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Scavenging effect of chinonin on free radicals

studied with quantum chemistry!

ZHANG Hong-Yu® { Department of Biology, Provincial Key Laboratory of Animal Resistance Biology

Shandong Teachers” University, Ji-nan 250014, China)

KEY WORDS
aided design

chinonin; antioxidants; computer-

ABSTRACT

AIM: To study whether the xanthonoid structure can
enhance the ability of chinonin to scavenge free radicals
and to understand the sequence of activity of chinonin
hydroxyls. METHODS: Semijempincal gquanfmm
chemistry method AMI1 was employed o calculate
AHQOF values, the differences between heat of
formations of mother molecule and jts free radicals, and
spin density distribution of different states of chinonin.
AHOF values were used as theoretical indices to
measure scavenging activity of chinonin on free radicals
and effects of swuctre on AHOF values were
investigated. RESULTS: AHOF values of different
phenclics were calculated to be 139.09 kJ-mol~' (05
-H6), 141.46 kJ-mol~' (04 - H5), 185.14 kJ -
mol {02 — H2) and 195.71 kKJ-mol ' (O1 - H1).
Spin density distributton of free radicals were obtained
as well. CONCLUSION: Xanthonoid structure of
chinonin made ring C to display high passive effect on
ring B. which reduced scavenging activity of phenolics
of ring B on free radicals. The sequence of activities
« of chinonin hydroxyls was 05 - Ho > 04 - 15 >
02-H2>0l1-HI.

'INTRODUCTION

Chincnin is an active principle of Anemarrfiena
asphodelpides Bunge, a traditional Chinese drug and a
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pew type of =xanthonoid anticxidant proved by
experimental and theoretical study''~*’. In a broad
sense , xanthonoids belong to well-known flavonoids'¥ .
But they show much difference in the structures, as ring
B and ring C of xanthonoids are in better comjugation.

Judging from structure, chinonin is similar to other
phenolic antioxidants that they are all through H-
abstruction reaction of hydroxyls and generating
resonance-stabilized  semiquinonoid free radicals 1o
break the chain reaction and display antioxidant
activity. Inferred from well-known stabilization-rule of
free radicals, semiquinonoid free radicals of
xanthonoids will be more sabilized owing to better
conjugation between ring A, B, and C. So,
scavenging activity of chinonin on free madicals will be
higher than that of other flavonoids. However,
structure-activity relationships { SAR ) of tocopherolic
antioxidants indicated that electron-withdrawing groups
would enhance the bond strength of O—H, and reduce
its scavenging activity on free radicals™®’ . Obviously,
ring C of xanthonoids possesses fairly strong electron-
withdrawing ability, which apparently results in that
whether conjugation between ring B and C is good to
enhance chinonin antioxidant activity can not be
determined simply by the well-known mle of free
radical stabilization. But this is very important in
investigating chinonin pharmacological mechanism and
evaluating its medical potential. Hence, semiempirical
quantum chemistry method AMIl was employed to
calculate and investigate the influence of xanthonoid
structire on chinonin activity of scavenging free
radicals, and the sequence of activity of hydroxyls was
revealed as well.

METHODS

Determination of theoretical parameter
The difference of heat of formation between mother
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molecule and its free radical, AHOF. was the best
theoretical index to measure the scavenging ability'®’.
Low AHOF indicates weaker strength of O — H and
more  stabilized  semiquinonoid  free  radical,
correspondingly, the antioxidants are more active.
After comparison of many indices representing bond
strength, -such as bond order, bond length, charge
difference between oxygen and hydrogen. and &AHOF
value, we found that AHOF was indeed the best
theoretical index to measure bond strength of O - H.
Although AHOF was only a thermodynamic parameter
and kinetic process was out of consideration,
calculation on AHOF of 13 antioxidants indicated that
there was a very good correlationship between &HOF
and logarithm of their relative rate constant of
scavenging free radicals'®; lgky/k; = 14.6491 -
00055 AHOF, r = 0.949. L, is rate constant of
antioxidant to scavenge lipo-oxygenic free radical of
methyl linoleate, and &, is rate constant of the radical
reacting with lipid ™). AHOF was used as theoretical
parameter measuring scavenging activity of chinonin.
Selecton of calculation method AMI1
method was employed to calculate & HOF values, as it
was better than other semiempirical methods, such as
MNDO and PM3'®) | The procedure was as follows.
First, molecular mechanic method MMX'® in program
PCMODEL was used to optimize the molecular

structures and then AM1-*) in MOPAC7 was employed
to calculate the theoretical parameter. Heat of
formation of mother molecule and the state of removing
phenolic H were obtained to calculate AHOF. To
compare with each other mother molecules and free
radicals were all calculated using RHF{ restricted Hartree
Fock). AHOF values obtained by this method were
almost equal to that firstly calculated by UHF
{ unrestricted Hartree Fock) and then calculated by a
1SCF restricted Open Shell { ROHF )% . But this
method was easier to be self consistent. As the
glucose substituted in position C. is hardly conjugated
with ring A, B, and C. and glucose only possesses
very weak electron-donating effect, it has linle
influence on scavenging activity of chinonin and is
omitted in calculation.

RESULTS AND DISCUSSION

Influence of xanthonoid structure on free
radical scavenging activity of chinonin AHOF
values of 4 hydroxyls of chinonin were calculated and
listed in Tab 1. 1t can be found that 2AHOF values of
OHs in ring A were approximately 190 kJ * mol~!,
similar to the values of other flavonoids. But AHOF
values of OHs in ring B were about 140 kJ*mol ™!,
when intramolecular hydrogen bond { [HB) is formed.
Considering the corresponding values of flavonoids were
about 133 kJ-mol ! and the values of catecholic phenol
was 132 kI * mol"""™ . we found that electron-
withdrawing property of ring C of chinonin
approximately made £HOF values of OHs in ring B 8
kJ- mol~! higher, which indicated that ring C indeed
reduced the scavenging activity of OHs in ring B.
According to the linear equation between SHOF and
lgka/ky . ka/kyof OHs in ring B could be calculated to
be 19.02. However, ky/k; of flavonoids with & HOF
133 kJ - mol™' was 88.63 and ky/k; of typical
flavonoids were about 50 — 100 7).  So. scavenging
activity of chinonin was fairly low compared with other
flavonoids (Tab 1) .

Sequence of activity of chinonin hydroxyls
The sequence of activity of chinonin 4 hydroxyls was
05-H6>O4-H5>02-H2>01-HIl {Tab 1).
In the scavenging process. two OHs of ring B can be
stabilized by forming [HB after H-abstraction reaction
(Fig 1-1), so they were more active than OHs in
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Tab 1. HOF and AHOF values (k] - mol~!} of

HOF AHOF
Chinonin - T67.97
—Hl —572.26 195.71
-H2 - 582.43 185.14
HB - 026.51 111.46
-Hs
NHB —-008.21 159,76
HB - 628.88 139.09
—Hs
NHE -6l12.(4 155.93

HOF - Heat of formation; HB — Hydrogen bond is formed;
NHE — Hydrogen bond is not formed.

ning A. However, calculations on OHs of ring B that
no hydrogen bond was formed (Fig 1 - ) indicated
that although IHB indeed had a stabilizing effect on
semigquinonoid free radicals, and hydrogen bond epergy
could be estimated as 17 kJ - mol™' from difference
between AHOF values of the two states, OHs of ring
B were still more active than OHs of ring A even
though hydrogen bond was not formed., The AHOF
values of ring B without THB were still 30 - 40 kJ -
mol ! lgwer than that of ring A. The reason was that
semiquinonoid free radical of the former state could
form orthe bezoquinone structure through resonance
(Fig 1 - II, IV) and made unpaired electron well-
distributed, especially on peighbor oxyger, which

Glu

OO0 M

Glu

reduced the internal energy and made the free radical
stabilized. Obviously, semiquinonoid free radical of
ring A had no similar mechanism. Tab 2 indicated that
when semiquinonoid free radical of ring A was formed,
spin density distributed on another oxygen was about
only 0.0005, but the corresponding data of ring B were
0.0% and 0.05, much higher than the former.
Meanwhile, it could be found that whether IHB was
formed or not had little influence on spin density
distribution, which suggested that there were 2 factors
in stabilizing semiquinonoid free radicals of ring B.
First, THB was formed. Second. bezoguinone
stucture was formed, and spin density was well-
distributed . In addition, the two factors were almost
independent of each other (Fig 1, Tab 2).
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Fig1l. Scanvenging effects of chinonin on Free radicals.
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Tab 2. Spin density distribution of free radicals of chinonin.
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ol 0.1390 0. 0004 0.0011 0.0012 0.0003 0.0003
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T RREHAHOF (KL EH S HE B EE A
P Z)HRTFHEEE T, LMIAHOFEEAE
BHEBTHERAOZEEHIERER, WESHY
E#EWAHOFEKR M. HR. HTHEL AFE
BEMAHOF H% 05— Hb: 139.09 K mol™!'; O4
-H5; 141.46 KJrmol™'; O2 - H2: 185.14 KJ -
mol "'y O1-Hl1: 195.71 kI'mol !, [F8f {358 A
RO EREE W, ik, W8T HAIMRE a6
CH¥ BHAHKBRMELER. KT BH&HR
EFRAGRENEE. TETREESENEF
4 05-Ho>04—H5>02-H2>01-HI.
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