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Abstract

I mproving dissolution characteristics of valsartan using

solid dispersion technique

Youngbin Im

Advisor: Prof. Hyo-Kyung Han
College of Pharmacy

Graduate School of Chosun University

Valsartan, a drug for the treatment of cardiovamcullisease,
exhibited low bioavailability which should be cadd®y, at least in part,
limited solubility at low pH. Therefore, the aim tfis study was to
investigate the effect of surfactant on the soltybibf valsartan and
improve the dissolution profiles of valsartan \na preparation of solid
dispersion (SD). Among tested surfactants includimgcronized

poloxamer 407, creomophor, solutol, SLS and twe@nn8icronized



poloxamer 407 appeared to be most effective torezehthe solubility
of valsartan at low pH. Thus, SD of valsartan wesppred by using
poloxamer 407. The dissolution profiles of SDs ((Ppoloxamer = 1:3
or 1:5) were not pH-dependent and they showed at#sirdissolution
profiles over the pH range of 1.2 to 7.0. The rssof powder X-ray
diffraction (PXRD) and differential scanning caloetry (DSC)
indicated that the drug in SDs was in the amorphéus. In
conclusion, SDs containing micronized Poloxamer dp@eared to be
useful for improving the dissolution rate as we# solubility of

valsartan at low pH.



1. Introduction

Valsartan, (S)-N-valeryl-N-([2'-(1H-tetrazol-5-yljghenyl-4-yl]-
methyl)-valine, is a specific competitive antagbmitthe angiotension
Il receptor and widely used for the treatment opdryension [1].
Valsartan has low bioavailability of about 23~3980humans, which
might be related to its poor aqueous solubility. [Phe solubility of
valsartan appears to be pH-dependent and exhibitslow solubility
at acidic condition [3]. Therefore, improving theluility of valsartan
at low pH may lead to enhanced bioavailability afsartan.

In order to improve the solubility and dissoluticate of a poorly
water soluble drug, solid dispersion (SD) with homhilic polymers
such as hydroxypropyl-cellulose and polyvinyl-pyidone was widely
used as a common method [4, 5]. A drug dispersedamiers has
peculiar properties such as amorphous form of amygtallinity and

reduced particle size which leads to better wditaldue to surface



area enhancement. Therefore, in many cases, SDne&shathe

dissolution profiles of poorly soluble drugs [6h &ddition, there is

evidence that surfactant enhances the solubility dissolution rate of

poorly soluble drugs [7-9]. Therefore, the presstidy aimed to (i)

investigate the effect of surfactant on the soitybdf valsartan and (ii)

improve the dissolution profiles of valsartan awlpH via the

preparation of solid dispersion. Effect of surfatsasuch as micronized

poloxamer 407, creomophor, solutol, SLS and tweén o8 the

solubility of valsartan was examined and basedhensblubility data,

SD of valsartan with poloxamer 407 was prepareddigg the solvent

method. There are two major preparation methodsdbd dispersion

including the melting method and the solvent metf®d0]. However,

our preliminary data indicated the probability oEomplete miscibility

of the drug and the carrier in the molten formtlsat SD of valsartan



was prepared by using solvent method and subsdguehieir

dissolution profiles were evaluated at various pH.

2. Materialsand Methods

Materials: Valsartan was kindly provided by Samil Pharm.,Qad.
Micronized poloxamer 407, creomophor and solutorewebtained
from BASF Korea, Ltd. Sodium lauryl sulfate and éme80 were
purchased from Sigma Co. (St. Louis, MO).

Preparation of physical mixture: Physical mixture was obtained by
simply mixing valsartan and Micronized Poloxame? 48ing a spatula
in a mortar. The weight ratio of drug and polymersvkept at 1:0.5, 1:1,
1:3 and 1:5.

Preparation of solid dispersion by solvent method: Valsartan and
micronized Poloxamer 407 were first dissolved i858 ethanol. The

amount of 95% ethanol used varied depending orwiight of drug



and polymer. After the complete dissolution, th&veot was removed

under vacuum at room temperature. The weight ratiadrug to each

carrier include 1:0.5, 1:1, 1:3 and 1:5.

Solubility studies. Solubility of valsartan was determined by placing

an excess of valsartan (100mg) in 15mL of watereurghaking at

room temperature for 24h. In addition, pH depengeoi valsartan

solubility was determined at pH 1.2, pH 6.8 and fiB. After

equilibration, the supernatant was filtered anddhey concentration in

the filtrate was measured by using HPLC assay.avtas solubility

was also determined in the presence of 0.5%, 1%,aR% 4% of

various surfactants (micronized poloxamer 407, m@ahor, solutol,

SLS and tween 80)

Valsartan release from physica mixture (PM) and solid

dispersion (SD) with micronized Poloxamer 407: The released

amounts of valsartan from PM and SD were determinedmL of



water and pH1.2 buffer, respectively. The PM and &jnivalent to
2mg of valsartan were used. After shaking at roemperature for 12hr,
24hr, 48hr and 72hr, the concentration of valsawas determined as
described above.

In vitro dissolution study: Dissolution studies were conducted using
USP paddle method at 50rpm or 100rpm using 300mdiggolution
medium at 37T in a DST 600Adissolution tester (Fine Science
Institute, South Korea). For all the prepared Sirsd-polymer=1:0.5,
1:1, 1;3 and 1;5), the sample equivalent to 6mgvatartan was
exposed to two different media (pH1.2 buffer andemafor 6 hr. The
samples were withdrawn at predetermined time iater(s, 10, 15, 30,
45, 60, 120, 180, 240, 300 and 360 min) and thexlyaed by using
HPLC assay. After each sample collection, an edgmtaamount of
fresh medium was added to maintain a constant ldisso volume.

Dissolution studies were also conducted at pH Ad@EH 6.8 with the



SD having the drug-polymer ratio of 1:5.

HPLC analysis. Valsartan was analyzed by the HPLC assay.

Naproxen was used as the internal standard for asay. The

chromatographic system was consisted of a pump 1Q&D), an

automatic injector (SIL-10A) and a UV detector (SE@A) (Shimadzu

Scientific Instruments, Tokyo, Japan). An octadsitghe column

(Gemini C18, 4.6 250 mm, 5 uM; Phenomenex, Torrance, CA,

USA) was eluted with a mobile phase consisting @h1 phosphate

buffer:acetonitrile (55:45, viv%, pH 2.7). The flowate was

1.0 mL/min with the detection wavelength set at 26%. The

calibration curve from the standard samples wasgalinover the

concentration range of 0.025 ug/mL.

Thermal analysis (DSC): Thermal analyses were carried out using a

DSC (DSC 50, Shimadzu Scientific Instrument, MDheTamount of

sample used ranged from 0.83 to 5 mg. Samples wkeed in

10



aluminum pans and heated at a scanning rate €f/bin from 25 to
120T, using nitrogen as a purge gas. An empty pan vgasl @s a
reference.

Powder X-ray diffraction (PXRD): The measurements were
performed at @range of 3~50° with a step size of 0.03 and a
measuring time of 1s per step (X-rat diffractomeMAX-3C,

Riguku Co., Japan).

3. Results & Discussion

As summarized in Fig. 1, the solubility of valsartavas pH
dependent and significantly decreased by loweriHg Phose results
are consistent with the findings by Mbah et al.. [Since surfactants
can enhance the solubility and dissolution ratpawrly soluble drugs,
we investigated the effect of surfactants on thelslity of valsartan to

improve its solubility, particularly at low pH. Fevcommonly used

11



surfactants including micronized Poloxamer 407pgrephor, solutol,

SLS and tween 80 were selected and their effedhersolubility of

valsartan was examined by varying the surfactamceotration. As

illustrated in Fig. 2 and Fig. 3, the effect of fagtant on the

enhancement of drug solubility was more obviouswatpH compared

to the results in water. Among tested surfactantstonized poloxamer

407 appeared to be most effective to enhance thbibty of valsartan

at pH 1.2, particularly in low surfactant concentmat Therefore,

micronized Poloxamer 407 was selected for the patjom of solid

dispersion of valsartan.

SD was prepared by using solvent method at drugape ratios of

1:0.5, 1:1, 1:3 and 1:5, respectively. To examime advantage of SD

preparation compared to the conventional powdemuigition, the

released amount of valsartan from SDs was compgar#tht from PM.

As shown in Fig. 4 and Fig. 5, released amountyatéartan were

12



increased as pH and amount of poloxamer 407 wasased. And the
released amount of valsartan from SD was greager that from PM,
implying that SD preparation may be effective thamce the solubility
of valsartan.

The DSC thermograms of valsartan, poloxamer 403y #Ms and
SDs were shown in Fig. 6. The DSC curves of pursavian and
poloxamer 407 exhibited single endothermic peak4Gft.84C and
56.3C, respectively. However no valsartan peak was @ksefrom
PM and SD, suggesting that valsartan was moleguididpersed in
carrier and was present in an amorphous state [dtHrestingly, the
DSC thermograms of valsartan in PMs were similathtesse from SD.
This result might be explained by that due to the Imelting point
(about 55C) of poloxamer 407, valsartan in PM should be dis=bin
the melted poloxamer solution when thermal analy&s carried out

and thus, the melting peak of valsartan did noteappTherefore,

13



PXRD was used to identify the crystallinity of vattan PMs and SDs.

The PXRD patterns of valsartan, poloxamer 407 rt8&s are shown

in Fig. 7. The PXRD patterns of pure valsartan ttage noticeable

peaks at 5.8 14.4 and 22.1 and valsartan was low crystalline in

nature as compared to the diffraction pattern thigartan that is a

specific competitive antagonist of the angiotenslbmreceptor like

valsartan [6]. The PXRD patterns of poloxamer 40&d htwo

characteristic peaks at 19.4nd 23.38. Although almost all peaks from

valsartan were overlapped with peaks of poloxantat, 4he peak at

5.8° was distinctive. Therefore, if this peak disappeéor a large

reduction), it will reflect an amorphous form oflsatan [12]. As

shown in Fig. 7, there was no peak at’3rBSDs.

The dissolution characteristics of SDs were exachared shown

in Fig. 8. Initial release rates of valsartan wigter with SDs having

the drug-polymer ratio of 1:3 and 1:5 than thogenfiSDs having the

14



drug-polymer ratio of 1:0.5 and 1:1. In additioh,the SDs completely

released the drug after 4hr in water. Similar appeze of initial

release rate was observed at pH 1.2, but maximsoldition rates

were relatively lower than in water (about 50% &t and 1:3, about

25% at 1:0.5). However, as shown in Fig. 9, thedaligion profile of

SD (Drug:poloxamer=1:5) was not pH-dependent amgdveld desirable

dissolution profiles at low pH. Interestingly, it release rates of

valsartan from SDs having a drug-carrier ratio .3 or 1:1 showed

the delayed drug release in both water and pH dff2h) which can be

explained by, at least in part, that low initiaksblution rate may be

resulted from the hydrophobic interaction of vaigar and sticky

property of poloxamer. Therefore, we also evaludtesl dissolution

profile at 100 rpm and the enhanced initial disBofurate of valsartan

was observed (Fig. 10).

Collectively, the results indicated that the pregpian of SDs

15



significantly improved the solubility and dissoluti profiles of

valsartan at low pH.

4. Conclusion

SDs containing micronized poloxamer 407 appearebdetaiseful

for improving the dissolution rate as well as tlo&ubility of valsartan

at low pH. Therefore, the preparation of SDs maypvie the

possibility to develop oral dosage forms of vamarhaving higher

bioavailability.
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Figure 1. pH dependency of valsartan solubility (M&s8D, n=3)
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Figure 5. Released amount of valsartan from PM and SD.r&te of

valsartan to micronized poloxamer 407 was 1:5 (MeaD, n=3)
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Figure 6. DSC thermograms of valsartan, poloxamer and #is and
SDs prepared by solvent method. The ratio of vilsato carrier was

1:0.5, 1:3 and 1:5.
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Figure 7. PXRD patterns of valsartan, poloxamer and thdds S
prepared by solvent method. The ratio of valsarbacarrier was 1:0.5

and 1:5.
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