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Effects of Glucagon, Insulin and Glucocorticoid on Experimental
Liver Injuries and Liver Regeneration

Keiichi NozAWA
Department of Internal Medicine, Shinshu University School of Medicine
(Director : Prof, Seiichi Furuta)

The effects of glucagon-insulin and glucocorticoid on the liver were studied in rats treated with
D-galactosamine and carbon tetrachloride or in rats which had undergone partial hepatectomy.
Treatment with glucocorticoid or glucagon-insulin suppressed liver injuries induced by chemical
compounds, but the magnitude of suppression was less in the glucocorticoid treatment than in the
glucagon-insulin treatment. Glucagon-insulin treatment stimulated, whereas glucocorticoid treatment
inhibited, DNA synthesis of hepatocytes after partial hepatectomy. Stimulation of DNA synthesis
induced by glucagon-insulin treatment was inhibited by simultaneous administration of glucocorticoid,
These results suggest that glucocorticoid should not be administered when glucagon-insulin treat-
ment has been started for severe liver injuries such as fulminant hepatitis. Shinshu Med. J., 30 :

621—638, 1982

(Received for publication August 13, 1982)
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L DRSS o T B,

Ji4E, Bucher r Swarfield® iz & b glucagon &
insulin oA X% JEEIOIFMIEEAE (REER
BT BIER 40 HEREE LT glucagon &
insulin OHFAFRELRABRTE D, HERLED
DAL s & hT v D1, Glucocorticoid
Bl glucagon-insulin J#k 237 bu 2 du IR 4
L CHRESIRS IREE R B & T e, glaco-
corticoid & glucagon-insulin OHEIL L D I BT
FORRVEMEIN ST LE L bR, Zhic
DO THREBE S - lREIL I hECIRA LRV,
¥z h b glucocorticoid, glucagon-insulin ofF
BEE s L OWFE AR T B R0 B, SRR &
DERILHTREMEDN S B, £ CEEIL, Ba0Fikic
X 5 EERAMITREE S » ikl 5 glucocorticoid,
glucagon-insulin 45 X = W B OO ALTRESE, JF
BV R B AR R TIRIRE L.

I SEEMREH®

1 D-galactosamine (Gal N) frgse :

Experiment 1

W —

2By, Wistar 5%l 5 v + (4E150~170 2 )%
/o, D-galactosamine (D-galactosamine hydro-
chloride, H:1b2E) 1k, AIMAYAEKCIERL LN,
NaOH ¢ pH7.0 gL icd o ERLE. 7 v
M f20m A X ¢y tk, Gal N 1,000mg/kg f&
HEE 1 EERACES L,

Insulin 0.5U/kg {k# (Novo gk, Denmark, re-
gular insulin), glucagon 0.5mg/kg A% (Novo #f,
Denmark) s X 7% hydrocortisone 50mg/kg {kiE
(AEAN27F5E) % Fig. 1 OE5EIK L7 2o
THBAICEES Lic, T7chb, 13 Gal N #4
2 Wi, 26R5RE8IC. hydrocortisone %5t 2 [Gl# 4
Lo 2%k Gal N 5 2f# & b glucagon,
insulin % [RIFFC RV 05 LASE 6 B & & 58
s Uiz, 3BT 2 BLe Fikic glucagon, insulin
ZREL, S Gal N #ib45 2 B8, 26mMiskc
hydrocortisone %3 2 @4 L7z, 4%k, Gal N
BeE26M5#% & b glucagon, insulin % #e5BiA L
HOMM T LF 4 ESE LA, 5T 4T LB
glucagon, insulin %451, XHic Gal N #4026

0 2br.  8hr. 14hr. 20hr. 26hr. 32hr. 88hr. 44hr. 47hr. 48hr.
LI 1 1 1 1 1 I 1 L d
Gal N (1000mg/ kg body weight) 3H-Td}1 Removal
control I T S NS S S S
092 saline
1 L .l hydrocortisone ¢hydrocortisone €l €
group T T 7 3
0.9% saline '
N Lo
group 2 R S S S S S S
glucagon-insulin
roun 3 1 hydrocortisone L hydrocortisone i &4
group S N N N S N S
glucagon-insulin
N 4 4
group 4 S S S
glucagon-insulin
group -5 <€ . hydrocortisone NP

™ T T i
glucagon-insulin

Dose : glucagon 0.5mg/kg body weight i p.
insulin 0.5 U/kg body weight i.p.
hydrocortisone 50 mg/kg body weight i.p.

Fig. 1 D-galactosamine-induced hepatic injury and intraperitoneal injection schedules of
glucagon-insulin and hydrocortisone, 8H— TdR =%H — thymidine
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Glucagon-insulin, Glucocorticoid X s, FEA:

Experiment 2

0 2hr,  8hr. 14hr. 20hr. 26hr. 32hr. 38hr.  44hr, 4ghr.
[ | i 1 i i 1 i i ]
. CCls  (B0% GCl: 4mi/kg body weight) \LRemoval
control R S NG S M S N
0.9% saline
b L hydrocortisone . hydrocortisone <
group 1 T~ _ T T T T 4
0.9% saline
roup 2 L +
group I S N S N S S
glucagon-insulin
€ \L'hydrocortisone L hydyrocortisone 4

group 3 T T

G S NI S

glucagon-insulin

Dose : glucagon 0.5mg/kg body weight i.p.
insulin 0.5U/kg hody weight i.p.
hydrocortisone 50mg/kg body weight i.p.

Fig. 2 CCl, induced hepatic injury and intraperitoneal injection schedules of glucagon-

insulin and hydrocortisone,

Experiment 3

0 2hr. 6chr. 10hr. 14hr. 18hr. 22hr. 26hr.27hr.
[ | 1 ] 1 B X 1 Lot
19hr.
J/partial hepatectomy SH-TAR \LRemoval
™ T T T T T
control 0.9% saline
€L L hydrocortisone R
1 T T T ™ T KN
group 0.9% saline
NE 4 L
2 T ™ I T T Ry
group glucagon-insulin
€l J,hydrocortisone N
group 3 T T I > T T

glucagon-insulin

Dose : glucagon 0.5mg/kg hody weight i.p.
insulin 0.5U/kg body weight i, p.
hydrocortisone 50mg/kg body weight i.p.

Fig. 3 Partial hepatectomy and intraperitoneal injection schedules of glucagon-insulin
and hydrocortisone, 3H-TdR=*%H—thymidine

H#c hydrocortisone # 1 [al# G Lz, RIS
LTk, Gal N #¥5 2 et X b A0 Ak 2 ml
REERMNC 6 ML Fre s Licb o v
Too ABHCRVT BITINID DNA &RBEA I T 2
B9C, B 1MEHEC SH-thimidine ((H-TdR),

101Ci w R f5 L, #ilodide X b ik

No. 6, 1982

DNA ~o H-TdR o hAZFMELC. ThiT
Gal N iz X 2 WREoBEL AALNeE X D B
Hiedic, Gal N #5481, =— 7 AR TIC
IEESENR X v R LERRC o\ T S ES (T.
P, mE7 47 3 v (Alb.), MFEKEE Y v (T.
Bil), M= vA7w— (Chol), miE glutamic
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pyruvic transaminase (s-GPT) % 4: (b4 47 58
rHRVCIEL, MmEE (B.S.) i Hemascope %
AWCTIWE Lz, BREBCEbFRE RS L, M
F&10%+ A=) VIRCRES, BEOTHEIZ LD -2
774 vEH, B LT b E ) Ve = O v
BL, HABFHRE YR hoT. B oL %R
TAHHKIZLD, DNA oFEEE DNA izl A
Ehic *H-TdR OMHEERIEL, FokEIFE
LOfEEL Ui,

SRl 2 TiE{L R RIS

fAT180~200 g » Wistar /fflS v M2 Vi, #+
V—7El: IR U 50% CClydml/kg (KB,
FR20M AR e 5 v M LERRDBE L, $R1
&Mk Fig, 2 o 2k { glucagon 0,5mg/kg ki,
insulin 0,5U/kg {43, % X ¢ hydrocortisone 50
mg/kg FRERIE LIz, CCl b 480 Litg = — 5 1
W T ISR X 0 #km L, T.P, Alb, T.Bil,
Chol, s-GPT s & OB (S JIGE Lic, BRAMHA 2
DR EMLE L, B &R0k T~~ b+
Ve O v et AR R USRI RS R B A
Boiaol,

Fehh 3 SERRIRTI B

fE 180~220g © Wistar RS » P B 72,
7y MAMTRTH20MRER & Ly =— FARENT 12
Higgins & Anderson o312 Licss - T68%IF
WA Ea IS Zin o7, FFEIBRILAFRT 9 Wids B 11D
FNCHEAT Lize Fig, 8 ©Z& <, 1 BHIFFIES 2%
P8 X D ARTRY-AKK 2 ml & PR s L, b
4RI LB 6 B L, & IR0 RS
hydrocortisone 50mg/kg (K% JEIEMIc s L,
2 PRLIFFEIER 2 BERI%E X b glucagon 0.5mg/kg {4
H, insulin 0.5U/kg K, # FFACIEIENCEE L
LABE 4 Refd] & & 51 6 [ 5 Lo 3L 2 BEE KR
glucagon, insulin %#4& 1L, X B ISk 1 9B 1%
hydrocortisone 50mg/kg BEY ERAICEE L,

RSP E G Ly DA 4 WA & & 3 6 L LA
DRI, HWEE b FFYIR26MREE, H-TdR 10
pCL 2 JTISPICI S Ly 1 ISR LTI A
ML A S 1 & FECIL Tl 3 ke L2t
T» DNA 05Efie DNA o *H-TdR o BltiEd:
EWE L LA IFHEOREL L,

DNA DEffk 5 L0 DNA ~® *H-TdR oY
BB O PRI
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1 U7c % Savitzky, Stand oFE:A9 @ L #-
Moo Ty 0.04% FA x> a— s b 0w a-0.1M
NaCl-0.05M 2 = v + ) v 4 (pH7.0) 25ml i
TENL, BB P FATF 70 VRS F 4 F—T
ME LT, WEWEA 3,000rpm 104 OB LiEd
BrEL, IR UICEES 2R L RBEDF 4+ o4
—AFRF b+ Vw A-NaCl- 27 = VB + U v & ¢ 40
e L RIS RO RED 2 58D 2M NaCl
Iz Lz, 4,000rpm 155ERLLEE &t
LEECHEED 7rehra-fY T iAT7ra—2
(10:1, v/v) ®Inzi®E 5 Ly 3,000rpm 104l
D Uice ZOEFE10~12[E < DR LI, Bhhi
DNA B 2fEED=4% 7 —A %L, HE L%
DNA jfiiffia s 2w ¥ & & b, 0.015M NaCl
-0,0015M 7 = w7 b Y v & 10ml W Lic, =
DIFECH B U 2H 37° C IR Lic T r o —
& ({EBFLEE) % YRR 500pg/ml X 7c3 X 5 ichnt
37° CC 2 MR L 72, Sodium laurylsulfate %f&
BEEC.BH Lind L5 ITMis 0.1%8 - Frfor,
VYER7 =/ —n-m-2 LV =k (T:1:2,v/v
/v) BAWE 10ml Nz T 3,000rpm 1040 L
DNA SHDKBEAEHRR L. %5 h iz DNA
BEE 2401, —Hicsml 5% HCIO, 2inx,
90° C 104y filsn A 43 4% Schneider o7kt DNA
BEE LT, BY D3 ED DNA By s VA7 >
AR =R R, lml pr—=v v — &
—iEWRx %, Packard WtkvvsFv—vavay
v # - AoT *H-TdR OREER e L, 4
PRz T8 bl o T fiEc o\ T Student’s t
WiER s 2y p<0.05 BITF% Mt e L
o

I g i#

A Gal N pFE=

K1 ofERy Fig. 4 WFE L, Gal N #4548
WR#%o T.P, Alb, Chol, Js X U fuflfitd e iame &
WL WIhoRcis\C L EEEE 2L bl
w7, 8-GPT {Elx Fig. 5 wRL7co& ¢ hydro-
cortisone HREME (18 1,4514293 (KU) o%f
JRf 2,852:1,008 (KU 1okt LA BRIC MBI R LA
(p<0.05), Glucagon-insulin $F55 (2 1) 11705+
243 (K1), glucagon-insuiin 45 & O hydrocorisone
DERRE (338 119792292 (KU, 26MEI4 X v glu-
cagon-insulin s k tX hydrocortisone L UICHE
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(53 11 1,143+387 (KUY ¢H H, B LA
BB TH > 72 (p<0.01), 7o LHEE 210 Lhii

Glucagon-insulin, Glucocorticoid & s, FFm4:

74 TP.
] Ab.
T.P. Chol
Al. (g/d) B BS. Chol. (mg/d)  B.S. (mg/dl)
10.0 F 71100] 200
N=6 N=7 N=6 N=6 N=5 N=5
50 504100
0 o lo

group 1 'group 3

Fig. 4 Laboratory data 48 hours after intraperitoneal administration of Gal N. N=number
of animals, Columns and vertical bars indicate mean =+ SD,

[l sGPT
T.Bi
sGPT (KU) N=6 N=7 N=6 N=6 N=5 N=5  T.BI {mg/d)

4000 [~ T 7T 100
3000 - |

F .
2000 |- —P<001 - 50

®
1000 |-
ok
: |

group 3 group 4

group 5

control group 1 group 2

Fig.5 s-GPT and T.Bil levels 48 hours after intraperitoneal administration of Gal N, N=
number of animals. Columns and vertical bars indicate mean = SD.
# p<0.05 (control group vs. treated gronp)
* n<0.01 (control group vs. treated group)

N @b 2 WME L b MELBIA LM (28, 38D

TiE 2 2V EIEETH -7 (p<0.01), 28L& 4
B, SIEESWETh RS HLE, Gal N #ith
26/ L ) B A BAE LT (4T, 58D 1% Gal

No. 6, 1982

AT s-GPT {HLE WEAAA B, T. Bil
e 2T s-GPT & 1T RO R 4 & i
s HET SRR EREA BRI o T,

Gal N 5 48R o fFEikEL, SEELC
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B R
slight cell moderate cell | marked cell
infiltration | infiltration infiltration

control (0] 00000
group 1 000 OCOO

group 2 000000

group 3 000000

group 4 | OOOQQO @]

group B Q00 Q0

Fig. 6 Light microscopic examination of liver
histology, 48 hours after administration
of D-galactosamine,

DWTIOfEDNEE Zhi s 70 Y vEliR gL,
BT BE, BIRA S X027y v vigoMifaiiE<e,
ANEEPDIT BORIETEDM AR IS & D A BREE B, /NE
SO AR R A L, —HH MR
Hfanzsfazotk, JREEELAEDB LD bHRbR,
FREDO I Rie oW T OMEREORERL X »
CFig. 6 WRLECL QBEAERE(FiE. 7.A.),
rhEEEifaEE (Fig. 7. B.), BEARRHE Fig. 7.
C.) D=BHCHEL, HABHCOW TR L,
T, WRBETIL 6 Tk 5 IEAEEERE, 1
PEH SR R A 2 & T D 1 LT, hydro-
cortisone MR LG 7 Torb 4 TEY rR&SprdH A
i, 3TEAREMIEREA LD, B XD ME
HOREE M EBIIREETH - T, Glucagon -insulinff,
glucagon-insulin 43 X ¢* hydrocortisone f#f FIfi% &
BIc. 6 T 6 oASRREAIIAR A 2 & 2y STRRES X
©¢ hydrocortisone BJfr5RE L b MBI BE T
Hoto, Gal N pL26ms# X 0 glucagon-insulin
DREH B LI 4 BT, 5 Pich 1 TEASh SR
M, 4TEFREARREE LD Gal N#E 26 KR
# X b glucagon-insulin 3s k¥ hydrocortisone #
LBA L7z 5 B 6 e 2 TR B EMaRE, 3
PIREAIREY Lo L, SRS 43, SR
D B EOBE IR AR L dlcr’, 25, 3
PEL HlET 5 & MR E O R -2 A A D
hic,

Gal N B548:R# 0 L & DNA ~o *H-
TdR DY AZETHHTHE Fig. 8 wiRlicd
& HEFERRIECH -7 1R 2 Wk KO3 ol
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cpm/ugDNA
20 N=6 N=7 N=6 N=86 Nz=5 N=5
P<0.01 T
10 -
*
o
*T}l
0

control  groupl group2 group3 groupd groupd

Fig, 8 Incorporation of 3H-TdR into DNA 48
hours after intraperitoneal administration
of Gal N, N=number of animals, Columns
and vertical bars indicate mean =& SD,

* p<0,05 (control group vs. treated group)
#* p< 0,01 (control group vs. treated group)

ARRAC T B & ER R L iz (p<0.05);
(p<0.01), : o

Gal N &5—26[&{‘%&5]?5@:]: b glucagon-insulin % #
L U7 4R, SHERC LT *H-TdR Db
ZASEEI LTV B AR Bk,

B CCl, frEs

HE 2 DfERA Fig, 9 IR LT, CCly #b48nk
Mo T.P., Alb., Chol, s X OSHUESELIRRE
LA, AR PO BERC TR b BEENRSA DR
TehsoTc, S-GPT i Fig. 10 Rl ¢, 15
1,892--493 (1U), 219334319 (IU), 33 1,288+
863 (I1U) & sREE2, 248-1,397 (IU) ik LT{ELW
HHEE & & DTopy, HEIEMTIEEEY R L Dok
otz ¥ T. Bil TR O EHE L RL, 1§
1. glucagon-insulin PE-CrIRBRHICE~EZIE
fE% R L7 (P<0.05), El1REE 2R IENB L 2
MO EBCEVERR LT (P<0.05),

FHLERBIRET Tk, BB 1 & R & SR B
D TI0ED/NES Chvtfllﬁ_b 7YY iR RE L,
BREE S /NIEROYEDBIFE & 7 O RN S EDO WD
hydropic hepatocyte % & ¥, ¥ 7= 2O NEL5 T
PEBEOMITRIEE 2 & bk, BIEOBES HOIR
BEgsE (Fig, 11 A), WEAMESE (Fig. 1L B),
JRAMEEESE (Fig. 11, C) =B 48 LTt
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Glucagon-insulin, Glucocorticoid &[S, FFH4

Fig. 7
(a)
Histology of rat liver 48 hours
after administration of D-ga-
lactosamine. Graded as slight
cell infiltration.
(x100, H.E. stain)

(B)
Histology of rat liver 48 hours
after administration of D-ga-
lactosamine. Graded as mode-
rate cell infiltration.

(x100, H.E. Stain)

©)
Histology of rat liver 48 hours
after administration of D-ga-
lactosamine. Graded as mark-
ed cell infiltration.
(%100, H.E. stain)
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vl TP
Alb.
TP 0
Alb. Chol.
€/d) e g Chol. (mg/d))  B.S.(mg/d)
100 “T100} 200
N=5 N=5 N=5 N=5
5.0 — 504 100
0 o_jo

control group 1

group 2 group 3

Fig. 9 Laboratory data 48 hours after administration of CCl,, N=number of

animals. Columns and vertical

bars indicate mean = SD,

[] sGPT
T8Il
s-GPT (IU) TBil (mg/dl)

4000 [ N=5 N=5 N=5 N=5§ 7 100
T

3000 I

2000 5.0

P<0.05
1000 [~
0 0

contraol group 1

Fig. 10 s-GPT and T. Bil levels 48

' group 2 group 3

hours after intraperitoneal administration

of CCl,, N=number of animals., Columns and vertical bars indicate

mean =+ SD,
* p<0,05 (control group vs.

5L, Fig. 12 WRLA=ZE L, HBHTILSE
R A TCAAMEEETE, 1 R TS S 2 & @7
DR LT, hydrocortisone Bjhiy-EREGIL 3 I
JROEEESE, 2 IR RV SSER 2, & o 7o, Glu-
cagon-insulin J-Cid 5 Porb 3 TEASHHIAIAMIZIZE, 2
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treated group)

VEn e ERIREPEESE O TR & 7% L 72 Glucagon-
insulin %5 X % hydrocortisone #)fFfE 5 Ml 1 T
ICIRPEISE, 4 PO ISR S & 3, gluca-
gon-insulin PEAMBEE L Lhlge L CBZED R TR 2
& dtc,
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Glucagon-insulin, Glucocorticoid & P, FFE4

Fig. 11
(a)
Histology of rat liver 48 hours
after administration of CCl,.
Graded as pericentral necrosis.
(x100, H.E. stain)

(B)

Histology of rat liver 48 hours

after administration of CCl,.

Graded as submassive necrosis.
(x100, H.E. stain)

©)
Histology of rat liver 48 hours
after administration of CCly.
Graded as massive necrosis.
(x100, H.E. stain)
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5 R
pericentral | submassive massive
necrosis necrosis necrosis

control O 0000
group 1 Q0 000
group 2 o]e} 000

group 3 0000 @)

Fig. 12 Light-microscopic examination of liver
histology 48 hours after administration of

CCl,.
cpm/ £gDNA
100 [
N=4 N=5 N=4 N=b
P<0.06P <0.05
50 |-
e

oﬁrﬁ* ﬁ

sontrol  groupl  group2 group3

Fig. 13 Incorporation of *H-TdR into DNA at 27
hours after partial hepatectomy, N=num-
ber of animals. Columns and vertical bars
indicate mean = SD.

* 1< 0,01 (control group vs. treatep group)
** 170,05 (control group vs, treated group)

C  HFEpH-UIRRsEER

68 FE A YR DIF B4 % *H-TdR © DNA ~
O D AZRCHE Lic, Fig. B iR LlicIe <,
hydrocortisone B 5.3% 3. 141, 9 cpm/ugDNA
CRHERE 10.4+2.2 cpm/pgDNA L L -CERK
FFEA2E X R fe (p<C0.01), Glucagon-insulin
L 43,6220 cpm/ugDNA CxEIC L L CHEL
PNEINC A X e (p<0.05), Glucagon-insulin
¥} X O hyprocortisone % fiff L 7o #fi% 8.9=1.3
cpm/ugDNA ¢ glucagon-insulin & L ¥ {£#iZh
T FEEAERCIE S, SREE AEEOCID A
ZERLIc (p<0.05),
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v = ®

BIFERT s DYGRIL, AMITF TS By
LD ET 5 &H ORMEIEO RIECIFEEDERY
Bk L, Mo BE  CEMRiETsc Ly
ARE LTV 5,

FREE D & 3 &R e R R L C bRk L D
P o M oicn S OB REEENH DM IT
BFARSORE, HMcMRnEFrEETS 8
#% Moolten & Bucherld), Fisher BIDIZ XD IRE
h, 4 glucagon, insulin O Starzl 518
Bucher } Swaffield® & k b ififidh &7, Bu-
cher £ Swaffield® % T v b PRSI =5
B ff o o928 C glucagon & insulin RS T
Ih, IOFEREOITMED DNA O AEILHER)
Rk, Floto(@fEfk glucagon 2mg/kg
fkig/24hr, insulin 2U/kg {kH/24hr, © BT K
LRV ERRLAEEE LT W B, %7 Farivar
517 murine hepatitis virus i X % BIfElF4¢ € 7
AT, glucagon & insulin o FREEIC X 5 FFillE
R & RO ETAREL T B, Thb
DORBWER b &P ¥, BIERKOBRRLE LT
glucagon-insulin FEpk i H TR b KA,
BE XN T OB ERET RN EE S h Ty
29D, L L glucagon-insulin ik 720 Tz
SR TR VAR B C & PRI LR ORFBREGE
LB AR THTIN T BESRE

o TEET, ERNAMTREE T » bk JORH
Y5 v b % T glucagon-insulin, glucocor-
ticoid s X vtz h BOOFAC X % IFAEaRES, L
wds LIS TRIRENE L. ~

Gal N i3silhiic v b AbkiF 2Bl o kR,
A BART RA R O LAY Keppler BB X - Tl
LM T Do E < 2 CCly L SREIMC /e
e ks X U R s S L HIBRT B,
= h B oEHIE AV RS REE RER sT glu-
cagon insulin, glucocorticoid, glucagon-insulin
35 X 0 glucocorticoid o> FfEL b FFAITuEEE D I
HhRNRE DR, FEERMCChED AL
VR L LRARI VPR TE s, El, glu-
cagon-insulin OO 4% glucocorticoid B & X
b 4 FERESEMMHIZISILE W 2%,  glucocorticoid DY
I & FORREARI B WHEES R SRS
Glucagon-insulin o FF RSSO (FRBFET
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Glucagon-insulin, Glucocorticoid * fFEsE, @

BTH DA% WPHEGD, FEHGFESEE » S5 0
glucagon-insulin O FIFYE 1 L b MIFIEIERY 1L {E
BaHEDT B,

6823 - 5 Bk B 0 P P54 8 G4k glucocorticoid
FE X 0 PR E I I X . glucagon-insul -
in OFEFRGEGIITEER BEZ i, = O glucagon-
insulin 12 X 2 [FFE4: (2% % glucocorticoid % ff
Atazlicd hELIHME R,

— Yz glucagon b insulin {ZFFios L anta-
gonistic IIFAT5 4 D& Eh T 523, glucagon-
insulin DHEFIZ L B FBIOFTF AR © 1FRBSF
TACH B, Bucher & Swaflield® |17/l
EUT MY FoREOHER, 7 2/ B0
1, HAFEOMBLEHAOREE, H5H\IL ) VLR
ORI RAE e KRR LTV B,

—, BEFFADRERIES L C 1234, Dudley

52D, Woolf 22, Trepo B2, &k b %o
BN R HEZEI TR D, FORBEE LCoof
BRSO 2% L€ glucocorticold §gikaiBite
TLACHVY bR TV SR, B E Lo %
OREREAEH I, ETEEREC X T
glucocorticoid DEMMILIR & & BIFOD LD EH
TOWCERMZ h T W B, ¥7c glucocorticoid
VAT BRI E 3 5 2 & & A B RO, FofE
FAHsFE & LT glucocorticoid »% DNA polymerase
ZAMEIL2O2D, BBk G a5 S H~oBTyY
BELEHMENHERERTV3,

SRR glucagon & insulin = % 2 JFHilfa
BEEIIHIZh AR & IF PR (R ik glucocorticoid %
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