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ABSTRACT

This study has been carried out to understand the effect of SP3 and GV6 acupuncture on the hyperglycemic

rat induced with Streptozotocin (STZ).

Diabetes was induced in experimental groups by intraperitoneal injection of STZ (50 mg/kg of body weight)

twice by 24 h interval and the additional 100 mg/kg 3 days after the carlier treatment. Control group was treated

with tail-non acupoint, and experimental groups were treated SP3, GV6 and SP3+GV6 after hyperglycemic

induction for 6 weeks.

The body weight of control was lower than the experimental groups. The blood glucose was decreased

significantly in the experimental groups. Glucose tolerance in acupuncture treated groups was improved. Blood

cholesterol level and transaminase activites were lower in the experimental groups than in the control. In the

SP3 or GV6 treated rats, hepatocyte degeneration were apparently decreased and the organelles were properly

arranged. Furthermore, decrease in liver IGF-1 mRNA expression was improved by the acupuncture in STZ-

induced diabetic rats.

In conclusion, our observation indicate that SP3 or GV6 acupoints treatment can exert beneficial effects in

diabetes, with preservation of B-cell function and liver function.
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ded vlofEA Fud HIH)ez EFIo (Min,
1990). Fxre A9 B-MEoA ikl dEH
FH)o} uhg-9] Wislel oA HAEE YA o R
=} A} (John et al., 1972), ¥]9} (Jung et al., 2000), X]A
") A} (Lijun et al., 2002)2] oJAteo =z ZI¥ FAIx|u}
9] olEHo} TAHF Fol ddez FHHI,
BAAENAS 223 G2 ALY 5L 2T @
H{AGAZ (Wolf et al,, 1983)9] FHFE {L3)
FZolle G APl A Ziote] A FEo] ¥
oA =& 7oz WaEHT §th(Laetal., 1994).
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Fig. 1. Schematic localization of acupuncture points stimulated
in diabetic rat.



Park HI & Kim JS : Effect of Acupuncture on STZ-induced Diabetic Rats 281

o]2 A3Iste 3%k FAsHAH (Fig. 1).

2ol 7a}e4 s

4. ¥z &3

oA AMae A3t Glucometer (LIFESCAN,
USA)Z ZA3elT, 65 B¢t wiF 13l A F3
et 3 WA 1247 A2 F glucose (1.0 g/kg
body weight)y® B7}W FAlsl 30, 60, 90, 1205
242t dg Y ste] FAsldc) dd ek DA
3} 71Wol et A7) (MS-GR101; Terumo, Tokyo)
2 243

gul

6. MY ¥ Y XFEY £H

FAs7] 1247 Al A3 AFE Y HALE
9)sted AR AP & AAE o EDTAZR ¢E %
A8k, Aol 3048 WA F 3,000 rpmell A 15
2 948 sigich g4 U= 3 AR
g g7)e) £ naslelc) Total cholesterol-2 37
o)A Boehringer Mannheim Cholesterol/HP system
pack (Boehringer Mannheim Diagnostic laboratory Sys-
tems, Indianapolis, IN)#} Boehringer Mannheim
Hitachi 911 Analyzer® o] &3] ZA3}gich. HDL-
cholesterol-& & elA] phosphotungstic acid/magne-
sium chloride AW oz A= LDL-cholesterols}
VLDL-cholesterol 2 2] ¢ 2wy, HDL-Cholesterol
system pack (Boehringer Mannheim Diagnostic labo-
ratory Systems)?] H}H-e wglc}. Triglycerideg} fatty
acid®= 200 uL e} HAAFE-L 500uLe] HHA|FF &

g5 5, ujofAlolA 10~3087F wieFet ¥ PAEe
o] Boehringer Mannheim triglyceride, free fatty acid kit
(Boehringer Mannheim Diagnostic laboratory Systems,
Indianapolis, IN)2 zAFsheloh

7. Transaminase (GOT & GPT) #AM = £H

A ARt} AP F S 2o 95 gl
tamic-oxaloacetic transaminase (GOT)®} glutamic-
pyruvic transaminase (GPT) 484 = &4 kit Al
ok (Elitech, France)& A}2-3}e] 340 nmel|A] photo-
meter (photometer 5010, Germany)2 27 8}

8. ¥sipio|y wE

3] 7 =24& A& v 10%2] 22EHE
ARgEtey 24417 b A B, 30, 50, 70, 80,
90, 95, 100 I, 100 118} Zro] ¥zAE =g AEAA
g4z 3 gL xyleneo 2 573 AL A3 F
paraffine 2 vl 3} Lol g 222 microtome-&
Abg-sted Sum FA =z "Hstgc AR 24L&
slide glass $}of] 2-2FA17] vh2- ©]E xylene 22 para-
ffing A 73k ohe 100, 90, 80% ethanolZ} Zro] F=
7} FolAl oz SEA gyo] FLAAE AAA
&y}, Hematoxylin® Eosino.2 o] F@ME g &
ekag 3lodu) Canada balsame 2 333 3 7lat
xz 388 n)7 (Olympus BX51, Japan) o2 23
F Al Bt

b=
=
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9. ZMES| AHAL SIS (RT-PCR) 24

sz 7txz]e I8l TRI-zol (Sigma, USA)E
o]-43}e] RNAE 323 =, 75mM KCI, 50 mM Tris-
HCI (pH 8.3), 6 mM MgCl,, 10 mM DTT, 247 0.6 mM
9] dATP, dTTP, dGTP, dCTP mixture, 10 U of RNase
inhibitor (Promega Corp, Madison, WI), 100 pmol ran-
dom hexmer, 600 U2] M-MLV reverse transcriptase
(Life Technologies, Inc., Berlin, Germany)¥} 3 pg of
RNAE dA1r}sle] ¢cDNAE FAska 94°CellA] 30
sec, 65°CollA] 30 sec, 72°CellA} 60 sec, 72°Col A 5
min 30 cycles2 GAAEFEAHEE A7 ded
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XAl A} oligo-nucleotide primers= Bionia (Daechun,
Korea)dllA] F48}gdem Sequences: IGF-I1(5'-
CACAGGGTATGGCTC-3’, antisense: 5-CTTCTGG-
GTCTTGGG-3")¢]t}. Internal controlA] GAPDHE]
SequencesE 5-TGCATCCTGCACCACCAACT-3,
5-CGCCTGCTTCACCACCTTC-3")o]w 562-bp frag-
ment®] productE Aot =ZF fragmentsyE 1.5%

agarose gel electrophoresis3ted el stairh

10. ZHM|Z 2| FXA}S0|Y HE

ZtzAe) 938 AFHsle AduAd HoA I mm’
#Z7|2 MAF & 2.5% glutaraldehyde (phosphate
buffer, pH 7.4)2 2417} Sob A wAsg et A o]
T 24 FY 4FAE AME 108 7HHoz 33
M)A 3 Z 1% osmium tetroxide (0sO) 2 24|17} 31
Y ¢ oe U 93doz 35 AHst AH F
ANBELE A5EE 9 JsEE @43te] propylene
oxideZ X35t % Epon-Araldite £t o 2 =d]3}
AT 60°C QEoA 30A17F Z3AZ o =4
¢ LKB-V# ultramicrotomeS A}{ 1um 7=
AAL Azt 1% toluidine blueZ hot plate (60°C)
HolA @Sk A48 AsE BetEn Ao W
Boel 24 HAY S FAY FAIA 0mm
=7z zubRWE Alatsbed silver grido] A3l T,
uranyle acetate®} lead citrate2 o]F A3 oL
Hitachi H-7600 £33 AA8wA4 (R0kV)e g #as}
e

1. EAXE]

Ay AAe HJF+EFQ3} (mean+S.E)E e}
Welen, 24+ AFTE Aol BAA 94 AAS
3)3le] one-way ANOVAS AAZE 5 P-valueZte)
0.05 ujgtal 7-$ellak o4& A

z w

1. HE He
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Fig. 2. The changes of body weight. Rats were treated with
streptozotocin and acupuncture was treated twice a
week to diabetic rats for 6 weeks. The groups were
divided untreated (cont), acupuncture with SP3, acu-
puncture with GV6, acupuncture with SP3 plus GV6
supplementation. Data are mean+ SEM, where n=7
from two independently performed experiments. * :
statistically significant as compared with control group
(P<0.05).

sl o3 2 (Fig 2). a2 4 AHE
oA 23=F 217+ 12.1go 2 10g o)A} 7hAslr}
4538 Zrlste] 8 A9 A FL vehdialet SP3
3} SP3+GV6T2 e $113 AFRE A
Z7}sle] SP3ZS 232+3.4gollA] 247421282
SP3+GV6Z-2 232+7.0gollA] 242+158 g2 =715}
Aot GV6e B fEAF ZTTog Fylsled

e 2ol ¥s) felal Ao 27k

2. gghkol st

STZE Foiq vhe W) Wapol oF 113mg/dL
Q Ae Wz} Agroz Feadn. Hazd
ke 4% F 343 Frheked 37 T w2

A8 T, 63747 ARl Hse] we ¥
32 $A18A SPITE Wt 8 F Aol 193
+28.5 mg/dLo|A] Az} ZFrlsle] 23] 359+78.7
mg/dLz el om, ol ¥ 65714 2 At glgda,
GV6Z-2 @l §3 & Futo| 192434.3 mg/dLe
A 1FRE] A5 Z715e] 25 262+103.0 mg/dL,
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Fig. 3. Blood glucose levels in diabetic rats. Rats were treated
with streptozotocin and acupuncture was treated twice a
week to diabetic rats for 6 weeks. Other legends are the
same as Fig. 2.

42=0)) 254+55.6 mg/dL, 659 333+45.9mg/dLZ ©}
2zo) w8 $ahA LTk SPIHGVERE T
w4 g4 & Yol 166+£25.1 mg/dLelA 23 382
+100.4 mg/dL, 45 4091+59.8 mg/dL, 65 404+75.5
mgdLz Hzze] sl Fasiglort $lahA Qs
<} (Fig. 3).

3. G #HAl

STZE XEois}e] #)AF2] Langerhan’s isletg 338k
2o GV62} SP3& 65 Ft AT oy f-Hl =9
A =E 7159 A% ASE #73)7] fste] A
ZAAFE Alssteel 225(1.0 g/kg body weight)& 2
Fol B7FFAL & F 30, 60, 90, 12081 2L
7+ AgEe A A=E AN 2 oG53 2st
o} (Fig. 4). Blz2ZelME Fo 908 Fol Pde] 550
+212mg/dL2 7F4 A Jepds, 1208 Fol=
548+ 17.7mg/dLE ¥ FFA S ehict SP3ZS
Eo] 60% Fo] 53079 mg/dLz P B, 120
BEo)| 482+ 18.0 mg/dLE §-28HA 7F4skd L, GV6
& A Azl AA ZA3 YFA7E f2AEA Fk
t}. SP3+GV6ZL E& 60E Zof 518+16.3 mg/dL
2 7P moka, B 1208 Fo) 451469 mg/dLE
o3 WA SA= A
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Fig. 4. Glucose tolerance in streptozotocin-induced diabetic
rats treated with acupuncture. Intraperitoneal glucose
tolerance tests were performed in diabetic rats in each
group at 6 weeks. After an overnight fast, glucose was
injected intraperitoneally at a dose of 1 g/kg, and blood
glucose level was measured. The groups were divided
untreated, acupuncture with SP3, acupuncture with
GV6, acupuncture with SP3 plus GV6 supplementation.
Data are mean+SEM, where n=7 from two indepen-
dently performed experiments.

4. ¥ Cholesterol, HDL-cholesterol,
Triglyceride, Free fatty acid &2 #3|

STZ % 2wy 979 WAL $Ased 24
Cholesterol, HDL-cholesterol, Triglyceride, Free fatty
acid®] k& oolH T} (Table 1). A cholesterol
2 AT A2 Aol FRIA Ao,
SP3+GV6ZoA 67129 mg/dLZ slA 43}
¢Jtl. HDL-cholesterol-2 o &Fo] 26+3.0 mg/dLE
Rapzel W =) gasigon), 7 APTY SA=
Wz vxdt eEo2 {7171 H At Triglyceride
=t 2Zo| 104+9.4mg/dLE AAFZ b8l 7kA3}
gor, 7t AL d2F B o " o=
et o} §-93}A= ¢kt Free fatty acidyE 2
o] 966+ 121 puEq/LE AAFZe vlal =2A F7)s)
gom, SP3Z-2 851+77 UEq/L, GV62& 926176
UEq/L, SP3+GV6-2 8924 12.2 UEg/LE o Z]
Al ki AaEE Al ddedt selsAE @
skt
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Table 1. Mean levels of serum cholesterol, HDL cholesterol, triglyceride and free fatty acid for all groups

Lipids Normal Cont SP3 GVé SP3+GV6
TC (mg/dL) 94+ 10.6 96+4.5 69£19.0 79+83 67 £2.9%*
HDL-C (mg/dL) 64+10.1% 26+3.0 33+1.3 27£4.5 33£1.6
TG (mg/dL) 193+£9.9 104+9.4 89+129 70+8.0 64.5+0.8
Free FA (LEq/L) 3934+158.2*% 966+121.2 851+77.1 926+76.2 892122

Other legends are the same as Fig. 2.

TC means Total cholesterol (mg/dL), HDL-C means High density lipid cholesterol (mg/dL), TG means Triglyceride (mg/dL), Free FA means Free fatty
acid (UEq/L).

* : statistically significant as compared with control group (P<0.05).

*# ¢ statistically significant as compared with control group (P<0.01).

Table 2. Mean Levels of GOT and GPT of Serum for all groups

Groups Normal Cont SP3 GVo6 SP3+GV6
GOT (U/L) 1469 270%41 227:+54 153 £24* 20414
GPT (U/L) 12612 98 +44 119421 10410 100£13

Other legends are the same as Fig. 2.
* ; statistically significant as compared with control group (P<0.05).

Fig. 5. Light micrographs of liver from the 6 weeks rat administered with STZ. Light micrographs showing control {A), SP3 (B),
GV6(C), and SP3+GV6 (D)acupuncture groups. CV, Central vein. Hematoxylin-Eosin stain. Original magnification X 200.
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5. Transaminase &M T =3

Fogte] mEFS AR fﬂﬁ‘ﬂw GVo6
-‘)r SP3«] A Algo] bl PIAE daFE ol
A8 At ArE s GOT GPT«] £AE =
Apsl Bt} (Table 2). GOTx &ALl st dz
Zol|A 27041 U/LZ Z7} s glevt SP3#-2 227+
54 U/L, GV6X 153424 U/L, SP3+GV62 204+ 14
ULZ GV6zZoz AL fAlst $2747] Zhast
gtk GPTE: ) =ZollA] 98+44.9U/LR. &AM H]
3 2AaFgom, SP3ZE (19+£21.1 UL, GV6T-2
104+10.4 U/L, SP3+GV622 100+ 132 U/LE W=z
2ol ¥l Aot -rr«lff}xlt 51y

% 4= ] cosinell G Bol

. SP372] bk A eA TAAEHE
E}%’%‘ﬂ EF—‘%’!"] s gden, FAYe A
EQ] “%’EH =3k w=3o] FAFHYH. FRAIRELD
glo] vepdot. 24
2+ “H—r—c shtel e 23 dded =EA 24
o] & e AEEE U x2S F52 A4
A A27E B Fglon], Al xA w3l eosind] 7}st
AAAE B A THEe 278 vER
o} (Fig. 5B). GV679| k24 FA| 3oz
#asg o Mz FHlo] AFFHUAR FEY
g T2 ta #4% &S Hel FUu A
2o L2 RR AH oo, MEAY &S
ki oAl 2e flel (Fig. SC). SP3+GV6Ze] A
o Jeidges JAEGom AIHze] 4y
&abo] gAlzgisict P EE HRE o Jert
T3, A 2] dAe] 7 Aoz e
oh FEGETHY Fx =3 AYH 21E BAF
9t} (Fig. 5D).

(A) Diabetic

SP3+GV6

Nor  Diabetic SP3 GV6

Intensity of IGF-I mRNA level

Diabetic SP3 GVo6

Normal SP3+GVeé

Fig. 6. Effect of acupuncture on diabetes-induced alteration of
insulin-like growth factor (IGF)-I mRNA by rever-
setranscription polymerase chain reaction (RT-PCR) in
liver (A) in rat. Rats were treated with streptozotocin
and acupuncture was administered twice a week to
diabetic rats for 4weeks. Panel (B) represents relative
mRNA density compared to normal. The data are ex-
pressed as a ratio of basal value and are the 3 experi-
ments.

7. ZtollM & &lol| 28t IGF-I XL wa wist

A}

N

3 o] 7rolA] e E= IGF-ImRNA o)
3 3 Azl o8 2AEER] Hazl FHAL
Faradfe AAEAT STZ Fafd<l
Hzde AAZ B8l 60% A= FHaFglom SP3
Z3k GV6ZE 50% Ax 73AF Aoz while] =
7bE93, SP3+GVeEe AT FdS n——ﬂ}xl
S9)514] IGF-ImRNA 23 o] Z71%4i+ (P<0.05)
(Fig. 6).

off oft
ool
= et

8. ZtMlZ 2| MAl#n| e

g Fodled o] fUd IH9 HEE
AREu R or A A3 g 2 (Fig. 7).
Wz ) Ee) fAle) o] w]opste] AAd =}
o] A TR G A A= T5e] ARIAZE
T2 ARFALE T EFH] sllen, cristae
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Fig. 7. Electron micfrograph of hepatocyte from the STZ-induced diabetic rats treated with acupuncture. (A) untreated streptozotocin
-diabetic rats (B) SP3 treated streptozotocin-diabetic rats (C) GV6 treated streptozotocin-diabetic rats (D) SP3+GV6 treated

streptozotocin-diabetic rats for 6 weeks. N, nucleus; No, nucleolus; M, mitochondria; G, glycogen; rER, rough endoplasmic
reticulum; sER, smooth endoplasmic reticulum;S, sinusoid; Bar=1 pm.
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= 2aEA 9ok 9 PN BRE 2HsE
Ao we vig wlsiglon, HubHel M E &
Aol B vleRtn oa £Ae Sle AUE
BoJF¢)T}(Fig. TA). SP37¢] 32 Aute] g2 ¥
Qo st en], § ol A 94 (nu-
cleolus)7} 2= gk A xzAoAE +3 =1 sl
o ARA Bl g RAFHYE cristaed] HelE
vjopshul Witk i) 27z WEE F
Asm ALLANE SBS Holad £EB] BB
Hvh F A ZE Afeloll = FA o] FIEHA &
25910} (Fig. 7B). GV6Z-2 #bs] o] ) 2)
ou), chre] ZelmAel AT, 4BE vlEEE
Dol WY slol 2812 WA neleHFig. 70)
SP3+GV622] 7ML AL te] TZ3 o]
e glgler, @A)t F5le] AFFUR Al EA
oA Th429] mitochondriaEo] HA= gl o™ cristae
9] Yelx AAE] RAEGSH ARA FH A2
Ae ZRAEAES SU olardEel WA
o} (Fig. 7D).

o &

Fxe] 3 7]E Hzye] FIHF ULl=
71& FEo] o7 A LS JHA L 3o, 2
E3} w3 HEHRAYA] Faped ek A, &, A, A
A laserdli 5 A 2o djg FujR e Haw
e Ao v AS Fudrte] 48%7) by
ol Xz s} ol Eo] rﬂz‘ﬂ a¥g vy glem, 25%%=
A wRke "9k gloh(Park et al., 2002). F2 £4
ekl e v g A A F3 7= okt
o], Donald (2006)7} Z¢H(CV12) B =k} (ST36)el]
g AA AeA] deHd dEt et Asde,
Z} (Chang et al., 1999) S-o] dubd el Ax|%o] izof
g NO AA-S 71441 7]&, 7 (Jang et al., 2003) 5
o] AF PFieol] W3t A Alge] Az A F
9 A7wk Y 3HEe 30T Rasga o
AH oz Wang (2009 % FxA $17H 3 B3
A A& Wgo] B a9k AlFIF 2Tl vl
94.2%2) AdA 34& Relvky Byt ol gt

T R

ohefdt Almol® ofAE] x QA Aol A
EolAa} 7)ol gt AF Ao ¥ET AA e
S 3L ] oy FddA et
4 gler] Az FRA) - $A - HE 5o R
= o] & A wikdt WES 47be|t} (Kang
& Kim, 1998; Wang, 2004). X|28 &+ H]4 (BL20),
94 (BL21), AF&-3.(SP6), EAte] (ST35) 5 917 2
ul9) 3 wiSd o] ARE-F T (Lee et al., 2001).

g BAAE Zledes W A5
dxlR oz A9 Farb Jeldtd (Lee et al,
2001). & A7) AQAH AFL 1F o) F g2l
HE] AgFe] Aubgoz VA vepdo ol ¥R
Fo| g 1T o Qo) Aroz AT AT A
7F obd WiAte] sRloz Q¥ AF A= AlRFH
Qo mY L F 67 54 Y] WeE 29T
A5 Azze) Blshd PAeT AYE 2FAN o
xo] visd et Bz 2AHT JeE B
% 4 YA 6F F HAY WAL 23 GVeze)
Qeke) A A7) AR dEzol wlsh sk de
Aoz Jehton SP3ZH SP3+GV6ZE 12085
Sr dzpel wls felakA Baw Aew Vet
o olsh el A Ade) BAZS AW BT 7%
H90] 2YHQ oJeFe vlAw, B3| GV6rk 1Y &
g o 4 sl

STZ % e A9 A% AE Bl Asls)
o] =|A AL ez &3 Cholesterol, HDL-chole-
sterol, Triglyceride, Free fatty acid®] 4=%]7} /;}%:-3}71]
=)™ (Sugano et al., 2006; AlAmin et al., 2006), ]
)&= zhzAA FRI LA X9 ﬁaﬂ°
2 8} (Stone et al., 1985). B Al3e)|A] cholesterol
o mE AP dzel v Fasiden, 5
3] SPI+GV6RE] A3 folsbl ad Aew v
vk o HDL-cholesterol, triglyceride ¥l free fatty acid
% 2E APoIM BT P Aol W Bas
of STZ 4 he Bl AT A Aol IF A2
2ohedA) m37 Qe Aes hehdh g HDL-
cholesterol®} triglyceride > ThzZ9) £X7} U3t
Alo] 2A& A4l = ATl vls 2319
Zade] 712 Q7 Aztel 2B, ol dsiAe
Alg dato] AF el A, Aol 2719 M43 A
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9 27149 977} 4eg Aee Ardd

% GOTs} GPTE F= 729 oz <8 4]
ZllA dFeoz fHE & (Jung et al,
2006)0] FAPA7L Frbe A2 e FAEEE Al
Alsim, F gae] B xSRI = 7]
58 HehE Auz 343 2 AY A o
272 GOT A7} #9944 Al Z715le] A+
Atel A3l e nylew, A Aee AgF
73%- GOT} GPT 437} W&ol vls) ZHa= et
£5], GOT: GV6ZoA 6% A4l 7 3has)
93, GPTE SP3+GV6-2 X9} 2 70
2 Zad3sh ok HE) J2AATzHH v
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