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Abstract—Since the research on antioxidants provides theoretical information for the medicinal development, and supplies some
in vitro methods for quick-optimizing drugs, it attracts more scientific attention from bioorganic and medicinal chemists. In addition
to the traditional O-H bond-type antioxidant, carbazole and its related tricyclic amines (Ar,NHs), in which N-H bond functioned
as the antioxidant, have attracted much research attention because Ar,NHs have always been the central structure in many currently
used drugs. Thus, the investigation on the structure—activity relationship (SAR) between Ar,NHs and their free-radical-scavenging
capacities in detail will benefit the development of novel radical-scavenging drugs containing Ar,NHs as the central structure. There-
fore, carbazole (CazNH) and its structural analogues including phenoxazine (PozNH), phenothiazine (PtzNH), iminostilbene
(IsbNH) together with diphenylamine (DpaNH) were applied to protect human erythrocytes against 2,2’-azobis(2-amidinopropane
hydrochloride) (AAPH)-induced hemolysis in vitro. By introducing the chemical kinetic formula related to free radical reaction,
namely, the quantitative relationship between inhibition period (#,,) and the concentration of antioxidant (AH), #,, = (n/R;)[AH],
into AAPH-induced hemolysis, the values of stoichiometric factor (n) of Ar,NHs indicated that the free-radical-scavenging sequence
of Ar,NHs is PozZNH > DpaNH > CazNH > IsbNH > PtzNH > a-tocopherol (TocH). Another aim of this work was to investigate
the antioxidative effect of Ar,NHs used together with other antioxidants including Trolox (TroH), VC, L-ascorbyl-6-laurate (VC-
12), and TocH. The obtained data revealed that n value of PozNH when used together with all the other antioxidants decreases,
whereas, n values of CazNH, DpaNH, IsbNH, and PtzNH when used in combination with TroH increase, demonstrating that
two different interaction styles existed in the case of Ar,NHs used with other antioxidants. These findings may be useful for the
development of agents for various ROS-mediated diseases in vivo.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

The hydroxyl groups attaching to aromatic ring gener-
ate a series of compounds that can scavenge radicals
by trapping initiating and/or propagating radicals, thus,
called ‘antioxidant’,! which attracts more scientific
attention from bioorganic and medicinal chemists
because the research in this field provides theoretical
information for the medicinal development, and sup-
plies some in vitro methods for quick-optimizing drugs.

Abbreviations: AAPH, 2,2'-azobis(2-amidinopropane hydrochloride);
Ar,NH, carbazole derivatives; CazNH, carbazole; IsbNH, iminostil-
bene; DpaNH, diphenylamine; PtzZNH, phenothiazine; PozNH,
phenoxazine; TroH, Trolox (6-hydroxyl-2,5,7,8-tetramethylchroman-
2-carboxylic acid); TocH, a-tocopherol; VC, L-ascorbic acid; VC-12,
L-ascorbyl-6-laurate.
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In addition to the traditional O—H bond type antioxi-
dant, the antioxidative properties of the compounds
containing N-H bond attract much research attention.
In particular, some tricyclic amines (Ar,NHs), that is,
carbazole and its structural analogues, have been the
central structure in some neuroleptic and antihistaminic
drugs, such as promazine, chlorpromazine, prometazine,
carvedilol.>> Nowadays, the free-radical-scavenging
mechanism of Ar,NHs has been discussed from the view
of chemical kinetics.® These works motivate us to inves-
tigate whether the antioxidative effect of Ar,NHs can
also be available for free-radical-induced peroxidation
in an in vitro biological system: 2,2’-azobis(2-amidino-
propane hydrochloride) (AAPH, R-N=N-R, R =
—C(CH;),C(NH,)=NH) initiated hemolysis of human
erythrocytes,”® in which the free radical generation rate
(Rg) can be controlled by the concentration of AAPH,
R, =1.3x 10 [AAPH]s"'.'° Furthermore, the chemical
kinetic formula related to the AAPH-induced peroxida-
tion of linoleic acid'! is introduced into this biological
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experimental system to explore more chemical kinetic
information of the biological system.

In addition to carbazole (CazNH) as the aromatic
Ar,NH'? and diphenylamine (DpaNH) with two free
benzene rings as a nonaromatic amine,'? iminostilbene
(IsbNH),® phenothiazine (PtzNH),'* and phenoxazine
(PozNH)'? can be regarded as the two free benzene rings
in DpaNH connected by C=C, S, and O, respectively, to

form a nonaromatic Ar,NH.

kinn, of PozNH and PtzNH in chemical reaction system®
may be useful to understand our results.

ArRLNH + R ™ AN + RH (1)
Ar,NH + LOO" ™ Ar,N* + LOOH (2)

Either ky or ki, of PozNH (4.8x10° M ls!
2.9x 10’ M~'s™!) is one magnitude higher than those

Q0 L0 a3 L

carbazole, CazZNH  diphenylamine, DpaNH  phenothiazine, PtzZNH  phenoxazine, PozZNH iminostilbene, IsbNH

So, presented here is the study on the antioxidative effect
of the aforementioned Ar,NHs on human erythrocytes
against AAPH-induced hemolysis, in which Ar,NHs
are used individually or in combination with some
traditional antioxidants including vr-ascorbic acid
(VC), Trolox (TroH), a-tocopherol (TocH), and
L-ascorbyl-6-laurate (VC-12).

2. Results and discussion
2.1. The stoichiometric factors of Ar,NHs

Figure 1 outlines the hemolysis process in the presence
of CazNH (a), IsbNH (b), DpaNH (c), PtzNH (d),
and PozNH (e) with various concentrations. All these
curves were expressed by the Boltzmann equation in
order to obtain the 50% hemolysis time (f#,,). The
hemolysis is still lagged in the absence of Ar,NH be-
cause the endogenous antioxidants in the membrane
protect erythrocytes against AAPH-induced hemoly-
sis.”® In order to eliminate the influence of erythrocytes
from different donors, inhibition period (finh = tiag —
lago, liago 18 the lag time in the absence of Ar,NHs)
has been designated to reveal the function from Ar,NH,
and is listed in Table 1. Then, the quantitative
relationships of #,, ~ [Ar,NH] are found and collected
in Table 2.

Taking the n of TocH as 2,'%!® our previous work re-
vealed that R; = 0.641 uM/min, and R, = 2.340 pM/min
in the case of 30 mM AAPH, thus, thee = 27.4%.'7 On
the basis of the known R;, the n of Ar,NH can be calcu-
lated following (the slope value in ¢, ~ [Arp,NH]) X
0.641, and is collected in Table 2 as well. Table 2 indi-
cates that antioxidant capacities of Ar,NHs are higher
than the traditional antioxidants, and the sequence is
PozNH > DpaNH > CazNH > IsbNH > PtzNH. The
Nposna 18 as high as 11.9, and even the lowest one,
npuNu = 2.58, is higher than that of PozNH and
PtzNH in chemical experimental system, 5.0 and 1.8,
respectively.® Although at present we have no reason-
able interpretation of these absolute values, this
sequence is in agreement with that in chemical
experimental system.® The kinetic data, that is, ky and

of PtzNH (6.0x 10*°M's7!, 8.8x10°M!s!), dem-
onstrating that the ability of PozNH either to trap initi-
ating radical (R) or to inhibit propagating radical
(LOO) is stronger than that of PtzZNH.® Thus, it is rea-
sonable to understand that antioxidant activity of
PozNH in AAPH-induced hemolysis is higher than
PtzNH. Moreover, the N atoms locating in middle ring
in PozNH, IsbNH, and PtzNH are the secondary amine,
leading to the observation that middle ring is not planar.
Once they form radicals, the whole molecule will locate

Table 1. Inhibition periods of Ar,NHs used individually in the AAPH-
induced hemolysis of human erythrocytes

Antioxidant Concentration (uM) fag (Min) tinn (Min)
CazNH 0 197 0
6.17 265 68
9.26 298 101
12.3 327 130
15.4 364 167
20.6 406 209
DpaNH 0 233 0
3.00 257 24
6.00 346 113
9.00 400 167
12.0 458 225
15.0 489 256
PozNH 0 187 0
9.27 345 158
10.8 379 192
124 425 238
13.9 461 274
15.5 509 322
IsbNH 0 212 0
8.26 264 52
12.4 297 85
16.5 333 121
20.7 365 153
24.8 381 169
PtzNH 0 211 0
20.3 275 64
30.5 330 119
37.3 368 157
50.8 408 197
61.0 451 240
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Table 2. The quantitative relationships between #,, and concentrations of Ar,NHs

Antioxidant tinh = (n/Ry)[concentration (uM)] + B* n° Correlation coefficient
PtzNH tinn = 4.02[PtzNH] — 4.27 2.58 0.9934
IsbNH tinh = 7.14[IsbNH] — 1.69 4.58 0.9963
CazNH tinn = 10.2[CazNH] + 3.72 6.56 0.9985
DpaNH tinn = 18.5[DpaNH] — 7.83 11.9 0.9901
PozNH tinn = 20.3[PozNH] — 11.9 13.0 0.9911

#The slope in the equation means n/R;. When TocH is assigned to be the reference antioxidant and its n is taken as 2, resulting in R; = 0.641

pM/min,'” the n of other antioxidants can be calculated by the slope x R;.

® iroett = 2.00, Brrom = 0.30, nye = 0.25, nyeqp = 1.11.77

at the same plane as Eq. 3 shows. Thus, the p orbital of N
will conjugate with the whole molecule, and its lack of
electron will be supplemented by the conjugation system.

ettt et
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As for DpaNH and CazNH, because of the lack of the
kinetic data (ki and ki), it is difficult to discuss the
SAR precisely, so this will be the topic of quantum cal-
culation in the future work.

2.2. The stoichiometric factors of Ar,NHs used together
with other antioxidants

Figures 2-5 outline the hemolysis curves of Ar,NH with
various concentrations mixed with different concentra-
tions of TroH, TocH, VC, and VC-12 in protecting
erythrocytes against AAPH-induced hemolysis, and #;,;,
in the presence of various concentrations of Ar,NHs
and other antioxidants are collected in Table 3.

Given Ar,NH and other antioxidants protect erythro-
cytes simultaneously, #,, should be affected by the
concentrations of Ar,NHs and other antioxidants.
Consequently, the relationship between ¢, and concen-
trations of Ar,NHs and other antioxidants should be
expressed by multiple linear regressive Eq. 4,'8

tmn = A[Ar,NH] + Blother antioxidants] + C  (4)

and is listed in Table 4. On the basis of R;= 0.641 uM/min,
the stoichiometric factors of Ar,NHs and other antioxi-
dants in this case, naong and Bgger, are calculated by
the corresponding coefficient X R;, and listed in Table
4, in which the data in parentheses are the n when the
compound is used individually (see Table 2).

As it can be found that na,ong and 7omer Vary remark-
ably though we have no reasonable explanation for so
large values, that is,npp.npg = 68.3 and npo,ng = —59.3
in the case of mixed usage with TroH, Table 5 indicates
the increase and decrease of stoichiometric factors of
Ar,NHs used with other antioxidants.

As can be seen in Tables 4 and 5, np,,nu decreases
to negative value in the mixed usage with other
antioxidants, revealing that the increase of the
concentration of PozNH cannot contribute positively

Table 3. Inhibition periods of Ar,NHs used in combination with
TroH, TocH, VC, and VC-12 in the AAPH-induced hemolysis of
human erythrocytes

Concentration Concentration of other 11,5 (min) #y,, (min)
of Ar,NH (uM) antioxidants (uM)

CazNH TroH

0 0 162 0
1.41 20.0 203 41
2.81 30.0 244 82
4.22 40.0 277 115
5.62 50.0 319 157
7.03 70.0 350 188
DpaNH TroH

0 0 156 0
3.00 40.0 248 92
4.00 50.0 305 149
5.00 60.0 357 201
6.00 70.0 413 257
7.00 80.0 448 292
PozNH TroH

0 0 168 0
5.8 40.0 238 70
6.76 50.0 298 130
7.73 60.0 369 201
8.69 70.0 425 257
9.66 80.0 489 321
CazNH TocH

0 0 222 0
14 1.93 254 32
2.8 2.89 294 72
4.2 3.86 327 105
5.6 4.82 361 139
7.0 5.79 389 167
DpaNH TocH

0 0 214 0
3.00 2.01 261 47
4.00 3.01 281 67
5.00 4.02 304 90
6.00 5.02 346 132
7.00 6.03 373 159
PozNH TocH

0 0 218 0
5.57 1.93 269 51
6.50 2.89 313 95
7.42 3.86 352 134
8.35 4.82 369 151
9.28 5.79 410 192

(continued on next page)
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Table 3 (continued)

Concentration Concentration of other 71,5 (min) #j,, (min) Concentration Concentration of other  fj,, (min) ¢y, (min)
of Ar,NH (uM) antioxidants (uM) of Ar,NH (uM) antioxidants (uM)
CazNH vC IsbNH TocH
0 0 170 0 0 0 189 0
1.41 20.0 202 32 4.38 49 256 67
2.81 30.0 239 69 6.57 6.54 287 98
4.22 40.0 260 90 8.76 8.17 349 160
5.62 50.0 297 127 10.9 9.81 369 180
7.03 70.0 315 145 13.1 13.1 401 212
DpaNH vC PtzNH TocH
0 0 165 0 0 0 200 0
5.00 40.0 282 117 8.46 3.27 235 35
6.00 50.0 331 166 11.3 4.90 270 70
7.00 60.0 360 195 14.1 6.54 298 98
8.00 70.0 398 233 16.9 8.17 320 120
9.00 80.0 425 260 19.7 9.81 345 145
PozNH vVC IsbNH vVC
0 0 167 0 0 0 206 0
5.89 40.0 217 50 2.00 20.0 240 34
6.88 50.0 251 84 4.00 30.0 276 70
7.86 60.0 282 115 6.00 40.0 333 127
8.84 70.0 317 150 8.00 50.0 394 188
9.82 80.0 339 172 10.0 60.0 428 222
CazNH VC-12 PtzNH vVC
0 0 195 0 0 0 229 0
3.30 4.00 252 57 8.94 30.0 241 12
4.95 5.00 273 78 11.9 40.0 282 53
6.60 6.00 2901 96 14.9 50.0 318 89
8.25 7.00 309 114 17.9 70.0 360 131
9.90 8.00 323 128 20.9 80.0 403 174
DpaNH VC-12 IsbNH VC-12
0 0 208 0 0 0 193 0
3.00 4.00 249 41 5.18 4.00 238 45
4.00 5.00 277 69 7.78 5.00 266 73
5.00 6.00 296 88 10.4 6.00 305 112
6.00 7.00 330 122 13.0 7.00 330 137
7.00 8.00 359 151 15.6 8.00 353 160
PozNH VC-12 PtzNH VC-12
0 0 195 0 0 0 185 0
6.21 4.00 238 43 7.68 4.00 194 9
7.24 5.00 311 116 11.5 5.00 221 36
8.27 6.00 348 153 15.4 6.00 245 60
9.31 7.00 403 208 19.2 7.00 262 77
10.3 8.00 439 244 23.0 8.00 276 91
IsbNH TroH
0 0 199 0
2.00 20.0 235 36
4.00 30.0 276 77 to the #;,,, whereas this negative effectiveness is rectified
6.00 40.0 371 172 by the other antioxidants since 7mer INCreases
?608 ;g'g jég ;38 significantly in this case. It can be understood from
‘ ' Scheme 1 that TocH traps LOO" directly to form Toc,
PZNH TroH then 'Toc' is repaired by PozNH. So, PozNH prolongs
0 0 162 0 the life span of TocH as that Toc" can be recycled by
8.94 40.0 244 82 intracellular VC."?
11.9 50.0 281 119
14.9 60.0 314 152 Contrarily, naong of CazNH, IsbNH, DpaNH, and
17.9 70.0 353 191 PtzNH increase, while 7., of TroH decreases in the
20.9 80.0 379 217

case of their mixed usage, implying that the mechanism
is opposite to that in Scheme 1 completely. So, Scheme 2
illustrates that Ar,NHs play a major role in trapping
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Table 4. The influence of the concentrations of Ar,NHs and other antioxidants on #;,,

Antioxidant tinn = A[Ar,NH] + Blother antioxidant] + C* NALNH notherb
CazNH + TroH tinn = 28.6[CazNH] — 0.18[TroH] + 3.07 18.3 (6.56) —0.12 (0.30)
IsbNH+TroH tinh = 45.4[IsbNH] — 2.62[TroH] — 6.05 29.1 (4.58) —1.68 (0.30)
DpaNH + TroH tinn = 106.6[DpaNH] — 5.58[TroH] 68.3 (11.9) —3.58 (0.30)
PtzNH + TroH tinn = 17.6[PtzNH] — 1.83[TroH] 11.3 (2.58) —1.17 (0.30)
PozNH + TroH tinh = —92.5[PozNH] + 15.2[TroH] — 0.04 —59.3 (13.0) 9.74 (0.30)
CazNH+TocH tinh = 22.4[CazNH] + 2.25[TocH] + 0.03 14.4 (6.56) 1.44 (2.00)
IsbNH + TocH tinn = 26.2[IsbNH] — 10.1[TocH] + 0.21 16.8 (4.58) —6.50 (2.00)
DpaNH + TocH tinh = —16.6[DpaNH] + 45.3[TocH] —10.7 (11.9) 29.0 (2.00)
PtzNH + TocH tinn = —5.07[PtzNH] + 25.3[TocH] —3.25 (2.58) 16.2 (2.00)
PozNH + TocH tinh = —2.76[PozNH] + 37.6[TocH] —1.77 (13.0) 24.1 (2.00)
CazNH + VC tinn = 24.9[CazNH] — 0.44[VC] + 4.77 16.0 (6.56) —0.28 (0.25)
IsbNH + VC tinn = 34.7[IsbNH] — 2.01[VC] 22.3 (4.58) —1.33 (0.25)
DpaNH + VC tinn = —17.9[DpaNH] + 5.32[VC] —11.5 (11.9) 3.41 (0.25)
PtzNH + VC tinn = —12.2[PtzZNH] +5.73[VC]-13.7 —7.80 (2.58) 3.67 (0.25)
PozNH + VC tinn = —36.8[PozNH] + 6.72[VC] — 0.01 —23.6 (13.0) 4.31 (0.25)
CazNH + VC-12 tinn = 3.21[CazNH] + 12.3[VC-12] 2.06 (6.56) 7.90 (1.11)
IsbNH + VC-12 tinn = 0.76[IsbNH] + 18.0[VC-12] — 7.44 0.19 (4.58) 11.6 (1.11)
DpaNH + VC-12 tinn = 69.2[DpaNH] — 41.9[VC-12] 443 (11.9) —26.9 (1.11)
PtzNH + VC-12 tinn = 9.02[PtzNH] — 14.0[VC-12] 5.78 (2.58) —8.94 (1.11)
PozNH + VC-12 tinn = —69.6[PozNH] + 121.4[VC-12] —44.6 (13.0) 77.8 (1.11)

3R, =0.641 uM/min."”

®Data in parentheses are the n when the antioxidant is used individually, see Table 2.

Table 5. The increase (1) and decrease (|) of stoichiometric factors of
Ar,NHs in the case of mixed usage with other antioxidants

CazNH IsbNH DpaNH PtzNH  PozNH
TroH 1 7 7 7 1
TocH 1 1 l l !
vC 1 1 1 ! !
vC-12 | ! T T !
O,
Re LH AH= TroH, TocH, VC and VC-12
ROOH LOO - X AH Y PozNe
LOOH Ae PozNH

Scheme 1. The interaction between PozNH and other antioxidants.

0,

Re LH Ar,NH= CazNH, IsbNH, DpaNH, PtzNH

LOOH Ar,Ne TroH

Scheme 2. The interaction between TroH and Ar,NH.

ROOH

LOO, then Ar,N" is recycled by TroH, and the life span
of Ar,NH is prolonged by other antioxidants.
3. Conclusion

In conclusion, the present findings reveal that Ar,NHs
function as efficient antioxidants in protecting human

erythrocytes against AAPH-induced hemolysis, in which
the activity sequence is PozNH > DpaNH > CazNH >
IsbNH > PtzNH. Moreover, they exhibit higher activi-
ties when it was used together with TocH, TroH, VC,
and VC-12 in this experimental system. But the values
of stoichiometric factors of either Ar,NHSs or other anti-
oxidants vary remarkably compared with those of indi-
vidual usage, demonstrating that a strong interaction
between Ar,NHs and other antioxidants exists in their
combinative usage. These findings may be useful for
the development of agents for various ROS-mediated
diseases in vivo.

4. Materials and methods
4.1. Materials

Human erythrocytes collected from healthy volunteer
donors were provided by Red Cross Center for Blood,
Changchun, China. After washing three times with phos-
phate-buffered saline (PBS: 150 mM NaCl, 8.1 mM
Na,HPO,4, 1.9 mM NaH,PO,, and 50 uM EDTA, pH
7.4) to remove the residual plasma, the erythrocytes were
centrifuged at 1700g for exactly 10 min to obtain
compact erythrocytes for experimental use.?’ 2,2'-
Azobis(2-amidinopropane dihydrochloride) (AAPH),
Trolox, and a-tocopherol were purchased from Aldrich,
and carbazole, iminostilbene, diphenylamine, phenothia-
zine, and phenoxazine were from ACROS. VC was from
Shenyang Chemical Ltd Co. China, and VC-12 was
synthesized following the literature.?!

Water-soluble compounds, that is, AAPH, VC, and
Trolox, were dissolved in PBS directly. Liposoluble
compounds, that is, a-tocopherol, VC-12, and Ar,NHs,
were dissolved in dimethylsulfoxide (DMSO) as the
stock solution. It was worthy to point out that the same
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Figure 1. Hemolysis curves of human erythrocytes (3.0% suspension in PBS, pH 7.4) initiated by AAPH (30 mM) at 37 °C in the presence of
carbazole (a), iminostilbene (b), diphenylamine (c), phenothiazine (d), and phenoxazine (e) with various concentrations as the inset shows.

amount of DMSO (less than 1.0% to the total volume of
hemolysis mixture) was contained in all the experiments
in order to avoid its influence on the hemolysis.?

4.2. Expression of hemolysis process by Boltzmann
equation

The hemolysis experiment followed the description
given in the literatures.”%2>23 In brief, antioxidant

stock solution and AAPH solution (30 mM as the final
concentration) were added successively to the 3.0%
erythrocyte suspensions in PBS (v/v). Then, the above
mixture was put into a 37 °C thermostatic bath to
initiate the hemolysis. Aliquots were taken out from
the above mixture at appropriate intervals and centri-
fuged at 1700g for 5Smin to obtain the supernatant.
Then the absorbance of the supernatant was determined
at 540 nm.'"” Therefore, the hemolysis process can be
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Figure 2. Hemolysis curves of human erythrocytes (3.0% suspension in PBS, pH 7.4) initiated by AAPH (30 mM) at 37 °C in the presence of
TroH + CazNH (a), TroH + IsbNH (b), TroH + DpaNH (c), TroH + PtzNH (d), and TroH + PozNH (e) with various concentrations as the inset

shows.

illustrated by the relationship between the absorbance
at 540 nm (A4) and the incubation time (¢) as shown in
Figures 1-5 (vide post), in which all the 4 values were
the average ones from three independent measurements
within 10% experimental error.

The hemolysis curves in Figures 1-5 can be expressed by
Boltzmann equation,??

A= (Ainitial - Aﬁnal)/(l + e([ﬂlagvdt) +Aﬁnal (5)

where Ajpiia and Agp, refer to the absorbance at the
beginning and end of the hemolysis, #,, stands for the
time when erythrocytes reach the 50% hemolysis. So
the #1,, involves the period when hemolysis does not take
place, and the influence of the antioxidant on the hemo-
lysis rate.
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Figure 3. Hemolysis curves of human erythrocytes (3.0% suspension in PBS, pH 7.4) initiated by AAPH (30 mM) at 37 °C in the presence of
TocH + CazNH (a), TocH + IsbNH (b), TocH + DpaNH (c), TocH + PtzNH (d), and TocH + PozNH (e) with various concentrations as the inset

shows.

4.3. The calculation of the stoichiometric factor () based
on chemical kinetic deduction

The kinetic process of free-radical-induced peroxidation
of linoleic acid (LH) in mimic biomembrane, as the fol-
lowing scheme shows,?>*2° has been applied for AAPH-
induced peroxidation of human low-density lipoprotein
(LDL)?%28 and erythrocytes successfully.?!7-18

R N=NRZ2R +N,+(1-g)R—R  (6)

R +0, — ROO" (7)
ROO" + LH % ROOH + L (8)

where ¢ is designated to phase-transfer efficiency to
reveal the efficiency of ROO" to transfer into the
membrane.'® Then ROO" attacks LH in membrane
(Eq. 8) by a real initiating rate, R;. Thus, ¢ = Ri/R, im-
plies that not all the ROO" derived from the decomposi-
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Figure 4. Hemolysis curves of human erythrocytes (3.0% suspension in PBS, pH 7.4) initiated by AAPH (30 mM) at 37 °C in the presence of
VC + CazNH (a), VC + IsbNH (b), VC + DpaNH (c), VC + PtzNH (d), and VC + PozNH (e) with various concentrations as the inset shows.

tion of AAPH can initiate the radical-propagation, as
Eqgs. 9 and 10 show.

fast

LOO" + LH 2 LOOH + L- (10)

With an antioxidant (AH) added in the above reaction
system, it interacts with LOO" to form an antioxidant
radical (A") (Eq. 11), and A" couples with LOO" so rap-

idly to form a nonradical product (LOOA) (Eq. 12),
thus the peroxidation of LH can be inhibited efficiently.

LOO" + AH"™ LOOH + A’ (11)
LOO + A LOOA (12)

The treatment of Eqs. 6-12 by the steady-state kinetic
deduction yields the correlation of R; with the
concentration of AH and the inhibition period, #j,n,'!
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Figure 5. Hemolysis curves of human erythrocytes (3.0% suspension in PBS, pH 7.4) initiated by AAPH (30 mM) at 37 °C in the presence of VC-
12 + CazNH (a), VC-12 + IsbNH (b), VC-12 + DpaNH (c), VC-12 + PtzNH (d), and VC-12 + PozNH (e) with various concentrations as the inset

shows.

Ri = (l’l[AH])/l‘inh (13)

which can be expressed as the f,, ~[AH] equation
equivalently.

tin = (n/R;)[AH] (14)
The n stands for the stoichiometric factor, meaning the
number of LOO" trapped by each AH molecule in a
chemical reaction system. Given the R; is known, the n

value of an antioxidant can be obtained by the corre-
sponding relationship of #;,;, ~ [AH]. Nevertheless, it is
difficult to determine R; directly. TocH is generally
selected to be the reference antioxidant whose n value
is always taken as 2.!%'® Consequently, R; can be calcu-
lated via the equation of #,, ~ [TocH]. Then, n of other
antioxidants can be obtained via the corresponding
tinn ~ [AH]. We have applied Eq. 14 for AAPH-induced
hemolysis of human erythrocytes to investigate the
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antioxidant activity of hydroxyl Schiff bases.?®!”-!8 The
n obtained from the complicated erythrocytes system
cannot be related to the number of peroxyl radical
trapped by an antioxidant as in simple chemical experi-
mental system, hence, the 7 is a relative value compared
with 2 of TocH to exhibit the antioxidant capacity.

4.4. Statistical analysis

All the quantitative relationships involving Boltzmann
equations and f#,, ~[AH] equations were performed
statistically by one-way ANOVA using Origin 6.0 pro-
fessional Software, and P < 0.001 indicated a significant
difference.
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