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Effects of Polyoxyl 40 Hydrogenated Castor Oil on Solubility and
Bioavailability of Silymarin in Combined Preparation
Containing Silymarin and Ursodeoxycholic Acid
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Abstract — The effect of nonionic surfactant(polyoxyl 40 hydrogenated castor oil, PHCO), a common solubi-
lizer, on the solubility of silymarin in the combined preparation containing ursodeoxycholic acid(UDCA) and
silymarin was investigated in vitro using HPLC. The solubility of silybin, a major component of silymarin,
was enhanced by increasing the amount of PHCO. The effect of PHCO on bioavailability was also evaluated
in rats. The bioavailability was calculated by silybin content in bile juice that was excreted for 24 hr after oral
administration. It was found that the bioavailability of silymarin containing PHCO was significantly increased
compared to that of control. These results suggest that PHCO may improve the solubility and bioavailabilty of

silymarin when it is combined with UDCA and silymarin.
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Silymarin2 Cardus marianus extract®] AL 024 F2
silybin, isosilybin, silycristin, silidianin 522 J-A=[e] g]
T 1% silybino] F2 BHAROE WA glon] 74
¥ A} &} (Maglivo®} Carosi, 1979), 34rEFA1A P4 o
A E=}(Valenzuela 5-, 1985), 7t % ¥ 52k (Tyutyukova
5> 1981)°] slekz =t Aol F=rH silybind of
H-Zo] glucuronide?} sulfate A E HAlsle] gFxe =
s ol Wlgke) WEEEE WS 2L Ao uy
5]o] glth(Lorenz 5, 1984). regk @A) 748 28 -0
2 de] AM-E T 9l 9FEF ursodeoxycholic acid (UDCA)
£ o]gzakg(Kitanis} Kanai, 1982; Schoenfield, 1980), w4
52 B(Twamura, 1980), ZVEF E7PEg(Wad 5,
1984), #A|%2] F< Z712H-4-(Lanzinis} Northfield, 1988)
2 uAEEE 5 2dF wldaE(Roslyn 5, 19892
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drogenated castor oil(PHCO)o| F-8A40 2 QA o|L-Fo|
£ Aejelale] $9 w8 /Ao B (el 1990)
of] ofela] bRl o qdalgtadel FAEAE we] AMEE
= soybean oil(SBO)¥} yellow beeswax(YBW)E X713}k o
Z7l| dis] PHCOE AAFHAo 713k 2 vlasle]
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2 ZAE $3 AMEB 2 Cardus marianus extract(Indena,
olefg], ©]3} CME)2} ursodeoxycholic acid(c}-$-3}8}, o}s}
UDCA)YE Al-&-stitl. Silybin(Roth, 5), polyoxyl 40 hy-
drogcnated castor oil(BASF, 54U)& AF-31g OD# B-glu-
curonidase ¥ arylsulfatase’ Sigma(?]|=)A|E-2-, rert-butyl
methyl ether(¢]3} TBME), =|%H-2-(HPLC grade), o eh-&-
(HPLC grade), n-@AHHPLC grade), g2 F=2glo]=
(HPLC grade) % Extrelut 3 column 52 Merck(?]S)A} A
FE Abgstadn). Zlel Aok B ] 15 AkE ARSE]
gicl. 7171 2% centrifugal vaporizer(EYELA, 91-&), 214 &
2]7](Jouan, 5) & wAF A zEolE 7] (Waters
(71=) 2 Jasco(H£), ¢|3} HPLC)YS o]-2-5}dct.
In vitro 5M AlE

AIESE9 M=

Sl AlE el AR A-7AE Table 13} Zhew Al
U}%i% CME 100 mg ol A2]olel e 24 7143 mg, Az

¥l e 24] 2143 mge TRk AL AlLgsidth. UDCA,
CME 18]35 SBO®] FAJn]E$-& TE 79 FUsldx
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Table 1. Prescriptions used 1o compare the effect of PHCO on
the solubility of silymarin

Ingredient Control Prescription No.

(mg) A B C D E
UDCA” 50.00 50.00 50.00 50.00 350.00 50.00
CME’ 7143 7143 7143 7143 7143 7143
(Silymarim) (50.00) (50.00) (50.00) (50.00) (50.00) (50.00)
SBO* 450.00 450.00 450.00 450.00 450.00 450.00

YBW' 262,50 212.50 187.50 162.50 137.50 112.50
PHCO’ - 50.00  75.00 100.00 125.00 150.00

“Ursodeoxycholic acid. "Cardus marianus extract. ‘Soybean oil.
“Yellow beeswax. ‘Polyoxyl 40 hydrogenated castor oil.
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247k, 1008]/A2)Eledc}. E31% 045um PuHRIYE
(Acrodisc® LC13 PVDF, Gelman Sciences, 7|=H)& A&}
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Table XI. HPL.C conditions for determination of silybin
Instrument

In vitro analysis In vivo analysis

Absorbance 283 280
(nm)
Column y-Bondapak Ci Lichrosorb Diol

(Waters)
45% methanol

(5 pm, Merck)
n-Hexane: methylene
chloride: ethanol=65:25:10
(acidify with HiPO, 20 i)

Mobile phase

Temperature  room temperature 27C
Flow rate 0.8 1.0
(ml/ml)

Injection 18 5~20

volume (ul)




274 Woo Ik Chang et al.

Table III. Prescriptions used to compare the effect of PHCO
on the bioavailability of silymarin

Ingredient Prescription 1
(mg) No. 2 3 4

UDCA" 50.00 - 50.00 -
CME’ 71.43 71.43 71.43 71.43
(Silymarin)  (50.00) (50.00) (50.00) (50.00)
SBO* 450.00 450.00 450.00 450.00
YBW! 112.50 112.50 262.50 262.50
PHCO® 150.00 150.00 -

*Ursodeoxycholic acid. "Cardus marianus exiract. ‘Soybean oil.
“Yellow beeswax. ‘Polyoxyl 40 hydrogenated castor oil.
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Fig. 1. HPLC chromatogram of silybin in water and rat bile. A: Standard silybin in blank water. B: Solubilized silybin from
prescription E. C: Blank rat bile. D: 24 hours after oral dosing of prescription 1.
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Fig. 2. Effcct of PHCO on solubilization of silybin (n=3). *p
<0.05, **p<0.01: Significantly different from control group.
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Fig. 3. Biliary excreted percent of total silybin for 24 hours
after oral administration of silymarin (25 mg/kg) in rats (n=6~8).
*p<0.05, **p<0.01: Significantly different from control group.
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Fig. 4. Biliary excreted percent of total silybin for 24 hours
after oral administration of silymarin (100 mg/kg) in rats (n=
6~8). **p<0.01: Significantly different from control group.
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