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1. (American Diabetes Association, ADA)
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1. An impared biological response to ether exogenous or
endogenous insulin)

2. Kerman 3
(A physica state in which a normal
amount of insulin produces a subnormal physiologic response)
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1. Hyperinsulinemic euglycemic clamp?
2. Homeostatic model assessment (HOMA)**
HOMA insulin resistance =(fasting plasma insulin level (mJ/ml) x
fasting plasma glucose (mmol/l) )+ 22.5
3. Fadtinginsulin®®

4. Insulin challenge test'’
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1. wistar ( ) 200~300g

2 10
12
2. pentobarbital 40 mg/kg ( MTC
HRP09200000101)
3. ( 2.1
05 30 ) (Han' sHedthronic Likon,
) 15Hz 10 mA
( 2.2)

16 3/16




(Novo Nordisk )

8. (intravenous glucose tolerance
test, ivGTT) 1 gkg (
)
9. naloxone 30 naloxone
1mg/kg (Sgma )
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(Widtar rat with ICT- EA for glucose and FFA)

(ICT)
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0 30 60
(Freefatty acid, FFA)

(STZ with ICT- EA for glucoseand FFA)

(ICT)
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(Wistar rat with ivGTT — EA for glucose and insulin)
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0 30 60

(Widar rat with steroid, ICT- EA for glucoseand FFA)

(ICT)

0 30 60

(STZ with steroid, ICT- EA for glucose and FFA)

STZ

(ICT)

(Widtar rat with steroid, ICT, naloxone- EA for glucose)

(ICT)
30 naloxone 1mg/kg
60
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0 30 60

(Widtar rat with steroid, ICT, EA- naloxone for glucose)

(ICT)

30 naloxone 1mg/kg

0 30 60
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Roche Elecsys® systems 100
(immunoassay)
electrochemiluminescence immunoassay (ECLIA)

20 bi otinylatedmonoclonal
insulin-specific antibody monoclona insulin-specific antibody
labeled with a ruthenium complex streptavidin
labeled microparticles biotin-streptavidin

1.39 ~ 6945 pmol/I 17.8 ~ 173 pmoal/l
(FFA)
Radox FA 115 30
(colorimeteric method)
FFA+ATP+CoA  acetyl CoA synthetase acetyl CoA
Acetyl CoA +O,  Acetyl CoA oxidase H,O, H.,O,+
4-aminoantipyrine + N-ethyl- (2hydroxy-3-sulphopropyl) m-toluidine
peroxidase
( 550 nm ) megy/

Hemagen Diagnostics Raichem Glucose
uv glucose + ATP Hexokinase
G-6-P  ADP G-6P+NAD  G-6-Pdehydrogenase
6-PG NADH uv 340 nm

mg/dl
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Widar rat with ICT- EA for glucose
ICT 30 60
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3.1 Wistar rat with ICT- EA for glucose *, P <0.05; **, P

<0.005. (EA= , hon EA= )
30
-67.2% -49.3% P
0.033 60 -83.1%
-60.4% P 0.001



Widar rat with ICT- EA for FFA
ICT 60
FFA

-—-=—Non- EA
O [ []
0O min 30 min 60 min

3.2 Widtar rat with ICT- EA for FFA. *, P <0.05.

FFA 30
-37.1% -12.7% P
>0.05 60 -56.6%
2.1% P 0.003
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STZ with ICT- EA for glucose
ICT 60

mg/ d|

6 0

50

40 _

——E A

10 =T non-

gl ucose,
4

0O min 30 min 60

3.3 STZ with ICT- EA for glucose *, P <0.05.

30
-36.5% -9.9%
0.002 60 - 63.9%
-17.8% P 0.001
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STZ with ICT- EA for FFA

ICT 60
FFA

me q/ |

FFA

—s—non- EA

0

0O min 30 min 60 min

3.4 STZ with ICT- EA for FFA. *, P <0.05.

FFA 30

9.9% 4.16% P
>0.05 60 - 29.2%

51.4% P >0.05



Wistar rat with ivGTT - EA for glucose
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3.5 Wistar rat with ivGTT - EA for glucose *, P <0.05; **, P

<0.005.

87.3%
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Wistar rat with ivGTT - EA for insulin
15 30 60 90

o
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3.6 Widar rat with ivGTT - EA for inaulin.

15
0.5% 0.056% P
>0.05 30 1.2%
0.2% P >0.05 60
-1.9% -2.6%
P >005 90
1.3% 3.8% P >0.05



Steroid-induced insulin resstance
ICT 30 60

mg/ d|
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Wistar rat with steroid, ICT- EA for glucose
ICT 30
60

mg/ dl

EA

gl ucose,

O min 30 min 60 min

3.8 Wigtar rat with steroid, ICT- EA for glucose **, P <0.005.

-65.0% -30.1% P
<0.001 60 -76.5%

-43.6% P <0.001
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Wigtar rat with steroid, ICT - EA for FFA
ICT

60 FFA

me q/ |

FA,

—=—non-EA

mi n 30 min 60 min

3.9 Widtar rat with steroid, ICT - EA for FFA. **, P <0.005.

FFA 30
-38.9% 42. 1% P
0.001 60 -46.1%
34.5% P <0.001



STZ with steroid, ICT- EA for glucose
ICT
30 60

mg/ d|I

()
(7]
(@]
(@]
>
o
10¢ —=—non- EA
0
O min 30 min 60 min
mi n 30mi n 60min

, %

3.10 STZ with steroid, ICT- EA for glucose
*, P <0.05.
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me q/ |

FA,

STZ with steroid, ICT- EA for FFA

ICT
FFA
1. 8[0 *
1. 50
1. 20
0. 90
0. 60
——E A

0.3 T—non- EA
0.0 : !

0O min 30 min 60

3.11 STZ with steroid, ICT- EA for FFA. *, P <0.05.

FFA 30
-17.9% 16.1%
>0.05 60 -35.5%
69.9% P >0.05

mi



naloxone
Widar rat with steroid, ICT, naloxone- EA for glucose
ICT naloxone
30 60

mg/ d|l

gl ucose,

O [ ]

0O min 30 min 60 min

3.12 Widtar rat with steroid, ICT, naloxone- EA for glucose *, P
<0.05; **, P <0.005.

-62.0% -26.7% P
<0.001 60 -69.6%

-43.4% P 0.001
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Widtar rat with steroid, ICT, EA- nadloxone for glucose
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30 60 naloxone
-
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-39

3.13 Wigtar rat with steroid, ICT, EA- naloxone for glucose

Non-Nalo=  naloxone . Naloxone=naloxone
30
-62.0% -65.0% P
>0.05 60 -69.6%

-76.5% P >0.05
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3.1 ()

*, P <0.05; **, P <0.005; NS= no significant.

30 60
Widar rat with ICT- (EA) for glucose * *
Widgar rat with ICT- (EA) for FFA NS *
STZ with ICT- (EA) for glucose NS *
STZ with ICT- (EA) for FFA NS *
Steroid-induced insulin resistance * *
Widar rat with steroid, ICT- (EA) for glucose  ** *x
Widtar rat with steroid, ICT- (EA) for FFA ** *x
STZ with steroid, ICT- (EA) for glucose NS *
STZ with steroid, ICT- (EA) for FFA NS *
naloxone
Wistar rat with steroid, ICT, ndoxone- (EA) ** *
for glucose
Wistar rat with steroid, ICT, EA- (naloxone) NS NS
for glucose
15 30 60 90
Widtar rat with ivGTT- (EA) * * * *
for glucose
Wistar rat with ivGTT- (EA) NS NS NS NS

for insulin
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60 FFA
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Cheng [3-endorphin
Lin
naloxone

naloxone

ICT
streptozotocin
streptozotocin

Shapira®™

(Psammomys obesus)
ICT
Liao &
Liao

Liao

ICT
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30 my/dl

( ) 30 ~ 40
mg/dl ( )
150 mg/d
( ) 40 mg/dl
( ) 60 mg/dl
( ) ICT
60 ( )
(30 )
(60 )
STZ
30 ICT
( ) ICT
0~60 (
)
60
30

ICT
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Metformin

74

Sulfonylurea

thiazolidinediones
75

73



Naloxone

STZ
prednisolone 40 mg/kg
60
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Mechanisms of Improving Insulin Resistance by

Electroacupuncture

Insulin resistance (IR) induces diabetes mellitus, hyperlipidemia and
hypertension. The incidence of IR elevates with age. Corticosteroid is one
of the reasons that cause iatrogenic IR. The am of this study is trying to
find the way to improve the pathologic or iatrogenic IR, in order to
improve peoples hedth. Widtar rats were chose to be the experimental
anima in this study and insulin challenge test (ICT) was used to evaluate
whether there was significant difference between experimental and control
groups or not. In this study, the diabetic rat model was produced via
Intravenous injecting with streptozotocin (STZ). Electroacupuncture (EA)
to Zusanli acupoint was performed in the normal rats and assayed plasma
glucose and free fatty acid levels. The intravenous glucose tolerance test
(ivGTT) was aso performed to the rats. The same protocol was done in the
STZ-induced diabetic rats. Then, the norma rats were injected
prednisolone to ensure the insulin resistance will be induced. The rats with
prednisolone management were tested by EA as those without
prednisolone management. Finaly, rats with prednisolone management
were given naloxone intravenoudy and tested whether EA had effect in
insulin resistance no not.

The results showed whether there had prednisolone management or
not, EA at Zusanli acupoint had hypoglycemic effect under ICT, and it was
in parallel response to free fatty acid. The same results were found in those
diabetic rats but the responses did not happen until 60 minutes, it also was
in parallel response to free fatty acid. EA a Zusanli acupoint aso
significantly lowered blood glucose in intravenous ducose tolerance test
(ivGTT). But naloxone did not block the hypoglycemic effect of EA in rats
with prednisolone management.

In conclusion, EA can improve insulin resistance in parald the
lowering of plasma free fatty acid level, and endogenous opioid peptide
seems not involve in this action of EA at Zusanli acupoint.
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