(Andrographolide)

. 1896 Boorma (Andrographis
paniculata (Burm.) Wall ex Nees) Acanthaceae
Andrographide .. 1911 Gorter

(diterpenoid lactone)
(Cava et al, 1962)

4-6%
(Nantikan Mahaverawat, 1990)
unsaturated trihydroxy lactone CIHN 5
L Legal reagent, Kedde's reagents ~ 50% KOH-methanol
( , 2528; Cava et al., 1962)
(melting point) ~ 230-239 °C ([a 150
-112.7° (0=0.53, CHjOH) (2umax)
223.2 ( 813000) IR spectrum (KBr) 3398 (hydroxyl), 1727, 1673

(a,(3-unsaturated- y- lactone), 905 (exocyclic-methylene) cm’l (Matsuda et al.,, 1994)



1
( , 2531)
(HPLC) [ situ in vivo : ' ' 16
1 0.0078 'l
1.76 2.04 (half-life)
1.34 ( ,2534)
(chloramphinicol) (flurazolidone) (

) , 2522)
Escherichia coli
(Gupta, Taneja et al., 1983) ]
Escherichia coli

[ vivo ileal
(loperamide) Escherichia coli

(Gupta, Chodhry and Yadava, 1990)



solution
2532)
solution (
3x10"
(serotonin)
, 2539)

and Talukdar, 1977)

lipid peroxidation

| 5%9)

5 10

disaccharidase

(ccly

lipid peroxidation

microsomal mixed function oxidase

(Chodhury and Poddar, 1984)

potassium-depolarizing

potassium-depolarizing

receptor

(Chodhury and Poddar, 1985)

(Moniruddin

hepatic microsomal

microsomal mixed function oxidase

trichoromethyl



(inducer)
(inhibitor) (hepatic microsomal drug metabolizing enzymes)
aniline hydroxylase
in  fro (Chodhury, Haque and Poddar, 1987)

100 1 3

(Handa and Sharma, 1990a)

100 ' 1
3
(tert-butylhydroperoxide) 8 hepatic  alondialdehyde
formation reduced glutathione depletion enzymatic leakage
andrographiside neoandrographolide silymarin
andrographiside neoandrographolide glucoside group
(Kapil et al., 1993) 2.
400 1 800
1 3 1
87.5% 200
1 1,4 7
65.7%
(Handa and Sharma, 1990b)
1.5-12 1 7
(choleretic effect) 4.8-73%
(bile flow) (bile salt) " (bile acid)

silymarin (Shukla et al., 1992)

0.75-12 1 7



TEERRIC
5

(viable hépatocytes) (Visen et
al., 1993)

ANDROGRAPHOLIDE

ANDROGRAPHISIDE NEOANDROGRAPHOLIDE



100-200 1
48
central vein
(
al.,, 1994)
50-100
' ' 1200 1
48 ("
4 1
antigen specific nonspecific immune response
(Puri et al., 1993)
3 1’533"

1
48
50 1
. 2538)
73
1 1
1

, 2536; Pornpen et



18 1

1 2532)

14

( | 2533)

(Kintanar and Mercado-Sison, 1979)

10-15

50, 100

200-400

150

(100-150

' 3-6-

3-24



(mglkg)

300 (weakness)
reflex
24

1,000

300 1

24
300 (weakness)
24
1,000 5
(tremor) (strub tail)
(convulsion)
300
1

1,000

300 1

45
300 (weakness)
3

1,000 8

(convulsion) (stmb tail) (tremor)



(Liver)
2-5%
(5% )
(Klaassen, 1996)
L (nutrient homeostasis)
(gluconeogenesis)
2. (protein synthesis) clotting
factors, albumin, transport proteins
3.
(biotransformation and detoxication) bilirubin, ammonia, xenobiotics
4,
(formation of bile and biliary excretion)
1.5 A
(cardiac output) 5% portal - vein
25% hepatic artery
1 portal venule sinusoid
1,
terminal hepatic vein (central vein) hepatic vein
inferior vena cava 3

(pﬂﬂﬁwﬂcdl EHTE)
o rLd errhjaancralojun Bh
m@gmdam)m%;ig; }&mrﬂmmﬁig

[

o auttrelid o, Kffer o, o cal (o
o) Sns0d
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Poral card (ra) PG

3.
(Sherlock and Dooley, 1993)



KUPFFER «
CELL

RETICULIN
FIBRE

MEMBRANE

DESMOSOME

GAP JUNCTION-
TIGHT JUNCTION
PII IAPY
CANALICULUS'

GOLGI
APPARATUS —

MITOCHONDRION-

GLYCOGEN

4

(Sherlock and

Dooley, 1993)

ENDOTHELIAL
CELL

-— LIPOCYTE

1 - SPACE OF
. DISSE

- LYSOSOME

PEROXISOME

-VACUOLE

-NUCLEOLUS

S» ...  CRVIN

ROUGH
ENDOPLASMIC
RETICULUM

SMOOTH
- ENDOPLASMIC
RETICULUM
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lobule
interlobular connective tissue hexagonal lobule
portal triads portal vein, hepatic arteriole bile duct
lobule 2
1. classical lobule lobule central vein
central vein sinusoid sinusoid
central vein

2. portal lobule liver acinus

portal vein
3 (zone)
(Amdur, Doull and Klaassen, 1991)
L 1 periportal zone portal vein
lobule
9-13% (Klaassen, 1996) mitochondria
gluconeogenesis, ammonia  detoxication
glutathione (Jungermann and Katz, 1989)
(liver
regeneration) (liver necrosis)
2. 2 midzone
periportal zone centrilobular zone
3. 3 centilobular zone (periacinal zone)
terminal hepatic vein (central vein) cytochrome P-450
CYP-2E1 isoform (Tsutsumi et al.,, 1989)

hepatic arteriole
4-5%



liver acinus
(Klaassen, 1996)



(Mechanisms of Hepatocellular Injury and Death)
(hepatic injury)
2-5%

(Dossing and Sonne, 1993)
(duration of explosure)

Kupffer cell, endothelial cell, pit cell (bile duct)
4
1 reversible
change
12.
(irreversible change) massive swelling mitochondria
organelle (Popper and Schaffer, 1982)
(cell death)
3.
(prenecrotic change)
4. (cell necrosis)

(inflammatory response)  (Thomas and Jones, 1986)
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L cellular macromolecules (Formation of Electrophiles)
hepatic mixed-function oxidase system reactive metabolites
electrophiles
nucleic acids electrophile
thiol group

electrophile  deoxynucleic acid (DNA)
(hepatocarcinogenesis) (Grover, 1979)
electrophile specific microsomal proteins autoantibodies
(Gut, Christen and Huwyler, 1993)

electrophile cellular
macromolecule reduced glutathione (GSH) GSH  nucleophilic center (thiol group)
GSH electrophile GSH-S-conjugate
GSH
buthionine, sulfoximine GSH
1 2 GSH 30-50% (Beck, Ricks and Duncan,
1958)
covalent binding  cellular macromolecule
glucuronic acid sulfate  inactive metabolite
cytochrome  P-450
reactive  metabolite (Al-acetyl-p-benzoquinoneimine NAPQI) electrophile
conjugate  glutathione glutathione
reactive metabolite NAPQI cellular macromolecule

(Jollow étal., 1973)
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2. (Formation of Free Radicals)

hepatic mixed-function oxidase system
( unpaired electron)
DNA  bases (DNA  replication)
(Breimer, 1990)

(liver cell necrosis)
organelle  membrane (plasma membrane,
endoplasmic reticulum) unsaturated fatty acid ' lipid
peroxidation (Recknagel et al., 1989) 6.

lipid peroxidation
glucose-6-phosphatase (G6P)

low density lipoprotein (LDL) (Amdur et al., 1991)

lipid peroxidation

lipid peroxide peroxy radical lipid peroxidation
glutathione peroxidase vitamin E hydroxyalkenals
conjugate  reduced glutathione (GSH) glutathione peroxidase, superoxide dismutase
catalase superoxide anion (
; , 2538) 7.

lipid peroxidation
hepatic adenine nucleotide
xanthine  dehydrogenase oxidised  form
superoxide anion lipid peroxidation
(Younes et al., 1988)



*0-0

HOO

*0

HO-

LH-

Fe(ll

Fe(lll) -

1R [R= — (CHj)7— CO-

Lipid (LH), linolenic add residue

- H0 HYDROGEN ABSTRACTION

Lipid radical (L*)
DIENE CONJUGATION

R

Lipid radical, conjugated diene

OXYGEN ADDITION

Lipid peroxyl radical (LOO*)

) L*  HYDROGEN ABSTRACTION

'R
Lipid hydroperoxide (LOOH)

- HO" FENTON REACTION

R

Lipid alkoxyi radical (LO*)
FRAGMENTATION

R

lipid peroxidation
(Klaassen, 1996)

hydroxyl radical (HO*)

17
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2GSH GSSG

. superoxide anion radical (Klaassen, 1996)
CAT  =catalase
GPO  =glutathione peroxidase
SOD = superoxide dismutase
GSH =reduced glutathione
GSSG = glutathione disulfide

3. ' b (Impaired ATP Synthesis)

mitochondria

mitochondria
(liver cell necrosis)
(hypoxia) oxidative phosphorylation
mitochondria (Zakim and Boyer, 1996)



glutathione conjugate  reactive metabolite
glutathione
cellular macromolecule covalent binding
al., 1992) 8.
4,

(Altered Intracellular Ca2 Homeostasis)

13

membrane, endoplasmic reticulum mitochondria

liver cell necrosis

endoplasmic  reticulum
mitochondrial dehydrogenase

binding protein)

bleb
Orrenius,1992)
protease, phospholipase

liver cell necrosis

nuclease
nucleic acid

1 1

actin filaments

19

(chronic hypoxia)

cytochrome  P-450
( NAPQI)
glutathione NAPQI
(Shan et
0.2
plasma
viscious cycle
mitochondria
Caz2+ATPase
oXidative injury mitochondria
(actin-

oc-actinin
bleb (Nicotera, Bellomo and
hydrolytic enzyme
phospholipid

(Saido, Sorimashi and Suzuki, 1994)



(Zakim and Boyer, 1996)

1

|

20



fUj« au Ttni
i -1

2
4 Ca2*efflux across cell membrane 'I' Ca2*-ATPase activity
T Ca2*uptake into ER in cell membrane, ER
| TOXICANTS 1
t Ca2*influx across -> [Tea2*level in cytosol Ca2*uptake TaTPsynthesis « TOXICANTS
cell membrane into mitochondria in mitochondria
T respiration
T NAD-GH activity
T0- HOOH, HO*
-T NaD*
Ca2 influx <-
fromAMIT peroxidation of TOXICANTS
MIT- IM lipids
ADP-ribosylation of" T ad P-ribose
MIT-IM protein formation
9. Ca2+

(Klaassen, 1996)
ER  =endoplasmic reticulum
IM  =inner membrane
MIT = mitochondria
NAD-GH = NAD-glycohydrolase
NAD = oxidized nicotinamide adenine dinucleotide
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reactive metabolite (NAPQI) DNA (DNA
fragmentation) Ca2tdependent endonuclease
NAPQI (Shen
etal., 1991)

5. Immune Mechanisms

polymorphonuclear leukocyte (PMNs) superoxide dismutase  catalase

PMNs reactive 0xygen species (Daim,
Schulze and Roth, 1991) phagocytic cell
macrophage, Kupffer cell PMNs
cytoplasm PMNs protease (Harbrecht et

al., 1993; Ganey et al,, 19%4)

phagocytic cell
hepatic macrophage Kupffer cell endotoxin oxygen
radical (Arthur, Kowolski-Sauders and Wright, 1988) endotoxin
tumor necrosis factor-a (TNF-a) leukotriene ‘
(Tiegs and Wendel, 1988; Tiegs, Walter and Wendel, 1989)
vitamin A Kupffer  cell
(EISisi, Eaenest and Sipes, 1993)
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(Liver cell regenaration)

3 (el

1 Molecular Repair

thiol group
enzyme, cytosketal protein, receptor

reduction
ethemoglobin methemoglobin reductase (NADH-dependent cytochrome
b6 reductase)

peroxidized lipid glutathione
peroxidase  reductase

covalent bindng ~ DNA  electrophile  free radical 3
direct  repair base DNA DNA-
photolyase 1 excision
repair 1) base excision ' lesion
DNA base  DNA DNA-glycosylase
glycosidic bond ~ DNA  2) nucleotide excision lesion
ATP-dependent nuclease nucleotide ~ DNA
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base nucleotide excision DNA-polymerase ligase base
nucleotide hase 10.
recombinational (postreplication) repair lesion .
DNA DNA
double-strand interstrand cross-linked  (Lewin, 1997)
2. Cellular Repair
axon
macrophage ~ Schwan cell (Hall, 1989)
macrophage (debris) phagocytosis
cytokine Schwan cell
3. Tissue Repair
2 apoptosis (programmed cell death) cell necrosis
(morphology) (mechanism)
apoptosis
apoptosis
apoptosis (Corcoran et al,, 1994)
L chromatin condensation
2. DNA fragmentation (ladder)
endonuclease
3 bleb
transglutamase apoptotic  bodies (membrane-bound
pieces)

4. apoptotic cell

receptor
1992)
5. apoptotic cell

transforming growth factor-P 1(TGF-P,)
TGF-P, membrane
(Bursch, Oberhammer and Schutte-Hermann,

phagocytosis



Base
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! removed
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base repair
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excision repair
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cytotoxic T lymphocytes

1995) apoptosis
phase G, phase

hax gene
11

cell necrosis

lysis) inflammatory cell

(cell cycle)

8 G2 phase 3-4

G, phase

GO phase

21

growth factor, glucocorticoid, y-irradiation, protein kinase A

apoptosis  (Nakata and Golstein,

c-myc gene GO
p53 gene (tumor-suppressor gene)
( phase) DNA
apoptosis

(Oltvai et al., 1993)
apoptosis
organelle

(membrane

(e (s M
(tarnpti)
roodec aock

) ()

12.



12 1 (Lewin, 1997)

(M phase)
1 (prophase)
(chromosome)
spindle
mitotic  spindle

mitotic spindle © | (anaphase)

cytoplasm (cytokinesis) cytoplasm

28

(chromatin)
microtubule mitotic
1 I(metaphese)

(

(telophase)

2 (Lewin, 1997) 13.



mitosis

metaphase-to-anaphase transition

13

(General Characteristics of Liver Regeneration)

213 (partial hepatectomy)
48 2
7-10 (Kaplowitz, 1992)
DNA
40% DNA
(Bucher and Swaffield, 1962)
DNA
. thymidine kinase DNA
1% 17 (Klemperer and Haynes, 1968)
DNA 12
22-24

DNA 36 (McGowan, Atryzek and Fausto, 1979)

29
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DNA

DNA thymidine kinase liver regeneration
regenerating  liver

(Bollum and Potter, 1959) tumor cells (Hashimoto et al., 1969)
DNA DNA

liver regeneration

24 bilirubin, bile pigment cholesterol (Rush, 1954)
(hepatocyte, parenchymal cell)
(nonparenchymal cell) periportal zone (Burt, 1993)
4 (extracellular matrix)
MRNA fibronectin, vitronectrin, laminin B, collagen type |, Iil
24-48 transforming growth factor - P
(Jakowlew et al., 1991) 6

sinusoids liver regeneration
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(General Mechanisms of Liver Regeneration)

(intra-
and extrahepatic  signals)
2 (Arias et al., 1994)
1. The Immediate-Early or Primary Gene Response
liver regeneration
c-fos, c-jun c-myc Qenes

2 4

RNA ¢-fos, c-jun c-myc (Qenes 05,1 2

(Morello et al, 1990)
liver regeneration transcriptional factors, growth factors, binding proteins,
membrane proteins

DNA
c-fos, c-
c-myc genes
20% c-jun c-myc Qenes
DNA 15-17
(Fausto, 1991)
epidermal growth factor (EGF) liver regeneration
13 EGF '
NatH+ antiport system Na+K+ATPase GO  early G,
phase
(depolarization) EGF
RNA Na+dependent amino acid transport (Arais,

Popper et al., 1982)



2. Delayed or Secondary Gene Response

liver  regeneration

RNA
DNA liver regeneration
p53 c-ras (JENES miadle
G, phase . RNA  p53 gene 5 8-16
c-ras  (ENES DNA
(Goyette et al., 1983)
transforming growth factor - a (TGF- a)
8 ! 24
72 TGF- a nonparenchymal cells
(Fausto, 1991)
nonparenchymal cells hepatocyte growth factors (FIGF)
12-18 FHGF
(morphologic  changes) HGF
(Arias, Popper,
et al, 1982)
G, phase '
protein  kinases phosphatases
cyclins mRNA  c¢yclnC, ,E
12 cyclin A B, mRNA 24
cyclin cyclin E
protein kinase cyclin E-kinase complex TGF - P
(Koff et al., 1993)
embryonic liver, (hepatoma)

thymidine  kinase

thymidine kinase
(Flashimoto et al., 1969)

1/10
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thymidine kinase
10 G, phase
thymidylate  synthase, ribonucleotide diphosphate reductase

thymidine kinase stable '

(half-life) thymidine kinase 40 (Sherley and Kelly, 1987)
liver regeneration

thymidine kinase phase

thymidine kinase

TGF-P Kupffer
cell, Ito cell platelet
isoform TGF~P 4
72 96
(Michalapoulos, 1990) TGF-P, TGF - a, EGF HGF
TGF-P, DNA late G, phase
cytokines interleukin -1 (IL-1), interleukin -6 (IL-6)
tumor necrosis factor Kupffer cell
(transcriptional activity)
DNA
norepinephrine (NE), insulin, glucagon, vasopressin
prostaglandin £2 EGF HGF
DNA ' liver regeneration TGF-P1 NE

cc,-adrenergic receptor
membrane hyperpolarization ~ glycoge lysis (Michalopoulos, 1990)

insulin glucagon
insulin plasma membrane protease
, EGF
14,
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partial hepatectomy, toxicants

oxidative stress?

cytokine release? rapid event causing posttranslational

metabolic overload modification of transcription factors and

causing redox and increasing binding to DNA

onic changes? capacity to response

to growth factors
primary gene response (c-fos, c-jun, <-
c-myc, immediate-early genes)

TG
EGF
production of transcription factors
growth inhibition release
factor . . _
regulation Tpro_pagatmn of primary with
activation of secondary response
TG GO/G1transition
\%
G, progression
cyclin E
cyclin/kinase
regulaton ras production TGP

DNA synthesis  <-

14, liver regeneration
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transaminases serum oxaloacetic transaminase (SGOT) serum glutamic pyruvic
transminase (SGPT) 2 cytoplasm mitochondrial- matrix
thymidine kinase phospholyration thymidine
deoxythymidine phosphates DNA thymidine kinase
late G, phase phase M phase

Transmission  electron  microscope

liver
regeneration



	บทที่ 1 บทนำ
	แอนโดรกราโฟไลด์
	ตับ
	กลไกที่ทำให้เกิดการบาดเจ็บและการตายของเซลล์ตับ
	การแบ่งตัวของเซลล์ตับเพี่อทดแทนเซลล์เก่าที่ถูกทำลาย


