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ABSTRACT

AlIM: To dudy therelationship between structureand antioxidation activity of spinlabeled derivatives of podophyllic
acid hydrazide (GP) in tissues and red blood cells(RBC) from rats. METHODS: The homogenate of liver, heart,
and kidneys of rats was used to measure malondialdehyde (MDA) spontaneous generated and i nduced by hydroxyl
free radical generation system (Fe**-ascorbic acid, FRGS) or doxorubicin (DOX) by TBA colorimetric method.
H,O,-caused hemolyss was determined spectrophotometrically. Superoxide anion from zymosan-stimulated neu-
trophils of rats was evaluated by NBT-reduction assay. RESULTS: GP1 and GP1OH obvioudy inhibited MDA
formation either spontaneoudy or induced by FRGS and DOX and antagonized hemolysis induced by H,O,, but GP
and GP1H showed less potent activity. GP1 a so inhibited the formation of superoxide anion from activated
neutrophils of rats. CONCLUSION: Introduction of nitroxyl radica moietiesinto GP generated potent derivatives
with antioxidative activity. The essentia antioxidation active groups of spin label ed derivative of GP are NO or
NOH group in nitroxyl radical moieties.

INTRODUCTION

Thenitroxides, with low molecular weight andless
toxic stable free radicals, had been widely used as spin
labels*?, which aso had been demonstrated to possess
potent antioxidative action either in biologica or
nonbiological test systems®4, and antitumor action.
Introduction of nitroxyl radicals into antitumor agent
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was demondgtrated to enhance its antitumor activity and
reduce itstoxicity™®®, and could aso be used for the
study of pharmacokinetics of bioactive spin labels by
e ectron paramagnetic resonance (EPR) technique.
Based on thisfact, a seriesof spin |abeled derivatives of
podophyllic acid hydrazine (GP) had been synthesized
and showed that introduction of nitroxyl radicas into
GP could enhance the antitumor activity and lower the
toxicity. However, it is unknown how the antitumor
activity was enhanced and the toxicity was | owered by
introduction of nitroxyl radicd sinto antitumor agent.
The present study were designed to evauate the



- 728- Li WG et al / ActaPharmacol Sin 2002 Aug; 23 (8): 727-732

antioxidative effect of spin labeled derivatives of GP
with following chemica dructure and anadyzethe rela-
tionship between their structure and activity.
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Spin labded derivatives of podophyllic acid hydrazide (GP)

MATERIALSAND METHODS

Podophyllic acid hydrazide (GP), podophyllic acid
[4-(2,2,6,6-tetramethyl -piperidinooxyl)]hydrazone
(GP1), podophyllic acid [4 -(2,2,6,6 -tetramethyl - 1-
hydroxy piperidine)]hydrazone (GP10OH), and
podophyllic acid [4-(2,2,6,6-tetramethyl-1-piperidine)]
hydrazone (GP1H) were semi-synthesized*? by National
Laboratory of Organic Chemistry, Lanzhou Universty,
China. Thepurity of them was approximately 98 %.
They were dissolved into 5 % Me,SO. Doxorubicin
(DOX) was the product of Shenzhen Main Luck Phar-
maceutical Inc. Zymosan A (Sigma) was opsonized
with rat serum!” and suspended in phosphate buffer
0.15 mmol/L (pH 7.4). All the other reagents were of
anaytical grade.

Widar rats (% 4, 8 weeks-old) weighing 182 +s
16 gwere provided by Anima Center of Gansu Acad-
emy of Medical Sciences (Grade |1, Certificate Hz 14-
004).

Determination of malondialdehyde The homo-
genate of liver, heart, and kidneys of rats was pre-
pared) and MDA was assayed by thiobarbituric acid
(TBA) method'®.

Hemolysstest Rat RBC was washed 3 times
with normal saline and made into 0.5 % suspens on.
H,O, (100 mmol/L) induced hemolyss was tested after
1 hincubation of RBC suspension at 37 1 with tested
drugs as previoudy™. The absorbance (A) at 415 nm
of control tubes was defined as 100 %. The hemolys's
extent was calculated by referring to control tube.

Superoxide anion formation analyss Rat neu-
trophils from abdomind cavity were prepared and the
reduced NBT product formazan by O,from neutro-
phil s was assayed by spectrophotometry at 515 nm.

Statistics Data were presented asmeantSD. Sta
tistical analysis was performed us ng unpaired t-ted.
The IC,, and its95 % confidence limitswere cal culated
by liner regresson analysis?.

RESULTS

Effect on MDA formation MDA was spontane-
oudy formedin liver homogenate after 2 h incubation.
GP and GP1H 160 nmol/L inhibited spontaneous MDA
formation by 26.5 % and 34.8 % reectively. In
contrast, GP1 1.25, 2.5, 5, 10, and 20 nmol/L inhibited
MDA formation by 7.6 %, 27.7 %, 59.8 %, 71.5 %,
and 74.8 %; and GP1OH 2.5, 5, 10, and 20 nmol/L
inhibited MDA formation by 21.9 %, 42.1 %, 75.2 %,
and 84.2 % respectively (Tab 1).

After simulated by FRGS (hydroxyl free radica
generation system, Fe**-ascorbic acid 50/50 mmol - L ™)
for 30 min, homogenate of heart, liver, and kidney pro-
duced enor mous amount of MDA (Tab 1,2). GP 160
mmol/L inhibited FRGS-induced MDA formation from
heart and liver by 28.3 % and 16.6 % respectively, but
failed to affect MDA formation from kidneys. GP1H
160 mmol/L inhibited MDA formation from heart, liver,
and kidneysby 5.9 %, 8.5 %, and 25.4 %, respectively.
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Tab 1. The effect of spin labeled derivatives of GP on
malondialdehyde (MDA) formation induced by Fe**-ascor-
bicacid. n=4. Mean+SD. 2P>0.05, "P<0.05, P<0.01 vs
control. “P>0.05, 'P<0.01 vs basic tubes.

MDA/nmol- g* tissues

Drugs/ Induced by Fe**-ascorbic acid Spontane-
mmol- L* Heart Liver Kidneys ously
inliver
GP
Basic 73+6° 51+3° 90+4° 117+10
Control 352+10 29016 279.5+2.8
320 246+11° 196+9° 2741142 68+5'
160 273t4° 242+9° 277+4  86.242.9'
80 306+6° 29418 281+8% 102+5'
40 341+6° 298182 279+3 118+6°
GP1
Basic 82+4° 58+7° 108+5° 128+8
Control 36912 27218 23316
20 26+4° 43+5° 78+6° 32+9
10 248+9° 78+8° 93+9° 37+9
5 324.6+1.4° 133+12° 118.7+2.1° 52+5f
25 336+5° 223#15° 161+8° 934
1.25 357+3° 240+£18° 221+14*  118+13°
GP1H
Basic 92+6° 94+7° 96.1+1.5° 12647
Control 295+13 252+8 29418
160 278+10° 230+8° 219+8° 82+14'
80 282+8% 242+15% 234+9° 104+15
40 289+9% 254+112 279+8° 120+11°
GP10OH
Basic 4616° 52+4° 110.542.1° 127+15
Control 33949 225+7 275+11
20 908" 44+ 4° 109+7° 20+5'
10 212+7° 94+10° 246+8° 32+7'
5 331+7? 203£10° 273+8% 744171
25 33542 2277 274182 99+13'

GP1 1.25-20 mmol/L inhibited MDA formation from
heart, liver, and kidneys concentration-dependently with
MIC 1.25, 1.25, and 2.5 nmol/L, respectively. All the
MDA formation induced by FRGS were inhibited by
GP1 20 mmol/L in heart, liver, and kidneys. The MIC
for GP1OH toinhibit MDA formation from heart, liver,
and kidneyswere 10, 5, and 10 nmol/L, respectively.

Tab 2. The effect of spin labeed derivatives of GP on
malondialdehyde (MDA) formation induced by DOX. n=4.
Mean+SD. 2P>0.05, °P<0.05, “P<0.01 vs control.

Drugs/ Heart MDA/ Liver MDA/
nmmal-L? nmol- g* IR% nmol - g* Lk
GP
Basic 112+14° 135+9°
Control 160+11 198+4
160 135+14° 52.5 165+15° 519

80 150+6° 20.8 176+6° 34.0

40 153+5° 14.8 184. 742 .4° 20.8

20 163+5° 0 188+4° 15.6
GP1
Basic 174+4° 161+£12°
Control 236+11 24916

10 167+11° 110.7

5 204+11° 52.2 84+6° 189.2
25 209+8° 43.8 142+22° 122.8
1.25 226+5% 16.8 204+11° 51.6
0.625 216+£13° 38.0
GP10OH
Basic 198+8° 117+9°
Control 25016 283+11
20 196+13° 102.5 104+7° 107.9
10 196+5° 103.7 131+15° 91.8
5 206+5° 85.0 223+8° 36.4
25 213+13° 70.1 254+19° 17.4
125 236+13 26.0
GP1H
Basic 178+16° 104+26°
Control 219+8 160+17
250 146+6° 177.2 115.3£2.3° 80.2
125 168+6° 123.0 126+13° 60.1

62.5 178.1+2.1° 99.0 151.7+2.6% 14.2

31.25 190+10° 71.0 158+6° 2.0

15.625 204+7° 374

GP10OH 20 nmol/L inhibited MDA formétionfrom heat,
liver, and kidneys by 85.2 %, 101.0 %, and 104.8 %
respectively (Tab 1). MDA formation were devated by
DOX inrat heart and liver homogenate and were inhib-
ited by al tested drugs with the potentia rank order of
GP1, GP10H, GP1H, and GP (Tab 2).

Effect on hemolysisinduced by H,O, GP1 and
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GP10H 80 and 160 mmol/L inhibited hemolys s of rat
RBC, but GP and GP1H showed no effect (Tab 3).

Tab 3. Effect of spin labeled derivatives of GP on the hemoly-
sis of rat RBC stimulated by H,O0,. n=5. Mean+SD.
#P>0.05, °P<0.01 vs contral.

Drugs/ Hemolysis Extent/%
mmol- L* GP GP1H GP10OH GP1
Basic 5.9+1.2° 11+4° 8+4° 8.2+1.7°
Control 100 100 100 100
160 101+6* 102+4* 24.5+1.2° 10+£7°
80 99+6* 99+5% 79.3£2.0° 82+8°
40 101+6% 102+11* 102+4° 91+4%

Effect on superoxide anion formation from ac-
tivated neutrophils The reduced NBT product
(formazan) from neutrophils of rats was markedly in-
creased after stimulated by zymosan. The specificity

of assay for O, wasdemongrated by the fact that SOD
150, 300 and 600 kU/L inhibited formazan formation
by 28.6 %, 40.8 %, and 84.5 %, respectively. GP1
160 and 320 nmol/L dso dightly inhibited superoxide
anion formation from activated neutrophils by 18.3 %
and 26.6 % with gatigica significance (P<0.01),
however, GP, GP1H, and GP10H all did not show any
action (Tab 4).

A comparison of ICg, values In both experi-
ments of MDA test and anti-hemolysis, the rank order
of 1C,, values was GP1>GP10H>GP1H>GP (Tab 5).

DISCUSSION

Fe**-ascorbic acid system produces hydroxy! radi-
cals according to Fenton reaction, and the latter caused
lipoperoxidation and damage of tissues accompanying
MDA formation™. Therefore, MDA is aconvenient
index for indirectly detecting hydroxyl radicals. Thespin
labeled derivatives of GP were capable of inhibiting
FRGS -induced MDA formation, and antagonizingH,O,-

Tab 4. Effect of spin labded derivatives of GP on the release of superoxide anion from rat neutrophils stimulated by

zymosan. n=4. MeanSD. *P>0.05, °P<0.01 vs control.

A‘zlS
NES
Drugs/mmol- L GPL GP GP10OH GP1H
Basic 0.154+0.023° 0.136+0.013° 0.154+0.023° 0.145+0.029°
Control 0.497+0.028 0.358£0.018 0.497+0.028 0.353+0.009
320 0.365+0.011° 0.355+0.020° 0.4620.03 0.357+0.010°
160 0.4120.03° 0.354:0.010° 0.4750.013° 0.359+0.011°

Tab 5. A comparison of | C_ values (95 % confidencelimits, mmol/L) of spin labeled derivatives of GP.

MDA formation
Drugs Spontaneously Induced by Fe**-AA I nduced by DOX Anti-hemolysis
formedinliver  liver heart kidneys liver heart
GP >160 >160 >160 NO 170.4 (65.2-445.5) 185.2(107.2-319.8) NO

GP1  54(3670) 38(2452) 75(44-105) 24(0.7-4.2)
GPIOH 59(4375) 7.3(559.1) 105(8.1-12.9) 10.9(5.8-16.0) 5.3 (3.0-9.5)

GP1H >160 >160 >160 >160

0.9 (0.4-2.0) 3.1(2.7-3.6) 88.9 (87.6-90.2)
2.0(0.9-4.3) 103.0 (101.9-104.3)

115.6 (67.3-198.7)  21.3(14.3-31.7) NO

AA: ascorbic acid. NO: no ef fect.
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caused hemolysis, indicating that these drugs are scav-
engers againg hydroxyl radicals.

DOX plays an important rolein cancer chemo-
therapy. But itsclinical usehas been limited byitsirre-
versble cardiotoxicity. It hasbeen believed that the
cardiotoxicity of DOX is caused by freeradicals, which
haslittle relation to itsanticancer effects™*?. Thesemi-
guinone freeradical formed from DOX in rat heart ho-
mogenate was demonsgrated™. And it may further
transfer electron to oxygen or H,O, to produce O, or
* OH and induce MDA formation. GP, GP1, GP10H,
and GP1H all concentration-dependently inhibited the
MDA escadation caused by DOX from heart and liver
homogenate of rat, among which GP1 was shown to
be the mogt potent.

Our previous experiment demongrated that
nitroxides4-oxy-2,2,6,6 -tetramethylpiperidinooxyl (4-
O-TEMPO) and 4-oxy-2,2,6,6-tetramethyl-1-hydroxy
pi peridine (4-O-TEMPOH) inhibited FRGS-induced for-
mation of MDA in the same test sysem as present
oné*. However, they were rdatively weaker than
GP10OH andespecialy GP1 (Tab 4). Introduction of 4-
O-TEMPO into GP produces GP1 and 4-O-TEMPOH
into GP produces GP10H ®9. |n the experiment of
FRGS-induced MDA formationin liver, heart, and kid-
neys of rats, theratio of 1C, vaues(mmol/L)for GPY/
4-O-TEMPO were 3.8/22.2, 7.5/38.5, and 2.4/18.8
respectively, and for GP10OH/4-O-TEMPOH were 7.3/
8.3,10.5/28.6, and 10.9/47.8, respectively, exhibiting
that introduction of 4-O-TEMPO into GP1 or 4-O-
TEMPOH into GP10OH greatly strengthened the
antioxidative activity. However, GP1 was shown to be
themost potent. Although the parent GPonly haddightly
inhibitory action againg lipoperoxidation in FRGS
sysem, its derivative GP1 was more potent than 4-O-
TEMPO, aso demondrating that GP is capable of in-
creasng the activity of nitroxides againg oxidation. On
the other hand, if the NO group of GP1 or NOH group
of GP10OH was substituted by NH group, both GP1
and GP10OH were changed into GP1H a most without
activity a concentration as high as80 mmol/L, suggest-
ing that NO group or NOH group should be essentia
active groupsof antioxidationin nitroxyl radical moieties.

Nitroxides were observed not to af fect super ox-
ideanion radica formation from rat neutrophils-zymo-
san system'¥. The present sudy showed that GP1 in-
hibited superoxide anion radical formation in this test
sysem. The results imply that GP1 is a scavenger for
oxygen free radicals with more wide acting spectrum
than nitroxides.

Podophyllotoxin and a number of its derivatives
possess anti cancer activity. It has been found that in-
trodudion of nitroxidesinto someantitumor drugs such
as podophyllotoxin, had sgnificant antitumor activity
with marked decrease in toxicity compared with the
parent compounds®?. It is not very clear why intro-
duction of nitroxides group enhances the antitumor ac-
tivity but reducesthetoxicity. Itis possbly relaed
to its antioxi dative activity. Adminigration of antine-
opl agtic agents such as GP derivative VP16 reaults in
oxidative stress™, ie, the production of freeradicas
and other reactive oxygen species (ROS). ROS slow
the rate of cell proliferation, and that occurring during
chemotherapy may interfere with the cytotoxic effects
of antineoplagtic drugs, which depends on rapid prolif-
eration of cancer cellsfor optimal activity™. Therefore,
simultaneous antioxidative effect may sengitize the re-
action of tumor cellsto cytotoxic drugs. Introduction
of nitroxidesgroup into GP made their derivatives pos-
sessdua actions, ie, as a potent antioxidant to possibly
abolish the suppression of cell proliferation by ROS,
and smultaneoudy as an inhibitor of topoisomerase |1
to enhance the anticancer effects of GP derivatives.
Beyond their antioxidative activity, nitroxidesalso pos-
sess antitumor activities. Thiskind of active groups
may synergize with original activegroupsin GP deriva-
tives each other. On the other hand, ROS cause or
contribute to certain g de effects that are common to
many anticancer drugs. The reduction of toxicity of
GP derivativeswith nitroxide group may alsoresultfrom
thelr antioxidative activity.
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