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A S T R A C T  

The in vitro dissolution of model formulations from hard 
dilirent powder mixtures at gelatin capsules containing drug: 

different moisture levels has been studied. 
filled to a constant porosity of 50% to contain either sodium 
barbitone or barbitone in 50:50 mixture with lactose or maize 
starch, the latter at onei of three misture levels. 
capsules containing drug alone were examined. "tie wettability 
and polarity indeces of the individual powders and binary aix- 
tures, as well as the permeability atid liquid penetration rates 
of powder beds were also determined. 

The capsules were 

In addition, 

The presence of either cxcipient was found to d i f y  the 
time for 501 drug dissolution (tfoJe1 compared with drug alone 
for all formulations examined, apart from the sodium barbitone: 
lactose capsules. 
ent on the initial powder noisture content for the drug:starch 
forarlations. 
increased tSo1 figures. 

The rate of drug dissolution was also depetid- 

Open storage of capsules at 20°/75% R.11. generally 

The findings are discussed in terms of the nature of the 

605 

hpyri#ht 0 19BO by Llucrl Ddrku, lac. 
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606 YONC 

surfaces  of the powder p a r t i c l e s ,  m i s t u t e  sorp t ion  phenoaena 
and fac tors  sticli a s  pwzler Ited permeabi l i ty  and water penetra- 
t r a t i o n  i a t e s .  

A niuher of studies have exaninert t h e  f o r m l a t i o n  and pro- 
cessing var iab les  assoc ia ted  w i t h  tho prodttction of hard g e l a t i n  
capsules (1-5).  P a r t i c l e  s i z e  of t h e  drug, }wwder botl p o r o s i t y ,  
percentage of di luent  and lubr icant ,  toge ther  with production 
machire var iab les ,  were d e m n s t m t e d  t o  inf luence t h e  p r o p e r t i e s  
and performance o f  t h c  f i l l e d  capsules .  

content was not considered in  these  inves t iga t ions  although re- 
cent work has indicated t h a t  t h e  physical s t a b i l i t y  and o t h e r  
properties of capsules  and t a b l e t s  can depend u p n  the moisture 
levc ls  in  cons t i tuent  powdered drugs and exc ip ien ts  (6-9). I t  
is also well recognissd t h a t  changer .in moisture content  of solid 
dosage f o m  on s torage  can produce physical .Ring, t h e  causes  
o f  which a r c  n o t  f u l l y  understood (6-7, 10-12). I t  w a s  t h e r e f o r e  
thought appropr ia te  to prepare severa l  d e l  capsule  fo ru l a t  ions 
and to s t t d y  the e f f e c t  o f  i n i t i a l  powder moisture content on 
i n  vitm drug r e l e a s e  f m  capsules  both i n i t i a l l y  and on s t o r a g e  

In addi t ion  re levant  p r o p e r t i e s  of t h e  powder f o r m l o t i o n s ,  inc l -  
uding a d s t m e  sorpt ion i s o t h e r m ,  contact  angles  (15),  permea- 
bility (31 and ponetrnt ion rates (14 ) ,  were examined. n e  pow- 

ders selected were sodium barbi tone and barbi tone,  ns represen- 
t a t i v e  'hydrophilic '  and hydrophobic' drugs respec t ive ly ,  and 
lac tose  and maize s t a r c h  as d i l u e n t s .  

Variat ion i n  m i s t u r e  

MATERIALS 

SoJim barbi tone,  b a r h i t m e ,  a-lactose monohydrate and 
maize s ta rch  were a11 B.P.  grade. 
of aiialar grade. Table 1 lists t h e  m a n  particle volume-surface 
diameters, determined using a Fisher  Sub-Sieve siter (Kek Ins t ru-  

A l l  o t h e r  reagents  used were 
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EFFECT OF POWDER MlISTURE CONTENT 607 

TABLE I - PARTICLE SIZE AND DENSITY OF EXAMINED POWDuls 

Sodiua barbitone 

Barbitone 
Lactose 
Maize s ta rch  

Mean volume - 
surface dinmeter (urn) 

44 

44 

28 

13 

1.57 

1.24 
1.54 
1.87 

ments Ltd., Manclrester, England), anid t rue  p a r t i c l e  dens i t i e s ,  

estimated by the  spec i f ic  gravi ty  bottle tccbnique, of the  four 

examined powders. 
samples t o  constant weight in a hot a i r  oven a t  appropriate 
temperatures. 

Moisture contents wcre measured by drying 

Capsule preparation and storage 
Single or mixed powders were f i l l e d  in to  No. I c l c a r ,  hard 

ge la t in  capsules (Eli  L i l ly  & Co.,) iii batchcs of s i x t y  using a 
Feton hand capsule f i l ler .  Ten hatches of capsules, B1 - B l O  

(see Table 4 1 were prepared to .contain e i the r  sodium barbitone 
or barb i tme  i n  5(3:50 mixture w i t h  lactose o r  m i r e  s ta rch ,  t he  
s ta rch  at one of three moisture levels .  Ihe d i f fe ren t  rvoisture 
levels  were achieved by s tor ing  t h e  maize s tarch a t  0%. 75% or 

100% r e l a t i v e  humidity. 
s ince it has been shown tha t  a level of 50% is required to  modify 

drug release patterns (4)) .  The binary mixtures were prcpared 
by tumbling const i tuent  powders in  a ro ta t ing  cyl inder  un t i l  the 

coef f ic ien t  of variat ion of five rep l ica te  samples was less than . 
~ t .  ~ 1 1  capsules were f i l l 4  t o  m ' p o r o s i t y .  The capsule 
s h e l l s  used had previously been s tored a t  2 5 * / 7 5 1  R.II .  and the  
prepared capsules were maintained a t  t h i s  s torage coiidit ion. 

C.niis amount of di  luent was selected 
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608 YORK 

Moisture sorption isothcms 
Sorption and desorption isotheras at 25' were determined for 

sodium barbitone, barbitone, lactose, mire starch and the four 
possible binary mixtures containing 50:SO drug:diluent. 
t h e m  were also measured for the empty hard gelatin capsule 

shells. 

ISO- 

Saaples were plnced in shallow glass dishes inside 

desiccators conraining appropriate saturated salt solutions to 
provide a range o f  relative humidities (IS). The precautions 

indicated by Winston 6 Bates (IC) were observed. Samples for 
noisture uptake st i td ies  were initially stored at 0% R . U .  until 
equilibrated then placed in appropriate desiccators. Weight 
uptake was monitored until no further increase was observed. For 
moisture loss, samples were stored initially at 100% R.H.  before 
transfer to desiccators. 

Contact angle : index OC polarity 
n e s e  measurements were carried out as detailed by Lerk and 

others (13,171 and ZograFi and tam (18). Compocts were prepared 
by coaprsssing pmlers in a 1 . 2 7 ~ ~  diameter punch and die assemb- 

ly in a hydraulic press using applied pressures in the range 
50-100 kg/cmC. Porosities were calculated froa a knowledge of 
coqtact dimensions a d  weight. 
upper surface was achieved by placing the compacts on a porous 
disc partially i m r s e d  in the test liquid. (The two test 

liquids, double distilled water and tetraethylene glycol 
(Fluorochem Ltd., Clossop, England) Yare each saturated with 
respect to the capnent(s) o f  the particular compact under 
examination). As soon as compact saturation was achieved, the 
test solution was dropped slowly onto the corpact surface and 
readings af drap height were taken with a cathetometer until 
additional drops caused no further increase in height.. Single 
corponent coapilcts wre prepared of sodium phenobarbitone, 
barbitone, lactose and naize starch, and 5O:SO binary mixtrxrcs 
of sodium hari,itone:lactose, sodim barbitone:muize starch, 

7 

Prasoturation without wetting the 
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EFFECT OF POWDER HOISTURE CONTENT 609 

barbitone:lactose and barbitone:maize starch. All Icosurmnts 
were perfomd at least in triplicote using the two test liquids. 
Reproducibility of contact angle was generally f 1. except far 
compacts which exhibited swelling or softening when f 3. 

was achieved. 
determined using specific graviry bottle end Du Nuoy tensiomoter 
techniques respectively. Direct measiircrmt of contact angle 
between the two test liquids and a paraffin sauple (Parafilm, 
American Can Co., Greenwich, U.S.A.) was carried out using n 

cathetoreter with protractor rttnchmt. 
0.05ml were placed on the paraffin srirfacc and readings were made 
after 5 minutes following placerent of drops, since advancing 
angles are independent of time after this time interval (19). 

Measurements were made at least in triplicate using n e w  liquid 
and solid samples. Using these data and previously determind 
contact angles, indices of polarity, Po, were then calculated 
using the technique of Zografi end Tam (18). 

Densities and surface tensions of solutioiis were 

Liquid drops of about 

Dissolution testing 
This was aeasured for filled capsules both initially and 

after open storage €or 1 and 3 months nt 2S0/75g R.H. using a 
modified beaker technique (5) at a stirring rate of 50 rev./min. 
Individual capsules were held in a spiral of stainless steel wire 
attached above a circular loop of stninless steel wire placed 
centrally in the bottom of a 11. beaker containing SQOnl OP 
dissolution fluid maintained at 37.. The dissolution medium was 
IEI/KC1 buffer at pll 2. During the test samples were witlidtnwn 
at known time intervals, filtered, diluted with buffer at pll 10 

(boric acid/NaMI) and the aaount of drug in solution was estima- 
ted using an ultraviolet spectrophotoreter (Pye-Unicam SP 18008, 
Pye-Unicam, Cambridge, England) at 240nm by reference to pre- 
viously constructed calibration curves. 
drug removed in the saaple and results were calculated as R 

Allowance was made for 
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610 Y O U  

percentage of the total drug originally present. 
the man of at least three replicate dissolution tests. 

Ihe  results are 

Permeability and penetration tests 
Permeability coefficients of sodium barbitone:maize starch 

and barbitone:maize starch powder beds at 50% porosity and three 
moisture levels were estillirterl using a aodified Rigden pressure 
decline apparatus with air as the perwuting fluid and the 
relationships derived by Newton and Rowley (3). Liquid penetra- 
tion rate seasurerants were a l s o  Jetunrined for these powder aix- 
tures according to the mushod of Studebaker and Snow (20). 
Perspex tubes 1 . 2 5 ~ 8  i . d .  and 12- long were filled with powder 
aixture to produce a bed 4cr thick at S O 1  porosity with the aid 
of a Fisher Sub-Sieve Site apparatus (14). Eight millilitres of 
water was added to the upper surface of the bed at zero time and 
the rate or movement of the water interface through the packed 
bed was measured against a ullimetre scale attached to the out- 
side of the parspax tube. Measurerents for both tests were made 
a t  least in triplicate for each powder system examined. 

RWILTS AND DI!XIJSSION 
Sorption isotherms for maize starch and empty gelatin cap- 

sules are illustratoct in Figures 1 and 2 respectively. Full 
sorption aiid desorption axas are shown arid both anterials exhibit 

hysteresis, confirming previwt reports for these saterials (15, 

21-22). Borbitone and lactose did not show moisture sensitivity 
whilst moisture sorption at very high humidity levels (> 85% R.11.) 

uas observed for sodium barbitone. Both drug:maite starch 5O:SO 

uixtures exhibited a proportionally reduced area of hysteresis 
(sea Figure 3). 

Although several hypotheses have been proposed, a completely 
satisfactory theoretidl explanation for the origin of hysteresis 

has not bean made (23). Possible explanations consider such 
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EFFECT OF POWDER HOISTURE CONTENT 611 

" e 

t 
U 

FIGURE 1 
Moisture sorption and desorption isothernu for hnrd gelatin capsules 
at 25OC. 

factors as differences in advancing and decreasing contact angles 
between adsorbent and adsorbate, the role of surface lmre shapc 
and volutmr, and the phenomenon of multilayer adsorption followed 
by capillary condensation in cylindrical pores (24). For bio- 
logical ~terials, Young and Nelson (25-26) hypothesized that 
moisture can be held in three locations - a unimolecular layer 
bound to the surface of themiterial, mltirolecular layers stacked 
on top of the first layer, and moisture held within the biological 
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B 14 YORK 

mtrtrial. 
drrring sorption, the m i s t u r e  molecules which initially build up 

the aonoao1ecular layer are subjected to binding forces at the 
surface and ueakar diffusional forces tending to cause transfer 

of  misture into the biological miterial. 

adhere to  the surface, the diffusional forces exceed the binding 
forces tending to cause transfer of moisture into the biological 
lpateriai. ihrring dejorption, there is no force to pull the 
moisture out of the biological material until all the uoisture 
has been removed froa the surface. When this occurs, diffusional 
forces created by the concentration gradient cause moisture in 
the biological material to move out. 'nrus, a hysteresis effect 
occurs between the sorption and Jasorption curves. 

Sorption hysteresis was explained by the fact that 

As pore water molecules 

Analysis of data of nitrogen adsorption onto pwrlers has 
been widely u s d  to estimate surface area and to interpret pore 
voiuu: and size distribution (25). The use of moisture sorption 
isotticrms, whidr has granter practical significance phamceuti- 
cally, has not been extensively studied and caution should indeed 
be observed when using such data for specific surface estimation 
since rehydration o f  a surface, and penetration into the solid 
structure M Y  take place. 

'Ilre phhrmceuticol significance of moisture sorption and 
hysteresis affects is exemplified by considering hard gelatin 
capsules. 'lhe capsule shol ls  lose water under conditions of low 

lruairlity becoaing brittle in nature, fracturing readily, uirilst 
a t  high huidity conditions, they become sticky and difficult to  

handle. 
with powder(,) urwlur controlled humidity conditions within the 
range 30 to 50% H.11. 
a moistlire sensitive ingredient, such as starch, which has not 
been equilibrated undar the specified Ituai$ity conditions, then 
moisture partitioniiry betwctan capsule contents a d  sheil with 
imssibla subsequent gain or loss in total moisture content can 
occur. 

Consecluuntly, hard gelatin capsules are generally f i l  led 

Ikuever, i f  the p d e r  formulation contains 

Subrqirent storage of such capsules at different huridi- 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



EFFECT OF POWDER MOISTURE CONTENT 615 

ties might also augment this effect, and bring about undesirable 
changes in the properties o f  the capsule. 
A~am (27) have demonstrated the importance of moisture sorption 
studies when selecting appropriate drug species in formulations 
for capsules for powder inhalation aerosols. 

The sorption of water molecules, and thereby the wetting of 
surfaces is clearly an important step in the process of drug 
dissolution both in vitm and in viva. Hany pharmaceutical pow- 

ders do not wet readily due to their hydrophobic nature and sur- 
face active agents are often used to facilitate the wetting of 
such materials. In addition, it has been demnstrated that by 
increasing the hydrophilic nature of hydrophobic materials, by 

techniques such as granulating with a binder (28), spray drying 
with acacia (29). or coating with a hydrophilic polyaer (17). 
iaproved dissolution characteristics are observed. 
dissolution from capsule formulations however, conflicting evidence 
has been presented with respect to the importance of powder wet- 
ting, one of the parameters controlling liquid penetration (14,301. 

Determination of contact angles of coapressed pwders gives 
a measure of their wattability (13,17). 7he technique involves 
measuring the maximum height of a drop of saturated test liquid 
formed on a presaturated compact of material. 
sqrotion of Padday (51) and correcting for the porosity o f  the 
compact (13,32) contact angles for the two drugs, the two diluents 
and the four 50:50 drug:diluant mixtures against the tuo teat 
liquids were calculated. 
For the contact auglea determined wing water. a high angle 
reflects hydrophobic mterial, as examplified by barbitone, 
whilst a low angle is indicative of a hydrophilic easily vetted 
powder, for exatqle lactose. 

Recently, Chowhan 6 

For drug 

By using the 

Estimated values are listed i n  Table 2. 

Surface free energies have been estimated for polymers of 
law surface energy (19, 33) and this technique haa recently been 
extended to consider mce polar surfaces ( l a ) .  By estimating the 
contributionr of norrpolar y,, and polar, yp , collponents of the ‘d 

s 
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616 Y O U  

T A M U  2 - CONULT ANGLES, SUKFACE FREE ENERGIES AND POLARITY 

INDICES OF TllB POMEW AND BINARY M X T U R E S .  

Surface Free Energies Polarity 
2 Index Contact Angle9 

(ergslcn ) 

using using d P 
water cetra- 7s y J i  y s 

ethylene ncru-polar polar 
colrponant component 

Barbi tone 70' 49O 22.2 12.3 34.5 0.36 

Sodium 
barbitone 41' 46' 2 .7  71.6 76.3 0.96 

Lactore 30' 31' 5 .2  72.0 70.0 0.93 

k i z a  
a carch (0 )  (32') 1.2 106.3 107.5 0.99 

50% 
barbitone: 33' 28O 7.6 63.6 71.0 0.89 
50% lactose 

50% 
barb i tom : 
50% maize 
starch 

(2') 29' 2 .o 100.9 102.9 0.98 

50% sodium 
barbitone: 30' 4 Lo 1.7 87.8 89.5 0.98 
50% 1u:tou 

50% sodium 

(9O)  37O 0.6 111.3 111.9 0.99 
berbicoae: 
50% mnize 
starch 

(Values i n  brackers indicate eyta te~ l  cawing experimental d i f f i -  
culty due aither LO very tau angles oc suel l ing and softening of 

coqacta) . 
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EFFECT OF POWDER MOISTURE CONTENT 617 

t o t a l  surface free energy of a s o l i d ,  y,, where (ys 

a p o l a r i t y  index, Po, equal t o  yp can be derived. 
8 - 

Equation (1) waa used t o  c a l c u l a t e  values  of y t  and P 
Ya - 

vhere 6 - contact  angle 

d Since the re  a r e  two  unknowns, ys and y P , i t  was neccasary t o  

ob ta in  contact  angles  on two  test l i qu ids  with known values of 

y and yL, respect ively l i qu id  surface f r e e  energy fo r  tile non- 

po la r  and po la r  collponenta. The magnitude of  y t  and y 

test l i q u i d s  were estimated by measuring contact  angles aga ins t  
p a r a f f i n  which has  yp equal t o  zero (33-34), and a11 derived 
values  of y: and y 

y f o r  pa ra f f in ,  y was taken a8 25.5 e rgs  c m  (33). Table 2 L 8 
include8 su r face  f r e e  energy tcrnu and p o l r r i t y  ind ice r  fo r  the 

powder s y s t e m  examined, wh i l s t  Table 3 lists the contact  angles 

and su r face  f r e e  energy terms f o r  the t e a t  l i q u i d s  aga ins t  

pa ra f f in .  

8 

L 
f o r  the L 

are f ixed t o  t h i s  standard.  To c a l c u l a t e  
t -2 

The hydrophobic nature  of barbitone iscmfirmed by i ts  
p o l a r i t y  index of 0.36 wlrilat the hydrophi l ic  f e a t u r e s  of the 

o the r  s y s t e m  is evidenced by p o l a r i t y  indicesof  0.89 o r  g rea t e r .  

TMU 3 - CONTACT ANGLE, INTERF'ACUL TENSION AND SURFACE FREE 

TERMS FOR TUE TEST LIQUIDS AGAINST PARAFFIN AT 25OC 

d 
yL 2 rZ I n t e r f a c i a l  ternion (7. ) Contact 

angle (ergs/cm )(ergs/cm ) 
4 ( e r g d c a  ) 

Water 71.8 103' 31.2 40.6 
Te t rae thy lane 49.0 49O 34.9 14.1 
glycol  
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618 Y O U  

The r e s u l t s  a l s o  c l e a r l y  d e m n s t r a c e  t h a t  the presence of e i t h e r  

d i luen t  i n  50:50 mixture uich barbi tone produced a hydrophi l ic  

system. 

The general ly  higher  values  00 y, observed €or maize a t a r c h  and 

drug : s t a r c h  mixtures m y  be dua i n  p a r t  t o  t he  adsorpt ion of 

Liquid vapour from the l i q u i d  t o  t he  s o l i d  su r face ,  ubich has  

been assumd n e g l i g i b l e  i n  the  derivation of equat ion (1 ) .  
The e f f e c t  of w t t a b i l i t y  and degree of p o l a r i t y  on drug 

r e l ease  from capsule8 can n w  b4 conridered. 
releaead f o r  the c a p w l e  fonnr l a t ioas  followed the 8 a m  general  

pattern, approxinvting to an exponent ia l  decrease a f t e r  a s h o r t  
l a g  phase and thua compariaoa OE d i s s o l u t i o o  d a t a  vas made by 

est imat ing the time required for  50% drug d i s a o l u t i o a  ( c  

Table 4 lists i n i t i a l  values  of t f o r  t h e  ten hatcher  of 

The percentage drug 

sox) a 
50% 

TABLE 4 - INITIAL POUDER MISNBB CONTEHP OF CAPSULE FORMULATIONS 
MD TZHE FOB 50% DRUG DISSOLUTIObi ( tsox).  

Batch 
W e  r 

81 

82 

83 

84 

85 

B6 

87 

88 

89 

caprule  
Fornu l a c  ion  

Sodium b a r b i t o m  

SO2 rodium b a r b i t a m :  
50% l a c r o s e  
50% sodium borbicone: 
501 maize s t a r c h  
SO% rodim b r r b i r o w :  
502 d i e  rtarch 
502 rodiur barb i tom:  
50% maim starch 
Barbi cone 

50% b a r b i t m :  SOX lactore 
502 bacbitolu: 50% maize 
8 t a r d r  

50% br rb i tonw502  maize 
r t a r c b  

50% barbStotu:SOX maim 
8 tar&. 

Powder 

0.1 

0.3 

1.2 

7.1 

13.5 

0 .o 
0 .3  

1.2 

7.1 

2.5 

2.8 

9.3 

4 -6 

4.9 

25.1 

4 . 8  

28.3 

19.1 
B 10 

9.5 9 .o 
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EFFECT OF POWDER MOISTURE CONTENT 6 19 

capsules together  with the moisture content of the capsule contents .  

The d a t a  i n d i c a t e  that the presence of l ac tose  i n  admixture with 

sodium barbi tone docs not modify the rapid tSoX compared with 
drug alone, which is conaiatent  v i t h  the hydrophi l ic  na tu re  anti 

aqueous s o l u b i l i t y  of  the exc ip i en t  and observed high p o l a r i t y  
i n d i c e s  f o r  the drug, and drug:lactose mixture. Figure 4 shows 

graphs of t 

drug:maize s t a r c h  capsules.  Figure 4 s h o w  t h a t  t he  presence of 
maize s t a r c h  with sodium barbi tone decreases  the r a t e  of d i s so l -  

u t i o n  compared with drug alone. 
both sodium barbi tone,  0.96, a d  maize s t a r c h ,  0.99, t h i s  r e s u l t  
suggests  t h a t  f a c t o r s  o t h e r  than powder v a t t a b i l i t y  and 

'hydrophi l ic  nature '  a r e  con t ro l l i ng  the  d i s s o l u t i o n  process. 
f o r  barbi tone capsules  is s i g n i f i c a n t l y  

reduced when the drug is mixed 50:50 with lactose, with tlie mixed 

system providing 8 more hydrophi l ic  environment (see Table 2). 

For the ba rb i tonemaize  s t a r c h  mixtures inc rea r ing  t 

observed f o r  decrear ing i n i t i a l  moisture content (see Figuie  4) 
although i n i t i a l  d i s s o l u t i o n  times f o r  the 7.1% and 9.5% moisture 

levels are s i g n i f i c a n t l y  ks8 than f o r  barbi tone alone. 

w a t t a b i l i t y  and p o l a r i t y  f a c t o r s  again do not  appear t o  be tlie 

sole f a c t o r s  c o n t r o l l i n g  drug r e l e a s e  from the ba rb i tonemaize  

s t a r c h  capsules ,  

could include p a r t i c l e  swel l ing,  o r  a l t e r a t i o n  i n  pore s t r u c t u r e  

of the  powder bed (35). In general  t e m ,  o t h e r  determining 

f a c t o r s  could be associated with permeabili ty of the powder beds, 

l i q u i d  penetrat ion and moisture d i s t r i b u t i o n  i n  the powder bed. 

versus moisture content f o r  t ha  tvo series of 50% 

Considering the high Po values of 

"lie i n i t i a l  t 50% 

is again 50% 

The 

Other f a c t o r s  pe r t a in ing  t o  s t a r c h  i n  p a r t i c u l a r  

The pane t r a t ion  test da ta  were p l o t t e d  a8 the  square of the 

d i s t ance  of  penetrat ion againmt time of f l a v ,  i n  accord with the 
Washburn equation (36) (see Figure 5 ) .  and penetrat ion rates 

were e s t inv ted  from the s lopes of tlie graphs. 
penetrat ion r a t e s ,  together  with calculated values  of perme- 

a b i l i t y  c o c f f i c i e n t a  are l i s t e d  i n  Table 5. 

these d a t a  am a funct ion of powder moisture content .  

The values of 

Figure 4 i l l u s t r a t e s  

For borh 
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EFFECT OF POWDER HDISNRE CONTENT 62 1 

100 200 300 400 

T i m  (seconds) 

FIGURE 5 

Representative graplrr of the square of the d i s t ance  of penetrat ion versus 
time f o r  SO% drug:50% mizc s t a r c h  powder beds a t  50% poros i ty  and 7.1% w/w 
moisture content .  

K E Y 0  SO% sodium barbitone:50% maize s t a rch .  
50% barbitone:SOX amize s t a rch .  

drug:nulize r t a r c h  rystems, water pene t r a t ion  r a t e s  increased a s  

the moisture content of the powder bed uas  r a i sed .  Thus, water 
uptake i n t o  the  powder f i l l e d  capsules a f t e r  rupture  or d i s s o l u t i o n  

of the  g e l a t i n  s h e l l ,  would be f a c i l i t a t e d  by increased powder 

m i s t u r e  l e v e l s  and drug d i s s o l u t i o n  p r o w t e d .  

is c o n s i r t e n t  with the f a c t  t h a t  decreased tSoX f i g u r e s  are 
observed for i nc reas ing  p u i s t u r e  content  of t h e  capsule  contents .  

This explanat ion 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



622 YORK 

T U L Y  5 - PEUIEABILITY COEFFICIENTS AND WATER PENETRATION RATES 

501 sodium barbicorie: 
50% mine s t a r c h  1.2 

50% sod ium borbi  tone : 
50% maize s t a r c h  7 . 1  

502 sodium b a r b i  tone : 
50% maize s t a r c h  13 .S 

50% barbitone: 
50% maize scarch 1.2 

50% barbi  cone : 
50% maize s t a r c h  7 . 1  

50% barbitone: 
50% maize s t a r c h  9 . 5  

4 .of3 

3.43 

9 .22  

4 .35  

3.25 

2.35 

1.74 

2 .34  

5 . 8 0  

3 .oo 

3.72 

5.80 

h y  increase i n  powder bad permeabi l i ty  d g h c  a l s o  be 

exwcted LO cont r ibu te  to improving drug disoolur ion.  

is denonstrated f o r  the sodium barbiEone:Mize s t a r c h  mixtures,  

a correspoading increase i n  permeabi l i ty  is not ob8arved f o r  the  

borbitoM:mnizo s t a r c h  mixtures. Differances i n  t h e  p a t t e r n  of 

moisture d i s t r i b u t i o n  v i t h i n  the p w d e r  bed fo r  the  hydrophobic 

drug:mita  s t a r c h  nixcura compared with the hydrophi l ic  drug: 

maize s t a r c h  s y s t e m  a r e  l i k e l y  t o  occur a d  might accoucLt f o r  t h i s  

finding. 

Whilst t h i s  

Storage e f f e c t s  OQ t are i l l u 8 t r a t e d  in  Figures 6 and 7 502 
for the sodium borbirone and barbi tone s y s t e m  respec t ive ly .  

che sodium b a r b i t o m ,  sodium borbi toae :1a~to8e  and barbi tone:  

lac tose  system, no s i g n i f i c a n t  aging e f f e c t  i8 evident .  
the batbi tone alone a d  both drug:maize s t a r c h  capsules  e x h i b i t  

incraaaed c on s torage .  Similar  aging on scorrge with  respec t  

to diosolucion data  hos been reported for o t b r  capsule  a d  t a b l e t  

forau la t ioas  (37-40) alChOugh such effecca have noc been f u l l y  

For 

Hovevar, 

501 
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EFFECT OF POWDER HOISTURE CONTENT 623 

I) 8 -  

I I L 
1 2 3 

FICURE 6 

Crgphs of tima for 50% drug dissolution ( t  
20 175% R.H. .froa capsules containing 

versua storage time a t  
arbitone, and 50% sodium 

barbitme:%% dilueat mixtures. 

medium barbitone (m.c. - 0.1) 
50% sodium barbitone:50% lactoae (m.c. = 0 . 3 )  
50% sodium barbitone:50% maize starch ( k c .  - 1.2) 
50% sodium barbitone:50% msize starch (m.c. - 7 . 1 )  
50% sodium barbitone:50% m i z c  starch (a.c. - 13.3) 

(a.c. - i n i t i a l  pouder(s) moisture content % w/w) 
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6 24 Y O U  

1 I I 1 
1 2 3 

PICURB 7 

Crtph8 of ti= for 502 drug dis8oluCion ( t  
20 175% R.H. from c a p m ~ l o  containing borb%ne.  and 50% barbitone:50% 
diluanc mixtures. 

versus storage time a t  

barbitone (m.c. - 0.0) 
50% barbitone:SOX lacto80 (P.c. = 0 .3 )  
50% barbitone : 501 maize starch (m.c. - 1.2) 
50% borbitoaa:502 maize 8tarch (a.c. - 7.1)  

A= 502 borb,itone:50% u i s o  starch (0.c. - 9.5) 

b e .  - initial  pouder(s) roirture contont % vhr) 

"8 
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EFFECT OF POWDER MOISTURE CONTENT 625 

explained. 
d i s s o l u t i o n  rates on s to rage  include Po i s tu re  p a r t i t i o n i n g  e f f e c t s  

between cons t i t uen t  pwder s  and capsule shell, modification t o  the 

s t r u c t u r e  of the  hard g e l a t i n  she14 as well a s  f a c t o r r  r e l a t e d  t o  

the  na tu re  of p a r t i c l e  ru r f aces  and r o i s t u r e  d i s t r i b u t i o n .  

In the present  s tudy,  possible  reasons f o r  decreased 

From a p r a c t i c a l  point  of viey,  t he  d i s so lu t ion  r e s u l t s  

demonstrate t h a t  capsule formulations using l ac tose  do not undergo 

aging e f f e c t s  under the conditions:of t he  experiments which con- 

f i r m  its usefulness  as a d i luen t .  Mien maize s t a r c h  is used 

however, r i g n i f i c a n t  aging is apparent suggesting that  t h i s  

meterial is less s u i t a b l e  as a d i luen t  i n  capsule fo-latiuns. 

"his may also apply t o  o t h e r  moisture s e n s i t i v e  m t e r i o l s  which 

e x h i b i t  moisture hys t e re s i s .  

co~usIoNs 
The rate of d i s s o l u t i o n  of model capsule formulations 

prepared t o  contain 5O:SO mixtures of e i t h e r  sodium phenobarbitone 
or barbi tone and a d i l u e n t ,  l ac tose  o r  ne i ze  s t a r c h ,  a t  a constant 

po ro r i ty  of 50% was examined. 

s t a r c h  the time €or 50% drug d i s so lu t ion  (tmZ) was found the 

decrease as t he  moisture content of the  uira s t a r c h  v u  ra ised.  

Sorption and d e s o r p t i a  isotherma and p o l a r i t y  of t he  powders 

and t h e i r  mixtures, and powder bed permeabili ty and water 
pene t r a t ion  rates were considered as f a c t o r s  which were l i k e l y  t o  

con t r ibu te  i n  producing t h i s  e f f e c t .  Of the exlnined p rope r t i e s ,  
changes i n  water penetrat ion r a t e  were found t o  r e f l e c t  t he  

changes in t50x. 

open s to rage  a t  2So/75X R.l€.  was observed f o r  bothdrug:maize 
s t a r c h  systems and the barbitone:lactose capsules. 

For capsules containing maize 

Aging with respect  td drug d i s s o l u t i o n  a f t e r  
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