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Abstract

Sodium benzoate (SB), a widely adopted preservative in the food industry, is renowned for its
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potent antimicrobial efficacy. Emerging research, however, highlights its paradoxical dual role: while
excessive exposure may induce oxidative stress, systemic inflammation, hepatorenal impairment,
and neuroreproductive disruptions, SB concurrently demonstrates therapeutic promise in manag-
ing neuropsychiatric disorders (e.g., major depressive disorder and schizophrenia), neurodegener-
ative pathologies (including Alzheimer’s, Parkinson’s, and multiple sclerosis), and rare metabolic
syndromes. This review critically evaluates SB’s multifaceted interactions across microbial, animal,
and human models, elucidating its dose-dependent toxicodynamics and mechanisms underlying its
pharmacological benefits. By integrating recent preclinical and clinical evidence, we emphasize the
necessity of establishing individualized dosing frameworks to reconcile its risk-benefit profile. Such
precision-driven strategies are pivotal for refining regulatory guidelines to mitigate public health
risks while unlocking SB’s translational potential in both food safety and therapeutic innovation.
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Figure 1. Antimicrobial mechanisms of sodium benzoate
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Figure 2. Metabolic pathway diagram of sodium benzoate in humans
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Table 1. Toxic dose and effect studies of sodium benzoate
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AN S BTS00 5N 90.28% 88.89% 86.11%F1 44.44%, fE4NTI B, 2% I ERANALFE . 3 P T Hizs
Bfe S, HFE WA EE L R FE S O R 3 . X SR AR, S RN 1 B e R i AR R R R
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Figure 3. Embryotoxicity and hepatorenal toxicity of sodium benzoate
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Figure 4. Adverse neurological effects of sodium benzoate
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Table 2. Therapeutic doses and efficacy of sodium benzoate

2. KERBMENETT TSI

BITRR BT E TBITRUR
ZIN B (B 2 A P 5 i 8 A2 ) 2.5~10 mg/mL, XHKE 5 mg/mL SR R 2 R
KR AR ) 400~800 mg/kg IR yNTE 2
H RIS FENG 500 mg/ K RN e
KGO B 1~2 g/R SR AR
BREFINAERS B 250~1500 mg/ K SR ik 35 R
e ML R 3g/R UK R TR

4.1. KEBRNERBHESPHINA

4% PP TR 3R o B A 5 S S R A M AR 238 7 R S8, ) M S RS (MIDD) RIS #1430 7= A6 1 3%
FFRURLIE 5)e ZEAEMEE /735 S0 K RAMAR R . 400~800 mg/kg 2 FF R4 RS i #1h1] D-28 3 i 8 AL g
(D-AAO), /> D-22 5 TR AR, MR 5 NMDA S22V R 2 TP RR i, il 35 e TR R 0 47 A i
WEKAT R[28]0 IGARTIGIE R, 500 mg/ KK FHERENVA YT 9 8 R AT 22 /% MDD ik, JCALHI & D-AAO )
il P T BRI 1 i K AT BEPERTH29]

R 2UERITH, KRR D-LE Y FIETT/N TR (0 L-2 2B A L-HE ), F
A A 2% 1) 20~ e S R K S A0 NFweB L, 930/ S0 S ORI /IS e IR A S A6 [30] [3170 I PRI IE 5K,
1~2 g/ RARHRRENME N A BT BB 25, 008 7 P S R MR R (PANSS) 11 8 45, [
BT RAR T G PRSEAR, HEHE 58 7 #h 2\ K ) e (b 313 R A 12 1 250, Hom ) 287 3B AR [32] [33]6
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Figure 5. Mechanism of sodium benzoate in treating psychiatric disorders
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Figure 6. Mechanism of sodium benzoate in treating neurodegenerative diseases
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P (ROS) A2 [35] [36]. 7E PD /NRRBEAL A, FE ] p21rac PR/ MR T AH M iINOS Kk,
WD B-UERDFEEE TR tau 85 FUBERRAY, B EHETHE S0 RE ), 2K FHBRANIL RE U CREB {5 5@,
A R TR A R M 4 1 SR TR - (GDNF) R IA, DL R ik 15 F i g 42, 358 1 DI-1 8 H /KF, Parkin.,
PINK1. LRRK2 il HtrA2 Bk, FH4MH] o- A% SR E300L, R I0 4500 2R SCIR B 5 [37] (B k
Bl 6 Brs).

IS PRB TR 7R, 250~1500 mg/ IR 2R B B4 T 1 75 58 B DA R B i B8 35 i X T e 422 ke (o N iy o e [m]
ARG, SR 518 TAREICAZANE 5 22 ST REF1[38] [39]. 1E H B R MR EBE 4 /N RASEAH, 2.5~10
mg/mL 2K EREE I IR A2 E FR R T (CNTF)RIE, k2> 9% A 40 12 A0 Bt B i 47, 428 MIS ik
JE[40] [41].
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wE 7 FioR, KEEREN S EIE R, 84S E A UK D IRIR, Seid ZH IR R
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I K I ] e e R s A i v L 3 (1) il 207K ~F (<100 pmol/L) [42]. NKH V97 H, HKHRMS 5
YD IFI A A AR LR R H R R AT R ZE <300 pmol/L, 35 /DR RAE I s 2 R B [43].
RTREPERT JC SR, P2 AT B A6 RN TR YT I NKH L, A% Vi@ 68 R 2 240 1 2 iR ¥R 7
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Figure 7. Mechanism of sodium benzoate in treating rare metabolic disorders (hyperammonemia and nonketotic hypergly-

cinemia)
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5. i1ig

AL RGBT KPR . ARUIHLH . B2 DL AE B 22 IR A AR N o 2K F R4
FEARFE T (41 WHO #E3£(1) ADI A 0~5 mg/kg/R)FRIH B 4T (B 8 BER ARG IT 808 . 810, &)
FRKHRRESSEEEER, AXNAFERE RA MW FIEENAERE 2R, AN TSR T4A
BB . AR T e U T e 5 R A A R P SR IR B SRR DA R %, TS R U T R IR
TARW e S EPUEL R G B ARPF AT & ARy . ARIASMEARASEAR, &
ST R RRANTER IR . BF. B SRR S R R AR R AR AN B0 A, IR L H SUE B EE
o FERE[45].

K ERENT A RGP E Y B JE M. (@RS, 2R IR AT SR AR R
AR, Bl R RE L FIHR K A0 T e B S 5 48 B 1 N o {ELE Ao 22 B AT M 08 UK e B A 7R o
RN IE I N P SO DR TE R R AR O R IR P E A 2R R R TR IA IR G, RENCGERER
B, BTG ARSI ERON T, EIRR FZIR TR I N o Rk 99K 8k o s
A TG PN KAL) B ) 2 R e (A R 1) JIRAB MR ) PR A L 24030 7 22K 1, T RE PRI 4 B 2 4
SRIT R, BN, SRR AT R G YT, AT I B R T E TG KR, S B RS I I,
XTI E AR RIS, SEREER AT ERERR A 2GR EE, GV B 51 K I S B [46]

AR 22 S PR AR R RN RN T T ) SRR IR 3 o (R RE AR b, 2R R R B IE I 0 ) R A RS R AR
ORI, FEUT BRI AT N T s i H BRI R (S URE « R vy H 28 I ) DU B 3
B AE MRS . A, SERAHIC IR AE 70 22 il 7 B XU . B )L LE R FEE RS K B A
&, SR RIERICE RERT RN, B REFESH. Foknr @ 5T NBER R 2 S
BIEGNAREZE P4S0 BER. HEM-N-BEEBE), 26 N TR TINEA, ST 2 ZrRE#EE
il dn, JE kI R R R B (AN GLY AT B 18 sl A bR S (An 3R H 2R /K1), S R e KU
NBE, BERTEME R A, JLE. 220 K E DhRe A A AR AL T 8 i 5T I 4 A S S — 2D B
B R R R AN 5 5 A OO H =B R, TS LA N- e ok 22 R BRCH 2R b 72 711
DL EE . D, TEXRS#R A Z2LEEIT S, ARH RIS D-2Z R C 2R R BUER, Kk
Z HARERE . [FIF, 750 1% K AR A P (0 AR RR AT AE )M v 2 FR B A Bk Bh v, it 22 B0 A 4% A1
HENWEH47].

gi b, RHEREAR IS - RN - ME” ZJa R R 7KK SR P . SEIl AR,
U (1) TR R RS R IR, B Eh A A R () IRERIATT PR B R . e
M TT %5 (3) ASRAFTE 5 M B A SR e FR BN L, MBS MR R TR, HARRHAE M AR
P AR SR U RN E, IR RN 22 A R ARG R0 T AR A B IR S (R AR AR
B

AW T 52 B R T H AREFEFE 41 _E I H (No.CSTB2023NSCQ-MSX0144) . K 1T B R} A
FLIH (KIQN202204015. KIQN202402835) I # PR i 18-+ J5 4 il 98 B 15T H (2022CQBSHTB3064),  # JKF}

e R 22 K2 A BB #4511 &30 H (2004123) 1K) B & % B, R BB K SE 0 A AE ) I H
(YKICX2421611).
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