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Abstract ; Abnormal activation of histone deacetylases ( HDACs) is associated with tumorigenesis and/or tissue dysplasia.
Some HDAC inhibitors have been developed and used in clinical practice. In this study, eleven compounds from the 70% eth-
anol extract of Epimedium sagittatum ,a Chinese herbal medicine with bone strengthening effect, were obtained under the guid-
ance of bioassays using the HDAC inhibitor screening kits. Based on the analyses of NMR and MS data, chemical structures of
these compounds were identified as quercetin (1) ,vitexin (2) ,kaempferol-3-0-q-L-arabinopyranoside (3) ,kaempferol-3-0-
B-D-xylopyranoside (4 ), kaempferol-3-0-3-D-glucopyranoside (5), kaempferol-3-0-( 6"-0-acetyl ) -B-D-glucopyranoside
(6) ,kaempferol-3-0-(6"-0-( E ) -p-coumaroyl ) -3-D-glucopyranoside (7) , kaempferol-3-0-(2",4"-di-O-( E ) -p-coumaroyl ) -
B-D-glucopyranoside (8) ,isorhamnetin-3-0-8-D-glucopyranoside (9) ,isorhamnetin-3-0-8-D-xylopyranoside (10) ,and schi-
zandriside (11). Among them,2-11 were natural products identified from this plant for the first time;1-10 exhibited stronger
than icariin the activities in inhibiting HDAC ;and 3-5 exhibited stronger than kaempferol the activities in inhibiting HDAC.
Effects of 3-5 on the expression of HDAC1-11 in HelLa cells were further investigated by Western blotting. It was found that,
all of the three compounds strongly inhibited the expression of HDAC6, and 4 also inhibited the expression of HDAC4/7.
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HDAC4,6 and 7 are repressers of osteoblast differentiation and bone formation. In summary, our data revealed for the first

time the components from Epimedium sagittatum that have HDAC inhibitory activities ; isopentene-free flavonoids, especially
kaempferol-3-0-monoglycosides (3-5). The results that compounds 3-5 inhibited the expression of HDAC6 and/or HDAC4/7

provided preliminary experimental evidences to identify those compounds a structurally characteristic of kaempferol-3-0-

monoglycoside as potential anti-osteoporotic constituents in Herba Epimedii.
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Table 1  Dilution ratios for the antibody
EANZS i RRAT ER EAREN T R A
Antibody Dilution ratio Antibody Dilution ratio

Anti-HDACI 1:1 000 Anti-HDAC9 1:5 000
Anti-HDAC2 1:1 000 Anti-HDAC10 1:500
Anti-HDAC3 1:5 000 Anti-HDAC11 1:1 000
Anti-HDAC4 1:5 000 B-actin 1:10 000
Anti-HDACS 1:1 000 GADPH 1:10 000
Anti-HDAC6 1:1 000 Goat-Anti-Mouse IgG H&L (HRP) 1:20 000
Anti-HDAC7 1:1 000 Goat-Anti-Rabbit IgG H&L (HRP) 1:10 000
Anti-HDACS 1:50 000
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Table 2 Inhibitory effects of the 70% ethanol extract of E. sagittatum (EE-70) on HDAC activity
FEih W HDAC {f PR i 32
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EE-70 1.00 mg/mL 73.9
0.50 mg/mL 55.2
0.25 mg/mL 36.0
A # 2 A Trichostatin A * 20 M 77.4
T BN HE S, . Note: ™ Positive control.
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HDAC Inhibitory effects of different solvent fractions of 70% ethanol extract of E. sagittatum (A)

and the solvent eluates from D101 column of the EtOAc fraction (B)
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(1H,d,J = 2.0 Hz,H2"),7.54(1H,dd,J =
2.0 Hz,H-6"),6.88(1H,d,J = 8.6 Hz,H-5") ,6.40
(1H,d,J = 2.0 Hz,H-8),6.18 (1H,d,J = 2.0
Hz,H-6) ;" C NMR (100 MHz,DMSO-d, )8:175. 8 ( C-
4),163.9(C-7),160.7(C-5),156.1(C9),147.9
(C3"),146.7 (C2),145.0 (C4"),135.7 (C-3,-
5'),121.9 (C-1"), 115.6 (C-6"), 115.0 (C-2"),
102.9(C-10),98.2(C-6),93.3(C-8) ., LA ¥4 Fn
SCHRT R — B MO E N R
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%A A ) R #E 1 ;' H NMR (400 MHz, DMSO-
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Hz,H-2',6"),6.89(2H,d,J = 8.3 Hz,H-3",5"),
6.78 (1H,s,H-3),6.27(1H,s,H-6) ,4.68(1H,d,J
= 9.0 Hz,H-1"),3.84(1H,t,J = 9.0 Hz,H-2"),
3.70(2H,m,H-6") ;" C NMR (100 MHz, DMSO-d, )
5:181.9(C4),163.7(C-2),162.7(C-7),161.0( C-
5),160.2 (C4'),155.8 (C9),128.8(C=2",6"),
121.4(C-1"),115.6(C-3",5"),104.4 (C-8),103.7
(C-10),102.2(C-3),98.0(C-6),81.7(C-5"),78.5
(C2"),73.2(C-1"),70.7(C-3"),70.3(C4") ,61.1
(C-6") o VL FHda RSk "™ i3 — 5, B
I
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J = 8.6 Hz,H2',6"),6.87(2H,d,] = 8.6 Hz, H-
3',H-5"),6.26 (1H,br s, H-8),6.04 (1H, br s, H-
6),5.30(1H,d,J = 5.1 Hz,H-1");”C NMR(100
MHz,DMSO-d, ) §:176.8 (C4),168.4(C-7),161.2
(C-5),160.4 (C4"),156.7(C9),155.3(C-2),
133.2(C-3),130.7(C-2",6"),120.6(C-1"),115.3
(C-3",5"),102.4(C-10) ,101.4(C-1") ,99.9(C-6) ,
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MHz,DMSO-d, )§:12.59(1H,s,5-0H) ,8.03(2H,d,
J =8.7Hz,H2',6"),6.90(2H,d,J = 8.7 Hz, H-
3',5"),6.44 (1H,br s,H-8),6.20 (1H,br s,H6),
5.34(1H,d,J = 7.0 Hz,H-1") ;" C NMR (100 MHz,
DMSO-d, ) 8:177.3 (C4) ,164.7 (C-7),161.2 ( C-
5),160.1(C4"),156.4(C9),156.1(C-2),133.2
(C-3),130.8(C-2",6"),120.7(C-1"),115.3(C-3",
5),103.8 (C-10),101.7 (C-1"),98.8 (C-6),93.7
(C-8),75.8(C-3"),73.7(C2"),69.4(C4"),65.9

(C-5") o DA%t Anscik' ' a8 — 2k, dc e g il
%5 13-3-0-B-D- AR ML 1
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Bl 500 70 Cy Hy O, s 58 ARy 12
eI H R B R ;' H NMR (400 MHz, DMSO-d, ) 8:
12.6(1H,s,5-OH) ,8.02(2H,d,J = 9.0 Hz,H-2',
6'),6.88(2H,d,J = 9.0 Hz,H-3",5"),6.43(1H,
d,J = 2.0 Hz, H-8),6.20(1H,d,J = 2.0 Hz, H-
6),5.47(1H,d,J = 7.0 Hz,H-1");”C NMR (100
MHz,DMSO-d, ) §:177.5(C4) ,164.6(C-7),161.2
(C-5),160.0 (C4"),156.4 (C2),156.2(C9),
133.1(C-3),130.9(C-2",6"),120.9(C-1"),115.2
(C-3",-5"),103.9 (C-10),100.9 ( C-1"),98.8 ( C-
6),93.7(C-8),77.5(C-5"),76.4(C-3"),74.2(C-
2"),69.9 (C4"),60.8 (C-6"), LI I %4 3¢
FRET 1 A — R, WO E R 1 2% -3-0-B-D-R A it
MRHE

&6 MR ESI-MS: m/z 513.2 [M +
Na]* 529.4 [M +K]* 489.5 [M-H] , [k }2 NMR
Bl T 3 730 CoHo 0, s 855 AU FIEE A 13
I K R ;' H NMR (400 MHz, DMSO-d, ) 8
12.59(1H,s,5-OH),8.00(1H,d,J = 8.8 Hz, H-
2'.6'),6.87(1H,d,J = 8.8 Hz, H3",5"),6.42
(1H,br s,H-8),6.19(1H,br s,H-6) ,5.36(1H,d,J
= 7.3 Hz,H-1"),4.10 (1H,d,J = 11.0 Hz, Ha-
6”),3.95(1H,dd,J = 11.0,5.9 Hz, Hb-6"),2.09
(3H,s, CH,CO) ;" C NMR (100 MHz, DMSO-d, ) 5:
177.2(C4),169.8 (CH,CO) ,165.3 (C-7),161.1
(C-5),160.1(C4"),156.5(C-2,9),133.0(C-3),
130.8 (C-2",6"),120.7 (C-1"),115.1 (C-3",5"),
103.5(C-10),101.2 (C-1"),99.0 (C-6),93.8 ( C-
8),76.1(C-3"),74.1(C-2"),73.9(C-5"),69. 8 ( C-
4") 62.8 (C-6"),20.1( CH,CO), Lk I ¥t ¥8 1 3¢
RRL'S 2R — 2, i E O B Ll 43 3-3-0-(67-0-2,
1t ) -B-D- ] % NHE MR

Ww&EWT KA ESI-MS:m/z 593.6 [M-H] L)
Ko NMR B di e 5 th 40 7208 CooHye 0455 455 A
FIEE Ay 18 i H R ¥ F+ ;' H NMR (400 MHz, DM-
S0-d,)8:12.57(1H,s,5-0H) ,7.99(1H,d,J = 8.8
Hz,H2',6"),7.37(1H,d,J = 8.3 Hz,H-2",6"),
7.32(1H,d,J = 15.9 Hz,H-7"),6.86(1H,d,J =
8.8 Hz,H-3",5"),6.79 (1H,d,J = 8.3 Hz, H-3",
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5"Y,6.37(1H,br s,H8),6.12(1H,d,J = 15.9
Hz,H-8"),6.10 (1H,br s,H-6),5.45(1H,d,J =
7.3 Hz,H-1"),4.27(1H,d,J = 12.0 Hz, Ha-6"),
4.03(1H,dd,J = 12.0,6.3 Hz, Hb-6") ;" C NMR
(100 MHz,DMSO0-d, )5:177.3(C4) ,166.2(C9") ,
164.8(C-7),161.1(C-5),160.0(C4"),159.9( C-
4" 156.4(C-2),156.3(C-9),144.6(C-7"),133.0
(C-3),130.8(C-2",6"),130.2(C-2",6") ,124.9( C-
1”),120.7 (C-1"),115.8 (C-3",5"),115.1 (C-3",
5'),113.6(C-8") ,103.6(C-10) ,101.0(C-1") ,99. 0
(C-6),93.7(C-8),76.2(C-3"),74.2(C2"),74.1
(C-5"),69.9(C4"),63.0(C-6"), LL I % H13C
RRL" A — B, B E R 1 28 )-3-0-(67-0-(E) -
Xof - LI AL ) -B-D - A W PR B

&8 HK4E ESI-MS: m/z 763.4 [M +
Na]*.779.3 [M +K]*.739.5 [M-H]", ) }z NMR
Bl 3 th > 7200 CoyHy, 05 s 855 AU FIEE R 24
SR R A A ;' H NMR (400 MHz, DMSO-d; ) §:
12.58(1H,s,5-0OH),7.97(2H,d,J = 8.8 Hz, H-
2'.6"),7.62(1H,d,J = 16.0 Hz, H-7""""),7.39
(4H,d,J = 8.4 H,H2",6",2"""" 6'""") ,7.36(1H,
d,J = 16.0 Hz,H-7") ,6.86(2H,d,J = 8.8 Hz, H-
3',5'),6.80 (4H,d,J = 8.4 Hz, H-3",5",3"",
5"y ,6.44(1H,d,J] = 16.0 Hz,H-8") ,6.37(1H,
d,J = 1.9 Hz,H-8),6.15(1H,d,J = 16.0 Hz, H-
8”),6.13(1H,d,J = 1.9 Hz,H-6),5.73(1H,d,J
= 8.8 Hz,H-1"),5.51 (1H,t,J = 5.5 Hz,H4"),
4.92(1H,t,J = 8.8 Hz,H-2"),4.30(1H,d,J =
12.0 Hz,Ha-6") ,4.05(1H,dd,J = 12.0,6.2 Hz,
Hb-6") ,3.57(1H,m,H-3") ,3.53(1H, m,H-5") ;" C
NMR ( 100 MHz, DMSO-d, ) §:177.1 (C4),166. 1,
165.8 (C-9”,9"""), 164.1 (C-7),161.0 (C-5),
160.0 (C4'),159.8 (C4",4""") 156.4 (C2),
156.3(C9),145.1 .144.7(C-7",7"""") ,132.5(C-
3),130.3,130.2 (C-2",6",2",6",2""",6"""),
125.1.,124.9(C-1",1"""") ,120.6 (C-1") ,115.7( C-
37,5y, 115.1(C-3",5",3"""" /5"""") ' 114.2 . 113.6
(C-8",8""""),103.8 (C-10),98.7(C-1"),98.2(C-
6),93.6(C-8),74.3(C-3"),73.8(C-2",4"),70.1
(C-5"),62.7(C6") . LA b Bodfs Fnsc k'™ 4f% i —
B, S L2 B -3-0-(2",47-3-0-(E ) -4 -3 52
Pt 5L ) -B-D-7 2 L PR

wEW9 HHE ESI-MS: m/z 501.2 [M +

Na]* 517.2 [M +K]* 477.0 [M-H]", ) }2 NMR
Bl T 37300 CoHy, 0, s 855 B FIEE S 12
eI H ok B R ' H NMR (400 MHz, DMSO-d, ) 8:
12.6(1H,s,5-0H),7.95(1H,d,J = 1.5 Hz, H-
2'),7.48 (1H,dd,J = 8.4,1.5 Hz, H6'),6.91
(1H,d,J = 8.4 Hz,H-5"),6.40 (1H, br s, H-8),
6. 18(1H,br s,H-6),5.57(1H,d,J = 7.1 Hz, H-
17),3.84(3H,s,3'-OCH,) ; *C NMR (100 MHz, DM-
S0-d,)8:177.3(C4),165.1(C-7),161.2(C-5),
156.5(C9),156.1(C2),149.4(C4"),146.9 (C-
37),132.9(C-3),122.0(C-6") ,121. 1(C-1"),115.2
(C-5"),113.5(C-2"),103.7(C-10),100. 8 (C-1"),
99.0(C-6),93.9(C-8),77.5(C-5"),76.4(C-3"),
74.4 ( C2"), 69.8 ( C4"), 60.6 ( C-6"), 55.7
(OCHy) o DA%t A Scmk™ " il — 2, B e
5 R 2R -3-0-B-D-F A ML B

& 10 AR ESI-MS: m/z 471.2 [ M +
Na]* 487.5 [M +K]* 477.0 [M-H]", ) }2 NMR
Bl 2 7300 G, Hy 0, s 5 S B FIEE S 12
eI H ok B R ' H NMR (400 MHz, DMSO-d, ) 8:
12.5(1H,s,5-0H),7.86 (1H,d,J = 1.8 Hz, H-
2'),7.54 (1H,dd,J = 8.4,1.8 Hz, H6'),6.91
(1H,d,J = 8.4 Hz,H-5"),6.34 (1H, br s, H-8),
6. 11(1H,br s,H-6),5.36 (1H,d,J = 7.1 Hz, H-
17),3.83(3H,s,3’-0CH,) ;" C NMR (100 MHz, DM-
S0-d,)8:177.2(C4),165.1(C-7),161.1(C-5),
156.4(C9),156.0(C2),149.6(C4"),147.0(C-
37),132.9(C-3),122.2(C-6"),120.9(C-1"),115.3
(C-5"),113.1(C-2"),103.6(C-10),101.8(C-1"),
99.0(C-6),93.9(C-8),76.0(C-3"),74.0(C=2"),
69.5(C4") ,66.0(C-5"),55.6(OCH,) , Lk I %¥E
FISCHR ™ 0 — 2, e 5 A& 3-0-8-D-K
ML IRHE o

LEW 11 AR, R ESI-MS: m/z
515.3 [M+Na]* 531.3 [M +K]*f1491.3 [ M-
H1™, DL B NMR i 4 1 4 F X Cos Hyy 0405'H
NMR (400 MHz, DMSO-d, ) 8:1.69 (1H, m, H8") ,
1.88(1H,m,H-8),2.72(2H,m,H-7) ,2.99(1H,m,
H-7"),3.71(6H,s,0CH, x 2),3.91(1H,d,J =
8.0 Hz,Ha-9') ,4.02(1H,d,J = 8 Hz,H-1"),6.07
(1H,s,H-5),6.47(1H,dd,J = 8.0,1.6 Hz,H-6") ,
6.60(1H,s,H-2),6.69(1H,d,J = 8.0 Hz,H-5"),
6.80(1H,d,J = 1.6 Hz,H-2") ,4.42 4.99 4.99
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5.25 8.76 #118.45(4 1H,br s,0H x 6).”C NMR
(100 MHz,DMS0-d,) §:145.5(C-3) ,147.1(C-3"),
144.1(C4),144.5(C4"),132.6(C-1),136.9 (C-
1),121.1(C-6") ,127.0(C-6) ,115.5(C-5") ,116.3
(C-5),111.8(C2"),113.9(C-2),62.6(C9),69. 6
(C9"),45.6(C-7"),44.1(C-8"),32.6(C-7),37.6
(C-8),104.6(C-1") ,73.4(C-2") ,76.6(C-3") ,67.3
(C4"),65.7(C-5"),55.5.55.6(0OCH, x 2), LI I
BRSOk 2 HR B B, B 2 K schizandriside
2.3 EMEALETER S 3 HDAC iFHERIINFI4E

FATE T F3R 11 MG L) SR A 2
FEbR R A FE T TAEU S 200,100 F1 50 wM
BFXF HDAC 3% M py 30, 25 8 & 3, £F 200 pM
W, AR 2 B 43 1) HDAC 00 il 35 14 48 v
PR (M2 15.4% ), Horp 5 AN (kG
13 ~6 F19) ) HDAC $13H% K 39. 6% ~54.5% ,
Wb v T At 5 AN SR A (B3R < 30% ) 5 K
B2 schizandriside (11) JG HDAC 1]t 3% o4 ( W38
3)o

TN B-3-0- 30 (3 ~5) R TR
HDAC 1 il 3% M, H SClk 4 18 H 1 oo 1 23 By
HDAC #5507 Fe i1k — 2 e T =M &
FliZE By 7 100,50 .25 M ¥ B2 B () HDAC 1) 4l
R, SR ELEHEY 3.4 A5 1 100 pM B 1
HDAC #1451 38 43 51 1 38. 7% .31. 3% 1 26.5% ,
o LU (PR 210 1% ) (L3R 4) .
2.4 WWEE-3-0-BHEH (3 ~5) X EFHE Hela 4
Fa HDAC E B RIEHIHEA

bR 2 SR U B T B EEYE B T HDAC
AT ] L 7% M. %F HDAC %41 i /5 FH & 7] 3
A HDAC 2 1 76 40 il 9 1Y 33k ok 58 . Bl /S
TATLLNE B 40 HeLa A 00558 111 23 i -3-0-
FABETY 3 ~5 X HDAC 25 [ &5 & A B A il 4E
Ho BRMILT 3 ~5 fFEARWE T 5 Hela 400
ILIEE 48 h B XA LS Ty s, 25 R LR 5. 1k
A0 3.4 F1 5 FE 100 WM HE X 248 Jia 358 0 400 1) 252 4
e 28.0% 6. 2% F1 10. 5% , A - XF 4 e A= K 1)
SMELSS . AEC IR LI T 100 A1 50 wM Ok
)3 ~5 fEH T HeLa 4l il 24 h, X} 4 ffd # HDACI-
TT(TITFN IV 28 HDAC) 3R 1520, i 2 i,
A A6 &5t 1 25 HDAC(HDAC1/2/3/8) ik To5e
i) (B JLF- 56 4 Mo f i 1 11 28 HDAC ) HDAC6
)ik b & Y50 fig W1 2 4 il HDAC10 (1128

F3 AW ~11 3 HDAC BgiFHRMEER (n = 2)
Table 3  Inhibitory effects of compounds 1-11
on HDAC activity (n = 2)

&Y Wz eIEIES

Compound Concentration ( uM ) Inhibitory rate( % )
1 200 30.6
100 23.2
50 18.3
2 200 24.2
100 13.5
50 6.0
3 200 54.5
100 39.6
50 25.2
4 200 45.9
100 31.8
50 22.1
5 200 43.0
100 27.6
50 18.2
6 200 39.6
100 25.0
50 12.8
7 200 23.2
100 22.0
50 15.2
8 200 22.5
100 7.4
50 3.4
9 200 39.7
100 23.3
50 13.0
10 200 36.0
100 19.2
50 11.5
11 200 1.1
100 0
50 0
AT Teariin 200 15. 4
100 14. 4
50 6.9
Mt B2 A Trichostatin A * 20 73. 1

T B IR, IR

Note : * Positive control ,the same below.
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AW 3 -5 MLZETT HDAC SEHAGMAER (n = 2)
Table 4  Inhibitory rates of compounds 3-5
and kaempferol on HDAC activity (n = 2)
wEY) wE B RS
Compound Concentration ( M) Inhibitory rate( % )
3 100 38.7
50 25.3
25 19.0
4 100 31.3
50 23.0
25 16. 54
5 100 26.5
50 18.3
25 14.0
15 Kaempferol 100 21.1
50 17.9
25 9.9
Mt % A Trichostatin A * 20 78.5

HDAC) B35 A5 4 4 W) 5 =% 30 4 B A7 9 10 28
HDAC(HDAC4 ~7 .9 .10) Fil IV 28 HDAC(HDACI1)
ek, HAE I BAT R O . R, e G 4 F
5 AT A I HDAC il #6473 — 20 5%
RS WRB-3-0-BHEH (3 ~5) W EHE Hela
MBRIEIATE A (v = 5,0 = 3)
Table 5 Effects of kaempferol-3-0-monoglycosides
(3-5) on the viability of HeLa cells (; +s,n = 3)

waEY W EE YIS
Compound Concentration( pM)  Cell viability (% )
3 100 71.99 + 0.65
50 75.44 + 2.04
25 81.09 + 1.69
12.5 81.61 = 1.34
4 100 93.82 + 2.21
50 96.11 + 3.20
25 95.36 + 1.80
12.5 99.01 + 1.88
5 100 89.49 = 1.16
50 91.48 = 2.03
25 94.41 + 1.28
12.5 96.30 + 0.71

VE AN B 4 % BRI I 8E A 100%

Note ; Viability of cells without treatment was set as 100% .

Control 3 4 5

™M - 100 50 100 50 100 50

150 HDACT | S — — ——

HDAC2 ‘ _‘

HDACS ‘-————-—‘

HDACS ‘-—.—-—-—‘

I1 35. HDAC4 E:-_ _m
HDACS | S B S S -

HDAC6 — ‘

HDACT ‘---—--‘

HDACS ‘——-.—. ——-—‘

HDACIO | e s

v £ : HDAC11 ‘-—— = ..-—‘

GAPDH b—-—-- ‘
|

f-actin ‘—-—‘

....—._‘

B2 (LZE-3-0-84EH (3 ~5) W EHE Hela Z8fE
3% HDACI ~ 11 B0
Fig.2 Effects of kaempferol-3-0-monoglycosides (3-5)
on the expression of HDACI-11 in Hela cells

iTiefnggit

AR SRR E T W HE R T0% BRI
il HDAC 35 PR (17 ) FB A S LR C BRHRAL L %
BRA7H D101 AL B i b 2, 40% F1 60% £ T
Vet f HDAC Fl 3 v 7 ( DL IE 1) 5 3@ ad 15 1
f6 5 N R E BT 43 B R S b, N e T 11 A
e&Yr. Horp, 38 5 000 BOR 9 R o (k&9
1) AR (LG9 2 ~10) Ko 28R R T HiE
FEETT BRI HDAC $I3fi 1% 1, 156 BH 3 — 2 i 73
AN HDAC 15 Pk A9 32 296 Pk a 43 40 5 3
()9 FPECERT rh A 6 PR 1L A4S By-3-0- 0517, 46
R LAY 5 (LA 8 -3-0-B-D-7 % N e B
), BB I 28 W-3-0-20 8% 1 1 A AH XT38 5 1Y
HDAC il &P, 1R G4 7 f8, i F
WEIE | — u A 8 5 e -7 SRR R AL, T A8 B
HDAC 1 il 3 P 1% T 5 B 2= 2 -3-0-10 0 11 (9 Al
10) , BEEH 1L 2% B-3 -O- s 1 W5 5L 4 o - 2 R I Ak
AT 55 HDAC 46l 3 M (L3R 3) o {H i T HDAC
I 350 97 16 1) SR B AL HDAC $2HU A HeLa (194
A%, A & R[] % HDAC [ AW, i v % 2
5 T 43 I 3 S B R 43 5 T O ) %) S R — e i
JUFP HDAC (3% ¥ (DBe) i W iff — 2 055 Ty e fe
Hlo
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WIHTTAR , HDAC 140 il 38 AT 38 528 3 5 A 20
ML RIEIE . FRATTR ] HeLa 4t 3447 (Y BIF 5T
SR CULE 2), 1l 28 W-3-0-0-L-F 437477 MH Ve A
(3) (L% B3-3-0-B-D-A U W 4 11 (4) 1L 2% -3
O-B-D-F %ML Mg (5) XF 128 HDAC 3Rk TohH I 5%
i), (ELE W 2 30 11 % HDAC H 5 HDAC6 (fLA 4
3.4 f15)F1 HDACI0 ({590 4 15) R H £k,
JEHT R BB S HDAC 25 1 A i 570 Horb 4
[l B 0 1) L s 1T 2% (HDAC4 ~7) F11 IV 2% (HDACY
~11)HDAC &AL, HAEFESRATS

HDAC 38 52 % 4200 2 8 1Y 2 S R AR AT s 1l
R JRE DR 0 2 53t A A B SR L A SR I A R
ERE TGN EANFE B A EEAEH . P
HDACGi A {EHF 28 B 1k 1) HDAC,, {9 H e il i)
FEPRAS AIE# #35 , NI TR YT IR ey R (4141
KBRS A . #lin, HDAC1/2 (1
) 45 DNA #0115 52, 76 i . B o 45 2 i 4
U RIE o TN IR R4 O P 367 st ] s ol
HDACL/2 il 550 o] BHL L E i 40 g 647 DNA 85
T {6 98 40 8 % 4= 8 T2 . HDACS (T #1) Fil
HDACI0 (I %Y ) % 55 2 38 2 1 28 1 240 g 1) i e
FEAS 1 bR 2, HDAC6/8/10 )14 ) TH34 7] i &
IV IE A LR T AT 223 24 v R 4 L S BELHY DAt
SR MR A AET ; TH34 55 4k BRI FH il 7 A5 P W)
FOR . HDACA/6/7 (11 39 (¥ 33K _F 8 25 1
A 43 Ak 3 B OC HERE SEP P Runx2 1 Osterix
SR, DT AS F T 1 40 M B 1T 3 HDACG
A AR A LIRS T s R 2 B A
TERGR%E , £F B AN A, DO i i A i)
ALP Zifig , AR HIE B RS LA E A (BMP) 31
SR AN I . A HDACG il HDACA fy 5kl
Ttk KA AT B A oA TR, A 3

AR B AR 7 B A T L AR -
3-0-FpEHF (fk A 3 .4 1 5) HAT IHG A9 HDAC 1)
HIFIBEVER , =3 X%F HDAC6 & (18 il /e
R FRUI A R SRS 2 R R AR 0 A 1 2R 13-
O- BT 45 KA REAE 9 470 B 0T 0 B R e Jo 88 A 300k
o AR T SRR
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5 B T X 2 Bk L) T B AT 445 4R 4 4 P R WL B B 5

XF TR LM (APAP) S —Fhe) 2 A A9 i R AR 25 . STt , RN AN SE [E B4R 2047 2 000 A 22
I eI s, Hoh it 509% /& B APAP SR Z5 WM 5 . EEXE APAP SLE RS, 5 TIIRYT 2
Y& N-CBE-L-E e B HRIWE IR Z . 50500 (COS) th RARFAFAE A LT B i b2 e Eh Al 26 11 A=
YyBK f AE AR TOM AL . PE4RE , COS BT RAF BT IE PUi a5 o A AR, O A HUIE e A
AR I BERVE T . APAP G104 202 ROS 51 1y 48 A U E, COS BoA & iy bt Bk Fdt R AR
Mo

K HTARLFRAER Xiang Junwei S HPIBAGEIAY T HA AN FF-2155 15 (MW) 1) COS X APAP 755
AR B PR VR I ANAIL S, DA — 20 1 fi COS MR FHFE [l . 7EIZASEr, Xiang S5 ATEARSFIAA A 4
T APAP 55 0 -4 0455 10 LA S8 W A MW (%) COS, Bl COST (MW < 1 000 Da) #l COSM (MW < 3 000
Da), 455E 0], COST H1 COSM fig B & &AL MLTE ALT  AST FIIFE MDA\ TNF-o IL-18 F1 TL-6 ({)7KF, $i&5
GSH .SOD ,GSH-Px Fll CAT f7K-FAn3i . HLERBFST & B COST Al COSM 1] i 25 P& AT IE CYP2EL  Keapl |
p-ASK1/ASK1 ,p-MKK4/MKK4 . p-JNK/JNK . Caspase-3 Fll Bax f)FEikIf45 0 Nif2 . HO-1 ,eNOS ,SOD F1 Bel-XL
Y3235, COST Fil COSM AJ LA it # i) APAP G, 3l S Ak 453 405 A Al i 08 T2 i A%, R R T e S Ak i A2 1Y
WO, ek APAP 5 RIS APt . A OGS & 3RAE( Food & Function) 443 I,

AT E 415 A < hitps ://pubs. 1sc. org/en/ content/ articlelanding/2021/F0/D1F000953B
JE SCHBRA : Protective effect and mechanism of chitooligosaccharides on acetaminophen-

induced liver injury





