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Improved Micrometric Properties of Pyridostigmine Bromide,
a Highly Hygroscopic Drug, through Microenccapsulation

Dae Suk Kim, In Wha Kim, Suk Jae Chung and Chang-Koo Shim'

Research Institute of Pharmaceutical Sciences, College of Pharmacy, Seoul National University, San 56-1,
Shinlim-Dong, Kwanak-Gu, Seoul 151-742, Korea
(Received January 14, 2002 - Accepted March 4, 2002)

ABSTRACT-The purpose of this study is to microencapsulate a highly hygroscopic drug, pyridostigmine bromide (PB),
with a waterproof wall material, in order to increase the flowability of the drug particles. Polyvinylacetaldiethylaminoacetate
(AEA), Eugragit E and Eugragit RS were examined as the wall materials. Microcapsules containing PB were prepared by
the evaporation technique in an acetone/liquid paraffin system using aluminum tristearate as a core material, and evaluated
for drug encapsulation efficiency, surface morphology, particle size and drug dissolution. The encapsulation of PB in the wall
material was almost complete. Among the wall materials examined, AEA exhibited the most excellency in shape, surface
texture, flowability, size distribution of microcapsules. Above results suggest that AEA would be a potential wall material
for microcapsulation of highly hygroscopic drugs, such as PB. Through microencapsulation with AEA, inconvenience of
handling of PB powders encountered in the process of weighing and packing the powders to tableting die or capsule body

could be greatly improved.

Keywords—Pyridostigmine bromide, Hygroscopic drug, Microcapsule, Flowability, AEA, Eugragit E, Eugragit RS
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Figure 1-Chemical structure of pyridostigmine bromide.
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Pyridostigmine bromide(PB)}2- Sigma Chemical Co. Ltd.
(St. Louis, U.S.A )X FY43HJ2™ polyvinylacetaldiethy-
laminoacetate (AEAYXS F21eFE (Seoul, Korea)oll4], Eudra-

B - AT

git E 100 2 Eudragit RS 1002 Rohm Pharma GmbH
(Weiterstadt, West Germany)ol|4] 3l th. Aluminium
tristearate, acetone, n-hexane, sodium chloride, hydrochlo-
ric acid & acetic acid (glacial)= Junsei Chemical Co.,
Ltd. (Toyko, Japan)*llA4], sodium sulfate anhydrouss &%
3138t (Seoul, Korea)oll A, liquid paraffin® Yakuri Pure
Chemical Co., Ltd. (Osaka, Japan)o|lX] F3}%t}. HPLC
£ methanol, acetonitrile-® Merck Co. (Darmstadt, FRG)
ollA] potassium phosphate, monobasic sodium hydroxides=
Shinyo Pure Chemical Co., Ltd. (Osaka, Japan)©llA],
sodium 1-hexanesulfonatex= Aldrich Chemical Company,
Inc. (Milwaukee, WI, US.A.) A 743t}

olo|a=gHde| M=

IPEAZE 84T A8, TS EE
AFEA, Eudragit E 2 Eudragit RSS A€l FAESIN.
7 AP EAe] F8E, ST TEFIAEL Table B 2
t}9 mlo|ZBEAL GotoP2] W, & FEAZHES 2
F wAsled ARSIt (Figure 2). & AEA, Eudragit E
%= Eudragit RSE 30m/®] oA &l Yo $43] 53t
&7]9)| aluminium tristearate®} PBE 713t 0°CollA] 30%
ZF Ik 919 dgtle mlE] 4°CE IAAT fF
g2l 100 mel 7FsE F A48 35°C71A] 7FEFEA] 150
ipmoE M7 IRIBIATE olAE sl wlola=TH
¢ B3 50ml nhexane2 2 58] AlF, oz, R
Fol| 347+ A=A

olo|azzMel IEEE &3

ulo|azEzHAde] YEREIEE iRk 14 EEA| (10, 20,
25, 35, 45 L 1403402 AREsle] =3k YA Q)
UEATE W0 wehr] AT AFEE DA B
FAe 9o v 387 $HoE s FHA W v}
A FEE o, 7 Al9le] 2R3 vlolazztAle] 7A)
g 25ty Y=EEE TG 28l =277 150~

Table I-Water-solubility, Moisture-permeacility and Application of Major Coating Materials

Coating matetial Solubili Permeabili Applicati
rmeal cation
Trade name Chemical name oDty ¢ 4 PP
, . . Soluble at 109 g H,O/m*d Protective coating and/or
AEA Polyvinylacetaldiethylaminoacetate pH<538 (film thickness : 100 pm)  film coating
Eudragit E 100 Dimethylaminoethylmethacrylate- Soluble at - 350 g H,O/m%d Gastric  fluid-soluble film
&t ethylmethacrylate copolymer pH<5 (film thickness : 25 pm)  coating
. Methacrylate trimethylammonium- 250 g H,0/m%d Water insoluble film coa-
Eudragit RS 100 methacrylate chloride copolymer Swellable at all pH (film thickness : 25 pm)*  ting for delayed release

*Moisture Absorption
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AEA, Eudragit EorEudragit RS(2.225g each)
Dissolve in acetone 30 mé

r Add aluminium tristearate (0.1 g) ,

Add PB (1.23 g)

] Stir (0°C, 30 min) ]

l Pour into 100 m¢ liquid paraffin l

Stir under gradual heating to 35°C,
(1 propeller, 150 rpm, 4 hr)

l—- Filter 1

[ Wash with 50 m¢ n-hexane (5 times) l

r Freeze dry, 3 days l

Figure 2-Preparation of AEA, Eudragir E or Eudragit RS mi-
crocapsules by solvent evaporation.
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t}. HPLC7]7]2% ShimadzuA}e] Liquid Chromatography
Pump (LC-9A), System controller (SCL-6B), UV spectro-
photometric detector (SPD-6A), Integrator (C-ROAYS AME:-
8%ith. HPLC column Z% Shim-Pack CLC-ODS(M)
(Shimadzu, 25cm)°ll p-Bondapak C-18/coracil reversed
phase liquid chromatography packing material 2 3%
guard columns AZAS] AL Th o] T 20%

acetonitrile(acetonitrile : water =20 : 80, S0 mM hexanesulfonic
acid sodium salt, 0.1% acetic acidys ARS-3IHom fF&o
12 m/min® 2 &Y™, 270 nmolA peak areaZS T3
t}. Retention timeS ¢F 5%t} PB ¢ 4.6mgs Y
A AFsle] WEe-E SR o] 575, 115, 23, 46,
69 2 R2ug/mie] TEZ T BFAoTHE A5 A
o7 FE vola27Md F PBY TEE AHESITH

olo|a 2o EHSy ZHE
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123y 7+ 1g& FHskd 2He] FAo] 2emed 2l f9
A dojmgo gy wlo|aRRAAe] f548 2 FHEE &
toz AFsIgTE 28 #E £ 5, 30, 210 2 360l
ARRE Ak 3 wjo|azzMel DuEds RHTRE
v, AES] Ysle] FAH A7 (SEM)C.E T3}
At A EE HE tapeE A3l sample stub F-2AIZ] T
£ fine coatd]l B3 FFE (0.15 Torr) ¥ 2HY (12KV,
12mA)e] 27904 3 palladium© 2 ¥E3513c}, o|&A
AHEE AEE FAE A9 A o] A7
71 25 Kol 233 wil&(x100, X350, X500, x1000)
2 B

M8

Azg vlo]a 27 tiste] tigtebd ATNE £EA
el Al 24 paddledS o83t AlFsdch &F 100
mg®| wlo]AZ I (150~840 um e B3)S sl
f28vj2 digdekde] BHAIE Al 19 (pH 1.2 HCl &
Z) T A 298 (pH 6.8 JAELEY) 900 mZ AME-3)
o] 37 (0.5°C, 50rpmo)A, 5, 10, 15, 20, 30, 45, 60,
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Table II-Content of Pyridostigmine Bromide (PB) and Size Distribution of PB-containing Microencapsules

. Size Range (jum)
Coating Pol. Content of PB (%)*
cating Folymer ontent of PB (%) 105-350 350-500 500-710 710-810 810-2000
AEA 3375+ 1.16 2.9573 270521 433728 18.2857 8.3321
Eudragit B 32121072 43,4957 47.1513 74172 12501 0.6857
Eudragit RS 3234+0.10 15.0384 34.5096 3577053 12.8512 1.8956

*Theoretical Content : 34.6% (w/w)

o3 2ZHdSo| PBEIR
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44 = PBO §3ke wall material®] E5o] TAglo] o]
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& AR AP EHYEE vas) B u AEAE A
Z% vlo|laZ o] 54 WelA 7P 3tk Azt
=3t

op|a=zidel e=rE &5

AZ3t rlo)lmz 270 JEETE Table o] VERIY
o} AEAE IHEZZ ARSE Aole ATEES KIS
1}, Budragit RS & FHEA=Z AR 739 105~500 pm
o 2 BX3ct. AEAY Eudragit EE ZYEA=Z A&
e 7S, Hr52d0] T 4R 400~800 um BH 9 AR
o] X771 Btk @ BAl9] dAF0l 150 um o1&} §
W FHHol FA3] AR F540] YmXEs Aoz A
A=, AEAY] 3% °F 3%, Eudragit E9) 79 °F 15%
o] mEA (& 150um °©]3t A7t BATE EF AEAR
TE HlolzZZ o] 350 um 0] Al HJok. A
o] AL, 54 ] A% 71EeE 350umS 54
3 o] AAYGL] 15% olstoloiof Jths 7ol Yt} 1©
mEbA 150 um 2 350 um ©|3ke] E-&o] 7 FL AEA
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Zog A
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PBe} M=t Ojo|a=Zde| sotatat ZHat

PBS] 7% AF & FEA7} 5B g3t A of
shatslon, 6r17F Felle Hloldel ¥2 PBE 25 3}s}
Aot 28y Az vlolazZbAe] AHe- AZEA o
A follx A3y AFEA] agker, 6rA7F Foll= Eud-
ragit B IRHEZAE A3 vlo|a27Mde] Aot =5
AE3IIATE FEARYME AEAS IHEZE ARSSE v}
o|aZ3Mdo] PBAAIET @A FdE F54E B
o, Eudragit E &= Fudragit RSE ZWEZZE A3 7]
olAEARTE FoF FEAS Bt FAF AA En
ZA(SEM)S2 #23 A-E ¥ AP A3}, Eudragit ES
FAYEDZ AMES njo]3237H40] Eudragit RSE IR EH
2 AR mlo|a2 Y f840] 8 AoE Ay
Ao}, &k #AFA| )= Eudragit RSE ZHEZDZ AME-3H
vlola27Mde] {540 o £9dth ©JAL Eudragit E7t
Eudragit RS Ett §540] © =Z7] wjEolat Aztdr). &+
AP AR BE, Q=R A1) A} sz 42
5 QoF5IH Table M 7t}

olo|a=ge| B&EAY

£&AF9 A3ES Figure 39| WERITE pH1.2 HCl
g0 = AEAY Fudragit B2 ZHEAZ ANS 7
S Z¥z} 10200 92.99%, 89.99% &ZE|o], o] F vlolag
AL in vivodllA S A1&:3] &= 9849 &
LAA ]88 5 e AZHUTE. 22y Eudragit
RSE IZHERAZ AMSZ rlo|azzde) Ae-, viud 85
o] =& A4 AA ol&rFssitkal 2RIt pH 6.8
AAAAS LA EE2AIFS 3ol AEAY 7% §&
o] 4589 53.83%= vl =, oln] g4 )
Fsl= pH 12 HCl &58d0M 243 §&2FHen=z

Table III-Shape,
Microcapsules

Shape (Sphericity) AEA > Eudragit E >> Eudragit RS
Surface texture (Smoothness) AEA >> Eudragit E >> Eudragit RS
Flowability AEA >> Eudragit RS >> Eudragit E

Surface Texture and Flowability of
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Figure 3-Dissolution (percent) of pyridostigmine bromide from
AEA (O), Eudragit E (¥) or Eudragit RS (@) microcapsules at
37°C and 50 rpm in pH 1.2 HCI buffer (A) and pH 6.8 phosphate
buffer solution (B).
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