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~ Lﬁkﬁ"éﬁéf#ﬁ??
¥ Fiops %o % (Diabetic nephropathy, DN)
2.1.1 % =~z ¥ ¢ (Polyol pathway)¢i& i+
2.1.2 %9 jcp= C (Protein kinase C, PKC)eris i

2.1.3 ¥+ & 4 (Advanced glycated end product, AGE):sa f#

2.1.4 F F #:& » & Eoeps T (Hexosamine pathway) & 2
& 4¢ # (Hibiscus leaf)

FLE
A F X P~ 4 (Hibiscus leaf extracts, HLE)z fie ] 2 = i» & 47
3.1.1 HLE z pe 4l
3.1.2 % % ps 7 £ p 2 (Total phenolic content assay)
3.1.3 %+ ik 7 £ /p *(Total flavonoid content assay)
4 F %
3.2.1 MAmTme | st
3.2.2 A% - 24 ¢ (Hematoxyline-Eosin stain, H&E stain)
3.2.3 & ¢ % ¢ (Masson’s trichrome stain)
3.2.4 pExg 4 ¢ (Periodic acid-schiff stain, PAS stain)
3.2.5 ﬁugi,@_f%z it 24 ¢ (Immunohistochemistry stain, IHC stain)
3.2.6 & = % g;x (Western blotting)

3.2.6.1 #v Xz g
3. 2. 6.2 Western blotting

fmPe F B
3.3.1 fmress %
3.3.2 m¥e 4e B e
3.3.3 mrz 13 % p#(Cell viability assay)
3.3.4 i =0 % ¢ (Oil red O staining)

3.3.5 Mm% p EF 13 (Reactive oxygen species, ROS) z & Bl

BAEG T RIS AT

3.4.1 pg#ER & pr(Aldose reductase, AR) V" & 14 p] =
3.4.2 % #(Fructose) z & ip| T_

3. 4.3 % #=(Fructosamine) /& 14 ip] &_

3.4.4 7 &z - pi(Methylglyoxal, MG) 5 & i#| %_

O© O© O© © © 3 O o o o1 o1 o1 W o~

— et ek e ek e el el e ek ek e e e
S U1 U1 O = &= B W W DN~ — o O
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3.4.5 # 7 & v veps (N-e-carboxymethyl-lysine, CML) 7 &8 2 18

3.5 %uz+(Statistical analysis) 19
¥ R 19
4.1 #A EEB S0 24 20
4.2 %?;1‘ HLE #0430 STZ F HM o Top %) 8l i 2 1 B o /iy 2
)5 20
43ﬁﬁm£i”SQ£$%@%?%% R FRE ORI 2
21

4.4 FHHLE$> STZAEMBARBTHE | B TREF2ZFIRG TR
ER - 21
4.5 3t HLE #* 3 BFETR T 5L B F 22
4.6 #3t HLE #0203 A FTF fomme g i 2 B F 23
4.7 B 24
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Table 1. Composition of the HLE ..o 27
Table 2. Effects of HLE on the serum biochemical parameters of mice induced by
a HFD combined STZ treatment .........ccccovviieiinie e 28
Figure 1. Effect of HLE on serum glucose level and urine protein level of albumin
IN DN MOdel MICE. ....eeiiiiiiieee s 29
Figure 2. Effect of HLE on kidney histopathology and pathological changes in
DN mModel MICE. ... 30
Figure 3. Effect of HLE on renal protein expressions of fibrotic factors and lipid
metabolism regulator in DN model mice..........cccoeeeereevericeverice s, 31
Figure 4. Effect of HLE on protein levels of TGFf and SREBP-1 in vivo...... 33
Figure 5. Effects of glucose (Glc), HLE alone or in combination on cell viability
IN SVAOMESL3 CeIIS. ..ot 34
Figure 6. Inhibitory effect of HLE on the Glc-induced lipid accumulation in
SVAOMESIL3 CellS... ooeieiecieee e 35



#2
LTAHAETF L E R 25 FF R T % (diabetic
nephropathy, DN) » #* 5 %+ E AW AEfRHB R 2 L &> Flo d 30
BN LE R 2 En BTSN B BREY T
3 chg 14 & 4 (oxidative stress) ¥ iy #1852 DN chi & #4& - 5 #7745
D Fig 4 B (antioxidants) & § OB B & W TR B4R R S
¢ i 7 % pe(polyphenols)z. % #& 47 --;& 4 ¥ (Hibiscus sabdariffa leaf)
EF R AR FLE T RO (YR B2 B ook A RIERER R
F X B4 (H. leaf extracts, HLE) £ % & 3 #r#] DN 2 i€ % o« 5 &> | *

g

<
X

g & B HLvRid S4Bk i3 7] & (streptozotocin, STZ)H4 % - BB Ak
LB P P EY HLE 7 B F ey TH il 0 2 M
fo® g2k dpthlicie - HLE #1309 3ed fre § drdlamcsk o %
BRI B d AR HLE @ e 3 ) F E 55 A AH 5
VLR BRI B HLE R ] STZ 34 % @ e
i (fibrosis)4p #% #v transforming growth factor-beta (TGFB)fr7q 7 %
¥ F]+ sterol regulatory element-binding protein 1 (SREBP-1)z_ % 3R >
HLE » ¥ it B33 8§ 3 % /8 2 2 B % T %% 7 4 (lipid
accumulation)z_ 1% o km¥2 §F S | A7 3 HLE k] BUE R i be

(renal mesangial cells) SVAOMES13 $t313 #E#7:d = chg it if T s



o BIER R § 4B FSVAOMESI3 fmie § 14 3 T 1T 5 R SRS
2 HLE $+>t e 4 £~ jE 12 ¥ 4 < (reactive oxygen species, ROS)
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- R AR BET R

B o &’%%?#%ﬁju)fﬁ %?‘:1,% % (diabetic nephropathy, DN) &3 5 % » “f &
gl gl B B A HROB Y L S R
F (R 4 (oxidative strss)& ks T xt5c Bt > 2R e 5 L fATRA F
S E e F KOs DN v e A 380 chBE IR E § 3F 5 englivH o F)p
WFEKEI K DN Ef i g e 30 (T % b ¢ B3R fomx
R EPhp Nl DN RNTIGR/RE G 7 71 hifd gus
1 ¥ ¢ #F % ps(polyphenols) B & g v~ PR g~ AR ET
#rxem e drd B A 224 # (Hibiscus sabdariffa leaf) 5 & 2 % 2% %
frztade > BE G "a fg s Ea fE g (LR g e 2 £ o
EHES ST o Flpt > AhFIRe - 34 £ 524 (H. leaf
extracts, HLE) £_.% & 3 % E T % % L3 3 B4 § 2 H4 (' R

._)o
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¥oR - TRTBRREH
2.1 # kg5 ¥ #s % (Diabetic nephropathy, DN)
# ks ¥ o % (diabetic nephropathy, DN)A#% fup & L & 0] o
FEERZ - F 20-40%4E s &K ¢ 5 B & DNo BB 4% AP
TR J (end stage renal disease, ESRD) [1, 2] - g ezt > WP P w ik

(N

L¥2 9 93 40-50%d 4B s Ao & SRR L is Rk
TR Al R 20 s S A Y DN ripg £& o DN
i EopILE > @ 2T Sk (glomeruli) 2 § -] ¢ (renal tubules).im ¥ 3
4 (hyperplasia) & #¢ + (hypertrophy) ~ A& & %3 & ~ § 50 3% & mve
(podocyte) < 4 % 5= ~ ¥ i3k 2 ¥ ¢ B (tubulointerstitial) i 34
2 BB ET SR T ) B A 2 it (fibrosis) > %~ A ¥ 0
'r&'ri%"’?sﬁ:)% (chronic kidney disease) [3, 4]° & = #& 3142 DN ei® * $#5 i
Y S PRI ARG e AR
2.1.1 % ~ g A 8= (Polyol pathway) evis v

LAED K PF o dmie N F 4R ~ 4828 Z (glycolytic pathway)
LBET B PF F e~ 5 s AR S (polyol pathway) b *% i<
RPN RRF* 902 ha fE i A5 (NADH fo NAD) » 35 2Lk 4 #5
(glutathione, GSH) % > ~ — % i & (nitric oxide, NO)Jk & "% i< » 2 p &

4B CRA Ao ERA W 4oy b = Fp(diacylglycerol, DAG) & = o



Bm i F-v g pe (protein Kinase) fo 3 4v 4 it ¥ & 4+ (advanced
glycation end products, AGE)& = » & % 3f HiE 12§ L 4= F (reactive
oxygen species, ROS) 2 = [5] -

2.1.2 3-v jpx C (Protein kinase C, PKC)erj& it :

% M4 39 jgepF C (protein kinase C, PKC)if & i 1 » B2 484 4
EH M g~ e 2~ e oh A fT (extracellular matrix, ECM)
Hae ~ i 2 25 3 N SLBERE - A7 dp 0 PKC-B A 1 12
ERJTUP Lwig P X B2 - B F B 83 T HIRE
wi[e]

2.1.3 ¥ {&¥ 1 & £~ (Advanced glycated end product, AGE) -3 ##

d 2hp% % it s & i (Maillard reaction) @ F-v B ~ g5~ %
e E < & Rt 5 ¥i&pE T A& 4 (advanced glycated end product, AGE) >
AGE -2 7k & % B (receptors for AEG, RAGE) % & 15 3 % ROS eh4
= Z 5l4e g X F o 5d E T e §% F] S (nuclear factor-kB, NF-kB)
Fr R 3% 7+ ]+ -a (tumor necrosis factor-o, TNF-au) » 3§ = BF 54 it
Fo R SkaR AL i [7]

2.1.4 § § & » & B RpR J5 (Hexosamine pathway) £ 3
B 4 5 FEE ~ & pErep T (hexosamine pathway) i 8- i 4

i 3% -9 (fibronectin) ~ # iv 4 £ %]-B (transforming groeth factor-beta,



TGF-B)E chi > F 33 L F i ai[8]-
2.2 % # ¥ (Hibiscus leaf)

A EABF R AN EA T AP A S E AR L

Pt
L

Hibiscus sabdariffa » ~ ffiz4d % ~ 2 A@%F ~ Lide ~ 2% - By
o A TR G R B A~ RGBS IR TR o a2

=

Pyl A wEe5Y 75 &% i (flavonoids) ~ & 2 & &

oy

(protocatechuic acid)fr = § % (proanthocyanidins) % = 4 » @ iz 3 >
= & Bl 2 3 F 4opF(antibacterial) ~ #2.% i (antioxidant) ~ ¥ F %3 - o
Wl 4 2 PR B G[O] o X ds st ¢ WA TS S s R B
¥ Prd) 3 o #E(hyperglycaemia) 2 % = *; (hyperlipidemia) [10, 11]>
E-HF LI NN FES TR RER L AT AR TR
Kzl DN[12]; e p o cdb™ 3 & 5 B A T- 8 adle > ApfR2 T o
B A Ty i 5t iTE R A PFHRFALBFRLH EF
% p~(polyphenols) = # » % = B 4gd ¢ - B Fendifi » Big7 3
FIBERAB IR SR PERELL G Vg LR
-g—nf p d A (free radical)sac # o 8- 5 M EA E X B4 (H. leaf
extracts, HLE) %= 37 > 2V 2§ HLE # $r4] 3 7| 8;]1);% ww?e LNCaP #
£ LB i [13, 14] - 24 £ 4 f5 5 P-4 (H. leaf polyphenolic

extract, HLP)¥ 832 2 ¢ % Jgpiw® A375 A= % we p g~ [15] >



HLP » sc 33 7 »xdrd] M % & #5 39 (low-density lipoprotein, LDL) ¥
frie ik imre 4 X [16] 0 113 RPN A e ANF G [17] 0 3 E0 0 o

HLE ¥ & & § 15 & :c ¥ DN 2 /84 o



LIS Sk =l R F
3.1 &4 £ X B3 (Hibiscus leaf extracts, HLE)2_ ge ]l 2 & i» £ %
3.11HLE 2 ge
FeB~& 100 g ehgz k4 F4e ~ 6 L distilled water » 14 g Y 4
#31100CH 2/ pF > BFAFrie B R MR 738 > Bimik 4 ik 0%
P2 A T s HLE » & % 5 % 50% o
3.12 3 % g 5 £ /p 2 (Total phenolic content assay)
1% A phsnph4f & 3 (Folin-Ciocalteu's reagent)® » % 7k (phenol)
¥ 23R R gp(molybdenum) s m 32 > § R ¢ cnF AR S pF o BIfis A B
Folin & Ciocalteu's phenol reagent ~ & ¢ A2 2 4% 5 chiEE%d 4F & 4 o
FRIFPPREI1g B3P - kA S48 10 mL - iF
% 19/10 mL =% & Stock 1> £ 12 1:20 z’v’ﬁﬁ% iz ﬁqﬁ? = & Stock 2 >
T 045 um R REiE /2 0 T E A HOFR R L  BERAUEE L
GA (gallic acid) 10 mg/25 mL ¥ fg ¥ ¥k » £ & %]B~ 0.05~0.1-0.15 ~
02-025mL >3 EER 5 20-~40~60~80-100pug £ &5 4c » ¥ fiz
095-09-085-0.8~0.75 mL i =& &= ¢ = 1 mL #84f - Fipl#&
SRl B Stock 2B~ 0.1 mL ¥ 4 » 0.9 mL P fiE o @ {51538 50 R
gy & B 4o~ 0.5 mL 72 N Folin & Ciocalteu's reagent ;2 £35 3 » £

v 3mL20% Na,CO3 iR 532 1ok R #F ¥ 15 248 4 » 5mL



ddH,O » 4 1200 rpm 3. 5 A 48 » B~ F i ImL v & 725 nm Rl #

OD & - fi¢* ®apyg blank o S i8 2w jF > £ B &Y § foih

\F‘b

¢
3.1.3 %% f 7 & p = (Total flavonoid content assay)
Bl EE Bz £ 02 orutin (mg/ml) 5 R &5 o B OARIA RS A BB

e crRE A 2 30%2 R HFFR AT KAEAE D 10mI 453 o4& F £ 4 0.3 ml
2. 1M NaNOz s #-3 » 2 E# % 6 445 - £ 4 0.3 ml 2 10% AINO;
R REHEE 64405 (54~ 4ml 2 4% NaOH 328 8353

A04ml 233+ K2 % R %% 15 445 At £ 510 nm T jplex sk (&
(o FRbFR) > R E 5 AR R S H AR - fRFd e 13

FwiF At ke kA 0 P01 ml k&4 09 ml T OpR s T

QF}%%&—%W jﬂ%‘ﬁ’}"b TPk B IZQ‘?"ETT:"’ ﬁi—\—w‘%im:mz'

|l

32 %R %
321 BARFTHR | Rt 222

® ok @ & 48Pz )& (streptozotocin, STZ):% % BALB/c /| &
AR TR L5 c BALB/C ] Bl s = X B A BT F 7y
4 4 (60% cal from fat)= 1% » £ & ;38 STZ o STZ ;1842 ;4 5 HE

40 mg/kg BW » ;3 *+ 12 0.1 M citric acid jf = pH B3 4.2 2 12 5

8

10



ke s XRZ G 4~6 [ PRS0 & L ERGd st 200 ul 9 STZ

AR BFAHS X oSTZHF 14218 o d B Ho BT T Ee it

(fasting plasma glucose) 2 v PR F % #&@t < 385 (oral glucose tolerance

test, OGTT) ~ iPla BRic# £ 4eipgin B ¥ BAp W ¢ 7 B F A B

(p<0.05) > it & BALBIC |- BUBE R o3 ah 3 = # o

3.2.2 geA % - &= % ¢ (Hematoxyline-eosin stain, H&E stain)
EHEEF L 2 - o I EREHET B AR E

2K 7 I+ hematoxyline #-+§ i B4+ EH & - ¥ ¢ 427 1

—i-
N

LentA o @ eosin MRS HL AR d T e p 2
B enged HIRA o e WaWEE > 2o 012 7 F B AR (100%
95% ~ 75% ) i - * = = -kjrie 0 £ 2 Mayer’s hematoxylinz & & 5
A48 s = oKk o 4o~ eosin solution & i 1 4 48 0 2 95% ~ 100%
FPEE Z 7 FRoR s EfSH [P AT R o JU R FHAEEE -
3.2.3 % Rk F9 % ¢ (Masson’s trichrome stain)

Masson’s trichrome stain ¥ * % 4 e ¥ Flenig 4 w5 ¢ ¥l
P RBAARES e TR I A i R 2 o e B anE
By R o2 ? % s BAEWE (100% ~ 95% ~ 75%) st o * = =tk
7 » £ 11 Bouin’s solution ** 56°C & Jis 15 4 48 » * = & oKk 0 &

3=t » 4~ Weigert’s iron hematoxylin = Ji& 5 4~ 48 » * = = -Kijix o

11


http://zh.wikipedia.org/wiki/%E7%BB%84%E7%BB%87%E5%AD%A6
http://zh.wikipedia.org/wiki/%E6%A0%B8%E9%85%B8
http://zh.wikipedia.org/wiki/%E6%A0%B8%E9%85%B8
http://zh.wikipedia.org/wiki/%E8%9B%8B%E7%99%BD%E8%B4%A8

+ 3 = » £ 11 phosphotungstic/phosphomolybdic acid solution ~ & 5 4
482 {sfranline blue & 5 4 48 > - 1% acetic acid » & 2 4 4815 14
95% ~ 100% F s 2 = ¥ F Wi-K » i * P03t o 1% kB A
MR T g ko

3.2.4 g3 % ¢ (Periodic acid-schiff stain, PAS stain)

PAS ¥ * *M g iRl e s ? R € T W d oMo MenTg 2o
= ® s B (100% ~ 95% ~ 75%) St o * = Sokgie o £
"2 PAS F 5 10 = 48 > * = SoRjie 0 & 4 =00 4o~ Schiff’s solution
FRE30 A~k L gdp ok B SRk 2250 R
2 Hemotoxylin * j& 3 4~ 452t -k F & 3 4 4 > Bluing Reagent #
304 0 % = Aokifie s £ 25 0 150 95% ~ 100%iFpE 2 = ¢ F s
Ko B iSRS o {1 L B RSB R
3.2.5 & & ke &2 ¢ (Immunohistochemistry stain, IHC stain)

IHC 1 * il inE - PR L2 FM IR T R I hit FHF
TV hwte e R PRI R Y REETAE N ARE o
Ldee BT P P F B S (100% ~95% ~85% ~ 70% -
50% ~ 30% ) %iuf > * - = }"P #& > & 4v » Peroxidase suppressor & &
30 ~ 4 - * wash buffer ;i 3 # 48 - & 2 =t » 4c » blocking buffer

F 30 A48 4 » - gl 5 i 30 ~ 48 0 * wash buffer 7% 3

12



L0 R 250 0 Ao 2 g Rl 30 4 48 0 % wash buffer ik 3 4
48> = 2= & 4 » 1X Metal DAB Substrate Working solution * & 10
& 4a > * wash buffer ';—;“y‘;t 3480 X 2K F oz S oRF BRI
3 g £ 4o~ hemotoxylin & Ji 2 4 480 11 = ookl B BT
£ * wash buffer jjie 1 248 > 800 = =0RiERL S 3 FH B g7 0 &
s * Mounting Medium 3t 5 > & % & & & ficsn g% 3545 o
3.2.6 & * & BL:x (Western blotting)
3261 v 37§

F=8~ 100 mg %% » 4¢ » RIPA buffer (150 mM NaCl ~ 1% NP-40 ~
0.5 % deoxycholic acid ~ 0.1% SDS ~ 50 mM Tris-base > pH 7.5)%s » £
4v » F-v Fer4]#(1 mM sodium orthovanadate ~ 100 ug PMSF ~ 170
ug/ml leupeptin) o v/ 35 F A 2 518 4o~ Fed BEFRFIA] > 2T 4C -
12000rpm ™ . 10 4 48 $F + ik o 12 BCA protein assay Kit 2

2 562NM | T3k EX S v B AFEFY E o
3.2.6.2 Western blotting

VR DR RR BT R AR - R kI
REAE £ 40~ loading dye » #-#7fie B cnfk & * 4c# B 12 100°C 4e £ 10
BT H RS A e o 0 B%R P Y A= ¥ (polyacrylamide gel
electrophoresis, PAGE):& 7 70 k#Feh@ B A 9= > xd » 3+ &

Bl Ao TR KR A YIRS B P  pRIRE A T

13



AW A PR oam s > BRI RENEERY O TR
100 k3% 100 A 48 13 3-v # 57 IRV L 58 a0 b o B Br o A ) 1L gk
MR LR s T AT e WA £ 0 TBS (tris-buffered
saline)#-iz 4 i - 3 Xz b9 gt e — B FFs 1 TBS
+ tween Fik= =k 0 Ext A4 e 4~ — F20 4CT F & overnight
8 EAF G I fe 2 F RS B R - ] RS EAF L
Ay B oo KAERA] ECL 4c fpd it g an o % 4k ikdpdk o BtS
AT S EIFEN T P REE Y FAR

3.3 m% P %

3.3.1 w3 &

v oo B SkIR R OR e SVAOMESI3 1 L R % 0 95%
Dulbecco's modified Eagle's medium/Nutrient Mixture F-12

(DMEM/F-12) % ;% » # *t4c 1.5 g/L sodium bicarbonate ~ 14 mM
HEPES ~ 1% penicillin> pH 7.2~7.3> £ 4c + 5% fetal bovine serum (FBS)
L & A o 32 % & 75 cm® Nunclon™ delta treated flask # » &
1l 37°C 5% CO, BB EE i 23 3% { H#- %R
57 p %X mPe — =¢ o
3.3.2 in% 4 B AL

#-imre gz &Y 6-well @0 2 & B owell 12 w3 i SRR RROTAT

2 mreBcE s > & B owell ¢ g~ 5X10° Blawre 0 BFime 2 > REEE

14



P AR 16 PBS ik mie o F 4o~ starvation medium (% 7 3
10% FBS 32 % i ) w 5% CO, 2. 37°C & F1nif s % 57 24 /] P s
" PBS Biklmte o & K iR w e 10%FBS s ik 0 F B
well ¥ 1230 mM % # % #&(high glucose, high Glc) &2 SVA0OMES13 ‘w
7 HORE B WA SRR TR R 2 e HE5S A w4 ~ 7 e AR 2 HLE
B B%CO 2 STCRAFIEER Y B % 24 o

3.3.3 %2 13 % R|3E(Cell viability assay)

-5 B enimie £ B well &~ 4 25x 10YmL e 3 & = 6-well
Mo EEHE0g AT AP %0 5% CO,37°C SE R TR B
& 24 o) PEis o B3 %% { #2 5 starvation medium :E {7 Aok g2 > T
T EEHTF B2 Z By VOB ART LS Uk
B Glc 2 HLE £2 24 /) pFis > 2 ‘5 FAP bR X oine
Yz & >t 1.5 mL eppendorf ¢ » & 2 Pl (propidium iodide)% ¢ * & * ;&
;4 w92 % (Flow cytometry) (Merck):g 7 fm % 3+ #c o 15 RJR 18 tnlm e i
trypsin-EDTA £ % » #1032 %% ¢ foid e ™ ko> e me {0 4
~ 1 mLPBS Bk L = gt 4 » 300 uL PBS 7 & 353 143~ 10 pL PI
4 #](0.5 mg Pl # % 7% %t 50 mL PBS)4r » fm?2 32 % ¢ » @£ F 3+
PED A& AT e s AR o e g SRR Pl % d X

Flow cytometry i& {7 > Pl ag %+ 5= ez » e g2 % L 3 = FFiwoe

"

15



WoeE fmie o 4 o FILE RIE MBI E E e i o
3.34 # % O % ¢ (Oil red O staining)
i OG- fAFRS A& H3 kg R AR 04 o P s
PAfR 2 R 4 ’%gé Ad ehind AMBEFLITE T N A T2
» ]t Oilred O 5 2473 %4 - #-oilred O A3 B A
fEpe = Smg/ml 2 Rk £ 4e » = Sookokez fE 15 50 2 1802.0.22 pm
iR g P B e R A o Blwme 1 PBS Bk 2 X 0 4~ 10%
paraformaldehyde % 37°C g #5¢ #1230 A48 5 2 {54 » il giF 2
oilred O A &> 28T F RIS A4t me R d » LU PBS.&2 54
A B EEAEREEFRE2I RS BESLA TR
PEER-AAE T T RE BB 2 AR L BB ImlIE » 9654 o

£ 2 ELISA reader & Rl £ 492 nm 2 sk (@ o Vg A I LR

\TH
Qn
o

3.3.5 e p B 1§ (Reactive oxygen species, ROS) 3 & B Z_

v AT RIL 24 ] TS -5 en medium 5% 0 2 PBS ik i
i £ 4 o~ & F 9 medium > #E F L B w e 2 50 pM
dichlorofluorescein diacetate (DCFDA) &2 » £ *xw 5% CO, 2. 37°C &

¢ igd 4 L o1 ] pFiS > %% 3 DCFDA 1 medium #

1:M
—-)M

e

x/% ' 12 PBS ik e {6 £ 4e » T F ehmedium » ¥ #-dn e 4 4 Uk

16



F1Glc 2 HLE > £ 2%w 5% CO,2 37°C 2 FERE A Y 2 2

£ o324 ) PFELS o 4o~ if B etrypsin e N EE Y F R 10 2 480 @
W RE B 7% BT {8 4v ~ 5~10 ml s medium 12 3 b trypsin enk R T g

wie > LR D 15 mL s g ¢ 0 3% F 2 1000 rpm A 5 A48 1S

3 %J Gk o £ 10 PBS Grieimiz i b 48R T DCF ¥ k£ R > T ik &
w2 h ROS 93 & -

34 BRG I HIELIT

3.4.1 pg#%:R & pF (Aldose reductase, AR) v & 17p] %

%+ Tong GUIE 4 &7 & 4c 10 18 2 » P4k Fn ;% 10 pb (7290 pL
750 MM PPB#-f#) & % % 55 i% 20 L (12 80 uL <50 mM PPB###1) »
4v » 800 pL =vreagent buffer (0.4 M Lithium sulfate =10 mM
DL-glyceraldehyde);® =353 » £ {& 4 » 100 pL70.1 mM NADPH » &
B E 340 nmTRI1A 4B K (P 1t o AR E M= (F S AR K
- Blanken Ak &) x 10° / 6.22 x & ®(uL) x ¥ & v B
(mg/mL) - ¥ i+ % 5+ : nmole NADPH /min/mg pt -

3.4.2 % #(Fructose) 3 ¥ ipl %_

iF * pp BioVision=nFructose Assay Kitig i 4 47 » 4 3450 pLen

2 R 4 ~well? o B4~ 50 pL reagent(z 7 OxiRed probe -

enzyme mix ~ fructose converting enzyme) > *+37°C™ 32 & 11 -] & > I

17



* 4k kRGP R B70 nmek sk B o JE R 3 E R ek E L
»e v e B R B R g o B inmoled 7
3.4.3 % #v&(Fructosamine)is 14ip] Z_

SRR f Y d 2R R R R TR T ) S
(FR#: Fi&io dd > XERPLII9%) > v Fpr1-3B 5
Tk R R DR Lok ¢ RMEIRE - AL A TR S5 K
EiET Sl 5 R R4 7 #w § ek F(nitroblue tetrazolium):g & =
% ¢ cformazan » B 4 = 8 & Rk R = b oo 5 d jp] % formazan
13 3§ T RS R S R R
3.44 ° & v = g (Methylglyoxal, MG) 5 & ip Z_

P ARG F o BB ) Red fI% T e S P EAEE
e (OxiSelect™ Methylglyoxal (MG) Competitive ELISA Kit):i& {7 ~ 47 >
MR 4e ~ A 4549 5 L 4e ~ anti-MG - B4Rl > i E 4c ~ HRP
= Rl 0 Bots A A sk kK 2 450 nm ok & 18R] > ¥ MG-BSA &
BREERVHEEENRYEMG ;£ o
3.45 # 9 F i Ak (N-e-carboxymethyl-lysine, CML) z £ Bl 7_

iz * CircuLex CML/Ne-(Carboxy -methyl) lysine ELISA Kit :& {7
A 450 AR 50 pl R 5 & - 4 S 50 ul anti-CML-adduct

monoclonal antibody ;® 3 {& 4c » well # > 28 T3 % 1] FF> 12 wash
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buffer ;2w = » £ & %4 » 100 puL =7 HRP conjugated Detection
Antibody > 28 T3 % 1/ pF > £ * washbuffer ;2w =% > £ 4c » 100
uL = Substrate Reagent> % /8 T %k 32 % 10-20 4 45t 0 £ 4 » 100 pL
stop solution » B/t & 450/540 nm ¥x sk (& o Jk B3 E LpE R SR
kg oo Ao~ B8 2 K172 four-parameter = 425% » E CML kA
(ug/mL) -
3.5 %uit(Statistical analysis)

r4 Sigma-Plot i %8 4 47 #icdz > mean £ SD # 51 -] * t-test-Unpaired

R It L B o U*4& 57 P<0.05 ** 4+ P<0.01-
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Fri - BEEEH

41 A EXBF L L4

B Table 1 7 4v > 12 2 & 4 7R {8 /2 4 & % B~ 3 (Hibiscus leaf
extracts, HLE) ¢ 4 % f=(total polyphenol) z € )5 52+ 0.1% ; 2 &%
% fk (total flavonoid) )% 21.0+ 1.7% > 4~ H rezuie# £ 5 § 2 455 o
(flavonoids)z. % B~ o
4.2 F¥ it HLE $3 443 STZ 3% %@5%}5};)';; ?‘-‘}ﬁs%d‘ R g2 ivEfokk

2ZHF

F A I * 4Pz ] A (streptozotocin, STZ)3 4 ¥ s ¥ %
(diabetic nephropathy, DN)z_ # 4= -5\ » & 4~ & % 4 (1) control group
(I1) STZ group ~ (I11) STZ + 1% HLE group ~ (IV) HLE alone group - §
SR RT AR STZ % - HLE o2 & F 7 T adpihe
# F% % (blood urea nitrogen, BUN) ~ »fi& fi=(creatinine, Cre) 7 £ " &
i (Table 2) o o A& PR ¥ £ 7 % 458 7 71 #(fasting plasma
glucose) 2 § % #Et < ip|:&(oral glucose tolerance test, OGTT) . #& % i
TR GHP » & STZ FEe?P v P EEZT]F L EEE(Figure
1A) > 11 2 %18 OGTT & 4T § $ * 424 w2 48% (Figure 1B) > &
AR oA 2 A s wt ¢t > DN ¥ e k-9 Fdp kR 2 SDS-PAGE &

(7 /¥ ¢ 39 (albumin)z £ ~ 15 > 4 Figure 1C ¥ gL 534 % o ¥
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aloumin 3¢ Z I EH 4 > HLE ¥ 3g F Fra|H £ 0 o P A 4738% ¥

N @ pbat 5 4135#9’}31— RO 5 i a

FTILSTZF A $E 844D

AR R G E MA R sk o A

® 2 Hedi 0 1% HLE e 4mil &

HLE ¥ 3 »xérdrd] DN g B o
4A3FH HLE ™ STZH B/ TH R 8¢ TReERHEEN

2B

;‘gr_i Bop R L B2 THREMEE YV KA RS

(hematoxylin and eosin stain, H&E stain) 4 ¢ » & STZ 3 # 2 %] 2. %

DR A TR AR B RS HERAT HLE &3 TP Ry

iR ﬁ;Jﬁs Z (Figure 2A) - 13 § 1 pE3E 4 ¢ (Periodic acid-schiff stain,

TUFRT S ¥ o T

5 L 2,

PAS stain)» 7 STZ e enF i 5 ¥
B F G MF huwve iz~ X d(atropy) 2 BT a1+ (fibrosis) -

LR B RAR G PN 83 1% HLE (4 B Rw A D ¥ dn b

rﬁ'ﬁ—zli(Figure ZB) ,'—Jr_'é\, I 1‘11 ’ %"Fﬁiié%k)]%ﬂjy J_TI. 74‘ 3 Aa\’f’?&;l‘ﬂ- HLE

REF R B A A ARSHE 0 3 BTG ol )
A4 HLE $15 STZ A BB AR TH R L &Y TREFLIBG

RIE2ZFHE
#FA Y LA 2B F 4 ¢ (Immunohistochemistry stain, IHC

stain) 1 p] T 5E e F ¢ g forg F % d(lipid metabolism)3 14
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ZFRBPEFY ARET 2 STZFEFe 0 BEFREF P D
anti-a--F 7 ~#* }-v (a-smooth muscle actin, a-SMA) ~ anti- % 4 ,9_3%\; 4
£ F]+ (connective tissue growth factor, CTGF) ~ Ff:4 &~ ~ 2 % & &~
v 1 (sterol regulatory element-binding protein 1, SREBP-1) % 7?3 %5 f4 &
p= (fatty acid synthas, FAS)# £ |24 ¢ & s (Figure 3A) » 1t ¥ Ja
FAME 2 ma A HLE RIS 5 #rdl & i 4 3 2 2 48 % (Figure
3B-E) -
— H AT E B TR R A R, 0 0 F S & B2 (Western
blotting) » 17 # A % G TR SApM AL+ > & Z L 4 £ 73
(transforming growth factor beta, TGFB){= SREBP-1 (Figure 4A) - % %
Mor STZ AFed 3 439 2REHFF LA A HLERR 2 RIP &
W 4R ABIT AT PR 2 & T (Figure 4B) o 12 F B P pEdE R R pE
(aldose reductase, AR) +* 7= 1+ ~ % #&(fructose) 7 & ~ % #&"=(fructosamine)

&~ 7 A ¢ - pe(methylglyoxal, MG) 2 £ ~ % 7 A& i i

(N-g-carboxymethyl-lysine, CML) z & p] 2 % = /2 A 7 T e 7 3
W T2 R 2 By HLE 2% 2 5 e 3 4% g o2 o

»o Apt STZ 38 » HLE Rk w TR ? AR v - % 4%
ZE -~ FBERERI-MG 7 £ % 5 B F T "% (data not shown) °

ASHFFH HLEHMN BB FFTHF Flow s 22 B P
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Y- 26 weF s T FF @k (renal mesangial cells)
SV40MESI13 &2 # & € 9% % #E(glucose, Glc) (0~5~10~15~30 ~
50 mM)E Jis 24 -] B 11 # i 3N smve k (Flow cytometic assay) i {7 %
7 7% 4 7 (cell viability assay) o & - 2% BT AP RIS 2 At 2 B
& & Glc (30 4r 50 mM) ke & 41> SVAOMESL3 im¥e 2. 4 £ § $af &

erdr ] 5% (Figure 5A) » F)pt GrE w4 £ 2 4 B F B8 Gl

=

|
£ 30 MM 1T 5 i e 4R 5 H05S 2 B ke ke (high Glc) o gt ek s a2
7 kR e B4 HLE (0~0.1-05~1+~5+10~50- 100 pg/ml)i
72 SVAOMES13 ‘mPe 87 3o~ 17 B 5% % A8 k& HLE (50
{2100 pg/ml) & B & 2 e 4 (- (Figure 5B) » F]pt (s T REHR &
iz & 422 HLE JE & # B(< 50 ng/ml)ig (74734 o Simie 3 (s b
FEH RJLHE s 0 o7 Flow cytometic assay 4 #7 fm%e 13 7% chld %
z # g - (Figure 3C) » tm?e EJZ highGlc 4 F /= F M &S X » @ & &
2 HLE ene ] plic § saiiimie > w555 0 2 24 kR
Rl aEd
AGHFF HLEH B BEEFTRF Floe g Fiaff2 BF

- 5P 2 O % J (Oil red O staining) 4 45 » A B Acsd ™ &
% 877 & high Glo A is 2. SVAOMES13 im® i ¢ b jf P B 4

(Figure 6A) » 4e P~ & {s 2. £ 1 &%+ P & + 2 (Figure 6B) ; @ 11 %
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fF k&R HLE (5~10~20 pg/ml)ad@is » ¥ imiz P 2 d g2 2

» 2B i 2% P AT R (Figure 6B) 0 Flptdadm HLE a7 3t i<

|

SVAOMESL13 ‘m¥e ¢ *g 35t fh 2 i35

4.7 3%

ik

e

AR R AN 2 bk S HLE #tE it DN 2 #2717
1be B FERL STZ i 3/ Bl F 5w it ¥ fodd fam g > 1o

2 HGET ) FEGE BT AR RPN G pdo A HFES

J

DN H5% e e hfm g @ » 463 HLE = (567 B F e d T il fofc e
BOAk o RTARGARR L F P B SE 3 e sk A 17 HLE
TRHIBEAFTTRET Fwore 2 £ 5 VRS BT T RIRE

Bt ig sl o B > APk HLE £ § TR wme 4303 81

Ak E G B HLE 5 53 T i ot 328 als o
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Table 1. Composition of the HLE

Polvphenolic compound HLE (%%)
Total polvphenol (Folin-Ciocalteu method) 52+01
Total flavonoid (Jia method) 21017
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Table 2. Effects of HLE on the serum biochemical parameters of mice induced by a HFD combined 5TZ treatment?®

Control

variable? sroup STZ group STZ + HLE group HLE group
BUN (mg/dL} 2002232 34.67 £ 0.894 2590+ 3359 233+£393
CEE (mg/dL) 031003 0.42 = 0.04¢ 0.33 £0.03° 031004
Triglvcerides (mg/dL) 15461 =16.10 14792+ 787 913390 136.25 £ 17.38
Cholesterol {mg/dL) 146 08 £ 17 .44 199.54 £ 20 654 16030 =3 54 13000 £ 744
LDL-c (mg/dL) 6227516 83203964 7130+ 7.78° 66.60 £ 0.35
HDL-c (mg/dL) 34151061 67.67 = 9.36° 81.67x252¢ 3133 +£7.15
GOT (UL) 188.78 = 16.61 217.80+33.194 171.50+£9.19 22130 +=27.38
GPT (UL) 41 88 = 11.68 4350636 4300+ 7.07 4875907

TEach wvalue is expressed as the mean = 5D (n = /group). Duration of the expenment = & weeks. Fesults were statistically analyzed with
Student’s t test. # LDL, low-density lipoprotein; HDL, high-density lipoprotein; GOT, glutamic oxaloacetic transaminase; GPT, glutamic
pyruvic transaminase; BUN, blood urea nitrogen; CRE, creatinine. “p < 0.01 compared with the control group.9p < 0.05 compared with the
control group. *p < 0.03 compared with the HFD + 8TZ group_/p < 0.01 compared with the HFD + STZ group.

28



Fig. 1
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Figure 1. Effect of LSE on serum glucose level and urine protein level of albumin in DN
model mice. HFD combined STZ treatment-induced the DN model mice were treated with 1%
HLE for 6 weeks. The fasting plasma glucose (A) and serum OGTT (B) were detected. (C) The
mice were sacrificed after 6 weeks, and urine was collected for analysis. SDS-PAGE analysis of
albumin expression was carried out with urine from them. The quantitative data are presented as
mean = SD (n = 3) from one independent experiments. #p< 0.05, ##p< 0.01 compared with the
control group. *p< 0.05, **p< 0.01 compared with the STZ group.
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Fig. 2
(A)
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Figure 2. Effect of HLE on kidney histopathology and pathological changes in DN model
mice. HFD combined STZ treatment-induced the DN model mice were treated with 1% HLE for
6 weeks. The mice were sacrificed after 6 weeks, and kidney tissues were collected for analysis.
Representative images of kidney sections from different dietary treatments (n = 6/group) stained
with H&E (100X, upper panel and 200X, down panel) (A), and PAS staining (200X) (B) to
display the renal histological abnormalities.
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Fig. 3
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Fig. 3
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Figure 3. Effect of HLE on renal protein expressions of fibrotic factors and lipid
metabolism regulator in DN model mice. HFD combined STZ treatment-induced the DN
model mice were treated with 1% HLE for 6 weeks. The mice were sacrificed after 6 weeks,
and Kkidney tissues were collected for analysis. (A) Representative 400X images of kidney
sections from different dietary treatments (n = 6/group) stained with IHC of a-SMA, CTGF,
SREBP-1, and FAS. Statistic analysis of relative area of aSMA (B), CTGF (C), SREBP-1 (D),
and FAS (E) expressions ia presented as mean + SD from one independent experiment. #p<
0.01 compared with the control group. *p< 0.05 compared with the STZ group.
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Fig. 4
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Figure 4. Effect of HLE on protein levels of TGFB and SREBP-1 in vivo. (A) HFD
combined STZ treatment-induced the DN model mice were treated with 0.1% HLE for 6
weeks. Western blot analysis of TGFp and SREBP-1 protein expressions was carried with
the tissue extracts from them. (3-actin served as an internal control. (B) The quantitative
data are presented as mean + SD from three independent experiments. #p< 0.01 compared
with the control group. *p< 0.05 compared with the STZ group.
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Fig. 5

(A) (B)
140 140
120 120
A A . 1171
E\O/ 100 — L 9\1 100 | L l i #H #H
E 80 - E 80
8 3
.S 60 .g 60
E 40 % 40
20 4 20 4
o T T T ’ ’ 0 T T T T T T
0 5 10 15 30 50 0 1 2 5 10 20 50 100
Glucose concentration (mM) HLE concentration (ug/mL)
(©)
Glc (mM) - 5 30 30 30 30
HLE (ug/mL) — - - 5 10 20
e ]
140
120
*
o T 4 *
X 100 # T T
N
= w0 -
%
S 60 4
8 40
20
0 : : : : : :
Glc (mM) 0 5 30 30 30 30
HLE (ug/mL) o 0 0 5 10 20

Figure 5. Effects of glucose (Glc), HLE alone or in combination on cell viability in
SV40MES13 cells. SV40MES13 cells were treated with various concentration of various
concentrations of Glc (0-50 mM, A), HLE (0-100 ug/mL, B), or 5 and 30 mM of Glc in the
presence or absence of indicated concentrations of HLE (5, 10 and 20 pg/mL) (C) for 24 h.
Cell viability was measured by flow cytometric analysis. The results represent the average
of three independent experiments + SD. #p< 0.05, ##p< 0.01 compared with the control.
*p< 0.05 compared with the 30 mM of Glc alone.
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Figure 6. Inhibitory effect of HLE on the Glc-induced lipid accumulation in
SV40MES13 cells. (A) SV40MES13 cells were treated with 5 or 30 mM of Glc in the
presence or absence of various concentrations of HLE (5, 10 and 20 pg/mL) for 24 h. After
the incubation, the cells were stained with Oil Red O and then observed under the
microscope (200x). Panels show (from left to right) 8 X 10* cell/mL, and 6 X 10* cell/mL
cell density. The red droplets accumulated in the cells were indicated as the stained lipid.
(B) Adding 1 mL of isopropanol to the stained culture dish, the extracted dye was diluted
5x in ddH,0, and then its absorbance was monitored at 492 nm. The results represent the
average of three independent experiments £ SD. #p< 0.05 compared with the control. *p<
0.05, **p< 0.01 compared with the 30 mM of Glc alone.
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