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Reaction mechanism of OH- radical scavenging by GA in weak acidic and
weak alkaline aqueous environments in living organisms based on DFT
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Abstract: The mechanism of gallic acid (GA) scavenging hydroxyl radical (OH* ) in weak acidic and
weak alkaline aqueous environments of living organisms was investigated using the M06-2X functional

method. The reaction between GA and OH- involves three pathways: 1) Hydrogen abstraction,
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addition, and single-electron transfer. Calculations show that for the hydrogen abstraction reaction, the
optimal pathway under both weak acidic and weak alkaline aqueous environments is the abstraction of
the hydroxyl hydrogen by OH- , which is significantly exothermic and barrierless. The suboptimal
pathway is the abstraction of the hydrogen at the 10-position on the benzene ring by OH+, with energy
barriers of 13.5 and 61.2 kJ/mol under weak acidic and weak alkaline aqueous environments,
respectively, and the reactions are exothermic. 2) For the addition reaction, the optimal pathways
under weak acidic and weak alkaline aqueous environments exhibit energy barriers of 23.8 and
46.0 kJ/mol, respectively, and are exothermic. 3) For the single-electron transfer reaction, the energy
barrier is 5.0 kJ/mol under weak acidic aqueous environment, and the reaction is significantly
exothermic; however, under weak alkaline aqueous environment, this pathway is thermodynamically
and kinetically unfavorable. The results indicate that GA acts as an efficient OH* scavenger in both
weak acidic and weak alkaline aqueous environments of living organisms, with superior antioxidant
performance observed under weak acidic conditions.
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OH-H,0' X i GA 1Y 8H #& & i & GA + OH-
H,0"_8H, I L1y & & = i ) ic iy RC_GA- (OH-
H,0")_8H,OH -H,O" &8 8H i JE A& ic 0 TS_GA -
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Fig. 1 Geometric configuration of GA
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2) BRI A9 H M GA i HOMO $ILiE vl %1,
FRIAEH B HIG 2R 2, AR TAE HiTie OH-
H,O" 4% M ¥ 3L H, OH-H,O'#2 5L H 19 ML A
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Fig. 2 Reaction process of H abstraction from C by OH-H,0O" (distance unit: nm)
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Fig. 3 Potential energy surfaces for H abstraction reactions by OH-H,0" and OH-(OH -H,0)
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Fig. 4 Schematic reaction pathway for H abstraction from 9H by OH-H,O" (distance unit: nm)
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of hydroxyl 9H abstraction by OH-H,0"
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24190 5 5CHE B4 0.291 76 nm i, J i RC_GA -
(OH'H;0")_5C, H A Hfig " 31.2 kJ/mol., &5 OH-
H,O k£t 5C, 2% 190 5 5CHEES 4 0.204 49 nm i,
JE TS GA- (OH'H,0") 5C. M GA + OHH,0"_1C
F| TS GA- (OH-H,0") 5C, I prer M 0.021 41

>

2

9

3.

JNIE % %2 0.021 13 a.u., TS_GA- (OH-H,07) 5C ¥
AE42 4 43.7 kJ/mol, #:% OH-H,0 k&1 :f; 5C, Y4
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Fig. 6 Reaction processes of OH-H,0" addition to 1C, 2C, and 5C (distance unit: nm)
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Fig. 7 Potential energy surfaces for addition reactions of OH-H,0" and OH:(OH -H,0) with C
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