B2 BS5W R 2 (B2 ) Vol. 72 No. 5
2026 410 H J. Wuhan Univ. (Nat. Sci. Ed. ) Oct. 2026,769~780

DOI: 10. 14188/j. 1671-8836. 2025. 0204

KEBTERIRFEFTRAEBERENEEZHIER
i3

i EaEL e FU L EEMEL,EERLE OB
1. HFHAHERLRSF BHFR,HdH B 571126;

2. WL F R Bt L P, F AR G 137000;

3. EHHRBLRF FEIRETR,Ed B 571126

Wk H Y. 2025-11-04 T 3@ {5 R A E-mail : zhaoyu@benu. edu. enGE %) 5 yangjing@hvust. edu. en(# )
S T E L OB T RHIT I (Hinky2026-57 ) 5 ¥ BRI R 2 A R 5 251 H (HKK Y 2025-ZD-01, HKK Y 2024-TD~19)
AR L L BB N AW 5Y . E-mail: 277324289@qq. com

#OE. CRR®EEZ KBS A B RN SIS, F MN15/SMD/6-311+ +G(3df, 2pd) //M06-2X/SMD/6-311+G(d, p) WU
WKFEWFGE T KA T RN AR EE (Phe>Mg™ iE BRI H 3L (-OH) B KW ML . Phe>Mg™ "5 - OH & W A $2 H i s f
W5 R 3ANEIE TR U] FEBRME KR FIE IR L - OH $2 H R W 35 4 #J) °7 suvFad B L BB 22 41. 2~52. 0 kJ/mol; - OH
SRR C AN R ¥ A S 2R NS S R ARV AR - OH 5 283K C A IS s i A 38 2 Ao ip AR BE &2 30, 5~36. 1
kJ/mol, L F 8 R ) S A8l ) % e v B 5 76 PR K 0 70 00 LS SO VE T L - OH R HR R 34 R #1074 e i ol 72 L g
20 15.7~25. 1 kI/mol; -OH 5 C W In w52 B2 35 Jg 348 2% fe ir 3 FE L BE 22 9 14. 1~22. 2 kI /mol; M T 55 8 i #2401 24 F1 5l
TR ARV R . SRR W] KA T Phe—>Mg® nl i izt 42 H N8R 8 PR 8 3 B R 6 1 ey i

Xk B W RWNEMREE R A R R R S O A AR 2

hESES: 0641.12 MERARARAD : A N EHS1671-8836(2026)05-0769-12

Density Functional Theory Study on Hydroxyl Radical Scavenging by Phenylalanine
Magnesium in the Aqueous Phase

ZHAO Hongdi', YAN Hongyan’, ZHAO Yu’', JIANG Chunxu’, WANG Zuocheng', YANG Jing’'
1. College of Medicine, Hainan Vocational University of Science and Technology, Haikou 571126, Hainan, China;
2. Theoretical Computing Center, Baicheng Normal University, Baicheng 137000, Jilin, China;

3. College of Information Engineering, Hainan Vocational University of Science and Technology, Haikou 571126, Hainan, China

Abstract: Using density functional theory (DFT) together with the self-consistent reaction field (SCRF) theory, the reaction mechanism
of phenylalanine magnesium (Phe—>Mg*") with hydroxyl radical (- OH) in aqueous solution was investigated at the dual-level theory
of MN15/SMD/6-311++G(3df, 2pd)//M06-2X/SMD/6-311+G(d, p). The reactions between Phe>Mg"" and + OH proceed through
three pathways: hydrogen abstraction, addition, and electron transfer. Computational results show that, under implicit water solvent
effect, the H-abstraction reactions by - OH are all thermodynamically favorable processes, with activation energy barriers ranging from
41.2 to 52.0 kJ/mol. The addition reactions of * OH with the carboxyl carbon are thermodynamically and kinetically unfavorable, while
those with the benzene ring carbons are thermodynamically favorable, with barriers of 30.5-36.1 kJ/mol; the electron transfer process
is thermodynamically and kinetically unfavorable. In the presence of explicit solvent water molecules through hydrogen bonding and
coordination, the H-abstraction reactions are all thermodynamically favorable processes, with barriers decreasing to 15.7-25.1 kJ/mol,

and the addition reactions of - OH with the ring carbons become thermodynamically favorable, with barriers reduced to 14.1-22.2 kJ/
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mol. Moreover, the electron transfer process is still thermodynamically and kinetically infeasible. These results demonstrate that Phe

—>Mg*" can rapidly scavenge hydroxyl radicals through both hydrogen abstraction and addition reactions in aqueous solution.

Key words: phenylalanine magnesium; hydroxyl radical; Density Functional Theory (DFT); hydrogen bond; coordination

bond; Gibbs free energy barrier
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Fig.1 Conformations and highest occupied molecular orbital (HOMO) of Phe—>Mg*"and Phe—>Mg** <-H,O in the aqueous phase
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