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[ Abstract]

antioxidant activities of the ligands and the complexes. Methods Three kinds of aloe emodin metal complex, the aloe-

Objective To synthesize three kinds of metal complexes of aloe-emodin and compare the
emodin-iron (II), the aloe-emodin-copper (1) and the aloe-emodin-magnesium (1) complexes, were synthesized by
dissolving and stirring in anhydrous ethanol solvent, and their structures were characterized. The Fe’*-H,0,-methylene
blue method, the diphenyl bitter hydrazine radical method (DPPH method) and other assays were used to determine the
clearance effect of ligands and complexes on superoxide radicals (O, s), hydroxyl radicals (¢OH) and phenyl bitter
hydrazine radical (DPPH.). Results Three kinds of aloe emodin metal complex, the aloe-emodin-iron (II'), the aloe-
emodin-copper (II') and the aloe-emodin-magnesium (1) complexes, were successfully synthesized. According to the
results of structural characterization, we speculated that the aloe-emodin metal complexes were formed at the site between
the two molecules of aloe-emodin and one molecule of metal ions (Fe**, Mg’*, Cu’") via the 9" carbonyl and 8" hydroxyl
groups of the aloe-emodin molecules. Both the complex and the ligand have clearance effects on three kinds of free

radicals, and the complex showed stronger effects than its ligand (P<0.05). Conclusion Coordination of aloe-emodin

with metal ions, such as Fe™*, Cu”", and Mg™, could enhance the antioxidant activity of the ligand itself.
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% (1 mmol), TN A60 mLIC/K LB, F60 °C T M+
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Table 1 Main UV data of aloe emodin and its metal complexes

Compound

Auex (l0g E)

Aloe-emodin
Aloe-emodin-iron (II)
Aloe-emodin-copper (1)

Aloe-emodin-magnesium (1I)

225 nm (2.260), 255 nm (1.216), 285 nm (0.767), 429 nm (0.464)
226 nm (2.357), 259 nm (1.196), 290 nm (0.744), 431 nm (0.482)
229 nm (2.108), 263 nm (1.662), 289 nm (0.802), 453 nm (0.782), 529 nm (0.853)

228 nm (2.276), 262 nm (1.396), 286 nm (0.617), 433 nm (0.417), 515 nm (0.284)

R2 AEAXERRESREESYILIMNSLETZHIE

Table 2 Main data of infrared spectra of aloe-emodin and its metal complexes

1

1 1

Compound v (O-H)/cm™ v (C=0)/cm™ v (C=C)/cm" v (C-O)/cm™ v (M-O)/cm™
Aloe-emodin 3408 1571 12741285
1455
Aloe-emodin-Iron (1I) 3385 1455 1287 537
3299 1272
Aloe-emodin-copper (1) 3407 1620, 1594 1517,1490 1201,1277 514
Aloe-emodin-magnesium (1I) 3420 1673,1627 1572,1457 1275,1287 455
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£3 FEAEERHLERSYH'HNMRIEIE ( DMSO-d, )
Table 3 'H NMR data of aloe-emodin and its metal complex (DMSO-d,)

Compound Chemical shift (8)

Aloe-emodin Aloe-emodin-Tron (1) 11.93 (1H, S, OH), 11.86 (14, S, OH), 7.24 (1H, s), 7.35 (1H, d), 7.76 (1H, s), 7.65 (1H, d), 7.75 (1H, t), 5.60
(1H, s, -CH,0OH), 4.60 (2H, d, -CH2), 7.09-7.72 (10H, m), 5.31-5.61 (2H, m, ~-CH,OH), 4.49-4.67 (4H, m,
7CH2)

Aloe-emodin-copper (1) 6.98-7.81 (10H, m), 5.21-5.61 (2H, m, —~CH,0OH), 4.39-4.62 (4H, m, —-CH,)

Aloe-emodin-magnesium (1I) 11.80 (2H, S, OH), 6.90-7.81 (10H, m), 5.60 (2H, m, ~CH,OH), 4.60 (4H, m, —CH,)

2N R LA TG IR S5 5 67.24(1H, ), §7.35(1H, d),

Weightlessness rate

87.76(1H, s), 8§7.65(1H, d), 87.75(1H, t) A B A A% 1Y 54 - 120 ~— zslngy 10
P AE S 85.60(1H, s) W H S h I A (55, g 100y ~ 9.8% s
oy e o g 80r =
84.60(2H, d) W EHIIEHHIILMESE S . SRS 2 . |, 2
—he N — NS 5 B <
THERMR, HBRER G & 1T R 21, ieE S 40 68.8% ki
N 3 " E I 13 =
Prh i A LT, LA BN 5l 5
25 WE-ERSH N . i
e > =
SRR LA I3 1k T B o s
(K1), P RE R - (D BCE WA 22 4 R Ry 0 200 400 600 800 1000
‘ \ TI°C
Be(Kl2), M RER-B: (D FFEELL R4 R HI B
(F13). e R A TS i U, Tl B2 FEARE (1) AEHEE
Y1k 4B S R Fig 2 Thermogravimetric curve of aloe-emodin-copper ( Il )
Weightlessness rate 140 ¢ Weightlessness rate
4.7% 10 . |
= 40r L 7.3% 2120 - ~N i’f;}/ ’
E 13.9% 1712 E 100F S 8.1% 1-1 2
¢ " 9.8% E £ 8¢ 2
E 48.9% 13 % 2 40 68.2% 15 2
g 3 5 ol
£ 0r {1-4 = 5‘520- VJJ 14 =
1-5 = 0l 1-5
20 (I) Z(I)O 4(I)0 6(I)0 8(I)0 1000 0 200 400 600 800 1000
T/°C T/°C
B1 AEXRER% () AEHLKE B3 AEXER-E () REHEE
Fig 1 Thermogravimetric curve of aloe-emodin-iron ( || ) Fig 3 Thermogravimetric curve of aloe-emodin-magnesium (Il )
2.6 BEYIBESER HT LA B S5 RAE S5 2R, M P 25 KM R B R AL

R4 0L, B G PEmoTR LA S BIE AT RES R = T 43 25 R FE o 910 Bk B A8 L
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(Fe™, Mg™, Cu™) 5P 2 KRR AL L4,
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Table 4 Measurement results of metal ions in the complex

Iron element Copper element Magnesium element
Complex
Measured Theory Measured Theory Measured Theory
Aloe-emodin-Iron (1I) 9.17% 9.37%
aloe-emodin-copper (11) 10.12% 10.53%

Aloe-emodin-magnesium (1I) 4.21% 4.30%
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Fig 4 Possible structural formula of aloe-emodin metal complex

2.7 MENLIHER

2.7.1 BAREAYATO, « A EERGFR  HERSATH,
FIEERER MHEEYEAYO, « A B EEEE, HAE—
S O H I R FE P LA M R O, 1 IR AT BR R

Wi o £ T v I, S X O, e PR RIS BRAE
ST A LR R (P<0.05), ALK EMBESY
TBEBRO, ™« H HFEMH0E 35046 (half effective concentration,
EC;) 30 P25 K #%6.03 mg/L, P2 R E -4k
(I1)1.72 mg/L, P25 R -4 (11)0.98 mg/L, F25 K
E-8:(11)0.95 mg/L.

2.7.2 BAKABA AT DPPH. B w1 kg kR thdken]
0, PSR R RS Y BN [R R EE ST DPPH.
PSR TE , EL7E — 2 o A 5 L P T 4 0 R A X
DPPHe [ H 5 1 75 b 256 i o VR B T o8 T 5 2 25K
B AT MR TR 25 K HK (P<0.05),
ZERBEE-H ) AIEMEAE0.312 ~ 2.5 mg/Ly PN 58 FC
TR EER IR (P<0.05), FESREE R BECID T PETE0.625 ~
2.5 mg/Ly 5 T RCAA S 25 K 3 R (P< 0.05) .

2.7.3 BARR B A Mat«OH A w60 F R &7 A,

R5 AEXEZREBSYNO, -BHEMNERE (X5, n=4)

Table 5 Scavenging rates of aloe-emodin and its complexes on O, « free radicals (X %+ §, n=4)

Scavenging rate/%

Group
0.156 mg/L 0.312 mg/L 0.625 mg/L 1.25 mg/L 2.5 mg/L
Aloe-emodin 14.2+0.04 19.6£0.05 25.7+0.07 32.6+0.04 39.6+0.02
Aloe-emodin-iron (II') 30.2+0.02* 35.6+0.05* 42.5+0.03* 47.4+0.02* 52.740.02*
Aloe-emodin-copper (11) 32.94+0.08* 38.240.03* 46.8+0.02* 52.3+0.06* 58.7+0.01*
Aloe-emodin-magnesium (1) 36.4+0.04* 42.1+0.07* 49.2+0.09* 57.3+0.04* 62.8+0.07*
*P<0.05, vs. aloe-emodin group.
F6 FEXEERHEEAYDPPH-HEREEMNBFRE (X£5, n=4)
Table 6 Scavenging rates of aloe-emodin and its complexes on DPPH « free radical (X £ §, n=4)
Scavenging rate/%
Group
0.156 mg/L 0.312 mg/L 0.625 mg/L 1.25 mg/L 2.5mg/L
Aloe-emodin 5.9+0.02 10.8+0.03 10.4+0.03 10.8+0.07 19.1+0.05
Aloe-emodin-iron (II') 14.1+0.03* 15.6+0.03* 17.2+0.08* 19.6+0.03* 20.6+0.02*
Aloe-emodin-copper (11) 4.3+0.07 11.9+0.04* 14.8+0.09* 17.3+0.06* 27.9+0.08*
Aloe-emodin-magnesium (1) 5.8+0.05 8.76+0.03 19.3+0.04* 20.2+0.08* 27.1+£0.05*
*P<0.05, vs. aloe-emodin group.
x7 FEXEZRHEEAYX.OHEHRENBRE (X£s5, n=4)
Table 7 Scavenging rates of aloe-emodin and its complexes one OH radical (X % §, n=4)
Scavenging rate/%
Group
0.156 mg/L 0.312 mg/L 0.625 mg/L 1.25 mg/L 2.5mg/L
Aloe-emodin 37.0+0.01 41.9+0.05 43.8+0.02 44.9+0.02 47.3+0.04
Aloe-emodin-iron (II') 44.6+0.06* 51.8+0.01* 58.5+0.07* 67.8+0.03* 73.240.06*
Aloe-emodin-copper (1) 43.6+0.06* 57.5+0.02* 60.5+0.05* 64.1+0.3* 76.0+0.02*
Aloe-emodin-magnesium (1) 37.7+0.08* 45.3+0.02* 50.1+0.04* 53.240.07* 56.7+0.06*

*P<0.05, vs. aloe-emodin group.
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PIEERE R IR A YR L OH A 3T M, HAE—
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Joi 5k e B T v TN, TS X e O Fh i R £
FHa T HRBAR P ZE KB R (P<0.05) . AEERE R MBS
Yyit e OH H HH B EC, {53 311, P25 K 2 3:4.88 mg/L,
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