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Scavenging effect of chinonin on free radicals 

studied with quantum chemistry1 
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AⅡ讧．T0 study whether"the xanthonoid structure Call 

enhancethe ability of chinon into scavengefree radicals 

and to understand the sequence of acdvity of chinenin 

hydroxyls． METHODS： Semiempifical quantmn 

chemistry method 舢 was employed to calculate 

△ HOF values． the di岱强∞∞s between heat of 

formations ofmothermo leculeanditsfree radicals，and 

spin density distribation  ofdiffel*erl~s扫地 of chin~min． 

△ HoF value6 we used 雒 theoretical indices to 

measlⅡe scavenging activity of chinonin onfree radicals 

and effects of s~ cture on A HoF values were 

investigated． RESI】IfTS：△ HOF value6 of diffel'~nt 

phenolies weiig calculated to be 139．O9 kJ·mo l一 (05 

一 H6)，141．46 kJ·tool。。(04一H5)，185．14 kJ· 

molI1(O2一H2)and 195．71 kJ·mol (Ol—H1)． 

Spin density distribution of free radicals were obtained 

as well O0lNCI Is10N!Xanthonoid s~ cture of 

chinoninmade ring Ctodisplay high passive effect on 

ring B，which reduced scavenging activity of phenolics 

ofiing B on free radicals． The sequence of activities 

of chinonin hydrox~ls was 05 一 H6> 04 一 H5> 

02一H2>Ol—H1． 

Chinonin is an active iple of Anemarrhena 

asphodeloides Bunge．atraditional Chille~ drug and a 
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ilew type of xanthonoid antioxid~at pmved  by 

ex0efimental and theoretical studyu-3]． In a broad 

sense．xanthonoids belong to 11-known flavon oidsL ． 

Butthey show muchdiffetETicehi the slructures．asring 

B and ring C of xanthondids afeinbetter cor~iugafion． 

Judgmg from structure．chinen in is similar to othcJr 

phenolic andoxidants that they fire all through H- 

曲stmcdon reaction of hydroxyls and generating 

semiquinonoid free radicals to 

break the chaill reaction and display antioxidant 

activity． Inferredfrom wel1．known stabilization．rule of 

free radicals， semiquinonoid free radicals of 

xanthonoids will be  rnme stabilized owing to better 

conjugation between ring A，B， and C． So， 

scavenging activity of chinohin on free radicals will be 

higher than that of other flavon oids． However， 

structure-activity relationships(SAP-)of tocopherdiic 

antioxidants indicated that electron-withdrawing groups 

would enhance the bond strength of 0 一H．and reduce 

its scavenging activity onfree radicals ． ObviousJy， 
ring C of x．antho~ ds possesses fairly strong electron— 

withdrawing ability，which apparently results in that 

whether conjugation between iing B and C is good to 
enhaDce chinonin andoxidant acdvity carl not be 

determined simply by the well-known  role of free 

radical stabilization． But this is very important hi 

mv~figating chinonin pharmacological mechanism and 

evaluatingits medical potentia1． Hence，semiempirical 

quantmn chemistry method AM 1 was employed to 

calculate and mv~figate the influence of xan~ oid 

stmettlre on chinonin activity of scavenging free 

radicals，andthe sequence of~tifity ofhydroxylswas 

revealed as wel1． 

Determination of theoretical Imranleter 

The diffei~nce of heat of formation between mo ther 
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Center ofrayonoids 

molecule and its free ladica1．△ H0F， was the best 

theoretical index to meaSlll~ the scavenging 曲mtvL ． 

Low AH0F indicates weaker strength of O — H and 

more stabilized semiquinonnld free radical， 

correspondingly． the antioxidants ale rn0Ie active 

After COlilptlrison of many indices representing b0 

strength，’such as bond order，bond length， cha／~ge 

difference be1ween oxygen and hyarogen，an d ／',HOF 

value．we found that AH0F WaS indegd the best 

then retical index toⅡKa吼 bo nd strength ofO —H． 

Although／"HOF
．

was only athermodynamic parameter 

and kinetic process was out of consideration， 

calculation on△ m F of 13 antioxidants indicated that 

there was a very good correlafionship between△ H0F 

and logarithm of their relative rate constant of 

scavenging free radicals ： lgk3／kl 14．6491 — 

0．o9s5△ H0F． r= 0．949． “ is rate constant of 

an tioxidant to scavenge lipo—oxygenic free radical of 

methy1 linoleate，and k1 is rate constant ofthe radical 

reacting with UDid【 AHOF was usedas theoretical 

parametermeasuring scavengingactlVlty ot ctunonm- 

Seketion of calculation method AM1 

methed was emplo5，edto calculate△ HoF values．as it 

w&s better than other sende mpLrical methods．such as 

MNDO and PM3 L6J
．
rnle procedure was as follows 

First．molecularmechanic method IVIMXL in program 

PCM旧 删  was used to optimize the molecular 

structol'esand then AM1 in ～虻IPAC7 was employed 

to calculate the theoretical parameter Heat of 

fonnation ofmothermolecule and the state of removing 

phenolic H were obtained to calculate Am F． T0 

comt~'e with each other mother molecules and free 

radicalswere all calculated usingKHF(restricted Hartree 

Fuck)． AHOF values obtained by this method were 

almost equal to that firstly calculated bv U 

{uuresIricted Hartree Fock)and then calculated by a 

lSCF resIricted Open slleU(ROHF)La．． But this 

method was easier to be seIf consistent． As the 

glucose substituted in position is hardly conjugated 
wi山 ring A，B，an d C，and glucose only possesses 

very weak electron—donating effect， it has little 

influence on scavenging activity of chinonin and is 

omiUed in calculation． 

Infl~ e of xmathonoid strlleture on free 

radical scavenging activity of chinonin z~．HOF 

values of 4 hydroxyls of chinonln were calculated and 

tistedinT曲 1． It Call befoundthatA HOlF values of 

OHs in ring A were approximately 190 kl‘mol_。， 

similarto the values ofotherflavonoids But AH0lF 

values of OHs in ring B were about l4o El·illol一 ． 

when inwamolecular hydrogen b0 (Ⅱ毋)is formed 

Considering the corresponding values offlavonoidswere 

about133 El·mol一 andthe values ofcatecholic phenol 

was 132 El-mol一 L川J． we  found that decIron- 

withdrawing propeay of ring C of chinonin 

appmximately made z~HOF values ofOHs in ring B 8 

kJ·mol_。higher．which indicated that ring C indeed 

reduced the scavenging activi~ of OHs in ring B 

According to the linear equation between △ H0F and 

lgk3／kl，k3／klofOHsin ring B couldbe calculatedto 

be l9．02． However，k／k1 offlavonoids with Am F 

133 kJ·inol_。was 88．63 and ／k1 of typical 

flavonoids were about 50— 100 “ SO．scavenging 

activity of chinoninwasfairlylow c0mD删 with other 

flavonoids(T曲 1)． 

Sequence of activity of chinl~lJlll hydroxyls 

11he sequence of activity of chinonin 4 hydroxyls was 

05一H6>04一H5>()2一H2>ol—H1(Tab 1)． 

In the scavenging process，two OHs of ring B Callbe 

stabifized by forming 亚m after H-abstraction reaction 

(Fig l—I)，sothey were more active than OHs in 
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Tab 1． HOF and AHOF values 【kl-tool ) of 

cbil砌Ⅱ_m 

HOF——Heat offommlioqn；lib——Hydrogen bondisformed； 

NHB—Hy&ogen boadisilotformed 

ring A． However．calculations oil O他 of ring B that 

no hyarogen b0nd was formed(Fig 1一III)indicated 

that although ⅡIB indeed had a stabilizing effect oil 

serniquinonoidfree radicals，ard hydrogen bond energy 

could be estimated as 17 kJ·mol一 from diffei~nce 

between△ H0F values ofthe two states．OHs of ring 

B were still more active thall O of ring A even 

though hydrogen b0nd was not formed． n  △ 肿 F 

values of ring B without IHB were sfill 30一加 kJ· 

mol～ lowerthallthat ofringA． 1he reasonwas that 

semiquinonoid free indical of the former state COIlld 

fo1Tn ortho bezoquinone strtacalre thrOll曲 re Ⅺ1anc0 

(Fig l一Ⅱ，Ⅳ j and made unpaired electron well— 

dislributed， especially on neighbor oxygen， which 

擞  RH 

reduced the internal energy and made the free indical 

stabilized． Obviously，serniquinonoid free indical of 

ringA had no similarmechanism． Tlab 2indicated that 

when semiquinonoidfreeindical ofringA was fonned， 

spin density distributed oil another oxygen was about 

only 0．0OO5，but the corresponding data of ring B w 

O．09 and 0．05． much higher thaIl the fol-ll／ei" 

Meanwhile．it COUId be found that whetherⅡ{B w'as 

form ed o1"not had little influence oil spin density 

dismbution．which suggested that there were 2 f c 0rs 

in stabilizing sermquinonoid free radicals of ring B 

First， IHB was formed． Second， b quinone 

sⅡ1 n Was formed， and spm density was well- 

dismbuted． In addition．the two fac w￡r℃ almost 

independent of each other (Fig 1，Tab 2)． 
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知母宁清除自由基作用的量子化学研究 

选丝面：． 山东师范大学生物系，动 学 

省重点实验室，济南250014，中国) 977 

关键词 知母宁 

目的：研究知母宁的咄酮结构是否有利于提高其 

清除自由基活性并探讨知母宁酚羟基活性的顺序． 

方法：用半经验量子化学方法AM1计算出知母宁 

不同状态的AHOF值(母体化合物与其自由基生成 

热之差)和电子自旋密度分布，以／XHOF值作为衡 

量知母宁清除自由基活性的理论指标，观察结构 

因素对／XHOF值的影响 结果：计算得出不同酚 

羟基的／XHOF值为 05一H6：139．09 ld-mol ；04 

一 H5： 141．46 ld -mol～ ；0'2 — 1-I2： 18．5．14 ld - 

tool ；O1一H1：195．7l ld-mol～，同时得到自由 

基的自旋密度分布． 结论：知母宁的9山酮结构使 

c环对 B环有较强的钝化作用，降低了 B环酚羟 

基清除自由基的活性．知母宁酚羟基活性的顺序 

为O5一H6>04一H5>02—1-I2>Ol—Hl 
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