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Glyptopetalum sclerocarpum M . Lawson

, (Family) Celastraceae



Kingdom Plantae
Division spermatophyta
Class Angiospermae

Subclass Dicotyledoneae

order Sapi dales
Family Celastracez
Genus Glyptopetalum
Species Glyptopetalum sclerocarpum M. Lawson.
(Suvatti, 1978)
Celastracea
2
(polygamous) 4-5
(imbricate) (valvate) 2-5 (disc)
2-5 2 ovule 1
(aril) (Willis, 1960 ; Keng, 1969)

Glyptopetalum
(Hooker, 1875)
(BurkiU, 1966) 2
Glyptopetalum sclerocarpum M. Lawson.
(Bavovada et al, 1990)

Glyptopetalum quadrangulare
(Buririll, 1966) 2 Glyptopetalum



Glyptopetalum euonymoides , Glytopetalum euphlebium , Glyptopetalum  grandulosum,
Glyptopetalum loheii , Glyptopetalum marivclense , Glyptopetalum remotinervium |

Glyptopetalum reticulatum , Glyptopetalum scortechinii , Glyptopetalum zeylanicum
(Merrill, 1923; Ridley, 1967; Whitmore, 1972)

Glyptopetalum sclerocaipum M. Lawson.

( ) ( ) ( « , 2523)

Glyptopetalum sclerocaipum M. Lawson.
6-8
(cymes) (sepal) (petal)

(stamens) 4
(aril) (Craib, 1931; Hooker, 1875; Kuiz, 1877;
Whitmore, 1972) « «
tingenone 5 20-
hydroxy-20-epi-tingenone 22p -hydroxytingenone

Celastracea
cytotoxic agents
(Cassady, Baird and Chang, 1990) Il
cytotoxicity
(Hamburger and Hostettmann, 1991) «
(National Cancer

Institution ~ NCI)

cytotoxic agents

!
antitumour agents anticancer agents
( Suffness and Douros, 1982; Pezzutoetal. , 1990)



? Celastraceae cytotoxicity :
- maytansine Maytenus serrata
1
- maysemne maytanpine maytanbutine Maytenus huchananii
- maytansmol maytanacine Putterlickia verrucosa ( :
2536; Southon and Buckingham, 1989)
emarginatine Maytenus emarginata ED=0 4.0
/ human KB cell (Kuo et al., 1990)
- elabunin F.laeodenriron huchananii ED=0 1
/ L-1210 leukemia cell (Kubo and Fukuhara, 1990)
- triptolide tripdiolide (triptilide) TripteTyginm wilforriii
Tripterygium hypoglaucum  tripdiolide 0.1 /
mouse L-1210 P-388 triptolide leukemia
L625 (Kutney, etal. , 1992)
siphonoside Siphonodon australis Euonymous europaeus

( Wagner, Flitsch and Jurcic, 1981)

Glyptopetalum sclerocarpum M.
Lawson. 22 - hydroxytingenone tingenin B (Bavovada et al., 1990)
pentacyclic nortnterpene quinone methides 1 7
? Celastraceae

antitumour agents celastrol pristimerine tingenin A (tingenone) 20-
hydroxytingenone  dispermoquinone  iguesterin salacia quinone methide
tingenin A skin cancer (Han and Whiting, 1972 ;

Monache et al.,, 1979)

22- hydroxytingenone cytotoxicity

cell line P-388 lymphocytic leukemia ~ KB carcinoma of
nasopharynx HT-1080 fibrosarcoma LU-1 lung cancer
COL-2 colon cancer MEL-2 melanoma BC-1 breast cancer (Bavovada et al.,

1990)



22-hydroxytingenone « HIV 1
HIV- 2 reverse transcriptase
! 2 (Tanetal., 1991 ; Tanetal. , 1992)

C28H36°4

1 22-hydroxytingenone
(" 436.590)
(Likhitwittayawuid étal., 1993)



(Mitochondrial respiration and oxidative phosphorylation)

organelle
(powerhouse of the cell)
(fatty acid oxidation)

(amino acid oxidation) (Krebs” cycle)
(oxidative phosphorylation) ATP
(aerobic eukaryotic) (Avers,
1986)
(foothall-
shaped) (cylindrical) fibroblasts
(threadlike) (complex irregular
structure)
ATP ' (fuel)
(oxidation) (Lehninger, 1975)
2 (outer membrane) (inner membrane)
2 (intermembrane space)
(gel) matrix ( 2)
(chemical
composition) permeability (enzyme content)
(smooth)

10,000 daltons ADP ATP sucrose
monoamine oxidase
marker enzyme (elastic)
(fold) matrix cristae

(impermeable)
(cytosol)
(specific protein carrier) (Lehninger, 1975; Sartorell, Erecinska and Wilson, 1981)
respiratory chain enzyme



(De Robertis and De Robertis, 1987)

llnner
' membrane

Intermembrane _ -+ Matrix
space oA

3 ATP synthase
( FoFj-ATPase) (Parson, 1993)



e "6.1/'-0
enzyme ATPsynthase ( 1) matrix
DNA, ribosome
catalyze transcription translation (Avers, 1986)
cristae
spherical knob headpieces
ATPase ( 3) Fj (coupling factor one)
360,000-380,000 daltons 9 5 subnit
a, Py, 8 M g2+
ATP ADP+Pi ATP ADP+Pi
ATP synthase ( 4) Fij
oligomycin dicyclohexyl-carbodiimi ATPase
FO (membrane sector) OSCP (oligomycin-sensitivity-confering protein) stalk
sector Fj bind FO FO 3 subunit a, b ¢ '
H conducting channel matrix intermembrane space

oligomycin (Senior, 1988; Futai, Noumi and Maeda, 1989; Parson, 1993)

(@ammo acid)
(fatty acid)
acetyl CoA (intermediate)
(Krebs” cycle)  acetyl CoA
(H)
(intermediates) (reduce) NAD FAD NADH + H
FADH2 (Darnell, Lodish and Baltimore, 1986) reducing equivalents
(respiratory chain electron transport chain)

(Lehninger,
1975)



(Sheeler and Bianchi, 1987)

Outer membrance
Monoamine oxidase
Fatty acid thiokinases
Kynurenine hydroxylase
Rotenone-insensitive cytochrome ¢ reductase
Space between the membranes
Adenylate kinase
Nucleoside diphosphokinase
Inner membrane
Respiratory chain enzymes
cc-Ketoacid dehydrogenases
Succinate dehydrogenase
Carnitine fatty acyl transferase
Matrix :
Pyruvate dehydrogenase complex
Citrate synthase
[socitrate dehydrogenase
Fumarase
Malate dehydrogenase
Aconitase
Glutamate dehydrogenase
Fatty acid oxidation enzymes

4 complexes
(Avers, 1986)

I. NADH dehydrogenase complex NAD
FMN
[ron sulfur(FeS) centers
Coenzyme QjO
Phospholipids

[1. Succinate dehydrogenase FAD
complex Iron sulfur (FeS) centers
Cytochrome b558
[ILCytoclirome b-C1 complex Cytochrome b

Cytochrome ¢l
Nonheme iron protien
Coenzyme Q10
Phospholipids
[V.Cytochrome oxidase complex Cytochrome a
Cytochrome a3
Copper
Phospholipids
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Inner mitochondrial membrane /7 =7

INTERMEMBRANE
SPACE

ADP + P,
Hv
ATP
H,0
ADP + P,
ATP + H,C
FqFj ATPase " ATP

(De Robertis and De Robertis, 1987)



1

1. Pyridine- linked dehydrogenases ,  Pp-hydroxybutyrate dehydrogenase,
malate dehydrogenase, glutamate dehydrogenase NAD NADP
coenzyme glutamate dehydrogenase” 1 NAD
NADP*
2. Ravin-linked dehydrogenases flavoprotein
FMN (flavin mononucleotide) FAD (flavin adenine dineucleotide) prosthetic
groups NADH dehydrogenase, succinate dehydrogenases,
dihydrolipoyl dehydrogenase Ravin-linked dehydrogenases Pyridine-
linked dehydrogenases bound prosthetic groups
bound  coenzyme
3. lron-sulfur protein (iron acid-labile sulfur)!
ferredoxin
4. cytochromes iron-porphyrin prosthetic groups

dehydrogenase systems
cytochromes b, Cj, c, a, a3

5. Coenzyme Q Ubiquinone

(oxidation-reduction)

1 H*
()
2 NAD - linked substrate
glutamate, malate, pyruvate, a-ketoglutarate
(2H) NAD* NADH + H
complex | FAD -linked substrate succinate
FAD FADH2 coenzyme Q (Lehninger,

1975)



lStaéel |

Fuel
breakdown

{Stage Il

Krebs cycle

Electron transponrt
and oxidative
phosphorylation

SN

A sl

POLYSACCHARIDES

FATS PROTEINS
\ SUGARS
FATTY ACIDS AMINO ACIDS
PYRUVATE
ACETYL CoA

itr
Oxaloacetate Citrate

/ Cis-aconitate

Malate

Isocitrate

S\ V177

Fumarate
4 H) 2H 2

\

S

FAD
\ Flavoprotein

ADP+P,——\

Coenzyme Q

Cytochrome b

Cytochrome ¢

Cytochrome a

2H* = %0, TN

H,0

Krebs’ cycle,respiratory chain
oxidative phosphorylation (De Robertis and De

Robertis, 1987)
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{ 4 complexes ( 2) (Hatefi,
1985)
- complex | NADH Ubiquinone Qxidoreductase catalyzes %
NADH Ubiquinone, ferricyanide NAD
- complex 11 Succinate  Ubiquinone Qxidoreductase  catalyzes
Succinate Ubiquinone (coenzyme Q)
- complexin Ubiquinol  Cytochrome ¢ Qxidoreductase  catalyzes
dihydroubiguinone (QH2) cytochrome C
transmembrane proton translocation : proton

translocation complex m

- complex 1V Ferrocytochrome C Oxygen Qxidoreductase
catalyzes cytochrome C }
fi { NADH FADH2
} :

(free energy) ATP
phosphorylated ADP }
(oxidative phosphorylation) { 3

ATP
6 ATP
(tightly coupled)
(aging mitochondria)
{ uncouplers { DNP (2,4-
dinitrophenol) CCCP (carbonyl cyanide m-chlorophenylhydrazone)
7} } {
ATP uncoupling (Lehninger, 1975)
ATP

ATP ,



0.0

+0.4

+0.8

Eo kcal
:
50—
- 0.27 volt
12.2 kcal
- B
0.22 volt
I 30 9.9 kcal
— 20—
0.53 volt
10— 23.8 kcal

(Avers, 1986)

4
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[ (conserved)
ATP
chemical coupling , conformational coupling chemiosmotic coupling hypothesis
“ chemiosmotic coupling hypothesis ”
Peter Mitchell .. 1961 ( Boyeretal, 1977; Mitchell,
1977; Avers, 1986)

chemiosmotic coupling hypothesis

(pump)
proton (H ) matrix intermembrane space
proton  gradient proton matrix
intermembrane space H
electrical gradient electrochemical gradient proton
motive force intact mitochondria
electrochemical gradient
ATP ADP + Pi matrix Fq
F, ATP (7)
proton

proton - gradient
(collapase proton gradient) (uncoupling)

aging mitochondria

DNP proton - ionophore proton
(H) matrix FgF1 complex proton
gradient electrochemical gradient proton motive force

proton  gradient

gradient
phosphorylated ADP ATP ATP
Fj ATP
ATP (ATP hydrolysis) H+ gradient
ATP ATPase activity uncuoplers

ATPase activity activity
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INNER

MITOCHONDRIAL
MEMBRANE =

INTERMEMBRANE
SPACE . MATRIX

complex NADH
H‘
H* ——q
e-
CoQ %?'F g H*
oY
CP ""'"'6:‘:
¥ Ty
b f‘b—’:. H
/ Gt
B3z

y _He —7 He
H* ——t— “(‘"

Cytochrome b-c,

complex

H,0

Cytochrome oxicase complex

=

e ‘ ATP synthetase
.‘;‘

ATP

Electrochemical
proton
gradient

Chemiosmotic coupling

hypothesis (Avers, 1986)
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ATPsynthase ATP
(Danishefsky, 1980)

FoFj- ATPase

ATP + HA< - >ADP + Pi + H
3
1. uncouplers Tl H -
carrier proton-ionophores H+
high-energy  intermediated electrochemical
gradient phosphorylated ADP
ATP
intact mitochondria ADP

ATP (Lehninger, 1975; Heytler, 1981)

uncouplers
aromatic ring uncouplers
(Heytler, 1981)
Classical uncouplers DNP-like, true, weak-acid, direct
H -ionophores uncoupler (weakly acid)
pKa 45 6.5 acidic groups phenolic hydroxyl
heterocyclic-NH, amide, hydrazone-NH carboxyl, sulfhydryl group
(lipophilic) proton- gradient
(unionize acid)
H - channel FOFj complex
The alkali-metal ionophores antibiotics gramicidin, tyrothricin,
tyrocidin valinomycin cation K+
valinomycin transmembrane

electrochemical gradients

transport  cation ATP
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- Indirect uncouplers picrate
desaspidin (specific protein)
ATP (Fj  factor) desaspidin
phenolic groups 0.7
arsenite sulfhydryl groups
indirect uncouplers : ATPase activity
2. ATP
Oligomycin FO ATPsynthase
(Senior, 1973)
Atractyloside adenine nucleotide translocator ' carrier
ADP ADP ATP
(Lehninger, 1975)
DTNB (5, 5'-dithio-bis-2-nitrobenzoate) aromatic disulfide
Pi sulfhydryl groups (-SH
groups) Pi (Haugaard et al.,
1969)

3.
; Hatefi, 1985) ( 8)

NADH dehydrogenase

rotenone, amytal, barbiturates, dimerol mercurials
site |
succinate coenzyme Q

cytochrome b
(site 1) 2-thenoyltrifluoroacetone, antimycin

Ascorbate+TMPD

(Danishefsky, 1980

coenzyme Q (site 1)

succinate

cytochrome C

cytochrome C



NAD - linked substrate --s--eeeeeeeeees > NADH

FMN A - ADP + Pi

( site |
Fe - "~ -> ATP
1
succinate—> FAD > CoQ
1
1
cyth - ADP + Pi
site 11

M
cytq -> ATP

1
ascorbate + TMPD e S

- | ADP + Pi

cyta-ad( site ni

*ALV
1

1 Bl

(Hatefi, 1985)

19

rotenone

antimycin

cyanide
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cytochrome C (site 1)
cyanide, azide carbon monoxide cytochrome oxidase
(cytochrome  aa3)
ATP
electrochemical gradient proton motive force
ATP (ions)
, Ca2 5Mg2 Na+, K+
(reduction) NADP NADH transhydrogenation

9 (Hanstein, 1976;
Lehninger, 1975 ; Daniskefsky, 1980)

calcium transport energy-linked transhydrogenase

x 7

electrochemical gradient
(proton motive force)

oA

electron transport (3) ATP synthesis
in respiratory chain

energy dissipation

9
( high energy electrochemical gradient)
(1)
(2) ATP ADP +
Pi oligomycin, atractyloside DTNB (3) DNP

CCCP (Hanstein, 1976)



system

22-

21

cellular
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