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Acupuncture on Diabetes Mellitus Induced by Streptozotocin in Rat
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ABSTRACT

This study was carried out to investigate the effects of Liriopis Tuber
Herbal-Acupuncture on Diabetes Mellitus induced by streptozotocin in rat.

Body weight, serum insulin, glucose, triglyceride, HDL cholesterol, free cholesterol
and total protein were measured in streptozotocin induced diabetic rat injected with
Liriopis Tuber Herbal-Acupuncture solution at Pisu(BL20) respectively for 30 days.

In order to study the effects of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20) on
Diabetes Mellitus induced by Streptozotocin in rat, The groups were divided into five
groups; Normal group(non treated group), N.-Saline group(administration of injection
with normal saline at BL20 in 30 days after streptozotocin injection), Control group(non
treated group after streptozotocin injection), H.-Acup. group (administration of Liriopis
Tuber Herbal-Acupuncture at BL20 in 30 days after streptozotocin injection), and Acup.
group (administration of acupuncture at BL20 in 30 days after streptozotocin injection).

The results obtained were summarized as follows;

1. As compared with Control group, there was no significant tendency to diminish the
rate of weight loss in H.-Acup. group.

2. As compared with Control group, there was significant increase of serum insulin level
in H.-Acup. group.
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3. As compared with Control group, there was decréase of glucose level in H.—Acup.'
group.

4. As compared with Control group, there was decrease of triglyceride level in
H.-Acup. group.

5. As compared with Control group, there was increase of HDL cholesterol level in
H.-Acup. group.

6. As compared with Control group, there was significant increase of free cholesterol
level in H.-Acup. group.

7. As compared with Control group, there was increase of total protein level in

H.-Acup. group.

According to above mentioned results, Liriopis Tuber Herbal-Acupuncture was

expected to be effective in treatment of Diabetes Mellitus and its complications.
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Table 1. Effects of Liriopis Tuber Herbal-Acupuncture on body weight

in streptozotocin-induced diabetic rats.

Variation of body weight(g)

Group No.
initial” 6 27(day)
Normal 6 242.47%9.74 277.00+£8.70 404.07+£23.04
N.-Saline 6 239.60£9.44 228.65%19.98 318.62+t42.24
Control 6 24573+8.49 228.32110.20 302.13£48.19
H.-—Acup. 6 237153%813 213.35+4.61 309.58+29.09
Acup. 6 244071970 222713%£12.17 309.77£20.09

Values are the Mean*Standard deviation.

No. : Number of animals used.

a) : Body weight before streptozotocin injection.(55mg/kg)

Normal : Non treated group.

N.-Saline : Administration of injection with normal saline at Pisu(BL20)

after streptozotocin injection.

Control : Non treat_ed group after streptozotocin injection.

H.-Acup. : Administration of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)

in 30 days after streptozotocin injection.

Acup. : Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.
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Fig. 1. Effects of Liriopis Tuber Herbal-Acupuncture on body weight in

streptozotocin—induced diabetic rats.
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Normal : Non treated group.

N.-Saline : Administration of fnjection with normal saline at Pisu(BL20) in 30 days
after streptozotocin injection.

Control : Non treated group after streptozotocin injection.

H.-Acup. : Administratio‘n of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days after streptozotocin injection.

Acup. : Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.
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Table 2. Effects of Liriopis Tuber Herbal-Acupuncture on serum insulin in

streptozotocin-induced diabetic rats.

Serum Insulin(ng/m{)

Duncan
Group No. )
' 30(day) Grouping
-2
Normal 6 0.15+1.20% 10 A
N.-Saline 6 0.19+2.29% 107 BC
Control 6 0.18+7.36% 107 AB
H.-Acup. 6 0.32+1.60 X 1072%*
Acup. 6 0.23+858 X 107%* C.

Values are the Mean = Standard error.
No. : Number of animals used.
a) : Means with different letters(A,B,C,D) within a column are significantly different

from each other a=0.05 as determines by Duncan’s multiple-range test.

% o Statistical significance compared with control data.(p<0.05)

¥ 3% : Statistical significance compared with control data.(p<0.001)

Normal : Non treated group.

N.~Saline : Administration of injection with normal saline at Pisu(BL20) in 30.days
after streptozotocin injection.

Control : Non treated group after streptozotocin injection.

H.-Acup. : Administration of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days after streptozotocin injection.

Acup. ! Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.
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Fig. 2. Effects of Liriopis Tuber Herbal-Acupuncture on serum insulin in

streptozotocin-induced diabetic rats.
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Normal : Non treated group.

N.-Saline : Administration of injection with normal saline at Pisu(BL20) in 30 days
after streptozotocin injection.

Control : Non treated group after streptozotocin injection.

H.-Acup. : Administration of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days aftér streptozotocin injection.

Acup. : Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.
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(Table 3, Fig. 3)

Table 3. Effects of Liriopis Tuber Herbal-Acupuncture on blood glucose

in streptozotocin—induced diabetic rats.

Blood Glucose(mg/de) Duncan
Group No. .
30(day) Grouping

Normal 6 132.63+£5.95 AY
N.-Saline 6 382.67+46.78" B
Control 6 430.33+46.10" B
H.~Acup. 6 326.65+43.15™ B
Acup. 6 337.07+64.45 ' B

Values are the Mean = Standard error.
No. : Number of animals used.

a) : Means with different letters(A,B) within a column are significantly different from
each other @=0.05 as determines by Duncan’s multiple-range test.

* . Statistical significance compared with normal data.(p<0.05)

*x* ! Statistical significance compared with normal data.(p<0.001)

Normal : Non treated group.

N.-Saline : Administration of injection with normal saline at Pisu(BL20) in 30 days

after streptozotocin injection.

Control : Non treated group after streptozotocin injection.

H.-Acup. : Administration of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days after streptozotocin injection.

Acup. : Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.
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Fig. 3. Effects of Liriopis Tuber Herbal-Acupuncture on blood glucose

in streptozotocin-induced diabetic rats.

mg/dl

Nomal N.-Salne Contol H.-Acup. Acup.

Normal : Non treated group.
N.-Saline : Administration of injection with normal saline at Pisu(BL20) in 30 days
after streptozotocin injection. | |
Control : Non treated group after streptozotocin injection.
H.-Acup. : Administratiop of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days after streptozotocin injection. |
Acup. : Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.
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4. 3l Triglyceride & %ol vxl&= 3 AE F7HE A9 2o9,(p<0.05) AFF A
2, LR AT 2 m&Es A9
84U Triglyceride ¥ 30YAel 4 FANE ZF 4Tl use Fsa
FTL 6441+520mg/dl, HHET L 94.86% A fode ARBHA &g
10.34mg/de, A F+ AT 8323+13.98 zTol "ste Agds AL, EILE

me/d0, BEFI%EEE N ETL 7367+531my/ W oAET 2 BEEE AITAAE BF
d 223 ME&Es YT 8464+15.39 BaFRAT  HoAdol AFHA g%
mg/de2 ETE FFT vt {44 oh.(Table 4, Fig. 4)

Table 4. Effects of Liriopis Tuber Herbal-Acupuncture on triglyceride

in streptozotocin—induced diabetic rats.

Triglyceride(mg/d2) Duncan
Group No. .
30(day) Grouping

Normal 6 64.41%5.29 AY
N.-Saline 6 88.23+13.98 A
Control 6 94.86+10.34" A
H.-Acup. 6 73671531 A
Acup. 6 84.64+15.39 A

Values are the Mean = Standard error.

No. : Number of animals used.

a) : Means with different letters(A,B) within a column are significantly different

from each other «=0.05 as determines by Duncan’s multiple-range test.

* 1 Statistical significance compared with normal data.(p<0.05)

Normal : Non treated group. .

N.-Saline : Administration of injection with normal saline at Pisu(BL20)
in 30 days after streptozotocin injection.

Control : Non treated group after streptozotocin injection.

H.-Acup. : Administration of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days after streptozotocin injection.

Acup. ! Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.
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Fig. 4. Effects of Liriopis Tuber Herbal-Acupuncture on triglyceride

in streptozotocin—induced diabetic rats.
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g Ry

Noral N.—Salin ontrol H.-Acup. Aoup

Normal : Non treated group.

N.-Saline : Administration of injection with normal saline at Pisu(BL20) in 30 days
after streptozotocin injection.

Control : Non treated group after streptozotocin injection.

H.-Acup. : Administration of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days after streptozotocin injection.

Acup. : Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.
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5. @7 HDL cholesterol §gke] wxj&

Ao, BPILER AT 2 M&RE

S gl 25 Faddgdoyd fog4e
AE A &

d AW HDL cholesterol &3-S 30 # ol 2ol vlistd Ad4 ATy %P

AAEE 11.38+050ng/de, HEFE 1058  BH ATAN ZEsided $94
+128mg/de, ¥+ AT 10.90£1.09 AAHA gkt

me/de, HPILEEH AT 10.83+1.26me/ gzl Hlse EEREE AdzA 7
dd =i EB&FEIH AT 10421066 A3t oy FoAde AAHA L&
mg/deo.2 AT w3 Yz, YT (Table 5, Fig. 5)

Table 5. Effects of Liriopis Tuber Herbal-Acupuncture on HDL cholesterol
in streptozotocin-induced diabetic rats.

HDL cholesterol(mg/d?)

Duncan
Group No. .
30(day) Grouping
Normal 6 11.38+0.50 AY
N.-Saline 6 10.90+1.09 A
Control 6 10.58£1.28 A
H.-Acup. 6 10.83+£1.26 A
Acup. 6 10.421+0.66 A

Values are the Mean® Standard error.

No. : Number of animals used.

a) . Means with different letters(A,B) within a column are significantly different

from each other @=0.05 as determines by Duncan’s multiple-range test.

Noi‘mal : Non treated group.

N.-Saline : Administration of injection with normal saline at Pisu(BL20) in 30 days
after streptozotocin injection.

Control : Non treated group after streptozotocin injection.

H.-Acup. : Administration of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days after streptozotocin injection.

Acup. : Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.
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Fig. 5. Effects of Liriopis Tuber Herbal- Acupuncture on HDL cholesterol

in streptozotocin-induced diabetic rats.
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Nom al N.—Sal'ne Control H.-Acup. Acup.

Normal : Non treated group.

N.-Saline : Administration of injection with normal saline at Pisu(BL20) in 30 days
after streptozotocin injection.

Control : Non treated group after streptozotocin injection.

H.-Acup. : Administration of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days after streptozotocin injection.

Acup. : Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.

- 114 -



- FPIZEHEKOl Streptozotocin@2 RUE &F0 Sl NXe & -

6. @A free cholesterol &30 ulx=
R

AW free cholesterol 22 30U =
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Agdol vlshe] HPIXBH A RN
#9914 A& Z7Hp<000DE RAoH, B
&Elg AIFAHE FdA AdE F7}
(p<0.05)7F AAZHUTE A3l vt

o

)

T 2 4T FHgzdAE F71EA
frelgdol AR HA = &gt
=Tl vlste] ZEMILEHE HelTolA
94 e F/7F IB A, (p<0.05)
B&EE AZTANE F7EHAAT {9
AL AAHA Ipdt. AESF HAFL
z7d vste ZAIFIAAT fF4o] A
A=A &gt

Duncan W3 dA o4d AE w
ol YoM E WERTol ujste] KFILEE
# AZTAN {93 Aozt AAHAU
t}.(Table 6, Fig. 6)

(BRI

O

Table 6. Effects of Liriopis Tuber Herbal-Acupuncture on free cholesterol
in streptozotocin-induced diabetic rats.

: Free cholesterol(mg/d4) Duncan
Group No. .
30(day) Grouping

Norinal 6 29.86+£1.89 A?
N.-Saline 6 30.80£0.60* AB
Control 6 3455+1.45 BC
H.-Acup. 6 4253+1.717% D
Acup. 6 37.290+1.33" C

Values are the Mean* Standard error.
No. ! Number of animals used.

a) : Means with different letters(A,B,C,D) within a column are significantly different
from each other @ =0.05 as determines by Duncan’s multiple-range test.

* [ Statistical significance compared with normal data.(p<0.05)
*+ . Statistical significance compared with normal data.(p<0.001)
¥ @ Statistical significance compared with control data.(p<0.05)

Normal : Non treated group.

N.-Saline : Administration of injection with normal saline at Pisu(BL20) in 30 days

after streptozotocin injection.

Control : Non treated group after streptozotocin injection.

H.-Acup. : Administration of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days after streptozotocin injection.

Acup. ! Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.

- 115 -



-

o

ot&stalXl. H3H 2&5. 3 M3S. 2000 -

Fig. 6. Effects of Liriopis Tuber Herbal-Acupuncture on free cholesterol

in streptozotocin-induced diabetic rats.

mg/dl

sl

onnal N.—Sale Control H.-Acup. Acup.

Normal : Non treated group.

N.-Saline : Administration of injection with normal saline at Pisu(BL20) in 30 days
after streptozotocin injection.

Control : Non treated group after streptozotocin injection.

H.-Acup. : Administration of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days after streptozotociri injection.

Acup. : Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.
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7. @AY total protein I Vi =
g

AU total protein THFL HAFTL
11.70+0.13mg/de, WZTE 11.15+0.15me/
e, A9 AT 1157+0.15mg/de, %
FI&3sg M@ TL 1153+0.12ng/de, M

flgg AT 11.201020mg/deE AAT
o wd HERFL FAH dE #H2E B
Jom,(p<0.05) xRl Hsle) FEFILEE
@ AZ L AEF AT A2H F
7He BYoyd foAel ARHA g%k
t}.(Table 7, Fig. 7)

Table 7. Effects of Liriopis Tuber Herbal-Acupuncture on total protein
in streptozotocin—-induced diabetic rats.

Total protein(mg/df)

Duncan
Group No. .
30(day) Grouping

Normal 6 11.70+0.13 A?Y

N.-Saline 6 11.571+0.15 AB
Control 6 11.15%0.15 B

H.-Acup. 6 11.53+0.12 AB
Acup. 6 11.20£0.20 B

Values are the Mean* Standard error.

No. | Number of animals used.

a) : Means with different letters(A,B) within a column are significantly different

from each other «=0.05 as determines by Duncan’s multiple-range test.

* . Statistical significance compared with normal data.(p<0.05)

Normal : Non treated group.

N.-Saline : Administration of injection with normal saline at Pisu(BL20) in 30 days

after streptozotocin injection.

Control : Non treated group after streptozotocin injection.

H.-Acup. : Administration of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days after streptozotocin injection.

Acup. : Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.
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Fig. 7. Effects of Liriopis Tuber Herbal-Acupuncture on total protein

in streptozotocin-induced diabetic rats.

mg/dl

Normal : Non treated group.

N.-Saline : Administration of injection with normal saline at Pisu(BL20) in 30 days
after streptozotocin injection.

Control : Non treated group after streptozotocin injection.

H.-Acup. : Administration of Liriopis Tuber Herbal-Acupuncture at Pisu(BL20)
in 30 days after streptozotocin injection.

Acup. : Administration of acupuncture at Pisu(BL20) in 30 days after

streptozotocin injection.
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V. % %

Fxel dAle QFY udd JA &
AR ARG AFHE 35004 A
o] 243t A== Ebers Papyrus©l
“Fro Yx'ge o] gloen FxuS
BZAA e QY A FAE 1AE
gtk 71 400~800d A U= 93
9JA}Q) Susrutar® {Ayur-Veda) (B3H 9
gF)olgte YAl F x-S madhumea
(Fegolgta Ex1, 2919 Celsus(B.C.
30~AD. 500 YxFoAixe Aol wAA
FHol #gdE AR A2 Anted
e AAs R HAAFSE Fole Aol
A AFeR YAHe JEsginh
Aretaeus(A.D. 30~90)= txFol #H3
o F o AAStA Jl<sti  diabetes
(siphow)etx BE-& AUt
Galenos(A.D. 129~200) T xH< 23
o] #ofom dojuby wpiAl Zo] bR
LFo] Hol wiEdty r&stdd. 1 H
FHEAME o 1047 X o AT
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Tl EHRE P Wil
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RYYE, I8 & 92719 ERmoly £&
FA7F ok A s glth »
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7} 2439 insulin® ZAY 3& insulin
Ao F7HE KA m, o2 Qs A
£A4Q un¥Fo] EFHo= YguE
58, @0d g Adiate] ojio]
He Z3e FAse ?—-194—4 ATz
Rolstz 9ok

T 3A insulin 92 Pxy
insulin H]EY F=H, 71E So] o

gn3 % 944 Pgudoz ¥Ry

¥

rl

(<]

3, I F insulin OJEY Fae HA
BAXY AZFME ARA

A7l A¥oR 7Y 298 M A
N FAHQP s Ao

Hol A pAXY gy o
2 g494 g.?
Streptozotocine #F L AT DNAES
£4s3lstn, DNAY £4dste F#xo=
T e o] el A
NAD(nicotinamid-adenine  dinucleotide) <]
AT ARE st AT AARIE A}
H22 insulin &Y FaHS

_ﬂ,
2Rolg} & 4 %wm ev1%

WEe EHRS AHEAY HE WBE,
. IACEEWERD T YEE, WK,
kD Pe st B, Wi WmEe A
doly Blets £o2 Bu Klpel Mk
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L2 gulctol wfLikolY WHLE, RY
WRoll ool xS o]l AFZAI dof
U= Folx, Be o] vEds ZEoR
Pgholl 2ste] ol ZaEo] #Fol
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R, BERKOR, MBS NBBE, Wik
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B SOZ AVt BHEAAAY WA #
Ho R Rt g2 S Rt AT
B, MK, KAFR, BT $o=
42EE Ao

BB BK S& FRE 3U FFH2
2 3 Rez, FMe “ LHIIKEME,
PEERERE, BHEERER O
on, EPe F@lE BBU KABIIK,
FEEBER SH Y, chifE hEmolY SR
AE FEUATEMEEY, THs TER
ol /MEEAKS T, BWESE, WEWME, |
EHE BEEETT 9o

dukd o LEE BWMSKIE YES
2 0%, &, BT EBSY fokk
£35te, fghokiol wstel 2P o
M T s Ao HBREDs
3, hilE WHRESE XEeE 28}
25l $4g FRFIE oS Hln v
2 AAE gL FHstdA, nEe 3l
o} &fkEA &3 KMERESIE /B
AT Heksl PR S 3, EEEE, RS,
e, WlAmEsEnsts, THe MESER
3t Wste B 21 LT Hele
FfEC 2 WEEEE, EEATSY, RREEAM,
BEifRE, A, OBMASK, RKAKS

E} 13)52,55)

-

o—t

WEe wmEkoze &%= ki, B, &
i, P gke Hksn BEAE B
g Axz nzdda gz, e vl
o= HMELSD, SHY BT WHE
atn StEm, £ SHEdE EraH

2 O #S BERSlT, MR HiBmk
2 1 Be ¥AaIda A4 2¥= g
KE =9 HKkE ARSI, BEF BB
AAS B RS 7HA ™3 dda 3
don, EPe L@ WdEE HELH,
REHET, BhPEE HEFERE, %
KBS, BTHE, ERAE, SR
3 o ZF BREY Asr 234 =2
e s A BES BEstE @k
B#g AANE FEHE AZANE F e
dl ol HEY T HEERY FFH3 &
Zhol RO o3ttte HAM dARTgdn
& 5 gl oy gurHel WK
Bike W EALER L EaHiR
o o]l QAFRCA wFHiepRgsloor ¥
q__ﬁl)

gL g £ ddA FAQ
A2FAES Jjaponicus
Ker-Gawl) ¢ BBE& EF AFst4
23 Qo BB prppe waw M i
Mo gy m o EHREl T
161829) seramfil, WOME, B4R, 2N
o) Exol Yol ik, whim, Wi, &
BrEE DEXKR, BB, BuRBGE, B
1%, FH 5< X¥sy, ZRLFEddE
A &AQ dRAsrargo] QP g
Atk (HERATR) TdAE “EFILS %k
HASD, LEERE o2aH, B, 5l
st FAROl Muste WMEEATH AMR

(Ophiopogon

SR Bol shAE, T, FgdT e

o ste] #gEW Axe Y= EMLS

- 121 -



- (HertAstgi X, M3A 25,

Batg .

M (Pisu, BL20E Z11WHHET Mis

£ 1 559 AT BARBENRRL] HF&

R LG, BT, B8N, @NE
mshE el Aol BiEEAE, &M, ¥|HE,

BR, SkaE S 1% Doz

e Sosts KT WA

18] o} 153031 B3UMI-46) o BER
Streptozotocin £.2 &¥® 9xd IAFHE
T2 LK ZR, ATTared F4o UE

Ue=d AAASZ Streptozotocing A
BHEE Tt}

G BmEBAA MEI A - e
gHoz FHAol Y B, =3 HEBEF
7b&dl hiEEe] EFol ERMEOIZ=R
E 2¥9 FERYL diel s 2Est
IO BMEKY o= vwFojrnel L
Hets ddo] A58 & F At
HP%2 SHER, EBREsls &%

3

Aol FiHE =" 7tsAdel d2¥WA b
W OES Ao AR oM HFILL
Adefsto] dhifgol faek Mgl el o
Bz FUasHA

ojo Azt= #AAZe] BAMESY DNAE ¥
A 3l (fragmentation)slo] AAZ st F o]

o B3E 98 ADP-#R=FHIEEL
2 #8435 NADE AREA7IE FHA
A NADY 437 §7Hsid #A% BHAZE
IAAA Fawe feddn 2ald
vl 9l Strepozotocin & 2

foE P
478 2AE sto] Mk X MEA

A H3%. 2000 -

EMLERES Fdde 9xms Bdo)

Aok BAEHE AFe Wz 3 Y
insulin + glucose - triglvceride - HDL
cholesterol - free cholesterol - total protein
o ¥ ¥ss %135}9&'4
AgAF A £ AFe WHIE BEE
o BA 43 6dAd AT 2717.00%
8.70g, WZT2 22832+10.20g, A9+ A
2 &2 22865+19.98g, HFILXZEHE Al
& 21335%40lg, MEEE AITe
2227311217g 2.2 Streptozotocin€ F
3t RE FolA Streptozotocing F o 3}7]
2 Ao wl&] dguigle AFHAIT AR
1y g
g7 AEPa7t $29dE Samson®,
Jobidon®™'e] B3} YA g},
AAEE AYgdE RE FolA AFP 6Y
HAE AT FA7E ARyt ofF HA
Fr7bete FAE BAEAS, 48 2740
+23.04gE AFAHY F
, A2 302.13+48.19g, 4
+42.24g, EFIEIER
T 309.58%£29.09g, M AT
309.77£20.09g2. = 64 A °]—7—i 3%
& A3 BE FAAME AHHA F7t
FAE By ot AT vz 25 dA
3 AFTASE Holx U FEAEE A
3 RE oA FAAd de
¥ = &tk (Table 1, Fig. 1)
FaddMe BAEEFY & 2L greo
Zgo] ZAaEol 9WA Aol A

o] Streptozotocin o &

r[o X omR ol

_1

Aole 17

fe.)
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o, FFol X< glycogen FE7F Z4adA
3 ololmet ux 2EL 8] Ty
A 23 9 AF AZEo] duxdez
T9HARBR & glycerolF ofu]=Ald]
o3 BEH 4 (gluconegenesis), &AWk
(free fatty acid) 59 &3] 2o "R
duxz FIFHE= AF Part w4
e Ao 2 Als €t Streptozotocin ¥
oA 6 olF AFo] Frtsle A2 A
Zell AT AdAHA F7HEE AgEY, A
At vk Aozl FUhee ZAAE
<€ Holx 3o

AW insulin %o WHIE FFIAo
2y AAZE 015+51.20%10ng/ml, W=
€ 018+736%x10°ng/m, 4 EF AT
& 019+229x10 *ng/ml, EFIXER A2
TL 032%£160x107ng/m 23T PR
4 Hel2e 023+858%107°hg/mb &2
Byt di2Fel vs) BPILEEG AL
(p<0.001)# &g A 27 (p<0.05) A
w94 e T dAHUT (Table 2,
Fig. 2)

Insulin® #AFe F2 BHAIEER
B A o)) A FAaE =, ATER
preproinsuline A A X9l Z=HUYFH
% (rough reticulum)°l} A1
DNA/RNA $x9 o gdan?

walr A7) A8 Z 3= Streptozotocinol
olgt A BAXE =2 Q13t4 insulin
o] Aol Asld AHetm AziE oA
W o] Streptozotocine] oj3f B A E7}

2
o2l

0.

)

R

endoplasmic

¥Z3 51 DNA 7tg9 g E F4] &
TAPe =z ojojA Y ojyf ADP-|HXAF
AP EAV 8485 NADE 2 E3n
o] Ao NADS 42%27F W& sc}sid
BAE7} HAFTHE Okamoto™ 59 B
s} YX gt

AW glucose FF9 W E FEA3A
B FAEL 13263£595mg/deol .o H,
430.33+46.10mg/de, A FF A
382.67+46.78mg/dl, ZEFILLEHE, A 2
326.56+43.15mg/dt 2 BF HAAF
vl & @3] F7HskH o H (p<0.001) FEdk
FgE AT 33707164452 4T
o Bl @A F7tsArh(p<0.05)
xTd vlusfRd FHFILER AL
AN 7HE B ZAE BYod, ikl
AT AET AZTAME B A
g Yoy % {94 AAHEA &gt
t}. (Table 3, Fig. 3)

Glucose® 483 insulin 4] 23 &3
24 8% glucose ¥ %7} insulin &4
AX ¢S @7I¥ insuline] EH|EHo] ZHA
FYE 3} S92 glucoseE QA3
(phosphorylation) AlF o 2A AXJ=29]
AEAE A&y, Fdd Ead T3
T 549 848 A9AAA T 9YEEY
AZFE F7HA719, &9 glucosed] AW
AH(fatty acid)29] A8 % ZVHA1A B4
(gluconegenesis) g A A5} &=g)%%8 gz
o] 9lo]A] Streptozotocin®] <3t HAF B
MEo] HIZ insulin 8o o7t A

¢

=
flo

ST )
fo o N
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d% glucose g#o] F7tstA v, %P
Z8E AT JoAME AZY J5E
Zstetd  BAIEIE ol=Ax 3 EHo
insulin Fulol =& FA7] WFo A

W glucose ol dlxTol vlad Zad}

Moz Atz
AU triglyceride ‘E}E‘—J WstE #Est
o B AATE 64.41+529mg/de, HFE
< 9486*1034mg/de, Ads AL
88.23+13.98mg/de, EPFILEH AL
7367%1531mg/d¢ 18l E&EE AT
2 8464+1539mg/dAE UIEFTLS AAT
sl {4 e FUHE e
o,(p<0.05) =Tl vlste AFGs+ A
T, ELEE A= £ B&EE X
AqMe ZF ZLHAAT F94dol AA
5] ¢sktl. (Table 4, Fig. 4)
o]= triglycerideZ} insulin® ZAYPAldE
FA4A Y] TxA A Q3 -lipoprotein
lipase(LPL)9] &do] ZtAa3dte FA Ao
dx A7 FAThE Abrams %899
Haet dxlste Aow, HMLLEH A
T E #HR7T S 78*5}‘5}01 BARXLE
3| 5A1A  insulin FHIE 43 3o
lipoprotein lipase(LPL)9 A& Z7}A|7)
B2 ¥F triglyceride &3Fo] &Il ¥
3 FAaste o Algdrh ,
337‘4‘41 HDL cholesterol ¥ 3¢ wW3E
A3l B AT 11.38+0.50mg/de,
T2 1058+1.28mg/de, A HF A&+
10.90+1.09mg/de, ZEPI&ZEH A2

T
KX
L
0

o 2 rL

StastglXl. M3 2

S3d M3=. 2000 -

1083+1.26mg/d¢ 1831 M&FIE A=l
2 10.42+066mg/deo.2 diEFol H]&o]
7 AT HMLER AHTAA
Ztat et wde ARHA ST
(Table 5, Fig. 5)

ol ZAELHE ALY
&Y gx)dAe ALY £ 7 2HEL
e vlE F VLDL
cholesterol, LDL cholesterolo] Z7}% 11,
HDL cholesterole At = &3t
A X3t HDLE oA AAEY  apo
A-1, E, ¢9AFH, HFHIH2EE(free
cholestero)2 T4 ¥ °|5% 49 EF
oz BujEEd, A7]7F 23 cholesterol
ghao] A& AeHlE HDLsgt 3t} HDL::=
free cholesterols& WolEoln] o] free
Lecithin  :  Cholesterol
Acyltransferase(LCAT)o] 98] Ed2H
2 o 2# 2 (cholesteryl ester)E &5 o
HDLS] HAF AR olFdted o HFHE
HDL,2t &%.® HDL cholesterol st}%u
FaE HDL:9 Asizt 8 Wsloln,

Z & lipoprotein lipase?] &4 =7} "*0}/*1
dojue ddew AtsHETH

olN >0

XY (insulin 9

triglyceride,

cholesterol<

P& gEE A=ddAe AZVsE 7
slsle] SHETE 3 EAA insulin BHE
ZZA7]12 lipoprotein lipased] FAHEE

*
=ol A HDL cholesterole] Z7}8t= 73
S Holy o= Atsdr
AU free cholesterol &9 wisls =
Aot ww AT 2986+ 180mg/dl, o

odl
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2T 3455+145mg/de, A ds A2
30.80+0.60mg/de, ZEPILZEH AT
4253*1.71mg/de, Md&ekign el 37.29
+1.33mg/de 2 3T vlsle] ZHFILER

AYgTAM Fd48 de F7Hp<0.00DE
Byon, E&HE AAFdAE 94
9= Z7Hp<0.05)7F AR = Ak, |

tixzol vlete] ZEPILEEH A TolA
w94 Ae F7F A H AL (p<0.05)
BeEg ATdAz FAEAAT 79
AL AAHA &gk (Table 6, Fig. 6)

A ZU free cholesterol®] F7le HYol
7} 712 = cholesterol tjAlel 2E L&
do 7t}

RAAZ HAEJ cholesterol A< AT &
Alel  hydroxymethly glutaryl coenzyme
A(HMG-Co) reductased] A& A3t
cholesterol A& o]l Astdth.

Mo rlo

A2 acyl-CoA:cholesterol transferase
(ACAT)Y #8&& F7HAA cholesterol&
esters} 3ok HAZ AU FLA
24& AsAA AdEATGH AFY
Fde ARG

LDL cholesterol(A ¥ = A g
cholesterol) & ¥% 4+3 4BBAs} 1
19 v} gl wEkA free cholesterol®l 4
5 LDL cholesterold] #Z4E <u]sii,
ol Y T Tihe U AFIT
g & ok

AW total protein T WEHE A&
o] B 4TS 11.7010.13mg/de, tE

F& 11.15+015mg/de, A E$ He
1157+0.15mg/de, ZHFI&8H A
11.53+0.12mg/de, BE&FIE A2 11.20
+020mg/de2 Ao wis] dzFL #
g4 e FAE Ron (p<0.05 WE
ool vt ZHPILEH AT 2 Ags
A de A2 F71E Bgey §94
o] 1A =R ¢&kt}.(Table 7, Fig. 7)

ol Yy d¥d FAH4L AAs=o,
glB&o & I gruEe qFEo #FiaH
7] wRolgl: Jefferson”e] B 1ol Y

3t} insuling  olulXxAl  F

SV

fo rlo

valine,
leucine, isoleucine, tyrosine 2 phenylala

-nine 9 AEXW #U& FHs frel
A ¥EF 4 (gluconegenesis)S oAy, %
A AEA A Gy PFE FHsta o
By FHE At &S /A, By
insulino] HF-Z3td Thwlzol AL HH
Hu Aggddo] Fajxo] duxgez
olggEe® YzFdde AW total
protein®] FFo] At
Al e AG7sS Adtstd fAX
o] gEo2 Q3 insulin ¥H]7F Uiy e
2 Z715o] 83U total protein kol
F7te 2e=w AlgEH.

oldi ZE HAPAARE Hol ZEPILLEH
%o MB&RR FYS HEBBENOEZ WK
thifi WFo] &3l Y X854 f&
@ 2Age dom 7HolA, o Uy
o Ax e Id7EN 9 X8A A
wo] &89 4 glows gddrh

o
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V. & @

PR EH R Judd Uig §%S 4

BH3}7] 918t Streptozotocing F st
’éi’:‘l’ﬁ] IRE T dHY BERA A
4o ggKke 9L 309 ¢ s

7‘“‘6‘-‘] wistel A insulin - glucose *
triglyceride - HDL
cholesterol - total protein 3o v|X+
FEE JEA 2 vl g ZE HE
= Ut

cholesterol - free
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