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A Study on the Hepatic Glucose Balance after Glucose Loading in Diabesic Dogs
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Weight Weight
(Noo Sex. Tgy N S iy
1 M 15.0 1 M 15.5
2 M 17.5 2 M 18.5
3 M 18.0

3 M 18. 0
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Dainabotit 2] Insulin Riakits o] &3 —#pifsgo
Z PR ElEEA oA &A439 o (Morgan et al.,
1963; Reaven et al., 1974).
3. [ (Glucose disappearance rate)2] ¥
HEREHRLS Amatuzio F(1953)9 F4],

Ke= 0116/93 *x 100

tiyoy FEFFEES S 1/2=2 dHolA e Ade
R
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Seltzer 5-(1959)° 21& =9l A 712
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5. MBI A WEw Wik

F T(1982) & 403 ARew Hegstgd.
VoI
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V. : the glucose concentration in peripheral veins
I the slowpool insulin concentration
K, : the insulin resistance parameter
6. FFel Wi%m WD
(Hepatic glucose balance)
AgAA ojg e 2x2¢d 22 FHAL s &K
9l 3led F+& 4 ¢} (Yoshimitsu et al., 1983).
=(HV-HA)XFov+HV-P.V)xFpv
H.V : the glucose concentration in hepatic vein
H.A : the glucose concentration in hepatic artery
P.V : the glucose concentration in portal vein
Fa,v : the blood flow from hepatic artery to hepatic
vein (98ml/min)
Fp v : the blood flow from portal vein {o hepatic
vein (324ml/min)
g Bergman 5 (1974)2] 4o 2]3te] REd
BARE o3 2o

el 2

Table 2. Serum Glucose and Insulin Concentration in Control Subjects during IVGTT*

Peripheral vein

Hepatic artery

Portal vein Hepatlc vem

Time ¥ Tk
(mg/100mD)  (mu/ml)

G I

G I G I

(min)

Mean SEM  Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

0 93.0 4.2 7.4 0.23 107.0 5.9 &5 1.1 1130 6.4 91 1.8 11875 7.80.21
L 107.0 8.5 6.8 0.03

2 217.6 44.1 7.5 0.26

3 300.0 56.6 8.2 0.56

4 304.0 49.4 10.9 1.07

5 314.7 49.5 12.1 0.54

G 299.3 43.8  12.4 0.4Y

7 287.0 40.7 12.1 0.54

3 277.7 38.8 13.9 1.80

9 274.3 34.4 16.2 1.10

10 270.3 32.5 14.6 1.10 320.0 17.4 15.4 1.39 326.3 13.6 19.0 4.7 3i4.0870 17.8 2.97
20 224,7 16.8 11.9 1.41 264.0 2.4 12.81.99 256.3 6.58 16.6 6.2 258.3 5.40 13.7 2.69
30 208.7 10.7 11.1 1.41 238.7 8.3 12.12.21 244.02.5 14.5 5.4 238.31.96 13.9 2.8
40 193.3 12.4  1L.4 .ol 227.3 4.4 14.2 2.67 221.0 1.44 24.3 1.8  233.3 5.20 19.1 4.57
50 192.3 2,14 13.2 2,68 217.7 6.1 17.8 4.71 205.0 8.8 30.2 14.5 215.05.35 18.04.45
60 181.4 1.30  17.1 4.30 200.7 4.3 24.37.70 197.7 7.97 43.6 20.2 210.0 6.76 26.7 9.93

IVGTT*: intravenous glucose tolerance test.
G** : glucose
| Rk ¢ insulin
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Table 3. Serum Glucose and Insulin Concentration in Diabetics during IVGTT

Peripheral vein Hepatic artery Portal vein Hepatic vein
Time —s Ui
(min) (mg/lOOml) ﬁ__{,u/ml) . G I G I . G 1
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM  Mean SEM  Mean SEM
0 309.0 80.1 3.51.3 312.076.56 4.6 1.08 315.076.8 5.3 0.16 317.0 79.50 3.57 1.01
i 410.3 47.1 4.7 1.04
2 506.7 34.1 3.9 0.42
3 546.0 41.2 4.1 0.82
4 590. 0 34.3 4.4 0.4
5 582.3 44.1 4.3 0.55
6 573.7 49.2 2.9 0.38
7 544.0 45.2 4.3 0.07
8 626.3 bl.1 5.30.10
] 528.7 B2.5 4.6 0.749
10 531.0 54.3 4.9 1.06 535.3 54.9 4.1 0.26 494.0 71.76 3.97 0.11 548.0 53.81 5.80 1.14
20 477.7 53. 2 5.3 0.76 482.7 65.0 4.2 0.35 476.3 59.76 4.37 0.59 485.3 62.07 5.00 0.70
30 422.3 b5.8 4.0 0.69 447.7 54.5 3.5 0.19 452.0 60.51 3.13 0.28 455.0 55.89 3.50 0.48
40 417.7 53.0 3.80.28 438.0 46.9 3.10.39 410.3 55.b4 3.27 0.09 425.7 60.16 6.23 1.35
50 398.7 43.6 4.0 0.35 430.3 46.0 3.80.18 404.0 37.59 3.10 G.62 430.7 51.38 3.23 (.63
60 393.7 35.4 3.4 0.32 400.3 39.9 3.7 0.28 411.3 45.09 5.30 1.18 413.0 36.83 2.73 0.52
He=Ho+ Hi(Vy— Vo) 93, student’s teste] oA HEES HEINA,
H, : the hepatic glucose output at basal level ¥z HMEEres 43R4 E Bt
H, . the hepatic sensitivity
V, : the glucose concentration in peripheral vein )53 F:
Vo : the V at basal level
7. HMREZE BERM WEAl A AA A HEY et
MER 28 g% miIHRE ol iote] mAs 88 4 insulin®) i M Fiaftiel E#4 = Table
600 . v
SP8 4
= "
- 4
§ 409 | 35 =a
T 3
: 300 | . E
g NORMAL é w1
5 20e} z
al - DIABETICS
108 T /\f\/l\\-"l\i/’\i
b ) 1'21 2'21 0 49 sa 60 2 18 20 32 40 58 60
TIME [minl TIME (mind
Fig. 1. Glucose Concentration during IVGTT Fig. 2. Insulin Concentration during IVGTT
(Mean+S.E.M) (Mean+S.E.M)
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2,33 #et. o5& ksl W Fig 1,29
v,

7z Q) il e Bl A ¢3.0+
4.2mg/100ml, HERFES 309.0--80. Img/100mlZ v &
TE 334 ke (p<0. 1),

HEES RAMEE dzddd HEARS 52404,
Gl A= A¥elA  z 314.7449. 5mg/100ml,
590. 03-34. 3mg/100ml = v}epyhu),

Insuling ] Z 4l ol 4] MEEES BWEBEAA =2
7.4:£0.23pu/mle} 3.5+1. 3pu/mlz B PEl A =9t
T (p<0. 1).

BB HANE 9%l 4 insuline] 15.2+1.10pu/

Table 4. Glucose Disappearance Rate (% /min)
during IVGTT in Control Subjects and

Diabetics
Control Diabetics
No K-Glucose No K-Glucose
1 4.32 1 1.87
2 1.16 2 3. 46
3 2.57 3 1.39
Mean -i- 2. 68 2.24

S.E.M +0.75 +0.51

mle H9lz 2efgA o fishd 2.1 Zsis 99
o B olel g #inst JehvdA g

2. BEHREEL Wk vl AXe 2 Felel Tabled
o} zhel, WBPLS 2. 68:10.75%/min, BRI 2. 24+
0.51%/mine. 2 $RF A @29} (p<0. 15).

3. Foa —ERS Zxvd g pMle KES
871 #13te] insulin®] BEE Q3 A7te) FmEEs
FtEE ® ket (Table 5).

2T FuaTg HEesty 0~5, 0~103% o
0~60%-9 #ES 27 8.1540.3754u/ml, 10.6+
0. 456pu/ml, 12.1--1. 328pu/mls} 4. 0740. 716pu/ml,
4.1840. 335pu/ml, 4.42:0.4450u/ml2  BEEREC] A
EF gt (0~5E: p<0.05, 0~10% 1 p<0.01,
0~60% : p<0.026)

4. HprEeRid HamEmel <2 insulint®m, =
insulinogenic index% F8l%t}(Table 6).

WIS ERNS Hsts] 0~532) ZEL 0.0147
1+0.0037} 0.0115:40. 002(p<C0. 4) 0~10%-& 0. 0288
0.0095  0.0101:£0.002(p<C0.1) 0~603& (.051-+
0.0175F 0.02070.0132. 2 (p<{0.4) HEFEFEANA =%
wtokot.

5. Mol A miks) = B ko FRE ulo
AR ez T84 Fig. 39 3,

Table 5. First 5 minutes, 10 minutes and Total Integrated Concentration of Insulin (pu/mb)

during IVGTT in Control Subjects and Diabetics

Control

IC-I*(0~5)  IC-1(0~10)  IC-I(0~60)

Diabetics o
IC-TI(0~5) IC-1(0~10) 1C-1(0~60)

7. 40 9. 86 9.01 1 5.78 4.77 4.95

8. 04 11.70 14. 50 2 3. 60 4.39 4.79

9.01 10. 25 12. 86 3 2.84 3.38 3.33

Mean- 8.15 10.6 12.1 4.07 4.18 4.42
+0.716 +0.335

S.EM +0.375 +0. 456 +1.328

IC-T*: integrated concentration of insulin

+{. 445

Table 6. Insulinogenic Index during IVGTT in Control Subjects and Diabetics

Contol Diabetics
0~5 0~10 0~60(min) 0~5 0~10 0~60(min)
0. 0058 0.0142 0. 0080 1 0. 0052 0. 0049 0. 0078
0. 0207 0. 0515 0. 0799 2 0.0124 0. 0146 0. 0387
0.0176 0.0207 0. 0636 3 0.0171 0.0125 0. 0156
Mean-+- 0.0147 0. 0288 0. 051 0.0115 0.0101 0. 0207
S.EM +0. 003 0. 009 +0.017

4:0. 002 =+0. 002 +0.013
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Fig. 4. Hepatic Glucose Balance

Table 7. Hepatic Glucose Balance (mg/min) in
Control Subjects and Diabetics

Time(min) Control Diabetics
0 29.9 11.4
10 —45.7 187.4
20 —0.9 31.7
30 —18.9 16.9
40 45.7 37.8
50 29.8 86. 9

60 49.0 78.0

6. Hepatic glucose balance¥ FEaiHRA 2l 3tel &
#islnl Table 73 7o ER(L3td Fig. 43 Fut

HEmEt] A = EAFE 108, 20%, 30¥L ~45.7
mg/min, —0.9mg/min, —18.9mg/min2. Biel A

wug Wilkes Rl s 403, H0¥, GOEddAE
45. 7mg/min, 29.8mg/min, 49.0mg/minZ B
g, ERBEA T HMANE 14 Z23E AL
e Aoz Vet

£ B

AGBRC. 2 BIES ERA7E e high fat diet
o] 4] F43d| high carbohydrate dietZ ul¥At, K
& 7] 7] 817 +}, alloxan, streptozotocin, adrenal steroid,
estroger, glucagon, epinephrine 5% HAIE Fes
o} 91tk (Ingle, 1960).

o] % alloxano] A4 oz M plne HILA
gleb= Aol Dunn Eo 93 RS or(1943),
Brunschwig 5-(1943)& zlel A #EMoz  SHES
B Agos s

Alloxang EPREAR: f8EE A= Velde !
1) A 2~d4A 7ol &= EIufl-g 2olul, 2) 6~126F
Boll 1= {Egigel] whA] =, 3) 18~24B%MH Fol kA
fyol mpEe) ZEAdrh. ¥Ki= alloxand FRARIEAL
ol EHs A

gERs ko] B MBEMRE T JEERO 2% K MOk
KEe oudle Ao Amatezio 5(1953)0) FFNENE
ATFARANA HAT Lk #A AL BREFD ER
Mg e #5850} 3o] 2o}(Simpson et al., 1968
Lerner & Porte, 1974; and Reaven et al., 1974).

Amatuzio E(1953)& AHatel 4 EHFES 3.00~4.84
% /min%, HEEHES 0.93~2.46%/ming Koz o
gk, B Aol A BEN AL 2.68%0.75%/min,
EER T 4] 3= 2.24+0.51%/minz Rt

Seltzer 5(1959, 1967)0) =81 Al 748} H#EBEIE el

2 insulin¥8 % insulinogenic index® 43z SAEHY
o] insulin/riEEE 1A A3 insulinogenic index
= e SRE AEO A 7§ insulingEe]l AviFHE
insulinogenic index A% & EHART %& & B
#eetgloh. %, FPNRMEEREE 608 7k2) 4 insulinogenic
index: 0.660.07, EAEFERTES 0.31::0.062%
g, BRdAE R 509770 |OM HEAMRE in-
sulinogenic index® F¥sted MEAMH 30EA ¥
WwEEs  gERE Al b7k 0.65:20.11 F 0.05:10. 01L&
Wargt ub vk B Bigeel A X BFIRR A3 0.051E
0.03, RN = 0.0207+0. 01328 et

Wil A WBE = FEES B EiT RES
insulini@Eol JL@istel &1 A9 insulinfRfs s KiEER
MEe] #erEs) ohveh MR slowpoole] insuliniffE
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T wobel EEEel M E insuline] HEE EFAY
BERREHA A B insulinfuiel Wb gedg
(Kimmerling et al., 1976; Wigand & Blackard, 1979),

EFRA AL el A Bk = x3o] o) BR
Bl Wl Zon K HEAAE e ERE el

2 glycogen®} BrmikEnel &) mis@Es Ew
B2 A3 fERel 9. &, BmERkdE 1z
£ Wt glycogenoz [EEEE Y {EmEd = x

e kA AR BT ol @ miEEEs  H
BishE HFSl 8o W& BEA BB g9

18604EH-B1  1863%: Atelo] Bernardi HAK{b#e)
glycogen®| FRER Hrggislo] M-& BALY FTEol
1¥E-E Aoz A8 e AL BHIGe
W, Soskin F(1938)& Mol A fte| MIEMEER &

W WEES mEI, PURMBEGT 2eus 22
FE st olmg fhik wm: REMEE B =
T B 4= FHlTe Bestgch. Bondy &
(194608 1949%¢) hepatic vein catheterization tech-
niqued ER3 S HimBEE AR MBS fIzdo
BrEgde AL BRI 290y o] Ko I B
e SR KRBT A #Rol, 2% 1952
4o Searlest Chaikof(1952) % radioactivelylabeled
glucose & FEHHEE Ho) mAR SolAA Y e #
e Be unBEEREE S el specific activity 2
HEESe] WML o HEE £EL AR A7 B
Rty m3 1954480 Cherry$} Crandalle o 4]
frel 2=89-% kit vzebg o

Mg L5 MRS B85 oy s
= MRS HEERERES S g Addg 9=
o o, MmPEMET 150mg% U= EMHY B
PEBBE Y MR A Aol pa o] EHL o
T (Soskin et al., 1938; Cahill et al., 1958).

Exol AiMiE HMd = 212 A (penetration)
of ofv]zt Mol o7 Aol =m EEMe] oa  FHgiol
8% RE-E ). glucokinasest phosphatase™ x
el FEls AHIES Rl ¢ Ee] g o) F
Wkt sEEe] A4 & glucokinases) phosphatase®] 3%
BhEE, MRS T=o) MR, MRS glucose-
6-phosphate] /o] 28] guE= o (Cahill et al.,
1959).

Insuling- AfifulEel pafilel fzi@& glucokinased if
e kA A4 glucose phosphorylationd  H#nA 7)1}
(Renold et al., 1955) $8iE 1A = glucokinase?] ¥
BT 1/5~1/10% #P3ts] phosphatased) EBIKE T
2l 7 oslek wbebA] kool ksl o] FolR &

SRS

REE7F 160mg%el A 250mgd% 2 ¥olAch. ma 9
glycogen ¥ & 350mg% A kel d Qolrte], glyco-
gen 5rf#+ 150~200mg%of 4 o] vel, 5, BRI
dAdE HEEE Rikdle REE 2] 99 mbneE
7b ER Rt EolA ot

Madison 5-(1962, 1963, and 1969)& 7| oA PR A
FFIR Y &4 (endto-side portacaval shunt) & Rififete 1m
el 2.7 HBke S Ast ffoz So74 g
T Fshd e F e HEE AGESL X%

= ub EEA AT MBS 80mg%el A 120mg
ZE M Tl HEHE wik REs 2. 29
v ZERER MEEREE ST 180mg2sq) MERMA AL T
°] 900mg% = HMinstel = WEE Bk W dx
Fgteh el WERGT A lel A BEAM 1RRIE
of insuling 7EAZ WElel & EWEA HEMTD KRS
et el Insuline] B & fKEEe) M LiEEEEES} ol
EoNFellA B £ xxdel FelEm, st
T KB A 1 insuline] @ o] BEIE
gen®] Mol Aelux] GEoiz o] mEEEAE Y o
it insuline] H|EY BHa = Figeig o

Bergman ——(1974)" Madison2| Hfigel ki %isle
Mgl soFele] P& GERIStS) PR insulinipe & ﬁ
LA g3, Mk HE\BES B B
& dhgleh PUES ZEwg 100mg%el A 137mg% s
Sun el A kst 59 insulinBRE)  Wibgiol &
rel et Wkt mEBEEC] [LMISo: e vhely
vhoowbebA Zmek (EAR 2 A} fiFe Hinges
'%Uﬁtﬂl ToT M v A insuling Jro) iz

= WA MRS msEsEd o0& e ww
LoL ””L—J KHEES BinA = g

Davidson $(1981)% #¢) [FMIS o Ao %
HREREC do1A KT R HES  glycogens)
WSRO WES ulH A, Tl WEME iy
WiE BEHES e, BIKKEE °] HBIEEgiel o
o] RERE BUbEe] Wtz .

A HHAAE HBEHAAE 03444 HEme
el A Ml om 409 HE o WRiEE Home
Hishs Aoz vgon, WENAAE o aBHR
fiighel A% HEHS B9 o
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L

ITel WEsE W
HH) %Wﬁ
ﬁﬁﬁ?ﬂ L2 e

47 #dte] A 6rlEl e E
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4,420, M5pu/mle FuTAA ¥ fo8A 2o
o}

4. Insulinogenic indext HERFN A Hgtvt.

5. ol A Mkl & WEMY RS MR A W
ket

6. Brel fik MEHe WEHAL AL 0%
Ae oA TEGE Bk 40850 B A
Hoovt BEEAAE 485 ASF 2SS A4
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—ABSTRACT—

A Study on the Hepatic Glucose Balance
after Glucose Loading in Diabetic Dogs

Sung Eun Jung, Ye Heum Kim
Department of Surgery, College of Medicine
Seoul National University

After an intravenous glucose load, a series of serum
glucose, and insulin concentration were measured, in
3 diabetic dogs previously treated with alloxan, and
3 normal control dogs. Glucose disappearance rate,
integrated insulin concentration, insulinogenic index,
glucose uptake at tissue sites, and hepatic glucose
balance were calculated and compared,

Followings were the results;

1. The fasting concentration of insulin was 7.4

23pu/mi in control group, and 3.5=%1.3mu/ml in

diabetic group (p<{0.1). Nine minutes after glucose
load, the maximal insulin concentration in control
group was 15. 241, 10zu/ml, but there was no acute
response in diabetics.

2. The glucose disappearance rate was 2.68+0.75
9%/min in control group and 2.24:+0.51%/min,
showing lower value in diabetics (p<{0.15).

3. The integrated insulin concentration of the first
5 minutes was 8 1520.375u/ml in control group,
and 4.07220. 716pu/ml in diabetics (p<(0.05). Those
of the first 10 minutes were 10.6+£0.456pu/ml in
controls, and 4. 18+0. 335¢u/ml in diabetics (p<{0.01)
and those of the 60 minutes for total response were
12.1+1.328uu/ml in controls, and 4.42+0. 445pu/m!
in diabetics (p<0.025).

4. The insulinogenic index during (~5 min and
0~10 min period for acute response and 0~60 min
period for total response were as follows; 0.0147%
0. 003, 0.0288+0.009 and 0.051:+0.017 in controls
and 0., 0115+0. 002, 0.0101=%0.002 and 0. 0207:£0.013
in diabetics. (0~5 min.; p<0.4, 0~10 min.; p<0.1,
0~60 min.; p<0.4).

5. The glucose uptake at tissue sites was less in
diabetics than in controls.

6. The hepatic glucose balance in every 10 minutes
was as follows; 20.9mg/min, —45.7mg/min, —0.9
mg/min, —18.9mg/min, 45.7mg/min, 29. 8mg/min
and 49.0mg/min in control group, and 11.4mg/min,
187. 4mg/min, 31.7mg/min, 16.9mg/min, 37. 8mg/
min, 86.9mg/min and 78. Omg/min in diabetic dogs.

From these data, it was concluded that diabetes
was characterized not only by increased fasting blood
glucose, lowered glucose disappearance rate, lowered
insulinogenic index and glucose uptake at tissue sites
but also by decreased hepatic glucose balance after

intravenous glucose load.
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