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The Effects of Transcutaneous Electrical Nerve Stimulation
on the Pain Threshold and the Plasma Beta-endorphin Level

Ho Yeong Kil, M.D,, Doo Ik Lee, M.D., Chul Ho Kim, M.D.
Keon Sik Kim, M.D., Young Kyoo Choi, M.D. and Kwang Il Shin, M.D.

Department of Amnesthesiology, College of Medicine,
Kyung Hee University, Seoul, Korea

Pain is a common and important clinical symptom, and treatments aimed at relieving pain have a
central position in medical practice. Recently Transcutaneous Electrical Nerve Stimulation (TENS)
has been effectively used to control acute and chronic conditions that produce pain. But the

mechanism of analgesia resulting from TENS remains obscure.

In order to investigate the analgesic effect of TENS and it’s action mechanism, TENS was applied
in 40 rabbits with different frequencies, low frequency (2Hz) and high frequency (100Hz), for 20
minutes. And the pain threshold was measured by the temperature before and after stimulation, and
an attempt was made to antagonize the stimulation effect with naloxone pretreatment (0.4 mg/kg).

The results are as follows:

1) Both low frequency and high frequency TENS resulted in increasing the pain threshold signifi-

cantly {Both p<0.01).

2) Naloxone pretreatment could antagonize the effect of increasing the pain threshold with low

frequency TENS significantly (p<0.01), but not with high frequency TENS.

Plasma beta-endorphin was measured by radioimmunoassay using an Beta-Endorphin Kit (Im-
munonuclear Corporation, Stillwater, Minnesota, USA) and Automatic Gamma Scintillation Counter
(Micromedic System 4/2000) before and after stimulation. An attempt was made to reverse the

stimulation effect with naloxone pretreatment (0.4 mg/kg).
The results are as follows:

1) Low frequency TENS resulted in increasing the level of plasma beta-endorphin significantly (p<

0.01), but high frequency TENS did not.

2) Naloxone pretreatment could reverse the effect of increasing the plasma beta-endorphin level

with low frequency TENS significantly (p<0.01).
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olf EZFAWHE BR| U EEAMBRLS
(Transcutaneous Electrical Nerve Stimulation)-2
EETA Bigol sl BT Awal Aahe
SRRl 3 A 2F o]FA TA 3l 2o
of dAl3] bl WS,

Bapkol A MSHIEES ol T4, S SA
2 E#o] dlets Aol dFE 2 gt F Cooper-
mans®, Vander Arts5?, solomong*?, shealy%
O ALNE-210 ik REA A, Abram$%®, Bates$'?,
Anderssons'", Loeserg??, Edersol5?®, Long%
;9 SjslundE-244 BMELEClA  Stewart 4
Robsons*® 4r#fiEs-ol A, Nathan$5-2%9 o424 3
BollA o2 AFEHE 2adsiet

2ol mEERe] A5AE A AeAs ofF
AT gov RSz s 54
Aol BHFHo] x5 FHEMME oo =g
ok BPIHIEER (Gate Control Theory) 3 & 7| 2k
olsh NEE M EMES endorphine] Hu)slo] M)y
ZER FE5e] AT A A e Ao
AuwjAolwy w3 A A Rol Y H o2 gl A
714E A £ gl f§Ere] oJA|ukald o 9] 7)o
A7 A e A% BA%E 2 AR EHE Ands)
> —5;1,5},8-13&7.20,29.35’53).

ololl FHE FRE ol-&3lo] Ar|AlZAAF 9 A
AR S o A B o SR AAA T o
£ MiEM{ES] sl 23 B-endorphin®| Wg g o) %
of wNet A EIEHUEIQ) naloxoneo] o3 43& v
ARSI,

REtH o Fik
1) wEstt¥t

AYEEE —EMM B3 2708 ASE HFol
3.0kgoll A 3.5kgd] Mt elE 7lE 405HE A3}
A &gl 2000E, DF9H BTl 208 27 AE 8
Ak

1) Mylz MoIMAXNT XHaF .

A 105 : {EsRmER

A 2-F(1058) : &35 = Naloxone A7

(2) DE MoMZHAS XB8F

A 3T (108) - BSAER

- Al 47 (1088) : BHE o Naloxone AAF

(3) EMHE 9 A Naloxone-Hcl(o]d A}
#), Heparin(=£9]4le}), EDTA(Ethylene diamine
tetraacetic acid), Normal saline, 2-Endorphin kit
Immunonuclear Corporation, Stillwater, Minnesota,
USA), 74913 A71A457] model: DH-808(d 4] &
71}, Precision Water Bath(4F8F5A}),
Gamma Scintillation Counter (Micromedic System
4/200)

Automatic

2) WM

_ABE Asle] 20gauge FAHE-7}E]E| 2 (Desert
Angiocath) & 7FE2| HA.GER] 43l sted a8t
P ejul] SaslE AL Bhikst7] A8 heparing 3
418 2] 4% 4 (500 unit/500 ml) & 3-ways stopcock
T E3led tdA oz AA gk

A3 A7NAAATE Ysle] FLE S 35 HEHE
5 dsdia 4o BEA 8T BEREAE ¥
3 =EXIF ERHR DA e 24
o},

3) RBGE

() EsEE MEMRENH 4% 4242 5 22
B-endorphin®] &3¢ §13 Hplge 25 AP &
o] 93 FFHHE 24324 Precisisn Water
Bath® o[l 40CHe At FEe Fush7]
Alze Aad e g SYskich ArMAASAs

- B Y3y 4o AxAE DH-808 A3 7] Faido]

dATgon) WS 2olshe RN IREE 2
Hz(hz 282 2027 AIFsdeh 2dZ=E
15~20mAZ 7}E7} 5248 =] o)A ghn obge
AAE FAE AdY 22 S AddA 2 F WP
g-endorphin® & £43l71 918 APL APsigda &
ol 9% 5294 E 245k

Q) BHEE WEREHE A% ANEATH pe
W2 A2A 94 gendorphind] ZHL A% AL
5 250 o8 FEAAE 2R o0] BEMELS 2
& 23lo)5}E, SR B 100 Hz(w)2 1003)
2 20%7 A3k 2B Aus AFsiet 2
of Al#stiet, '

(3) Naloxone BIRES: - (R HAEMFT BHE &
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FeRrel WiBoll 9lol4l &% NaloxonelgERES A4}
Aok A& BREAESHE, T30 £% naloxone
0.4mg/kgs Ae]ddsel 343l 10mlE BiE
#%EUdd o2 Ar|ATHE Y $5YN e ¥R
B-endorphinx & WisHg #A3}A o)

{4) 3% B-endorphin JEHix .

(2) Rl 3 REB/IE ) 25 Aol BEME ¥
el & 5mle} 2M-& NHste] 7.2mge] EDTAS &
&3 polyethylene tubeol] 23 945 L2 o7z
BT 14, 4CAA 760 glg= (1118 10"%) (Radius in
cm) (rpm)*] 2 1587k A slo] Hgg Feldh 44 24
RI7kA —20°C Y% 233igich

(b) B-endorphin2| ihtia MEBIZSY . S-endor-
phin kit®] & A& (column) Aol filter disc& #2l%
1% hot plate stirrer (Corning PC-351-RC}& o]&3}
o 2 £33 Sepharose $1F9] #-#% (suspension) &
Zh Qo] 0.5ml¥ Y3 Sepharoses] Liguio) whA
YWES s FAchh AR e e s m
HAZ e Liig Aol A 32 1mid ¥ 1% 0}
A5 A 22 rotatorg o|-&3tod 2-8CollA 447t Fat
TEFEYY % UFY PHE o} AA st Ego] Bk
=A 3l 0.85% saline Iml2 7+ U432 33 wies)
Aok o] UFE 16X100 mm tubeo] A%z 250 £19)
0.025N HCIZ 2+ 35 #%#kste B-endorphing %
HA7le o] A4 Az wpdeielch, & EHHS
vortex mixer® Z {3 4% A g AL5lo| B
skl

(c) DHHBER | dolAl BHIES 12XT75mm tubeo]]
F % (duplication) 3}od 200 14 @3, 100 419
neutralizing buffer &} 100 219  rabbit anti-4-
endorphin serum$ % 7}8pwd 7k tube % vortex mixer
2 2 1% 2~8Coll A 16~ 24475} incubationd}

Art

GAR-PPT (Gout Anti-Rabbit Precipitating Com-
plex) & & £5o] 7 tubeol] 500 x4 A7H3k # vor-
tex mixer® E&Hslo] 2~8ColA 15~20%7} incuba-
tiond oH, 20~25ColAl 760 g2 2087t A Fed F
Al RERS 9As uebln 7 tubed] HAHZE
Automatic Gamma Scintillation Counter (Microme-
dic System 4/200)2. gHitiste] TFEFAol4] B-endor-
phinA| & 4t&stg o,

2851 kite] BT (sensitivity)® 3 pmol/le] e
]  B-endorphin antibody: human g-endorphin,
[Des-Tyr’] human B-endorphin, [2-Me-Ala?] 3-
endorphin, N-acetyl 8-endorphin®} 100% i xul-3-2-
vheblie] g-lipoproteindt 6% olahe] maphgE b
Ehdieh, ‘

(d) HstB8ey REY s A7) JA54% ndlx
A7) Aol glolA, wd Hiltol naloxone A A&
of glelriel S-5oxe) wizte}l 74 B-endorphin 9]
WS MHE g e 247 21g e F#(Mean)
I E#AEE(S.D.)E Fslod T (Student’s T test)
of o9& SAEA s Aldstdan P ghol 0.05¢]
stol A% A oost dve Aoz RAsch

L
1) A% BR WERRN

(1) E5dx|e] #3t(Table 1) : EHRAEAT HRME
49.4+1.8CollA A7 AFF 54.6+2.6CEZ dAE F
Ve o] BAFE 297 AcHp<0.0D).

naloxonex 2|3t 7A-$oll&= 237 dHza 48.5+
3.1°CoN A A3 48,842 . 9CE oolgle wishr) gldl
ot A 13 vlaA] gogle elE 2 AHp<O.

Table 1. The Changes of Pain Threshold with Low Frequency Stimulation

Before Stimulation

After Stimulation

mean £ S.D. °C mean ¢ S.D.°C t—test
Group - | 494+ 18 . 546+ 2.6 P < 0,01
Group 1 48.5 +3.1 48.8 £ 2.9 N.S.
t—test N.S. P <0.01

Group 1: Low Frequency Stimulation

Group 1 : Low Freguency Stimulation & Naloxone Treated
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Table 2. The Changes of Plasma Beta—Endorphin with Frequency Stimulation

Before Stimulation

After Stimulation

mean = S.D. Pmol/L mean ¢ S.D, Pmol/L t—test
Group | 22.7+4.7 344 +45 P <0.01
Group (1 244 +4.1 23.2+6.7 N.S.
1-—test : NLS. P < 0.01
Group I: Low Frequency Stimulation
Gro}up Hl : Low Frequency Stimulation & Naloxone Treated
Table 3, The Changes of Pain Threshold with High Frequency Stimulation
Before Stimulation After Stimulation {—test
mean + S.D.C mean + S.D.C

Group 111 483+ 1.3 543 +3.0" P <0.01

Group 1V 494 + 2.1 52326 P <0.05

t—test N.S. N.S.

Group il : High Frequency Stimulation )

Group |V : High Frequency Stimulation & Naloxone Treated

Table 4. The Changes of Plasma Beta—Endorphin with High Frequency Stimulation
Before Stimulation After Stimulation I—test
mean £ S.D. Pmol/L mean t S.D. Pmol/L

Group |11 240+ 5.7 264 +£54 N.S.
Group 1V 24157 25.6 +4.1 N.S.
t—test . N.S. N.S.

Group 111 : High Frequency Stimulation

Group IV : High Frequency Stimulation & Naloxone Treated

0. olzd BRI KT F39A9 A5o]
naloxone { A2 AA LS & 4 i+

(2) 8% B-Endorphinx|2| #3(Table 2) | EKH
AT HRME 22.7+4.7 pmol/Loll A A7\ 4T3 34 .4+
4:.5pmol/L2 @A F715 2ol AT 297} ¢l
AeH(p<0.01). naloxoneH 2|3 7$-oll= 2T iz

#| 24.4+4.1pmol/Loll A 2453 23.2+6.7 pmol/LE

2ol Wart edd ot A 123 vl o olgle b
£ BAs(p<0.01). olzA  BEME K3
B-endorphinx]¢] LH.o] naloxoneFEZ | A|¥& &
F ARk

2) BB BE WE IRy

(1) &5 Axj2| ©a(Table 3) | A7 AFA o=

48.3+1.3CollA A7 AFF 54.3+3.0C2 HAFF
745 Ho] EAISHE 997t AN Hp<0.01).

Naloxone HEES 7-fols A4 w23 49.4+
2.1Coll A A3 52.342.6CE 9 e zlol & 1
20} (p<0.05) A 3T Aol BRIE 20l E &
+ el

(2) ¥% B-endorphinx{e| #2|(Table 4) : A71%
A tj=A 24.0+5.7pmol/LellA] A5 26.4+5.4
pmol/L2 2J2glE #po]& & 4 gldch

3) A BF MERB Y mRE WiERER it
m .

(1) £3 =x|o| ¥3}(Table5) : A% FFol4
£ AFA f=A] 49.4+1.8CollA AFF 54.6+2.6C
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Table 5. Comparison of Pam Threshold between Low Frequency Stimulation {Group 1) and High Frequency Su-

mutation {Group L1}

Before Stimulation After Stimulation t—test
mean ¢ S.D. C mean £ $.D. C
Group | 494 + 1.8 54626 P.<0.01
Group 111 483+ 1.3 543 +£30 P <0.01
t—test N.S. N.S.

Table 6, Comparison of Plasma Bata—Endorphin Between Low Frequency Stimulation {Group 1}
and High Frequency Stimulation (Group 111}

Time Before Stimulation After Stimuation f—test
Group mean t S.D. Pmol/L mean't $.D. Pmol/L
Group | 22.7 £ 4.7 344145 P <0.01
{Low Frequency) .
Group {11 24.0 £ 5.7 264 +t54 N.S.
(High Frequency)
t—test N.S. P <0.01

=, =3 3dls ZAFFRME A=A \:H_‘_,—q 48 3
1.3ColH A=2% 54.343.0CE Wil =5 44
FEE B ok F B vlwA] oggle
aiet,

(2) €% B-endorphinx|9| ¥t (Table 6) : Anls
AFFoldl e 2AFH 23] 22.7+4.7 pmol/Leil A A}
% 34.4x4.5pmol/LE AA 3] A5 vlg )
5 ARl A5 2 A 24,0457 pmol/Lel 4
AT 26.4+5.4pmol/LE olojos AsMzte 2
T oyt 5 7F vims) & o oogle AelE B
o (p<0. 01} EFRIG] 43 ¥4 B-endorphinA] A
= 2ohE Aulzola] dxeS o 4 99l

AMua 2

+
@k
Aol ¥ 4

T‘C-—'—

+

1 -

FfECl g Affiol 4] ol 7| A& Sl WA ER /&%
Boz 83 37k #AES A vk AL woirlFe

£ e Gt S e V5o, o 7%
°of 9Z W MEIAANA v P kB A 5
FAAA oA B AEHEEC] Ug 5 YR en T
e R = AT B ARE B3
she 715e2 B 9 RaEEarel EEHIEA o) B

Eof

For A8E FTAAAE 7wl A= A 7
FTo2 SN Sl o] FEiEC] P,

gl o gk ST B2 ol - 8-slo] ol
ohe =07} Aldsh oyt ol 2A] 4R A
4 glch. #A, Von Frey(1986)2] specific theorye]wi
ol KRl ZE o 37bte dsle] B4 Yl &
Sty ZAEME) A o] $Eale] T Po] dAR HEF
$slo] BEMEEA AgHds e EAE
Goldscheider®] pattern theorys+ 242 Ye R
Lt AFE B3l 352 A== EEel temporal
patternc]i} spatial patterno]] whe} ZH7HEF71 A A=
th= Zlolch, AlAl& Melzaks Wallo}®® 233 BEPY
#1|#3% (Gate Control Theory) ¢} t},. ol B4 =5
o] LY FFoll Asl e Aol FREEA AA =
BAPTFAERRoll 2)sled YA 22 Ao Aok
s BEAeldat 3 552l ol
2] 31 gl endogenous theoryoe]th, SR ifol & o
7] 259 tEES sl Jlow of E4E2 4
whlsol 98 felsln B5olehe o vehte
A °lrf¥ o} KRS A2 Mg mopAo] 7R A

gzl oAste] mFPolA] Agahchiien,

rﬁt Aol BE gEBolA vehjo] =8 T2

BREEk 2 Tt B2-2 glolFr] s Aast A s

=

.ﬁ‘i
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FES AA sl &k, ey FAESI S ES
71A ) ot & deiH YA L gfovt AR AN Hg
olelzde 2 §48 E5Aolubdol g A7} 24
o] A2 ubyo] wmatsln glid] ofEF TAlo 9
A BEE o] &8 AT o] Aol A WlulE o]-&
Hz ek, Efe] 948 KEaEE (Transcuta-
neous Electrical Nerve Stimulation) 8] +4-% &t
ol AE ol 4 Qe z2jA, 2ol AJde AT
< AR, T A 71l odel B3 AR Aovlee =
€ A7l H7)E o] &3l en] 174179} 19417
o st BRIEMS 2l 4Lz Eol® o 8bw 18161
Sarlandier?} 223 %% o AI7AI%T 28l o] & A}
Zadch zevh o F g EEg) wea) o
o] 5ol thgt of2 2ol A slo] Abgsigichs} 22
A7 5] V) ke e 2 Ao
2] Agr1dol ojsfElm kA A o g &
#7} olA=]e] de] o)A =gy,
A AARAFA 8 glolA T2 AL MiEks
o] vl EHCRIE, MR o BREMESECl,
o] Adel lojA] meis|ojo} & Aate Bikel #
W, SUEH, REEE o Bkl oM ol £ 55
ol AAAQ dag vlHe R Fagot AF A
oejtsh  ulio Hele 2uMiA] 5 Hzol {ESEE S} 80
HA] 100 Hzo] BHEES AT 5 o o A5 ad)
o ztol7k gl Ao ojobr|dtm gl e}t & o
Toll A< EHE ERfEe2 5392071 49.4+1.8C
ol 54.6+2.6C2 =3 HHE BRNECS 55
A7} 45.3+1.3Coll 4 54.343.0C 3 Z715]o] FEfAl
oA w3 AR E5dA Y] 45T BAY 4 Yo
o}, . . ’
BE BREERN A WK IR S BRI fiis
fafEd AL FAEFN o) E5e] S YF3n gle
v gk S5l EAE mhRse] EEMEe] o A
Holn ol WEHE FIFHHES endorphing] ¥-ul5
Fgkgeba gy, :
Andersson5192 22 BNt 2 HEHCT
AEZ8AN AFEAN SFsicta dga An
dersson®} Holmgrene'® w2 ol A= 215 &3}
7} fuistAl Fobske Aga) gled visl 52 1|
Eie YA A oleba wwmshglchae,
Holmgren5*& #EH7} ol 2748 A5

et AL o= oy o HEHCF o AEaA:
Z7heht 271342 ook sk

Bifce) el AMe Aol mal, ST 24903
of mha} o)zt wrl e} dubd o2 FHHEE]l AS W
£ mEs st EHEQ e viad 52 AsE
Adaht 52 doslA] g BES AEYTt £ o
TFoll 4l & $RER ) BAgle) EHIEES A48 27t
o] B30l 23 ulkgol gl7] AAlo] BES A

FEREMT e A k] YA 3 55 kbl
a2} of 2] whe] 9lor] BEELERE choksht ks
o2 59 AYE o] gahe olFA Aol A B
o] o} g=lm Qheph, :

Eialgel 93 AFAAATe] A5F3E71e0
djo opa] kgl o] Eo] Hlslo] Y= Yot Uub
Ao g BAFHIEEE (Gate Control Theory), NE#ES
W3R (Endogenous Theory) A Al iEEEHETR
(Direct Nerve Fiber Block) = T4 #0518 B
{3 (Descending Inhibitory System Activating The-
ory) & 7o} A4yt £l Az gl ARFYHAAE
o)g-3lo Mgl A ofrjia1andnsn,

Z#-FA] o} A (Gate Control Theory, Fig. 1)2 1965
4 Melzack® Wallel] ojs) AFsigion) AAAFS
el FRAeol glolx Alzele 1 7| ¥oletne @
4 ek, o) Fig. 13 o] HEEEAY A 1 A 34
E(TAZ)E F& A4AF /M A4 e &

E-—

wiEHRsE U =k

o 4ezres A43e TAZe) ANRens A
Ao} 29} Aol HemopRAL(SG)E ke,
ol ALY WAL Fe A% wE HE AF2HE TH
22 Solrke ANE JMAH(EL dech), T 7

Central |
Control
Gate Control System

L l xq

input T

[ Action
Lsystem

T W

Fig. 1. Diagram of gate control theory.
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AR e ek dazE oA sy o
ol FL AR we ke Ar2tEe TdEs AN
o] AA7} Felo] (o] dzlo]) A" o] & dojrdr}
 Helcth

o] & o]&3le] FHE KigEe] Riko 2 A4 J4F
& 25z 35S AL s AR Bt
#i2e et AFAEE FEAE Holehy,

RS RS 19704 0) o1 % A8 ol g4
ok R MAHEYER endorphing] o) ate} o)s)
AA 2 o AekAle] A8/ FE 554
r1Hel A A o] 19673 Martin®9o)
22 ole} R4 oFE A 59 AxH4LS
Hol oA RAIZ] Fips FHEHET SAY Aol
4% o]F 1971 Goldstein®o] o~ M
ol EAE el aF Pert(1973)5°7,
Simon{1973) 5423 Terenius(1973) 5*9o] HHHAD
{if T % & & (Radioactive ligand binding method) &
Abg-sted ol Bl E FdEhsda Pert(1976) 5302
#7hibab7] £-4 (autoradiography) ol of3)e] ZE g8l
ZAet 2 F2HA 9 =g At st

olef gt ob 4-&-Al 2| ol wbet PA| WA ool 2}
4% £4o swd ZHoleke s1A3SlolAd Hughes
(1975)*9%  sialdol4  methionin-enkephalin
leucine-enkephalin® F&A-% Yok olF Ter-
enius®} Wahlstrom (1974)59-& Qlaj9} o d<poliof 4]
ofo} FAE 44 =2743lgdel. met-enkephalin, ¢,
B, y4 &-endorphin®| 7+ (Fig. 2)¥& S-lipotroping
61-65, 61-76, 61-91, 67-77 % 61-87 obu]xAHEEA N

FFE slo] QlEd o|¥ F 71 B-endorphin®] #-gof A|
o 3gsbcy, obmif8-a-endorphinAlE-o] £ &
#e olas gl fixNgt £F 9 olmiAlA] A
naloxone £-& endorphin Folof gk YEREEEY KK
£ 333t Table 73 2 7%0] 7H5d Aoz A
Zgch, olzld A2l 7% ol gited F47A
ot AE7 53 Aeg sl Arhaled BivaEke] 2
T SRIBER-S A E 5 gk, ol Aerlde &
Az AFaokdeld MZREme EA7F THEA
i =3 SolmonE*7dl| 28] AAAT2¥ o2 %
223 AEAe] 2S¢ #AE FAdg Ao sl
S #A7|7} ol A S AEAE ALY BESME
AEAHAE A Eahe HERME] S48 2 7140]
Edslelels 2ozl dalebesn,

£ o FollMe (EHRE PSRl FEAT 22.7+
4.7pmol/Lol A &% 34.4+4 5pmol/LE. HAF
73 F-endorphind 9 A5E ¥ + A2 p<

0.01) EESHEE MEREelAE A5E £ 4 glsle o

Table 7. Possible Physiologic Role of Opiate Recep-
tors & Endorphins

Neuromodulator and endocrine regulation.
[nhibitory neurotransmitters.

Pain perception and analgesia.

Mechanism of acupuncture analgesia.

Responses to inhaled anesthetics.

Circulatory responses during shock.

. Control of emotion and behavior

. Development of narcotic tolerance and dependence.

® NP R W

NH 2 — GLU — LEU —~ THR — GLU — ARG — LEU — GLU — GLN — ALA — ARG —

1

GLY — PRO — GLU — ALA — GLA — ALA — GLU ~SER —~ ALA— ALA —
ALA — ARG — ALA — GLU — LEU — GLU —-TYR - GLY - LEU — VAL —
ALA — GLU - ALA - GLU - ALA-ALA —GLU -~ LYS — ASP —SER —
GLY — PRO ~ TYR ~ LYS — MET ~ GLU — HIS — PHE — ARG — TRP —
GLY ~ SER ~ PRO — PRO — SYS — ASP £ §YS — ARG — TYR — GLY ~

61

GLY — PHE — MET — THR — SER — GLU;SYS —~SER —~ GLN — THR —

65

PRO — SEU — VAL — THR — LEU — PHE — SY§ — ASN — ALA — ISE —

76 77

{LE — ASN — ALA — HIS —~ LYS — LYS — GLY — GL.N — OH

87

91

Fig. 2. Structure of beta—lipotropin (8—LPH)."

— 151 —



e B Mgl del Frksle H3 B-en-
dorphinA] &= o}# A A A 3HAl] naloxonel g zbghA]

2-& BocH(p<0.01), =¥ &5 0 & 55
Ao H3e BHEREHEN A fikel 2 35
ozl ALeol @AsA naloxoneo s zjrisiglon}
(p<0.01). ESEE A+ naloxoneo] o3l Zrtsl
FafEe] A7} s A dgkel, o4 ulfol ¥ w)
{K3ERE N o] 3 il A3 SRR ol ul=
< endorphin 4yigel o8] fhfr-o] £HE 3 7ot o]
+ BRI 213 AEE57} naloxones® £
AFAEE 3 3 d7AEe] At} @pols 2o
A 2} GA Gheps272949) alel] o] m gl 7] o] £ 7ol
FH3 FARE o] Felslo] AEAAE e Zlo
2 F5e ] AAE S S S S48k gl AS
M9l endorphing] §Hake] FAtol] wlsle] ym
ERAERATE BFEEEAS endorphin 0‘%“] 7t
Grbe Bash Jeb9, aey 29 A34EL Ay
AR AT 28 AEENE naloxoneol 2}s} 25
= 2x *17311} < 2 fERERCL Bl EEA B
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