) (silymarin )
11 silymarin state
17 tracing A
( control ) state
[
incubate incubation medium  substrate glutamate +
malate substrate
state « respiration ADP + Pi
ATP
state 3 respiration ADP + Pi
ATP state « respiration
( RCI') state 3
state ¢ DNP uncoupler
ATP
DNP state 3 respiration
uncoupling state 3
respiration reaction chamber (<2= 0)
17 tracings B1C D silymarin
silymarin 150 30 pm state 4

respiration 375 pM state 4 respiration



silymarin state 4 33.37

[ silymarin 375 pM
3059 . [
silymarin state 3 state 3
silymarin 2 states
18 dose-response curve silymarin
glutamate + malate substrate
state 3 state 3
silymarin state 4 silymarin
19 tracing A 17 A
substrate succinate tracing B 1
C D silymarin silymarin
150 1300 375 pM state 4 respiration
silymarin state 3 state 3u silymarin
2 states glutamate + malate
substrate 20 dose-response curve silymarin
succinate
substrate state 4
state 3 13 silymarin
glutamate + malate  substrate
12 silymarin (RCl)

ADP/0 ( 5)

121 glutamate +malate  substrate
ol silymarin DMSO
glutamate + malate substrate RCI
ADP/0 5.49 2.90 silymarin



110125 300 IM RCl 3.5 1288 11%
126 4

ADP/0 silymarin 150 M

122 succinate  substrate

121 DMSO
succinate  substrate RCI  ADP/0 3% 183
silymarin 1150125 300 pM RGI

ADP/0

13 silymarin ' State respiration

131 Intact mitochondria
intact mitochondria
( semipermeable membrane ) substrate 3
reducing equivalent complex substrate
glutamate + malate  reducing equivalent (NADH)  complex |,
succinate  reducing equivalent ( FADHZ) complex |l ascorbate +
TMPD  reducing equivalent ~ complex IV DNP
chamber incubate incubation medium DNP
uncoupler state 3 ( uncoupling )
endogeneous substrate silymarin 300 pM
1125 pM incubate 1 substrate state 3
chamber

DMSO 10 . silymarin

50
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1311 glutamate 4 malate  substrate
6 silymarin state
intact mitochondria glutamate + malate  substrate
(P<005) silymarin 300 pM
17729 £ 19.08 46.65 + 101 . [ /.
silymarin 1125 pM 17729 £ 19.08
886+ 140 . [

1.3.1.2 succinate substrate
1.3.1.1 silymarin state
(P < 0.05) 16152 + 9.12

11212 + 12 4578 + 107 . [
silymarin 300 1125 pM

1313 ascorbate + TMPD  substrate
' "6 silymarin
state 3 (P> 005)
226.33 + 0.09 232.56 + 10.14 . N
silymarin 300 pM 17521 + 2035 . /
Y silymarin 1125 pM

132 osmotic-shocked mitochondria
Osmotic-shocked mitochondria
uncoupling
resuspend  0.01 M sucrose hypotonic substrate
3 131 glutamate + malate NADH
reducing equivalent glutamate + malate osmotic-
shocked mitochondria NADH
preincubate  silymarin 300 pM 1125 pM 1



substrate state 3u

chamber 131
1321 NADH  substrate
1 silymarin 300 pM
state 3 osmotic-shocked mitochondria (P> 005)
3555+ 9.72 2119 £ 769 . /
[ . state 3 osmotic-shocked mitochondria !
silymarin 1125 pM 1542 + 444
[ 1. (P<005)
1322 succinate  substrate
T silymarin 300 pM
state
(e > 0.05) 5052 + 7.10
48,62 + 9.09 silymarin 1125 pM
state 5052 + 7.10 2589 + 6.86
[ (» < 0.05)
1323 ascorbate + TMPD substrate
! silymarin
state 163.65+16.82 175.83% 25.97
. N 17142 + 47.09 . /
A silymarin 300 1125 pM
(» < 0.05)
6 1 silymarin
state 3u intact mitochondria osmotic-shocked
mitochondria substrate ' ' complex | I

state ascorbate + TMPD
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substrate complex IV 2

state 3u osmotic-shocked mitochondria
silymarin 1125 pM " glutamate +
malate succinate substrate

14 silymarin NAD+ -linked
substrates "' glutamate + malate

141 (3-hydroxybutyrate  substrate

21 tracing A
tracing B ;! silymarin 300 pM incubate
2 ADP + Pi silymarin state 4
33.37 2503 . V /i silymarin
state 3 13u silymarin 2 states
14.2 CX - ketoglutarate  substrate
22 tracing B silymarin 300 pM
(tracing A )
silymarin incubate 2
state 4 47.21 33.37 : [ silymarin
state 3 3
silymarin
state 3 3 RCI NAD+ -linked
substrates 3 glutamate + malate 1 (3-hydroxybutyrate

(X - ketoglutarate
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5 ' " silymarin
15.1 pH incubation medium
silymarin state 3
8 silymarin 300 (iM
state 3 pH % inhibition
silymarin state 3 pH 7.2
pH 6.8 7.6 pH 2 % inhibition
state 3 64.81 % 60.63 % state

51.24 % 53.23 %

15.2 dithiothretiol ( DTT ) silymarin
DTT sulhydryl group (-SH )
incubate 1 silymarin 9
glutamate + malate  substrate state 4 silymarin
300 pM DTT
silymann
state 3
(P> 005)
10 ' succinate  substrate DTT
silymarin state 4
state 3 (P> 005)
15.3 bovine serum  bumin ( BSA )
silymarin
23 BSA
5110 120 0 . silymarin 300 pM

state 3 BSA silymarin



reverse
silymarin state 3 respiration
silymarin BSA 3875 £8.05 . /
| /. BSA 5110 120 30
BSA 5 . state 3 respiration silymarin
58.79 +4.97 . [ /
BSA 0 120 0 . state 3 respiration
silymarin BSA 20
81.71+8.62 . [ | . (P < 005
silymarin 300 pM ) BSA 30
76.2915.84 . [ /
(p =0.05)
2, silymarin ~ ATPase activity
ATPase ATP
silymarin activity
silymarin activity
ATPase Pi 2
2.1 ATPase activity DNP
1 silymarin 300 600 pM
activity ATPase (P< 005)
silymarin
DNP ATP
uncoupler ATPase activity ATP
ADP + Pi ATPase oligomycin
ATPase activity DNP

silymarin silymarin 300 600 pM

55
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ATPase 0.L mM DNP 0.L mM DNP
ATPase 6.64 % 1602 %  DNP
2.2 ATPase activity DNP
0.1 mM DNP silymarin 300 600 (iM
ATPase activity DNP 5.25 10.36 4.38
£0.25 2.80 £0.55 / /10
(P < 005) oligomycin
ATPase activity DNP
3, silymarin Ca2t
24 tracing A
glutamate + malate substrate
24 tracing B Ca2+ ( Pi )
Caz+ ADP + Pi
Cazt
silymarin 300 gM Ca2t Ca2t
24 G silymarin
600 |iM Ca+
24 D
4, silymarin ~ monoamine oxidase (MAO ) activity
silymarin activity MAOQ
benzylamine monoamine
substrate rotenone respiratory chain inhibitor

endogenous substrate
benzylamine

MAO
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25 tracing A
DMSO 10 . incubate 2
benzylamine benzylamine
33.37 . [ tracing B C silymarin
300 600 pM DMSO silymarin
benzylamine 22.25 19.46
[
5 D benzylamine
pargyline MAQ
incubate 2 benzylamine
benzylamine
1, silymarin 300 1600 pM
1390 . [ benzylamine

MAQ pargyline silymarin
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tracings silymarin 150 1300 1375 pM
glutamate 4 malate  substrate

:37.50 mM  HEPES buffer pH 7.2, 1.88 mM
MgCI2 1 8625 mM KCL 1 521 mM potassium glutamate + 521 mM

potassium malate 113.02 mM sucrose 152 . /

031 mM ADP + 062 mM Pi 1
005MMDNP  siymarin " 150 1o 135 ¢ b
DMSO 10 . 192 . 37 'c

59



fi

m Hi DMSO (4121)
150 Hu | (3337)
031 mM ADP silymaim fa727 , 300 ) \r 36..6, 375mm >
+0.62 mM Pi silymann \ silymann | (305)
03I mMADp-* 03l  ADP 03l  APP
+ 062 mM Pi +062 mM i +062 MM P
(186.30)
f3337)
006mM DNP

0.05 mM
DNP

712930)
Jri 17

0.05 mM

1 minute

msr-atoms Oy

(%61 )
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Dose-response curve silymarin state 4 13 respiration
glutamate + malate  substrate

:37.50 mM HEPES buffer pH 7.2 11.88 mM

MgClI2 186.25 mM KCL 1521 mM potassium glutamate + 521 mM potassium
malate 113.02 mM sucrose 10.31 mM ADP + 0.62 mM Pi 10.05 mM DNP

130 . [ . silymarin
751 150 1225 1300 1375 450 |imM 192 . 37°C

1+

61
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[
f
|

—4&— state 4
—#— state
—&— state 3u

( upjoad 3w/ unw; O swoye -3u )

uondwnsuod ushAxo Jo ayey

500

300

200

Silymarin concentration ( UM )

control

< 0.05

717 18
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tracings silymarin 150 1300 1375 (iM
succinate substrate

:37.50 mM HEPES buffer pH 7.2 11.88 mM
MgCI2 186.25 mM KCL 15.21 mM succinate 113.02 mM sucrose
163 . /

0.3 mM ADP
+0.62 mM Pi 10.05 mM DNP silymarin 150 1300 1375 (iM
DMSO 10 . 192 . 31'C

63



100-ng-atoms o/ml|

a b
minute
\\ (5561) ’
e
10 WIDMSO_y~ (5144) 150 pM P 300 uM —¥ 375 uM h
silymarin silymarin
silymarin
031 mMADP ) ( 5839) (7786) (8342)
+ 062 mM P1 0.31 mM ADP
0.31 mM ADP + 062 mM Pi 031 mM ADP _y
+ 062 mM Pi +062 mM Pi ~
(222.45)
(16962)
(6283)
fans (11957)
(8064)
(316.99) 0.05 mM
DNP »
( 22810 )

(34758)

511 19
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Dose-response curve silymarin state 4 13 3u respiration
succinate substrate

3750 mM HEPES buffer pH 7.2 1 1.88
mM MgCI2 186.25 mM KCL 1521 mM succinate 113.02 mM sucrose 10.31 mM
ADP + 0.62 mM Pi 10.05 mM DNP 151 . /
silymarin 75 1150 1225 1300 1375 450 |
192 . 37 °c

65
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5

hlfl “— dated

i state 3
I —sfate

Rate of oxygen consumption

T T

100 200 300 400 500

Sllymarin concentration (pM )

*P < (.05 control

20
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5
silymarin ( RCI )
ADP/0 glutamate + malate succinate substrates
Experiments glutamate + malate succinate
RCI ADP/O RCI ADP/O

control (10 pi DMSO)  549+0.14  2.90+0.25 396033  183+0.17
Silymarin - 75 pM 375+0.01% 2484022 2.744019%  1.79+0.25
Silymarin 150 pM  288+0.01* = 2.23+0.35*  184+0.22*  159+0.22*
Silymarin 225 pM 195+0.01*  252+0.25*  L71+0.14*  158+0.01*
Silymarin 300 pM  126+0.03%  2.03+0.32*  130+0.04* 1174022

* P< 0.05 control

3750 mM HEPES buffer pH 72 1
188 mM MgCI2 186.25 mM KCL 1521 mM potassium glutamate + 521 mM
potassium malate 521 mM succinate 113.02 mM sucrose 10.31 mM ADP

+0.62 mM  Pi,0.05mM DNP 174 . /
DMSO silymarin preincubate
1 ADP + Pi 1.92
31'C

1+



6
silymarin state 3u respiration
glutamate + malate 1succinate ascorbate + TMPD substrates
rate of state 3u respiration
substrate (ng-atoms 0/ min/ mg protein)
Control 300 pM Silymarin 1125 pM Silymarin
Glutamate + malate 177.29 + 198 4665 + 1.00% 886+ 140%
succinate 16152 £ 9.12 11212+ 12* 45,78 £ 10.7

ascorbate + TMPD 226 .33 + 0.09 23256 + 10.14 175.21 + 20.35
* P< (.05 control
3750 mM HEPES buffer pH 721

188 mM MgCI2 18625 mM KCL 1521 mM potassium glutamate + 521 mM
potassium malate 521 mM succinate 2.08 mM ascorbate + 0.52 mM

TMPD 10.05 mM DNP 113.02 mM sucrose 143

[ . DNP chamber DMSO silymarin

incubate 1 substrate 192 . 371°C
t

68



mitochondria

substrate

NADH
succinate
ascorbate + TMPD

69

silymarin state 3u respiration osmotic-shocked
NADH lsuccinate ascorbate + TMPD substrates

rate of state 3u respiration
(ng-atoms O /min/ mg protein)

Control 300 (JM Silymarin 1125 pM Silymarin
3555+ 9.72 2119 £7.69 1542 + 444
5052 £ 7.10 48,62 £ 9.09 25.80 £ 6.86*

16365 + 16.82 17583 + 2597 17142 + 47.09

* P< 0.05 control

3750 mM  HEPES buffer pH 721

188 mMm MgCI218625 mM KCL 1104 mM NADH 521 mM succinate
208 mM ascorbate + 0.52 mM TMPD 10.05 mM DNP 10521 mM sucrose

14 [ silymarin incubate

substrate 192 . 31 *c
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tracings silymarin 300 pM
P-hydroxybutyrate substrate

3150 mM HEPES huffer pH 7.2 1 188
mM MgCI2 18625 mM KCL 1521 mM  P-hydroxybutyrate ,13.02 mM  sucrose,

031 mm ADP+ 062mM Pi 1005mM DNP 125
| DMSO
silymarin 12 . 31 *¢

10
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v
10 pl DMSO (3476)

0.31 mM ADP __—¥
+ 0.62 mM Pi

11]1121

(139.03)

1 minute
= 3

—

100-ng-atoms o/m|
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tracings silymarin 300 pM
a-ketoglutarate substrate

3750 mM  HEPES buffer pH 72 1
188 mM MgCI2 186.25 mM KCL 1521 mM OC-ketoglutarate 113.02 mM sucrose,

031 mM ADP 4 062 mM Pi 1 0.05 mM DNP 1.25
[ DMSO
silymarin 192 . 371 ‘C

12



B 1 minute

300 nM
stiymann



8
pH incubation medium
silymarin state 3 13u respiration glutamate +
malate substrate
rate of respiration
Experiment (ng-atoms 0 /min/mg protein)
State 3 State 3u
pH 638
control 66.63+4.27 71.66+7.40

300 |iM silymarin 2343t 3 * (64.81%) 34.94+2.75 * (51.24%)
pH 72

control 74.2449.45 100.47+2.82
300 M silymarin 21.38+1.16 *  (71.20%) 35.30+1.45 * (64.87%)
pH 76

control 60.63+ 8.90 102.2745.81
300 |iM silymarin  23.87+2.24 * (6063%) 47.83+3.85 * (53.23%)
*P < (.05 control

;3750 mM HEPES buffer pH 6.8 17.2 17.6
1.88 mM MgCI2 186.25 mM KCL 1521 mM potassium glutamate + 521 mM
potassium malate ,031 mM ADP + 0.62 mM Pi 10.05 mM DNP , 13.02 mM
sucrose 1 90 . [ .
DMSO silymarin 192 . 37 *¢

4



9
DTT
state 4, 3 respiration
substrate
Experiments
Control

300 [iM  Silymarin
DTT+300 (iM Silymarin

silymarin
glutamate + malate

rate of respiration
(ng-atoms 0 /min/ mg protein)

state 4 state 3 state 3u
1911 +0.64  99.03 £9.07 14573 £12.50
1736 t051 2386 £1.64 4452 £4.82
1842 +348 2510 £3.89  47.17 £3.138

3750 mM HEPES buffer pH 7.2 1 1.88

mM MgCI2 18625 mM KGL 1521 mM potassium glutamate + 521 mM

potassium malate

10.31 mM ADP + 0.62 mM Pi 1 0.05 mM DNP 113.02 mM

sucrose 1 1.25 /
105 mM DTT 300 (iM silymarin incubate
glutamate + malate, ADP+Pi , DNP 1.92
371'C

I+

15



10
DTT silymarin
state 4, 3 respiration
succinate  substrate

rate of respiration

Experiment (ng-atoms O /min/ mg protein)
state 4 state 3 state 3u
Control 2598 £0.84 10244 £16.13 16418 £9.68

300 [iM Silymarin 3737 +341  5139£9.04 11997 +9.84
DTT+300 |aM  Silymarin 3867 £3.488 5514 844 12641 +4.38

3750 mM  HEPES buffer pH 72 1
188 mM MgCl2 186.25 mM KCL 1521 mM succinate ,13.02 mM sucrose 1

0.3l mM ADP + 0.62 mM Pi 1 0.05 mM DNP 1 1.25

[ 1.05 mM DTT 300 nM
silymarin incubate 1 succinate 1
ADP+Pi 1DNP 192 . 31°C

76



23
bovine serum albumin (BSA) 1 silymarin
glutamate + malate substrate

3505 mM HEPES buffer pH 721 .75
mM MgCI2 18062 mM KCL 1515 mM potassium glutamate + 515 mM
potassium malate, 12.89 mM sucrose, 0.31 mM ADP + 0.62 mM Pi

161 . [ BSA 5,
10,20, 30 300 piM silymarin 194 . 371'C
silymarin BSA 1 ADP + Pi silymarin 1
a P <005 300 nM  Silymarin
b :P =005

¢c:P> 0.05

17



Rate of state 3 respiration

23

( ng- atoms O/min/ mg protein )

140

120

100

80

40

20

A

E control

3 pMSIL
+BSA 10 mg

[ 300 uM SIL

3 pM SIL
+BSA 20 mg

Q

300 pM SIL
+BSA 5 mg

3 pMSIL
+BSA 30 mg

18



1
silymarin
DNP

Experiments

No DNP

control  (DMSO )

300 pM silymarin

600 pM silymarin
With 0.1 mM DNP

control  (DMSO )

300 pM silymarin

600 pM silymarin

10 meg. oligomycin

*P < 0.05

19

ATPase activity

Pi liberated
( pmoles /mg protein /10 min )

0.135 £0.06
0475 £0.06*
0.955 +0.06*

5.25 +0.36

438 +0.25*
2.80 £0.55*
0.955 £0.21*

control

3530 mM HEPES buffer pH 7.2 1 177

mM MgCl2 181.19 mM KCL 116.78 mM
[ ., DMSO Lsilymarin 1 DNP
503 mM ATP 2.98
preincubate
1 ATP

1+

Sucrose, 2.04
oligomycin
37 'C
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tracings silymarin
glutamate + malate  substrate

3750 mM  HEPES buffer pH 72 1
1.88 mM MgCI2 186.25 mM KGL 1521 mM potassium glutamate + 521 mM

potassium malate 10.26 Pi 113.02 mM sucrose 1.84
[ 0.31 mM ADP + 0.62
mM Pi 10.05 mM DNP 1DMSO 1CaClI2 silymarin 300 1600 jxM
192 . 37 *¢

80



(36.15) (44.49)
10 j DMSO—M\ ' (‘3.15) WHuEs
031 mM ADP_y 0zuM =
+ 062 mM Pi CaCl,
(41153)
(51.44)
1 minute
i
(380.95)

gﬂﬁ 24

100-ng-atoms o/ml



, 25
silymarin

sucrose 1 10 |ug rotenone

1.92

82

monoamine oxidase activity

10023 M KHP04 pH 72 11302 mM
192 . |,
DMSO 1benzylamine 1silymarin pargyline
31°C



10 ug

ctencre

rctenone T
300 uM T

silymann (g mM
benzyiamina
c (1529

T

10 pg

rotenons 600

silymarin

01 mM (1946 )

benzylamine

(1350)

10 ug

rotencne
0.5 mM

o
[

|
&
@

tenzylamine

el

100-ng-atoms o/m|

aynuIuI |

511 25
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