rh E 40 i 2B Y022 244 Chinese Journal of Cell Biology 2021, 43(4): 707714 DOI: 10.11844/cjcb.2021.04.0003

REIFFEFEE LIRS NFLERA K P HY
TERHLHIBSE

kK=t kKE HEET
(FEREERI I I L 22 Be A RE AR [ 5K ) L 28 i BRE -5 59095 1 R 22 40T 58 AR/ ) LEE R B IRt S0 E 58
S /) URHE E R T A SR =, H K 400014)

HE iZ I AR T #8355 B T -1a(hypoxia inducible factor-1o, HIF-10)Z£ 31 & JUIRFLME
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VEGFA); qRT-PCRA M /)» R At A K A& KB FVEGFA mRNA, & R R EAR M AT
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VEGFA%) ik & 83 WT/DF48 2 3 &A% (P<0.05), Grxl/NECZLVEGFA% A &3 WT/NEC4L B 2 7+ 5
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Abstract This study was to investigate the role of HIF-1a (hypoxia inducible factor-1a) in NEC (neonatal
necrotizing enterocolitis) and its possible mechanism. The small intestine tissues of eight children with NEC were

collected as the disease group and six children with gastrointestinal abnormalities as the control group. Forty 7-day-
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old C57BL/6 newborn mice were divided into the NEC group (WT/NEC, n=20) and control group (WT/DF, n=20);
Forty 7-day-old GrxI (glutaredoxinl) knockout (Grx/”") mice on C57BL/6 background were divided into the NEC
group (GrxI”"/NEC, n=20) and control group (GrxI~/DF, n= 20). Western blot was used to detect HIF-1a in hu-
man and mouse intestinal tissues. It also detected VEGFA (vascular endothelial growth factor A) in mouse
intestinal tissues. Mouse intestinal VEGFA mRNA was detected by qRT-PCR. Immunofluorescence staining
was used to detect HIF-1a in intestinal tissue of children and newborn mice. The expression of HIF-1a in
the small intestine of NEC children was significantly lower than that in the control group (P<0.05). The ex-
pression levels of HIF-1a and VEGFA in the small intestine of WIT/NEC mice were significantly lower than
those in the WT/DF group (P<0.05). The mRNA expression of VEGFA in WT/NEC mice intestine tissue
was significantly lower than that in the WT/DF group (P<0.05), and the expression of VEGFA in the GrxI~
"/NEC group was significantly higher than that in WT/NEC group (P<0.05). HIF-1a was mainly expressed
in small intestinal epithelial cells. The immunofluorescence intensity of HIF-1a staining in small intestinal
tissues of NEC children and NEC mice was significantly lower than that in the control group, respectively.
While Grxl ablation significantly increased the intensity of HIF-1a immunofluorescence staining in NEC

mouse intestine tissue. The results show that HIF-1a plays an important role in NEC children and NEC

mice, and its mechanism may be related to the development of intestinal microvascular.
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W A2 JUIR BE A /N i 45 W % (neonatal necrotizing
enterocolitis, NEC)& 5 iy LA f B A A 1) 57 ) L iH
i it . NECE: 220 ™ )L, AR E A1 500 g
IR =)L, ENECKR A Z 2 7% 21 £ 1L
AR, BEE R F ORI K &, NECH SR K 2 5
B B, T HAE T 2 AT MR R1(10%~30%), 143575
— E AW LR U B 7T S AR R
LA NI REA R B 1738 9% bf sz
. N LREFERZE N AR EE Ei e EEY. 2
i i 16 R 26 o] AR ENECH) & 2B, B4 5 R %0 JUE
RN AR 0F =7 R N 52 11| Nl & e VS 1
A A 2 A= i = B g T8 O 2R I 2
T R P AL A A 65 R 3R R AT R IR AR AH OC . /N
PR AR AR, 25 5 T Bk MR AR, PN 2
NECH BLd A2 [ s AR 2 R 3R, gl 1 i — &
FI) 98 9 SRR, i A 2 ik i 2H 2T B B AR R SR Y
BL, SRS PN, R, RERM, I HIEE R
A5 5 A 7-1a(hypoxia-inducible factor-1a, HIF-1a).
HIF- 1o — Pl 7 s 50175 5 2k DR 3k iy o0 75 1) 3 5%
BRI~ 001, RT3 9 4 11 A A R AE A PR T (vascular en-
dothelial growth factor, VEGF) ) ik 3 i 2 i 4 4=
FSC, AT A B 2 P JEE B, R i P Bz 248 oL R If 71
R RR A TR%, Mmlge g T, VEGFREA

neonatal necrotizing enterocolitis; hypoxia inducible factor; vascular endothelial growth fac-

Z R A, WHSVEGF-A. -B. -C. -D. -E), VEGF-
ABE A B B L I AR R . FRATAE TS 5
HORIL, NECE ) L/MNAZ LR, HIF-1a38 8 2K, 17
TE I SR> . R, BT T HIF- 1) 320
FEARENECH) & 4= ikl B Z2/E A, J85d 7 1 VEGFA
SEME /N g (R IO A A i, AT IR ENECH K Ao A
W50 8 SECEENEC LN I 4 21, K IUHIF-1a/f 3%
ki, B 5 SINEC/N BB AY, Jf HAE AR 5] N
Groe /N BRI A I /N P 40 23 FTHIF- 10038 38 A2 46 Fl
VEGFAKIE &, FRITHIF-10/ENECH FITEF

1 MR55E%
1.1 EZE5

A A #5: Similacht /7 #i(Abbott Laboratories,
E[H); RACIH W (Pet-Ag, 3% [FH); SDS-PAGEH, Jk
5% Ji5 T 1) R (g B A R 2 R A PR A
Al); I AARIPAH R R (AL T B FE R AR A
"), 5x B R, PeEE AR IR SR
AR A IR A T]); HIF-1o Rabbit pAb(Ji #F 1E it
LR R TUE 2 7); B-actinf T AR =8 4
WIHARA R A D), £ RlgGURAR IERE A H R
AR 5742 7]); 0.45 um PVDEE(Millipore, 7 [H);
Trizol(Invitrogen, 7% [E); Evo M-MLV Jx #% 5% i 7] Tl
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TR 710)H RS LR G AW TR R A #]); SYBR®
Green Pro Taq HSTH 7R A qPCRI 5l &L11(11702) (Al 7o
YR TRARA ).
1.2 ImRERGSE

W HE202045:1 H 422020512 H 5 KR B K b
J& ) LE BB AR AR SUS FRNEC & L8 B) VIBR (1)
/NHHGUWENNECA, i e & L6k, afs+ =
eaAet. B8 e FARUIBRI/NHHL
YENAENECKH R ZH . AW A I B LIS A1
HE R R, HE R RS R A0 3 & ot
1.3 zh#5r A R ALEE

7H 15 5 ONCSTBL/6 T B AR /N R (FE PR 1 R
KL Eh Y b L, SPEZR) 40 3, MEAfEARR, 14 &
2.5 g~4.5 g, HIBEALECAAT 7 A BE VLA J7 VR8T
A NER A X B L (WT/DF) FINEC4L(WT/NEC),
H20H ; THRT 58 CSTBL/6H Gral 5 A /N i
(VY )1 K 2 S 56 B b ots, SPFZR) 40, I LA _E ]
FE () 7 9243 9 X6t B8 41 (Grx - /DF)RINECZH.(Grx 1/
NEC). i Hi 4 /)N B BE BUME 9%, AN (AT fr] Ak 2
NECZH/N B TR & #, Bk,
MR 3%, 4F7(0.03~0.04) mL/g, 17%/4 h. JIg % ¥E(lipo-
polysaccharide, LPS) 5 mg/kgi# B, & H 11X 45Tk
AIE60 s(E T 100% & T ED), % 10 min(E
T4 cCHEDHH., @H3H R, B HEA FIREVA
AR AHE S B REERR R A B 5 2
e, SZO0 T FE R A B R0 SR AT 5% SE IR sh P (i
HRANE R E
1.4 5%
1.4.1 CFOBE/ N R B HIRA Va3 B BETS
ML SR 100, R AEL/IN BRUPE B I R i (1 AR EE AR A
142 ALBMRAGFMHEFAR  BELH, /D
BRI F W Sk VR AR AR, BGE B E #/NB 293 em, G
eyt 52, Rl A/ I L SUBRAR IR R A7 4% . BUR
uiig /N gy 4L 2R, e 2 20 2R e v T v, B U s
HEZ: o, 080T 4L 800 BE 2418 5y J7 73R
Natalie!Fr i FH 10U 75, B9 38 2 & 500 i 2 41
HATIREL VR 5y, 4 E =200 N2 BN IFINEC LAY,
Bk I BEALE 1007558 T #0837k IR, 37k HE T
P BEAE R AR B A
1.43 WM ARMRA, B emiE AT A7 i 63,
TPE R I M S, R -80 °CURAT % FH
1.4.4 Western blot {547 & H I EFEAR, 1218

520 mgZH 2200 pL s RURIPAZH 2R ELf# K, 2H 2R
SJH AR E)H2 min, 4 °CE.05 min(14 000 r/min), HU1 pL
IERI R AR (BCAYE), H4 BB mAsSx &H
R MR E S min, HRAF S . 40 pg#s FRE
#17SDS-PAGE#E I LK, FF5(200 V, 100 min), =
T 110 min, $ B0k A 155 — BURR B (W B LU 431
1:1 000), 4 °CHEE N, JET-Hui& i & 10 h; B 500
AN ZPUFRRELLBI1:500) = 1M E 1 h, ECLE . 4r
MR FImaged, H I8 FAX RIA & DU H 5
HE NS EAKTRKEEERR.
145 RBEREEE  FUOCARED R TR
2K, BT R B TSR (pH6.0) L i & il &
SHUE; U A E B, 2R T 3% XA KIS TR
F B B 25 min, TPEPBSYEVR3 YK, £S5 min; %
JIBSANF &30 min; bl — 4T, 4 °CHEF 10 h; H 1%
PBSYEI3K, BEIKS min. N7 G 9, #C A
1 h; W IIDAPIZLE, EEEHE B 10 min; 1 EPBSHER
3R, BFIKS mine N E R FKICEKFIIFE S min, i
K10 min; NPT K E Fr Bk IR
986 S B BE AL SR 2315200175 AL EF K14, FImagel
B 2R BT e, BCP I EAE i
FEA AR, BEAT Get 434
1.4.6 B KK E FPCRAE M VEGFA® I mRNA KA
KF B AL, KA TrizolVAFE U ZIRNA, 75
JEHE BTG IRNA FE, 1 BERNAK 5 25400 ng/pL,
FFRNAT 5 5 AcDNA.  LLeDNACH AR, 4 7 % H
(19 22 (R AT 2 256 [ 13E 4T 97 34 (Bio-Rad CFX90 Real-
time PCRAY). JLZ&AFA: 95 °C 30s;95°C 55, 60 °C
30 s, FL3ONMEIR . PhB-actins NS, FH 2744853 it
VEGFANmRNARIE K- 5145 FI R 1R
1.5 ZitF4AIE

43 B FAE B #2F K A GraphPad Prism 8.0, K
M IER M AR IR 7> 2508 E B R, ()RR B
oy A B 5 22 55 10 58 TR, ML RE ARG 56 R
a2 2 A LR SRR 2= 07 Z 0.
PLEM(Q)R AR ANFF & IE M /3 A7 5 T Z A ST 32
= 7k, FHWilcoxon Mann-Whitney £ 36 148 17 28 8] L
B P<O.OSERAGRITEESR

2 H#HR
2.1 NECZE LA HIF-10ZEBRIE
Western blotfa il 45 5 &7~ , NECH ) L/MNgddl
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ZIHIF-10RIAB T A B ERIK, ZFARITH¥E
X (P<0.01, E1A). He 56 s toAa I 2 7, HIF-
loF ERIEF I/ R4, NECE L/MNgdA
ZLTHIF-10F 35 58 't 5 FE 3500) HR2H 38 )L 5 35 P AIG
(E1B).
22 I —RRIFERFREBEZ T

FH BE B M2 3% OWT/DFFI Gra I /DF /) B3RS #f
WE R, W2, ENENFE, TEIK. 8
V5 AE L SERE AR . K H L U7 FLR IR FIWT/NEC /)
BEE2H M BRI . IEYS . (i, &3>, [
NHEW IR, Grx I /NEC/IN B AX H B4 P 1 ik A iR
V5, 0 {5 AR 98 AR /0N B AR R S AR B AR AL
(Kl2D). WHEALZZ/NERZHEZL, WT/DFAI GrxI™/DF
NI H LSRG, B EE A, TR KM, Wi

B WT/NEC/N U RV 2, Jo e, &84 B0 R
Ui A L. PR BE AR A Grxl/NEC/) B/ 1 2
FERRR, B BRI, G L. SR . 100
%55 F W EXWT/DFAIGrx ] /DF/N R 4 28, J2 Ik
SERTE I, SRR R SE, IR RS, SR e, B
JZ B ZAE G 2 S 1 R 5 NECAL /D R
W 1SS MR, IR BRRE D HEFI L. K
Jir, B4 IR B i, HE IR = AR, E o W Grxl T/
NEC/D LB REAKM, BB, TR, HKZE
E S (KI2B). i HE 22V 4 Gt R, WT/NECZH /)
AL V38 (3.17+0.44) 5 WT/DF4H (0.17+0.25)
5 THE (P<0.000 1, K 2C), Gral-/NECHLIE FE T
I3 (1.29+0.38)%¢ WT/NECZH (3.17+0.44) i 3 P&
(P<0.000 1), #BLEW S, WT/NECH /) Bl i HE L

R ERTOLEEPCR3IMFT
Table 1 Primer sequences used in Real-time PCR

514 Jr 31
Primer Sequence
VEGFA Forward: 5'-GCA GCG ACA AGG CAG ACT AT-3’

Reverse: 5'-AGA ACC AAC CTC CTC AAA CCG-3'

B-actin Forward: 5'-CAT CCG TAA AGA CCT CTA TGC CAA C-3'
Reverse: 5'-ATG GAG CCA CCG ATC CAC A-3'
= 0.87
A 3]
(4) Control NEC 2_0.6—
o
‘—' o
HIF-1a W £ 04 -
" ©
-
B-actin | i? 0.2
=
T (-
Control NEC
(B) DAPI HIF-1a Merge

Control

200 pm

NEC

200 pm
A: Western blotfr il & I ik ) LA 4H ZAHIF- 1k A R0k 5 B: 9806 AN W) /NG Z i 9 e e, HIF-1a R BRIE T b R (sl
HIF-1a, B & ADAPI),. *#P<0.01, ***¥P<0.000 1, 5%t AL
A: Western blot showed HIF-1a expression in the intestinal tissues of children; B: immunofluorescence staining of children small intestine tissues was

393
(=)
]

—_
W
1

200 200
00 pm 00 um

EEE T

W
1

Average intensity of HIF-1a
:

(=)
[

200 pm 200 um Control NEC
SR e

observed under fluorescence microscope. HIF-1a is mainly expressed in intestinal epithelial cells (HIF-1a: green; DAPI: blue). **P<0.01, ****P<0.000 1

vs control group.

E1 2 JLHIF-1042
Fig.1 HIF-1o detection in children
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(A)
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(B) DF NEC ©
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Ar NS [FIFR FE 510 R 9290 (43 390 HO~IVER); B B AE /N U AL VR HE YL (L BE AT TR 245 52 70 1 WT/NEC/) U AL 445 15 7™ H, Groed 56 PR
Frii% T NECS R B B 05; C: B2 17 WT/NEC/I B 4 239 B2 F 73 BXWT/DF 2 25 T 5, Gro LERIEER AR T NEC/N BRI 4 200
PRy D MEEOH 2 )5, WT/NEC/ AR B WT/DF/ IR, Gro I3 R Is S 7R ARk, *#P<0.01, *++%P<0.000 1, 5 WT/DF#]LL;
#P<0.05, " P<0.001,"P<0.000 1, 5WT/NECAHLL .

A: typical characteristics of gross morphology (Grade O-1V, respectively); B: stained with HE for morphometric analyse (Original magnification): the

&~

[o%)

WT

—_

Severity score of terminal ileus
[

~
©
lp)’

= WT/DF

# B WT/NEC
= GrxI/DF
= Gyl /NEC

Grxl

N
*

% K] ok

Variation of body weight
[ £~

(=]

D7 D8 D9 D10

intestinal tissue of WT/ NEC mice was seriously damaged, and Grx/ ablation alleviated this damage; C: histopathological score: the intestinal histopatho-
logical score of WT/NEC mice was higher than WT/DF group. Grx/ ablation decreased the intestinal histopathological score of NEC mice; D: after day 9,
weight loss was observed in WT/NEC mice compared with WT/DF mice, ablation of Grx/ ameliorated this trend. **P<0.01, ****P<0.000 1 vs WT/DF
group; "P<0.05,"P<0.001, “*P<0.000 1 vs WT/NEC group.

E2 REFMAETL
Fig.2 Pathology and body weight changes

WT/DFIREE, GrolJENRERIL S TNECAREX /MR mRNAR K KCF R WT/NECAL B 2% T 55(P<0.01, &
A H G K ) R0 (P<0.001, E2D). 4B).
23 MREFALRHIF-10EBRIEA

R Y R I R, HIF-laF BE 2 E R 3 33

IEF/NR/Ng R g0 i, WT/NEC/N B/ i 20 4L
HIF-10°F 3 %% Y6 58 FE B WT/DF /N BB K (P<0.000 1,
KI3A); GrxI"/NEC/)FLHIF-10°F- %92 Y650 5 W T/
NEC/) U THE1(P<0.001, K3A).  Western blotha I 44
AR, WI/NECZH /MR /)N i 2H Z3HIF- 1otk H R ik
R WT/DF 3 [E1IK (P<0.01, EI3B).
24 PMAELVEGFEBFMVEGFA mRNATRIE
Western blott#é: ill] &5 £ & 7k, WT/NEC/) i 1%
HZIVEGFA S [ 3R I8 KPR WT/DE/I i . 3 PR
(P<0.001, K4A). RT-PCRZE & & 7x, WT/NECHL /)
SN 2R VEGFAmRNA R 1A /KT WT/DF 41
3 BAR(P<0.05, El4B), Grxl/NEC/|\N R VEGFAIY)

HIF-172 F o fNBIIE 38 20 A% 11 7 — SR A4k, 1 45 Sk
A TR FIA AT 75 (W S R 7, B I/ A
TR R, AHROIGTE . MET. AEEOA%
ol S 75 3 R IR, (R P R SO 1,
ZWE IR TR, 40 R BR T A B I RS
HIF-1aX 4R & A 2 i U718, REF LRI, NECHE
JL/N I H A HIF- 100 2 B IS, 1E BANECH) K 4
HIF-1o3 % VIBC R o FRATTH S09% ¢ 't e £, 5 {7 HIF-
lo, RIH FEFRILT/NG bR g, H HLAEf ot
Fel - =i, WIRAEEUS T fllWestern blot—
L5, NECH ) LAINEC/N B/ 7 2 2R HIF- 10
RSP Y SO 5 S O R R PRI Bl )S
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( A) DAPI HIF-1a Merge

WT/DF

: 200 pm 200 um 200 pm

WT/NEC

200 um 200 pm
f — i

Grx17-/DF

200 pm 200 pm 200 pm
[

GrxI7-/NEC

200 pm 200 pm 200 pm
———— A 7

=254 =2
= E
= 20 (B) WT/DF WT/NEC g
i 2
‘? i HIF-1o S s s g
% .| P-actin  — ——— ——— 203 T
s 5 sk J S —
£ =]
jani
< 0 ’ WT/DF WT/NEC
ROPECIRN
TSN
(GRS
G

Ar FOCRMBIEE N B NH AL HIF-1a 525 56 Gt . HIF- 1o 230E T L R 4IHE, NEC/) U 4L ZUHIF- Lo 25 %¢ 't oit Ao B 4 B AR (2
{6 yHIF-10, (0 YDAPT), Gral BRI 4 B 3 5 T NEC/N UL U HIF- 10t 9 658 . B: Western bloti il & BINEC/) F 7 4L 4AHIF- 10
FIRE FRAL T Z K. #+P<0.01, *++%P<0.000 1, 5WT/DFAHLL; **P<0.001, SWT/NECHLL.

A: immunofluorescence staining of mice small intestine tissues was observed under fluorescence microscope (Original magnification). HIF-1o is mainly
expressed in intestinal epithelial cells. Compared with the WT/DF group, the mean fluorescence intensity of HIF-1a in the intestinal tissues of WT/
NEC mice was reduced (green: HIF-1a; blue: DAPI); in contrast, HIF-1a expression was increased in the intestinal epithelial cells after Grx/ ablation.
B: Western blot showed that HIF-1a protein expression in the intestinal tissues of WT/NEC mice was significantly lower than that in WT/NEC group.
*kP<().01, ****P<(.000 1 vs WT/DF; *P<0.001 vs WT/NEC group.

B3 MR AEELRHIF-1042
Fig.3 Detection of HIF-1a in intestinal tissue of mice

FATENECH WAL b BEAT 1 AR [F BT 9T, NEC/)
S/ 2 23 FP HIF- LauR] RSO0 HE ZH A2 25 FARAIR, Al PR
FEARBE I T — B8NS K. A5 EW, A=
L 43 H &R (dimethyloxalylglycine, DMOG, #iill
HIF-10 B fif) B 3% 18 A2 NEC /)N B 19 g 1 103 15 78
/NER P B 2 B v 3ok R TAHIF-100] Pk 42 17 18 452473,
X e 25 SR K WIHIF-1a02 7 2 [ #8 2. HIF-1o
() 1 1 I i R R A 45 A 38 (proly | hydroxylase
domains, PHDs)#pVHL(von hippel lindau)*JHIF-1a

BT (IR AR B, TR T HIF-107E B ; THIF-1o
T 38 3t 1 715 VEGFA 1) 2 3k A 5 1L A 200
FEIAR AR SR, TR ST, PHDs AN B,
HIF-1of8 €, J5HIFHLE R )5 3) 7 o A7 76 FHIF
NGRS, MO A 17 A R S 2R R Y e s 1), A
FHVEGF', VEGF5 Ifil % N K 48 i 52 1 45 & 1 428 1
B, 51RN MR 2R TR AN, IR
BOBT LA 73322 fEAEERE T, B2 BE
PR S), RS T KAH 4 5 Il S = 115%
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(A) WT/DF

WT/NEC

2.5

2.0

VEGFA m o S s

B-actin  —=o== Gim o e D mwmn G e

(B) 2.0 -

VEGFA mRNA/f-actin
s
1

0.5

1
3 ¢ $ ¢
9 \é@ O L
&« X K
ST

1.5

10— skkck

VEGFA relative to B-actin

0.5

WT/DF  WT/NEC

A: Western blot# Jll 45 S K BFHWT/NEC/) R 41 4 VEGFA R [ R IX B R WT/DF/N R 3 4K, B: RT-PCRZS R HWT/NEC/N R B 41 4 VEGFA
mRNAFRIEERWT/DE/N R T PR, Grol ZE R r bk B35 32 5 TNEC/N R B AL VEGFA mRNAZRIL . *P<0.05, ***P<0.001, 5WT/DFAHLL;

#Pp<0.01, 5WT/NECHIEt .

A: Western blot showed that the expression of VEGFA in intestinal tissue of WT/NEC mice was significantly lower than that in WT/DF group. B: the
expression of VEGF4 mRNA in the intestinal tissue of WT/NEC mice were significantly lower than that in WT/DF group, whereas the levels was in-
creased by Grx/ ablation. *P<0.05, ***P<0.001 vs WT/DF group; “P<0.01 vs WT/NEC group.
E4 PNREFELAVEGFAEBMVEGFA mRNAK
Fig.4 Detection of VEGFA protein and VEGFA mRNA in intestinal tissue of mice

BN, 385 R A 4 5 SR 1)30%5
NJgiER B b 5 3% R Z 8 SNECH K
A BEYIAH P, Rk, AT T VEGFA mRNATE
W RIEE, KRIINEC/N RNl 4 h VEGEA
() 21k B o0t R 4H B 2 PR A, VEGFAER IR IA 7K1
[F)RE FAAR, 158 WX VEGFA 11 4% 52 M3 A J2 1 HEAT
(1), THIF-1a1E4f & 1E H T VEGFAR % 5% J8 3 71,
TATHE M HIF- 10 R 1K B, 530 T VEGEA # 5%
T B, & 5EEVEGFARIE [ R IE K T M, fase
HIF-1a/) 3R 15, G808 48 S VEGFA ik &, MIfix)
NECE R ERH « N T X AT I0E, BATTIANT
Grx I [, XNECH R HIF- 1 o) Rk HE4T T Tl

4 A8 7 FK 1 1(glutaredoxinl, Grx 1) {E 4 4 /2
— B A R SR A R R A I, e R B A
JRS-75 I H R AL, R T A R ) A SR s R
TP PR R ik AR S B B H IR (glutathione, GSH)
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