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and Renal Dysfunction in Type II Diabetic Mice

Jung Joo Yoon"*¥ Yun Jung Lee"**, Hye Yoom Kim"*?, You Mee Ahn"*?, Xian Jun Jin"*?
Mi Hyeon Hong"*?, Jin Seok Hwang'”, Ho Sub Lee"*?, Dae Gill Kang"**"

[}

1 : Department of Physiology, College of Korean Medicine, 2 : Professional Graduate School of Korean Medicine,
3 : Hanbang Body—fluid research center, Wonkwang University

ABSTRACT

Objectives : It is well known that Sibjotang (Shizaotang), traditional herbal medicine formula, regulates the body
fluid blood pressure homeostasis, This study is to investigate whether Sibjotang improves diabetic renal dysfunction
in type II diabetes mellitus animal model, db/db mice,

Methods : The animals model were divided into three groups at the age of 8 weeks; control group (C57BLKS/J—db/m
mice), diabetic group [(C57BLKS/J+Lepr)—db/db mice], and Sibjotang group [(C57BLKS/J+Lepr)—db/db mice +
Sibjotang 100 mg/kg/day]. During 8 weeks of treatment, blood glucose and urinary albumin excretion were checked
in metabolic chamber at 8, 12, and 16 weeks of age, respectively,

Results : Body weight and food intake of diabetic group were significantly higher than control group after 8 weeks
administration, However, there were not significant different between the diabetic group and Sibjotang group.
Urinary albumin excretion was significantly decreased in the Sibjotang group than the diabetic group. In addition,
supplementation with Sibjotang significantly lowered levels of blood glucose, insulin, and homeostatic model assessment—
insulin resistance (HOMA-IR), suggesting reduced insulin resistance, The ratio of mesangial matrix/glomerular
area was markedly larger in diabetic group than control group, whereas Sibjotang significantly reduced this
expansion, Moreover, immunohistological study revealed that Sibjotang attenuated the increase of transforming
growth factor(TGF)—p expression in kidney.

Conclusion : Sibjotang ameliorates diabetes—associated renal injury through the improvement of the blood glucose
and insulin sensitivity, and inhibiting the TGF—f£ 1 expression, Therefore, Sibjotang may be a new therapeutic
formula for the treatment of diabetic—associated renal dysfunction,
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P2 f2(kF)Q 47HA AR Y B3 Agoz FE
ZAGEMHR) Q) [Aa2(gkn] o Ae 712 ol ook, HAlY
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289 A% F 7 g2 HEE A gz S,
Z(Zizyphus jujuba MILLER)= =3} ¥4, H&E,
Sof ofg] RS L Aoz gHA kY, O JRo
30 9] alkaloids, saponin, triterpenoid, Z12]1 polyphenol
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SO Ty A £33 " A= A8E FHol gl
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I. A= 94y

1. A& Az

A2R(197.5 g)& AY FE2HE o8&ty Az
H32(Euphorbia kansui, 37.5 g), *&(Euphorbia pekinensis,
37.5 g), scft(Daphne genkwa, 37.5 g), 181 kZE
(Zizyphus JUJuba 85 g AzxdH AL dfdgw ikt
oA LYe & AAMsto] ARSI H e, S/ 2,000
le7]’ a°19l“ WZ717F ARE AzEetaae g2 £ 120
g 2Zd2 3,000 rpmlE 30 B3¢
TAE IJA4 FEUNR AY 5T

[}
g 2£E(HBG-132) 44 g (58
o}

A
A FEAY 289939 $2de dof Ao,
SERY #AL EFAY. F9Y $£3A db/m A
(C57BLKS/J)&} db/db B2 (C57BLKS/J—Lepr™)E central
Lab. (Seoul, Korea)ollA Agio} Ao ALgstATh 85
Fo| HS o th2} o] 10 utE]H 374 1FoE FA9R
FEIAT 13 ¢ AT (db/m UFA), 23 | GeHET
(db/db H}F-2), 3¢ AR FoAF (db/db uH-2, HRH,
100 mg/kg/day). AE7I1ZF 5 4ol A= AFEA A
AT 5 J=E st A, Aol € 28 FHF wiF &

goiglon, WY, AN, 4T U AALL 450 gl
S, AFYS = o dwt 42 2 2 00 4
50~60%2 §A stgon, 12417 7t 2 A4 g 2= 3
et

3. Wel 5%

Hte nfe Aol maE]AWo] A&l A Onetouch® Ultra™
Blood glucose Meter ¥ Test Strip (Life Scan Inc., CA,
USA)E o]&3t S5ttt £44k2 Onetouch® Ultra™
Blood glucose Meter®] $~2E mg/d¢ 2 el gich,

1 2A26E 9 AW BF 27

AL 3,000 rpm e 2 20 & T YAHAEs L, &
v]2 4] Hitachi 7080(Hitachi, Japan)& AM&3stgich %
A2 e} B3ty 3= 85 B¢ F =
Ao 2 uopxjul o BA5HY T ufe-A Ao et serum
total cholesterol (T—protein), total cholesterol (T—Cho),
triglyceride (TG), low—density lipoproteins (LDL—c),
high—density lipoproteins (HDL—c)2] € Hys}std +x&
ZA3FHTt.

5. A3 AIA

A

Iy
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o

ol A9 A EEZA HOMA-IR (Homeostasis Model

Assessment of insulin resistance index)E ©]-&3l¥.oH,

1 A4 HE L ofeet 2o

Fasting serum insulin (zU/m¢) X Fasting blood glucose (mmol/L)

*HOMA-IR =

22.5

_ Fasting serum insulin (ng/mL) X Fasting blood glucose (mg/dL)

6. PAS &M
A& A& 23S 10% T2 (pH 7.4)9] 3 & 14

A F, FAEA 24 Yol doldls Z=2EaE AAS
50% &ZEAAEE 100% EZE7HA| = A4 +£0F &
31 xylene2 2 &8¢t #atd JERHS AR
Zojste] E55 At o|EA FH|dE H2td ER
344 ¥E7] (Microtome; Thermo Electron Corporation,
Pittsburg, PA)E AH&-3te] 3 me2 A& F &go|= 9|9
B3 A7 AWL WS 0|2 periodic acid—Schiff (PAS)
HAE ot FEEn|F o2 WG (BX41, Olympus,
Japan).

mlo -101'

7. Immunohistochemistry &4

Azd A% AL 4% paraformaldehyde &Ho] g7}t
4Co)A 5 A7 AL, 30% sucrose LMo RAL A A
AlFTE, &AL OCT compound (Tissue—Tek, Sakura
Finetek, Torrance)ol 21 %43} 20°Co|A 523 £ cryotome
SME (Thermo Electron Corporation, Pittsburg, PA,
USA)E o]83te] 4 me] FAZ FPstA JEEHS WE
% poly—L-lysine &} o2 AT Sfo|=I s fjof F
AT A2oA s 78] AEAY o) g3t 70T

o4 R¥stETh HISTO-STAIN®-SP Kits (Invitrogen
Inc, USA)E AF83}9] [strept]Avidine—biotin W'HS o]&
sho] G JEBOP"‘:} AHo] 9] 9le &F|EE A2
1 /\]71' A= ARAZ] & PBSE 34 /\ﬂ’”{ T Wil A

=
3% hydrogen peroxide &2of ¥o] 1 E7F 420 ®X|F
Ak o]F =& PBSE 3H AMZHF thZ 10% non-—
immune goat serum< AME3He] 20 B E<F WS A|A 3A| 9
H|Eo0]3 ZE-S YA Blocking antibodyE A|A%H H
Transforming growth factor(TGF)—goll Z%&3}= mouse
monoclonal IgG (1 : 200, Santa Cruz Biotechnology, USA)
= F& ARl 22 4ToAA =" T WA SAT. &2
o|=EE A& tt2 o]x}gA|2l biotinylated secondary
antibody©l 20 & & A4 ¥WHEAIZ] F PBSE 5 &4
Al A ANHSE Y. Horseradish peroxidase—conjugated
streptavidin®] 30 & ¢ ¥k-2A]71 & PBSE A ¥ A &35}
gtk 3—amino—9—ethylcarbazole(AEC) chromogen®}
hWMAtoxylin (zymed, CA, USA)2 o83l AAA7F St

405

LA TS EEto]| B8 32+ Eofl Ho] ¥Hg-& FAX
BTUAE TSttt 2o dEA=s FEEuFL
2008 AlofellA] TR & AXE FFstsrt (BX41, Olympus,
Japan).

f ot
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. SAAE
A 419 5942 A Z3E SigmaPlot 10.0 T2
OWE o] 8319 Students t—test Y+ one—way ANOVA
testE &3t p7h0.05 o5kl A9 -3t Aol = HAsTt

oz i

1. AZs}, Aol @ 52 4

8F S<¢te A A¥7IZE B9t db/m 23} HZFPE o
db/db & EFA BFreFAN BHE o U o SAE
Btk Ax" F2E RV 549 AFY #E A
271 98 wiE AFE SAsHA. 2 23, AT db/m
T3 ¥ E e ), Gd db/db FollA HFo] 525k
F7HE AL T T 5 Utk ol AF 71T 5 4o]
AHFAAE FAR 275 Uehigdch 2=, db/db &
78] Aol dFFE FY3%t AolE HolA grgten, whEhA
A2 FoEs AFY S & %S AR g ALeR
AtE "ot (Figure 1), W, ofF Fo] 85 F¢to &8 44
FZ Tt FEE oA ZA UM B3 AxgE
Bt FoA §951A FAArEE AL Bt (Figure 1,
P<0.01), T3, AY £7 T Z} 79 body type @ waist
line o] Ftol v AT Fof FollA EATA HaE

o2 & 4 Ut (Figure 1),
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P<0.01). 4AAT FE5A3A 9 &3] T-Bilirubing] 3
FES g (140.41+2.63, 2.10+0.16)0] H|&] A=xE
REoolA Z+zF 115.75+5.20 (P0.01)3 1.51+0.26
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(P{0.05) 0.2 091517 Z+A3HATh (Table 1), L} BFo
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Figure 1. Changes in (A) Body type/Waist line level, (B) Boby weight, (C) Food intake, and (D) Water intake in non—diabetic db/m and
diabetic db/db mice treated with or without Sibjotang for 2 months starting at age of 8 weeks. Data are shown as means * S.E.

**P(0.01 vs. db/m mice; *P0.01 vs. db/db mice.

Table 1. Effect of Sibjotang on lipid profiles in diabetic do/db mice.

db/m db/db db/db + SJT

T—protein (g/d¢) 5.08+0.12 5.87+0.14 5.54+0.14
T-Bilirubin (mg/d¢)  1.12+0.12 2.10+0.16" 1.51+0.26"
T—Cho (mg/de) 62.75+4.81 121.83+12.61  97.38+16.50
TG (mg/de) 62.83+1.53  140.41+2.63  115.75+5.20"
BUN (mg/d¢) 18.36+£4.81  22.63+0.88 22.25+1.16
LDL—c (mg/d¢) 17.30+3.35  50.61+7.52°  43.13+11.39
HDL—c (mg/de) 53.44+2.69 53.00+3.89 54.25+5.36

*T—protein, total protein; T—Cho, total cholesterol; TG, triglyceride;
BUN, blood urea nitrogen: LDL—c, low—density lipoprotein—
cholesterol; HDL—c, High—density lipoprotein—cholesterol. Values
are expressed as mean * SE. **P(0.01 vs. db/m mice;
(0,05, "P¢0.01 vs. db/db mice,

3. A% 71 7l nAE 9F

Azgol A% 71s Al niAle 9l dis) dori]

Sf3 OB Fo 0, 4, 850 24N7 = F o k= F F¥U
WAFE ZYstac. T AT, 4P 7% B PRI
Bl wa fole 218 Hom, YRGS Fold 2

A £ 85 A 94 A FaFE Eot (Figure 2,
P<0.01).

U AP (= a7}
7t A 28 Jx mA db/db uF
29 @d'oﬂ H2 = G gotr] {3 oFE Fo 8574
165747 4500f 3t F5 & &4 stk A AlF Al
TE G RE APFOIA 90-110 ng/dt $EO2 7 7
78] & Aol Hol Askovt AF AZF & G Fof A
4% F7HE BREen, 1254 F93t 371 @A A TR
A7 A&aA F7Fehe s B9t (P<0.01), ¥HE,
ANEFE Tt FolAs Geato] v Fo3 FAE HAE
ok ohlgt 1 F7hE0] JAE= RS AR 71 Ul 3
+ AJAt (Figure 3A, P<0.01). =3 Q&3 Aol digt
A2 TS gotiy] 98 €5 ded 5% % o|& H
goz 3t o&d qsw &2l HOMA-IRS A &3t A},
2 Foll= Estal Fetol A @A
7He Bylom, ‘JZ‘—%" 01‘701]/‘1 T2 ZagE e
Figure 3B, P<0.01). HOMA-IR %t ¥A] JFoA
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Bgael vlsh 4u) 74F M-S BT, Y2G Folo o3

oF ou) A% 7439 (Figure 3C, P<0.01).
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Figure 2. Changes in Urinary albumin excretion, in non—diabetic do/m and diabetic db/db mice treated with or without Sibjotang. A 24—h
pooled urine sample was collected in a metabolic cage at 8, 12, and 16 week of age for each mouse. Urine samples were processed to
measure urinary albumin concentrations using a competitive ELISA. Values are expressed as mean *+ S.E. **P{0.01 vs. db/m mice;

*P¢0.01 vs. db/db mice.
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Figure 3. Changes in (A) Blood glucose, (B) plasma insukin, and (C) HOMA—IR in non—diabetic db/m and diabetic db/db mice treated
with or without Sibjotang for 2 months starting at age of 8 weeks. Overnight fasting blood glucose and HOMA—IR were determined as
described in ‘Material and Methods’. Values are expressed as mean = S.E. **P(0.01 vs. dbo/m mice; *P(0.05. #P{0.01 vs. db/db mice.

5. AAre] 27 wWalskA
g s 24

A 2% Temo] X Azl AAHe] 24 3
Z23317] Y3 PAS GAS A st 1 4, Aol A
=R Frd 7] A2 (basement membrane)®] B H|
AtA€ 71&(mesangial z3s Nxzer|d

W3k 9 TGF-41 23

matrix)<

(extracellularmatrix: ECM)9] & o|u} =& o] atx| ot

A2BRE T FolAe AREA 71 A9 oFzhe] w7} 3
ZE Qo AT fABH JEHSN L, AR 71dE
2 A2e7|d e i FZHo] JEEG e, o] g4 A
ol vls @A F] WSt} (Figure 4), E3L, HAHAE 7149
B A=E BGrstr] Hall AbEAIWl AL JAHAE 714 o]
2428k v &S B4 i, AT HE)] GolA &
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o3t 3718 Hgon, AEY 22 Solo] o8 WAL RANSAAES AW A Fro|A 3.25+0.082
B3go] iR Fol tekidet (Figure 4), A2 (1.00£0,07)0] Hl8) BAT 2748 Brh. Lejut 4]

Gy AEFNA ATAW HFE WS Fa F4 2 FolZolA 2,050,092 §IF AT AL BAY
QAAFQl TGF-g1o] et A£Te] G Tobir] 93] W@ 4 Uk (Figure 5, P0.01).
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Figure 4. Renal morphology in non—diabetic do/m and diabetic db/db mice treated with or without Sibjotang. (A) Kidney sections (4 um)
were stained with PAS (Original magnification : x400). (B) Quantitative comparison of mesangial/glomerular area in non—diabetic db/m
and diabetic db/db mice. Values are expressed as mean = S.E. **P{0.01 vs. db/m mice; *P{0.05 vs. db/db mice.
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Figure 5. Effect of Sibjotang on TGF—A31 level in kidney tissues. Typical findings of TGF—£ 1 immunohistochemical staining in glomeruli of
untreated db/db mice and the Sibjotang—treated db/db mice (Original magnification: X400). Each electrophoretogram is representative of
the results from three independent experiments. Values are expressed as mean + S.E. **P{0.01 vs. db/m mice; *P(0.01 vs. db/db mice.
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