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Swelling and Drug Release Characteristics of PVP Hydrogel Polymerized

by y-Irradiation Method
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Abstract— The short and variabke transit of drug throught GI iiracj and the inter-and intra-subject
variations of the transit restrict the sustained drug absorption after oral adminstration. These
restrictions may be solved by retaining the dosage forms in the stomach. Then the dosage form
will act as a platform which releases the drug slowly and makes the GI absorption occur for
a long time. In this study, as the platforms, PVP hydrogels were synthesized by chemical and
y-irradiation method in the cylindrical test tube. The chemical method means the synthesis of
the hydrogel by heating the mixed solution of N-vinyl-2-pyrrolidone [ monomer], acrylated albumin
[crosslinking agent], 2,2'-agobis(2-methylpropionitrile) [initiator] and proxyphylline [drug] at 65C
for 5hr. The y-irradiation method means the synthesis of the hydrogel by irradiation with *Co
y-ray of the mixed solution of the monomer, acrylated albumin, and flurbiprofen [drug] at room
temperature with total 0.2 Mrad for 3 hr. Our intention is to design the hydrogel tablet (diameter :
1.20 cm, thickness : 0.60 cm) which swells in the gastric fluid after oral administration to such
a size that passing through the pylorus could be inhibited during the period of drug release.
After releasing drug, the hydrogel should be degraded by the enzymeatic digestion in the stomach,
or by hydrolysis and eventually solubilized. Thus, in votro tests were performed to examine the
factors that affect swelling and drug release from the PVP hydrogels. Experimental results show
that the hydrogels swell to a size larger than the diameter of the pylorus(1.3* 0.7 cm) and the
hydrogel prepared by the chemical method is digested by pepsin. But the hydrogel prepared by
the y-irradiation method was not digested by the pepsin and just collapsed with time. Thus, the
swelling of the hydrogel synthesized by y-irradiation was independent albumin acrylation time
and pepsin concentration. But drug content and radiation dose affected the swelling and drug
release kinetics of the hydrogel. Drug release from the hydrigels was prolonged up to about 24 hr.
Therefore, it was concluded that by adjusting these factors, the albumin-crosslinked PVP hydrogel
synthesized by y-irradiation method is expected to be retained in the stomach for up to 60 hr
and be a potential platform of drugs for long-term GI absorption.

Keywords [_] Hydrogel ; PVP ; swelling ; release ; proxyphylline ; flurbiprofen ; chemical method ;
y-irradiation method ; acrylation ; albumin ; gastric emptying.
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5 % BSA (200 mg) 4 ml
(0.5 M pH 7.2 phosphate buffer)

i stirring (1 min)
v

add | glycidyl acrylate 200 ul

stirring (5, 12 hrs)
v

add | 20 % glycine soln. 1 ml

stirring (30 mins)
v
dialysis 24 hrs
(0.5 M pH 7.2 phosphate buffer 9 L)

Scheme I—Procedure of albumin alkylation with glyci-
dyl acrylate.
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Chemical  methed 2-Irradiation method

VP {035, 0.6 mt)

' P {0.35 0.6 m)
Alkvlated albenin{0.35,0.6 ml)

Alkylated albumin{0 35 0.6 wi)
AR {Smp AP Im))
Proxyphyl Fine (0,10,20, 40 my) l

Fluibiprofen (0.10,20, 40 mg)

| |

vortexing (2 min)

sonication (30 min)
dryrssing in vacunm desiceator (30 mir)
N2 gas substitution (10 min)
{cover with own stopper}
|

heating y-irradiation
(5 he, 65°C ) {0,1~1.0 Mrads3 hr, room temperature)

drying at 37°C oven

Scheme II—Procedure of polymerization and drug loa-
ding (mixing loading)
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Fig. 1—HPLC chromatograms of: (A) blank (B) VP so-
lution.
Peak 1=Vinyl pyrrolidone (20 ni/m/ in

MeCN : H,O=1:1).
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Fig. 2—Effect of albumin acrylation time on the swel-
ling behavior of hydrogel synthesized by che-
mical method (5% alkylated albumin) in the
simulated gastric fluid without (X) or with (O)
pepsin 250 U/m/ at 37C, n=4.
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Fig. 3—Effect of albumin acrylation time on the swel-
ling behavior of hydrogel synthesized by y-ir-
radiation method (5% alkylated albumin, 0.2
Mrad/3r) in the simulated gastric fluid at 37C,
n=4.
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behavior of hydrogel synthesized by y-irradia-
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Fig. 5—Effect of radiation dose on the swelling beha-
vior of hydrogel synthesized by vy-irradiation
method (5% 5h alkylated albumin, 0.1~1.0
Mrad/3 h) in the simulated gastric fluid with
pepsin(150 U/m{) at 37C, n=4.
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Fig. 6—Effect of radiation dose on the collapse shape
of hydrogel synthesized by y-irradiation me-
thod (5% alkylated albumin, 0.2~0.5 Mrad/3 h)
with the lapse of time in the simulated gastric
fluid with pepsin (250 U/m/) at 37C, n=4.
[front hexahedron=0.5 Mrad, rear hexahed-
ron=0.2 Mrad]

ute} 7ol 0.2 Mrad2] 7% 48217 o] H-EH= AA
2 AAe vhd Folv sl Fsle S
Belert, 05Mrade] ASdle 724 7be] At A
A Fol7l A% Frlsiddet
iAol e oigl2E (VRS RIEZ—
3 F Asde Leve 54 dod § 9o
B2 USP X X IIelA+& PVPF 2olgle VP9 ool
0.2% o] 8}7} | =& A stsdch Az3) slo]=2AS
347 WA F 858 e oS S e
Fig. 7014} Bz wie} Zre] sheba] whyoll wis) zlw}
Azapg o Azg slo]=R A wubgd Tk
wefo]l Heich E Zimpxake] ZUMESE AE R
o] ofe] 7FAaElov} 0.2Mrad o4t Me Ae
AA3HA 0.0006% °]3HE viehdo] USPHAel =%
3hod et
229} loading WHO| sto|= 2o WR| O|xl=
—3lol=gAe] P-gA7 AER S TIPS
uj 0.2 Mrad®] 7eld-g 2ARAA Ax3 dlel=z
Aol M HYF A2 yrse] o] Foj=2 AL
7HA AL o] F-2] ofEWEAIYE Fd) slo|=R AL
Z3HEA] oFE-8 9+ mixing loading'i-& A &3}
%S loading® 4+ 9l loadingA]7te] g#eomn slo]

J. Pharm. Soc. Korea



Ak EAH o2 AR PVPSle|l =249 &3} kB

e
Aim
oX

517

20

(e

VP content in the tab. {ug/tablet)
o 3

0.08 0.15 0.5
0.1 0.2 1
Radiation Dose

Chemical

Fig. 7—Effect of radiation dose on the residual amount
of VP per hydrogel 1 tablet (500 mg) synthesi-
zed by y-irradiation method (0.05~1.5 Mrad)
in comparison with the tablet by chemical me-
thod. VP was extracted by the swelling of the
tablet in the simulated gastric fluid 100 m/ at
37C for 3 days and analyzed by HPLC, n=4.
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Fig. 8—Effect of drug loading method (mixing loading
and swelling loading) on swelling behavior of
the hydrogels synthesized by chemical method
and y-irradiation method (0.2 Mrad/3 h) in the
simulated gastric fluid 100 m/ at 37C, n=4.
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Fig. 9—Effect of drug loading method (mixing loading
and swelling loading) on drug release from the
hydrogels synthesized by chemical method and
y-irradiation method (0.2 Mrad/3h) in the si-
mulated gastric fluid or pH 6.8 buffer soln. at
37C, n=4.
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