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Preventive effect and mechanisms
of 3,3-diindolylmethane on
oxidative stress induced by
hydrogen peroxide in HaCaT cells
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[ ABSTRACT] OBJECTIVE: To observe the effects of 3,3'-diindolylmethane (DIM) on oxidative stress induced by
hydrogen peroxide (H,0,) in HaCaT cells. METHODS: HaCaT cells were treated with different concentrations of H,0, to
establish the models of oxidative stress. CCK-8 assay was performed to evaluate the inhibitive effects of DIM (1-20 pmol/L)
on cells proliferation. The intracellular reactive oxygen species (ROS) levels were measured with flow cytometry.
Furthermore, the effects of DIM (0, 5 and 10 umol/L) on H,0,-induced the phosphorylation level of nuclear factor kB
(p—NF-«xB), the expression of mitogen activated protein kinase (MAPKs) were detected with Western blot. RESULTS:
The cell model of oxidative stress was successfully established. The results of CCK-8 assay showed that in the doses of 1-
10 pmol/L,, DIM did not have obvious influence on cell viability (P>0.05). Flow cytometry results indicated that pre—
treatment with DIM (10 pumol/L) could inhibit the level of intracellular ROS (P<0.05). With increasing concentration of
DIM, the levels of p—p38—-MAPK, p-JNK and p—NF-kB were significantly depressed. CONCLUSION: DIM could
protect HaCaT cells from H,0,-induced oxidative siress via suppressing production of ROS levels and down-regulating the

expression of NF=kB and members of MAPKs. DIM might be used as an effective drug to treat or reduce oxidative stress—
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mediated injury in skin cells.
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i J& (reactive oxygen species, ROS)FI7E V£ & A i %t
(reactive nitrogen species, RNS)AJARY, —J7 1, HH
S ZMAY R HERERN, SEAEY R
Atk BT L AR IR 1 SO A A B e S
B AR U™ 55— T E B RE RS RO £
FRIEG S, WA F(nuclear factor kB, NF—«B)
22 24 )7 15 A6 & P B8 (mitogen  activated protein
kinase, MAPKs)35, 5| 57 ik 14 98 5E S N A1 o (1) [
fift o WFIE R ROSE: T B8 A W iR I I R 2
=P MEARE . AT, AT E R OR B R R
A AL S (H,0,)/2 ROSHY FEE W™, fERSM g
H,O 38 F A Ay 755 4 1 390 420k Ry S PR HR Y
AT SEAE N A B A0 (HaCaT) R HTH,0, 8 55
SN, ST N B R A A R A AR Y

H5| W —3—HH [i5 (indole—3—carbinol , 13C)/2& — Fh i x&
MR A2 T T, PR S L
3 AEMBSEAE hRIAR R, 3, 3-TmINEILE3, 3-
diindolylmethane, DIM)&I3CTE H R MR IES1F T kA=
R Y, Hyvmmbtaibie ) cEer
20 A5 Y v A B R ST AR T 7E HaCa T4 i
DIMJZ 75 BE S 1 H,0,155 5 19 S0 A0 17 330V FH 1 A DL 4
18 RIAS B 58 R HTHL O S A N B R R, 3R 5T
DIMAYH,0, 2 HaCa T ML R A ST/, RIS
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DMSO)¥ 1 A 3 8 Sigma’A 7] o % $L Phospho—NF-«B
(P65). Phospho—p38—-MAPK(Thr180/Tyr182), p38—-MAPK
(Thr180/Tyr182), Phospho—SAPK/JNK(Thr183/Tyr185).
SAPK/JNK(Thr183/Tyr185), ¥t p-actin L 73 B Hi 14 1
I § 3¢ [ Cell Signaling Technology (CSTYAF] . 4 E;
Foff . KR MANEEFRARIA N 3 52 E Corning/A F .
1.2 ZHRELESR

4 HaCaTZH M 422 0 76 5 A 10%Mi5 24F i . 100
IUmLEFEH X . 0.1 mg/mLiE7s K Y DMEME; J7 3£
T37 C. WEE95% K CO MR TR B 5% 4 41 F $5
Fro A2 dife—REEFREL, R A BRI 80%~90% i
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HCCK-81 6 (35 2= K)o 4R MUAAIG 5. 2 A vk B2
P N5 x 10 /mLG RN T 961U, 7EDMEMSE 484
FRIEEREFR24 bE, AIMACKRRR B DIM(1 ~20
umol/L)KEFE24 . 48F172 ho A1 H,O, i 41 i /E FH B
o Sk TC MV By R AL, I ACAS TRk B 14 HL,0,(50~500
umol/L)Zb B2 hiF, ke RE R ST 9724 he b
PSER G, FALINAL0 uL CCK-8ik5, 37 CHEHE 1
h, FH4 A 2 Bk S 2 4 A (32 B Thermo/A &) T 450
n AN E GRS, IR R

A L 77 1% 3R (%)=[4k BE 2 D(@A50){H -25 [ X} 1R 2 D(450)
BV BEZH D(@50) B ~25 I % B A1 D(450) ] x 100%
1.4 FRAMEEARLVMABAROSEE

H41 x 10/mLAY HaCaT4i B 3 b T 6fL R 15 5524 h
&, AR SEFIDIM(10 pmol/L)Zb 324 h, SR 5 % HEZH
1 4b R 2H 43 5] F 50~200 pumol/LIY H,0,(JC Il 15 3% 3%
FEMbEE2 h, AbFESERE)S, AL A 10 pL DCFH-
DA, 37 CIRAFE 30 min/i FH I 20 Bl ASORS: I 400 A Y
ROSH # .
1.5 Western blot#s il &8 1t Kz i3 18 < & B NF—«B.
p38—MAPK. SAPK/JNKSERY 7K B3Rk

WCEE AL, 200 PR R0 25 ik 4 L B
HH, BCAEMEEH & &, BfEEH FAEE 40
ngo KA 20t 4%~12% NuPAGET i % (InvitrogenZy
Ao B e A% A 2 W BEIR M 1Y 2R A R & M
(polyvinylidene fluoride, PVDF)_L, FH5%MiI8415%
HHI1 hiE, —PL(ERPiPhospho-NF-kB . Phospho—p38-
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MAPK. p38-MAPK. Phospho—SAPK/JNK. SAPK/JNK
¥J1 2 2 00085 BE, FPiB-actin 1 : 1 000FG BE)4 CHFH
1 . PBSTZE i1 (0.05% Tween20H PBSSE ik )ik 15
10 min x 37, WEEHLHRTHU(L 1 000)F L =40/ B
ZH(1 2 1000)F EIFE2 h, PBSTHEAS min x 31K, 1k
SROGEFE A, BRA B . E. Quantity OnefR {4
Xf Western blot2h S HEAT K B, IR 45 257 AH X
JCEE, FREAT LR P AT
1.6 FitFHH

flFHSPSS 13.08 AT Ge it A0 B, Pir A i 1
DL X+ s3n o S UUREARSEUG LB R IR R O 25000
(ANOVA), #% 12l 5 2H 24 80 5 0 BR 40 35 0 my e B
Dunnett—#85 56, #5546 K #Ea=0.05, X7 [ 32k KF 3
11 PearsonfH 50 HT -

2 #F B
2.1 DIMX{HaCaTZHAaEsE I HI1E A

XA R, SR AN R MR BE 9 DIM(1 ~20
pmol/L)Zb BEAN A f5 , 235 5 I8 /s DIV J3 FN 41 g A7 37 %
Z A FER RN R . AbBRIN ] 7E48 h2 P, VR
/NTF10 pmol/LAY DIMR HaCaTJG B i 25 P4 FH (24 h:
F=1434, P>0.05; 48 h: F=2.948, P>0.05), LK1,
DI ASAIFSE BEERS FI10 pwmol/LF SR A T i S 5256
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S%HIBLAARLL, *P<0.05, **P<0.01.
E1 1~20 umol/L DIMAEA[E At iEXtHaCaT i &AM

2.2 H,0,XtHaCaT4BaL 5 B0 &l 4E
WE2FTR, S5XF R4 GEPRRT) L, 50 pmol/LIY)
H,O 40 P2 b5 XF 40 A B S i I VE R, A0BR A7 TG
T F%5082.25%, BfidE H,0,4€ B 38 i, X HaCaT/:
KA B VE P 1455 | 200 pmol/LIH,0,40FH2 his 41
WA H 0 T71.93%; HAS AR H,0,40 B2 hg 2
WA G2 B L (F=104.836, P<0.05), I, J54:

B - WX RE
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5% A (Wb FERDAH L, #P<0.05; *#P<0.01.
E2 50~500 umol/L H,O,%tHaCaT7EiE R8N0

2.3 DIM#P#HIH,0,ESROSHI & A

WE3~, BEEHOM R, AbFRZH 40 i
ROSEHHWIZE A E . H,0,(200 pmol/L)kEFHaCaT 2 h
Z 5, AN ROSIKF- 24 S % BRI 3. 1485 o 1T DIM(10
umol/L) T Ab ¥ 24 hf5 , 4 I I ROSIK V-5 40 1 H,0, 5
Ak PRZE AR LA B I A R R (P<0.05 85 P<0.01) . 1L
45 R R W DIMA] A 20 i HaCaTH B H, 0,15 5 7 A 1Y
ROS,

14 000

s 1H,0,
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A e FE B H,0, B MU LA L, #P<0.05; ##P<0.01.
E3 DIMFIAERTH,0,1% SROS 4 F K 220

2.4 DIM#NHEIH,O,F SHIMAPKFINF—KBIE 5 18 % HY
BiE

50~200 pmol/LAYH,0,4b BEHaCa T4 2 )5, il
MR ALNF—«B . BEfRbp38-MAPK . p38-MAPK . Wik
{ESAPK/INK . SAPK/INKHYKIEIKF-o 4558 R (W&
AFNELS), Bifi %5 HLO M BE 35 i, W5 R 1k i) NF—«B |
p38-MAPK ., SAPK/JNKAY JK ¥ L {8 £ 3 | Tt i 3
(r#45>0.946, P¥J<0.01), FIH0,115 S BERRILIINF-
kB. p38-MAPK. SAPK/JNK# 1A/ 0T e . K
591, 55510 pmol/LEY DIMF AL #24 hJ5, #5200
umol/LAH,O AT Y47 . 454 b /s 2 DIMIR BE 34
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K HLO, 4k BRI A] 1 ZE 4 (530 min), 4585 [0 51 R T
WO BE AR 52 R B 3 (a3 il /N T -0.74281-0.936,
P¥1<0.05), PHIt, DIM(5. 10 pmol/L)RE i & 11 il
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H,0,i% S UNF-xB. p38-MAPKFISAPK/JNK# iz 1k
FRFRZ, HH,0 0BT, $0 ] SRR B e (L
FIRFE2),

H,O, ol/LL
wia —eo: (HmolL) 150
50 100 150 2 ol »

00
PR Phospho-NF-kB E
. — “ 350 |

i HR4H
50 pmolL H,0,
# 100 pmoVL H,0,

I i =150 pmol/L H,0O,
Phospho-p38-MAPK 3 300 1200 pmol/L H,0,
= L F=Y
p38-MAPK Fog 250
- - - & 200

C mamam
100

i SAPK/JNK ot
‘.... 50 1 s *-*
. P-actin 0 = . _ -

m Phospho- Phospho-p38  Phospho-—

) NF-«xB -MAPK SAPK/JNK

5 IRZE (R T HL0 A B EE AR, #+P<0.01.
E4 H,O,3tNF-kB, p38-MAPK, SAPK/INKX BBk B RiAKEHEIT
30 min 60 min 120 min H,0,4b 32 B} ]
MHRE 5 10 STE4HA 5 10  XEA 5 10  DIMiRJE (umol/L)

I_. - “; — wl:_, | Phospho-NF-«B
-
|‘ -—" - |- L g RN |Phospho—p38—MAPK

I Y v
Newwr S T gy G WIS S e W | i

E5 DIMITH,0,ESNF-KB. p38-MAPK. SAPK/JNKREER L HE B0 1 B

%1 FREKEDIMZF200 pmol/L H,0,iESNF-B, p38-MAPK., SAPK/JNKHEEEL L 8E A1

DIMAIE NF-kB £ [1(H,0,4b #1) p38-MAPKZE [11(H,0, 40 #) SAPK/INK# [F1(H,0,4b 1)
30 min 60 min 120 min 30 min 60 min 120 min 30 min 60 min 120 min
Xt R 2 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00 1.0040.00 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
5 umol/L 0.71+0.02 0.91+0.02 0.51+0.03 1.04+0.09 1.30+0.04 0.33+0.06 0.69+0.06 0.60+0.04 0.5140.02
10 pmol/L 0.48+0.04 0.50+0.03 1.08+0.09 0.76+0.03 0.53+0.02 0.07+0.01 0.26+0.02 0.53+0.02 0.26+0.03
A -0.966 -0.981 -0.088 -0.832 -0.742 -0.907 -0.99 -0.838 -0.93
PIE 0 0 0.821 0.005 0.022 0.001 0 0 0

%2 200 pmol/L H,O, B AR AT EFINF-«B, p38-MAPK. SAPK/JNKBEER Y 3% 7K F B 220

H,0, NF-«BZ ] p38-MAPKEH SAPK/INKEH
YERIHE] — %FHEZH 5 pmol/L DIM 10 pmol/L DIM ~ XIM8#H 5 umol/L DIM 10 pmol/L DIM  XH&%H 5 ymol/LDIM 10 pmol/L DIM
30 min  1.00£0.00  1.00+0.00 1.00+0.00 1.00£0.00  1.00+0.00 1.00:£0.00 1.00£0.00  1.00+0.00 1.00+0.00
60 min  0.70£0.02  0.84+0.03 0.60+0.02 0.57£0.01  0.67+0.02 0.38+0.02 0.69+0.06  0.46=0.03 0.45+0.02
120 min  0.12+0.02  0.11+0.03 0.23+0.02 0.330.01  0.10+0.02 0.04£0.00 0.26+0.02  0.21+0.02 0.15+0.02
r{t -0.982 -0.936 -0.999 -0.986 -0.988 -0.986 -0.978 -0.985 -0.968
PlE 0 0 0 0 0 0 0 0 0
3 i i DNA, [A] i} ROSTE HaCa T4l i AT 03 4 J& & J5i 24 11

KW EAUESE, 4545 2 FHROSH L ) 4
A 83 B rg ™. ROSH] i K 40 it #% DNAFN 8 k7 {4
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HO & —F RN IZ AFFE I ROS,  #K B 22 (1) 3iF
P53 A H,0 2 T BUA L D OB R EE RN R 2
— AR FHH,0 8IS T HaCa T4 (0 I AR 8
TEHaCaTZufI Y, AMEYEH, 0,68 B Z 38 B A0 I ROS &7
i, IR IR FINF-cB . p38-MAPK . SAPK/JNK
HIBERR ALK T T

AR, R B A b D aE .
T F AR T E R 13CE WEIE 2 R ROSA RL 35 5
M, DIMYE W I13CHE E R S5 PR 1k A F HE Wi 4k
Y, RBCEEIUEANER D) EZAE RS . ASWE
R IAEFIE (5. 10 pmol/L)DIMNF HaCaTF) 34 5l LD
HIVER, JEREA 08/ HH,0,5 5 4 iROS, DIMA]
i ZFPHLRHAN R ROSA B, BLAE B AN DIMBT AR
LA - i S HIROSHY ERHNHI NF-«Bf5 5 1 %
B TG sl o 2L OBR 98 BT 1(breast cancer 1,
BRCA K (4T A A 530 BB i Al R . 2224
JHE 06 Ak I 52 % (MAPKs)fU, £ MAPK . ERKAl
INK", JEA0 P 1) — 2R 2 R/ AR R U, 1t
FIG I DL REA AE LA MR 5 5 2 AN AT TEAR 2
YR AR o S ek B e B B OCH E MR . Horh
p38 MAPKFE N MAPKZE R B E N 01, AMUS 5T H
MO AR A B R, SR, SO AR
2555 FE E e R " BatE AR 2 £ W
MAPK{5 538 i A A oA ¢, I H R A A
ff, MAPKs 1 H 288 (B i KPSt . HC
T DIME 75 A 5 1 MA PK {5 538 g He S8 ALV E I Y
ML i A DLARGE .

NF-«B{5 5 -5 A A AL R DIA G . NF—B
S A AR T, O SRR AR B ROSTE & i
J&, ROSH] B HERE F L4 A NF—B™, % INF-«B
A LA 40 308 — AL A A E(NOS) . £ Fh LB
HABANLR 745 X sr HARMESE, JERDINE T4
BRI EAE . B ETE AT DIM AT 3 1 50 ROSHY
SBURIIHINE—«Bf5 53 B 0 30E , i e 2l b 424k
PIPEHT . [IAERY, MAPKAE 5 s 5 48 A0 W 0 U
AHOG,  HDIMZ 75 BEIE £ 110 il MA PKAE 5538 R il 4
AR PR AN AT o ASBIFG AR ST I HaCat S AL N SR 7R
ARl E & FBEDIMO ~10 pmol/L)HE BE A4,
SEOR SR NE=R AR € P A= N E-$ny, & R T
R, ELSCRR 06 VR A 23 Bl 25 HLO, 08 F s 8] 9 168 i i 126
WA, SAAVIRGEE, AW IR
HaCaTH, DIMAJ L H ROS/ ™4 XNF-xB. MAPKs
o O R R ST R E A, T s A
s o

B WX e RE

ZE BT, FRATTHED DIMAE A0 ) B2 ik 40 it S8 Ak 1o
Wbl R —E PERT, $R/RDIMAT AR 6T ol HE 22
SRR R R A5 3 1) — AT 2249 o

S0k
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KA, SHAZE NDNAA BT IR EIDNA A 45 3R 4
A, HIDNARY S & 2CHI N E4C, X —F ) 32
FERUEDNASEFTE S, AEE . JEAEAFLR AR
AR 1R A . i DNARHI, RS0 Ok B % 15 B AL
MR T AN, RSkt S
A 0 ) B S BRI, BaP YL BEAN AL S 1 JEE 1Y
SHARH I $12 7~ BaPYe 25 40 i 15 % i DN A 93155 5 4t i i
B, 20 R JE A S A= BEL o 4t J] S BEL s e S T
REA 3RS . diME B, A0 VR R IE
YRLEIEATHAE s A TCTR SE B, 1T A0 i B R
IEH, Bindisem M ME, SECHERUG R, W
THVAEAE AT RE ; AN TCIE e, oidi it
K, HMEHEAET, EE SRR AR R IS B
Bl BB SDNAR L B E A DI R

ARSI 6 TR R 40 L PG L ke ST 8 A
T BaPE(DN A A3 B i ) A5 H Ak ™, i 2 4 i o
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