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Abstract

Purpose Application of spray-dried chitinosans as excipients for use in drug delivery systems was expletadds

Spray- and tray-dried chitinosans previoustgleacetylated and depolymerized were used. Directly compressed tablets (200 mg)
containing tetracycline, chitinosan, and magnesium stearate were prepared. The tablets were characterized for dimensions,
weight, friability, crushing strengths, disintegration, and dissolufRasults The tablet weights, thickness, and diameters were

not affected by the chitinosan selectgtl £ 0.05). Friability of tablets containing tray-dried chitinosans was generally higher

(and crushing strengths were lower) than tablets containing spray-dried chitinosans. Chitinosan molecular weight, degree of

N-deacetylation, and drying method used, significantly affected crushing stremgthsQ.0001). Disintegration times were
affected only by the type of chitinosa® (< 0.0001) but not by the drying method use#l & 0.9). Dissolution from tablets
was significantly affected by the chitinosan typge & 0.025), but not affected by the drying metha® & 0.5). Conclusions

Spray drying improved binding functionality of chitinosans, thereby enhancing the tablet crushing strength; however, friability,
disintegration, and dissolution profiles were not significantly affected. The data obtained from this study support the usefulness

of spray-dried chitinosans as excipients for use in drug delivery systems.

© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Tetracycline, a semisynthetically produced antibi-
otic, is a drug that is available commercially for
peroral administration for the treatment of bacterial
infections. The gastric effects (i.e. gastrointestinal
distress, nausea, and vomiting) of perorally ad-
ministered tetracycline may be alleviated, to some
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E-mail addresspankaj.rege@bms.com (P.R. Rege).

extent, by inhibiting its release in the gastric re-
gion (Kapusnik-Uner et al., 1996 When used in

a matrix-type tablet formulation, chitinosaBlock,
1997—a cationic biopolymer—forms a gel-barrier
in an acid environment that can modulate or constrain
drug release Jawayanagi et al., 1982; Acartirk,
1989a; Machida and Nagai, 198%urthermore, at
acidic pHs, chitinosan’s amines are protonated and,
therefore, can interact with oppositely charged drug
ions, and in this manner serve as excipients for mod-
ified release drug delivery systemakpuga, 199%.
Miyazaki et al. (1981)evaluated the suitability of
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this biopolymer for use as vehicle for sustained re- containing tetracycline as a model drug. Tetra-

lease of indomethcin and papavarine hydrochloride. cycline release, as a function of time, from the

Zero-order drug release was obtained from chiti- chitinosan-containing tablets, was evaluated as a
nosan films.Sawayanagi et al. (1982valuated the  function of dissolution medium pH.

fluidity, compressibility, and disintegration behavior

of tablets made from powder blends of chitinosan

with lactose, potato starch, or mannitol and compared 2. Materials and methods

them with crystalline cellulose. Fluidity of chitinosan

powder blends was higher than that for crystalline  Commercial chitinosans, deacetylated, depoly-
cellulose and tablet crushing strength increased with merized, and subsequently spray dried or tray dried
increasing polymer concentration. In another study, (Table 7 using the procedures reported in Part |

diclofenac sodium release was prolonged from chitin of this series were evaluated as direct compression
and chitinosan matricesA¢artirk, 1989a,y where binders in this study.

an increase of chitinosan content in the tablets pro-

vided sustained diclofenac sodium reledseapczyk 2.1. Development of an analytical method for
(1993)used chitinosans (with 49 and 66% degree of tetracycline

N-deacetylation) in tablet formulations and evaluated

the usefulness of this excipient after long-term tablet e acidic pH (1.2) was obtained using a 0.1N hy-
storage. Chitinosan met the standard requirements for grochloric acid solution, whereas the basic buffer em-
auxiliary substances used in direct compression, a”dfployed 0.2 M sodium triphosphate salt solution. These
behaved as a disintegrant when present above 50% ofyyffer solutions were prepared in accordance with USP
tablet mass. _ guidelines (USP 24/NF 19, 2000). Standard solutions
Chitinosans have been evaluated as directly cOm- of tetracycline were prepared by dissolving the drug
pressible tablet excipients, but virtually all formu- i, 0.1N HCI or in a solvent mixture containing 75%
lations developed necessitated the addition of other o 1N HCI: 25% 0.2 M sodium triphosphate. Calibra-
ingredients fo facilitate compression. However, pa- tjon plots for subsequent UV analysis of tetracycline
pers indicating to the use of this biopolymer as a (concentration range- 0-30ug/ml) were generated

directly compressible tablet excipierbgbnis et al.,  for poth solvent systems. The analyses were conducted
1997; Shukla et al., 1998; Rege et al., 1p8#e also

available in the literature. Although these papers sug-

gest the possibility of chitinosan use as a directly Table 1

compressible agent, the compressibility of chitinosan Degrees ofN-deacetylation and molecular weights of chitinosans
needs to be improved in order to make it acceptable Used in this study

to the formulator. Chitinosan Degree of Molecular weight
Spray drying has been successfully used in the phar- N-deacetylation (%) (kDay
maceutical industry to process powders, since it offers FLMW spray dried  88.9+ 0.2 280.3+ 10.2
a means for obtaining powders of predetermined par- Eh'\'\’/'lVV\\’/ tray dfi;q . 88%0?1: g-g ég;ii 12-2
ticle size and shape(oadhead et al., 199Rankell LMW tsrz;aﬁri:j 6 3t 05 S5t 108
et al., 199). Furthermore, spray-dried lactose is one ¢p spray dried 66.2 0.9 _
of the most commonly encountered pharmaceutical sp tray dried 65.95 0.3 -
excipients, and has been commercially available for SP12 spray dried ~ 82.2 0.7 2.0+ 09
many years. Its main advantage is that it is directly SP12 tray dried 81.4 0.5 18+ 01
compressible. SP21 spray c_jrled 86.3% 0.1 15.8+ 0.4
" . SP21 tray dried 86.6 0.2 16.6+ 0.5
Insofar as the chitinosans are concerned, their spray g1 spray dried  82.5 0.5 65+ 03
drying and the characterization of the spray-dried sri1 tray dried 812 0.4 6.7+ 0.1
products have been reported earlier. SF22 spray dried ~ 85.% 0.6 5.0+ 0.1
In this study, we explored the use of spray- and SF22 tray dried 85.8 0.5 49+ 02

tray-dried chitinosans in directly compressed tablets 2 mean+SD.: n = 3.
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at wavelengths Njmay) of 268 and 276 nm, respec- HCI (pH ~ 1.2) for a period of 2 h, following which
tively, using a Perkin-Elmer UV-Vis spectrophotome- 250 ml portions of 0.2 M sodium triphosphate buffer
ter (Model\-4A, UV-Vis Spectrophotometer, Perkin  (Reagents, indicators, and solutions, 1P98ere
Elmer, Norwalk, CT). added and the pH adjusted to 6.8. The dissolution
was then continued in this medium for additional 3 h.
2.2. Preparation of tetracycline—chitinosan tablets Three replicates from each batch were tested. Dis-
solution medium samples (3ml) were withdrawn at
Directly compressed tablets (200 mg) were prepared predetermined time intervals (i.e. 0.25, 0.5, 1.0, 2.0,
from admixtures containing tetracycline (12.5%), 3.5, and 5.0h), filtered through apsn nylon filter
chitinosan (86.5%), and magnesium stearate (1 mg).and analyzed for drug content by UV spectropho-
The tablets were compressed using a Carver hydraulictometry. The sample volume was replaced with fresh
press (Model C, Fred S. Carver, Menomonee Falls, dissolution medium and a correction factor was used
WI) fitted with 3/8-in. flat-faced tooling. The total to account for the change in the dissolution medium
compaction time was 5-7s, during which pressure volume after the addition of the basic buffer.
was applied for the first 2-3 s and then maintained at
5000 psig for the rest of the time. 2.4. Experimental design

2.4.1. Effect of chitinosan drying methods on the
physical characteristics of tetracycline—chitinosan
tablets

2.3. Tablet characterization

2.3.1. Determination of physical characteristics . ) )
Tablet diameter, thickness, and crushing strength of A full factorial analysis of variance procedure
10 tablets from each batch were determined using a WS used to evaluate the effect of the chitinosan
Pharma TedM tablet tester (Model PTB 311, Scien- drying method on the physical properties of the

tific Instruments and Technology Corp., NJ). The fri- tetracycline—chitinosan tablets. Thelependentari-
ability of 10 tablets from each batch was determined 2Ples were the chitinosans used= 7), the drying
using an Erweka friability tester (Model TA3, Erweka Process (spray drying or tray drying), and the replicate

Apparatebau GmbH., Heusenstamm, Germany). measureme_nts. ThiependenVariable_zs_ used were Fhe
tablet crushing strengths and the disintegration times.

2.3.2. Evaluation of disintegration times of the tablets . .
Disintegration times (USP XXIV method, with 2-4-2. Effect of spray-dried chitinosans on
disks) of the tablets in pH 1.2 hydrochloric acid tetracycline release

buffer were determined using a VanderKamp disin- A 7 % 2 3 full factorial analysis of variance pro-
tegration tester (VanKel Industries Inc., Edison, NJ). cedure was used to evaluate the effect of chitinosans

The buffer solution was maintained at 370.5°C and the drying process on tetracycline release.ifihe

in a constant-temperature bath (Precision water bath, d€Pendentariables were the chitinosans used=
Model 183, VanKel Industries Inc., Edison, NJ). /), the drying process (spray drying or tray drying),

Three tablets from each batch were evaluated for their 21d the replicate measuremenis= 3). Thedepen-
disintegration times. dentvariable used was the release rate of tetracycline

(milligrams per hour) from chitinosan tablets. All data
were analyzed using Statview (v. 5.0, SAS Institute,
Inc., Cary, NC) and JMP (v.3.1.5, SAS Institute, Inc.,
Cary, NC).

2.3.3. Study of in vitro drug dissolution

In vitro drug dissolution studies were performed
using an USP Type 2 dissolution apparatus (Van-
derKamp 600, VanKel Industries Inc., Edison, NJ).
The dissolution study was conducted in accordance 3, Results and discussions
with USP XXIV guidelines for extended release
drug dosage forms. Dissolution was evaluated at The chitinosans used in this study were deacetylated
37 + 0.5°C, at a stirring speed of 50rpm, from 0 and/or depolymerized in accordance with procedures
to 5h. The release study employed 750 ml of 0.1N reported byRege and Block (1999)The chitinosans
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Table 2
Physical properties of tetracycline—chitinosan tablets
Lot Drying Weight (mgP  Thickness Diameter Crushing Friability Disintegration
method usedl (mm)y (mmy strength (kp) (% lossy time (min)!
FLMW  SD 201.44+ 3.2 23+ 0.1 10.4+ 0.1 32+ 11 0.71 180.9+ 2.5
TD 2004+ 2.2 21+ 0.2 10.2+ 0.2 1.1+ 05 - 179.9+ 6.5
FHMW  SD 200.6+ 2.7 21+ 0.1 10.3+ 0.2 39+ 05 0.85 191.1+ 6.1
TD 199.6+ 2.7 24+ 0.1 10.4+ 0.1 1.7+ 0.2 - 243.2+ 2.6
SP SD 200.8+ 2.6 19+ 01 10.0+ 0.1 41+ 04 0.43 8.7+ 0.6
TD 2026+ 2.1 21+ 0.1 10.3+£ 0.1 4.1+ 0.9 0.49 18.%+ 0.6
SP12 SD 200.6t 2.2 21+ 0.1 10.5+ 0.1 7.4+ 0.9 0.32 6.6+ 0.4
TD 2004+ 1.8 2.0+ 0.2 10.4+ 0.1 3.1+ 05 0.28 3.7£ 0.3
SP21 SD 199.2+ 3.0 1.9+ 0.1 10.3+£ 0.1 18.6+ 1.7 0.23 14.94+ 0.2
TD 200.8+ 2.8 21+ 0.1 10.3+£ 0.1 1.4+ 0.2 1.08 4.7+ 0.8
SF11 SD 198.8+ 1.8 20+ 0.1 10.3+ 0.1 16.9+ 1.4 0.05 34.1+ 4.0
TD 199.4+ 2.4 21+ 0.1 10.3+ 0.1 246+ 0.2 0.2 6.8+ 1.0
SF22 SD 200.4+ 1.8 20+ 0.1 10.3+£ 0.1 4.7+ 0.7 0.35 31.2+ 3.0
TD 200.8+ 0.13 22+ 0.1 104+ 0.1 0.3+ 0.2 - 7.4+ 1.2

a SD, spray drying; TD, tray drying.
b Mean=+ S.D.; n = 5 tablets.

¢ n =5 tablets.

d »n = 3 tablets.

purchased from Sigma Chemical Co. (i.e. lots SP and spray-dried chitinosans; tablet chipping and break-
SF) were deacetylated and depolymerized, using theage was observed for tray-dried chitinosan batches
procedures described above to yield lots SP12, SP21,FLMW, FHMW, and SF22. The crushing strengths
SF11, and SF22. The deacetylated and depolymer-of the tablets containing spray-dried chitinosans were
ized chitinosans were subsequently either spray dried generally higher than the tablets containing tray-dried
or tray dried. Although, lots SP and SF (labeled as chitinosans. Chitinosan molecular weight and degree
chitins) were used as starting materials to prepare the of N-deacetylation, as well as the drying method used
“treated” batches, only one chitin sample (lot SP) was during chitinosan manufacture, significantly affected
further characterized, as a in the drug release study.tablet crushing strength(< 0.0001). The ANOVA
The chitinosans purchased from Fluka Chemie (i.e. outcome is shown iffable 3
lots FLMW and FHMW) were not chemically treated Surprisingly, disintegration times of tablets were af-
(i.e. deacetylated or depolymerized). fected only by the type of chitinosa® (< 0.0001) but

not by the drying method used in chitinosan manufac-

ture, i.e. tablets containing either spray- or tray-dried
3.1. Physical characteristics of chitinosans had similar disintegration timés ¢ 0.9).
tetracycline—chitinosan tablets The ANOVA is shown inTable 4

The physical properties of the tetracycline— 13

chitinosan tablets are listed ifable 2 The weights, ANOVA outcome, dependent variable: tablet crushing strengths
thicknesses, and diameters of the tablets were not
affected by the specific chitinosan used in the tablet —
formulation (° > 0.05). However, the friability of ~ Chitinosan 6 654.2 8.9 <0.0001
tablets containingray-dried chitinosans was gener-  Dfing method 1 7238 595 <0.0001

. . .. Replicate 4 13 0.03 0.9986
ally higher than the corresponding tablets containing

Source d.f. SSQ F-ratio P-value




P.R. Rege et al./International Journal of Pharmaceutics 252 (2003) 53-59

Chitin: Chitin:
Lot SP Lot SP

100 100
80 80
60 60
40 40
20 20
0d 0

0 50 100 150 200 250 300

Commercial chitinosan:

Lot FHMW
100 100
2
E 80 % 80
e £
o 60 ~ 60
£ ]
g 40 E 40
g a
e 20 2 2
* m =
0 — 0
0 50 100 150 200 250 300
Processed chitinosan:
Lot SP12
100 100
80 80
60 60
40 40
20 20
0

0 50 100 150 200 250 300

Time (minutes)

0

0 50 100 150 200 250 300

Commercial chitinosan:
Lot FHMW

=000 |
0 50 100 150 200 250 300

Processed chitinosan:
Lot SP12

o &0 100 180 200 250 300

Time at midpoint of sampling
interval (minutes)

—e— ftray dried
—o— spray dried

Fig. 1. Dissolution profiles and release rates of tetracycline from chitinosan tablets.
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Table 4 Scheffe test, Bonferroni/Dunn test, Tukey/Kramer
ANOVA outcome, dependent variable: tablet disintegration time ~ test, and Student-Newman—Keuls test) confirmed
Source df e Fratio  P-alue that the drylng method_ gsed during chitinosan man-
ufacture did not significantly affect drug release
Chitinosan 6 298527.1 2405  <0.0001 (data not shown)
Drying method 1 3.0 0.01 0.9048 '
Replicate 2 60.5 0.1 0.8645
4. Conclusions
3.2. In vitro tetracycline dissolution profiles Although chitinosans have been evaluated as di-

rectly compressible tablet excipients, virtually all for-

In vitro tetracycline dissolution studies were per- mulations developed necessitated the addition of other
formed using an USP Type 2 dissolution apparatus. ingredients to facilitate compressiorSawayanagi
The release data were transformed to yield the rate et al., 1982 Knapczyk, 1998 Previous reports from
(milligrams per hour) at which tetracycline was re- our laboratories have demonstrated the potential use
leased from the tablet matrix. The release rates were of chitinosans as excipients for directly compressible
plotted as a function of timeHg. 1). Fig. 1 com- tablet formulations $abnis et al., 1997; Shukla et al.,
pares the release rate of tetracycline from tablets 1998; Rege et al., 1999Although chitinosans can be
containing spray-dried chitinosan or corresponding directly compressed, the resultant tablets, generally,
tray—dried chitinosan. The release rates were used aSgre friable and soft. Previous reports from our labo-
the dependent variable in a full factorial ANOVA to ratories have dealt with the processing issugsge
examine the effect of chitinosans as well as the drying and Block, 1999 as well as the physicochemical and
method used in chitinosan manufacture on drug re- micromeritic characterization of these biopolymers
lease. Drug release from the tablets was significantly (Part | of this Series)_ In this Study, we have exp|0red
affected by the type of chitinosan used as the excipi- the use of spray-dried chitinosans as excipients for
ent (P < 0.025), but was not affected by the drying directly compressible tablet formulations.
method used £ > 0.5). The ANOVA outcome is Not surprisingly, tablet physical properties were de-
reported inTable 5 Multiple comparisons between  pendent on the specific chitinosan selected as well
the drug release rates for spray- and tray-dried chiti- as by the drying method used in chitinosan manufac-
nosans using post hoc tests (i.e. Fisher's PLSD test, ture. In general, tablets containing spray-dried chiti-

nosans were less friable and exhibited higher crushing

Table 5 strength values than those resulting from tablets con-
ANOVA outcome, dependent variable: drug release rate taining tray-dried materials. Howevgr, tetracycline re'_
: lease was not dependent on the drying method used in
d.f. SSQ F-ratio P-value L . g .

chitinosan manufacture: tablets containing spray-dried

Source chitinosans or their corresponding tray-dried products
gh't_'”osa”th . ? 51;5-553 g-i’g g-gfgg exhibited similar release profiles. Thus, while the se-

rying metho . . . . . . "
Replicate 5 293 29 0.20 0.9753 lection of drying method alters the micromeritic and

tablet physical properties, the drug release rates from

Effect of drying method on drug release these chitinosan matrices are not significantly affected.

Chitinosan Using the spray drying procedures developed previ-
FHMW 1 0.020  0.39 0.8438 ously in our laboratory, we achieved compressibility
FLMW L 33.66 9.36 0.0039 and, at the same time, improved the crushing strengths
SP 1 52.41 0.28 0.6007 .

Sp12 1 1700 0003 0.9582 of the resultant tablets. These drug release—time data
SP21 1 140.8 0.365 0.5493 coupled with other data in the literaturggbnis et al.,
SF11 1 3,515  0.100 0.9217 1997; Shukla et al., 1998&ege et al., 1999further
SF22 1 160.9 1.264 0.2676  support the use of chitinosans as excipients in drug
2 Significant atP = 0.05. delivery systems.
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