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Abstract: Objective
Methods
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3. K HEM A SR

To provide a reference for the further development and application of S — acetyl — L — glutathione (SAG).
The pharmacokinetics (PK) / pharmacodynamics (PD) characteristics, pharmacological effects, clinical applications, and
other potential uses of SAG were analyzed, and its application prospects were discussed. Results Compared with glutathione and
other glutathione derivatives, SAG exhibits better stability, faster onset of action, higher bioavailability, and superior safety. SAG
possesses multiple pharmacological effects, including antioxidant stress reduction,free radical scavenging,and ferroptosis inhibition. It
has documented applications in various clinical conditions such as liver diseases,acute kidney injury, Alzheimer’s disease, Parkinson’s
disease, immune regulation, acute pancreatitis, diabetes, viral infections, cystic fibrosis, and chronic obstructive pulmonary disease.
Additionally, SAG is supported by data for its use in food supplements, skincare,and veterinary medicine. Conclusion Compared to
glutathione and its derivatives, SAG demonstrates superior pharmacological advantages and holds promising value for further research

and application in clinical and other fields.

Key words:S - acetyl — L — glutathione ; pharmacological effects; antioxidant; glutathione;liver injury;reactive oxygen species
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Fig.1 The chemical formula of SAG
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Tab.1 The PK / PD properties of the main GSH derivatives

4 B.GSH ok GSHikE
B 4k i 24 AR
L N R
NAC y-GCS.GSS  [- FMam A% CSSekZ ARG AR
N 3 WEE> BHE C>6dmmol | LHAR I AN
SAG Pt £ THH L ADEHRE
2 ZHIEER

SAG ARG , AT 2245 16 i 7K f# >4 GSH. GSH 11
HHAERTZ AR PURAL E R B B IR T
A1 GSH 7K AR 5 S P 2R AT M50 e B JR%
Yy BE PR AEAR I R, SRR A SR AT M R
HANFRAMEYE GSH, ] #F — B L 25 BhIA T AE
FH B 23 I ARRE AR
3 I&KRH
3.1 Btm

5 RGP B 107 1 P96 (NAFLD ) : NAFLD f) 3L 750 4
TIE 2 1 5 B2 DURR T AR o % T NAFLD S 1], 1 5% LU
VP T 0 R A7 B 0 A 5 B L 5 2R MR v
15 NAFLD % %% #H 5¢15)  ENGINU6) % B NAFLD %
NG T4 (ROS) KT 5 L GSH K T [, IR A R4
FE R BHLT 2 5 T NAFLD f49 % 9% . SAG B AT s b A Ak
YR, AT 46 BIIG YT NAFLD , 328 fit s 15 -

25 VR0 < IR 25 W A Y B 2 88 L Pish
%25 JHRRZ) B2 AR B AR R 2 h 2SR A
5 K 29 PR FF 405 (DILD) (8 KU S SAG 7 A4 14 T fit
S GSH, GSH A L4740 B 3 B v L & H TR
N & R & L AL B (ALT) / K1) & & R & Ik 5 7% il
(AST) Fh i By 52 v B 4 M43 405 78 DILLJe 1]

I B PR I R < B I I R AT SO A i AR M IRE
LSS [v) 2 B 18 98 1 0 B3R T 5 350 0 ) 3 T B0 ALT
T GBI e B R 40 L N GSH A= W) G BURE T U8

|



L] g'%]‘i L]
Review

&%

China Pharmaceuticals

20254E3 H 20 H 55 34 55 6 1)
Vol. 34,No. 6,March 20,2025

55, A YL — 20 I (R P9 AR B A Hl 3 T RE S R T
5118 SAG FE AR N AT 4Lk GSHU & H T
P2 B3 BIR YT I 2F 44k 212 1 2 R B PR R
P I R 1) B Bk AR, TR AR AR 0 K R S T 4
AR SO G200 L GSHE il 770 FH F 2 1 2 s 2 1R I R
SEE T ol A T AT M AR A R, R R ) S I A A it
R A B TR 4 fb i R A2

b2 45 40 - DS A e o 4R Ak &4 A2 iR
ARSI, FL R R ALEN 5 A b LR T A
1k 7= A K ROS 28 41 26 S ROS AT 75 5 1 40 it 28 i 1
45 Mg F I 15, 55 16 GSH M 1k i 48 4k Wy i 1)
T, GSH #5164 GSSG, B N GSH 7K [, M 1fif
U & L2 X T Ak 2 M I R 40 BB 3, 4D FE SAG
AT AR AR N RN, I R ST 40 L P 2R AR T g
A R T fi ot
3.2 ANSHRHG

BRAET R — R AR TR A A AE T i AR
LB (AKD f & Sm L 2 —22) S g i e
TR Tt B4 A 5 BUBR 4 K L 51 4 (ACSLA) # 2ok
FEWOE |, T IF 2 e H kst Ak W 1 4 (GPX4) A i /D
BF, AT SR T, R 5 & AKT 2 A i 5E R B, GSH
AR IET , BEARAAR 4 B BT i A8 AR ) 7K, 22 i AKT
Il AE AR 124
3.3 AD

AD JB i AR AT PR o Bl AR AR I B, K
PR AR AL FNTE ST T b 08130 345 2 81, o 28 A4 ke 4R A i
PHHUBPESE I, BOLA0 M N LRAR T RE R A, AT 55 K bR
ZREPE S AR, AD B F AR ROS KT 1 3 T8, ROS
A5 B VERYFE R AN Tau B8 & AR EAE T, 1610 2
T I I 200 B, 5375 P 28 98 M IS I AR 2ok A4 ) E B A5
ROS 25 T ¥k I & 4= 5 & JB26)  GSH AN X fE 3 5
NrF2 3 #5515 SRR 52 ORI T BE , 38 nl HT A Ak 1
R R 2 A0, MR YE RN FE GSH, TR AD B
BRI PRAE IR 27!  MANDAL 251281 % 3, AD 8 21 SR Py
GSH 7K - 5 3 T R o PR, i 2 f 3 4h 38 SAG, ] 42
e R P GSH K, A5 Bl T 035 8 35 DA 60 D) BE A 4E 2%
PR T
3.4 MAEHRK

A4 AR P BEML I A 2%, 5 o — R AZ B (11
SR RN P2 R RN B AR T E F B
r i 2R R IX 22 L i 2 A0 K A 61T HUANG
A0 TR, WA 4 AR R KN P GSH 7K B o S H AR
7t GSHUBY AT e Il AR

I

3.5 REAT

NS 5 B 96 75 (HIV ) B s K 1 GSS i 7L,
A AL GSH K- T B, TR B, HIV B8 CE A Y 1 40 g
M2 (IL) — 6. IL — 10 45 ey 1 il 240 B I} - 7K ~F 7t
T 320 T IL - 2 T — 12 5 40 0 0 8 4 L IR T KO R
R, e HL G e I RRAS B T R R L A5
A3 B R R4 5 TR ) XU o 45 T HIV B & #D 78 SAG,
AT 4R i 40 ) GSH K-, T BILIR 52 328 5 5 B T R# MG
A B BIL 2 BU A Y AU A F ST A, 24 GSH K
S TF s AT RN P AR L - 1260/ B85 1L - 27, IS
T 3k 4 40 i BF CD, 5 Thi 401 434k 5 Wi 41 0 5 58
PR
3.6 SUMRRRRK

ALY B SRR D RE B AT A% T kB (NF - kB)
GBS T SRR 1 R R B ONF - kBfE
530 [ T R 2 R A R AR R T
21 i 12 VI R 5 1 R I 5 7 e R R A e 61 T i 4
B R N L5 A RS Sk IR R BB A E GSH k=
HIERGE , AMIEE 4D 78 SAG ] el S Ak 17 38 AT 4 7 S B
MBS RARTIRE , A A T4 61
3.7 HERIR

X W8 PRI B, AR P %) R IR T 2 e 440 i
ROS A5 B, 35T 240 1t 40 £ 17 J85Fm i A5 9 12 463 493 KL
sz 0] [ B oo M 75 A P ST I DR N, 2 T e
5 RARPU, A H 05 PR 8 10 s 4 1 o b e ml L
W i g 2B A PR 1) R B ST N ORE BLAVE L ORI
BOEMEIRR N TR E B TR YT 0 DR R PR
RSN R TE SAG R BT S Ak I 3 I8 1 A R
3, I B R 5 AT, MBS
3.8 mEHERSE

GSH 7] BH 11 22 DNA 5 RNA Ji 75 1952 1, A T
JREEE R S A BN, 40 I8 SAG W il B Al 20
B - 1(HSV - DE ], IFREREAT/N BURSER S Ak, Y
HIV B #4078 GSH, AW AT 34 3 AL S AL N Y BE
1,38 AL 5 3 A NF - B g% i IV 52
MR TR 3
3.9 FTELSHEL

GSH A T yZ 43 i F AR G140 Fe it . Hovpr , Sl 36
T A YR 118 GSH AT 47 fili 358 f A2 S Ak N 0 47 o e 1
LR YAl (CF) BB R N i = 98 1 2 A Ab s R 1 B 1
5 GSH %432 [ 5 F1 <38 22 181 40 W GSH ZKSF T R, K
i A8 ME A0 A Ak N B R T 0 AEE O i
15397 CALABRESE 261400 & 8, o B CF £ 35 W A GSH
HlFR 124 H R AR I ks A 1 AP RS



20254E3 H 20 H 45 34 455 6 1)
Vol. 34,No. 6,March 20,2025

&%

China Pharmaceuticals

LRike
Review

FUFEV,) %It thBE S50 B .
3.10 COPD

TR R T IS/ o5 YR, K
SN IEME AR TR AT 1 A AR I 403 ST R/ ot
T COPD ) £ 955 KBS 1) S BiF 9% & 3L, COPD fE % < 1N
GSH /K- AK42 ol COPD H 2 4h 58 GSH 2541 4 Ak
FJE A A AR RS , s 2 e XU, R R
4 FEHMGUBAIMNA
4.1 BEmRE

GSH BHAT ZFpE W) Difig , b A A0 ny i 25
DA By TIE 4% 55 10 B AR IR A 3G, IR A
GSH BE J13Z8 T B s SN AP 78 GSH T IEZE 5144 F;
B2 A TR, % T SAG ] SE 28 58 4% | HEFpfa Bl , 75
B AL AR A £t s OR AR N R) A [ AT e A
FORITTZE 1
4.2 RBEHER

GSH 3 i 5% W 1% 22 2 it ) G 17 00 1) 2 Bk R 0 38
TE I, 53 GSH ML E ALV Al kst e Bkt R DL 190
= A — B SR 55 T 60 44 52135, BEHL 2 o GSH iR
7L RN R, 4 3045, 43 1 F IR GSH 250 mg f %
RO, YR H 2 FRe 4 T8 A5 R AL, GSHIR T 4l %%
A 6 R s R AR IO B E TR 5%
RS ZH A EE , GSH R 9T 41 32 3R 3 A4 O T &R (P =
0.021) . FHOG 2 &% 1Y 22 BB Ak J2 ik (P = 0. 036) 1 78
R FEHCT i i 2 o)
4.3 YEFT

S R ), FEA B N GSH K - R AR &R
F147] OMARTELLO 48148025 7 1T K VE 1 SAG /K KA
TEAEPUAAR 2 B R A b GSH KT
HFDfe s b B b 4r % o AR B Sl P B 7 16 & i, 8 ) 1t
Rz 3z B AT, SAG A5 2 T 3h W i T8 YT
5 NG

SAG J& GSH W R , FHAE M 3K i Fa e P T GSH..
SAG 5 25 175 20 MBS, I M P9 B % GSH, W] R HEPL AR
AR RE I R A RN 2R A R AL T AT 2 Fh 2 B
S MAWIE, SAG TR IR BT 8 fh PR A | Rz JIk 56
25 B R 7 A0 S A EL A T L) I8 P R T R R
2, BB B SAG FHF I IR B 97 (A A IE SE 48 1% A 7243, ik
RIS P B AL HE 56 1 — 25 B IE
5% ik
[1] BANSAL A, SIMON MC. Glutathione metabolism in cancer

progression and treatment resistance [J]. J Cell Biol, 2018,
217(7):2291 - 2298.

[2] GEORGIOU - SIAFIS SK, TSIFTSOGLOU AS. The Key Role

of GSH in Keeping the Redox Balance in Mammalian Cells:
Mechanisms and Significance of GSH in Detoxification via
Formation of Conjugates [J]. Antioxidants ( Basel ) , 2023,
12(11):1953.

[3] AVERILL — BATES DA. The antioxidant glutathione[]]. Vitam
Horm,2023,121:109 - 141.

[4] BHANDARI UR, DANISH SM, AHMAD S, et al. New
opportunities for antioxidants in amelioration of neurodegenerative
diseases| J]. Mech Ageing Dev,2024,221:111961.

[5] VOGEL JU, CINATL J, DAULETBAEV N, et al. Effects of
S - acetylglutathione in cell and animal model of herpes
simplex virus type 1 infection [J]. Med Microbiol Tmmunol,
2005,194(1-2):55 - 59.

[6] DIPAOLA R,MODAFFERI S,SIRACUSA R, et al. S — Acetyl —
Glutathione Attenuates Carbon Tetrachloride — Induced Liver
Injury by Modulating Oxidative Imbalance and Inflammation[ ] ].
Int J Mol Sci, 2022,23(8):4429.

[7] FANELLI S, FRANCIOSO A, CAVALLARO RA, et al. Oral
Administration of S — acetyl — glutathione : Impact on the Levels
of Glutathione in Plasma and in Erythrocytes of Healthy
Volunteers[J ]. Int J Clin Nutr Diet,2018,134(4):1 - 8.

[8] CACCIATORE I, CORNACCHIA C,PINNEN F,et al. Prodrug
approach for increasing cellular glutathione levels [Jl.
Molecules,2010,15:1242 — 1264.

[9] SCHMITT B, VICENZI M, GARREL C, et al. Effects of N —
acetylcysteine, oral glutathione (GSH) and a novel sublingual
form of GSH on oxidative stress markers: A comparative
crossover study[ﬂ. Redox Biol,2015,6:198 — 205.

[10] LIU Y, HYDE AS, SIMPSON MA, et al. Emerging regulatory
paradigms in glutathione metabolism [J]. Adv Cancer Res,
2014,122:69 - 101.

(1] HIF35, & B H S, F . SHRED S RERAL
BEAARATILL) ] F B A 4 ,2008,29(2) : 144 - 146.

[12] ANDERSON MF, NILSSON M, SIMS NR. Glutathione
monoethylester prevents mitochondrial glutathione depletion
during focal cerebral ischemialJ]. Neurochem Int,2004,44(3):
153 - 159.

[13] TESKEY G, ABRAHEM R, CAO R, et al. Glutathione as a
Marker for Human Disease [J]. Adv Clin Chem, 2018, 87:
141 - 159.

[14] GAUCHER C, BOUDIER A, BONETTI J, et al. Glutathione:
Antioxidant Properties Dedicated to Nanotechnologies [1].
Antioxidants (Basel),2018,7(5):62.

[15] SANTACROCE G, GENTILE A, SORIANO S, et al
Glutathione: Pharmacological aspects and implications for
clinical use in non — alcoholic fatty liver disease [J]. Front
Med (Lausanne),2023,10:1124275.

[16] ENGIN A. Nonalcoholic Fatty Liver Disease and Staging of
Hepatic Fibrosis[J]. Adv Exp Med Biol,2024,1460:539 - 574.

|



LRk
Review

&%

China Pharmaceuticals

20254E3 H 20 H 55 34 55 6 1)
Vol. 34,No. 6,March 20,2025

[(17] PHEFA, PREFLREM, PREFLON ALY
AR R L, F . P B S RIT B EL T 5 R g
#(2024 4F)[J]. P HAFEIF R &,2024,23(8):813 - 830.

[18] B #13& . ERA S ARAN S 57 1 U Zobk B 32 P o % BT
AR F IS ARRMT]. P E 2 ,2016,25(13):16 - 19.

[19] fRAZE, R Z5 AP 3 . R A BB H AR AT &Mk R A
Bk & AT e es Hmll]. b B 25k,2009,18(15) :67.

[20] BR3EME A5 4, 304 . RSN A BEH o 1R 1 T AR
KT AAC & H T 4 e e e Azed o)), AR EF#IT,
2024,28(21):26 - 28.

[21] KUANG Y, HAN X, XU M, et al. Oxaloacetate Ameliorates
Chemical Liver Injury via Oxidative Stress Reduction and
Enhancement of Bioenergetic Fluxes [J]. Int J Mol Sci, 2018,
19(6):1626.

[22] CARNEY EF. Ferroptotic stress promotes the AKI to CKD
transition[ J ]. Nat Rev Nephrol, 2021, 17(10) :633.

[23] SHA R, XU Y, YUAN C, et al. Predictive and prognostic
impact of ferroptosis — related genes ACSL4 and GPX4 on
breast cancer treated with neoadjuvant chemotherapy [J].
EbioMedicine,2021,71:103560.

[24] HE L, SHI Y. Reduced glutathione ameliorates acute kidney
injury by inhibiting ferroptosis [ J ]. Mol Med Rep, 2023,
27(6):123.

[25] ISLAM MT. Oxidative stress and mitochondrial dysfunction —
linked neurodegenerative disorders [J]. Neurol Res, 2017,
39(1):73 - 82.

[26] EAR4h, 40K F . P & 259842 ROS B b T R Kl A AT A
R[)]. P E %y A F 4 %,2024,30(12) : 281 - 288.

[27] LANA JV, RIOS A, TAKEYAMA R, et al. Nebulized
Glutathione as a Key Antioxidant for the Treatment of
Oxidative Stress in Neurodegenerative Conditions[J]. Nutrients,
2024,16(15) :2476.

[28] MANDAL PK, SHUKLA D, TRIPATHI M, et al. Cognitive
Improvement with Glutathione Supplement in Alzheimer’s
Disease: A Way Forward[J]. J Alzheimers Dis, 2019, 68(2) :
531 -535.

[29] Bl T, RAES AP, 5 . P EH @AY A R#E
JF e RmALRIRAT[T]. AT P B % KSR, 2025,
27(1):125 - 129.

[30] HUANG M, ZHANG Y, LIU X. The mechanism of cuproptosis
in Parkinson’s disease[ J]. Ageing Res Rev,2024,95:102214.

[31] e, B £ ,vH3 & . BRA S H KRG EEAL
W A m BT S [J]. P E 25 k,2013,22(7) 124 — 127.

[32] VALDIVIA A, LY J, GONZALEZ L, et al. Restoring Cytokine
Balance in HIV = Positive Individuals with Low CD4 T Cell
Counts[J]. AIDS Res Hum Retroviruses,2017,33(9):905 - 918.

[33] FRATERNALE A, BRUNDU S, MAGNANI M. Glutathione
and glutathione derivatives in immunotherapy[]]. Biol Chem,

2017,398(2):261 - 275.

[34] PHEFA, PEEFARER, FTREFRHRTSE,F.
SR KBS T 458 (2019 S0, PARAHE L E,
2019,18(9):819 - 826.

[35] PEREZ S, PEREDA J, SABATER L, et al. Redox signaling in
acute pancreatitis[.]]. Redox Biol,2015,5:1 - 14.

[36] CATURANO A, D’ANGELO M, MORMONE A, et al
Oxidative Stress in Type 2 Diabetes: Impacts from
Pathogenesis to Lifestyle Modifications [J]. Curr Issues Mol
Biol ,2023,45(8) :6651 ~ 6666.

[37] SERHIYENKO V, HOTSKO M, SERHIYENKO A, et al. The
Impact of Alpha — Lipoic Acid on Insulin Resistance and
Inflammatory Parameters in Patients with Type 2 Diabetes
Mellitus and Cardiac Autonomic Neuropathy [J]. American
Journal of Internal Medicine,2020,8(5):197 — 203.

[38] FRATERNALE A, PAOLETTI MF, CASABIANCA A, et al.
GSH and analogs in antiviral therapy [J]. Mol Aspects Med,
2009,30(1 -2):99 - 110.

[39] ZHAO J,HUANG W, ZHANG S, et al. Efficacy of Glutathione
for Patients With Cystic Fibrosis: A Meta - analysis of
Randomized — Controlled Studies [J]. Am J Rhinol Allergy,
2020,34(1):115 - 121.

[40] CALABRESE C, TOSCO A, ABETE P, et al. Randomized,
single blind, controlled trial of inhaled glutathione vs placebo
in patients with cystic fibrosis[J . J Cyst Fibros,2015,14(2):
203 - 210.

[41] BARNES PJ. Oxidative stress — based therapeutics in COPDI[J].
Redox Biol ,2020,33:101544.

[42] GIUSTARINI D, MILZANI A, DALLE — DONNE I, et al. How
to Increase Cellular Glutathione [J]. Antioxidants (Basel) ,
2023,12(5):1094.

[43] PELTON R. The Glutathione Theory of Aging[ﬂ. Altern Ther
Health Med,2024,30(10) : 54 - 58.

[44] MINICH DM, BROWN BI. A Review of Dietary (Phyto)
Nutrients for Glutathione Support[]]. Nutrients,2019,11(9):2073.

[45] VILLARAMA CD, MAIBACH HI. Glutathione as a
depigmenting agent: an overview [J]. Int J Cosmet Sci, 2005,
27(3):147 - 153.

[46] ARJINPATHANA N, ASAWANONDA P. Glutathione as an
oral whitening agent: a randomized, double — blind, placebo —
controlled study[J]. J Dermatolog Treat,2012,23(2):97 - 102.

[47] BARRY - HEFFERNAN C, EKENA J, DOWLING S, et al.
Biomarkers of oxidative stress as an assessment of the redox
status of the liver in dogs[]]. J Vet Intern Med,2019,33(2) :
611 -0617.

[48] MARTELLO E, PERONDI F, BISANZIO D, et al. Antioxidant
Effect of a Dietary Supplement Containing Fermentative S —
Acetyl = Glutathione and Silybin in Dogs with Liver Disease[J].
Vet Sci,2023,10(2) :131.

(ki H 3912024 - 12 - 25; 4 101 H 1B 2025 - 02 - 16)





