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(5= MR ERMBNERERERENIFEXEINER, AEAH3IHE 36 UMAUR=
BRE (H3K36me3) FAMEEHRIRMNEEBBLERZ—, HN SHVHKFTRENHIHR
HERIHAER.

(B8] IR BEABFAEAZE R H3K36me3 BIFKFESHBAFEMMRBNXTR, MR
BEZAERNRCNRESET R RIS R E T IR 5 (2.

[757£] 32 RIRREAIBTEL Wistar KR, BEEER ¥, IRAERBRENKFRIED ATERA, .
. BRHFIEA, 5483, KEIHERAF KT E (D) F41mgke?, IRBTIENS
MR T2 IR, . B SEEEDFI4F 2.5 (1/16 LDso) « 5.0 (1/8 LDso) « 10.0 (1/4
LDso) mg-kg? (LUAEIT, BR) IHERIAR, JWRALTEBFK, EBRS, EEEN
10mLkg?, SAESES6d, HAEINE, RRAPAREKXRIRE. FFIEELR, REBRRK
BEEETFRIE (cp-Ms) MM AFAE R R E 58, BRIMTEAIRENABIEAZEA, BEEk
G RHISEEE (ELISA) 1 MBFAEA H3K36me3 FUFRE 734K, BEIRABEIE - REAUAITRIE
(UPLC-MS/MS) #MIFR 8- BRERR A S (8-0HdG) MRERE, MAELLZERE (TBATE) 1€
TUATAER — B (MDA) NREFERIRE, AT, H3K36me3. 8-OHdG. MDA Z [B]HI4 1448
XXZF, FEEIL BT —H3K36me3—8-OHdG/MDA” 7RI IE A LR ZR H3K36me3 TERHERAT
SR GETRBFRNER.

[Z552] K. . SEHFISHTH. R 8-0HdG. AT MDAKIFEDI IS TFITEEA, AT H3K36me3
KR TFIIREE (39 P<0.05) ; EREZREFIERIILEIN, FFEH. FR 8-OHAG FNFF MDA /K F3Z AT F
5, H3K36me3 B ZHBEAE (Pax<0.01)o FXMED It B RAFHHKE 5 FR 8-OHdG. AT
MDA 7K ZIFHH% (r=0.701. 0.748, ¥JP<0.01) , SAFH3K36me3 &IMKFEfaE% (r=-0.715,
P<0.01) ; FFH3K36me3 {&IM/KT SR 8-0HdG. FF MDAKEZ fAEX (r=-0.660. -0.683, 1
P<0.01) ; R 8-OHdG 7K 5 BF o MDA 7K F 2 IEAE X (r=0.778, P<0.01) . H3K36me3 TEFH
3 8-OHdG F MDA ZK R/ TR 53 51 5 B RE R AY 30.97%. 38.91%0

[£516] BEUK BRATHE H3K36me3 KRR AT EES S FF A WIRABRIIAIE, H3K36me3 BE B
AR WIR GG A=,
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Medical University, Guiyang, Guizhou 550025, China)

Abstract:

[Background] Environmental pollutants can cause human health damage, which has become a
research focus of domestic and foreign scholars. Histone H3 lysine 36 trimethylation (H3K36me3)
is one of the sensitive targets of epigenetic modification due to arsenic exposure, and the
mechanism of arsenic induced liver damage is still unclear.

[Objective] This experiment evaluates the association of H3K36me3 and hepatic oxidative
damage induced by arsenic in rats, providing an epigenetic understanding of the mechanism and
intervention of arsenic induced liver oxidative damage from the perspective of epigenetics.

[Methods] Thirty-two healthy weaned Wistar rats were randomly divided into a control group
and three arsenic groups (low, medium, and high dose groups), with eight rats in each group. The
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median lethal dose (LDs,) of sodium arsenite in rats was 41 mg-kg™. According to the principle of dose design for subchronic toxicity test,
the three arsenic dose groups were given 2.5 (1/16 LDso), 5.0 (1/8 LDso), and 10.0 (1/4 LDs,) mg-kg™ (calculated by body weight, thereafter)
sodium arsenite solution respectively. The rats in the control group were given 10 mL-kg™ deionized water by intragastric administration,
6d a week. After 4 months, urine and liver tissue samples were collected. The content of arsenic in liver was measured by inductively
coupled plasma mass spectrometry (ICP-MS). Histone was extracted from the liver of rats by acid extraction, and the modification level of
H3K36me3 was detected by enzyme-linked immunosorbent assay (ELISA). The level of urinary 8-hydroxy-2-deoxyguanosine (8-OHdG) was
tested by the ultra-performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS). The content of liver malondialdehyde
(MDA) was determined by thiobarbituric acid (TBA) method. The linear relationships between liver arsenic, H3K36me3, 8-OHdG, and
MDA were evaluated. A “liver arsenic-H3K36me3-8-OHdG/MDA” mediation model was established to explore potential mediating role of
H3K36me3 in arsenic induced liver oxidative injury.

[Results] The levels of hepatic arsenic, urinary 8-OHdG, and hepatic MDA in the low, medium, and high arsenic groups were higher than
the levels in the control group, while the level of hepatic H3K36me3 in the three arsenic dose groups were lower (P<0.05). The levels of
hepatic arsenic, urinary 8-OHdG, and hepatic MDA increased with higher arsenic doses (Piens<0.01), while the level of H3K36me3 in liver
decreased with higher arsenic doses (P:enq <0.01). Hepatic arsenic level had a positive correlation with urinary 8-OHdG and hepatic MDA
levels (r=0.701, 0.748, P<0.01), but had a negative correalation with liver H3K36me3 modification (r=-0.715, P<0.01). Liver H3K36me3
modification was negatively correlated with urinary 8-OHdG and hepatic MDA levels (r=-0.660, -0.683, P<0.01). Urinary 8-OHdG level
was positively correlated with hepatic MDA level (r=0.778, P<0.01). The mediating effect of H3K36me3 on arsenic induced 8-OHdG and
MDA levels accounted for 30.97% and 38.91% of the total effect, respectively.

[Conclusion] The decreased H3K36me3 in rat liver induced by arsenic may be involved in the regulation of hepatic oxidative damage,

suggesting that H3K36me3 may be used as a new target for studying the mechanism of hepatic oxidative damage.

Keywords: arsenic; rat; liver; H3K36me3; oxidative damage
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SlEEZRAZMENNG, FIHEETENEREZ
— U, ARER, BN EHRRATRRGHEE
&, BRE O LB RFSEHEF L, NFINEK
B ZRIXKTRGE Y, WIARFIREK - mEt T, 3
SRS LIRG, MH—F 5 AR RE
EMHEHEREY, BRI R A I REBINAE LK
@RI, RMBEEFRMRIAEHESENIRG
BT IR R W8 B @ T L DNA BB E L. miRNARY
EBREA, EHERNNAECBEBERIHIES,
B5mIFSEURGHHE B, HERBIFERMN
BEAENS —HEENG, RAAFHHARELAN
H3 55 36 {UFEER = BB & (H3 lysine 36 trimethylation,
H3k36me3) @2 5IZSE IR E IR ITHY
KPS, IAEMRWIBR T H3K36me3 BIKFF
BaS5FRERHNEELR",

AT RITHIKIeme3 BB S 5MIZEFH A IR
ERERE, A RERTAARNEIHERRAR
FRRGEB B E, N KRFARPHKE, 4
EHH3Keme3BIMKFURRS-BEEBRESH
(8-hydroxy-2’-deoxyguanosine, 8-OHdG) #1 BT i A
— #2 (malondialdehyde, MDA) F& LIR1HIEIRKF,
BT 9 A7 BT R, BF4E4E H3K36me3. A LIRATEIRZ
1B B9k F AR H3K36me3 STTRE AT | (IR B 13K
RZ, #RIT H3K36me3 TEME AT EMIRGEFRIVIER, 7

HEFAARARNEENGRRIRERORMNE
Rt iR AR,

1 WRERFE
1.1 FENBS5EHA

BRERBESFE TFERRIEMN (cP-MS). BEMK
ML - BB EX PO LR AT BRI (X (UPLC-MS/MS) . BBARIY
(Thermo Fisher, FH), £ B mRRHESS (L
BRELVEEERAT, FE), B8RAL2FELH
(Eppendorf, fZ[EH), I ERERH (Sigma, EEH), KiH
. k. S| s (RETARUFERF, RE),
% B B8N 5 Cocktail (Roche, ¥ E). H3K36me3 #1
K (Abcam, &[E) , 1gG HTIE =41 (Proteintech, EE) ,
H3k36me3 E4HE BTG (Active Motif, E[EH), Y
BFEEKX (TMB) BZ&F. ZEMEER (BCA) ZEA R
ENERFE (EEBaXEMEARRER, FEH),
MDAMIAF & (FEREREY T2, FE),
8-OHdG FY [E 111 & (*Cyon °Ns) I HR. 8-OHAG 1R/ S
(Sigma, EHE),
1.2 LRz A R IR

KRR AKITIRB AT HAZE LR E K BT R
GERT, ShYBREITWNT 32 REEIEA
Wistar KR, MBI TKEEMRAERAE [E618
UES A9 Sexk (17) 2015-0003] » EH{KE 7 80~100g,
BERER S, SKIGHAIE], KRAFRTEERNIEA (E
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3 22~24°C, SR 60%~70%, FEER / BEEAIE 12h/12h),
n A, BEEBER, BARK. RABRRAEE
KAV FRED AXERA, /K. P, SREFE
H, SH8 R, KR ILHERTFEHIEE (LDso) 19
41mgkg! (LUEAEIT, BRE), RBRTIEMS XK
FIEIITEN, . . SREEDFILF 2.5 (1/16
LDso) « 5.0 (1/8 LDso) « 10.0 (1/4 LDso) mg-kg™ (LUAKEETT,
[BE) WHERIAR, SMBALFEZFK, EBL
&, BEBER10mLkg’, BAESLS6d, HLIE4
Bo RIARHIRE KR 24h RIE, KERIEFEATAE
B, KIEAXBFALRRERSKAFIEEEIr (B8
TTER. ARERFETEES) T 5 ILERINRYF = - R N2
KXARHEHPEARFIRGIERNRINE ", 4
MREANERNKZCEZRSHEEHE HWES ©
1403059) o
1.3 BTk

FFALREZ B IE (0.3g FFALRTF 6.0mLK HNO;
2 2.0mL H,0, A%, MR EREEFR 2% HNO; ERE
25 mL, THFLIEREITIE) FIcp-MS _ENIG, SRR E
LA RIBEMNIEEmRIT B PENRED I, U
BRIt ENRERT.
1.4 FFRAZE RN H3K36me3 {&ifi7k FHINE

FFERLR 5718 MR E HiRIZ 1. 6 THRE (X A
EBEBEO 7FLF, 8nkE BB EENEAES,
BCAZERREMERFNEHITESE ; R ELSAE
¥ H3K36me3 7K, 100 uL- 7L A H3 AR
(1:10000) E247 96 FLIR, 4°Cid & ; PBST (£2& 1xPBS.
0.05% Tween-20) &5 53R, & 5% Bt Bg 4 93 B9 PBST
200uL- 7Lt ZEREF 2h 5 PBST AW, EFLIIN 100 uL
H3k36me3 & 40 & B #1 /& & (0. 0.313. 0.625. 1.25.
2.5 5. 10pug-ml™) Kt 20ugml?), = RIEKKF
B 1.5h ; PBST/E %%, & FL I X\ 100 uL H3K36me3 1
& (1:3000) ERIEKRMEE 1h ; PBSTE L, BFLIM
A 100uL IgG IR —#1 (1:5000) , ZEBIERMTES 1h ;
PBST &L, EFLION 200uL TMB & & & B it =8 %
B0.5hfT, MMA50uL 2mol- L B IE R & ; 1EEEHT
OB 450 nm TR E (D) B, HIRIBIRE
41t E H3K3eme3 MIRE D #, U= AHEEH
H3K36me3 FIIE R
1.5 PR 8-OHdG K FHINE

BAMERIFRRCESR [150uL FRI& +150 pL 10mmol-L*
EEEL 5 (NaAc, pH=7.5) +7.5 uL 400 pug-L* A1 & (c,

N,) AT 8-OHdG] T B EZ & b K E RV El
FEEEEUVE (60 mg, 3cc, Waters Oasis) B, &= M4
IR ESEE. B FKAR ABRELRE, K
BRMNMEILT, 1IN 150 uL BESRENAE, LB 0.
BY BB RTF LR, B UPLC-MS/MS BT AT da. 1
faH 8-0HdG A2 (BC, *N,) T 8-OHdG AL
R, RIERERZAAREITER Y 8-OHIG IR 2
K, LIS ZFRIK 8-0HG FIRER T
1.6 FF MDA KFHIMTE

FrAREHERIZ 1.9 BLE 10% FFARSKHR
&, B FIUE, BNEE. KABCAERKENE R
FIEHTEREE. RAMKEBLLZEE (TBAE),
1R B MDA KM FI S BVIRIES BRIt E A AR
T, LURFI 2#HFRNEA nmol-mg™ (LULEAIT) B&
FF4A 45 A MDA 7K,
1.7 FitFESR

K FA SPSS 22.0 X SLEEIRFHIT M. ITETELH
TIESHKRIG R A ETTHEKRLI, FEESDHEIELF
{LER (Pys, Pss) TR, ZARIBIELER R FE Kruskal-Wallis H
7%, S FH Kruskal-Wallis 2RI R 5 E DA HITREREL
R, SEXNHTIRERBLELRITHTEEZ D ; ES
PHEBEFEIREUxss TR, ZHBLHBRXBER
RHED, B—FRANKERITTRALLLE, B%
DRBEEBBIRT ; BX%E2 K Pearson 73
M55 R KX SRR EH TR AR K5,
FFfKFERNBEZTE, 8-0HIG. MDAKF AN T £,
FF4AE B H3K36me3 KFAHN T8, I “ TR —
H3K36me3—8-OHdG” Xz “ FF i —H3K36me3—MDA” F
NHISIERY, @13 PROCESS 3.2 #X {43 F Bootstrap 3%
XF H3K36me3 B IH/K FIEMBRE SHFEMABIF N
AT © , K IGIKHE a=0.05,

2 FR
2.1 FFEKFEAFAEEKTFE. H3K36me3 {&ifikF
REWRHIstRERE
ANERARERSAHEBILLRERFERITFERNX
(19 P<0.05), WK1 ; SXFRAMLL, K. . S5
S AFFHKFE, IR 8-OHdG FIFF MDA KFF = (39 P<
0.05) , AT H3K36me3 & 1HK (K (P<0.05) ; FFhs
K. FR 8-OHAG F1FT MDA 7K - FE e b1 & FY 1 i1 iZ
HFAE (Pux<0.01), MAT H3K36me3 MEIHKFZ HiBE
i (Pu%<0.01), MK 1o
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1 HRSAEFHEKTE. H3K36me3 EiF R A LIRHKFE
(n=8)
Table 1 The levels of arsenic, H3K36me3 modification, and
oxidative damage in liver of rats exposed to arsenic (n=8)

FFERRE 538K FR8OHAG/FE BFMDAREEE H3K36me3 i

A5 M (Ps, Pis)] | BIREE (xts) | /RIREE (xts) | B0 (cts) /

(ugg?) (ngmL™) (nmol-mg™) (ugg?)

X AR 3.07 (2.21, 3.51) 1.30£0.19 1.20£0.08 51.5548.07

{EREFIE4E 63.83 (58.72, 74.27) *  2.06£0.39° 1.73:0.37°  44.29+6.12°

B8 4H 65.20 (57.08, 75.52) @ 2.54+0.33° 1.9940.26°  39.99+3.13°

SFFI24A 79.26 (70.09, 95.74) 2 2.92+0.80° 2.990.71%¢  36.02+3.81%°

H/F 21.83 13.74 29.21 16.416

P <0.05 <0.05 <0.05 <0.05

Fisss 52.28 40.75 82.97 48.71

Piam <0.01 <0.01 <0.01 <0.01

U] a @ SHRALLE, P<0.05 ; b @ SRFAFISALLE, P<0.05;c:
5ot E4A I, P<0.05,

2.2 KEIFHEKE, FFH3K36me3 ik T, ik
PR TEARIEIRY R BX Y

K BT KF ST H3K36me3 181K E 2 fa 8%
(r=-0.715, P<0.01) , 5FR 8-OHdG. Ff MDA KFZE1E
8% (r=0.701. 0.748, ¥ P<0.01) , BAF H3K36me3 1&
IH7KF 5 FR 8-OHAG. FF MDA K2 H158% (r=-0.660.
-0.683, ¥JP<0.01) ; Ltt4h, PR 8-OHAG /KF 5T
MDA 7KFE 2 1EE% (r=0.778, P<0.01),
2.3 H3K36me3 B 73R

FRSE EEXT 8-OHAG F1 MDA FY 28 . EIEM N &
BLH3K36me3 TSN MR BERITFERENX 3FP<
0.05) , H H3K36me3 TEFHEL 8-OHdG F1 MDA 7K - #Y
AR5 5 B AY 30.97%. 38.91%, TLER 2,

&2 H3K36me3 NMEMERSAWBRGIIFNEM (n=8)

Table 2 Mediating effect of H3K36me3 on arsenic exposure and oxidative damage (n=8)

_ N H3K36me3 By 34
SIRBIENR R (95% CI)
B (95%CI) H3K36me3 F17 3R RE (95% C1) e MY / BT (%
FK 8-OHdG 0.694 (0.426~0.963) © 0.479 (0.154~0.805) © 0.215 (0.059~0.476) ® 30.97
FF MDA 0.681 (0.408~0.954) © 0.416 (0.097~0.735) ® 0.265 (0.085~0.543) g 38.91

[£]a: P<0.01, b : P<0.05, c : P<0.001,

3 idig
HMREZBHNEZL AR LHEBNSERANGIAR
—HURERZERINFEE R T FFREARSEER
MBI EERLRE, HNFIRRFREWN. B
A, ESBRESFREIIN, RIWEEEBIHDEHH
RESHARRENFAEAREMNIERENER
189y, HRENAZ I ee R IE SE RS EMNE
. XBEMFERE Y, A, #— P HRAMBER
N IE 1% 42 5 B9 2L ZE S $8 7= BeR B A 402 5 AT 361 A 0ot 1
e EREEENE XN E. AEBBIFERMNE
ZRITHNEBRNGZ — ZRTAREALI, HEH
H3K36me3 B & B I S AB A I RIE Z IR H
o KB RIAIR B RS ABF R ETR, AR
bk ERYFE, ASME MM B 48R H3K36me3 RYETH
KR MR EREE o, (RSN SR 27 H3K36me3 7]
@i 4= DNA B E S [06- FRE ST DNA FRELHETSEE
(06-methylguanine-DNA methyltransferase, MGMT) ]«
fUNHEXBERNRASEMHIEST ONAKRG. &
IR &4 2o, (B8R E1E S HTAE H3K36me3 X
T5HNSHPSHRESRHR RN X R E R E
B AIREAARTEARNINITIE T b 5 B R A AR
B, RIMFEE ZRF 2095, KEFREIAREE

R R MRS RIBRT KA EEEIRZEEL 7,
IR E LR E, MEASHIRITH R E KX BT
H3K36me3 Y RIAK I, 53 4T H3K36me3 7EAREN K IR
FaLRGRNER, A —PRREHFFRGBIR
NUE R AL B T B

B AR, H3K36me3 BN T 5 Z M ATAE
EREYTIERX IEXBIRIE, H3K36me3 RIAFE A
LU I BB & B2 Sh HEE A B R, PERS DNA S5 EC
BENHIE ST T KR AT MBS =, 5
BHRRIREFF RGBT S HFAEIFE K E XIZHR
FFEEENXBEGY, MERESHELIRG
HZMigRS, aEEEE S5 ANBRTRGTY
8-OHdG. BEFT &) MDA BiIFM AR LI B K
SURGEENSREMTEY. KHRAI, BE
MR R ERIIE AN, KR 8-OHdG. FF MDA BY7KF
5, FR 8-0HdG 5FF MDA EBEHREIMN TG, 1
PR 8-OHdG 24 2 A 8] 3% e IR BT R | AL IR A BV 1B UL
HFR 8-OHdG. AT MDA 5 KR AT R A fa & 71257
E-MUXR, KIPBBEFSHECRGERERA
R AELXENERERE, EFHRELN, A%
B &4 AT LUE AE & U R 80 B P X B E F & i
SUBNRBESTAEUIRGBILEE, HUAE
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BEMMtb AR I SIEREEURENEERLT, &
MRAD, KEFH3K3eme3 IRIAEEHEEF 2
BIIE DR BB, BESEWRBIEIR (FR 8-OHIG.
FF MDA) KEZ2H118X, RAHIESARAENREN
HIER, H3K36me3 EIFK MR BEEFINETE
Zft,

KR FH—F KA RN L5 7ERZ H3K36me3
BiMREEMHARACBRGEFIHRER. FAMLNE
ETEEMNEMXR X—Y) FTESEENRREX
AMEBEL—MH—1MULTE (M) BEEZm™
S8, M AFRNEE, MXBIMIT Y =4ER
BEFEFZMITARNKA, BERETE () SHNE
= (v) ¥ ARENGIKIRSE, B ZRATF O
B, M FMENEFZHAR " ETF AR PERRA
fal. H3K36me3 S AR EMRHB=ZEN XA HEF
NBURTHFRNRAEREFESBRERZNLEBIERY
MEXREMG, B RAR G LI A EAFEK
BBIEMN TR FME, 38.91% 281 H3K36me3
BN A IEER, 18R H3K36me3 BEIEAIAR
AR MG EIRFTEE R, S, RiFHARHA
EMnENEMERALBEYRIZ. BRI FENAH
iRE, BXHEERATIRGAEEFRIPMER S, ¥
FRMEFEMEAGAEENTEMNSR, BEH
RIREEYEIREGT 4p- RE S IREE E T LUBS R E
H3K36me3 7K, iNFI AR BATERTUIRE, &
ERFERIE R 1, BT AR AT H3K36me3 AJAERE
AT RAIRGRBERE S, IB/RLLH3K36me3
RPN SR EFFH3K36me3, A& ] AeiN &g S AT
PENEE LR, NEETIHRFIRE T # B,

4R EFR, B85 EE m] BUA R AT H3K36me3 & 17K
TR, BEETHSFRURGETIEX AR
FIRET H3K36me3 TEM BT EWIRBHBIER, 7~
BEERNIFIT H3K36me3 B 5 s B TR B 89N &l
BT IR,

T RS EKRBEIN. REMELSREFEDD
YRR F A EAEE)

SE X
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