diaminobenzidine tetrahydrochloride
(DAB, Sigma)Z YA ur2.2 35H0l519 o0, HematoxylinC 2 Cf
Z @AMsto] 3shdn]7 (Olympus BX50, Japan) StoflA] Hla 2
et & dAE o2t (Nikon E995, Japan)Z &soict.
3) Apoptosis

Apoptosis #9018 95l in situ apoptosis detection kit
(Apoptag, Intergen, USA)E 0]2€3F Tunel
deoxynucleotid trasferase-mediated dUTP-biotin nick-end
labeling) AME AAjstdct. ZHE"E xxg gnbddt 3
proteinase Ko 57t proteolysis A]71 t©}2 equilibration
buffero|A] 20&7t X 2]5t9ct. Strength TdT enzyme2 37°Cof
Al 1A]17HEQt Ht2A]71 & strength stop/wash bufferoA] 10&,
anti-digoxigenin-peroxidaseo|A] 1A]7t % 2]st & DAB=Z A
W3S =5t eosine g TixPMsto] AU stoA
st
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count2 YAEA (Image-Pro Plus, ver. 7.0)3}1, means+SD
Zrog = (SigmaPlot 2000)0] YEtJQIct ZF zAg¥ of 3
22 4%t 57 Astigch AEE 2 99y A5 Ul
SPSS (ver. 21.0) program2 ©0]£35t900], one-way ANOVAZ
B A5t DUNCAN, Tukey, Scheffeo 2 AlS ZAZS359ct. 9]
£F2 p<0.050]A HHHY

iTh)
i)

1. A5 ws}

1057t gyt 2t2S HAlgH NorZe 15xto] H]s] 105&}o]
AFol 34% 71T, 1052 TAYHOLE AT HFE 657
AP 0] FA & 4FF RS —‘.E—Oﬁ 2 AEol 2
7+ 60%, 35% Z7lstict. o=
5ol 5713t Zo|tHFig. 1A).

A Body Weight of

Experimental groups

Weight(g)

Fig. 1. (A) Comparison of body weight of mice for 10 weeks. @ :
Normal group(Nor) A : High fat diet + V. mandshurica extracts
administered group()J), M : High fat diet group(HF). (B,C and D)The PAS
staining was performed in kidney section from Normal, high fat diet and
V. mandshurica administered groups. (C)Bowman capsule parietal
epithelial cell bacame swellen, cuboidal and columnar in high fat diet
kidney. And glomerular basement membrane thickening, mesangial space
expansion, mesangial cell hyperplasia and bowman capsule space
expansion in the high fat diet kidney (arrows). (D)Bowman capsule parietal
epithelial cell became flat, little swollen in V. mandshurica administered
group. And V. mandshurica administered group reduced glomerular
basement membrane thickening, mesangial space expansion, mesangial
cell hyperplasia and bowman capsule space expansion (arrows). Original
magpnification, x400.

2. ZASR W}
PAS @4 Zi HFZ9 EaZ 0y W54u A Z(bowman
capsule parietal epithelial cell)?] FEj ¥WstE T|EE £ 99
. NorZold ®gAm £ ozio] uj3® FEjE [u Y9
U HFZOA: 99d Ex 9532 DUA B 9t 2

lo %

o
=

I & Aot £ E2|(glomerulus)?] 7]A9 H]E, E]Ato]A
(mesangium)®] &7t @YALo|N|Z(mesangial cell) 571, Ed
ZoyZ7Hbowman capsule space)?] &t So] uehdc). §td
IZoldE  HFZol Hls] EFHY  HEYuANZ(bowman
capsule®] parietal epithelial cell)?] FEf7} HPAD] E= 7H
o] v|3g AEjS —1u 9o, E3]7|X Y (glomerular basement
membrane) H]$9} Ea]Ato]A(mesangium) &7fo] WAE R o
AU 74591, FBALo|NL(mesangial cell) E3H ZHAsHcCt
Eg|ZzHyZ7Hbowman capsule space)o] HF#o] H|3| Zol&
o] Norzit vl&gt FEjS T 2e AT 4 YAUKFig. 1B,
C, D).
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Fig. 2. (A, B and C) The TUNEL staining was performed in kidney
section from normal, high fat diet and V. mandshurica administered
groups. Expression of apoptotic nuclei are increased in high fat diet
group. Weaker expression of apoptotic nuclei are seen by V. mandshurica
administered group. (D, E and F) Proapoptotic Bax are present in the
bowman capsule, glomerulus, mesangial cell and proximal convoluted
tubule of kidney. Expression is increased in high fat diet group. Weaker
expression of Bax is seen by V. mandshurica administered group. (J, K and
L) Proapoptotic cleaved-caspase3 are present in the bowman capsule,
glomerulus, mesangial cell and proximal convoluted tubule of kidney.
Expression is increased in high fat diet group. Weaker expression of
cleaved-caspase3 is seen by V. mandshurica administered group. (G, H
and 1) Anti-apoptotic Bcl-2 are present in the glomerulus, mesangial cell
and proximal convoluted tubule of kidney. Expression is increased in V.
mandshurica administered group. Weaker expression of Bcl-2 is seen by
high fat diet group. Original magnification, x400. Data are expressed as
mean+SD(n=3). ***P<0.001 vs. high fat diet group.

3. NlZAME

Tunel M Al HF#A 9 apoptosis? ¥d-2 Norsof
yls {oJFeg Ftstgla, JldtolA= HFZol wls {ojxlez
Zast= 28 WA 4 99tH(Fig. 2A, B, C).

ApoptosisE |E3te Aoz €27l Bax9 LA HFZA
Norto] H|s] Ea]FMu(bowman capsule), E=z](glomerulus)
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4 dIAlo|N|E(mesangial cell), E]ZFEATH(proximal
convoluted tubule)of]A] ¥do] X35 716191 BARCZ &
ox9l 57k BAY & Ach SIS 2 HFZo s} E2)
ZMUY(bowman capsule), EzZ](glomerulus) ¥ JALO]AE
(mesangial cell), E2]Z3£&A|Z(proximal convoluted tubule)
oA waol AN FAsAL FAHCE SN AT BR
& & 9IUtHFig. 2D, E, F).

ApoptosisE AAlste Aoz L3X Bel-29] A2 HFZ
Al Nor#o H|3] Ez|(glomerulus) ¥ JiA}o]N| X (mesangial
cell), E8]Zg£&N(proximal convoluted tubule)oflA %7151%
1 §ARCzE 9K 57t AT sHE 2 HFZ
o] H|3 E&](glomerulus) ¥ ¥ Aol A X (mesangial cell), Ed]
Z 54N H(proximal convoluted tubule)of]lA] Ldo] ZH4stin
£ARoz Qolxel Zas WAY 2 YYcHFig. 26, H, 1)

Baxo]| ]3] &/d3te]: Cleaved caspase3 ¥Wd2 HFo|A
Nor#o] H|3] E&ZH{y(bowman capsule), E&](glomerulus)
q FIAPo| N E(mesangial cell), Ez2]ZFSA| T (proximal
convoluted tubule)oA] F715l9 EAACZ {oAQ F7IE
wEE & ok W J]ZolA Cleaved caspase3 @@ HF 0]
H|5] E2]ZHY(bowman capsule), Eg](glomerulus) @ JitAt
o|N|Z(mesangial cell), Ez]Z%Z3F &M (proximal convoluted
tubule)of]Al Zrastgly FAXNCRE {OFQl ZAargs WIE &
9itKFig. 2, K, L).
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Fig. 3. Viola mandshurica increases renal antioxidant effect.
Immunohistochemistry  analysis  for  the  antioxidant  enzyme
mechanism-associated SOD2, CAT. (A, B and C) SOD2 are present in the
proximal convoluted tubule, proximal straight tubule of kidney. Expression
is increased in V. mandshurica administered group. Weaker expression of
SOD2 is seen by high fat diet group. (D, E, and F) CAT are present in the
glomerulus, proximal convoluted tubule of kidney. Expression is increased
in V. mandshurica administered group. Weaker expression of CAT is seen
by high fat diet group. Original magnification, x400 / Scale bars:
AB,C=100um. Data are expressed as mean+SD(n=3). ***P<0.001vs. high
fat diet group.

4. Fiket aut
1) 8274 Fo7]1A

HFZoA SOD2°] wd2 Norgo]| Hls] EZF&AT
tubule), EzZZ2A|H(proximal

(proximal  convoluted

straight tubule)of]A] Zt4A3stg1 EARNOZE QOJAQl ZHaAMS

BRG] HFZOl dls]  EfEg&ATH(proximal
convoluted tubule), E@]ZZ AW (proximal straight tubule)
oA Waol F7kslgn EAMCE RoHel 5718 mRAckFis.
3A, B, C).

CAT= HFZoJA Nor#o] v]d] Ez](glomerulus), Eﬂ%{.’-
24| Z(proximal convoluted tubule)o]A] W&o] ZF4slg 1w £7

Aoz JoNQl Zart Uehgoy, JJ#2 HFTo] dlg Eg
(glomerulus), E2]Z34A|T(proximal convoluted tubule)ofA]
CATY| wdlo] 57ktn $AHCZE Goa 57te Wastc
(Fig. 3D, E, F).
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Fig. 4. Viola mandshurica increases renal antioxidant effect.
Immunohistochemistry  analysis  for the antioxidant non-enzyme
mechanism associated Nrf-2, HO-1. (A, B and C) Nrf-2 are present in the
bowman capsule, proximal convoluted tubule of kidney. Expression is
increased in V. mandshurica administered group. Weaker expression of
Nrf-2 is seen by high fat diet group. (D, E and F) HO-1 are present in the
bowman capsule, glomerulus, mesangial cell, proximal convoluted tubule
and distal convoluted tubule of kidney. Expression is increased in V.
mandshurica administered group. Weaker expression of HO-1 is seen by
high fat diet group. Original magnification, x400. Data are expressed as
mean+SD(n=3). ***P<0.001vs. high fat diet group.
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HF#& Nor#9] v]5] E2]Fmy(bowman capsule), E2|%
34 M (proximal convoluted tubule)ol]A] Nrf2e] w@glo] Zr4a
stn EAHes 7ZaE WS v e HFZO] uld)
E2]Z0{Y(bowman capsule), E2|&F& A E(proximal
convoluted tubule)of]A] Nrf29] @3 F7lst3 1 EAACZ §.9
Al 37t5 #AoIchFig. 4A, B, C).

Nrf-20] 9J5f| &dsheicty ¥4 HO-19] Td-2 HF 7oA
Nor#o] H|3] Ez]ZxtU(bowman capsule), E&](glomerulus)
9 #@uato] N E(mesangial cell), E2]ZTZ A proximal
convoluted tubule), HZF S AP (distal convoluted tubule)o]
A Zastga FARCRE JOAQ ZAEE EAY. SRR ]
+& HFFY 48] EaZFHy(bowman capsule) E&]
(glomerulus) ¥ FHAlo]N|Z(mesangial cell), EZEJESAL
(proximal convoluted tubule), HZ&F & A H(distal convoluted
tubule)of|A] S-o]d oz =7}stAcHFig. 4D, E, F).
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32 FH2 FAAA olFF FolAAY e st B
AFA(ROS)9] Aoz At AEH A(oxidative stress)s G4us
of At} A A%0] BFYS Lo,

A4HA nAYA] ste A9 EAFUY wWAAWAE
(bowman capsule parietal epithelial cell)”} HZAta]ofA ¢t
Y E& 95302 uhlol BHol Yt A B 2 YAt
T E2]7]X 9 (glomerular basement membrane) H] &, E=2]A}o]
gHata @ HALo| M Z(mesangial cell) 571, E
Fatelot. ol

Zl(mesangium)?] %
2] &2 Y-37Hbowman capsule space)?] Ej7} %
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9% (renal interstitial fluid) ¢=29] &7}
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@ TAYAlS A SRS AT Foldt Aut E2s|Ag
(glomerular membrane) H|&,  E&]Ajo]A
(mesangium)?] At} atr}o| M| E(mesangial cell) 571, EZ]
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wsbt AL S WAY 4 AU

AZATEALS] W2 37 27HA 2 ofdE o] ghcth AFg38A)
(death receptor, Fas/FasL, TNF-a 5)& &3%t 287 uj714(2)
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basement

o & Baxi DJEZEZoR] Za
E]o] apoptosisg UiZliste T "a‘% U EZCajoto A A2
&5+ HPS FX519 apoptosisg UGt caspased
LAy SHAITE A4 (ROS)7E B7FR Ql5)  oxidative
stress?t 44510 apoptosis X157} S0j2+2 u] Bel-2& v|AA+
525 galsto] apoptosisE AAFCHO. 2 o4
LAY 3t F GytAlolE 3t Mot Mg Eg 9@ JF
AfolM| 2, EBRFEAHAA Bel-2 THo] Histe A wEE
2 A Bel-29] Alx Yolxe] EAYA= UEZEZoret A
ok, endoplasmic reticulum?l 2oz ¢A 9t BE 7|50]
g gA QA EAIW FAFA| A I, x|ttt
AR, FYGata Aol Ax|, Hat neEcalor Yzo| Ca”™
FYUAA, caspase &/38}9] AA|, cytochrome C9 {EAA| 5
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A X|YHAloj2 Qlgt oxidative stress?] QIA] Hloj7|ie §4

2 xAsto] o Ato] A
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mol 7+

4 Wol7|dat vlaad Pol7|do] k. &4 Wolr|HL
SOD, catalase So] Qt}. nEZcgjo} U S &AL HAEZ

V.S

H AAEL superoxide(20,-)EAH= 0] 5@5340}
of o3 WA Atstri2 M 1§ IREtrAE N
A Yz gHitE]o] peroxisome UYO|A catalaseo] 2]3] 2H,0,00A
23} AtA(2H,0+0,)2 Adtslo] E4 L AAEPE. B Ao
A ABIRRYE ALES 3t AL ux|gAlolE 3t Axch AR
EQEZ2AE, EaBZeATdoA SOD2 o] Zrtste AL
TAS & 9197, catalase= Ea], EIZFSATAA wo|
Z7Mte g AL £ Ao HEAA Ho7[A2 HARIA
Nrf29t HA QIR keapl® LA4E|o] ick. BAA| Nrf27h thrfsts
HAM= X4 xR keap-10] oJste] AR|E|o] Qtir} Atst AE
#| 2 (oxidative stress)7} WAY5HH Nrf2: keaplO2HE TolA]
Lol 38 9to g o]F5}o] antioxidant response element (ARE)
9} ZAste] NADP)H quinone oxidoreductase (NQO1),
glutathione Stransferase(GCS), g-glutamate cystein ligase
(GCL), HO-19} #2 P43t 5459 WIS F7MIA Az
a3t5 YERACP?, 2 AN AAIFE AFE o AL
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FENTANA goFoz Frksta, HO-12 E2FxmY, Eg|
3 FAOAE, ERFSAL, MMAHOM do] 57t
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she Ag AT 2 Atk

eRE2 FE5 27t e AlEd 42 do= ET
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UUEE TE T BEE URTL AV & @7 Ak 2
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Alo]gt
o] X apoptosis @o] ZH4s}

&t l-E- o Asda 2 R AR

€t A2 2T & AT E J4ket 249l SODZ, CATY H|l&

a4 et 8-S sk Nrf-2, HO-1 2% IXYA oS stHA

ARRZE B T 1g0l nAGA ol gt agHG A

A9 Tdo] Frtele S WEE & AU oo AAFA o=
Ao M3tA A EH A(oxidative stress)ol] gt AeHA| A

A
Faret ang AT 2 Yotk YAOINE FAS &t 0|9
o= Fust &ukE o8 F7HHA AP} olgolxlol & Zolct.
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rfu

LAAlo|R S et AGQ] AetE AE A Tfgt RIEHR|A
9] g4tst asto] sl o233t 22 AaE Aok

A5 wRFAlolFo] Ao vlall 26% F7H50L, AIEHA|
B2 B2l vlsl 1% F71s.

PAS @AM Zat Fdwo EFy YEAFmAZ(bowman
capsule parietal epithelial cell)= THAtn] ®£= ok7o] H|$E
FHE T 9o, vAPAolF EFmy HEHTAR
(bowman capsule parietal epithelial cell)lA+= Y49ty £= ¥
232 YA BFE e A AT 2 AJT E AX|PA
oA EZ(glomerulus)o]  ZIAY  H]§,  EZAto|A
(mesangium)9] &%t} FWALo|H|E(mesangial cell) 71, EdF
HY-g{Hbowman capsule space)?] &t 5o] UePdTh. YA X}
SHRIEZOIA XAl Fo]  wH[g]  EFWY  HEYOA R
(bowman capsule®] parietal epithelial cell)?] FEj7} T3 Atn]
EE 7] vigE AHEHE 1 9od, E2|7|X%Y(glomerular
basement membrane) 8|9} Ea]Alo]&(mesangium) &4}, It
Alo| M| Z(mesangial cell)) E&FHY-ZZHbowman
space)o] ZAstgi

AR GA ol # 2 Aol vls] A%e] apoptosis @Ho] 57t
3}91 11, Bax@t Cleaved-caspase3:= Ed]ZHY, E2] I FHA}o]
Nz, EdZFEAoA Lo Frtehs A WA & AU
T Ef 9 FWAONE, EZFSAITNA Bel-2 Tdo] Fa
Ste A2 AT & AT AR P LA GA oo Hlaf Al
Aol apoptosis Wdo] 7HASIY 1, Bax?} Cleaved-caspase3:=
EqZoy, Ef 2 IWAOINE, EYZFJEATNA o] &
Ashe AE AFF 4+ 9o B2 U IWAPINE, EEFS
Aol A Bel-2 &0l 3715t Ag #AE 4+ AU

LAAol#2 AL s EdEgFSAH(proximal
convoluted tubule), E2]ZZ2A|H(proximal straight tubule)
oA SOD2 wdo] 745N, Ez(glomerulus)?t E2|ZFA]
H(proximal convoluted tubule)o|A] CAT @glo] ZHAsHCH A}
SR Ee  AAGAolZo]  vs]  EZKFEAB(proximal
convoluted tubule), E&]|ZZ2AM ¥ (proximal straight tubule)
oA SOD2 w@o] F715tdiL, Ez(glomerulus)?t E2|ZFEA]
H(proximal convoluted tubule)ojA] CATQ] ¥do] =7}51%ct.

LRFAO] 2 Fdol s Nrf2o] Hdo] A9 ErlF
Ul EZFEATA ZAsHx, HO-12 EF0Y, Ef
Y FHAOINE, EYZFEAY, ARFEATN B P
Sttt ARHX| 2 R|YAlo]#o vls] Nrf29] w@o] A7
EfroUet EFRFEATONA F716l%a, HO-12 E2Fh
Y, B2 2 AN, EEFEAY, URIEATAA ¥
o] Z7tstgict.

capsule
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