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ABSⅡUL(=T 

A皿讧·T0 verify the effectiveness of sl~'acllli'e—activity 

relationship(SAR)andtheoretical caicuhtionmethods 

for antioxidants． 咂lTI加岫S!Preliminary elucida． 

tion onthedlfferences of activities of5 antioxidantswas 

performed by SAR． Then semiempiricai quantum 

chemistrymethodAMl was employed to calculate the 

△H0F vallie． the diffemnce between the heat of 

formation ofantioxidant andi乜 free radlcai．which was 

used as a 吐leoretical ~ et．er to elucid,~e the 

differences of activities ofthe antioxidantsthoroughly． 

RESUI S． △H0F values of antioxidants were 

obtained as follows：femlic acid，150．船 kJ·mol ； 

anion of ferulic acid． 122．64 kJ·mo1。。： modified 

fendic acid． 137．70 kJ·mol一 ： anion of modified 

ferufic acid．1l8．99 kJ·mol_。：salvianic acid，134．17 

kJ·mol_。： mtin， 137．83 kJ·mol一 ： L—EGCG， 

124 39 kJ·mol_。：paeono1．176．79 kJ·mol-。． 1he 

di仃ererlces ofthe antioxidant activities were elucidated． 

and howtofurther enhancethe antioxidant activity was 

investigatedas wel1． Co】 工US10N：The SAR and 

calanlationmethods are rather effectiveto elucidztethe 

differences of antioxidant activities，and present solne 

new clues for structural modification of antioxidants to 

incn强setheir activities 
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D TRoDUCⅡON 

Since flee radicals play impogalat mles in food 

oxidmion arid Callinducemany diseases，much attention 

have been paid on sel~ting cheap and low toxic 

antioxidantsLl， Pieliminary structm'e-activity 

relationship(S for ptlenoficantioxidants have been 

achiev0d【3,4一． Meanwhile．theoreticai methods．such 

as quantunl chemistry calculations，have been provento 

he very efficient to predict the activities of 

antioxidants ‘ ． In fact．SAP．for tocopherolic and 

flavonoid antioxidants have been explained successfully 

bytheomticai r鹊u1tsL3,6j
．
andtheomticai investig撕ons 

on the difference between activities of xanthonoid and 

flavonoid antioxidants afe aiso significant~ T0 

verify flllther the effectiveness of SAR and theoretical 

methods，the experimentaldlfferences ofactivities of 5 

phenolic antioxidants，such as femlic acid (FA)， 

salvianic acid A (SAA)，mtin，L·epigailocmechin 

gailate (L—EG。G． main ingredient of gl31~n tea 

pelyphenols)， and paeonol was investigaled and 

elucidated in this study． 

MATERIAI S AND 衄 l0DS 

Firstly． SAR was used to give a preliminary 

elucidation of the differences of antioxidant activities ． 

Secondly，semiempirical Quantum chemistry me thod 

AM1 was employed to give an accurate calculation． 

Former studies indicated 吐lat△H0F value．the 

diffel~flce ofthe heat of formation(H0F J between the 

mother molecule and its free radical， was the best 

parameter to represent the activity of phenolic 

antioxidants to scavenge flee radlcals J． The 1ower 

the △HOF．the more stable the semiquinonoid flee 

radlcai was， and the more active the antioxidant． 
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paralTlet~r． bec|duse AM1 was better than other 

semiempirical methods such as MNDO and P B ．n 

calculating &HOF、 ． Heats of formation of the 

mothermolecules andthe stalesof removing phenolieH 

were obtained to calculat~ △HDF． Mother rnolecules 

and flee radicals were calculated bv RHF 

(restricted Hamee Fock) △HOF values obtained by 

thismethod 桃 almost equal协 thosecalculatedfu-stly 

by Ul (units cted Hartree F0ck)and then calculated 

by a 1S(1F restrictedOpen Shell(RoHF)L=jJ． But血is 

methodwas easierto be self-consistent 

A1l calculatiom were carried out by _龃 IBM P(= 

with a pentium  ̂ 166MHz pr~essor． 

o、H 

liESUILIPS AND DISCUSSION 

EGCG 

Altl~ugh△H0F was only a thermodynamic parameter． 

there was a good correladonship between △HoF and 

lgk3／kl： lgk3／kl= 14．64．91— 0．0955 ~XI-IOF， r= 

0．949l L ．inwhich．k3／klwas relative rate constant of 

ar~tioxidants to scavenge free radical of methyl 

linoleate． Therefo~，we calculated△H0F values of 

aforementioned antioxidants and used tI values to 

detemline the antioxidant activities．since scaven~ g 

free radical djmctly throu hydroxyl was the most 

ir~ rlaritineallsin antioxidantiIle~ snas． 

The DIoOedure was as follows． Molecular 

mechar~ method MMXL was used to optimize the 

molecular structtm~ p~liminarily， and then semi— 

empirical method AM1 was employed to perform a 

complete geometry optimization and calculate the 

Elucidation by sAR Experimental results 

indicated 山al FA was the m0st active one in 5 

antioxidants，SAA，radn，and L．EGCG were similar 

to one another，and 血e activity of paeonol was the 

lowestt10 
．  From the observation of the molecular 

smlcn ， SAA， mfin， and L—EGoG aⅡ ∞ ssess 

cateclmfic or pyrogallolic hyda'oxyls Fo／rrler 

exD日imeI】矗 and theoretical calculations have all 

indicated that tI two kinds of hydroxyls were very 

active to scave~Ige flee radicals ‘ ， besides． 

pymgallolic —OH was more active than catecholic 

—

OH ． 11lel~ltN3nforthe phenomenon is．f~tly． 

that tIle semiquinonoid free radlcals of山e molecule 

pmduced after H—abstraction can be stabilized by 

forming anIn缸arn0l0：ul赶 hydrogenNmdwi血 一oH aI 

or~ho position(Fig 1-I) Secondly，it is because the 

semiquinonoid flee radicals can form O．be~ luinonoid 

snl】ctu through re )Ila (Fig 1-1I)，which also can 

stabilize the radical in a o目 degree． Obviously． 

paeonol has only one —OH．andits seraiquinonoidfree 

l'adical can oot be stabilized by 1he two meehamsrns 

above-mentiened In this sense． its activity is the 

lowest． Howevgr，it’S rather complicatedto elucidate 

the hi曲 activity of FA． According to the existLng 

theory ．一OCI-I3 at or~ho positionwill stabilize tbe 

semiquinonoid free radical of FA， but the 

in~molecular hyda'ogen bond between —OH and 

一 呱 ，and the slight electron—attr~ctmg ability of 

— CH=CHc00H will decrease FA scavenging acfivity 

on free radicals， S0，ifwe ol3lytaketbe normalform 

0f FA -nto consideration，the hi曲 activity of FA 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


ISSN(1253．町56 Acta Ptmrmaeol Sin 

E-rr~l @sel~vf s]K~c lie cn 

中国药理学报 1999Apr；20 l4) 

Hm／F疆 86-214：474-2629 

becomes somewhat a puzzle． However， since FA 

displays acid in solution．a part of FA wil1 exist as 

anion (FA一)． According to the theory J， the 

electron-donating property of —CH=CHCo0一 

probably iflcreases the hydroxyl activity．but which stil1 

needs accarate calculationto veil ． 

oH ∞ 一∞  
l】 

to be discussed． Caleulation s on the two states， 

formingthe hydrogen bond or not(Fig 2-I，II)，show 

CH--CHC00H 

0 

／ CH 

CH-CHCOOH 

H

／ o 

II 

F 1． Stabilizing mechanisms of phenolic free Fig 2- Two conformations of feru~ acid· 

radica1． 

Elucidation by AM 1 calculation AHOF 

values of 5 antioxidants calculated by AM 1 indicate that 

SAA． rutin． and L EGCG a∞ indeed much more 

activethall paeono1．while FA is not active，which is 

consistent wi血 the above co nclusion drawn by SAR． 

However， ,M-IOF valtie of FA— decleascs markedly， 

lower thai that of any oilier antioxidants． Therefore． 

the scavenging activity of FA— will be the highest， 

which is a verification of the abo ve suggestion 

(Tab1)． 

Tab 1． AHOF values and k3／ka of anfioxidants 

HOF is abbreviation of heatof forraation ka／klis relative 

rate constantfor scavengingfree radical of methyllinoleate，and 

is calc~0ted by the equation：Ig ／kl= 14．6491— 0 0955 

AHOF For SAA．mtln．L-EGCG．only the lowest 2d-IOF 

valoes listed．§Data ofmtinisfrom re 

Duetothe excellent propeltydisplayed by FA，it 

is interesting and significant to investigate further the 

factors that influence FA activity． Firstly，effect of 

formingintramolecular hydrogen b0nd onthe activity is 

that}IOF of confumaation  II is 一555．69 10-mo1 ． 

which is 14 17 kJ·mol一 hi~31er than that of 

conformation I． Asthe difference ofH0F ber,vcenthe 

twoconformationsmainly arisesfrom forming hydrogen 

b0nd．the bond energy call be estimated to be 14．17 

kJ‘mol_。． So．forming hya~ogen bond will raise the 

AHOF value approximately 14．17 kJ · rno1_。． 

Secondly．all evaluation ofthe effect of—OC is to 

be carried out． Accordingt0山etheory-L ，一OCH3 is 

helpful to stabilize sermquinonoid free radical at onlw 

of para position． For instance．the oxygen of six— 

member ring of vitamin E (VE)call stabilize the 

semiquinonoid free radical at pam position，because P- 

type Ione pair of the oxygen overlaps with the SOMO 

(singly occupied molecular orbita1)of the radical，and 

the radical call be stabilized through tie"sonalicel 

Calculafionsindicate thatmethoxyl oxYgens of radicals 

nf FA and FA— possess fairly high spin density 

distribution，0 067 and 0．O4O respectively，suggesting 

tIlat —OCH3 indeed stabilizes the free indical 

Comparingthe structure．wefmdthat FA is similart0 

p~onol，but the latter has i1o 一㈣ at para or 

ortho po sition．so the later△}10lF vallie is 26 kJ· 

mol。。higher山ai1theformer． Therefore．if一0H 0f 

FA is changed to paro po sitiOll of —OCH3． the 

stabilizing effect of —OCH~ i ed
． 

s retain and the 

formation ofhydrogen bondis avoided，so itis possible 

for FA to inc嗍 e its activity f]lu~lcr Results of 

calculation on the modified FA (MFA，Fig 1)show 

thatits△}IOF valtieis12．88ld·m l。。lowerthanthat 

0f FA，and△H0F 0f MFA anion (MFA一)is also 

3．65 kJ·mo1_。lower山all that of FA ， indica曲 g 

M A ismore activethan FA t0 scavengefree radicals 
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The distributions of spin density on methoxyl oxygens 

0fⅣIFA and ⅣIFA— radicals are 0．O∞ and 0．O40 

respectively，similar to the valties of FA and FA一， 

which suggests the stabilizing effect of—OCH3 on the 

semiquinonoidfree radicalis slightly relatedtowhether 

— oH is at pam or ortho position． erefore．△HoF 

of～lFA l2．88 kJ-mol_。lower than that ofFA mainly 

arise~s from the fact that there is no hydrogen bond 

formed i13 帆 ． In fact． the difference between 

△HOF values ofMlFA and FA is closetothe hydrogen 

bond energy． 

The SAR and calculationmethodsforantioxidams 

are mther effective to elucidate the differences of 

antioxidant activities，and present some new clues for 

structural modification of antioxidants to increase their 

activities． 
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关键词 抗氧化剂；阿魏酸；丹参素；芦丁 
· -  _ _ _ 。 _ 。 ●  ’ 一  

L-E~K3G；芍药酮；结构．活性关系； 
●●。’。。_’_I-·一  

计算机辅助设计 

目的：验证目前关于抗氧化剂的结构．话性关系及 

理论计算方法的有效性．方法：首先用结构．活性 

关系初步解释五种抗氧化剂的活性差异，其次用 

半经验量子化学方法 AM1计算抗氧化剂与其自由 

基生成热的差值(△HoF值)，并以此为理论指标深 

人阐释五种抗氧化剂的活性差异．结果：计算得 

出几种抗氧化剂的 ／~HOF值为：阿魏酸，150．潞 kJ 

·mol。。；阿魏酸负离子，122．64 kJ·mol～；阿魏酸 

修饰物，137．70 ld·mol。。；阿魏酸修饰物负离子， 

118 99 kJ·mol～；丹参索，134．17 kJ·mol～；芦丁， 

137．83 kJ·mol_。；L—EGCG，124．39 ld·mol_。：芍药 

酮，176．79 kJ·mol_。．据此解释了它们抗氧化活 

性的差别，并探讨了如何进一步提高其抗氧化活 

性．结论：现有的关于抗氧化剂的结构．活性关系 

和理论研究方法可以较好地解释实验现象，并可 

为其结构修饰，进一步提高抗氧化活性提供指导． 

(责任编辑 周向华) 
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