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[Abstract]

The Effects of LR3 and SP6 Acupuncture on Liver Damage of
Streptozotocin—induced Diabetic Mice

Sung Jin Kim, Yun Kyu Lee, Hyun Jong Lee and Jae Soo Kim*

Dept. of Acupuncture & Moxibustion medicine, College of Korean Medicine, Daegu
Haany University

Objectives : The purpose of this study was to investigate the effect of LR3 and SP6 acupuncture
on liver damage of streptozotocin—induced diabetic mice.

Methods : Male ICR mice were divided into four groups, consisting of the normal mice group(N),
acupuncture—free diabetic mice group(Con), LR3-acupuncture diabetic mice group(LR3) and
SP6—-acupuncture diabetic mice group(SP6). The following measurements were taken: Body
weight, food intake and water intake for 2 weeks; liver weight, and glucose levels in the serum
and liver; ALT and AST in the serum; reactive oxygen species(ROS), reduced glutathione(GSH)
and oxidized glutathione(GSSG) in the liver; and lastly, receptor for advanced glycation end—
products(RAGE), Ne —carboxymethyl lysine(CML), Ne —carboxyethyl lysine(CEL), phosphoryla—
tion of inhibitory kappa B alpha(p—ix Bz ), nuclear factor—kappa B(NF-« B), activator
protein—1(AP-1), cyclooxygenase—2(COX—-2), inducible nitric oxide synthase(iNOS), tumor necro—
sis factor—alpha(TNF—« ), 8 —actin, cytochrome c and caspase in the liver.

Results : The liver weight and GSH/GSSG ratio were significantly increased in SP6 compared to
Con. The glucose levels in the liver were significantly decreased in LR3 compared to Con. The
generation of ROS and GSSG were significantly decreased in SP6 compared to Con. The ex—
pressions of RAGE, CML, AP-1, TNF—a , cytochrome c and caspase 3 were significantly de—
creased in LR3 compared to Con. The expressions of p—l¢ Ba , NF=x B, AP-1, COX-2, iNOS
and caspase 3 were significantly decreased in SP6 compared to Con.

Conclusion : It is predicted that LR3 acupuncture is related to reduced glucose levels in the liver
and expressions of AGE, and that, SP6 acupuncture is related to reduced oxidative stress—
related transcription factors and inflammation—-related proteins. Therefore, we suggest that
LR3 and SP6 acupuncture have protective effects on the liver of streptozotocin—induced di—
abetic mice by preventing apoptosis.
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1. =
1) 3=

AREEL ICR miceAd] +7 653 (EH Ao] AL
o, tE=)E ARSI FEd S FEdd
ol=e] wet 2% 24 £ 2 C, FE 40~60 %= FAI5kL

7t AF=(FORMULA MO7, AlQ AR 2] 3)AL 47
gttl=)et 8-S Fgote 2-3A17] T AR 2
AL gistodist FEAE S8 S50t Al
Y CHDHU2014-036).

I

2) &
Ko AvjelelA (37 0.16 m 201 7.0 m, FY4
A2, B8 g

3) Al

Nitrocellulose membranes= Amersham GE Health—
care(Little. Chalfont, UK)OIlA F48}%aL, NF-« BINF-
& Bp65), AP-122 c—Jung ARSI, iINOS, COX-2,
TNF-a , cytochrome c, p—Ix Ba , RAGE, histone, § —
actin @A+ Santa Cruz Biotechnology(Santa Cruz,
CA, USAZHE FUstHen CML, CEL &A=
COSMO BIO CO. Ltd.(Tokyo. Japen)23-€ T35+
th, Glucose, ALT, AST kitZ+ Transaminase CII-
TestE Wako Pure Chemical Industries, Ltd.(Osaka.
Japan)25-E] F-5to] AR83FATE Protease inhibitor
mixture DMSO, solutionethylen—ediaminetetraacetic
acid(EDTA), GSH®} GSSG+ Wako Pure Chemical
Industries, Ltd. 258 Fste] AF&stT}, 27,7 -
Dichlorofluorescein diacetate(DCFH-DA)+= Molec—
ular Probes(Eugene, OR, U.S.A)25 ¥ F¢sto] A
43}3itt. =3k ECL Western Blotting Detection Rea
—gentsE GE HealthcareZF-E F-¢J5to ARttt
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1) 2 27 st
1797 A3718 AR F AN A 17 B B o
D& {517 $18 STZE FoId F22 Wrgleh, STZ 6) Zt Z=| LHQ| glucose &2 =H
£ Folt 22 oA A ZFL— 7F8HA] 92t (Con), Tl A01A glucose®] 2 =S S4517] s 3t

F30) W A3L 74 B3 W AFLLRY, e
ol 2 A 7R ST F AFRSPY O L)
o STZ Rl F 154 H9| AZ3 TS S5t v
SRS Aslel 2 BRST, AYFRE 24 7
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2) & X3

W AT 5E oFEeAte] g ARHL Bl
o HE AT I BT A5 A ZP— et
Swo] 257 19 18] AL, 18] 0.2 m A4

3022 A3 3hiet. A3 A @It 7]k mARS A
WA hsiet. b @t AHSwBY H A A Con
2 o] g3te] ulmstelck
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3) STZ F 18 S| 2

1597t A-871E AZ & STZE FAq% Fol STZS
50 mM citrate buffer®] %o pH 4.55 %% F 150
mg/kg? BEZ 0.1 mg/kgS 27 Foslith B &
17 | ASS A ol s A3sto]
3,000 rpmoflA] 1587 iR e|ste] g B o2 HE
FFAE SAsto] 7 &0l stk

4) MBS, AMEd
SRy (=

AR Y F B3k Al B aetgen, A&
=& AR FRE A ARAFHE, SRS 0
U 13] 747 SAskglth, 2309 A A= £ FgYol=12
AZE 5 AAXZI T of[H| 22 uHAIA AESHG S

AgolA e AT T AR deE SRStk 1
o 7F 22E AEste] RAE SA619.00, 1He] B4
(@& AF0100 g o2 Ve gk AMEskglt) 34 3 1t
222 A A g5 A HetT 5L A A iz A
2o v2 FAAA —80 C deep freezerol] 2ot

A x [m]
FZ == Y
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E

5) 243 2

Aol A A E e A 3,000 rpm YA EE|E}] EF
S 49t} Glucose assay kit A ZAHWako Pure
Chemical Industries, Ltd.)?] Z2EZo| ua} 43}

Z2& 0.9 % NaCl buffers o]-8-to] £4fgt & 0,15 M
Ba(OH);# 5 % ZnSO,& AHE-3to] T -8 A A3t
1,670 X g 22 1587F QA 2 a]sto] P2 AFsols Agg
2 0|83} glucose kitE AMHEste] SA5tH, SA3k
FFE 7|AE ARk AbEste] Alrksigict

r l

7) ZF EXI LJo| ROS AiAZ¥ =X

A A=E9] ROS WisHs 8k15}7] 913l ICR micee]] 2
A AS F 2 222 ASSS F 249 ROS
AL 222 1 mM EDTA —50 mM sodium phos—
phate buffer(pH 7.4)& ©o]&3to B3 & 25 mM
DCFH-DAE €338t & g4 F=AE o83t v 10&
A emission wavelength of 486 mm$} excitation
wavelength of 53 mE ©|-§3t 3027+ SAT A4t
= ARt

JINA N

8) Zt =Z| Lie| GSH, GSSG ¥&x =X
7+ 23& 1 mM EDTA-50 mM sodium phosphate
buffer(pH 7.4)5 ©]-&3sto] E2)3t & 25 % metaphos—
phorlc acidE &3ttt E89S 4°C, 16,000 rpm,
0 diEElste] 42 45N o2 GSH, GSSGE &%
oP‘Z‘;E}. GSH assay= 1 mM EDTA-50 mM sodium
phosphate buffer(pH 7.4)& 37} & o—phthalalde—
hydeE YAt 4290 20 &<t incubation$ &3 &
ZAIE 0]83}9] excitation wavelength 360 nm, emis—
sion wavelength 460 mE ©]-&-3}o] S}t GSSG
assay= NEMS Y11 208 59F A-20f|A] incuationd}
%tk 0.1M NaOH®} o—phthalaldehydeS &7FH3ch
Al 2o]| 208 St incubation & ¥ FTAE 0|85}
excitation wavelength 360 nm, emission wavelength
460 mmE o83t S5kt

9) Cytosol extract

7 23& 100 mM Tris—HCI(pH 7.4), 5 mM Tris-
HCI(pH 7.5), 2 mM MgCly, 15 mM CaCly, 1.5 M su—
crose, 0.1 M DTT, protease inhibitor cocktail& &7}
gt homogenate buffero] @522 XA st tissue
grinder(Bio Spec Product, USA)Z 243t} n|E&
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Sejo} HES 07 8l 4 ToIA 308 ok B A7)
AN Qo] —80 TolAl W5 Rkttt

10) Nuclear extract

7+ 24E 100 mM Tris—HCI(pH 7.4), 5 mM Tris-
HCl(pH 7.5), 2 mM MgCl,, 15 mM CaCly, 1.5 M su~
crose, 0.1 M DTT, protease inhibitor cocktail& &7}
3t 500 u¢ hypotonic buffer Aol go] X712 Aefjof| A]
tissue grinder(Bio Spec Product, USA)Z E4}5}ic}.
10 % NP-40 € 62.5 W E 37F5t4 12,000 rpm 22
27 YRSkt oA oA pelleted nucleiE
10 % NP—-407} &34 buffer Aol g+ ¥ 3)70] 12,000
rpm 2 2 YA EE ST 100 w2 buffer C(G0 mM
HEPES, 50 mM KC1, 0.3 mM NaCl, 0.1 mM EDTA, 1
mM DTT, 0.1 mM PMSF, 10 % glycero)Z 73} A
BoAzl 5 1080t} voltexS 3H 3 & 4 Tof A
12,000 rpm© & 1087t AAlEstgict, g S =
AT AFSHS Qo] —80 TolA W& B33t

11) Western blot analysis

7+ 23] Cytosol fraction®] RAGE, CML, CEL, p-
Ik Ba , NF—« Bp65, AP-1, COX-2, iNOS, TNF—« , 8 -
actin, cytochrome c, Nuclear fraction Histone T
Ao HESE SA67] S8l 10 ug®] FHES 8~15 %
SDS-polyacrylamide gel& ©|&3lo] A7 95 F,
acrylamide gel nitrocellulose membranel 2 o]%
AR 5 % skim milkE #E TBS-T(0.5 % Tween
20 in TBS)Oll &3 1A]7F &< blocking#] 2|3t &
TBS-TZ 5&0tt 53] Al 25ttt FHE membrane®]
Z17}o] 121 FAIE A 2ste] 4 TolA overnightAlX] o
+ TBS-T= 1040t} 53] Al &star, 2z A2le 14 &
Aol AREE = 23} FA(TBS-TE 11 50002 3]4J3)A4] A}
)5 ANESto] Aol Al 1A17E 30427t WHS-AIX1 & TBS-
T2 1050ttt 58 A&t 181 enhanced chemi—
luminescence(ECL) €9 GE Healthcare(Arlington
Heights, IL, USA)9] =2 A 7] & Sensi—Q2000
Chemidoc(Lugen Sci Co., Ltd, Seoul, Korea)oll 7%
AA el drE & So1gt & 3l bandE ATTO Den—
sitograph  Software(ATTO Corporation, Tokyo,
Japan) Z2IH-S ARg-sto] ettt

12) EAIX2|

Adde= B £E2Hmean + S.E)E E7]3}
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fem SPSS 18.0 for Windows program= AR&-5}4
one—way analysis of variance(ANOVA)Z 4&
p—value < 0.05914 AAE Fof AFEHAE Dunnett

testZ 3t}

. Z3t

1. HIE Hat

Con Nof| v Fo4 JA Ferom@#Hip < 0.01),
LR3¥} SP62 Conell H]3 724 A& ZHo]7h fidth
(Table 1).

2. MEMFE

Cona Nl H]3ll 594 Al S7FEA L (#p € 0.05),
LR3%} SP62 Conll |8l #94 &= 2kel7h itk
(Table 1).

3. e

Con Noj| vl 52178 A 7kt @Hp € 0.01),
LR3¥} SP6 Conell HI} #94 Sl 2tol7F igieh
(Table 1).

I

4. 2 24 24

Ad 5 A7) AES B3l 11 FAE 9% 23 N
26,02 + 0.29 g/100 g, Con&4.95 + 0.27 g/100 g,
LR3 5.86 + 0.66 g/100 g, SP6-& 6.41 + 0.49 g/100
go & et

Con Nojl HJal] f-2}/g A 3233l #p € 0.05), SP6
2 Conell Bl 273 A 718 p € 0.05)(Table 2).
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Table 1. The Amount of Body Weight, Food Intake and Water lintake for Two Weeks

G Body weight(g) Food intake(g) Water intake(g)
rou
P Initial Final Initial Final Initial Final
N 3841 = 38.99 + 564 = 568 = 867 + 8.02 +
0.75 0.74 0.25 0.22 0.49 0.72
c 33.09 = 3371 £ 12.65 = 10.83 = 5772 + 4865 +
on
1.56% 1.10%# 0.82¢ 0.62¢ 3.48# 2.13#
LR3 32.74 + 32.39 = 10.77 = 918 = 51.83 = 4397 £
0.38 0.61 8.21 0.85 2.89 2.26
P6 3283 = 3283 = 14.89 + 12.35 + 56.67 * 50.35 =
0.47 0.51 2.23 2.07 4.34 242
All datum are expressed as means = SE.
#0{0.05, ##p { 0.01 compared to N by ANOVA followed by Dunnett's test.
N: Normal mice group.
Con: No acupuncture diabetic mice group.
LR3: LR3-acupuncture diabetic mice group.
SP6: SP6—acupuncture diabetic mice group.
Table 2. The Liver Weight
Diabetic mice
Liver weight N
Con LR3 SP6
Liver weight (g/100 g B.W.) 6.02 £ 0.29 495 + 0.27 5.86 = 0.66 6.41 £ 0.49*
All datum are expressed as means = SE.
#p ( 0.05 compared to N by ANOVA followed by Dunnett's test.
*p ¢ 0.05 compared to Con by ANOVA followed by Dunnett's test.
N: Normal mice group.
Con: No acupuncture diabetic mice group.
LR3: LR3—-acupuncture diabetic mice group.
SP6: SP6—acupuncture diabetic mice group.
Table 3. The Hematological Analyses
Glucose(mg/dQ)
Group ALT(U/Q ) AST(U/Q )
Initial Final
N 80.2 = 6.3 936 £ 0.6 15.95 + 1.04 7710 £ 554
Con 275.0 £ 16.1# 2957 £ 78.1* 34750 £ 90.79* 947.88 + 179.10*
LR3 276.0 £ 2.89 1782 £ 295 233.47 +=18.29 872.82 + 87.42
SP6 2748 = 97 2838 = 0.5 24894 + 67.40 822.80 = 323.35
All datum are expressed as means + SE.
#p € 0.05, ##p < 0.01 compared to N by ANOVA followed by Dunnett's test.
N: Normal mice group.
Con: No acupuncture diabetic mice group.
LR3: LR3-acupuncture diabetic mice group.
SP6: SP6-acupuncture diabetic mice group.
22957 + 78 1mg/dl, LR3-&178.2 + 29.5 mg/dl, SP6 cose?t o4 Al S7FstTki##p < 0.01). LR33} SP6
2283.8 £ 0.5 mg/d0 = YEPSTE Cond Noj B|3j glu— < Con®l Hl3l 5214 Sl &ol7} §i3lthTable 3).

http://dx.doi.org/10.13045/acupunct.2016033 33



The Acupuncture Vol. 33 No. 3 September 2016

Table 4. The effects of glucose levels in liver

Diabetic mice
Liver weight N
Con LR3 SP6
Liver weight (mg/mg protein.) 2.00 = 0.09 3.95 + 0.79* 1.93 + 0.09* 3.36 £ 0.50

All datum are expressed as means + SE.

##p < 0.01 compared to N by ANOVA followed by Dunnett's test.
*p ( 0.05 compared to Con by ANOVA followed by Dunnett's test.

Y YWALTENL15.95 + 1.041U/¢ Con347.50 + chFig. 1).

90.79 TU/0 , LR3-S 23347 + 1829 IU/ , SP6-&
248,94 + 67.40 TU/0 2 YERHTE Con Noj B3] 5-<]
A A F7FsFA3#p € 0.05), LR3¥} SP62 Conoll H]
3l 2/ Sl Akol7} §igltt. (Table 3).

FHY WASTE=NL77.10 + 5,54 10/0 , Con947.88 +
17910 TU/0 , LR3-S 872.82 + 87.42 TU/( , SP62
822.80 + 323.35 1U/4 2 YEFTE Con Noj| H]3f
o)A QA Vs L @#H#p < 0.01), LR37} SP6-E Condll
Hl3l] 394 Sl &pol7t §lith(Table. 3).

6. 2t == LiQ| glucose &iZF &M

N22.00 + 0.09, Con23.95 £ 0.79, LR321.93 +
0.09, SP6& 3.36 + 0.502.& UEtt} Con Noj H]
3 7oA A SR (@ p € 0.01), LR3-2 Con®] H]
3l ol A FASHHTHFp €0.05). SP6 Cono H
3l 2 Qe Akol7k §i3lthTable 4).

L

oL o

7. 2t =X L{9| oxidative stress &
X5 AdAdE

1) ROS A4zt

N2 244,90 + 6.20 numol/m¢, Cone 405,74 + 25,82
nmol/m¢, LR3-2 357,05 + 24,32 nmol/ml, SP6-2338.8 +
15.38 nmol/mZ YERETE Cone Nojl vl3f 524 A
Z7V5F5 A @#HHp < 0.001) SP6S Conell B34 4214 91
Al Fasiek(*p €0.05)(Fig. 1).

2) GSH &

N2 16.65 + 0.19 1 mol/ng, Cone 14,79 £ 0.99 2 ol
/mg, LR3-S 17.38 + 0.94 1 mol/ng, SP6L16.58 + 0,28
¢ nol/mg = FERGTH U] 2 Atolofl= R4 Sl= Aol gl
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3) GSSG M=

N2 3,16 + 0.09 1 ml/mg, Con- 8,59 + 0.44 12 mol/mg,
LR327.91 + 1.71 1 mol/mg, SP6-24.65 + 0.37 1 mol/mg
2 UEhdth Cone Noj v|&] 24 QA 27191
(###p <0.001) SP6:Z Conell HlsH 5214 A 723tttk
(¥ €0.001)(Fig. 1).

4) GSH/GSSG ratio

N& 5.28 + 0.13, Con>1.72 + 0.07, LR3& 2.70 +
0.47, SP6:2 3.64 + 0.322 LteRstTE Cone Noj| H3)
o) QA A48 L@ € 0.001), SPE2 Conell H]3H
R A Z7FekATH*p € 0.01)(Fig. 1).

24 C|HH

Al L] 2[5 Fe} A= 2 T

L
of wrsiz

e

o
A N

XXl
]

1) RAGE g

N&1.00 + 0.00, Con&1.19 + 0,04, LR320.96 £ 0,04,
SP621.17 + 0,102 YEeRgt}, Con Nej| B3} 243
IA 715 @ € 0.01) LR3-S Conoll B8] 424 9l
A ZASFHEH*p €0.01), SP6-E Conoll BI3] 494 Q=
Zo|7} §13lcHFig. 2).

2) CML oigt

N<1,00 + 0.23, Con2.82 + 0,60, LR321.14 + 0,30,
SP6-21.59 £ 0.212 Uk}, Con Nei| B3 -5-943 9l
A Z7¥I4 36 p < 0.05), LR3-S Conoll B3l ¢-24 A
ZrA8FATHFp € 0.05). SP62 Coneoll BI3) 724 Q= 2}
o]7} gl%lthFig. 2).

3) CEL wsizf
2 1.00 £ 0.22, Cone 1,56 £+ 0,20, LR3S 1.23 +
0.09, SP621.63 + 0.082 YERHTE Con Nojl H]3j| &
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(A) (B)
cEn 500 — -
=
£ 400 g 15
£e T 3
(2] oo 300 0 o 10
8 3 §200 ° :
g =
g = 55
5 100
L
— 0 0 i " J
Con LR3 SPG N Con LR SP
Dlabetlc mice Diabetic mice
(C) (D)
12 o
S - -
£10 i o b .
£ = x
o 58 s !
n o
»n 5 6 8 3 ﬁ
o E 4 o 2 #
= I
22 |—| G 1
0 0 )
Con LR3 SP6 N Con LR3 SP6
Diabetic mice Diabetic mice

Fig. 1. The generation of oxidative stress—related indicator in the liver

(A) reactive oxygen species(ROS), (B) reduced glutathione(GSH), (C) oxidized glutathione(GSSG), (D) GSH / GSSG ratio.
The GSH / GSSG ratio were calculated with the formula(= GSH/GSSG X 1).

###p ( 0.001 compared to N by ANOVA followed by Dunnett's test.

*p ( 0.05, *p ¢ 0.01, **p ( 0.001 compared to Con by ANOVA followed by Dunnett's test.

N: Normal mice group.

Con: No acupuncture diabetic mice group.

LR3: LR3-acupuncture diabetic mice group.

SP6: SP6—acupuncture diabetic mice group.

(A) (B) (€)

Race [

B-actin | e w— c——

CEL [ e uer~r|

B-actin| s e———

p—acunl- —_—— -]

= =

14 3 - 18

= 3.0 1 .

s 12 x E 25 1 = :2

E 10 L5 E 12

w S 08 £ 20 D210

gué 06 o= 154 T 0% 08

T 04 § 1.0 1 D 06

s = € 04

02 05 1 o2
"N con LR3 SP6 "N cCon LR3 SP6 0N Con LR3 SP6
Diabetic mice Diabetic mice " Diabetic mice

Fig. 2. The expression of advanced glycation endproducts(AGE)-related protein in the liver

(A) receptor for advanced glycation endproducts(RAGE), (B) Ns —(carboxymethyl) lysine(CML), (C) Ne —(carboxyethyl) lysine(CML).
#p € 0.05, ##p { 0.01 compared to N by ANOVA followed by Dunnett's test.

*p (0.05, *p ( 0.01 compared to Con by ANOVA followed by Dunnett's test.

N: Normal mice group.

Con: No acupuncture diabetic mice group.

LR3: LR3—acupuncture diabetic mice group.

SP6: SP6—acupuncture diabetic mice group.
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(A) (B) (C)
CML [ s o dih)
rece [ v e ] o
B-actin [ w— —— B-actin B-actin| s e ——|
- #
14 4 36 18 e
12 * < 3.0 - 16
= * ] T 14
E 18 _,g 28 £ 12
w8 08 = 20 . D210
Eua 0.6 o'c 1.5 1 0% 08
2 04 S 101 3 3-2
=3 | < 0.
0.2 0.5 0.2
® "N con LR3 SP6 "N cCon LR3 SP6 0" N Con LR3 SP6
Diabetic mice Diabetic mice Diabetic mice

Fig. 3. The expression of inflammation—related transcription factor in the liver

(A) phosphorylation of inhibitory kappa B alpha(p—Ik Bz ), (B) nuclear factor—kappa B p65(NF-« Bp65), (C) activator protein 1(AP-1).
#i#p € 0.01, ##tp < 0.001 compared to N by ANOVA followed by Dunnett's test.
*p < 0.05, **p ¢ 0.001 compared to Con by ANOVA followed by Dunnett's test.

N: Normal mice group.

Con: No acupuncture diabetic mice group.
LR3: LR3-acupuncture diabetic mice group.
SP6: SP6—acupuncture diabetic mice group.
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Fig. 4. The expression of inflammation—related protein in the liver

(A cyclooxygenase—2(COX-2), (B) inducible nitric oxide synthase(iNOS),

(C) interleukin—1 beta(L—18).

#p € 0.05, ##p ( 0.01 compared to N by ANOVA followed by Dunnett's test.
*p  0.05, *p  0.01 compared to Con by ANOVA followed by Dunnett's test,
N: Normal mice group.

Con: No acupuncture diabetic mice group.

LR3: LR3—acupuncture diabetic mice group.

SP6: SP6—acupuncture diabetic mice group.
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Fig. 5. The expression of apoptosis—related protein in the liver

(A) caspase, 3 (B) cytochrome c.

#p  0.05 compared to N by ANOVA followed by Dunnett's test.
*p ( 0.05 compared to Con by ANOVA followed by Dunnett's test.
N: Normal mice group.

Con: No acupuncture diabetic mice group.

LR3: LR3—-acupuncture diabetic mice group.

SP6: SP6—acupuncture diabetic mice group.
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