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Solubility and Physicochemical Stability of Quercetin in Various Vehicles
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ABSTRACT-The solubility and stability of quercetin in various vehicles were determined. The solubility of quercetin at
28°C increased in the rank order of isopropyl myristaie < oleyl alcohol < propylene glycol monolaurate < oleoyl macrogol-
6 glycerides < linoleoyl macrogol-6 glycerides < propylene glycol laurate (PGL) < propylene glycol monocaprylate (PGMC)
< polyethylene glycol-8 glyceryl linoleate < caprylocaproyl macrogol-6 glycerides < diethylene glycol mono ethyl ether
(DGME). The addition of DGME to non-aqueous vehicles such as PGL and PGMC markedly increased the solubility of
quercetin. From the stability studies, it was found that quercetin was unstable due to rapid oxidation by dissoved oxygen.
The addition of a combination of ascorbic acid and edetic acid (EDTA) at 0.1% markedly decreased the degradation rates
of quercetin in 40% polyethylene glycol 400 in saline. Quercetin was relatively unstable in non-aqueous vehicles such as
PGL and PGMC alone, and PGL-PGMC co-solvent. The degradation of quercetin in such non-aqueous vehicles was fast,
depending on temperature. The addition of butylated hydroxytoluene, butylated hydroxyamsole citric acid and/or EDTA at

0.1% was effective in retarding the degradation of quercetin.
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Table 1-Solubility of Quercetin in Various Pure Vehicles at
28°C

Vehicles Solubility (mg/ml)
IPM 0.12+£0.001
PGL 4.60+0.23

PGML 2.87+0.17
PGMC 8.24£0.13
DGME 290.5£5.70

Labrasol 546+1.27

Oleyl alcohol 1.56 £0.03
LBF 1944 420+0.15
LBF 2125 4.54+0.32
LBF 2609 13.5+0.55

Data were expressed as the mean = S.D. (n=3).
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Table II-Solubility of Quercetin in Various Co-solvents at 28°C

Co-solvents Ratio (v/v) Solubility (mg/ml)
100:0 4.6010.23
80:20 32.7+0.60
PGL-DGME 60 : 40 743140
system 40:60 159.3+£3.80
20: 80 217.5+4.20
0:100 290.5+5.70
100:0 8.24+0.13
95:5 10.1 £0.15
PGMC-DGME 90: 10 13.5+0.89
system 85:15 16.3 £0.05
80:20 202147
70:30 3341031

Data were expressed as the mean + S.D. (n=3).
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Figure 1-Solubilities of quercetin and rutin in various ratios of
PGL-DGME co-solvents at 28°C (n=3). [J: quercetin, [lI: rutin.
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Table II-Effect of Antioxidants with/without EDTA on the Degradation of Quercetin in PEG 400-Saline Solution (4 : 6, v/v) at 45°C

Antioxidant % Remaining
0 day 5 day 10 day 14 day
None 100 144+26 10.7+1.0 7319
BHT 100 118+14 8709 76112
BHA 100 19.410.6 98+1.3 8.1%12
o-Tocopherol 100 92109 41x05 6.5£0.38
Ascorbic acid 100 887122 70.5+£0.9 63.7x1.1
Citric acid 100 56.8+2.2 11.3+07 9.1+£03
Sodium bisulfite 100 82.2+0.7 54745 50.1+34
EDTA 100 93.0+0.8 86.714.8 80.6£0.9
Ascorbic acid + EDTA 100 98.5+0.7 959+14 958+4.7
Citric acid + EDTA 100 949+14 87.5+£0.7 797122
Sodium bisulfite + EDTA 100 882123 793142 70.8+1.9

Data were expressed as the mean + S.D. (n=3).

Table IV-Effect of Antioxidants on the Degradation of Quercetin in Non-aqueous Vehicles at Various Temperatures as a
Function of Time

Vehicle Temp. (°C) Antioxidant % Remaining
0 day 6 day 12 day 18 day
None 100 876102 80.4+0.03 703+0.3
EDTA 100 86.9+12 83.0103 78.0+0.4
4 BHT 100 89.9+0.6 81.7+15 774 £0.04
Citric acid + EDTA 100 87.7+£32 848105 769104
BHT + EDTA 100 86.9+19 81.8+£0.02 784143
None 100 81.9+04 709+1.0 642+ 1.1
EDTA 100 824+1.38 72.4+0.8 69.6+0.4
PGMC 30 BHT 100 84.5+0.1 80.5+0.8 73.1£03
Citric acid + EDTA 100 855%+24 79.9+0.1 763102
BHT + EDTA 100 83.6+0.3 79.8£0.1 74.0+0.2
None 100 66.8£2.6 54.5+0.02 329104
EDTA 100 69.9+0.1 62.1+0.1 49.1+£0.6
45 BHT 100 809+1.0 80.6+0.6 65.710.1
Citric acid + EDTA 100 88.0+2.1 774102 70.5+0.3
BHT + EDTA 100 822+05 79.4+0.9 69.4+0.3
None 100 914+1.1 88.2+0.6 82.210.1
EDTA 100 94.8+0.7 88.6+0.1 84.6+1.1
4 BHT 100 93.1+02 904 +0.2 857110
Citric acid + EDTA 100 934+03 884+1.3 84.7+0.2
BHT + EDTA 100 914102 89.0+0.1 853103
None 100 879+1.1 775+ 1.1 655x1.1
EDTA 100 895112 88.7£0.6 837102
DGME 30 BHT 100 89.7+0.2 89.4+03 803106
Citric acid + EDTA 100 89.4+06 88.0+0.5 79.7+0.1
BHT + EDTA 100 90.5+£0.9 88.3+0.3 825%1.1
None 100 '86.3+0.3 55.8+0.2 253%25
EDTA 100 91.2+0.4 859403 786129
45 BHT 100 843+14 76.8+0.2 636103
Citric acid + EDTA 100 893102 75.5+0.04 5241038
BHT + EDTA 100 88.2+0.7 862106 834+22

Data were expressed as the mean = S.D. (n=3).
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1)E.U. Graefe, H. Derendort and M. Veit, Pharmacokinetics

Table V—-Effect of Antioxidants on the Degradation of Quercetin in PGMC-DGME Co-solvent (8 : 2, v/v) at 45°C

- % Remaining
Antioxidant
0 day 5 day 10 day 14 day
None 100 789x1.2 56.8+14 355+£26
BHT 100 82.7+0.6 67.2£09 454119
BHA 100 994+1.1 73.6122 399+25
a-Tocopherol 100 833x14 55.1£0.7 303+1.6
Ascorbic acid 100 954+2.1 642108 382+1.7
Citric acid 100 892108 60.8+£1.2 29.8+0.7
Sodium bisulfite 100 52.5+£09 343z%15 10.2+1.3

Data were expressed as the mean + S.D. (n=3).
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