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Synthesis, solubility, lipids-lowering and liver-protection activities
of sulfonated formononetin
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Abstract: A water-soluble compound, sodium formononetin-3'-sulfonate with good lipid-lowering and
liver-protection activities was synthesized. It was synthesized by sulfonation reaction, and its structure was
characterized by IR, NMR and elemental analyses. The solubility of sodium formononetin-3'-sulfonate in water
and n-octanol/water partition coefficient were determined by UV spectrophotometry. The lipid-lowering and
liver-protection activities of sodium formononetin-3'-sulfonate were tested by using rat’s high fat model induce
by feeding with high fat food. The results showed that sodium formononetin-3'-sulfonate not only had
favorable water solubility but also had good lipid-lowering and liver-protection activities.
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Synthetic route of sodium formononetin-3'-sulfonate
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Table 2 The detection results of the weight of renal, testis
adipose pad and liver index in rats of each group
Weight of testis

Weight of adipose

Group pad /g adipose pad /g Liver index
A 1.6 +0.68 1.8+0.29 0.25 + 0.056
B 324025 2.7+0.43" 0.34+0.049"
C 13+0.72" 1.9+0.28" 0.22 +0.015"
D 22+0477* 2.0+0.54" 0.26 + 0.044"
E 22+0.67"" 1.8+0.577* 0.28 + 0.053

n=8. "P<0.01, P <0.05 vs normal group (A); "P < 0.05 vs
model group (B)
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Table 3 The detection results of TC, TG, HDL-C and LDL-C in
rat serum of each group

Group TC/mmol-L™" TG/mmol-L™" HDL-C/mmol-L™" LDL-Cmmol-L™

A 097+020 0.55+026 0.91+0.39 0.26 + 0.06

B 264+050" 0.70+0.18 0.49+0.24 0.46 +0.24
C 1.02+0.19* 054+0.09 0.64+0.09 0.18 + 0.66"
D 1.55+039% 052+0.08 0.73+027"%  0.19+0.09™
E 1.54+058% 054+0.16 0.67+0.23 0.24 +0.14™

n=28. "P <001, P <0.05 vs normal contrasting group (A);
*P < 0.05 vs model group (B)
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Table 1 The solubility and n-octanol/water partition coefficient of formononetin and sodium formononetin-3'-sulfonate
Solubility n-Octanol / water partition coefficient
Compd. 0
/g:(100 g H,0) Cy /mgL™! C, /mg'L™ Kow 1gKow
Formononetin No soluble 47.12 3089.48 65.57 1.82
Sodium formononetin-3'-sulfonate 4.09 437558 45.08 0.009 0 -1.99
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Table 4 The detection results of hepatic enzymes activities in
rats of each group
Group  ALT/U-L™' AST/U-L™

A 70.00+2454 136.16+33.16
B 113.66+40.65" 148.66+29.20" 162.83+33.55" 2.00+0.89
C  48.66+19.89" 74.16+1591" 9583+31.01" 1.17+0.75
D 49.83+1851" 83.00+22.61" 123.83+30.57 1.33+0.95
E 5150+671  82.00+2546" 119.33+36.87" 1.67+0.81

ALP/UL™"  GGT/U-L™!
95.16+19.12  1.00+0.63

n=8. "P<0.01, P <0.05 vs normal group (A); "P < 0.05 vs
model group (B)
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#79.8%. AW HE T /K, mp 305 C (7). IR
(KBr) v (cm™): 3 4402, 1 653.0, 1 497.6, 1 462.3,

1371.0, 1 265.1, 1 192.1, 1 095.4, 1 022.3. '"H NMR
(DMSO-d, 300 MHz) §: 8.31 (1H, s, H-C,), 7.88 (1H,
s, H-Cy), 7.98 (1H, d, J = 8.4 Hz, H-Cy), 7.04 (1H, d,
J = 8.4 Hz, H-Cs), 7.49 (1H, d, J = 8.8 Hz, H-Cs), 6.96
(1H, d, J = 8.8 Hz, H-Cy), 6.90 (1H, s, H-Cg), 3.80 (s,
3H, C4-OCH;). "“C NMR (DMSO-ds, 100 MHz) §:
175.07 (C-4), 163.15 (C-7), 157.93 (C-8a), 156.30
(C-2), 153.66 (C-4'), 134.88 (C-3"), 131.69 (C-5),
129.45 (C-1Y), 127.66 (C-3), 123.62 (C-6"), 123.48
(C-4a), 116.95 (C-6), 115.74 (C-2"), 112.20 (C-5"),
102.65 (C-8), 56.31 (-CH;). JCETHTEER (%, 5
{E): C 51.93 (51.69), H 3.01 (2.90).
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