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Abstract

The aim of this study was to increase the solubility of ampelopsin (AMP) in water by two systems: solid dispersions with polyethylene
glycol 6000 (PEG 6000) or polyvinylpyrrolidone K-30 (PVP K30) and inclusion complexespvityiclodextrin (BCD) and hydroxypropyl-
B-cyclodextrin (HPBCD). The interaction of AMP with the hydrophilic polymers was evaluated by differential scanning calorimetry (DSC),
Fourier transformation-infrared spectroscopy (FTIR), scanning electron microscopy (SEM). The results from DSC, FTIR and SEC analyses
of solid dispersions and inclusion complexes showed that AMP might exist as an amorphous state or as a solid solution. On the other hand, the
SEM images of the physical mixtures revealed that to some extent the drug was present in a crystalline form. The influence of various factors
(pH, temperature, type of polymer, ration of the drug to polymer) on the solubility and dissolution rate of the drug were also evaluated. The
solubility and dissolution rates of AMP were significantly increased by solid dispersions and cyclodextrin complexes as well as their physical
mixtures. The improvement of solubility using polymers was in the following order: HPB@®TD > PVP K30 > PEG 6000.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction development. However, AMP was poorly soluble in water
(0.2mg/ml at 25C). In aqueous or organic solution, AMP
Ampelopsin (3,5,7,&'5-hexahydroxyl 2,3 dihydrogen decomposed under exposure to light, and colored photolysis
flavonol, AMP, Fig. 1), isolated from the tender stem and product was formed. The permeability through rat intestine
leaves of the plant speci@snpelopsis Grossedentata (Hand- mucosa determined in our laboratory was 9.80-% cm/s,
Mazz) W.T. Wangwvas one of the most common flavonoids. and oral drug absorption in humans based on the intestinal
AMP was reported to possess humerous pharmacological acpermeability in rats could be less than 10Ph Use of AMP
tivities, such as anti-inflammatory and antimicrobial activity, in most pharmaceutical preparations and some research ex-
relieving cough, antioxidation, antihypertension, hepatopro- periments was thereby limited due to its low water solubility,
tective effect, and anticarcinogenic effg¢tt6]. There was low intestine permeability and degradation in solution. To our
more than 27% of AMP in the tender stem and leaves of the knowledge, no information is available on the improvement
species, especially, more than 40% in the cataphyll. System-of these drug-like properties of AMP. In this paper, increasing
atic research on AMP has been conducted to characterize itghe solubility of AMP has been addressed.
pharmacological potential and possibility for drug product  Various techniques have been used to improve the solu-
bility/dissolution rate of poorly water soluble drugs. Among

— them, the solid dispersion technigi8e-10]and the complex-
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ication before use. The flow rate was 1.0 ml/min, and the de-
tection wavelength was 292 nm. The retention time of AMP
was approximately 4 min. Quantification of the compound
was carried out by measuring the peak area in relation to the
concentration of standards chromatographed under the same
conditions. The standard curve was line&r0.9998) over

the range of concentrations of interest (50—4@0ml). The
relative standard deviation of the inter- and intra-day assay
was less then 5%nE 3).

Fig. 1. Chemical structure of AMP.

glycol (PEG) have been widely employed for their low cost

and high aqueous solubility. Both polymers are freely soluble 2.3. Determination of solubility

in water and are available in various molecular weights, rang-

ing from 10,0000 700,000 for PVP ar_ld from 200, toinexcess Drug solubility was determined by adding excess amounts
of 300,000 for PEG. The molecular size of both polymers fa- of AMP to water or buffer solutions with different pHs (pH
vors the formation of interstitial solid solutiofis4—16] Cy- 1.2,2.8,4.6,6.0,7.4) at 260.5°C. The suspensions formed

clodextrins as pharmaceutical excipients are mainly used ASwere equilibrated under continuous agitation for 1 week and
solubilizing and stabilizing agents for lipophilic substances in then filtered through a 0.45m membrane filter to obtain a

aqueous preparations. A number of molecules are solubilized o s 1tion for HPLC assay. Phase-solubility studies were
in cyclodextrin solutions through formation of an inclusion .- i out in the same way as solubility studies. Excess
complex[17,18] HPBCD is one of the most accepted rep- 1t of AMP was added to aqueous solutions contain-
resentatives of hydroxylalkylated derivatives as hydrophilic ing various concentrations of PVP K30, PEG 6000, HPBCD
drug carrier, because of its amorphousness, high water solu—(s, 10, 15 and 20% wiv, respectively) ,and BCD s,aturation

bility and splubil_izin_g ability, .IOW cost and IOW toxic_ity. solution. The suspensions were shaken at25°C for 7
The main objective of this work was to investigate the days, and then the samples were filtered through a045

possibilit_y of improving the ;olu_bility qnd di.ssolution rate  hembrane filter. The AMP concentrations were determined
of AMP including by () solid dispersion with PEG 6000 using the HPLC method. Each sample was determined in
or PVP K30; and (b) complexation with BCD or HPBCD. duplicate

In order to characterize the prepared dispersions and inclu-

Z!On (ior_nplexeds, a:wak:}fses “So'lf‘g DSC, FTIR'dSEM as well asy 4. Preparations of physical mixtures, solid dispersions
issolution and solubility studies were carried out. and inclusion complexes

. 2.4.1. Physical mixtures
2. Materials and methods AMP and excipients (PVP K30, PEG 6000, BCD or HP-
BCD) were accurately weighed at a ratio of 1:10, pulverized
and then mixed thoroughly in a mortar with a pestle until a

o homogeneous mixture was obtained. The mixture was passed
AMP was extracted and purified in our laboratory. PVP through a 20@um sieve for further experiments.

K30 was purchased from BASF (Germany) and PEG 6000

was supplied from Shanghai Guangming Chemical Plant 5 4 5 gqjid dispersions

(China). BCD was kindly donated by Guangdong Yunan Cy-  gqjig dispersions of AMP in PVP K30 or PEG 6000 con-
clodextren Plant (China) and HPBCD with a degree of substi- 4ining three different ratios (1:5, 1:10, 1:15 w/w for PVP and

tution 0.66 was purchased f.rom Yiming Fine C_:hemical Co., 1:10, 1:15, 1:20 w/w for PEG) were prepared by the solvent
Ltd. (China). All other materials were of analytical or HPLC 1 1athod. Briefly, AMP and the polymer were dissolved in a

2.1. Materials

grade commercially available. minimum amount of purified ethanol. The solvent was then
removed by evaporation under reduced pressure aC40
2.2. AMP assay The resulting residue was dried under vacuum for 3h and

stored overnight in a desiccator. After drying, the residue

The concentration of AMP was measured by a reverse- was ground in a mortar, and then passed through q.200
phase HPLC method described below. A Shimadzu HPLC sieve. The resultant powders were stored in a desiccator until
system was equipped with a SPD-10A SHIMADZU UV-vis further investigation.
detector, a 2.l loop injection valve, a reversed phase Ver-
sapack C18 (25 cm 4.6 mm; 1Qum particle) columnincon-  2.4.3. Inclusion complexes
junction with a precolumn insert. The mobile phase wascom- ~ AMP and-CD or HP-CD at 1:1 molar ratio were dis-
posed of CHOH and B0 (60:40), and pH was adjustedto 3  solved in distilled water. The resulting mixtures were stirred
with phosphoric acid. The mobile phase was filtered through at 25°C for 7 days. After dissolution was completed, the so-
a nylon membrane filter (0.4bm) and degassed by ultrason- lutions were filtered through a 0.48n membrane filter. The
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clear solutions were subjected to evaporation atGl@nd paddle at 100 rpm. At predetermined intervals, 1 ml samples

under vacuum. Then, the drying powders were treated as thewere withdrawn, filtered (pore size 0.4%n), and analyzed

preparation of solid dispersions. with HPLC for AMP. The same volume of fresh medium
was replaced and the correction for the cumulative dilution

2.5. Differential scanning calorimetry analysis was calculated. Dissolution experiments were carried out in
triplicate.

Thermal characteristics of the pure materials, the physical
mixtures, the solid dispersions and inclusion complexes of
AMP with excipients were determined by a differential scan- 3. Results and discussion
ning calorimeter (DSC 204, Netzsch, Germany). The scan-
ning rate was 10C/min, and the scanning temperature range 3.1. Solubility studies
was between 30 and 35C.

The solubility of AMP in water and the solutions with
2.6. FTIR spectroscopy different pHs was shown ifable 1 The solubility of AMP
in water at 25C was found to be 20048g/ml. The pH of

FTIR spectra of the samples were obtained on a SHI- solutions had little effect on the solubility of AMP, but had
MADZU FTIR —8400 s spectrometer (Japan). Samples were significant effect on the stability of AMP. When pH was be-
prepared into KBr disks (2 mg sample in 200 mg KBr). The tween 1.2 and 4.6, the solution was stable. When pH was
scans were obtained from 4000 to 400 ¢nat resolution of 6.0, there was some degradation observed. The solubility at

lcm. pH 7.4 could not be determined because it had decomposed
before it reached saturation.
2.7. Scanning electron microscopy (SEM) The effect of different carriers and temperatures on the

aqueous solubility of AMP was displayedhig. 2 Solubility
The images of the samples were analyzed by SEM experiments showed thatthe saturation concentration of AMP
(AKASHI SX-40, Japan). Samples were mounted on a inwateris notably affected by temperature, from 0.2 mg/ml at
double-faced adhesive tape, sputtered with platinum prior 25°Cto 0.9 mg/ml at 37C. In the phase-solubility diagrams
to analysis. The pictures were taken at a magnification of (Fig. 2), the results that the concentration of AMP in water

600-fold or 2000-fold. increased as a function of PEG 6000, PVP K30 and HPBCD
concentration were observed at both temperatures. The rela-
2.8. In vitro dissolution tionship appeared to be lineaf & 0.9). The increase of the

solubility with increasing temperature revealed the endother-

The dissolution studies of AMP and different drug— mic nature of this process. The improvement of the solubility

polymer combinations were performed in water at due to presence of hydrophilic excipients might be attributed
37+ 0.5°C according to the dispersed amount metfij. to the improved wetting of AMP by forming intermolecu-

Samples equivalent to 100 mg of AMP were added to 100 ml lar hydrogen bonding between AMP and PVP K30 or PEG
of water in a 200 ml beaker, which was stirred with a rotating 6000, but forming 1:1 cyclodextrin complex between AMP

Table 1

Solubility of AMP at 25°C in water and aqueous solutions with different pHs

Media Water (pH 6.1) pH 1.2 pH 2.8 pH 4.6 pH 6.0 pH7.4
Solubility (.g/ml) 200.3 202.0 223.3 217.9 2145 RD

Data are the mean of two determinations.
2 Not determined.
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Fig. 2. Phase-solubility diagrams for AMP in the presence of PVP K 30, PEG 6000, HPBCD in watek at2% (n=2) (a) and 3% 0.5°C (n=2) (b).
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e AL ing to the loss of water (104.5 and 1500), recrystallizing

) (198.7°C), the melting point of AMP (240.9C) and oxidiz-

ing (243.8C) respectively Fig. 3A). In the thermogram of

PEG 6000 Fig. 3E), a sharp peak (65°€) was observed,

which was associated with melting endotherm of PEG. In the

DSC curves of pure PVHRFg. 3B), BCD (Fig. 3H) and HP-

K BCD (Fig. 3K), the peaks corresponding to the evaporation

of water appeared in the temperature range of 502€50

Besides the endothermic peaks corresponding to the loss of
water, the thermogram of BCD displayed melting endotherm

lassc 19910 ' with a shoulder, which indicated the presence of more than

’ one crystal form.

The physical mixture of AMP with PVP K30 showed
spectra corresponding to superposition of their parent prod-
ucts Fig. 3C). In the curve of solid dispersion with PVP
(Fig. 3D), it exhibited a very broad endotherm ranging be-
tween 51.5 and 14%C with a peak at 88.9C. The charac-
teristic features of AMP peak were lost. This indicated that
AMP was no longer present as a crystalline material, but was
converted into the amorphous stf22]. Solid dispersions of
AMP with PEG showed almost the same thermal behavior
as their physical mixtures of the same compositibig(3F
and G), the absence of AMP peaks suggested that AMP was
completely soluble in the liquid phase of PEG 6000. The
same phenomenon had previously been rep¢2@@3] The
physical mixture with BCD Fig. 3)) showed some charac-
teristic feature peaks of AMP, such as peak 145.5, 199.1 and
244.3°C, however, the melting peak of AMP was disappeared
and another endothermic peak (2132 was observed. The
physical mixture with HPBCDKig. 3L) only appeared one
characteristic peak of AMP, i.e., 197.C. However, all the
characteristic peaks of AMP were lost in the inclusion com-
plexes with BCD and HPBCD. The disappearance of the ther-
mal features of the drug indicated that the drug penetrated
50 100 150 200 250 300 350 into the cyclodextrin cavity replacing the water molecules

Temperature/"C [18,24]-

240.1°C

Fig. 3. DSC curves of single components and binary systems of AMP and 3. 3, Fourier transform-infrared spectroscopy
PVP, PEG, BCD and HPBCD. (A) AMP, (B) PVP K30, (C) physical mixture

of AMP/PVP, (D) solid dispersion of AMP/PVP K30, (E) PEG 6000, (F) Fig. 4 sh th t f terial d
physical mixture of AMP/PEG, (G) solid dispersion of AMP/PEG 6000, Ig. 4 shows the spectra of pure matenals and respec-

(H) BCD, (I) physical mixture of AMP/BCD, (J) inclusion complex of  tiveé AMP-carrier systems. The spectrum of AMA(. 4A)
AMP/BCD, (K) HPBCD, (L) physical mixture of AMP/HPBCD, (M) in-  showed three characteristic bands of the OH group which

clusion complex of AMP/HPBCD. were found at 3477, 3352, and 3236ch The carbonyl
stretching mode appeared at 1639¢mOther characteris-

and HPBCD. Similar observations have previously been re- tic bands were found at 1599 crh 1458 cn?! (stretching

ported[20,21] In a BCD saturation solution, AMP solubility  vipration of G=C in the aromatic ring), 1155 cnt (C—O—C

was 2.8 mg/ml at 25C and 9.6 mg/ml at 37C, respectively.  stretch), 1128 cm! (C—OH stretch) and 833 crt (benzene
Thus, enhancement of solubility for AMP was 14.1-fold at ring with tetra-substitutions).

25°C and 10.7-fold at 37C by BCD. Physical mixtures of AMP/PVPH(g. 4C) and AMP/PEG
(Fig. 4F) exhibited spectra corresponding to a superposition
3.2. Differential scanning calorimetry (DSC) of their parent components. In the spectra of solid disper-

sion (Fig. 4D and G), the absorption bands which could be
DSC curves obtained for pure material, solid dispersions, assigned to the free OH and the OH involved in intramolec-
inclusion complexes and their corresponding physical mix- ular hydrogen bonding changed or disappeared. The reason
tures were displayed iRig. 3. Pure AMP powder had three  for this observation might be interpreted as a consequence
endothermic peaks and two exothermic peaks correspond-of hydrogen bonding between OH of AMP and >MNnd
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C=0 of PVP K30, or the lone pairs of the oxygen atom in and PVP or PEG. IR spectra did not reveal dramatic changes
PEG 6000. The carbonyl stretching peak of AMP was shifted in characteristic peaks of AMP frequency, suggesting the ab-
from 1639 cnm ! towards lower frequencies, the peak of tetra-  sence of chemical interactions between AMP and the excip-
substituted benzene ring was shifted from 833 étowards ients, as also reported by Fdizb).

higher frequencies in the solid dispersions. These results also The spectra of pure BCD and HPBCFig. 4H and
suggested that hydrogen bonding interactions between AMPK) illustrated the vibration of free OH between 3100 and
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Fig. 4. FTIR spectra of pure materials, solid dispersions, inclusion complexes and corresponding physical mixtures. (A) AMP, (B) PVP K30, éC) physic
mixture of AMP/PVP, (D) solid dispersion of AMP/PVP K30, (E) PEG 6000, (F) physical mixture of AMP/PEG, (G) solid dispersion of AMP/PEG 6000, (H)
BCD, (l) physical mixture of AMP/BCD, (J) inclusion complex of AMP/BCD, (K) HPBCD, (L) physical mixture of AMP/HPBCD, (M) inclusion complex of
AMP/HPBCD.
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PVP K30° HPBCD®

Physical mixture of
AMP/PEG"

Physical mixture of Physical mixture of
AMP/BCD" AMP/HPBCD"

Solid dispersion of Inclusion complex of Inclusion complex of
AMP/PEG6000” AMP/BCD’ AMP/HPBCD’

Fig. 5. SEM micrographs of single components and binary systems of AMP and PVP, PEG, BCD and HPBCD. (a) Scale bar repnesé)tséale bar
represents 16.4m, (c) scale bar represents 1.

3800cm! and those of the bound OH between 2800 and 3.4. Scanning electron microscopy (SEM)

3100cnT?, a shorter band between 1550 and 1700tm o _ _

and a large band which displayed distinct peaks in the re-  Fig. Sillustrated the SEM micrographs of pure materials,
gion of 900-1200 cml. Inthe IR spectra of physical mixture ~ the physical mixtures, solid dispersions and inclusion com-
(Fig. 4 and L), broad bands of cyclodextrins overlap AMP plexes atdifferent magnifications. AMP existed in needle-like
main characteristic peaks. This was expected since AMP con-Crystals, whereas PVP K30 and HPBCD were seen as amor-
tentwas around 10.0% in the mixture. Nevertheless, the AMP phous sphericals or pieces of spherical particles. PEG 6000
characteristic peaks at 1639, 1458 and 833tmould be and BCD consisted of large crystalline particles of rather ir-
detected in the physical mixtures. It was clear that some of regular size. In the physical mixtures, the characteristic AMP
IR absorption peaks in inclusion complex&sgy( 4J and M) crystals, which were mixed with excipient particles or ad-
were different from that of the corresponding physical mix- hered to their surface, were clearly detectable in all mixtures,
tures, the shape and location of the bands in the region ofthus, confirming the presence of crystalline drug. On the con-
3100-3800, 1600-1700, 1100-1150¢nhad dramatically ~trary, the solid dispersions and inclusion complexes appeared
changed. As spectral changes always related40lg, G=O in the form of irregular particles in which the original mor-
and G-O-C groups of AMP and CDs, it suggests that the Phology of both components disappeared and tiny aggregates
host—guest interactions were dominated by hydrogen bondsof amorphous pieces ofirregular size were present. Therefore,

among the groups mentioned above. These findings are inthe reduced particle size, increased surface area, and the close
full agreement with other authof$8,26], contact between the hydrophilic carriers and AMP might be
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Fig. 6. (a) Dissolution curves of AMP alone and from AMP:PVP K30 solid

dispersions (SD). (b) Dissolution of AMP from AMP:PEG 6000 solid dis-
persions (SD). (c) Dissolution of AMP from AMP:inclusion complexes.

responsible for the enhanced drug solubility found for the
solid dispersion particles and inclusion complexes particles.

3.5. Dissolution studies

The dissolution curves of AMP from the various exam-
ined binary systems were presente#ig. 6. The release rate
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AMP alone. It was evident that the rate of dissolution of pure
AMP was slow, less than 70% of AMP being dissolved within
1 h. Comparing with that of pure AMP, the dissolution rate of
AMP from its physical mixtures was appeared faster. How-
ever, it was much lower than that of the pure AMP before
40 min while it was clearly higher since then. Indeed, during
dissolution experiments, it was noticed that physical mixture
powder sank immediately to the bottom of the dissolution
vessel to form viscous block, whereas the pure drug floated
for a long period on the surface of the dissolution medium.
The viscous block prevented the release of AMP. With the
dissolving of the block, the release rate was increased. Thein-
creased dissolution rate observed for physical mixtures might
be mainly attributable to the hydrophilic effect of the carriers,
which can reduce the interfacial tension between the AMP
and the dissolution medium, thus leading to a higher disso-
lution rate. Comparing to the pure AMP, AMP released from
SD was more rapid at a drug-SD ratio of 1:5, and it almost
released completely at the ratio of 1:10 and 1:15.

The dissolution rate of AMP from the physical mixture
and all the PEG 6000 solid dispersions were significantly
higher than AMP aloneHig. 6b). This demonstrated the sol-
ubilizing effects of the PEG. The higher dissolution rate of
the physical mixture relative to the pure AMP might be ex-
plained by the wetting effect of PEG on AMP. In vitro disso-
lution of AMP from the solid dispersions with PEG 6000 at
ratios of AMP:carrier as 1:10, 1:15 and 1:20 shows the pro-
files that were not distinctive different from each other during
the 2 h dissolution period. This suggested that the dissolution
of AMP from the PEG 6000 solid dispersions was unrelated
to the weight fraction of PEG 600@7]. Comparing to the
physical mixture, AMP released from solid dispersion was
more rapid than from physical mixture. Several mechanisms
had been proposed to account for the increase in the dissolu-
tion kinetic of drugs from solid dispersions. Decreased crys-
tallinity, increased wettability, and reduction of drug particle
size were considered to be predominant facig}s

Fig. 6c displayed the dissolution profiles of AMP from
BCD and HPBCD. It was evident that both complexes and
physical mixtures exhibited faster dissolution rates than that
of pure AMP. A similar trend was observed with BCD and
HPBCD and no significant difference was found between
these two carriers. The remarkable increase of dissolution
rates was obtained for the inclusion complexes. The drug dis-
solved very rapid within the first 5 min and more than 90%
of AMP was dissolved within 10 min in water. This behav-
ior might be attributed to the high energetic amorphous state
and inclusion complex formatidi28]. Corresponding phys-
ical mixtures also demonstrated higher dissolution rate. The
improvement of dissolution rate obtained with physical mix-
tures could be attributed to both improved drug wettability

profiles were plotted as the percentage AMP dissolved from and formation of readily soluble complexes in the dissolution

the solid dispersions, inclusion complexes, physical mixture
and pure AMP versus timé&ig. 6a showed the dissolution
profiles of AMP with PVP K30 at different drug-to-carrier
(w/w) ratios, the corresponding physical mixture 1:10 and

medium.

The Qs, Q10 and Qgo values (i.e., percent of dissolved
AMP at 5, 10 and 60 min) were showedTiable 2 Improve-
ment of the dissolution rate of AMP was obtained by both
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Table 2
The percent of dissolved AMP from various samples at 5 rQ),(10 min
(Q10) and 60 min Qo)

Sample Qs Q10 Qe0
AMP 50.4 53.2 69.5
1:10 AMP:PVP physical mixture 27.9 44.3 72.2
1:5 AMP:PVP K30 SD 453 64.8 83.7
1:10 AMP:PVP K30 SD 92.2 93.9 95.5
1:15 AMP:PVP K30 92.0 93.0 98.5
1:10 AMP:PEG 6000 physical mixture 59.1 71.7 88.0
1:10 AMP:PEG 6000 SD 88.6 92.0 94.7
1:15 AMP:PEG6000 SD 90.5 92.0 94.9
1:20 AMP:PEG 6000 SD 92.71 93.0 94.9
AMP:BCD physical mixture 59.1 53.2 88.0
AMP:HPBCD physical mixture 58.8 71.7 82.4
AMP:BCD inclusion complex 94.4 66.6 97.0
AMP:HPBCD inclusion complex 92.6 94.8 96.0

physical mixture and formation of solid dispersion or inclu-
sion complex. The effect of physical mixture on the dissolu-

L.-P. Ruan et al. / Journal of Pharmaceutical and Biomedical Analysis 38 (2005) 457-464
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HPBCD with high dissolution rate could be manufactured.

Since AMP possessed other defects such as poor intestinal
permeability and poor stability, there were still some obsta-

cles to improve its bioavailability. Increasing its permeability
and stability will be our next objects.
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