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Mechanism of glucagon regulating hepatic metabolism

in the state of insulin resistance
Yu Jingjing ,Yao Zhenyu,Zhou Xiangning,Ye Lingxi,Wei Juntong,Bo Tao
(Key Laboratory of Endocrine Glucose & Lipids Metabolism and Brain Aging , Ministry of Education ,
Department of Endocrinology ,Shandong Provincial Hospital Affiliated to Shandong First Medical University )

[Abstract] Glucagon and insulin are the main regulatory factors for blood glucose and jointly maintain the homeostasis of energy me-
tabolism in the body, but the internal mechanism of the mutual regulation and influence between them remains complex and unclear.
The liver is one of the key target organs for both insulin and glucagon, playing a crucial role in maintaining the homeostasis of glucose
and lipid metabolism. Insulin resistance is often accompanied by abnormal glucose and lipid metabolism in the liver, which may affect
the functional activity of glucagon in the liver. There is a glucagon—related feedback loop between the liver and the pancreas, known as
the “liver—a—cell axis” , which may play a critical role in understanding the metabolic effect of glucagon in the state of insulin resis-
tance. In addition to the regulation of glucose homeostasis, the physiological action of glucagon has been extended to lipid and amino
acid metabolism. Therefore, abnormal regulation of glucagon metabolism may further lead to the imbalance of glucose, lipid, and amino
acid metabolism. This article briefly reviews the regulatory mechanism of glucagon in liver glucose homeostasis , lipid metabolism, and
amino acid metabolism in physiological condition and the state of insulin resistance.
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TR0 7 A T 1A A RO BB IS R IBIR Y GCG 1 43

WAL R T AR VR A, GCG IA RE R I A SRR A 1Y
30 5 2 0 R R AR R PR 3R A i, AT 3 A1 1 3 2 BE R /K
o ik 2 A ST I FIBR IR o 40 2 IR AEAE 14 S5t ] %, Bk
N —oc 2R R0, A T — o 4 M A T R A 1R T T
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B9 30 GCG 43N, A, A s 5 | & 19 55 43 W15
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Ab AR FRIBER o 40 RR S PR RBR InsR B/ B, 48 5 5 4
BEFNILAE GCG K- Th i 33k W BN o 20 ML [P 5 A5 5
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density lipoprotein receptor, LDLR ) {if 14 1 JJH [&] BEE55 H3Uk: 14 5t
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SR B L 5 A2 T (carnitine palmitoyltransferase—1, CPT—
1) 3 s, 3 A5 FA BERS % 10y 5L PO, DA TTT T B
A e B AL TR, FA B O £ Tt Sl A (acetyl-
coenzyme A, acetyl-CoA) , # A = & i (tricarboxylic acid,
TCAIPEH . UL, JFFIE GCG 55 f& S5 FA S A, 3
TR, JF e JE TCADERR . HAK, 24 GCG 5 AR N4 -
1432 PRG54 I, 41 P9 cAMP B4 34 023 807G PKA, PKA B2
T2 LTS A PR AL (acetyl-CoA carboxylase, ACC) 2%
T, NI Y Al i A T2 . TH R A A 1K
Bl os SR FA 5674 3 B AL, A 2 FOR R 16 TG, il
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38 v] 8 2 14 i — B R IR 1 (adenosine monophosphate,
AMP) 7K, T b 18 AMP 175 £k 34 /il ( AMP-activated protein
kinase , AMPK) 1% 7 . AMPK A 1 5 20 0E p38 22 24507
ALHE 1130 (p38 mitogen—activated protein kinase,p38 MAPK) ,
S8 E A W B B Y030 32K o (peroxisome proliferator
activated receptor a, PPARa) 5 AR T2 4 1 90 (heat shock
protein—90, HSPO ) fiff 15 -1 {7 28 21 Jfu A LA 0 35k PR 1 7
SR NS B AU AR DG BE IR 1 6 5%, 40 CPT-1 Fl & Bk il
fitt A FALHG . B2, GCCAENAR RS M A RO/, E2
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i h GCG IR ZE R . FAE GCGR B ) /)N B 22 320 i i
Az R DG TR A 5 B8 9 T 1R 45 6 % SR 1 (sterol regula-
tory elements bind transcription factor 1, Srebf1) NI 7&a
(fatty acid synthase, FASN) OE SRR B (malic enzyme 1,Mel)
(14 LR B P SE 1 T 1A, 40 CPT-1%, Rk, GCG X
SR A 3R 4 AR 88 35 AT BESZ IR B GCG ARy AL [FI/E I,
Kl 53FHLHI AT e an b SO iR (1811B) .
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GABERR A Y BE TR FRIA AL, IV PR 3 A= A2 100 ay 2 B 1R 1M
it o GCG X JHFIE 0 FEBR A IR 1 AL an (L LA  AEAE 3
FAFF, GCG 5 HFIE GCGR 455 )5 , il i cAMP-PKA-CREB

5T N PR BRI T e s AR R B S AT
R A R A . PR B AE I N N- & B R -L- 4 (R
(acetyl-L—glutamic acid, NAG)JE I 1 , tH N- & BE 4 2 12
& WA (N-acetylglutamate synthase, NAGS) fiEfk . NAGS &
Z 5 R ZH B 2 — , CREB 1] A8 55 NAGS My #5 5% .
NAG 3% 2 5 W BE#E R 5 il 1 (carbamoyl phosphate synthe-
tase 1, CPS-1) , R IR ZAGIREE — LA HE, LI i 8
TELRR R o CPS-1 AL ZUE I E AL T LB R L L B )3
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1R A BT 1 (argininosuccinate synthase 1, ASS1 )R] GEAE S
KV EZEGCG AT . 535h, GCG Tl LLid id PKA 4 &
HBE R AL A BTG IR AR . GCGBR T X IR & A i LA 7%

SEANERPE R BRI ELIR o 3 7 F R4 &
FLER G AZ B (1R st 1 VR B84 N 2 FE R B ORI IR 248
T FHE, GCG B4 il S FE MR 1 A T4 B 174 388 72, e
S AT HEIE i 30 TCA FEFRIAI R kbR R A Al

IR ] B8 38 3o 5% 0 AR R BT AR, 53X GCG 7R T B A %o
FATEER VAT BE 1320, U T 0 2 I R IE A I
FMRE™ . FH e 2 3 R INAE 5 T 1 v IR o 2 IfE T R
TR — B R, T — e R WK R IR B AR R Ak
B, T AE R R TR AR S o RN, JHF I AR 2 A C 3 R R B
R T R B GCG & S EGE pk . R, A GCG
FESR T, i R R A 11 2 4R e B 10 2 o IR E — SR e
R R A R R P, 2 ™ I 2 I R
JEPS GCG 3 K I E S I RR G (L M IR R, i &
O™ H AR FE R MUAE . 33 3% B JHEAIE A0 8 AR o 200 i 22 1)
B A R o AR R R TR S = LR . IR AT AEES GCG
PR R IR W (GCCHRIT) , FBUR R A W LA e
FIEFRIMAED, X ] REM B L R s 2 1 AR AR G 3%
BIZIE T IH, A0, iR FE R B AE MASLD 5 A B
1% 1 2 TP Bt (ornithine transcarbamylase , OTC) . CPS1 19}
FL DR IR [ 5 2 3K DA K O'TC Ao 3 4 1T 30 s A AR50, itk 4b
TE GCGR MR /NP | 14 2 B FE R TG 12 (A RN IR 906 1 3 A
T, 7E GCGR #E HURNE IT 19 /s B rp 08 8¢ 21 25 oL 1) 25
Jeteo-ton B ik TR AR ] GCG AR S5 %, I R IR E
706 P v KA [ 44 1 SR K ST (1 OTC | PR ZE 16 PR il (CPST
ASS1.ASL ARG D) DL R H I iF5 2 B A R, FEUR N &5
1% 3 A i (B 1B) o

5 ETHREERNEYIETT

1 T GCG 3 ik VTP b o A e o, L@ 1
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HbALe) KO 33 R UM H GCG /Y155 1% 5 X T2DM
B AR SR 2R . SR, A RIEFK GCGR
TGO 0T R A 2 8 00 DL e 7 35 S gl 4
BELAR T3k S 2 (I R FH o B3 1 e AT A QI e A1
GCG XB A AR I AR A0 Al k70 "0 OO 1 o o i
P U708 S felE R R YR I S R A S ) 24
Yy, BT K E 5 GCG AT LAk 35 I A S 4 ke 4R
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FH GCG 1 43 fif A 0 7= AR TR VR T AR 00 , 75 23k
PEME DX HT GCG 53 11 oy B XURS: o G vl ol e 26 R IR
-1 (glucagon-like peptide—1, GLP—1){E Jy—Fl 73 {1 BB 25,
I F B (W T 22— 3 R R 5 3R 43 Sk ALK af i K
S [G] R) GCG B . GLP—1 38 HAT FER 5 HE 21O
W AR R SR IR R SRR . BT STFR T
FH 3677 AR JbE A1 T2DM (1438 8 X R 27 A 3h ) LA A
GLP-14] GCG Fh e A , [ Ao v Hox R ot i 5 )
AR BRI & 45 AT 25 AR 0 I RS R 0, Re g
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