Flavonoids

flavonoids 1(1)
Silymarin flavonoid Silybum marianum (L)
Gaertn. ( Carduus marianus ) milk thistle (23)
Asteraceae 1 1 1
1 1 1
1 1
12-15
( silymarin  200-400 mg ) (3)
1968 flavonoid compounds
( hepatotropic effect ) (2) Silymarin
(mixture) isomers 3 Silybin ( Silibinin Silybinin )
. Silychristin Silydianin (2,3) 1
( molecular ~ formular : CZHZ( 10  MW. 48245 ) isomers 3
phenylchromanon ( phenylchromon ) skeleton 1 molecule coniferyl
alcohol lignan lignin )
oxidative  coupling molecules

flavonolignans ( 34)



flavonoids

Part of flavonoid molecule

Enzyme likely to interact with enzyme
p -Glucuronidase Carbohydrate
P-Galacturonidase Carbohydrate
Hyaluronidase Carbohydrate
Alkaline phosphatase Phenyl ring
Arylsulphatase Phenyl ring or benzopyrone ring
DOPA decarboxylase Phenyl ring

Lipases

ATPase

C-AMP phosphodiesterase
Catechol-O-methyltransferase
Aryl hydroxylase

Aldose reductase

Proline hydroxylase

Phenol ( Me chelator )
Benzopyrone ring
Benzopyrone ring
Phenyl ring
Benzopyrone ring
Benzopyrone ring
Benzopyrone ring
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( Pharmacological action )
Membrane effect

Silibinin binding sites
transport systems binding sites uptake
( xenobiotics ) fungal toxins ()
physiological gradients active transport
silibinin rat liver microsomes
synthetic monomolecular lipid layers (6,7)

(membrane
resistance ) (cell constituents )
(in vitro ) isolated perfused rat liver 1 isolated
hepetocytes . isolated liver cell membranes
(in TOO) (8-11)

( CCL4 .praseodymium nitrate 1
galactosamine 1 microcystin-LR paracetamol ) silymarin
(13-17) silibinin
phosphodiesterase cCAMP
membrane stabilization (18)

antiperoxidaive metabolic properties  silibinin

membrane stabilizing effect (19,20) radical silibinin
(chain reactions ) lipid peroxidation

toxic radicals membrane lesions

(20) phospholipid turnover

(membrane integrity )



Antiperoxidative action

lipid peroxidation

cell membrane metabolic processes
phenolic silibinin radical
antioxidative agents (22) silbinin malonyldialdehyde
(23-25) uptake 0Xxygen peroxiadtive agents (19)
radical silibinin glutathione
(24 -26)
(invitro ) ' silibinin peroxidizing enzymes
lipoxygenase (27,28) peroxidation fatty acids
linoleic acid membrane lipids

Metabolic effects
(‘Stimulation of protein biosynthesis )

Silibinin RNA polymerase I ( polymerase A )
transcription rate rRNA
rRNA ribosomes
(29,30 )

(Promotion of cell regeneration )

hépatocytes
( liver cell regeneration )
rRNA regenerate



liver damage (30)

(partial hepatectomy ) (31,32) malignant cells ( hepatoma 1
Hela Burkitt lymphoma cell cultures) silibinin replication
transcription rates (33)
silymarin - (
) 1 antiperoxidative action
silymarin

( Pharmacokinetics )
(Animal pharmacokinetics )

(rats) 50%
first-pass effect
1 ' / ' ( 0.8% )
( 5-12% )
0.5-1 24 10% 20-30%
silibinin enterohepatic circulation
prolonged retention silibinin
( high activity concentrations )
( biliary excretion ) 1
30
Silibinin pure glucoronide conjugate
double conjugate  sulphuric acid glucoronic acids
unconjugated silibinin (34)

! Jmm?



Silibinin
(240 mg silibinin )
1.3
silibinin

silibinin

1-15%

2-3

(34)

silymarin
mice
5,000 mgl/kg

2,500 mg/kg

(Human pharmacokinetics )

560 mg. silymarin

340 gg /I
6.32 . (35 (‘in vitro )
plasma protein 90-95% (34)
silibinin A4 1 21%
4-5
70 |ig /ml 24
113
silibinin
silibinin 20-40%
( Toxicology )
(Acute toxicity )
( practically nontoxic ) rats
2,500
(34)
( Chronic toxicity )
silymarin 50, 500
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(‘specific toxic effects ) (34)



silymarin 60, 600 1,200 mg/kg

(34)

(Antenatal toxicity )

silymarin 50, 500 2500 mg/kg
(intragastric ) critical phase
( organogenesis ) ( embryolethal
effects ) (‘teratogenic effects )
silymarin 20, 200 1000 mg/kg
(‘oesophageal tube ) 6-18
fetuses ( malformations ) (34)

( Perinatal and postnatal toxicity )

silymarin 50, 500 2,500 mo/kg
(lactation) ( parturition )1
(34)
( Fertility testing )
silymarin 50, 500 2,500 mglkg
( FO generation ) 63
14 ( mating )

Fj generation
(reproduction ) (34)



( Mutagenicity testing )

genotoxic action ( negative results ) (34)

1 silymarin toxic liver damage cohol
silymarin 210-420 mg toxic
liver damage alcohol glutamate oxaloacetate

transaminase (GOT) 1 glutamate pyruvate transaminase (GPT) y-glutamyl

transpeptidase (y-GT) ( hiopsy )
4 silymarin 2
parameters GOT 1
GPT y-GT (34,37)
( anorexia )1
(upper abdominal pain ) 1 (lassitude )
2, silymarin ' ' liver damage
psychoactive  drugs anticonvulsants phenothiazine
derivatives Ldiphenyl hydantoin 1pirimidines barbiturates )

GOT LGPT, bilirubin 1bromsulphalein test (
bromsulphalein )
silymarin 105-315 mg 2
psychoactive drugs
(34)



isoniazid (INH ) ethambutol

transaminases alkaline phosphatase
silymarin 210 mg 3
transaminases alkaline phosphatase (34)
3. silymarin ( supportive treatment )

(chronic hepatitis )

silymarin 420 mg
chronic persistent hepatitis chronic  aggressive
hepatitis 3 serum  bumi
biochemical parameters
parenchymatous lesions 1 fibrosis
(34)
4, silymarin ( supportive treatment )

(hepatic cirrhosis)

silymarin
silymarin 140 mg 3 2
silymarin
silymarin
biochemical parameters
3 (38,39)
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(Dosage and administration )

Silymarin acute hepatitis toxic metabolic
liver damage ( fatty liver hepatitis 1 cirrhosis )
140 myg. 3 ( maintenance .
dose ) 70 mg. 3

(Side effect )

(' mild laxative effect )
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5«
(Mitochondrial respiration and oxidative phosphorylation)

organelle
(cellular powerhouse)
ATP  (adenosine
triphosphate) (aerobic
eukaryotic ) (40)

(spherical) (elongated rod or filament)
(cytoplasm)
3 0.5-1.0
2 (outer membrane) (inner membrane)
(fold) cristae
semi-fluid
matrix ( 2)
permeable
permeable ( cytosol )
('specific protein carrier )
(41) 2
shuttle system (42) (electron
transport  chain respiratory chain ) ATP
( compartments )
3 matrix
DNA 1 ribosomes catalyze

transcription translation (40)
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Granule

Outer membrane

Inner membraone

Outer chamber,

(De Robertis and De Robertis, 1987)

ATP

°®‘ Regulator  -F,

\ Proton g"e

'y

Inner Eﬁi

mitochondrial : '

membrane
y /

e 0S¢P I,
Proteolipid P 7000 mol wt factor |_

H*

3 ATP synthase

( Fol*l-ATFase)



2 mitochondrial membrane transport systems

System Exchange
Dicaiboxylate ~earner  Exchange on mole-for-mole L succmate L fumarate and  phosphate
between matrix and cytosol
Tncarhoxylate Exchange on mole-for-mole hasis Lcitrate and isocitrate between matrix
earner and cytosol
Exchange citrate or isocitrate for dicarboxylate
Aspartate -glutamate Exchange aspartate for glutamate across membrane
parner
(X-ketoglutarate- Specifically exchange CC-ketoglutarate for malate across membrang
malate  earner
ADP-ATP  earner Exchange of ADP for ATP

im
Quter membrane Monoamine oxidase
Fatty acid thiokinase
Kynureming hydroxylase
Rotenone-insensiive cytochrome ¢ reductase
Space between the membranes Adenylate kinase
Nucleoside diphosphokmase
Inner membrane Respiratory Cham enzymes
(X-ketoacid dehydrogenase
Succmate dehydrogenase
Carniting fatty acyl transferase
Matrix Pyruvate dehydrogenase complex
Citrate synthase
Isocitrate dehydrogenase
Fumarasg
Malate dehydrogenase
Acorntase
Glutamate dehydrogenase
Fatty acid oxidation enzymes

13



14

cristae
spherical knob headpieces
ATPase ( 3) Fj ( coupling factor one )
360,000 - 380,000 daltons 9
5 subunit a, p, Y, 0 8
Mg2+ ATP ADP+Pj
ATP ADP+Pi ATP synthase ( 4) Fj

oligomycin dicyclohexyl-carbodiimide
ATPase FO ( membrane sector ) OSCP ( oligomycin-

sensitivity-confering protein ) stalk  sector FJ bind FO
FO 3 subunit a,bh c H conducting channel
matrix intermembrane space

oligomycin (43,44)

(amino acid) ' '
(fatty acid)
( 5) acetyl Co A (intermediates)
acetyl CoA
(H)
( intermediates )  reduce  NAD FAD
NADH + H+  FADH2 reducing equivalents

(respiratory chain electron transport chain)
(45)



Inner mitochondr:al membrane b

INTERMEMBRANE
SPACE

ADP + P,

FOF, ATPase fn
(Dc Robertis and De Robertis, 1987)

™ ATP



| Stage | ;
Fuel
breakdown

;Stage B}
Krebs cycle

[Stage llj
Electron transport
and oxidative
phosphorylation

POLYSACCHARIDES

e PROTEINS
\ SUGARS /
FATTY ACIDS AMINO ACIDS
PYRUVATE
Cco,
[ACETYL CoA}
(o} aloacel(\cmate
* ~,
\\
N\
/ Cis-aconitate
\
Malate \
f Isocitrate

|
|
\

\
\
Fumarate
‘/—s\
hi] 24!
AN P
N

FAD 1
\ Flavoprotein
ADP - P, \ i ATP
Coenzyme Q
|
NN I A N A N |
ADP - p . -eeememeeneeees
Cytochrome ¢
Cytochrome 3
ADP + P, I - ATP

l

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

Robertis, 1987)
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. Pyridine-linked dehydrogenase p-hydroxybutyrate dehydrogenase,

malate dehydrogenase, glutamate dehydrogenase NAD
NADP coenzyme glutamate dehydrogenase
NAD+ NADP+
2. Flavin-linked  dehydrogenase flavoprotein
FMN (flavin mononucleotide) FAD (flavin adenine dinucleotide)
prosthetic groups ' ' NADH dehydrogenase,
succinate dehydrogenase, dihydrolipoyl dehydrogenase | Flavin-linked
dehydrogenase Pyridine-linked dehydrogenase
FAD coenzyme succinate dehydrogenase
coenzyme Q
3. Iron-sulfur protein acid-labile sulfur
ferredoxin
4, cytochromes iron-porphyrin prosthetic groups

dehydrogenase systems
cytochrome b, CJ, ¢ ,a,

5. Coenzyme Q  ubiquinone

( oxidation-reduction )
reduce H+
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. NAD+- linked substrates glutamate, malate, P'hydroxybutyrate 1

OC-ketoglutarate (2H) NAD+
NADH + H+ complex |
2. FAD-linked substrate succinate
FAD FADH2 ' coenzyme Q (45)
4 complexs ( 4) 6 (46)
- complex | NADH : Ubiquinone oxidoreductase catalyzes

NADH ubiquinone 1ferricyanide NAD

- complex Il succinate : Ubiquinone oxidoreductase  catalyzes
succinate ubiquinone (coenzyme Q)
- complex Ml ubiquinol : Cytochrome ¢ oxidoreductase catalyzes

dihydroubiquinone (QH2) cytochrome C
transmembrane proton translocation
proton translocation ~ complex il

- complex IV ferrocytochrome C : Oxygen  oxidoreductase
catalyzes cytochrome C



Succinate

complex II

complex I

complex III

ENERGISED  STATE

ATPase
synthetase
complex

Pi

ADP ATP ADF

6 oxidative phosphorylation

Site 2

ATPase
synthetasg

complex IV

Site 3

h2

'/min)

ATP



4 Respiratory chain 4 complexs

47)
Complexes Subunits  Molecular weight Components
| NADH dehydrogenase complex > U] - §00,0 NAD
(NADH-ubigumone reductase ) FMN
Iron sulfur (FeS)centers
Coenzyme Q.0
Phospholipids
Il Succinate dehydrogenase complex 4 1250 FAD
(Succinate-ubiquinone reductase ) Iron sulfur (FeS)centers
Cytochrome 58
in. Cytochrome b-, complex 910 =20 Cytochrome b
(Ubiquinal-cytochrome ¢ reductase | Cytochrome ,
Nonheme iron protaen
Coenzyme Q.0
Phospholipids
V. Cytochrome oxidase complex 13 40 Cytochrome a
(Cytochrome ¢ oxidase ) (dimer ) Cytochrome a3
Copper
Phospholipids
NADH FADH2
(free energy) (7 ATP
phosphorylated ADP
(Oxidative phosphorylation)
ATP (tighly ~ coupled)

(‘aging mitochondria )
uncouplers DNP (2 4-dinitrophenal ) CCCP ( Carbonyl
cyanide m-chlor-phenylhydrazone )



Eo  keal

-0 i
| | I 0.27 volt
_0_2' .27 VO
3 12.2 kcal
0.0— 0= @
0.22 volt
+0.2— 30— 9.9 kcal

\@ -

0.33 volt
06— ol 23.8 kcal

+04— 20—

+0.8=__

02

(Avers, 1986)



ATP uncoupling  (45)

ATP

ATP

ATP

Cheraiosmotic coupling hypothesis
. .1961.

pump proton (H4) matrix

intermembrane space proton gradient

proton matrix ~ intermembrane space

electrical

electrochemical gradient
intact mitochondria
electrochemical gradient
ADP  Pi
F1 ATP (8

uncoupling
mitochondria
H+ ionophore H+
Fj-F0  complex proton  gradient

electrochemical gradient

Peter Mitchell (48,49)

H+
gradient

protonmotive force

ATP

matrix FO

proton gradient
aging
DNP
matrix

protonmotive force

22



INNER
MITOCHONDRIAL
MEMBRANE —
INTERMEMB3RANE
SFaCE .
= ANV
7T : £ ]
NADH dehydrogenase
complex NADH

"

pte
N e Y] e
o
Sy - ¥
Cytochrome d-c, |’
complex

H,0

Cytochrome oxidase complex

¥ N synthetase

£l
Lo gy
v/
AOPoPi"
2H* 2
2H e 2
ATRSTS ATP

H* H* e Elecirochemical
M
He proton
H* e gradient

8 A 1
7 Chemiosmotic  coupling
hypothesis (Avers, 1986)
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proton gradient

, gradient
phosphorylated ADP ATP ATP
Fi ATP
ATP (ATP hydrolysis ) 1 proton gradient
ATP ATPase  activity
uncouplers ATPase activity
activity ATP  synthase
ATP )
F-F0 -ATPase
ATP + HD <o > ADP +Pi +Ht
ATPase activity Pi
ATP
organelle
3
uncouplers H+ -carrier Ht
lonophore Ht
electrochemical gradient
ADP ATP

intact mitochondria
ADP ATP  (4551)
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uncouplers

aromatic ring uncouplers
(ol
11 Classical uncouplers DNP-like 1true Iweak acid
direct  H+ ionophore uncoupler
pKa 4565 acidic  groups phenolic
hydroxy heterocyclic-NH 1 amide 1hydrazone-NH carboxyl 1 sulhydryl group
( lipophilic )
proton gradient ( unionized acid ) H+
H+ -channel Fr F)
complex
12 The alkali - metal ionophores antibiotics
gramicidin Ltyrothricin 1tyrocidin valinomycin .
cation Kt valinomycin
transmembrane  electrochemical  gradients
fransport  cation
ATP
13 Indirect uncouplers uncoupling
picrate  desaspidin ( specific protein )
ATP (F Factor )
uncoupling desaspidin phenolic ~ groups
0.7 . arsenite
uncoupling sulhydryl - groups

ATPase activity



- Oligomycin

- Atractyloside
ADP

ATP (&

carrier

Coenzyme Q (site I)

dimerol  mercurials
coenzyme Q
(site II') antimycin

ascorbate 4 TMPD !

cyanide, azide 1
( cytochrome at+ad )

carbon  monoxide

phosphorylation ATP
FO ATP synthase
1 uncoupling (&)
adening nucleotice translocator
ADP
@60 (9
NADH  dehydrogenase
rotenone Lamytal Lpipericin A Lbarbiturates 1
site |
succinate succinate

cytochrome b cytochrome ¢

cytochrome ¢

cytochrome ¢ (site M)

cytochrome oxidase

ATP

26



NAD

linked

substrate

SUCCinate - )

ascorbate + TMPD

—
—_
=

(Hatefi, 1985)

site |

ADP + Pi

site I

S ATP

ADP + P
site 111

AT

rb

rotenone

antimoycin

cyanide
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electrochemical
proton motive force
ATP
(‘ions ) Ca2+ 1 Mg2+ 1 Na+ 1K+
(reduction)  NADP+  NADH
transhydrogenation
10 (50,51)

ELECTRON TRANSPORT IN
RESPIRATORY CHAIN ATP SYNTHESIS

ELECTROCHEMICAL  GRADIENT
(PROTON MOTIVE FORCE)

UNCOUPLER
NADPH SYNTHESIS BY
ENERGY-LINKED

TRANSHYDROGENATION
ENERGY DISSIPATION

10
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1. Silymarin flavonoids biochemical

pharmacological actions flavonoids
mammalian celkdar systems

2, silymarin acute hepatitis

toxic metabolic liver damage ( fatty liver hepatitis Lcirrhosis )
(long term therapy )

silymarin

3 silymarin
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