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ABSTRACT-Ipriflavone is a synthetic flavonoid derivate that improves osteoblast cell activity inhibiting bone resorption.
In order to improve the bioavailability, solid dispersions of ipriflavone with PVP (poly-N-vinylpyrrolidone, MW=40,000 g/
mole) were prepared by a spray-drying method. During the manufacturing of solid dispersion, various solvents fethanol
(EtOH), acetonitrile, methylene chloride and cosolvent-EtOH:acetone=1:1] were used to dissolve the ipriflavone and PVP.
Scanning electron microscopy (SEM) and differential scanning calorimetry (DSC) were used to evaluate the physic-
ochemical interaction between ipriflavone and PVP. Particle size, crystallinity and the area of the endotherm (AH) of solid
dispersed ipriflavone using the acetonitrile as solvent were much smaller than those of the other preparation types. Bio-
availability of ipriflavone in vivo was changed by solvents. When considering the result of in vivo test, solid dispersion of
ipriflavone using the acetonitrile as solvent showed the best choice.
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Because solubility of drug is directly connected with bio-
availability, it is important that particle size of drug must be
decreased in order to increase the solubility of drug.'® The
method for improving solubility involves prodrug, inclusion
complex, microencapsulation, microemulsion, solid disper-
sion, and so on.™ It was possible that poorly water soluble
drugs could be changed to high soluble and bioavailable drugs
using those methods. One of these methods was a reduction of
the particle size of drugs.’®!” Although the reduction of par-
ticle size could be easily and directly achieved by conventional
grinding and ball milling, aggregating powder and nano scale
air bubbles in the powder could be disturbing the dissolution
behavior of drugs.'®!”

To overcome this problem, solid dispersion which had high
dissolution rate and very large surface area in polymeric vehi-
cles has been suggested.’®*" When sulfathiazole was mixed
with urea, the release rate of sulfathiazole in this mixture had
dramatically increased comparing with only sulfathiazole
Solid dispersion process was uniformly mixing method that
the solvent was ecliminated by freeze-dry or spray-dry, after
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poorly water-soluble drug and water-soluble polymer are dis-
solved in solvent. During the process of solid dispersion, crys-
tallinity and particle size of drug decreased. As a result of this
processing, dissolution rate and bioavailability could be
increased in the body. "

It has been well known that ipriflavone (IP, 3-phenyl-7-iso-
propoxy-4H-1-benzopyran-4-one), which has been used in the
treatment of osteoporososis, is a poorly water-soluble drug
with an extremely low absorption rate in the body (below 1 ug/
ml). Poly-N-vinylpyrrolidone (PVP) used to make solid dis-
persion is amorphous polymer, so it is widely used to decrease
crystallinity of drug.>*"

In our previous study, we investigated the comparative bio-
availability of IP by pharmaceutical preparation types," effect
of molecular weights and mixture ratios of PVP on the bio-
availability of IP solid dispersion,¥ and preparation and char-
acterization of solid dispersion of IP with PVP.'” The aims of
this study are (1) to prepare the solid dispersions using various
solvents such as ethanol (EtOH), acetonitrile, methylene chlo-
ride and cosolvent of EtOH:acetone and (2) to observe in vivo
absorption of IP in solid dispersion samples. Also, to evaluate
the physicochemical property between IP and PVP, samples
were characterized with scanning electron microscopy (SEM)
and differential scanning calorimetery (DSC).



2 Je Kyo Jeong, Yong San Ahn, Byung Kwan Moon, Myung Kyu Choi, Gilson Khang, John M. Rhee and Hai Bang Lee

Experimental

Materials

IP was purchased from Dongbang Chem. Co., Korea and
PVP (K-30) was obtained from Hongsung Pharm. Co., Korea
with a weight-average molecular weight of 40,000 g/mol. Var-
ious solvents such as ethanol, acetone, methylene chloride and
acetonitrile were used as a HPLC grade.

Preparation of solid dispersions

To make the solid dispersion, same weight (20 mg) of two
components (IP and PVP) was dissolved in solvent at the room
temperature and then spray-dried to disperse IP in PVP by flu-
idized bed coater (Uniglatt, Glatt Co., Germany) under the
condition of 12~20 ml/min pump speed, 40~70°C inlet air tem-
perature, 40~45°C outlet air temperature, and 20~40 psi spray-
ing air pressure. In this study, the samples were named SIP-
MeCN (acetonitrile), SIP-MC (methylene chloride), STP-EtOH
(ethanol) and SIP-Co (ethanol:acetone=1:1) as used solvents,
respectively. In these preparations, the weight ratio of the drug
to the water soluble polymer was 5:5 (w/w). After all the sam-
ples were prepared, they were stored for 12 hrs at —20°C and
subsequently freeze-dried for 24 hrs in order to remove any
residual solvents.

SEM

SEM (model S-2250N, Hitachi, Japan) was used to examine
the morphology and particle size of IP solid dispersions. All
samples for SEM were attached on metal stub double-sided
tape and coated with platinum for 90 seconds under argon
atmosphere using plasma sputter (SC 500K, Emscope, UK).
The obtained photographs were examined at a magnification
ratio of x800.

DSC

Thermal properties of IP and solid dispersion samples were
determined by DSC (2910, TA instrument, USA). The endot-
hermic heats associated with the melting of the IP crystals

were analyzed. After calibrating DSC with an indium standard,

samples (5~15 mg) were weighed in aluminum pans and DSC
analyses were cartied out at a nitrogen flow of 50 ml/min and
a heating rate of 2°C/min from 30 to 200°C. The endothermic
energy was determined by measuring the peak areas.

In vivo test

The in vivo test was carried out on Sprague-Dawley rats (ca.
250~300 g, body weight, Toxicology Center Breeding Facility,
Korea Research Institute of Toxicology, Daejeon, Korea)
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which were housed under specific pathogen free conditions. A
single dose of 50 mg/kg was given orally to each rat (n=3).
Blood samples (ca. 200 pul) were collected from the tail vein at
05,1,15,2, 3,4, 6,8, 12 and 24 hrs after administration and
plasma was prepared by centrifugation at 12,000 rpm for 5
min. The plasma samples were stored at —20°C until further
processing.

The drug concentrations in the plasma were determined by
high performance liquid chromatography (HPLC). The HPLC
system was consisted of a UV detector (UV-2000, Thermo
Separation Products, USA), a pump (P-2000, Thermo Sep-
aration Products), and an autosampler (AS-3000, Thermo Sep-
aration Products). The analytical columns consisted of a Cjg
Nova-Pak cartilage (Waters, USA) and an Inertsil ODS (5 pm,
250 x 4.6 mm ID, GL Sci. Inc., Japan). The mobile phase was
a mixture of acetonitrile and distilled water (70:30 v/v). The
UV wavelength selected for detection was 250 nm and the
flow rate was 1.0 ml/min. Plasma proteins were precipitated
using a triple volume of methanol, and aliquots (20 pl) of the
supernatant were injected into the HPLC column."®!” The
area under the plasma concentration-time curve (AUC) was
calculated by the trapezoidal rule. The maximum plasma con-
centration (Cp,,) and the time to maximum concentration (ty,)
were directly obtained from the observed values. All data were
examined for their statistical significance of difference with
Student’s t-test (P < 0.05).

Results and Discussion

Morphology of the samples

SEM microphotographs of SIP-MeCN, SIP-EtOH, SIP-MC
and SIP-Co were shown in Figure 1. After spray dry pro-
cessing, all of the samples obtained smaller particle size than
intact IP. It could be observed that most of the IP particles of
SIP-EtOH, SIP-MC and SIP-Co were spherical shape, whereas
the sample used MeCN as solvent was sharp shape. According
to the difference of shape, it would be expected that the sample
using MeCN as solvent has the unlike results from extra sam-
ples. Also, it could be observed that most of the particles of
SIPs were not aggregated and agglomerated.

DSC

Figure 2 showed DSC thermograms of SIP-MeCN, SIP-
EtOH, SIP-MC, SIP-Co and intact IP. AH of SIP-MeCN, SIP-
EtOH, SIP-MC, SIP-Co and intact IP were observed at 40.7,
56.4, 60.7, 63.2 and 118 J/g, respectively. It could be observed
that H of SIP-MeCN was smaller than those of SIP-EtOH,
SIP-MC, SIP-Co and intact IP, that is to say, in the order of
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Figure 2-DSC thermograms of SIP-MeCN, SIP-Co, SIP-MC, SIP-
EtOH and intact IP.

intact IP > SIP-MC > SIP-Co > SIP-EtOH > SIP-MeCN.

Analysis of ipriflavone concentration in blood plasma

As mentioned in previous studies,"® the retention time of IP
was 11 min. In the blank plasma samples, there were no peaks
that interfered at the retention time of IP. The limits of quan-
titation (LOQ) was 10 ng/ml when it was defined as the same
concentration of IP resulting in an signal-to-noise ratio (S/N
ratio) of 5. The standard curve was linear over the range 0.1~
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Figure 3—Plasma concentration-time curves of IP following oral ad-
ministration of SIP-MeCN (H), SIP-Co (@), SIP-MC (A) and
SIP-EtOH (¥ ) in SD rats. Values are meantS.E. (n=3).

5 nug/mil. The correlation coefficients were greater than 0.999
for IP and the coefficients of variation for precision and accu-
racy were smaller than 10%. Also the absolute recovery was
over 90%. Therefore, the present HPLC method is a rapid and
simple assay procedure for IP in plasma.

In vivo test
Figure 3 showed IP concentration profiles in blood plasma
of SIP-MeCN, SiP-cosolvent, SIP-MC and SIP-EtOH. SIP-
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Figure 4-Maximum plasma concentration IP following oral ad-
ministration of SIP-MeCN, SIP-Co, SIP-MC and SIP-EtOH in SD
rats. Values are meantS.E. (n=3).

*Significantly different from SIP group -(P<0.05).
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Figure 5—Areas under the plasma concentration curve of IP fol-
lowing oral administration of SIP-MeCN, SIP-Co, SIP-MC and
SIP-EtOH in SD rats. Values are meantS.E. (n=3).
*Significantly different from SIP group (P<0.05).

SIP-Co

MeCN showed significantly higher absorption than those of
SIP using cosolvent, ethanol, and methylene chloride. In the
case of intact IP administration, IP concentrations in plasma
were under %OQ.D Figures 4 and 5 showed the Cp,; and the
AUC following oral administration of SIP-MeCN, SIP-cosol-
vent, SIP-MC and SIP-EtOH. In Figure 4, the C,, was sig-
nificantly increased in SIP-MeCN (1.263 £0.105 ug/ml, P<
0.05), compared with those in SIP-cosolvent (0.723 £ 0.049 ug/
ml), SIP-MC (0.572 £0.063 pg/ml), and SIP-EtOH (0.558
0.186 pg/ml), that is to say, the Cp,, of SIP was about 1.8, 2.2
and 2.3 times higher than those of SIP-cosolvent, SIP-MC and
SIP-EtOH, respectively. In Figure 5, the AUC was significantly
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increased in SIP-MeCN (8.128£1.174 pg-hr/ml, P <0.05),
compared ‘with those in SIP-cosolvent (4.143+0.436 pg-hr/
ml), SIP-MC (3.808 £0.374 ug-hr/mi) and SIP-EtOH (3.791 +
1.147 pg - hr/ml), that is to say, the AUC of SIP was about 2,
2.2 and 2.2 times higher than those of SIP-cosolvent, SIP-MC
and SIP-EtOH, respectively. This result indicated bioavail-
ability could be upgraded by using acetonitrile as solvent.

Evaporation rate and interaction among IP, PVP and solvents
had an effect on morphology of samples. Similar investigations
have been observed for itraconazole-Eudragit E 100, nife-
dipine-hydroxypropylmethylcellulose, and piroxicam-PVP solid
dispersions with significantly improved bioavailability.'® In
general, the process of the crystallization of a highly crystalline
drug during the processing of the solid dispersion is largely
divided into two processes; (a) the creation of the crystal
nucleus and (b) the growth of the crystal.”? According to the
result of DSC, it was expected that the interaction of IP with
PVP occurred decrease of crystallinity. PVP which is amor-
phous polymer make it possible that IP transfer the territory of
amorphous. This result is identical with the result of DSC.

In conclusion, we had demonstrated that solid dispersion of
IP with PVP was effective for the improvement of bioavail-
ability. It seems that used solvent play important roles in in
vivo absorption. '

Acknowledgements

This work was supported by grants from the Korea Ministry
of Science and Technology.

Reference

D JK. Jeong, G. Khang, JM. Rhee, H.C. Shin and H.B. Lee,
Comparative bioavailability of IP by pharmaceutical preparation
types, J. Kor. Pharm. Sci.,, 30, 21-26 (2000).

2) H.J. Kil, S.H. Cho, G. Khang, S.Y. Jeung, K.S. Seo, B.Y. Yoon,
B.K. Kang and H.B. Lee, Preparation of solid dosage form
containing SMEDDS of simvastatin by microencapsulation, J.
Kor. Pharm. Sci., 33, 121-127 (2003).

3) H. Schott, L.C. Kwan and S. Feldman, The role of surfactant
in the release of very slightly soluble drugs from tablets, J.
Pharm. Sci., 71, 1038-1045 (1982).

4)RH. Christopher, J.H. Porter, G.A. Edwards, A. Miillertz,
H.G. Kiistensen and W.N. Charman, Examination of oral
absorption and lymphatic transport of halofantrine in a triple-
cannulated canine model after administration in self-
microemulsifying drug delivery systems (SMEDDS) containing
structured triglycerides, Eur. J. Pharm. Sci., 20, 91-97 (2003).

5) L.A. Hergert and G.M. Escandar, Spectrofluorimetric study of
the B-cyclodextrin-ibuprofen complex and determination of



The Effect of Solvents on Solid Dispersion of Ipriflavone with Polyvinylpyrmrolidone In Vivo 5

ibuprofen in phamaceutical preparation and serum, Talanta,
60, 235-246 (2003).

6)Y.S. Ahn, HY. Lee, K.D. Hong. S.B. Jung, S.H. Cho, J.M.
Rhee, H.B. Lee and G. Khang, Preparation and ir vitro test of
solid dispersion using acyclovir and water soluble polymer, J.
Kor. Pharm. Sci., 34, 169-176 (2004).

7)Y.S. Ahn, JH. Song, B.K. Kang, M.S. Kim, S.H. Cho, JM.
Rhee, HB. Lee and G. Khang, Preparation and characteriza-
tion of liquefied ibuprofen using self-microemulsion drug

~ delivery system (SMEDDS), J. Kor. Pharm. Sci., 34, 35-42
(2004).

8)JK. Jeong, G. Khang, J.M. Rhee, H.C. Shin and H.B. Lee,
Effect of molecular weights and mixture ratios of
polyvinylpyrrolidone on the bioavailability of ipriflavone
solid dispersion, J. Kor. Pharm. Sci., 30, 235-239 (2000).

9) C.W. Pouton, Self-emulsifying drug delivery system : Assess-
ment of the efficiency of emulsification, Int. J. Pharm., 27,
335-348 (1985).

10) LJ. Oh, J.G. Patk, Y.B. Lee and S.C. Shin, Inclusion complex
of analgesic and anti-inflammatory agents with cyclodextrins
(I): Enhancement of dissolution of ibuprofen by 2-hydroxy-
propyl-B-cyclodextrin, J. Kor. Pharm. Sci., 23, 11-18 (1993).

11) H.S. Kim, S.K. Lee, S.U. Choi, H.S. Park, H.J. Jeon and Y.W.
Choi, Improved dissolution characteristics of ibuprofen
employing self-microemulsifying drug delivery system and
their bioavailability in rats, J. Kor Pharm. Sci., 32, 27-33
(2002).

12) D. Attwood, C. Mallon, and C.J. Taylor, Phase studies of oil-
in-water phospholipid microemulsions, Int. J. Pharm., 84, R5-
R8 (1992).

13) YE. Nashed and A K. Mitra, Synthesis and characterization of
novel dipeptide ester prodrugs of acyclovir, Spectrochimica
Acta Part A, Mol. Bio. Spectro., 59, 2033-2039 (2003).

14) EJ. Benjamin, B.A. Firestone, R. Bergstrim, M. Fass, L
Massey, L Tsina and Y.T. Lin, Selection of a derivatives of the
antiviral agent 9-[(1,3-dihydroxy-2-proxy)-methyljguanine with
improved oral absorption, Pharm. Res., 4, 120-125 (1987).

15) P. Jolimaitre, M. Malet-Martino and R. Martino, Fluorouracil
prodrugs for the treatment of proliferative vitreoretinopathy :
Formulation in silicone oil and in vitro release of fluorouracil,
Int. J. Pharm., 259, 181-192 (2003).

16) G.. Khang, J.K. Jeong, J.S. Lee, JM. Rhee and H.B. Lee,
Recent development trends of the improving bioavailability by
polymeric nanovehicles of poorly water soluble drugs,

Polymer. Sci. Tech., 13, 342-359 (2002).

17) 1.K. Jeong, J.H. Kim, G. Khang, ] M. Rhee and H.B. Lee, The
preparation and characterization of solid dispersion of
ipriflavone with PVP, J. Kor. Pharm. Sci., 32, 173-179 (2002).

18) G. Khang, J.K. Jeong, JM. Rhee, H.C. Shin and H.B. Lee,
Effect of hydrophilic polymers on solid dispersions of
ipriflavone to improve bioavailability, Macromol. Chem.
Symp., 14, 123-132 (2001).

19) K. Yamashita, T. Nakate, K. Okimoto, A. Ohike, Y. Tokunaga,
R. Tbuki, K. Higaki and T. Kimura, Establishment of new
preparation method for solid dispersion formulation of
tacrolimus, Int. J. Pharm., 267, 79-91 (2003).

20) T.P. Shakhtshneider, M.A. Vasiltchenko, A.A. Politov and V.V.
Boldyrev, The mechanochemical preparation of solid disperse
system of ibuprofen-polyethylene glycol, Int. J. Pharm., 130,
25-32 (1996).

21) G. Khang, JK. Jeong, JM. Rhee, H.C. Shin and H.B. Lee,
Solid dispersion in polymeric vehicles for bioavailability
improvement of a poorly water-soluble drug: In Biomaterials
and Drug Delivery toward New Millenium, K.D. Park, 1.C.
Kwon, N. Yui, S.Y. Jeong and K. Park (Eds.), Han Rim Won
Publishing Co., Seoul, pp. 309-320 (2000).

22) K. Sekiguchi and N. Obi, Studies on absorption of eutectic
mixture. A comparison of the behavior of eutectic mixture of
sulfathiazole and that of ordinary sulfathiazole in man, Chem.
Pharm. Bull., 9, 866-872 (1961).

23) C. McGuigan, MLI. Slater, N.R. Parry, A. Perry and S. Harris,
Synthesis and antiviral activity of acyclovir-5'-(phenyl
methoxy alaninyl) phosphate as a possible membrane-soluble
nucleotide prodrug, Bio. Med. Chem. Let., 10, 645-647 (2000).

24) S.H. Kim and M.G. Lee, Pharmacokinetics of ipriflavone, an
isoflavone derivative, after intravenous and oral administration
to rats hepatic and intestinal first-pass effects, Life Sci., 70,
1299-1315 (2002).

25) T. Hanabayashi, A. Imai and T. Tamaya, Effects of ipriflavone
and estriol on postmenopausal osteoporotic changes, Int. J.
Gyn. Obs., 51, 63-64 (1995).

26) C. Leuner and J. Dressman, Improving drug solubility for oral
delivery using solid dispersions, Eur. J. Pharm. Biopharm., 50,
47-60 (2000).

27) J. Hyun and LX. Chun, Dissolution characteristics of biphenyl
dimethyl dicarboxylate from solid dispersions and permeation
through rabbit deuodenal mucosa, J. Kor. Pharm. Sci., 24, 57-
65 (1994).

J. Kor. Pharm. Sci., Vol. 35, No. 1(2005)



