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The Influence of Jejunal Continuous Administration of Glucose,
Amino Acids, Fat Emulsion and Saline Solution on the
Gastrointestinal Motility and Portal Blood Flow
in Conscious Dogs

Naohiro SHIMAKAGE

First Department of Surgery,
Niigata University School of Medicine
(Director: Prof. Katsuyoshi HATAKEYAMA)

Changes in gastrointestinal motility and portal blood flow (PBF) by jejunal con-
tinuous administration of nutrients and saline solutions were experimentally evaluated
in conscious dogs. An electromagnetic flowmeter probe was attached to the portal vein
by laparotomy in seven adult dogs under general anesthesia, so that the full circumfer-
ence of the vein would be covered by it. Bipolar silver electrodes were sewn onto the
stomach and small intestine. After recovery, electromyograms (EMGs) of the digestive
tract and PBF were recorded for 3 hours before infusion of the nutrients and after 3
hours of their infusion. The nutrients were infused as follows, so that ingestion rate of
calorie of every nutrient infused would be 30 kecal/h; 10% fat emulsion (FAT) , 10%
glucose (GLU) , and 10% amino acids preparation (AA) were infused at 30 ml/h, 75
ml/h, and 75 ml/h, respectively. Three saline solutions (NaCl) , i.e., 0.9, 1.8, and 2.7%
solutions, were prepared, and infused at 30 ml/h and 75 ml/h. EMGs of the digestive

tract, which were taken for evaluating gastrointestinal motility, revealed that irregular
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waves were increased and the frequency of migrating myoelectric complex (MMC) was
suppressed by infusion of all nutrients. The frequency of the phase Il was lowest with
FAT, followed by GLU and AA, in that order. The cycle of MMC was sustained and
the phase Il also appeared in the jejunum by infusion of NaCl. As the dose of NaCl so-
lution was increased, the phase I was shortened and phase II was prolonged in the je-
junum. PBF was significantly increased by the infusion of all nutrients. PBF infused
with FAT significantly increased than those infused with GLU or AA. When NaCl solu-
tion was infused at 30 ml/h, PBF was not increased, whereas that was increased by the
infusion at 75 ml/h. PBF was significantly increased in infusion with the 2.7% NaCl
solution than those with the 0.9% or 1.8% solution, even in the infused rate was 75 ml
/h.

Changes in PBF by infusion of every nutrient and NaCl solutions were compared
under the condition in which the osmotic ratios and the doses of the nutrients were the
same as those of the NaCl solutions. There was no significant difference in PBF be-
tween AA and 2.7% NaCl solution infused at 75 ml/h. However, PBF with FAT infu-
sion was significantly increased than that with 0.9% NaCl solution infused at 30 ml/h,
and PBF with GLU infusion was significantly increased than that with the 1.8% NaCl
solution infused at 75 ml/h.

Gastrointestinal motility was changed by infusion of nutrients. At the same time,
PBF was increased. Phase I suppression and changes in rate of cumulative spikes in
the jejunum and the motility were thought to vary with chemical constituents of mate-
rials administrated, not with a difference in dose or osmotic ratio, and to reflect the

increase in PBF.

Key words: glucose, fat emulsion, amino acids, NaCl solution, gastrointestinal
motility, portal blood flow
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MBEBLUHE
1) EBROER

MM THE (9 —14kg) 2V MWESY—L (26—
30meg/kg) (S THE: LIRS (R—60, 74%7) ©H
WEHETE & L, LB AR e A LB L
7o (A1) IDRT T L, AR BER MR 7
o0—7 (FC—#, N&E8mm, HAXE) 2 FMHD
FiRABIZESF Lk, 74 7)) (RUF5 2L,
BAAFZF) 1ml #HWTTO—7SKE Mk E &
L2747 YETHBRET 5 2 & THIRORAMER
BAL % BIFRBEENEL N TS EEREY
HEIERIC 28\, TEBUTOABICHMME LD 3
cm B0+ B, SLEERO Scm ORIOREE T
S5EEEME (1%, 25%, 50%, 75%, 99% ; &/ME=
100 %) (Z#EFE L. BHFEEHOV-FELTHRIA
VL D 15cm DEBIZ8Fr OFRY TFL Y F 2 —
T (SHBF2—7, TrL) 2EAL, Fa— 7%
HPEBER 4 OO ET S X910 Witzel BIZE
ErgER L To—-7, BEROEREF 22— 73
SUzHIL -8, BHESORETE2ELTEEL ) HIN
Bl L7z, MRI08 D LS LESICFRERL D E
BL7-%, BRTICHEHENLE MIROGEOLHRLIT-
Fo. EBMMPEXEEBHEOS -V THEE LAY, H
HORAWEET 2 bLER, BA, HEh o2 EHH
BRLZWE D ICERE L7,

2) E8BAE

1) FOEREE

HALERERIZHEEERENER T 7 (EM— 2,
77 YEF) HHVT, EREEK20Hz, BEMIIE
0.3% - +ZIBLLT OB 0.03 FCEM L. sl
UL a—4%— (WR 3701, Graphtec Co.) %#H
VHRBEEEIEF L L T2/mm/ S CEE L. MR
MK 7Vo— 7% BREIMKEET 7 » 7 (MFV —3200,
HANRE) CBHEL, BoEk3 cERL, 7795
ONEE TG GP-IP A ¥ ¥ =T - A%/ Ls8—
Fhar¥a—%— (PC—9301 VM, NEC) (Z##5:L,
MM ZESI0ETF 4 A7 IZHEREE L 72, B,
Byl a—F—1lbBRELEY) 77 72 E L HE
EmBEROEL AR L.

1) RoERSE

18RI EM &L Lol b 3REEoMIRMEES £
P LEGERTHELINAZEE (o> bo—L)
EL7z. FOHIBMERBEL D EEES LU NaCl
B Rt 5 LIRS IC Mt e & B L E L TkS
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WKEXBEBIVEERLBEERICEH L7 NaCl
BROKRSEEEFRLE 2ITRT. BSWHIITERO10
%7 K8 (10% 7 F o, KRR BEL 2
PF GLU), 10%7 3 /ESy (73¥y 110, HE
RIgE BEEIHI BT AA), 10%MEHALE (10%
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®1 FHEXEEB LU NaCl BRORT &G

+&2 ®KET7 I/ EBUEAORSHEE

Volume | Calorie . Essential Non-essential
Osm/kg| Osmotic : . :
load oad m : amino acids amono acids
(ml/h) | (keal/h) |(mOsm/h)} ratio (5.7g/d1) (4.3g/dD)
10% fat = Leu 1350 Ala 860
emulsion 30 30 1 lle 850 Arg 1110
Val 900 His 470
10% 75 30 =9 Lys 800 Pro 640
glucose ’ %Kr ?28 (S:er 411(2)8
T S
10% amono 75 30 =3 Mf?: 390 T}yzr 50
acids Phe 770 Asp 50
308 (mg/dl) Glu 50
30 0 (9.9) 1 Gly 550
0.9% : (mg/dl)
NaCl
308
& 0 (23.0) 1
0 0 618 9 Y, phase MIZHFMIZAETS. £/ MMC 12293
1.8% (18.56) HDKHEIZ B A®DEL, D)5 phase NA T
NaCl 7 0 S g LB~ T 2 2 8 &S, 3 2B
' EOVFET AL MMC @l sh, §XTONBICR
7o 30 0 R 3 HE 7 2054 2 ASEET B £ 5 12% D 2 2L R EHI
NaCl ; 924 EEER & L7z
> 0 (69.3) 5 EPEEmEEREL RS L, MMC OHf O &

Sweden, BEELH 1 LT FAT) Twih iy
#aEHB0kcal/h E%b L) IIHEEASR (7 VE) %
VT ZEBE L ) Rk s Lz, ZORSRITEEI-
15kg DMK 1 HH72) OLEH O ) — % 40— 50keal/
kg &L, ShEUBMMTERBWICHERSETL L L L
ED1RMY ) OREEIZH 1) 30keal/h #iEAE
BLEBRELL., 2O0HE FAT E30ml/h, GLU &
AA 13Tml/h TS L7, BHE4-)ORSHEEL
BEELICEVDESL-0B8BEYE T2\ NaCl B
(0.9 %NaCl - 1.8 %NaCl - 2.7%NaCl) #30ml/h
BIUTml/h CTEBEL VES L.

ii) ECFROERT

PR ML 8 O ECER T B 12 BASS L - MR R 7 — % —
HE VAT A (Vw80 3) ERAVLEET TS &
LB, A 7T 7 RS L PRI R & HILE R
BRWHEOEALE XIS ST L7,

PIRR L B 1 S SR F I G BRMRRT 0 221 3 e o
BMIRMTEE 100 % & L, &5ABHZROMMEILY ¥
NTZEEHMRLRE ST H2EEF (%) TRkos.

HALEHENIL Sarna DFEFIFEGET L0, §
%L phase 113 basic electric rhythm (LLF
BER) AN I e d ERL 2 v Eg# L8 T,
phase I TIETXTIZANL 7 P EMT2EHHTH

WO, ZBLEBO phase NHBEE (H/
FFf) S RTOEBEM LB L. £1LC NaCl &
WRHRS TiE, MMC BEBLU1AES/-0 0
phase I, I, IO&HSLHD 2 E &L KO &
el 7e.

E512 BER ICERT A A4 s OFH AL V&
BELZEREB4L L HBEERE THEL., ZEY
phase IDFH A4 s EMFEr o bu—LE L,
BIEREF THE00H% L 0 2EHEB L URBOAHRNIE
DFYR, s ERFEXROLB L 72, NaCl H#T
133% 5300 % & 0 @ phase 1, MUANOTHEENE O F
KR8 7 EREE L RO 7.

iv) #EETALE

RIS TFY L EERETEKLL, 75— 12
Student’s paired t—test 3 X UF Scheffé’'s F—test
ZTHAMLEB LERE B UT 2o THEEEH D &
L7

#& g
1) HILEEH
S OZEEE L UEBO% phase BT 5
B, REIE, AN 2ERELY (F ) RLE
1) Phase MOHBEBEE
1) BERBEERSIILIAEL (R4
KBEOTE LV EEES,S MMC EHELER
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#3 £ HBICBITLZEHEY Phase T - T - IOEM, BER OHER L VA1 7 B
Jejunum Ileum
Phase I Phase I Phase I Phase I Phase I Phase I
Duration Time (min.) 33.044+13.25 | 61.88£25.78 | 6.63+0.81 30.11+14.12 | 68.83+£26.17 7.08+1.35
Percentage (%) 32.83+8.90 60.06+9.88 T114+2.05 29.00+11.27 | 63.86+11.86 7.144+1.95
Frequency (times/min..) | 17.66+0.53 17.63£0.62 16.95+0.80 15.37£1.73 14.42+0.96 14,42+ 1.00
Slow wave (BER) with
spiking bursts (%) 2.39+2.13 48.71415.62 | 99.26+2.02 3.09+£2.19 57.54+11.72 | 99.92+0.37
F4 BHEFEFERZ5EHO Phase IORBERE (B/FH)
Control GLU AA | FAT
Jujunum 0.650 £ 0.044 0.133£0.054% 0.067£0.044 * 0.03340.033*
Ileum 0.619+0.042 0.133+£0.054* 0.300£0.105 1 1 0.03340.033*
% ; P<0.001, T ;P<0.05 compared with control
#£5 NaCl Bl 58O Phase NORBHE (H/BERH)
0.9%NaCl 1.8%NaCl 2.7%NaCl
Control
30ml/h T5ml/h 30ml/h 75ml/h 30ml/h 75ml/h
Jejunum | 0.650£0.044 | 0.593+0.093 | 0.533+0.082 | 0.418=+0.098 | 0.476+0.067 | 0.500%0.063 | 0.238+0.140*
Ileum 0.619+£0.042 | 0.533£0.082 | 0.583+0.055 | 0.593+0.049 | 0.515+0.052 | 0.524+0.067 | 0.374+0.076

* . P<0.05 compared with control

F+6 NaCl k5O MMC B8 5% phase DFHEH (min.)

Cycle Phase 1 Phase 1I Phase 1T

Control 114477 43.2+3.1 66.3+ 6.6 5.0+£0.1

NaCl 0.9% 95.1+9.3 29.5+5.2 60.4+9.6 52+0.3
SOle/h 1.8% 104.0+16.4 30.3£4.5 67.9+16.6 5.7+0.2
2.7% 106.2+16.2 19.5+5.2 814117 53+0.2

NaCl 0.9% 124.0+16.4 25.3+£5.4 91.2%+12.2 54+04
a 1.8% 98.5+£13.0 13.9+2.9% 80.1+15.0 45+0.7

* . P<0.05, compared with control

BB L7225, ZEB~OFEH0kcal/h
5 3 MM TIE phase MATEMIIHEAE L7, Phase
ODORBIIEA0MOKEERESH-H T FATL E,
GLU4 B, AATHIZED, Z09H AA TIIZESB
L UG & Y FIEREIZ phase MATHMIRT 2 4 A% 2 [,
HBE Y ORES IHEBDA, BHMU:YORBREHE
(El/ER) Tidaory bo— T 0.650+£0.044 125F L
FAT Ti20.033+£0.033, GLU T3 0.133 + 0.054,

AA Ti20.300£0.105 & EI HBBEBEAHIH S hiz.

ii) NaCl ###HS L 2% (R 5 & 6)

NaCl B 5 TOELED MMC &, 0.9 %NaCl
30ml/hour 5 TIIELZED b o7z, L LEAL
B L7 h 05 NaCl B2 5 & MMC @EH
BEDLLLWHE OO phase 13404 L phase IXHE
BT HMEMEICHD, #121.8%NaCl 5ml/hour #5
T phase I OFEHIT Ty bO— L L EBLAEEICR
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% Slow wave with spiking bursts
=
g
&

(n=12)

(a=14) (n=14)

*; P < 0.005 compared with control , N.S.; not significant

2 BHEERFRGROERS L CRBIIBITE A5 7 BRE

L.

2.7 %NaCl 75ml/hour 5 TIZZEH O A IZIRIFED
EOCAHBIE AR ICHEBE L MMC Biflitii- &0
L% ko7, L% L phase MAFDBIFEEOHHE %
iR, TOREBBEIZZEEH O 0.650£0.044 LB L
0.238+£0.14 L HFEIZHEI SN,

2) A4 s EREE

1) BHEERERGCLIIENL (H2)

=TI FAT DAL 2 BEFEFITZE58434%T
DY PO—LD4T4E25 % LD EEICEMLA. L
L GLU 1344.8+3.5%, AA $41.0£3.0% &>
Po—neEEIZ2Po72. ABETEI Y P O—LD
57.5+3.7% & HE L FAT T58.5+3.6%, GLU &
59.9+4.2%, AA E61.8+3.7%THY, wTFhok
5TCOHRENEIRD Lo,
it) NaCl #5510k 251

EHRTEI POV EFEEEZRDT, 27%
NaCl 75ml/hour 7347 T67.1+6.1 % & BNER % 32
H7z. FARICBWTIRHBERMICE I 2 h o 7.

) PIfRILAKE

1) BHEEBEZERSICLIHELE (B 3)

BERBEMRMTIEETD S 1 LT 7 OHRTHL,
WML FAT T46.0+6.24, GLU T48.0+5.2
4, AA T46.0+8.045 T — 2B L, ¥— 2
OFHMRFEREIE FAT T133.5+49%, GLU T

128.8+£3.8%, AA TI121.4+33%Th-7, ¥—7
IZEL7CHRMRIESE L ORI 2RO 00, F5Hhik
BIZ—EOHMER L. REZNOTFH MK &L
FAT T1243%+1.0%, GLU T119.9+1.1%, AA
T118.3+0.9 % LEERNHIHREELHEN T ED .

FBREMOIETIE, FAT ¥ GLU BXL U AA &
O AP MR MLE R L7

2) NaCl ##x5i X 521 (R 3)

NaCl W 75ml/hour #&5 T PR i & (& 3
L, %1227 %NaCl 75ml/hour #5-FOFX MR IL
FRITEEIBICH113.7+09% & HE L BINERL
7z.

3) FBHEFEEB LU NaCl BHUEGOHE (K 4)

BEBEBEELOZELVWEEEZ L NaCl BHKS
B THHEAYEE L. FAT 2345 09%
NaCl 30ml/h %5 & GLU 289 % 1.8 %NaCl
T5ml/h TS OETIZWFR L HEED NaCl HH
EHELMRMBEIIEFRIIML T/ LA L AA

12855 2.7 %NaCl 75ml/h %5 TO LB TIEWHE
DOPIRME RN ZIT R o 7.

% £
4 E O EBCHILE BB E30keal/h @ FAT, GLU,
AN OBRBHEFIZL Y AETRHEREMICERAN
{LE BB~ LMLz, £ L TR MIRMEEORINL



% Portal Blood Flow

% Portal Blood Flow

FMTORKICBIAET Y- 73 V8 - BHILAB L CEEAROZRA~ORRIK SV
BEED L PRI B LT REE

% P<0.001 P<0.001 P<0.001

130 — —i fiiedied

120

110 ]

00 control
:
SREFRB L UNaCl
0 5
% FAT GLU
120 NS. p<0.001 NS. p<0.001 p<0.001

0.9%NaCl 1.8%NaCl 2.7%NACL
30ml/h 75ml/h 30ml/h 75ml/h 30mish 75mli/h

B3 SEXEF (LB) BIU NaCl Hifl (TER) #5HOFHMIR MR

DEAL
%
* * NS.
130
&
120 & o
)
110
&
100 ¢
9 A

FAT  09%NaCl  GLU  1.8%NaCl AA  2.7%NaCl
(OR.=1) (OR.%2) (OR.=3)

M4 FAEEESLURAKSBROSEFEE L NaCl BHIZ BT 5 PRI
HEOHE

FAT L1709 %NaCl i230ml/h T, GLU & 1.8 %NaCl XU AA

& 2.7 %NaCl 1375ml/h TZBMIZHE L7z, O.R. ; osmotic ratio, *;

P<0.0001, N.S.; not significant
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72 FAT T phase MiXITTELICHHl s h, =%E
FORTHIRIMAEDOEMAR L EL -7 AA TID
o phase MAZEED L CEREIB L VEEMIIREL
72, BHEEEFOLEBRAOERERS CITHRR L
DOFGREZIEINEE S E phase NOREIHH SN,
—EHIDY - 2B L EHBEL R 2D E0HRENH
58 HEREFEHFEVEDED MMC REF TIC
NHEEL, Shay -2&k5 L5826, B &
HHEOETEL DECEHIEL N Z EPHE SN Ty
55%) %72 DeWever 53k T30kcal/kg DHEALAM,
B, AEARHRELTEREN 354 S, 1924, 101
50 MMC #§BE S22 96 MMC OREB
HEIE S EBRFEORSESL IO —BU EICKERD
bOLEMEEIC L DEREEENBE LTV AL,
4 ED30keal/h &) B ARORERFRES T
BohHBREIINLDURIOHREL D L —HT 5.

FAT HE5EOAZER LETORIL 7 BREN B
FREEB LUZHEY phase TL ) RREVT L2 BE
L7248, ZHUEZEBAICEREGAR L iS5 L 2 8
BLAUNOBEE IV LELR L. BFRKSBROZB
IGEHEED L AN, 7 ERFBIIET T2 L ofE)
AT PN HEERE & —5EIEA L 2 Bt
THY), BETHLILEHEFREEOW S FRIEATRS
LSRRGS EEERE2 L. BB EHBRNIC—E
BLLERRS ENHE, B, ZHOERHH s,
HNEDOBREEEDBL RDHEV) 74— F5y 78
DHEEVECHSPIZSRTEB YW, $4 Ty
BOEBRRSTONBEO AL 7 5812, K5BH S
B EBIEFIENE ZEpmbRTVEY), 73
/B SE 3 R oF TIEMIR MR QMM L BE TRE
RIS phase IOREL RIS, BEAICKRS
LTLERN R BLIZS Vw7 I/ BLEL, I
AL 2 EREFEDLLOO, 5% phase MERD
REZRHLTI/BLSHHO0, Lyl —HIEY
OIMAS LG EES ZIER L 8 Bk E & 5
K p10),

BB OMRMEROEINE, HIEE RSN
TERBEAPFIGERT L & L LI TORBICLE LR
FERHRTARE LR LTS, MIRLFENE T,
FHEEEZORSRIVECLELSTHRMOKECEE
LMEED. T2bb FAT, GLU, AA &% h
Fh 0.5, 1.08, 1.08 ml/min #&5IZHEbLTZFDM
BRI OBMEILS0—125 ml/min THH, HEED
50100 fEMERXR L, BEOASLZFMKER DM

meEZ oz,

1958 4£1213 3 T2 Mahmoud HIZEBHZBED
PRI A % PIR B R 7R EAE L, EENICH
MO EELZEE2 > 2R, 20
#% Sarr HIEEHINBEESHOELIBERNORE
FOWNZRE LRI EEE B LIZL, ZBR
OWHEOEREHE L phase (LW ERY, FLHEB
JUEIERY) - A IR EE L AR T A EERL
7218, %72, Fioramonti SBZEBTHRE#BOMm
TE A 2 BB OEBIECERLTZZ L E2RL,
I TId phase MEARICHELMEREIZEMT
31920 LT,

—7%, BE% b7k NaCl Btk s Tidl & c
ZEHIFIC MMC OREEBIBRE SN, B
Aew, BEEDELV0.9%NaCl 30ml/h ©#H%5T
% phase I, phase II, phase MOZHAHH 5 HE
AB XU MMC B E LI EFETSH ) PRI
HEOHML b -7:. LA L NaCl BROKS &,
BEOERIZE DL WERBORL 7 BREFEHL,
EERFILH phase 11344 L, phase I D 5D 5H
ML, ZoHICBL T Prabhakar Sz ko
TEEB L OEMERICEER, FhO) —BOEAE
BT—EkER T T MMC EBIIZELiE 2wt
phase I1i3%#iL, phase IPERTAILARLT
Was T, SEOEETH 1.8%NaCl T5ml/h #5 %
Tid MMC ORBBMREA LEBIIFE - TWizhs, 2.7
%NaCl 7T5ml/h #5 T2 LHT MMC OFELEMBO
ERE%§H7. Ehrlein bEAHEOER L Y BEED
NaCl #&#izEA L, BURMY47-) D NaCl %5 &
# FiF% L phase MizMPHIEh, HHETLE TOR
BHLEIET A Z L #HMEL T 5 8), NaCl BHO&
BTHY/PBEDOARNA 7 FBELXEY, phase IHEEHOD
HHLHEEEMINS A, MMC BEIIESLR,
BRIDFEROHEIM D 474> 72, Ehrlein & & B4 B
L OFBERED LLEAFEREHOBELE s LTS L
phase MOEEE L UEBRSIEI S n, 2OREME
EBIEL, ~EEYBALLHBELLR LD, £0H
HARIFBREOF VBV ERELTVWAS), $7-
Thompson 5id NaCl BHOBRELE (BE) % LY
B LRI T, FHIREOEILEEE I L AL
AR B W E B L Twa ),

SHOBERYEEFERHEHROMLETERE L LM
MR RIS S B ICEEL CEBLTEBD,
HALE COMLRPWILERE & BIZBRL TWwA I LATR
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CERTORKIC
s Ee -

MRz, 7 F I REE S RIS h szl T R
NE—RPBEETE. 2OLOICLELBERHET 2
7oz EBB ISR O i d i L1020 -24) | gempy
VPIRR MG INT A . NSRBI BB RIS Y >
IV BIERBRHTABERRICHAT LY, BEMRER
MEBBUIZEELBENS L L ShTwED | 7,
NaCl BB LTH Na > 7% Na- Cl #£%

P CIRIUCIZ AV F -2 BEE TS, EEED
BENEGHROBEESEILIZ, LV ERELRES
AR, LhEL oM MHRERTHFCRRT 70
DEHHWENEZEZ bND,

kS & ®

AR CII SR BRE S BROWHILEEROELL S
TPk R OB, SEBFILIVELERL S
EEFBHLMIL. IRSOB RS RE, BEELE
F U< LAz NaCl @ oM bEE8), MRnEEICS
JIZTTEENITEAERVWIE LY, HLEESHOELL
% b PRI R OISR RFEOBEE, B
I ACEBENT, EXBEZODOWHEEIKE
(EBIhLLOLEZ LN,

o OE

MEeMZBIIHLY, HEEHRELEBEY I L.
P KRR E - AR E R IBEREIZIT L &
DRSS A& L b, EREEEHCRBLLE
AEBLUBEOREEFIIRE VLT,

g £ X ®
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