Responses of blood glucose and insulin to
el ectroacupuncture stimulation at the

Zhongwan acupoint in humans
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Abstract

The purpose of this study was to investigate the response of blood
glucose to electroacupuncture (EA) stimulation at the Zhongwan acupoint
(CV12) in humans and to deduce possible mechanisms. Twenty healthy
adult volunteers were randomly divided into two groups: fasting group
and glucose challenge group. Each group consisted of ten volunteers. In
fasting group, we investigated the effect of EA on fasting plasma glucose
and serum insulin levels. Two assessments were performed randomly and
separated by an interval of at least one week as follows: 1) Control
assessment: a pair of electrodes were placed on the surface of the
Zhongwan acupoint and the non-acupoint 1 cm below. Then the
electrodes were connected to an electronic stimulator (HANS, LY-257)
without delivering electrical current throughout the test. 2) EA assessment:
needle acupuncture was performed at the same locations as control
assessment, and then electrical stimulation (15Hz/2mA) was applied for
30 minutes. For testing blood glucose and insulin concentrations, venous
blood samples were taken just prior to the assessment, at the termination
of assessment and again 30 minutes later. The glucose challenge group

was designed to investigate the effect of EA on postprandial blood



glucose and insulin levels. The experiment procedures were similar to the
fasting group, except all the subjects were requested to drink 100ml 25%
glucose water before assessment. The results demonstrated that the
fasting blood glucose level decreased by 3.1+1.1% at the termination of
EA assessment, but returned to pre-assessment level after 30 minutes. The
fasting insulin level was not significantly changed by EA stimulation. In
the glucose challenge group, EA could neither augment insulin secretion,
nor inhibit the increase in blood glucose. In conclusion, 15Hz/2mA EA
stimulation at the Zhongwan acupoint could temporarily decrease fasting
blood glucose level, but the hypoglycemic effect was not insulin-related.

Further studies will be needed to clarify the mechanism of action.

Key words. electroacupuncture, Zhongwan acupoint, blood glucose,

insulin
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%5 RCT # A LA B A Lh> 2 p RS M 7 B A o
w44 RCT 4 i ot & B o enB 38 >0 % 5pk= 5 (W RCT >
W PR AT s @ 2ol gt & e f(shame acupuncture) =2
TG R R Ay N R Ko R R R B AL T2
R R ARG AR LE R FI AT H R MGG
Bk Adce T > 44 4RCT &3 T = 2 B3 (double-blinded) =7k
e A ERip R ERR DR F - ARTERSRERS
SRS FRAIHRECTERZEE S TR AR RS
T VRIS E BT RS R E CFEFERS
Eopdde b aish AL £ E g0 LB - ~RFILEPYE
Bio %% RCT #c® s 4o > o Sow g 50 8 A 454 4830 fld > #)p
AL RCTHEFEALN G FEDE - F 5 5 ﬁ 44 % RCT a3k

i AR G]de CONSORT # B *°~ STRICTA 23k °' #7 Birch #

a\
D
(V)]
=
il
=
E-
h2
jul
G
R
i

d B S F I RCT & f2i4w A 1A 47

CEL R LS Ry R VR 2
Mo A - FEHA R b BB E TG F AR

hF e B ¥ Hkang o db(hyperglycemia) o 4% Fop &2 B 4p B A
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A

2 REE - S HEACR D~ SE¥RME A gestational DM) =~ § F

¥ 7t £ B (impaired glucose tolerance, IGT)£? % *L § % # B ¥

(impaired fating glucose, IFG)> # ¢ #& f B+ 5% - Al ¥ Pk T (type 1

diabetes) ~ % = Z|#% Fops (type 2 diabetes)r H 4 7k 3] fi e Flops =

o T AR TR BAREE LR ONRA 0 PR B
B®AGE- éi;?ﬁfﬁnﬁ%?f?@%@é IR £ X
%m/gagﬁfﬁlf FOARESR T 0 iz A ﬁn'e‘ﬂ AL -
%%ﬁ?%%%ﬁ%Tﬂ’ﬁuTiﬁwﬁ&w—ﬁ’&ﬁ%%%@
< AR < g T ke A \

éééé

dmie v E G A E MG FAEE e p i 5O R F F B LG

S WO A b T R PR S Bk R =200mg/dl -

H'x #2126mg/dl> THXE T 8 IR R s ER
I
/

B2 1:\\ /;

A 5713’;@)& pi‘f‘%(OGTT) ,J EE’:.B.. +}§220,01:iné/d1 , ;é‘%? #

iy
"'\-\.
ﬁ%ﬁ#ﬁﬁ%ﬁiﬁdiy__{gﬁf #7A*Lﬂrﬁ

B o ¥4 %“’,T‘:E'_f%\‘a g TEFPIF LM F wE ey FRER

RS SRR EY T U R LR

w—-;

e p AR KA - kI AF B R G o 64 et
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K3 ABEEWEATIR - ~ B4 § A f S BHSE(polyol pathway)

=~ mfe BRI ¥ 4E 3BT A 4~ (advanced glycation end products, AGEs)

Sl 4e =~ F-v B ' C(protein kinase C)efid i w ~ 3 4o & it
#E i (hexosamine) » 1T &k § Fdpdp 1 dbw BB E 020 R F] R
AT+ BEsaA 4 iE 5 9 ROS(reactive oxygen species) » £ H 47

§ 753t 4 (superoxide)™

WRop R EF gL 2T L RN - Jmigrovascular
complication) = i ¥ J % (macrovascular complication > /] 5 ¢ T %
¥ 3 ¥ J5 % (nephropathy) ~ #/ 5 5 % (neuropathy 2 AR % %5 %
(retinopathy)>* T R ALE AW TR LR T ¥
g )

KPRy

\n:

R HFL I HEHgG AR
—%"%%*%ﬁﬁ?‘ﬁ%ﬁ?ﬁﬁgﬁiﬁ’ﬁ@°#p]\ﬁ Jﬁ%fﬁﬂilﬁiﬁi??\:é\?
I B % Y (hyperfiltarion) ~ # 1k 4 (silent) ~ i Fg 39 £

(microalbuminuria) ~ 3+ 5 ## (proteinuria) &2 & # ¥ J5 ¥ (end-stage

renal disease, ESRD)™ o 7 # % — 4] & % = 3] Pl LB 317 Al ¥ AR

N

R Sy A N S P LR
TRIRRRE Y - LB R R R prEEE A g2 kR
TF o BBENTRBY L THRLA N A A DT

%

BEBE L ET ST AR WL - Ao d S HEEHETH

-~
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TN F 23 EOEER o e F LR R RS L BTH B KRS
AGNRE R (VI
A R R ¥ R R 0 B 56 B8 - 315 - Al

o BB S R A DR R P FR A G FhA g

hid
\-;A

B P A GPRE o AT R D R S B 4
AR REE R TR A REE SR o R A iR
5 5 #2495 5 % (peripheral polyneuropathy)~ &g & & ¥ 30 f 5 &

Boakeni Flz - Mo Ve Pl AR e Vs 7 % 4 5 % R 3l (background)

22 3 4 A (proliferative)™ ~ #f > H is 4p b crap TOREY G0N R vl

MR aldems o B R B REIRCHRE Y R B e
FARR MO REIF TR S BE L FARRES - X R
W ) et B 00T AR A Bt S BRI S L o R el g K
T R ALRFIANEECE FARBPAL LS LTS A
B EEEHY - BRGTF]T BB AL L B A e
FA LG EFRGE IR 2 EHE H i dle T 2 K g R
beigE Y TR R AL B HREBE R el ¥ TS

Bl E AR B ] S RERE Y



s i Eod LAE LR

FoATREEE S
A SE% & & B 0 # (polypeptide hormone) 0 &+ £ &

5808 - d 20k FrkdE N s adlrz 3 21 BARAR > P4az 3 30 B
e A H 2 B3 2 B Ea4E(disulfide bonds) s & Oonr § % gl 7
Rt E 1L EA S MBS AR £ S0+ 5 11500 Gk
% % 4 (pre-proinsuline) > £ @ *% § % & » p F % (endoplasmic
reticulum) 2. & A% 7 ",/TT 5 B %% 7X (signal peptide) % = = % § %
(proinsulin) » = % % #% & % - B amino-terminal f 4& - - &
carboxy-terminal o 482 1§ £ ﬁ e71 C-peptide > C-peptide "f iR a
thgr Baach s B} M R AT EA KW AR B
w L § AL B e chf% % prohormone convertase *r B = p d i e
C-peptide &2 % § % > #R{s - 42d F A < #8(Golgi apparatus)= 12 & F >
A% = A B3Rk (secretory granules) i 5 B im ¥e JJ{‘ ¢ k00

VE RO B Ave X T cfs 0 e ek 1T (exocytosis)H-A SRR
PR PR AT 0 g AR E B "$ = X 40-80%=% B & o 48
FUE G FR D B RS R ERY RN FEEEL] THREE
amie NHHE Y o L L 2 hE R Y384 P ¥ TR E TR

% e E 5 25 ng/min/kg body weight » @ v ® 3% § 2 kR A
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6-26uU/ml*>% -

=5

NI o

G E E s i E G % (pylkatile) 22 & &4 (rhythmic) B fw 2 2.
Fé&%%—? gap junction E84]4p 3 il 0 E A A e- R o B mie
& Kk p ¥ & $ (glucose and amino acids) ~ j#% (insulin, glucagons-like
peptide 1, somatostatin, epinephrine, etc) £ # & @& H H F
(norepinephrine, acetylcholine, etc)er2n & » A 3L g 2 ens s > H ¥
UEEBEEARELIER Yo

R R N TN E i s R A R T

0
m\
£
}}y}
Iy

A1 4§ 5 HEE # 3 (glucose transporter, GLUT 2)i& »
B lwmie p o 5d BEFRIT* (glycolysis)£r s 71 19 5 B (Krebs cycle) & 2
ATP(adenosine triphosphate)2? NADPH- ‘n#z p 3 4¢ 53 ATP &2 NADPH
¢ Frdmre b ATP A7 14m 35 i€ i (ATP-sensitive K~ channel)
FOU MBS B N e > g A e WEF 22 & 1t (depolarization) ¢ 4 &
LT A e R ik fUM 4T 33 i i (voltage-dependent Ca®’
channel)i®_i# +~ £ 4F4 5+ o w2 ¢hig » fme h > F e P AT IS R R
e el e s AR L G A e
e th R R UEIR OO

s Y e G % 2 E O & TGighnoid) B o o i E K
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B A 50mg/dl pEAT g L E 2 A 0 FERTIE 125-150mg/dl

i

i AT T A AR - L F kA Pl 300mg/dl

T

A RAPE SUE SNV K - RUEE N J- s S

<K

TPy > 9% 6 & A e B 4R 12(biphasic)®® @ 5% £ # R A ST MO

!

¥

¢

ok B0 F MM LBf4N 55 Istphase » 2 pEYE §

Wi A T 1 AT B > 2 (S T DRI A R
¥ 6 4 4 aTie » 2nd phase > P L E E A R ERB AT E S

SRR RY O FAT AL A FAARA RBET &
i N A B A GHURERT G S FOM o RIS ¢ R BT
MFEFL %L 5F B BRET ST ERERNESIELR
FEIM O SERZFVUHERIFBEAT P Ral o B2
GLP-1(glucagon-like peptide 1)f= GIP(gastric inhibitory polypeptide)#
AER Y

B0t RNT AT TR IR A S AP AL E P SRR
oo FraRhE S B R 2 BT 2R e "2 "2 ¥ (cholinesterase)

BoNip Al S A B p AN GERERG e Mg A

i

CRHEFR F RN T ARG A R RN F R

EIEpN A imiE o

BIRRAH SN R Ay LR ap Aidime > B4 5 A ARl



R "‘G"’i.i’,”;ﬁ i g R }'g) # 4= aﬂ ’ lE..ll’L' # 4= ;'u;}’q_,\ b Ej ,—]— iﬁd e e 7]:*
(dorsal nucleus)sa a0 4 Sdrd] o 7 FRE P SRR Bk T HF T Tk
LR A AN GF UIRLE F Ao B KT B B EA

4=

YRS
s %
L R PO

\n

FAR AT A GRS T fRrRe > L BRI S B it o
¥ & 4 % #8(muscarinic receptor) > £ H & M3 X #4853 & {4 ¥ W% g
y

A 0 B W R e ] ¢ -~ fkierE pOpT G aCal B4

7

peCa’ kA - & (Y BE7EF A2 (phospholipase A2) i 4 w %
fi% (arachidonic acid) & = = ~ /&1t 3-v 3% C°%> ¢ fgteysa & & g
FHEAZR B Hpih ) e T kAN g 7 g g
EAP L RY = fA 5935 0 VIP ~ GRP(gastrin releasing peptide)
PACAP(pituitary adenylate cyclase activating polypeptide) » iz i- ¢ 554

PR g B amie A &

LRA GG R, AL E SR KA mme MY
veRl 55 & (celiac ganglion)#? #4313 en A 5 & > M B H F 4 g Een

g A e ARER] 0 T RS 27 C8-L3 ek B AT 5 BEo B i
LR A G U AR LS ERAT IR EA R LT
R LEFLRAH GHEGRAI RPN GRES F oD TR T
FIHEEBAFLE Z AR ARFT R ABEN R wiedma &

ﬁﬁ,%»b%ﬁmfﬁaﬁ'%ﬁi&AMPﬁ@écy@aﬁﬁw%%%A
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. % coogp 45 1 ?\660 PR, B;’]l\% R E S IP S =
AGEM TG R B A g R H S TR kA e

3 faA 593X NPY(neuropeptide Y)¥ galanin » ¥ M 4% § & cha

N
a‘%fj\[ﬁ%*“t‘ %iﬂ'i&v%ﬁ_." ko W ihE R A S TR SR

g (pE) T (R - EB) T T
e PuE2 ?Miae 1T g2 5L 0 Lo Mg TR AT
B R o L2 FHMF o AR AN A A v o g £ 2 arg
s oA RHEEY ER § S ,wdﬁgAP\%,ﬁﬁﬁgAdgg,éig
FrECEIPEB D RIZPESEMEcca s Mo "f KR
2tk (M) AT T RIS S TR A R o ) s

W R Lo ke (B - REHMGR) T
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SER R pA e P akiae D F SRR APE S mRE o F 9 L HS A

F
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MAE_BT P By oo
FRER B (NS SRR ATES B L L DTRE 5%
e F I A (TR - RE) P TR TR B
TEF T EA AT §ERE RN T T
b o E TR Ik L FE S kgL - L
OO TR AE bR A PR OR R B S R b A
koo fF A2 167 Wk FREmGR D T g 0 8 2 iR
TR KR B (U SARE R ) P PR T (7 5 B%R)
Tt 2 - RA AR S ) BRNESHEE T
REEENHE A B A SN SR P LR - N &
205 ZREORF G S o e e ] o R SS  Bol I 0 AR
Woms o e R (B aER) R TiRG B340 T LR
Bih o RV G A o T B s SR i
g Lty eV aed By RHRAFEY ORpgES G - @
s WHEGF AR g i o
FREF e (P47 e ) B L BT R
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S) LHET PR DEAEPR 0 XA RS AERO R

PRe kit (atged) BT T- G kA RA L £ 1
/[%%‘7’»/#/*’] """ %@Fﬁg’@‘%ﬁ%i’p’;@—dﬂo”ﬁ@iﬁa (44 7

2UE) RHO SRS IRAR R FHI 9 FERAR =T P L
FHen (FAD ) RE TP RS LR RS A NS R 0 R
PRI MR A4 o 2 B hni R A R e F N (# LB
= ) gaih ;F;ﬁ’;g,%,j;gx/\ LA - LA gjﬁ SERE SRR
Mz Eh o TR RBEARE T AL Z A A HEY

%ﬁ‘%ﬁ‘%W\ﬂlﬁ?%oJmiﬁ%Ay@%%a{gg

Ju

A

B o SR PR A arF o (FAESE) 2 BRI TR

Pl s B2 FRi A BAZE Y RIESE L F T

i
=5
g

«Q"ﬁl/'){‘{’,\f{l%_}\ﬂ \T/ﬁm]}l‘;}%ﬁg x’r}i&ﬁ\/\ o

A %ﬁ;ﬂb}?ﬁ&i'}f}%;‘é SEEENEY Sy
% « EOP 7%

5T E LT AR R A TR 2 0 e EOP i3t -
AL TR YR B P feA SN T ERERTHE % A
80 & % & = i1 B-endorphin & B-endorphinl-27 ¢ SALFE R & 17 * fk

BULRR T P X B % § £ che i 1345 Curry DL % 87 7
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B-endorphin = PB-endophinl-27 ¥ ¥ i Fe >t § F 4% 7 (125 &

200mg/dl) ek BVL SRR A iR E F > ek WG 34 4

e
3

A5 R KT R F AESE 4 a4 b Ist phase 0 $%F7 1344 somatostatin 7]

-

LE F eV 483 8 )k B <0 B-endorphin » 3F ¥ 02 A 4 #F i 2nd

phase e § % 4 & o d4-& & 0 B-endorphin ¥ #2354 7| STZ 3% % ¢

———

WARpRL LA 2 TR o B m_
o mJE-? £ ¥ B 3 B-endorphin m#&—,\ 3? B endorphin &
i/ WA
R T A X S Al A G ’\“ﬁiﬁé%%ﬁﬂ
i

B-endorphin 1 & Kk p "5 L-48 o 1345 Evans ¥ #7237 - en orphin #
&S fege gl Sl AR £ B AR A KT T e

e %B endorphin { 57 + 3287 § 303 LR P R T 4 0 B i
I/
Av\ﬁ* é&‘endorphm | i 3N 1]51{,» ; I PR /%1'17@{ % ,g\,
.l'
’D%«%& i B endorphin « 3% ¥ J2 (g g 3op u,u]{ﬁ G e
: i

12 Hz/lOmA i*ﬂ,,%rt‘ TEM 53 YT 11V 11 Wistar

<8 B 4 0 I H 4o 9% 5 % o B-endorphin £k & naloxone

B - 785 % B[ e 0 15t naloxone ¥ R EFIE L vl |

I

T LA e T R 2k BOP shd & KR T 4R R B A
T 47 =k < X e B-endorphin ¥ it £_F “ﬁ’&'“réo\ o sy g

s 2-Hz 7 4105 % ;]1*7 “f (adrenalectomy) & shz2 ¢+ Wistar
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w ¥ 1T % § ¢ B-endorphin k p 3% f enF 1} BJT\’ RigEd plgpk g

am i F ' ct_u_‘f}i///q" 8,

-

2y
\3;
&

Chang % % 12 z [+ BioBreeding(BB/W) & v # 7% /1 &f
Streptozotocin(STZ) sz 1+ Wistar ~ v &11% & % — 3|4 g ehde 4 0
Al 0 00 STZ MEvpd sHAT4 chiefd Wistar < 6 BUI® & % = A8 fop
LA TR Y o I ISHz T & 1% — A Ffopm Bland izh ~
R30 A EEHEHLEET L B FAE KL ¥ Wistar v Elr

‘b’;ff\[ﬁa Elend IZRkE ,\*FK? ug«};pbq‘nj,;f@ ?é_u’;%}%ﬂg L SN ‘;Fi
¥, § % {r B-endorphin ¥ 3 3 4v -2} 3 @ w iF glucagon kK& F % -
% #7% ;1 & naloxone IR o T ALY M A RH AL E 2 A
wafetE n etk WAL PR ST AT F endEdh T ? SRR o R T U

£ BUR N o B-endorphins @ 1% &4 0% & & i T ML ek
Foo pt IR B F L R B L B~ %4 B % o B-endorphin
PEBE L BET? FEARER AT R TOLEY

" 15Hz T g€ 8¢ 32k ~ Xt 2Hz { E "5 o sk > & B

% % fc % 2 A% naloxone #TFE %7 B H 4]k p 3t % f  EOP o

PRV
a

N B u//f Z/El.'fi Wistar = v k;"’?r'i/é’.'ﬂ’_’J‘ v Bl P en E s Hf]'\%éﬁ ‘{:';i



15Hz § 41l T 65 (5 chn B E 0 F P EE 13 7 B H ek fr s
SRR e B H R e PFSS naloxone P H MR % 2 ALFEET o
¥ e 0 15SHz R &1l p iz B3 4 Ko 8(MOR-KOM mice) %
TORLAET S o R T RS L ISHZ T Al R a0E gk 0 K
p % ESEPO Am H EPO RiRv it B304 kp A HenF 1t 5’% 13
FAEw g 4 ISHz R &g =l ~ R pF o T g E a0 LA
W EPO kifiz.— » ¥ ¢hs 4 pEBudagiatBesdd Yo
«F:\ s A E R B

- R AP jEcze . Wistar < 6 BURIRa™ 7 3 IRk B3 b
713 i % o Tkeda % 4 4 L 4 3 55 & (SOHZ/SV) H1 e b P28 ¢ 3
7 Chuin % 10 » 48+ 12 818 & 4R 4e 12.1% (H-&) R frBet 55 & i
B4 10 %6 > Chuin R #2041 2T 1 568 Tl BWna @k
T & BER A 24% 0 A PIEORINE B R T E R B E
ob 2 O % & 5 & (1HZ/20V 4r 1HZ/40V) % 4 113% Chuin % 10 4 484
HFFa EE AT FIRT T Chuin R 7 Frd| 3k 4 A4 F0%L 5
AR F B R Wi ik Pl Fedlank v MdE 815 A dh2 A o
yobr A& {IgE K ¢ & F AL E i ventro-median nucleus(VMH) 5 4 48
ForralAz s R o (THRG T LA Bk kg

somato-visceral reflex > Chuin X ! (5 L fie _% %57 T6-T8 » 7 411
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FEHRET PRIV P CRERCE PRGN T TR e
BUE el af e ek A §E 0 23 VMH frik a4 g P fRen
BRI % Fd AR g 4aiR] " o Sugimoto ¥ 4 v4 £ e {0 B
WAK 10 A48 > F R pFEE L BEE 2 ikF i &
(microdialysis probe)iB| & 50 F n“,ﬁi%l 41 (hepatic glucose output,
HGO) + 7 % T &5 i % & o L 3t off 2 B A 5 o & A
(phenolamine/propranolo) ¥ % 2 [ % HGO = 3 » @ ;1545 2 B 47
& P %7 %] atropine B ¥ 3 58 1] pcp HGO ) 2 A48% > B g &l
BA G E 2 HGO it 413 M o o o BLen T1-T2 i 7 4 B2 drjies

B2 2EEHGO tht B > B § A REP coil SR SRS o iF

H 3 h TIFORIO L 3 A M fr HGO eh% 5 R » 44 i3 18

|~

YRR AR R EEF PR AN ERE B & P

{

2R F S

Shimoju-Kobayashi % 4 12 20Hz/10mA # 4*-{];% Wistar < v & {$
10 A4 R BERR € R B TR B PR T BiF 1S 4
d52 A 0 HGO = # B IRFF M o AT » FIR7 U~ 0 B0 h

E’fﬁﬁﬁi@?] ~ 4 % (somatic afferent nerve)¥ fE%t HGO 2 3 - &7 7 4+

#3 HGO = § . g Rigd @ IRty ~ i 5> i T g
EZv %M HGO e 3 483 > (28 o/f R A SIEUT R % > R T
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HGO hl § » & it b @] 2 4 5 e 80| 7 4 55 HGO e < 4841 o iF
FRCECEE LD S X ER HGO < B 4 & 54 (G F &l
A0 B AET U SR A S TARE > | R SRR BT
B gAY gia B¢ HGO 34 > ¥ ¢ F &0kl pre 2 E 3+
SO A ik A #r4] HGO™

% # Szczudlik f- Lypka 14 1Hz(train duration 10ms, internal
frequency 1kHz) & 4- {ljc A % £ R e & 3 X (L14)fr 2 3% X 3¢
(Du20,GB20,Extral ,Extra2)15 ~ 45# T @ & &1 v @ % § 2 B&d
T '% (before 19.0 £ 11.3, after Smin 5.7 £ 4.8) » 7 i@ ¥ n $EE 4TI
El e R E T R PARE G F A 1R BT
g cr(biphasic) : — B 452 % fis "% € {1/ a-adrenergic 4% X Fri| &
Z A0 & T kA € T B-adrenergic & X B 2% E R4 o B B
LRGN M e TR A DR R A S AR e gttt
FIFRTBARS LT NAEEY A LT 7 H T (descending
monoaminergic pathway) 1| # 34 5 & a-adrenergic % B K ¥4 5
ez - v fusn T & LA @ THE% § 9 o-adrenergic X Figa
Fra% § F e DN A B 7Y A R TR ikl A LR
AR SAPH W gREFFTRZ L 5T kg Vo

- B 70 # R X RRERIF AT R B R Tk
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Yo P AR A RN RR R F A A S B AR
F-lw s 41 20 R 4] Prend B oL § B B R F LSRR
BHRREORE SN IE 2 R ETES2 AT
193% %% § % B+ T IREHE F IR % > & B3 4 50.6%Fr 59.6% >
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=

—

—\
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N

[ PEZ 4 ) P dEArRi 4 T 10.5%% 1.5% 0 & £-9118 2 /| pF
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s AP Z R R E T B AUS @R e Y D S-HT B 4

"\
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L

R AR SRR D ORI B et SR B A K T A R

Mo FERBL ST o Tligenzb X 28R @ 5-HT Jk R 3 4 T
#& R =45 & % (acupoint-specific) » @ & ¢ Hf 4e e S-HT ER S H g s
TR g B e 4l g F o F AR AT Y A ik

Frp A4 GUT RS T B R R s - Ly BT

Bk A A SRR R Plme A L E F o Ra Ha BT R L o

A
o

A EEE Rl VSN rl 3 5 RS R UL PRGN b TR SR

A R SLAT R 0 33N Prd] a-adrenergic fE2 X B &5 1 B-adrenergic

Psammomys obesus £_£ 3 £ Fl4 Kai- 8% B 4 4 DP(diabetes
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prone)f= DR(diabetes resistant) % i & %] % 7| o & 22 DP % 7|
Psammomys obesus B it £ S 47 € A 5 0 X $F % = 3] e Fop £ 12
oS LE BES - 1 FREEfA Rk -~ F%EE 1 F
LM ZCF%ER RS » o ML E % > F o4 fEShapia ¥ 4
™% i e Psammomys obesus g7 R 4477 Y AR p e EER T
g TR B L K c AT RERLS TR
(REA-real EA)~ % & 7 4+ = (PEA-placebo EA)fr¥} /& s (control) » 7 %
FEFVP IR S BREAXFTHEERT F0 ) E R ozt
RZB 3 R%% 1 X~ %3 340% 5 287 30 44807 £ §%
(15Hz/80mA) - 7 # 7 ¢ A F eS8 X T 440 7 &gt

f BB G 2 TR R A CE 3 B R NE R BT E R

A%
3
[E—
M
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=
(@)
M
m
A
rﬁ
*3
B
N
_q

TR A P g ok
IFHER-BARATRGSAFRE L e i 2 EFRFTHRETER
THEFRNHBRE R AL FIRF LR FHRPT LR
FMEE RS A BN R A M ek T2
Bekpivpg ffigpe R T Fifrefrtgreseli i
Ei R P T’Fﬁﬁ?‘nﬁ? &£ Hp "E o fE e % %o endorphin

s.a;,%

‘ﬁ&w

P 9 AEE R o F) 5L EP0L B 2 3 58| vanadyl sulphate #cx ®

U E R SR L ERE Y E L B B Tl T T e

36



B d BREDEDE e ST RPN A h g Rt B IF
Fee RET R BET IR Flig 3% § AR R B 401 - B0 TR
gluconeogenesis = -~ 4rfFvanadyl sulphate EiE3“p X jzn ® F F
e = ~ A gk e oo

e L E A SR I F R R SEY
Feps o 14 2-Hz/10mA & 4 1l jcse it Wistar < 6 &lehd R L= 2 R »
7R F R L MR 0 PRS0 4 % 0 Bl 5 P-endorphin foik §
ZF Ok R BT HS RIE = T RATH AL | Z R R =M A
RO R FIERERIGR R = 3 R E @ v ¢ IR L RGO et
WiT* > @ ¥ 1% naloxone g7 "f G ey “ﬁ’\’b ERENE IR ¥ %) B

oAb JRIE AR LS s T B e

EOP g 42 @ 7o

ol

PCPA(p-chlorophenylalanine) #_— #& serotonin depleter ¥ 14 4£
M Wistar * v 48 p 0 5-HT - Chang & % A&7 4--% &2 = g et

bten= NS PCPA = % > 2 {6 £ 2 2HZ/10mA 7 4+ {1 /i i h

§OREEZ TR 30 A4 B TIH e 0 B 4B T S
%o F A E A FF RS B X BIE %A naloxone B|¥ % > JE
BPT A AR (T > U] 6 RGE AR S Bk e % o SHT
RIS TR L R A BT Y B SHT B B ¥

37



< RN FER T R M o (¥ sk 2Hz TfIRAZ 2 e

#erek g d 5-HT o EOP & ¥ MUess ) & A e i A -
BrogEl A S8R 3 Arg R 2Hz R AT B A R = 2 R 20

2T K 4 > 4 100Hz 38§ F OB E R M e

FRLHEA TR G AR M 7 5 T D e

Vi AR ERERCFIRA E G AN AR LG F IR
TAHKX I XRPTHERS —Jﬁ 3%, & # PP A% (insulin challenge test) 2.

A

N
W

B > ¥ EAEH AR (free fatty acid)ip b F AR BE o rEAE
Fofpt o BURRET 60 A4 Ik s o A T ALE W el F 2
% > naloxone f i FEETT 453 5505 & & E o BB ko HAT T G

TR Z 2L AR PR FT o A M P sy

Vit 0 @ EOP #2631 & & 4 o

PR AT IENE 0 B A SO BBP o EReh £ R
(Fam o)l £ 2 S BIEW ot @Rg org o (4
AAd) e T2 OB LHBP -~ @Z%2 € o ¢ EREvH

148 FadpR 2 - NN RZLE 93

38



FiRfEl i F B RER AL DS S HEH S L Pp RIA

|~

-~

oo BT R AR IREI LR o
PR " _,_,-o-"'"_'_'_'_'_\_\__‘_‘—\—
Hiv g 5§_,A}‘ —R3-7 A o u_ﬁ__.;:‘
\"H.

ERPEIME %wﬂa,a;w;éganﬂw@%ﬂ"”ﬂaw”wé‘b
...-“ L

-" %
RA S FEATE S %~ F R ORE S R fo IR

%%ﬁ: o \ﬁ?}(%"l— I/ \fJ{?ﬁﬂ‘AGT—Qr*X\%:/@‘%:f ~ ’ﬂ-‘}?ﬁ";‘

TR \Eﬁ%%i@%ﬂxg‘;‘%:ﬁﬁ\g}ﬁg—*ﬁ?gi%o,u'rs

% \ TRIfe sk 828 R RAR AR R
i

G REORE S IORF R BB R
L%

o A
3 Ry Yy L= 2 v P . =9 o ’
93 . = ¢ %5 gﬂﬁJ%&, ’ “q‘_‘-éz,, Y FX j p*"‘ﬁ}ﬁ-7 ‘fé,ﬂ)"; - sz_ﬁ—xr'__.- #

i T
H'\-\._\"‘\-\. - -l"'..
o ~
B B g ”#%ﬁ_%jé-’«’i___ i, o fwa—
o S _'_'_,_,.--'"

Pief i BEOE L -

39



- T8
Fig. 1. Diagram of EA assessment. The upper point indicates the location

of the Zhongwan acupoint.
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Table 1. Characteristics of subjects

n Age Height Weight BMI
Groups (years) (cm) (kg) (kg/mz)
Fasting 10 36+ 11 1615 56+ 5 216+ 1.8
Glucose challenge 10 33+ 7 166+ 8 57+ 10 20.7+ 1.8

The values are given as mean + S.D. n: the number of subjects. BMI:

body mass index.
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Table 2. Plasma glucose in fasting and glucose challenge groups

Plasma glucose (mg/dl)

Pre-assessment  End of assessment  Post-assessment

p value
(0 min) (30 min) (60 min)
Fasting
Control 86.5 £ 2.0 87.1 £ 2.0 86.6 £ 1.8 NS
EA 88.0 + 2.4° 852 +2.3° 88.4 +23°  0.021
Glucose challenge
Control 882 £ 1.9 1285+ 7.4 98.5 +£ 8.2 -
EA 86.8 £ 1.8 133.6 £ 6.2 90.9 + 6.8 -

The values are given as mean = SEM. NS means no statistical difference
among pre-assessment, end of assessment and post-assessment using

ANOVA. b<a=c, p<0.05, by ANOVA.
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Fig. 2. Change in plasma glucose (%)
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Change in plasma glucose (%) was calculated by the formula:
(Gt-G1)x100/Gi, where Gi was the initial plasma glucose level and Gt
was the glucose level after assessment.

* p<0.05 by paired t-test (0.7 £ 0.4% vs -3.1 £ 1.1%)
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Table 3. Serum insulin level in fasting and glucose challenge groups

Serum insulin (uU/ml)

Pre-assessment End of assessment Post-assessment
p value
(0 min) (30 min) (60 min)

Fasting

Control 4.58+ 0.74 447+ 0.70 445+ 0.74 NS

EA 555+ 1.83 4.66+ 1.10 563+ 1.22 NS
Glucose challenge

Control 6.40+ 1.31 41.62+ 7.44 20.81 + 4.89 -

EA 5.88+ 1.06 46.34 £ 8.77 1845+ 2.24 -

The values are given as mean = SEM. NS means no statistical difference

among pre-assessment, end of assessment and post-assessment using

ANOVA.
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Fig. 3. Insulin difference
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Insulin difference was calculated by the formula: It-Ii, where Ii was the
initial serum insulin level and It was the insulin level after assessment.
All results were statistically non-significant between control and EA

assessments by paired t-test.
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