Pancreatic Exocrine and Endocrine Secretion in
Hypothalamic Obese Rats
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Abbreviations : MSG, monosodium glutamate ; CCK, cholecystokinin; PP, pancreatic

polypeptide ; RIA, radioimmunoassay.
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II. BEBERER

HEWiIRIL, Krebs Ringer bicarbonate buffer i 4 %
FEAMTY (TN, 7 7= 7#), 5.5mM 7 F
VB (M), 0.5% 7 vIET7AT Sy (7
W), 72—y F (RIESE) 2500, 95% O,,
5% CO %% L T, pH 7.4 WHEL L DA FHL
oo RVRAIALTF 4w o Br7 (P MR £H0
T, RSN EREE Sml/SORBTERL, T
=8 — I THERIEDZEESS 60~100 mmHg &% 2 k
D Ui, MW CHTEREITY, BERERngE
LT»5 20 3 &0, CCK M % 20 SRhnz 72, &
SURBHE L LT CCK 1, BBEmALyERr
FHRECTHEERC L VERENL CCR A 2 5~
4K (CCK8) 2, RIIBEM10719M & 722 &
DERITHEREL, 1> 72-YavEYF (1h—
IN— R, ETV 97512 T 0. 12 ml/AOFSETEAL
2. ZOBROERT L WROELINERERIC BT L
Rig&inwZ Lz, FHERT EFRL Iz,

BEBESRARA 1% Grodsky & 0 9% B L T /8
Lie. Tbb, Y AL E ¥ — 0 60 mg/kg BERERY
BEICTHREL, FRBML, Kri 8, By
LREL, RREIR, EBEER, EEITEIR G, B
BEBOIR & DB L TR U, N LR
EREWM L E—h—cB %, SR 7o
3PC ERBE D RBELI, BAEEL L EREOR
BEFIRCFEELTITY, 75 2vavaLsy— iz
T2RZEEEBM LI, —F, BASMBRORII,
TIEBLEE L DB L TIT o788, BB 5 ~40
2l/I0 5 EMBRIDIT, <4702 ) 28 (s
PR T 0 AT L EBREL, WEEREE 1
ml FEAGCHERL, BREEORZE ML 7.

I, ¥EE@HNES & AT

RN L BT, —RiaRs, SFmeETy, m
Vo, A2 2 e IE L. B, WIRT Ik
RML, BUEBETE2MIRAL TEEREA
ELT, —#EIE LBk RIz AR, 7700k
EY A PR THEES 2+ 4 XL, 3000 rpm, 20
ARERLE, LEFBEEENECHLE, 27, v
ThASF MBS LS SM BREEtRIC T, ke
Y =4 X, 100°C 5 ML, &L L TE SN
BERFERL CiTo7%k, MR La—21%
F— ¥k, BMERE (TR o b o— 7Bt
iz, 735-PRER7V—R 5 — 7 (E—1k
FERBF Y M), V—EERE, Tietzi (37 ~it
Fyb) ERO ARV, FAATRE—S
VETAY b—HF v bizE 2 RIA i TiTw, ¥
REARIFLFKRET v 1 R DR E N

RBELY R PRI T, YRR RYFUBRMEBIC
&2 RIAEWCTHIZEL -,

V. #Et2MRE %

BRAEIS T T AR TR L, 2 B
FHEDEORE R t-REFEICLD, p<0.05 25 E
kL7,

B i

1. ZEfEeESRIN

RURT T, REIBREST.4411.3 (F
PEL R ) gz L MSG 313 333.6+11.7¢
TINTH 7228, Lee index ( i {hE(g) X 10%/ 8ufiT
FIR (cm)) TIXATBEEE 300.2+2.2 125 L, MSG 8212
315.943.1 L BEICKE 572 (p<0.001), F7-2

RN 3 TG 13 5 B8 B 2546.4 mg/dl 12 #f L MSG

B3 142.5455. 9 me/dl L HEICEMEE R L7 (p<
0.01). ZIERFMME, 4 > AV U EIT R 17716
mg/dl, 50.4+15.9 I1U/ml izt L, MSG B 210+
20 mg/dl, 65.6+19.9 £IU/ml L FEEIZ ieh > 7= 5
EEERLZ. Zhsiz MSGIE®ES v b DFEe-12
—E L T,

. BERRERICE T 5 BAD LS

B LR IEL, ¥R v EEE c
3 27.6+1.6~39.5+3.5 4 U/ml 5 &, CCK #lggiz
£oT, 4FBIZHBKG65.610.2 2 U/ml 2 & THM
L7, — 7, MSGE T I3 £ 4 W »87.1+
15.4~91.3+17.3,U/ml T H b, FM1% & K E 11
122.1£29.3 U/ml & EREE, SAMEE b MSG Bo
F0SE o 723, CCK FlBIC 13 2 WIS TcRb T &
MEEE S 304 U/mIBETHD, REXRD-T

3 [ body weight(g)

naso-anal leugth(cm)
fasting levels of glucose, triglyceride and
immunoreactive insulin(IRI) in MSG and
control rats.

Table I. Lee index X 1000

MSG Control
Lee Index 315.9£3.1** 300.2+2.2
Body V(V(;ight 333.6==11.7 379.4+11.3
g
Glucose 210£20 17716
(mg/dl)
Triglyceride 142.5455,9*% 25+6.4
(mg/dl)
IRI 65.6+19.9 50.4%15.9
(#IU/ml)

Data are representted as the means + SEM
from 4 experiments.
*#p<0.01, #*xp<0.001 vs control
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2Dk, ZohTviz CCKAlBUZ L >TH
EOEEERLLERVAZY, Lal, NEEETIE
27.2+12.2 pg/ml~79.8+19.9 pg/ml D FWH 2 H >
Zxf L, MSG ﬁﬁ't; 79.4+12.5 pg/ml~ 137.9+

20.4 pg/ml DEBEICH D, 1T 5D EHMNKE HEMO
BEZEIR &Jbﬂf;b)ﬁt Yoo, FLLTMSG
BEOAPBOERICSH -7,

. BERERICS T 2EABREE

CCK Rz & - THEAN ST FEIICEAR L 7228, B
IDTEL, BEEIIMEIEL.6+£2.1~9.120.6
21/10 4390 5 K 32.6+6.4 £1/10 53 % THINL 220
watl, MSGETIE 18.5+4.8~12.6£4.6 »1/10 53
D OERA38.1£3.541/10 i £ THREMNL, BEER
BuboD, MSGBOANEWERICH -7, MEFL
b CCK HlBrRIE 20 5388001, IRIFRMEIZR - 7.

75— EHWEIC DT, BIRE L IZ IR,
CCK Hili% 20 43802 SR fl, B 1k 20 542 IZRTEC
RBaEw3 /85 —rRLED, H4RRTIEL,
STHAEEIE 4.3921.11~1.70+0.39 [U/10 S 5 {K K
42.25+7.53 TU/10 SMz ML 7z ot L, MSG BT
1, 1.20+0.33~0.73+0.081U/10 % » » & K
18.70+1.841U/10 3 2 TOEIMIZ & ¥ & D, 30~40
BTOT 37— ¥HEIE MSG B A TH S »ICE
motz (p<0.05).

CCK8 10™"Mm
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Fig.1. Changes in immunoreactive insulin (IRI) in

isolated pancreatic perfusion system prepared

from MSG and control rats during a 20-min

stimulation of 10~ M synthetic CCK 8.

Data are represented as the means+=SEM from 4

experiments.

R5D&H Y R—EHWED T I 7—¥ EAWTL
TRty — v BRI, BRI, 4043, 50 B TIEXER
F£30.844.1, 27.4+6.7U/10 3 TH > DzfL,
MSG 8 T 1% 13.547.3, 6.2+2.2U/10T% b,
40~50 FTHSHICABICE@ETH -7 (p<0.05).
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Fig.2. Changes in immunoreactive glucagon (IRG)
in isolated pancreatic perfusion system prepared
from MSG and control rats during a 20-min
stimulation of 10-!* M systhetic CCK 8.
Data are represented as the means+SEM from 4
experiments.

. CCK8 107°M

Juice [“;/‘” .

w© #Y 10 min. ° MSG
o————a Control

30
A ]

10f

. N ; . A ,
¢ 10 20 30 0 50 50

min.
Fig.3. Changes in pancreatic juice flow in isolated
pancreatic perfusion system prepared from MSG
and control rats during a 20-min stimulation of
10~ M synthetic CCK 8.
Data are represented as the means®SEM from 4
experiments.



1002 £

ElRsshhmnol,

BWESEE, @60 X5 11BN+
122~20057 pg/10 534 & F K 837+ 145 pg/10 53 &
THEML e DL, MSGEBTIE 167£9~108+22
ug/10 530> & 8K 773+ 34 ug/10 53 THEML, 7 3
T — X &R Y — > TH o7z, MSG BED
FOEERICH o748, T I7—VIELDERRE
Tpotn, BB, IOBBHFOEANFICDWTI,
BatmE Lz o,

IV. BRSO RIE

F2IORT LS, REERZERENERE1.877:
0.133gicxfL, MSG B3 2.070+0.167 g & MSG %

Amylase Output
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Fig.4. Changes in amylase output in isolated
pancreatic perfusion system prepared from MSG
and control rats during a 20-min stimulation of
10-** M synthetic CCK 8.
Data are represented as the means+SEM from 4
experiments. * p<0.05 vs control.
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Fig.5. Changes in lipase output in isolated
pancreatic perfusion system prepared from MSG
and control rats during a 20-min stimulation of
10-° M synthetic CCK 8.

Data are represented as the means+SEM from 4
experiments. * p<0.05 vs control.

g

DHEHBKE EEIH 57,

—A, T IZ—Y¥EEBIZIEENBEET02456 U/
wwg 2 L, MSG B3 450227 ITU/wwg & MSG
BTERER AR (p<0.05), Fi-, U/ s—¥E
B %, X3 992+40 U/wwg i 3F L, MSG B 3
80040 U/wwg &£ MSGED FR BRIV otz
(p<0.05),

V¥ bASF o EREE, SRR 130145 ng/wwg IZ
S L, MSG BTl 260134 ng/wwg TH D, MSG B
DIANBEMERCH - 72,

& %=

WRTEHEAAZEET 3 &, WhO 2 EETH
HREHSET 59, EE, T OWOBE 2 LERICT
MHELT, MSGBEH SN TR 3912, 34bb, 1,
REOBYIC MSG 28545 &, BRTHRISRES

Protein Output ~10
(og/10min) _CCK8 107"M
1000} T R

o———a Control

500

4

10 m % 20 50 m‘?.ﬂ
Fig.6. Changes in protein output in isolated
pancreatic perfusion system prepared from MSG
and control rats during a 20-min stimulation of
10** M synthetic CCK 8.
Data are represented as the means+SEM from 4
experiments.

Table 2. Pancreatic enzyme and somatostatin
extracted from pancreatic tissue by
homogenization

MSG Control

Pancreas Weight ~ 2.070+0.167 1.877£0.133

(8)

Amylase Activity
IU/wwg)

450£227* 702+56

Lipase Activity 800+40* 992440

(U/wwg)

Somatostatin-like
Immunoreactivity
{ng/wwg)

260134 130445

Data are represented as the means + SEM
from 4 experiments.
*<0.05 vs control
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S URERAIE s IE & h, REE, BEBEL, &4
v AV vIE, REREET R ERANER & U RREE R T
ko wrsn, 2o MSGIEREMIEEHORREEEZ
REAT 2o bDEF LB E L THRENL TV,

IEMEINC BT, RS TUMBRED T I £ 55K
HZOTIVEE, H2VREPICHEEADT 4 —FSy
7 & UCRENDIESEEE T o & 2 AIAEE S FAL S
2%, W1, RIS 2 @0z davn, £ ITH
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FOMEEEEBT LI EnL, &2~ TE2H
BERSEFRER R & AV, A SR E & LT,
TeFra) b ERLS 5, XVRENTERD
s CCK % A7z, CCK Di#EE X, Okabayashi &'
pi5y MEERERTRE L RAMNEE, 10°M
PERALE., SEERENEMSG 7Y biZDWTE
DR AR T 5 &, RETIX Lee index 25K & <,
REIBNE D572, TR 10 A HEDS v b T
HHTHAS, oz Lhid, MSG 7Y ATH
44 4EE, 8EE TMSGBOANBEARETH S,
E#12EBE LM MSGEEO A BHEENIRE R
BLLTED, Iy P CHRABOER»HD LELS
N3, METG 4 >YAY EY, MSG 7 v bDAH
BEEFLLALHEROBE- DL —-HLTED,
H®BHAERIGEML FAEEELTHWE DR
bha, 3T, 5HE, #4772 MSG 7 v b OEERR %
B TIT o AR DLW T OREERET, &b K
Bk, 7E5-—YAUMBEBOETTHS., MSG
S N TRT 7 —YERIWNT T, CCK
AR 2 ELETLTBY, BELLTAD L,
EHENBHOKWESITHSE. iz, VS—EH5WED
RIS, R, CCKRIBuCTd 2 FiG & b I
TLTWw3, B, Zofiicb by 7y, 252
¥ —Ei ¥&E OMELERNEIN, ChHDOBRD
EENCWRERTERVY, PRl LblELZ22D
BEREASMTET LT, 77, BEPERCE,
LERREOM, BrOBEALE IS, BERBW
BEELTHELLEE, 130, MSG 7 v bOFn
BEuREBERLE, Lirl, EHEEDWTRT 3
F—¥, VA-HEroERI@BHonzhrofe, —
F, BEWEIEHIZ MSG 5y FOAFTHWEMIZSH >
7z, 7k, BRE, Bz HCO:; %z EOEEH > T
BOVELEKD L ETH D, BEEEL 10~40 pl/

WaeMEnLbBETELh o, WEERVEY
T, CCK REBEL FOBAMBEEEL, ¥V
Frizk BEEOSWERETIEEATY
2719 CCK MREE Y NS &5 2 £ 2%, BB
Bhasgahis, &Ed, CCK DEERTH 2 HEE
ROV TOEERERICL I, KEBRTIET =
S—¥, YR—FuFhbEicNl [ 1/2BE
ENRENTEY, MSGBHEZ v MiCi ) 5 BT
WEEHE T 2 E 2 8¢ 3 —DDRIUEEZ TV 3,
MSGB#Z v 22\ T, itk BMEsN T3 E
BLRERDO—DIZART v bR EHRRETIERE I
HBHEVIFERVITH B, REWEREUL RN U
EPRET L IENMEIN TV EMS), FHEERE L
T4 E O BERER FRER R carbacol 25 L 72354,
CCK THE:NIBD 12 BE RN FEME R
Sz, UL, RERGEELBERRTHD, &
EHRRYIENTHEDT, I3 LEEERENT
LRS- TE B, MSG BERR THI R AME
TFLTWAEFIZOWTE, WI2»DORFBEZLS
5, B1IEREAREOET, 2w Ii3EEs3H
ROBEEOAREMETH 2, 8 213 CCK ixxt¥ 2 St
SBRIEHEDET, Mz CCK Vv 7y -0 %
EThDH, EICREEEEICSEN, BASWICE
EL55KRkVEXELT, YT bARYF v, pancreatic
polypeptide (PP) 2V THEZZNENH DI,
%1 OWEEME DV TR, ERBEEOREA D
2D T OME T D0, BEXRILTNS
LI EIL L DA SN A, Schneeman 531,
Zucker JB#Z v F OFM#BL VEREHMHELT, U
K=, PUTFYY, FEPIFSYCVREREELR
BALTHL A, BTy FOAMEBTERI
Wk, 27315 —FiE, LI PTERERCE
n—HEEMNYT 2, 7y rTREAL, RERE
MHDIERBELTWE, A YRV VETIF—F
I RERIC B L EZ SN T D19, o,
fERE S b TlA YA Y VIEREOREIZH B 7D
TIT—EHETLTWS EHEL TS, &,
McLaughlin 5913, Zucker 7 v b THEAHMD DNA
oW THREL, IBZ vy b T}, PRIV MEDY
HY & i DNA 0340w e LTwa, £72, invivo
TCCK 25L&y, BEELr7I5—E45
WEIEHS v FOFBPRHBI L EREL TV,
IS DRER &0, BIREHEEORY 25 LIS A5,
ZHVoBA» SEHT v F OEBENRE 2T
THREIRY 0w, FHEOWUELLKERR, —
HME, SEHBEEALETHEM, MSG T v D
BNKREWERAICH -2, —7F, BEBFOT 35—
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¥, US—¥ Lt MSGEHS v b THEILD L L,
Zucker [Bii 7 v b B W TRHEB T 7 2 5—Y O R
4 % R4 L 72 Schneeman & D 5 #51c — 3 L 72,
- T, BEROBRYSBREMBEOEL L 200,
BREREOETICL200¥T I TE L V28, s
ROBMOBERTH 3,

22 OFEEM I BEE L McLaughlin %43, in vitro
THEREL - BIREMR CCK 2042, 737—¥D
SUWSICTEERRET L7, B 0w o v b OBz
Bl ofz eBRT B, F 72, Saito 520 ki
i, ob/ob vV ADEEL £ FF —~D CCK 8 DIEESE
B.RERTVRALER Lo ERRTHBE I EnS,
CCK it T 2 ERZHOEM IR EEZ NS, &
EORBRTH, CCKFBIC L B4 > XV WD
THDE, BEIENIMSG v bOHRE W,
CCK R MMM IEWEE L & 30 IU/ml & RIRE
THBDT,CCK T 24 YA Y YORIGHIZ DV
TREREWEEZ NS, CCK IR BRELT
b, BREMGILEHL2EBR T2 SbhTwa Z
£ 5, fBIICB VT CCK DEERY%, H30
By 7y —DEENFERENTE, Lzl td
SEOEBRERIT, CCK it T 3 BRZHOE(I &
5HDTREL, FEBPOBZROENELEEIZ &
LEEZDZONFREEDNS, 122, TORKI
MSGHEHZ v biZDWTTHY, b FDEAIRRIZ
BOLTHREROFENLE T2 2B SBBRST
NEMBETH 2. HE S, EFE 83 2 ER 7
ST -VRBENTENBEIVETLTVLS LRNT
WY, BEASFIHEERARB TS SIH#L <8R
LiRERR Y5 %0,

WL 25D, BERLE Y LBEASW L DB
HETH3, YV PRIF I, W3 paracrine DR
RWRLVEY LEBENTE D, §Cld GHilg - &
RIUGEBELTY v bAYF o2 TH 2 DM
BEEL, FAMY b e BRMBEEEL T3
CEETRBETENL OLDWED 9 8H %, ETH D
HREE g HERLIEEL, 4 > AU > 3WEIEIL T v
DEFEbNT B, KREME~OEE5 I\
1, o &Y U BEIENER Ly, L, B
BT &S 2SR IoR i, Y= bRFF>
DRENFWBCFIZTEEIERTE v, SH, BB
BHEEICL DA UL BB Y = MRy F ol
i, MSGREIZ v b OB B CERIC H - 7=, IBHH
MTOEEY = RS F U EREDVTOREI DR
vy, Zucker B 7 v r OREBIO YV r A5 F
EBOME T, ®¥ T v MCEB L T Sheppard 5213
BfE#%, Trimble 5Y3ABETH 7L BWEL T

5, Woods "I VMH B E S v F iz B W T,
Utsumi 5212 MSG 7 v MZBWT, 2R PN SEE
TEHEL T2, BERERRIIBWT, B Dk
ENVBWENTY R ERATF o NED & S I BERELE
CEET 200RBERE2 00, SRS L
eV b REF TS iz A S 2 I A& T
BI-OEERE2 2L, MSCIEHS v MzBiFs Y
YRS FUDERENENSWEET S T2 T4
HEFTaEZoNn S,

WE—DEELBERLE L IZIPPTHL.PPOLR
HREICOWTE Y AT F o DBEE D b FHD
BADE D, Dl L L HEEICPP 285 L7245
B, BASMIIHEEN S 2 L nEsnT 129, PP
SUPEDE LA LB H0, SKEL R4
MEFRL, SMTBROMICEBEL TVw 39, AWmsns
PP »BERREMR Il 5 = &7 <, BRBRICA YD,
R THBBICIER T2 L v 3 BRI TSI R
DRDBH, VMRS F DSk paracrine 1975 iR
BIZRE I, wWEFHLAIZSAT LY, PP
7y bEE M TR—KEENEZ > TWBDT, itk
O RIA R & 2 I GRS L STz, B, Jia
SODEAFE L 7z RIA RiC & 25T, ob/ob =7 2
DORAEHP PP OEESHE 21T 2, Al MSG
Ty bDETH PPRENERLTVLEZ 51, BS
WEAMEIL TO2AREEMIEES L, ZOHKRDHT
LERIATNETH 3,

#®

RIRTEEALHEMI TH 2 MSG 7w b 2ERL,
FZ v b5 sfEH L BEOBRERE By T, CCK iz
X5 B BN RIE R & N BER ST R L& > DOEE)
%, EERES v MIB 2 EH L ERaL, UT
DFER %/,

1. MSG Z v MBI 2 BN T RRE, B
BREORERICEEE S v b ERAZE 20N, B
177 —YHHE, Y oS—CHHEE MSG 5 v b
TEHRIEFTLTHB Y, CCK FlE# I 8V CHIE Iz
WTRIEE 7w b42.2547.5310/10 42 12 2f L,
18.70£1.84TU/10 43, #FIZ DT i3 30.8+4.1U/
05, 13.527.3U/1043 L1313 1/2 DET %
w7z,

2. BASWTIE, MSGS v FTAYRAY > DF
8, BHBFPY v bRy Fo b EBEEREZTL.

UEXY, MSGREHS v Mz B TIEEZ DK
Tiro, BEASMEDETSTR SN, OBEFEIC
WY v bASF g LA EIH T 2R LT
DOREE EFE & Nz,

B
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Abstract

We investigated pancreatic exocrine and endocrine secretion stimulated by cholecystokinin
(CCK) using an isolated vasculary perfused pancreas of monosodium glutamate (MSG) rat, a
hypothalamic obese animal model. Pancreatic endocrine secretion was assessed by radio-
immunoassay system of insulin, glucagon and somatostatin. Pancreatic exocrine secretion was
assessed by measurement of pancreatic juice volume, protein concentration, and amylase activity.
CCK stimulated insulin secretion transiently, but did not effect glucagon secretion. Concentr-
ations of hormones were higher in MSG rats than in normal control rats. CCK also stimulated
pancreatic exocrine secretion. Pancreatic juice volume was higher in MSG rats than normal
control rats. Conversely, protein output, amylase output and lipase output were lower in MSG
rats than normal control rats.

These results suggest that pancreatic exocrine decreased in MSG rats, possibly due to an
increased level of a pancreatic hormone such as somatostatin.



