Effect of Human Growth Hormone on Secretion of
Pancreatic Hormones and Gut Somatostatin, and
on Hepatic Insulin Extraction in Dogs
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BB+~ (growth hormone, GH) DL £ v 3% X OFESNO 7 % =~ (immunoreactive glucagon, IRG), VY=t
A & F v (somatostain-like immunoreactivity, SLI) S 51X &L, FF1 2V VEUABI BT R L. BRRE
4RI L, BREFEELIC LA + GH OFEBIRARS (700 % 7oid 35ug/105R), KREREHRPISR S (T00ue/105 ) %17
Feus, BERSIR D% X O'KBBEIR A4 ~ X U v (immunoreactive insulin, IRD), IRG, SLI #E& 5 L7z, & HICKBEFHIRAIE
R TSR0, A8 KERIRnE IRG, SLI BELRH L. TORRE, e+ GH35ug BBIRNEAIC L D, mEELaT
& 100+£3mg/dl k 0 EABRIAHI0 T 10443 ~EHFBDO LAY, BRIk M IR, IRG, SLI BEZ 5 SR ThER].4
H LA, 1.5fE~EEeMI ER Lic, Ui LABBBIIRM IRL BEI2155 LSBT LARBOCE F&/R L. GH700ug FEBIIR
MEEAIZ & b, M THiE 105+4me/dl & DEABIAKI05 T 1014 ~EEBET L, BEBRM IR] IRG, SLT BEX5
SLA FHENRED 245, 208, LASALFELMC LA L. IRIBEZABBRMICES V.50 BB D EEDET
%R L7s. GHT00pg ®KERMIRAE S TIZ, MEIIRE CREIRM [R], IRG, SLI #EXHELh 7o fiing /R Lic. KEREIIR M
IRl JBEET. 5L EEET Lic. 20, M+ GH BEIZEAKL0S T 6413ng/ml & EBHEBOEHHEICE L L~ T
Botc. BERHIRLFEET e b GHT00, 35ug BEIIRPIR S, 7000 KEBBIRHE SOV ThOBRC ST EROELE D
Mot BHRAEVORHEND OMME (AIR], AIRG, ASLD) ##53 2 &, B#IRMIC B\ Tid AIRL AIRG, ASLI
GH700ug BEBIRRPIEEA CHEBRCH LEBIC K Eh oo, KEBBRIICE V- TiE GH 25 580 ASLI pMiIffic it LK T
Botc. —J, GHTO00ug KERMIRAIE S & b 4E T # kM~ B Ik SLI 2 TFTE 411+127pg/ml 25 5 &
5324158, 25/-1%ic 6954160 ~E HEDO L AR RHL. AFAMEBIRL —BIRMm SLI REKEIER LRI leh -7/, EE
BRI S & OVE AREEIRD — ABBIRND RG BEEZIZVCTRLEBROERHERDer Tz, GHOF1 v A Y VERRAKR
FTEHEYRNTAENT, REKS v 2 ) Y SBEERA LA THERIC & 2 mEHE T~ A Y v 400pU/kg- min % FIIRA
WS L. 81k b GHarg/ke-20min # fzid A AE AL PIRAICE S LR, FEIR, F#Ro£FMEES L O0&D
i IRl BEMI A v 2 ) vERRRRERKD . GH FURAE 5B CTIRRATEAT % 2 b I 5463% & HWINERR & S/ b5k JREFIC
HLESD ERTIRAh -7, A EORERIT, GH 2250 IR IRG, SLI SWEFIT A O 53T FER D #ifan b0
SLI x b T 22 &, EHFERFSA VA Y VEGALA RN A EAEAH D Z L&KL, GH R EvE L
UL SLI 24 L CHRBRABBES T2 L2 RKT 5.
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B L€ v (growth hormone, GH) 2R #IC 5 2 5 &
oW TIE, ERRORRRE SBE L, ERREEBTOR
FoAARH COBRH R EOBAHDIER SR TERL™, —
7, GH ORISR 5EHESRCOVTL, RMIEKE
WRITAHERFEOSHY, Mk CH BEIERFERED = v b
B2 HHE HEVCIEBTOnE EAES (dawn
phenomenon) 2FETHT VM EDBEANLEEIRTEL
2, BTLL—EDORMBIELh TV, FDOEBLLT
i, Blw, FASh GH OTy—MW21d3. Tichbh, ¥
MO TIX7 2", v 9GH pa Wi FTHEEME e +

SEL S F1LA 18 HAAF, FEi 5 41221 A2 H

GH®™M~#pe L% FC B D B2, Ty DR AT & HF—%& it
FTTORNEGT Tz, #2110, GH o5 HE0MEN H
%. GH (1B 5 IBIEL RT Z LA I B A TE D™, 4
B S BEBCTCF GH BEX185 L 5 &5 HENE
L\, ZOETEVAP GH BENEKT 255 5 W i2lF
GH BEI WHETA X 3 e S Hkdy AUV BETIX, BED
BHENARIL-TL D, F3C, KEMFOREKLE v BELD
FLUENSO RV EVHBEYRBL TWRW RS D
3. EHERNTIRRVERRCBS VT GH IS v MEREDD
ITBERERES v ANV AR LA YA Y v (immunoreactive

Abbreviations : GH, growth hormone; HIE, hepatic insulin extraction; HII, hepatic insulin input; HIO,
hepatic insulin output; IGF-I, insulin-like growth factor I; IRG, immunoreactive glucagon; IRI,
immunoreactive insulin; SLI, somatostain-like immunoreactivity
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insulin, IRI), # /L% = v (immunoreactive glucagon, IRG) DI
WA RET D L\ 5 P2 & 5D, EENTORETIIR
ifneh o IRL IRG WEIIARZE ™, BB WHETT27 &
WHRELE, ZOLIHARTAHMEALLEHRELT,
GH ATt VERALZEL IR TV A ®, BrL
v RHEBE MM E VBECEBHOMIC BN E T
LEWOTENNELLWD., ZhHDOERERLIZ>XT
GH DORsA &= VIZatT 5ERRIBN SN DI NETHS.

—F, BRTHRAELEVBIOHERLVEVELTHDNRD Y
<} A& F %, BEBEREC b IED M L RN SRR
£ E L D MRATEELY, £%Y - ELPIC RTY <
FARFUREETHIERMLRTED, TOLOESE
1, BEEBEP S I % #E (gastro-entero-pancreatic endocrine
system) DEEXHH TAERD—D LT - T\ 5. MAKHE
ETAYVRIARFVRFDOREETHE - HILBHRTS
DM A, FOEBERMBEECOWT, L LTELELDORK
BREOMABTOUECH D Z LABEIA TS, Thebd
g D Bl 33 5 BB WEEIEA®, M5, BEH
OEOFEBEOMPBTOHF™ e LML TVB. ZD
&, B4 D#%ED Nakabayashi HIXEBEEMEOY < b A2 F
VRRREAD RIS ORIy 52 52 &P, BEik
B B ORAFEROEESER NI ¥ gL
EREL, BRERIUVBELE»bSWER LY I PAZFY
(somatostain-like immunoreactivity, SLI) A3 kD2 F K
wEETE—HT, HRERL L TRRMERCALNERE
®, AR LBEYELATEENDD EEL. —H, B
bz 381 5 DS B © SLI S WRENC oW TR a8 at
S, B—TTIRBAT N R I EEY i L o RERN#O
Hie b, me IRG®, #v <7 3 /EE (r-aminobutyric
acid), HEME R X CHREEEIEE" HELE SLI S WK
BERIFT I LS TWS. 8T, GHIER FHo SLI
S = —vvhbho SLIHWE R 2%, L Lifid GH
DER L OE{LE SLI B VWi B EE Y RIETHOWT
i, MENEL. RADEBOERD XY o T EES DI
Eh-GHE AV, ALK SLIZWACGHIZ X hHlSh
Bl L, CGHORBERRBCHETIRECERL TS,
APFETIIU LS ER L, BEATFHIER LTt - BIR
TSI L ARy O e b GH V. 2L, RHE
SR AN S WEEVEDOE P GH A &S F 70X
BRI 5 L, P IR IRG, SLI @ &g b HEAt IRG, SLI st
35 GH oBEEFRY BRI L. SHRGHESHFTOT v
AV VEASZE 2 2B T LEBRE L. TORR,
GH #\B IR, IRG, SLI £ 3 X OVBES, BRI B S - (B b D
SLI Hid HlEs 2 r B, S50 ERMEIR DA
DA VA VBEMETTAEECEE LESEEXAVRNL
el A, £E2HEED GH AFTOAL v A Y vERALR{R
T B AHER AR TEE R B, Th 50K, GH »,
BB s 0 SLI S WMEEERE RT L L b, ZOBRSWE
hic SLI (LB A~OIER L BE LEBRRB~FETE L
WA, HLWHEYRRTALO LB, CTZEBRETS.

HEHE LUV HE

. BEIUBHOORILELDBICHET HER
{KE 17—25kg OFBREA X E AT, —7, 1216 Beflie

£, RV hoULE £ — b (30me/ke) BIRAIIR S0 X BB T
\=BAkE L7-. Kanazawa HOFECEL, BHYO T L 4B
RO L —ISBBSRER S A7 A% {FR L. TOH
BERROZ L THH. LHETZIEBBRO T EBEA~O/ND
KA~ GCHEABC?F —F A2 HAL, TOEMWY AEIRE
BEANCHE L. A R ZRBBIREBRORAS LU
FREICRE L r F—F A% X7 Z—ICTHEAL, 208
PEACRE, BEYALL. ZoBESHERFTILLD
IR M OERER &, £ ORBICE LcFEIC & % FEMiRm it E
HIE L P EABETe-7. EHKHERBLIOUFHER»HD
SLL IRG #x8HT2 0T, FhEhEERIR, B8 KHE
BIRANCOEERAO Y = . — LEEA - RB L. KB
BERIZ L TR ENR0E, GH EABO» 7 —-FARHEA -
REL.

GH k LTHEREE (KR R#ftOBEFABLEC I 2 b
B & & ) & v (N'-L-methionyl growth hormone human,
Somatonorm® : 2.3IU/mg) %M L, 4.0IU B K 2.0ml T
R Lctk, o ERMAEKIZT 1.621U (T004g)/10ml %
7213 0.0811U (3548)/10m] DRI AR Lz, GH ik L =38
BEIRE L KBESIRACRB LA F—T A XD, FREA
Hv 7R ACTI0SEH D Iml/min OFEETEALK.
NBEICITABRNAEROAEZEA L., 0z -2, -1, 0,
1,2, 3, 4,5 7.5, 10, 15, 20, 25, 30 %4 (0 —10% GH #EA) ¥
iR, KEREDIR, B MRS L OEE AEEIR L D& dnl R
L, AcESRLAELNE L. 22 LETHRIIK, GBX
WEIRICOWTIE 1, 2, 3, 4, 7.5 HOBMmMITRS L7z,

EMERASERIALOEIEBICHE Iml Hichic”?
— n = (Bayer, Leverkusen, Germany) 1000 Bf7 & =% L
v 7 I VBB T b Y ¥ 4 (ethylendiaminetetraacetic
acid disodium salt, EDTA2Na, FI¥METHE, KK 12mg %
EtkERBECR L, HHELFTV, mEERSH L.
ZomifEi R E VEE T —20C THRE L. @ IRDE
EEI3A R« £ v AU vEER (Lot NoH7574, L. Heding f§4: &
n it Novo, Copenhagen, Denmark) 5", M IRG
B e 30K (R H. Unger 4 hiRft, Texas K%,
US.A) #EWBY THENE#HOT oA 5/ T v &1k
THIE Lz, i SLIBEXmiE»30%RY =F L v sy 32—
L 6000 (FIYEATZE T38) 1 ChiHi%, Conlon H O ICHEL
THitk 80C (R. H. Unger i+ 5 bR V5, BERDF v
FA LT oA ETHELA. 7L - 2ABERI NV
a—atEy -k, 7 GH BERHEOT o4 1 4/
794 Fy b (Ab £ —X hGH, 2Bk, R X hIE
L.

1. FFickT34 R - BAHCEY et

1BE 12— 1Tkg DMBRHAA XX AT, —& 1216 R
B, SV ALY R - VEIRIRER BRI L, KER#RIRE 22
#L, MOADOHTF - F A EFHIREARE CHA, RELL.
JFEIRARR» 7 —F L RMOMNBRAVED s — FERHE A
WT X SEETICHR L., SHREBBROSECH T —
FA%k2EBAL, TIREBESREEHL, 1RIEOBEL
CTHFFIRR L b 2 BIGHEAOPMRAIC, 5 1HZI v AV VE
AR EIBRREEIR & EET B RIRO AT L D 3R
fMofBEr, FRAEFhRELL (K1), ¥oABERIRATT
NEREMA, GH EARO» 7 -7 A BE L.
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W2 BB ST ZIRIBBI#IR, % L OMBHRRIR & » R
WMAHTA2MEEXLETHEBELAEE S v 2 ) v 5WERAL
7o, ARRCMIRACEB LA TF—FA IV e b A v R Y v
(Insulin Novo actrapid human®, Novo) %, 0.5% = ~ miE 7 1
7 1 v (SIGMA, St. Louis, U.S.A) InABEHAEKT 400U/
ml ZFER L8, Iml/min TEALL. 61, 204 VA
VIEATOMBEEY —FICRE DR, BEREIRICZLa -2
Y —HBLIO SV a - AEARA =2 - VEBAL, AL
[BERE (Nikkiso Model STG-22, Hsktt, W) #EE L. ¥
1o, BERBRE SOMIRC 77— <2hid, BHEEORE
(T-201, Transonic System, New York, U.S.A) W& T % HlE
L. GH iz D e + GH 4pg/kg # £ BEAAE K 20ml 12
WL, 205 I TRBERIR X DEEEEA R Y TR A VT Iml/
min TEHEEFEA LK. MEHCREENREKOAEZEAL
7o, M, —30, —15, —1, 0, 5, 10, 15, 20, 30, 45, 60, 75,
904 (0—-204r GH #EA) &, MR, FF#IR, KBk H» &
dml RiEL, RFCEFFBR, FROMEEXRE L.

BRIhmEL] . CEBCAEL, miErrz— A
B, me IRT #E, m+ GH BEXFROHECHE L.

DA v 2 Y vk A& (hepatic insulin input, HI), FFa 5
DA vAY v & (hepatic insulin output, HIO), JF D1 v
A Y vEGA& (hepatic insulin extraction, HIE) 2%k & bk ®
7.

HII (#U/min)=[Flktn IRI R X FIRMFLE X (1 —~< + 7
Vv MIHCAEBEIIRM [RT BB X FFBOIRMFFTE X (1—~ =
FZY o )

HIO (¢U/min)=FF#Rm IRI &£ X (PR L3 &+ B T8
ROFEE)X}(I—~= b2V y })]

HIE (%)=(HII—HIO)/HII

Proper hepatic artery

‘ A
Portal vein
Insulin infusion
Portal blood sampling

GH infusion
Hepatic venous blood sampling

7N

Fig.1. Schematic illustration of the placement of the probe
of ultrasonic flowmeter, the catheters for human growth
hormone or insulin infusion, and.for blood sampling.
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I. GH (35xg/10min) BEEIIRAZABOMEE, IRI, IRG,
SLI, GH REDXE)

GH 35pg *ERFMCEBEATS & (n=8, K 2), X8R
M AT EEY 100+3me/dl & » GH A 7.5 10 4T
Thib 10413mg/dl LhTFhEREER LRL, 2540 % T
ML, BEEIRID IRI PR 2 E T 234 +£254U/ml X h i
A 14T 3345540/ ml ~NEBEI LR L, EAKIN
THULEAL, T EEERLYEE L. KBBRNO IR
BES AT, B ERERER L, L U155 LU
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Fig.2. Effect of recombinant human. growth hormone
(hGH) infusion (35 pg for 10 min) into the pancreatic
artery on arterial (-FA, O) and pancreatic venous (-PV,
@) blood glucose, insulin (IRI), glucagon (IRG), somatosta-
tin (SLI) concentrations and on pancreatic venous blood
flow in dogs (n=10). Each point with vertical bar
represents the mean+SEM. Astarisks represent significa-
nt differences from the mean values just before growth
hormone administration (p<<0.05 or less).
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347+25pg/ml M H&kFEw LB L, GH A 5 HIRME
478+4dpg/ml W L7, BEBAELEE L. Bilkbn+
SLI T AT{E Y 183+23pg/ml 2, GH HEAK 25T
979+ 68pg/ml ~& FREAY &, 204 TEE 319x78pg/ml
LEBED R RTD. KEBEIRM SLI BERT.6H UK
FETAERYR L. BEIROKEETERS 21£3ml/min
POEEOEEBY BT, TOED GHEARLD, B
Pneh o GH ¥ EBTERIEREL T A 5 GH IE AR K
w EB L GH BEA104 TIEME 9.5+ 1.2ng/mh 03 L, LABHE
R L, GH EA#%, 20, 304 TEHh£h 49409, 3.3:+0.Tng/
ml & EBEBEOEEL T,

I. GH (700ug/10min) BEIRPIEABOMmEE, [R], IRG,

SLI BEOEE) .

GH 700pg ¥ RFICEEEATS & (n=10, K 3), KEH
I MV AT 9 105+4mg/dl & b GH HEA#K 104 T
101 £4mg/dl L{ETF L. BEIRIMS IRT # B 2§16 F35
2564+294U/ml X b EAH 1 4T 507£68,U/ml ~E BRI E
ALEARECETL, EABISY TIRRAELIVERCETL
#o. XEB@IRM IRI BEIRGC, BT EREEREYRLL
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Fig.3. Effect of recombinant human growth hormone
(hGH) infusion (700 xg for 10 min) into the pancreatic
artery on arterial (-FA, O) and pancreatic venous (-PV,
@) blood glucose, insulin (IRI), glucagon (IRG), somatosta-
tin (SLI) concentrations and on pancreatic verious blood
flow in dogs (n=8). ‘As to symbals, refer to Fig. 2.

¥ 335+ 24pg/ml M HEABB IS IV ERL, 3, 100X
R ENIEME 67075, 666+51pg/ml & 0o M D ERAYRL
7o, REEBHIRM IRG BEHT.5, 100 CHEW LR L. H#
Wik SLI 13 AHEF S 200 17pg/ml 25, GH FEAH 2
45 CIEfE 272+5pg/ml ~NEHBEIC LR L, 305 % TRERF
fe L7, KEBBHIRM SLI 7. 54 LA ERERETR L.
PR IR M RTE T 21.841.6ml/min B OEBEOEB YRS
oot .

BEBR PN AR ARERYEA LB T mE, RL
IRG, SLI, BBRMFADOVTh b EROEB ¥RDrh 7.
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1. kR vEH
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Fig.4. Effect of recombinant human growth hormone
(hGH) infusion (700 xg for 10 min) into the femoral vein
on arterial (-FA, Q) and pancreatic venous (-PV, @) blood
glucose, insulin (IRI), glucagon (IRG), somatostatin (SLI)
concentrations and on pancreatic venous blood flow in
dogs (n=6). As to symbols, refer to Fig. 2.
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¥ 251 +43pg/ml 7 5 3 4312id 313 +£68pg/ml ~NE BB EH
L, #0# 304 DIEE 378+88pg/ml ~ & kBiziin L.

AERBIIR M SLI ¥ b RARICHIN L. KEBRRACAENE
ERAEA L BECRmE, IR], IRG, SLI, B#IRMmTED
WTFADEREOEB L Rdleh T,

2. B L UBES SLI IRG ZEH)

GHT00xg £ & 5 ORERIR, EE MR, A8 KEEIRD &
KERBIIRM & DD SLIL IRG BE&ZEZ XD (K5). £0
RER, BRIRMC 82 SLI BEREIIFETY 161+£32pg/
ml 225 GH HEARBRRBICHEML, 250 CREE OIHRE
293+74pg/ml W& Lz, BERIRMIC BT % SLI BEEZEIT
BEE 411+127pg/ml 75 5, 259 Fh FHIEME 532+
158, 695+ 160pg/ml %" el DOEEDO ERE R L. L
LAES MR B35 SL] BEEEZRFEOLH ¥R &
ferots. —%, IRG BESZRESIKLIZ ST, SIETRY
238 +60pg/ml 5 5 4T 373+202pg/ml ~& LB Licat, &
B#lRkmEs X OA B ARBRMCES W TRWThb 2 FHL
tobrote, KEBEIRPMICAEBRMAREKEEA LB TR
#+ IRG, SLI DWFh b BEROEB 2RDIeh - .

3. BhiRMR GH BEXE

ZOED GHEAMZ LD, kiAo GH #EIZ (K 6), Bl
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Fig.5. Effect of human growth hormone (hGH) administr-
ation on trans-pancreatic and trans-gastric gradients of
somatostatin {SLI) and glucagon (IRG) concentration in
dogs (n=5). Gradients between pancreatic vein (), short
gastric vein (@), gastroepiploic vein () and femoral
artery. Each point with vertical bar represents the
mean=SEM.  Astrisks represent significant differences
from the mean values just before growth hormone
administration (p<<0.05 or less).
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0 v r —-
0 10 20 30 min
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Fig.6. Changes of serum growth hormone (GH) concentra-
tion during and after infusion of recombinant human GH
(700 xg/10 min) into the femoral artery (n=10). Each
point with vertical bar represents the mean+SEM.
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{8 1.5ng/ml LAIF22 % GH HEABAH104 CTRME 64+3ng/m
WWEL, LEEE L, GH EA#304 T 46+3ng/ml &7c o
7z
V. GH (700.g/10min) BEEN AR A% 5 8, GH (3Bug/
10min) BEENIRPIIE 5845 ST GH (T00pg/10min) kiR
BIRAIR S B CIT 2 mE, IRI, IRG, SLI B
EOHE
¥, IRL IRG, SLI #)% DX )% GH B 55T FHME S 08
MEATRL, EHOEE R T (BT).
1. MEDHEINED E
A Mgk, GH35ug BEEINRIE S8 © &, GHT00ug FEBDIR
R ST, HEBREREZET L, MEMTT.5, 109K
BLWTHEDOEXRAD . GHT0pg KEBBRAZER I
GH700ug BEBIIRAIEY 50L& AR R SHBERETET T2
HEERLICHFEEZIZEDIh o,
2. IRI DA Dt
AR IRT b2, GH35ug BEBIIRAMIR ST, BEHBE
WM ER L-HETECE L, 103 UBKREBT LF L.
GH700ug BBIRAH SR T, HEHBBESH T ER LR
%, BIMEWE L. GHT00ug KEEBIRNEERTIIREH 1,
2HTHESh e LR S, BEEEOBMIMEICHL L
GHT00ug EBIIRMNBEBICS W TEHEBE A TH 1. —F, A
AEEBpMRM IRI vk, 3L SBMEEBC LR TAEAYRLE
BUThd SOLURHiER2 TEA2HELNIREMEE L7,
* OETOREL GHT00pg REE#BRNBERCMO 2 BICt
LEBRKEN -7,

A glucose (mg/di)

5 +

SRIPV (2U/mi)
H
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A SLI-PV(pgimi)
g
A SLi -FA(pg/mi)
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Time after hGH ar infusion (min) Time after hGH or infusion (min)

Fig. 7. Incremental changes of pancreatic venous (-PV) (A)
and arterial (-FA) (B) blood glucose, insulin (IRI), glucagon
(IRG) and somatostatin (SLI) concentrations during and
after human growth hormone (hGH) infusion. hGH
infused: @, 700.g into the pancreatic artery (n=10); O, 35
ug into the pancreatic artery (n=6); B, 700 uxg into the
femoral vein (n=8). Each point with vertical bar represe-
nts the mean+SEM.  Astarisks represent significant
differences from each values of 35 ug hGH infusion
(p<0.05 or less).
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3. IRG DHINE DL

ABEBIR I IRG 1%, GH3b5ug WEIRME S8 <k, B55R
®3, 4, 59T ERAYSZI. GHT00ug BEIIRAES-HTIT,
BEBEBE IS, 0GR RELFESO_EEOERAELRD,
GH35ug WBIRAB SR LEOEMEREECKRE .
fo. GHT700ug KBEEHRAR 58T GH35ug HBIIRAK 5B &
BIERBEOER AR L. AKBBEIIRM IRG %, GHT00xg B
BRABREHETS — 100 TEREY AL, TOHMER
GH35ug BEBHIRPIH: 5883 & OF GHT00ug KERSIRAIIR S0 &
DRENCE R Ie 1.

4. SLI DHEINE O g

APE#RIR M SLL vX, GHT00ug 28 X U° 35ug MEBDIR IS5 RF
T, BEHBBEESH»rCER L, BEERARRE L.
GH700ug KEBEIRAE 5B L IIERAKOLE LR L. —F,
AKXEBBIIRIT SLI v, GHT00xg ABBEHIR M 5 < SBRMG
B3y ENERY EAEYRL, 00 THMEYER L. 0
BB L TEBIRKEh o7,

V. GH (4ug/kg-20min) KERERARPUEABSDRFA =21 >

BuAHDE(L

AT X 5 EEIETE, ARES v A Y vHlERt
L7 bC GHAug/kg %209 CPRACEAL, AREBE
E Lt v R Y v OFRRIT ABIARKOELh BB &
L7z (¥ 8).

1. M¥EEDCEE)

KEBBIAR M IMPEME X GH AR (n=6), BRI (n=4) TL
RERIMETY T9+1, 89+6mg/dl CHEMICZE R/, GH
EABBECTRLEEOEE Y R &l o,

2. ffish GH BEREEDIE

BifmAE GH @&t GH AR B\ CHiE 0.2ng/ml LT
X b GH FEABRMAH#204 CIEE 19+4ng/ml & ER L. WB
BoO GH BECKERERELUTTH .

3. D1 vAY VEAER XUBHEDOEE

HII v& GH BAR, {BRTEhEhAEFY 84481249
8312+260uU/min THRBBCEB DL/, GH EABNBE
LEEOEE YR X ek . HIO 12 GH AR CRA T 51
xR E SBEREOEIMIF S e ol

GH (ng/ml)
. . < .5
3

Human Insulin 400 uU / kg / min

Hepatic insulin extraction (%)

3 45 0 15 30 45 60 75  gomm
Time after hGH or saline infusion (min)

Fig.8. Effect of human growth hormone (hGH, n=6) (@)

or saline infusion (n=5) (O) on growth hormone concent-

ration, and on hepatic insulin extraction. Each point with

vertical bar represents the meanSEM.

4. FAvAY VEIALRDOEE)

HIE iZ#EARE, WBBE TR ENRAIETRY 4745, 53£1% T
BRI BB DEY Al 7. GH EARTIL HIE 12 GH &
ABIAHTSS T63% ¥ THMER AR Lic. LasLZ ofint
NBHECELAEBROEEXRDIED 1.

% B®

SEEBZEI T R EREBILTOIECENTES.
1) & GH 35ug, 105HEOBEBIRAEAR, B0 LR LB
IR M IRL IRG, SLIEBEOH L /s LARF B L. Ln
U KBEBIIR M R] BRI ISH LIEAEROE FLR LK. 2) & b
GH 700ug, 100 H D1 XFEBIIRPIEA R, MEEOET & E#
i IRL IRG, SLI fEOEeh /e LAY ER L. TOHMD
B GH 35ug BEBRAEACELTKEM -7, LLE
D% IR BEXC ) ABEBROCBSWIHFEDOETERL
7z. 3) & b GH 700ug %105 CABRBIRFICIEAT S &, @
f GH I ABKL104C 6443ng/ml & e MizRiF5 GH D
BBHNSWUOBOEEL PR EED VL Eicstz. ZOR,
M#ET7REET GH 35ug BEBHRPIFEA &1 R E O R IR M1
IRI, IRG, SLI B OMEMER L. KEBERM IRI BERT.5
SLERR D EBCET L. KEEBIRM SLI # 5 ok
BIcH L GH 258528 TERTH- . —7F, BEHIK
Mm—KREBRMm SLI BEEEZREREDO LR%2RD, GH0EE
# D Mfg s+ % SLI HWRIMERAREEh. B8 X
iR — KEBE)IR @ SLI |ER AR EE Y R Ier ok, HE
BRI & VB AMERIR M — KERBSIR M IRG BEEZ I WT
MWL BEEOEE YR, 4) BEHRnOKEE X e + GH
700, 35ug FEBIIRPIE S, T00ug KEREIRAIE SOV h O
KEWTHEEOE L BB -7z, 5) ANLEREIC & % fEs
HETice b GH 4ug/kg 2205 BICKBEIRMICIEAT S
&, HIL HIO 12k« BEOLEB R EIh o s, FFTOA v
2y vERALwFEST HIE @NBIICH LENT 28 R,
e GH EEEAK205 CHEME 19t 4ng/ml T FRBITD
BEEWSWMOBEEATH - 7. GH BB E Db RS
T\ Tie 2B E Y RIF T RKDH T - THSH. LnLE
RER G ER RS D CILETE, BERS OB
HAOukEBROWTAIECTL—H LIBEIELhTEDL
¥, FO®EA L LTERICH 7z GH ORE—Y, KTV A
VOMBEIEREFONS. Ty MEREEY BV ERTIZ
Tai 53 L0 Pek 59 23% » GH @ IRI, IRG 4 W {E A
FHELTVWA—F, & GHTIRZD X 5 fFlkiabhic
WETHBEY L AE. ZOXSREROBRETIIAVARL
GH ##» 7 % GH"Y, v v GH®™, TF#fkimHie +t G
Mo g mramsk sy e b GHM R S EhEHTHD, GHO
B2 L AEROMED LI E IO TEAHE GHICA
SR OBAL EVERTCELVERTHS. EELS
EOEBRIZA e GHIZKBEE AV ETFEBE L EC LY
EEIhice P GHTHH, NEC A F4 = vaMdma Tt
A, FOWB(RHEN, £YFNS L OEBENER, B
RERIEME TRAGME e » GH &AW EWRIRT
WBY. fE-T, SEDRMIE GH OIED A TRIEER &
Exbhd., BADOKBEOENR®ILY >~ GH 01 R FEEINRAE
Sk, BOKEOELWEAYRD, 2O &R LE
VIR AR ORMICEE L TW A TTRER D D EEE
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LT3, SEEFEZIZEFXS ERAIM (7~ GH 2mg, & b
GH 700ug 12\ b 1. 62EBEHAAHY) o + GH 2T
B LB FRARBCEEOE LB o722
L2, GH ofEZE % o3 v ~ TEsHH GH RO b O34
MUz X ol ATHEME A D D .

%7 GH 0B 5 HELREOHERE LR TS 5 X THERE
TREESLERD. A, RTHRSY, $kA 1 @&
gammsn (512 BERIOREER ST, —EREE O BR &
EOf Y ¥ b ¥ b TH Y, Lich-T GH A IRL IRG 58
EE%R LI LT AR BT T OB ERABMICIIKRE
EMbD. E PEBWTGHIEZA VA, BEZIZLH 34
BEEORENIWYTEILENAEAT VA, O —
7 oM GH BEIZHATH 10—20ng/ml®, BEHTH
30—50ng/ml = b & T 3% s\ GH OEHEHL205 7T TH
O, s GH LU-<3 | BRI CRIMEICE T 5. GH 238
KRB EX AEEBYREATHE, 20X 57clid GH O4EH
KEBYERBCCRALENRDDH. FE, Pal b1k | HERE
BECHLA VAV yEEIZ LA MEHFKLT © 3 gD
GH ik & L HED GH OFHEHEXTo7cl ZhH, 4 VA
YV VKERBICEYRDLEREL TS, R GHIiXA v R Y
v ERF (insulinlike growth factor I, IGF-I) OFF TOE4E
FRIBL, 20 IGFI # A LTERBECE DB EY RIFT.
L7t - T GH OB #IER % B3 51012 IGF-1 DA% R4t
THLERD Y, GH B51 X 51 IGF-I EERRS LI B
6 — S EFRALIA™ Thei e bicv. T &, EHEOERIT
oM GH OEEFARZ A ERIcS.

b, ek s, M+ GH BEYERL, SEIXe b
GHT00 ¥ 7cit 354g 1045 FDBEBIRAEA R X U T00ug 104
FOKBEMIRAEAZT VBRIV E v S UEER & OB
IRG, SLI #ih% 85t Lic. GH700ug 1040 KEREIRAEA
DFE, Mid GH BEITEABIOS CTEAE 64x4ng/ml & e + B
EHOoRBNIWO -2 %00 LmA LV Einh, £EY
Bl TIZE GV EE XTI, ZORATRERNS IR RS
SJUBES D MleoMEBC AT 2EEDREYEEL > D LEX
bhs. —7%, GH35ug 104 HDBEEINR EA TILREBIIR M
O GH BEIREASKLI0S CTEE 10+ 1ng/ml & &< £BHE
BOWENTH 52, REOKBIRNG CH BEXREELE
MFEBESRET AL 16Tng/ml &d. H-TZOED
GH ® 5 CTRERS DM T2 BEEFAIR BRI,
A D Ml A RIZBVLDEELLRD. HESE,
e b GH & X b BRI IRL, IRG, SLI #BE 12\ Fhd LAY
Redizh, RIEBIRM SLI BEDOBE S, amey ol
GH700ug KEBB R EFC R W TOLTH - 7. GHT00ug
KERFHIRPIR 5 OB, EEHIRY S O SLI S WEMME 2oz &
2B I ORMERMCIT S SLI BED E BT XE DAL
BED HRCHETZ2IDTHEBEELLRS. L L
GH700ug FEBHIRPIEE AR CTIXRABINRINT GH BE L LR L
TL2HRETHAELHLLFRMB R M+ SLI #ED -
8, TichbBESE SLI HSWOBINE Rich iz, FOER &
LT, BBIRPCEEIhE GH BB I OFTRA Fhic
B, b L REMERI kD, AUREETHDAERLID
HTRRMBRNFO GHBERZFEENZE LR Uik o
T AEEMM D B . 4 GH AR R LT 7 ¥ s ™,
IRG #EA DI, 1 v AV VREZMOE(L?, e & OEEFER

I

L, FIES GH Lt 75 — RIS 509 Z L AR
hTB D, BERA»DAECES Zhic GH A FOWERS
EEWTAESERAThizD, b L IEDENERIRET
HLANEREZTI D, RIEBIRNOF GH BE B
SLI S WhEET HICRFES Thah -t BEEND.

V2R EFVIIHERTR= 2 — v v S FRIR /) aAm
M, B D #f, M{LE DMAlEASHWEIh DM, FHimcE
T3 SLI ORBP B 2B IVEEZINDILDTHDZ
ERHMBRTV AN, ML D MBI ARO1E - 2B
BFEL, BIZBIcE . RO DHOSHFIZOWTILEEE
MERERHEPEL IR TE Y™, B L b RN D
BIENRINTVS. 4 RCE VTG EIRCE 5 & jeFY
AT EFRLTR Y, WP D MARRPE &35 D Mlkc
HLUT#H2.7T54 < 257 5™, Olesen LW 37 212 BWTH
- BESREHE - WSO D MR RS L S
FTWBZERRLE., SHEHEHTEE - BES DBALE
BRsyid, BIEE - BEFIER DMIBEIE Y A + U v WEREIZEE 5 LT
WA LT LA, F4 Arimura 5% & BESR D ok
ZoWTEBSWICH LESWRAMEIT 2> TWB I LERL
fo. SEIOERIC LV TEBRIRMIEE - BESR, FEAHE
HIRMIZATRE - BFTOMBOHEAZZTCWB EELTE
{,GHZ2H®E I B BESLHE - WMo Dl
BRLIZRIGYET S, ILEE - FEHICBLTOASLL &
WHER I, FHIE - P DR CH e A RIGH >
HLEWIZ EXARINIZ LITHEEEG. 20z 212 GH 238
& -BERY R E2FVHWENLEBIWERET L L
THRBROBRNCEEE LTV BAEEASDDZ L2 RBE LT
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BEIRI WX GHIC X W I B Z AR E NI, K
Bk M RIBEHE GHESH 5 SLURACETORTHEY
TEHIXOHEEDEMEL &5 &5 REKBEWEENRE XA
fo. A VA VELBFRAKKH S, FTofEREI
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AY) VERARL 52 5 BB Lic. T2LEETSD -
72400 HIE TRINDFA v AV VERASRRII R BRI
L3 aEEER Lz, Sl 7c & 512 GH 2k %
DVveT 2 —RBEEDL, FTOA v AU vREWHOE (LY
LT EAMSRTVAY, FARMMIT BT 5HEE L
T, WO meE EAHEE (dawn phenomenon) IZ B+ 5
IRI WEDHEMY™, H B\ L GH HEhe & 5 IR 4k
ROBTYHabhTwb., ZhETd GH Bk SERIC
BOTRMEM IRL BEAET Lz T28E™™ Rabh, £
DEFICOWT CHE S X 2 MERETF 55 VIO oI
HRFORLE,NEPLA TR, GH REENSSARGHEE
WnEBELED, Z0idic IRI OFHA 8 L 7 wTae-
HRBETERCASHEORBEZZ DO GH w kL5 IRl BED
BT & LOMmF IRIMEAEOEMEDAL> 2LELD. T
ZhECOREC BT AMIRMO IR UG & KMo IR UG
OFBEO—RTHHAEEND S,

GH 2w 52 5 BB D\WTITH  DHENRD D, GH
DER P OBEEN T HRERT Lz b ORBS &, MR
EHB NPT B LD S DA I A E DR T
GH351e BBIIRAIEZRSHCIZER, GHT00ug HBIIRAHR 5B
TRPWET, GHT00ug KBBIRATSETRRE TH 7.
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GH700 3 & O° 35ug BBIRAE S H CRERIKD RL IRG,
SLI BEOELAKSURICHET 20w L, MO b
FRIDEARTEADORSL. ZhiX GH 0B EEIC L DEHX
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Abstract

The aim of the present study is to determine if growth hormone (GH) stimulates in vivo secretions of pancreatic hor-
mones, i.e., insulin (IRI), glucagon (IRG) and somatostatin (SLI), and of extrapancreatic SLI (particularly from the stomach),
and to evaluate effect of GH on hepatic insulin extraction. Recombinant human GH (hGH) was infused into the pancreatic
artery (PA) (700 or 35z g/10 min) or the femoral vein (700 . g /10 min) in anesthetized dogs. The infusion of 35 x g hGH
into the PA significantly increased blood glucose levels from 10043 to 10413 mg/dl, and significantly raised IRI, IRG, and
SLI levels in the pancreatic yein (PV) within 5 min (1.4-, 1.4- and 1.5-fold, respectively), whereas IRI levels in the femoral
artery decreased signiﬁcantiy (after 15 min). Infusion of 700 xg hGH into the PA significantly decreased blood glucose
level from 10524 to 101+4 mg/dl, and evoked significant rises of IRI, IRG, and SLI concentrations in the PV within five min
(2-, 2- and 1.4-fold, respectively). IRIlevels in the femoral artery decreased significantly (after 7.5 min). Infusion of 700 g
hGH into the femoral vein induced prompt and significant rises of IRI, IRG and SLI levels in the PV, accompanying no sig-
nificant changes in blood glucose levels. The infusion induced a serum GH level of 6443 ng/ml at 10 min, which met GH
Ievels seen in the nocturnal GH surge of adolescence. Pancreatic venous blood flow did not change in any of the three infu-
sion groups. The largest incremental changes in IRI, IRG, and SLI levels in the PV were observed with the intrapancreatic
700 « g GH infusion, but that of SLI in the FA was seen with the systemic infusion of 700 g hGH. Transgastric gradient of
SLI concentrations across the gastric fundus increased significantly and the rise lasted for 20 min after the systemic infusion,
but the gradient across the gastric antrum did not change. The systemic infusion induced no transgastric gradients of IRG
levels. Systemic infusion of hGH (4 4 g/kg/20 min) in dogs which were deprived of endogenous insulin by pancreatic vascu-
lar ligations, infused intraportally with exogenous insulin of 400 U/kg/min, and clamped glucose level by artificial pan-
creas, increased hepatic insulin extraction (from 47% to 61%), contrasting with the extraction changes with control saline
infusion (from 53% to 48%). These results indicate that hGH stimulates not only pancreatic IR, IRG and SLI secretions but
also SLI release from the fundic stomach, suggesting a unique role of GH in nutrient homeostasis.




