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ABSTRACT 

Thixot ropic  g e l s  f o r  f i l l i n g  i n t o  hard g e l a t i n  capsules  a t  
room temperature  were formulated us ing  Miglyol 829 and c o l l o i d a l  
s i l i c o n  d iox ide .  I n i t i a l  s t u d i e s  on s e v e r a l  veh ic l e s  were 
undertaken p r i o r  t o  s e l e c t i o n  of Miglyol 829  f o r  d e t a i l e d  s tudy .  
The rheo log ica l  p r o p e r t i e s  of t h e  g e l s  and drug/ge l  formulat ions 
have been inves t iga t ed  i n  d e t a i l  and t h e  r e s u l t s  a r e  d i scussed  
with re ference  t o  capsule  f i l l i n g ,  s t a b i l i t y  and drug r e l e a s e  of 
a model drug propanthe l ine  bromide ( P P B r ) .  

I" 

It i s  gene ra l ly  accepted t h a t  t h e  i n d u s t r i a l  s c a l e  
f i l l ing1v2 and i f  necessary,  s e a l i n g  technology3, i s  now a v a i l a b l e  
such t h a t  l i q u i d  o r  semi-sol id  hard g e l a t i n  capsule  formulat ions 
a r e  a p r a c t i c a l  a l t e r n a t i v e  t o  s o f t  g e l a t i n  capsules .  With 
developments i n  formulat ion and manufacturing t e ~ h n o l o g y , ~ , ~  t h e  
l a s t  decade has seen a g r e a t  d e a l  of i n t e r e s t  i n  t h i s  a r ea  and a 
number of pharmaceutical  and hea l th  food products  have been 
in t roduced .  The p o t e n t i a l  advantages of t h e s e  so-ca l led  
semi-sol id  mat r ix  (SSM) capsule  formulat ions over  convent ional  
powder f i l l e d  systems a r e  w e l l  documented7,8. These inc lude  
improved conten t  uniformity and reduced handl ing r i s k s  f o r  low 
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1614 WALTERS ET AL. 

dose drugs where t h e  p rope r t i e s  and behaviour of t h e  bases  w i l l  
be p a r t i c u l a r l y  important .  

The problem of leakage from t h e  capsule  may be overcome by 
maintaining t h e  capsule  conten ts  i n  l i q u i d  form only dur ing  t h e  
f i l l i n g  process .  This may be achieved us ing  e i t h e r  t h i x o t r o p i c  
formulat ions which a r e  l i q u i f i e d  by shear  stress, o r  techniques  
which r equ i r e  hea t  t o  produce a mobile l i q u i d .  Much Of t h e  
publ ished work i s  concerned w i t h  t h e  l a t t e r  type  of formulat ion 
where t h e  drug i s  d ispersed  i n  t h e  molten exc ip i en t  followed by 
f i l l i n g  and s o l i d i f i c a t i o n  on cool ing.  T h i s  i s  due t o  a w i d e  
choice of s o l i d  exc ip i en t s  w i t h  mel t ing p o i n t s  appropr i a t e  t o  
capsule  f i l l i n g ,  t oge the r  with continued i n t e r e s t  i n  t h e  

enhancement of drug r e l e a s e  by t h e  formation of s o l i d  d i spe r s ions  
and i n  some cases  s o l i d  so lu t ions .  However, t h e  disadvantages of 
thermosoftened formulat ions inc lude  decomposition of thermolabi le  
drugs,  c r y s t a l  s t r u c t u r e  changes dur ing  s torage / tempera ture  
cyc l ing  and t h e  manufacturing r e s t r i c t i o n s  of handl ing bulk  
thermosoftened formulat ions dur ing  batch f i l l i n g  processes .  

Thixotropic  systems avoid t h e  problems of thermal  e f f e c t s  
by f i l l i n g  a t  room temperature,  however, t he i r  rheology, 
s t r u c t u r e  and drug r e l e a s e  p r o p e r t i e s  a r e  not w e l l  understood. 
The work presented  here  i s  p a r t  of a d e t a i l e d  i n v e s t i g a t i o n  of 
t h i x o t r o p i c  semi-solid drug matr ix  systems. 

on of  ExclDlents I .  

Cuine and Mathisg c rea t ed  t h i x o t r o p i c  systems w i t h  t h e  

add i t ion  of one o r  more th ickening  agents  t o  o i l y  v e h i c l e s  
inc luding  a rach i s ,  c a s t o r  and o l i v e  o i l s .  Less chemical ly  
complex, non-ranc i f iab le  ma te r i a l s  were l a t e r  employed, one of 
which requi red  f i l l i n g  a t  35oC. I n  t h i s  s tudy,  fou r  s e m i -  
s y n t h e t i c  s t a b l e  o i l s  of def ined  composition were i d e n t i f i e d  a s  
p o s s i b l e  veh ic l e s  f o r  room temperature f i l l i n g ;  a d i g l y c e r y l  
p a r t i a l  ester of c a p r y l i c  a c i d  (Imwitor 7 0 8 ) ,  g l y c e r y l  
mono-dicaprylate (Imwitor 908),  i s o s t e a r y l d i g l y c e r i d e  succ ina te  
(Imwitor 780K) and a g lyce ry l  ester of cap ry l i c ,  c a p r i c  and 
s u c c i n i c  a c i d s  (Miglyol 829)  ( a l l  Hulls  Ag) . 
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THIXOTROPIC GELS FOR CAPSULES 1615 

Physical properties of the vehicles related to the product 
integrity of filled capsules were determined. For example, 
moisture uptake of the formulation has an important influence on 
gelatin shell stability, whilst viscosity and surface tension of 
the liquid vehicle will be important in terms of leakage. 
Moisture uptake was determined gravimetrically over a period of 
28 days by storage at each of seven relative humidities (RH) 

ranging from 11 to 81% at 18-2OoC. Viscosity at room temperature 
was determined using a rotational viscometer (Haake, RV3) with MV 

or SV concentric cylinder geometry. Surface tension was 
determined using a Du Nouy ring tensiometer (Cambridge 
Instruments) at room temperature. 

Various fats and waxes may be incorporated at the melt 
stage for thermosoftened formulations, but for systems to be 
formulated and filled at room temperature the choice is more 
limited. Two grades of colloidal silicon dioxide, Aerosil 200 
and R974 (Degussa) were selected. 

Gel Pregarati- 
The SSM bases were prepared by a defined procedure from the 

maximum silica content of 12%w/w, by dilution with oil to produce 
gels with silica content in the range 0.8-ll%w/w. - 

The rheological properties of the SSM bases were 
investigated at 20 and 370C using a constant stress rheometer 
(Carri-Med, CSL 100) and continuous shear flow, creep and 
oscillation techniques with 4cm, 20 cone and plate or parallel 
plate geometry . 

U-Vitro Release- 

Propantheline bromide (PPBr) , particle size <50w (used as 
received; Sigma) was selected as a model drug. It was dispersed 
in the base and hand filled by weight into size 1 opaque hard 
gelatin capsules with drug content 50'1.5mg. In-vitro dissolution 
testing was performed in triplicate under sink conditions, not 
more than 24 hours after capsule filling.Using a BP beaker/basket 
type dissolution apparatus (Caleva), filled capsules were rotated 
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1616 WALTERS ET AL.  

at lOOrpm in lOOOml of distilled water at 370C.Drug concentration 
in solution was determined spectrophotometrically at 243nm using 
a continuously sampling analytical system (Cecil Instruments). 

A formulation for filling as a liquid into hard gelatin 
capsules can in most cases be developed using only two or three 
excipients. In addition to preventing leakage from the capsule 
during storage or handling, such formulations must be compatible 
with the gelatin shell and possess appropriate rheological 
properties to facilitate accurate pumping and hence good dosage 
uniformity. 

bv 0;llv V w .  
Moisture uptake by the vehicles is of prime consideration. 

Glycerol, propylene glycol, and sorbitol, commonly used in syrups 
and in soft gelatin capsules, are too hygroscopic. Higher 
molecular weight polyethylene glycols (PEGs)  are successfully 
used in thermosoftened formulations for hard gelatin capsules,la 
but the increased hygroscopicity associated with the lower 
molecular weight liquid PEGs makes them unsuitable for room 
temperature filling. Hygroscopic fills would cause the capsule 
shell to dehydrate and exhibit characteristic splitting when 
protected from external moisture." 

The isotherms produced for the four selected vehicles were 
compared with that for PEG 600 (the least hygroscopic liquid PEG) 

under the same storage conditions. (Figure 1) .Optimum shell 
moisture content is 14-16% and from this it can be estimated that 
moisture uptake of 2 to 3%, from the capsule by the formulation 
may cause splitting. The vehicles were hand filled into size 1 
capsules, stored at 33, 55 and 75% RH and examined for splitting 
over a period of 28 days. 

Table 1 compares the moisture uptake values for the 
vehicles with the tendency for capsules to split when stored at 
55% RH. The moisture uptake values indicate that PEG 600 and 
Imwitors 708 and 908 sorbed more than 2.45% whereas Imwitor 780K 
and Miglyol 829 sorbed less than 0.25% at 55% RH. The former 
uptake values are large enough to reduce the shell moisture 
content to below 14% and cause capsule splitting. 
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; A  B lmwitor908 
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i D Miglyol 829 

I 

Relative Humidity (%) 

FIGURE! 1. 
Moisture Isotherms of Oily Vehicles and PEG 600 

Moisture Uptake (M) and Time to Capsule Splitting (T) for novel 
vehicles at 55% RH 

M (%w/w) T (days) 

PEG 600 
Imwitor 708 
Imwitor 908 
Imwitor 780K 
Miglyol 829 

12.18 
7.32 
2.45 
0.25 
0.00 

<1 
<1 
<1 
>2 8 
>2 8 

The nygroscopicity of PEG 600 is well documented whereas 
the behaviour of Imwitors 708 and 908 has not been reported. The 
relative hygroscopicity of these two vehicles was attributed to 
the presence of hygroscopic impurities; 21% diglycerin and 6-10% 
glycerol respectively, and hence they would not be suitable for 
hard gelatin capsule formulation without removal or reduction of 
these impurities. The results for Imwitor 780K and Miglyol 829 
show that these vehicles are of low hygroscopicity, do not cause 
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1618 WALTERS ET A L .  
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FIGURE 2. 
Arrhenius Rela t ionship  Between Viscos i ty  and Temperature f o r  

Miglyol 829 and Imwitor 780K. 

capsule  s p l i t t i n g  and were the re fo re  considered f o r  f u r t h e r  
i n v e s t i g a t i o n .  

V i scos i tv  
The v i s c o s i t i e s  of t h e  two o i l s  selected f o r  f u r t h e r  s tudy  

were 0.21 Pa.s (Miglyol 829) and 1.67 Pa.s  (Imwitor 780K) a t  
20°C. I n  each case ,  Newtonian rheologica l  behaviour was observed 
i n  shear  flow within t h e  normal ranges of s to rage  temperature ,  
(15 t o  400C). Arrhenius-type p l o t s  of v i s c o s i t y  versus  t h e  

r e c i p r o c a l  of absolu te  temperature f o r  t h e  two veh ic l e s  i n d i c a t e  
a g r e a t e r  temperature dependence f o r  t h e  more v iscous  o i l ,  w i t h  

a c t i v a t i o n  energ ies  f o r  viscous flow of 43.79 and 60 .16  kJ mol-l 
f o r  Miglyol 829 and Imwitor 780K r e spec t ive ly  (F igure  2). 

ce T- 

Surface t ens ion  values  f o r  t h e  two o i l s  were 33.4 mNm-' f o r  
Imwitor 780K and 32.4 mNm-l f o r  Miglyol 829 a t  180C. The r o l e  of 
s u r f a c e  t ens ion  i n  t h e  f i l l i n g  and leakage processes  i s  not f u l l y  
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THIXOTROPIC GELS FOR CAPSULES 

TAmLL 

Comparison of S i l i c a s  

1619 

Product 

Behaviour t o  water 

S p e c i f i c  su r face  a rea  (m2/g) 

Primary p a r t i c l e  s i z e  (nm) 

Pore s i z e  

SiO; ( % )  

Aeros i l  200  Aeros i l  R974 

Hydrophilic Hydrophobic 

200'25 170+20 

12 12 

none none 

>99.8 >99.8 

understood, and i s  f u r t h e r  complicated by t h e  unce r t a in  effects 
of v i s c o s i t y .  However, an examination of t h e  l i t e r a t u r e  sugges ts  
t h a t  va lues  over 30 mNm-1 a r e  l i k e l y  t o  be s a t i s f a c t o r y ,  bu t  it i s  
ev ident  t h a t  f u r t h e r  work is requi red  i n  order  t h a t  Capsule 
leakage may be predicted from t h e  phys ica l  p r o p e r t i e s  of t h e  

v e h i c l e s .  - 
Since t h e  o i l s  i n  t h i s  s tudy e x h i b i t  Newtonian behaviour,  

then  any shea r  r a t e  and/or t i m e  dependent rheo log ica l  p r o p e r t i e s  
of t h e  bases ,  inc luding  th ixot ropy ,  must r e s u l t  from t h e  
incorpora t ion  of th ickening  agent .  Aeros i l  is  an example of 
pyrogenic s i l i c a .  T h i s  is a very pure form of s i l i c o n  d iox ide  
ae roso l  ob ta ined  by high temperature oxida t ion  and flame 
ca t a lysed  hydro lys is  of a v o l a t i l e  s i l a n e  compound i n  an 0 2 / H ,  gas  
flame. 

The degree of v i s c o s i t y  modi f ica t ion /ge la t ion  achieved when 
s i l i c a  i s  added t o  a l i q u i d  depends upon t h e  method of 
manufacture, impur i t ies ,  pore cha rac t e r i s a t ion ,  u l t ima te  p a r t i c l e  
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1620 WALTERS ET A L .  

Almwitor 780K + 5%w/w Aerosil R974 

B.lrnwi1or 780K + 5%w/w Aerosil 200 

C.lrnwitor 780K 

FIGURE 3 .  
Rheograms f o r  Imwitor 780K g e l s  with 5%w/w Aeros i l  R974 o r  200  

s i z e ,  aggregate  s i z e  and s t r e n g t h  and t h e  na tu re  of t h e  s i l i c a  
surface.’* Table 2 compares t h e  p r o p e r t i e s  of t h e  two Aeros i l  
grades used i n  t h i s  s tudy .  These grades have t h e  same p a r t i c l e  
s i z e  and approximate specific su r face  a rea  b u t  d i f f e r  in the  

na tu re  of t h e i r  su r f ace  func t iona l  groups, i . e .  Aeros i l  200 has  
predominantly s i l a n o l  su r face  groups, and is  des igna ted  
hydrophi l ic ,  w h i l s t  i n  con t r a s t ,  Aeros i l  R974 has been chemical ly  
modified by t reatment  with s i l a n e  t o  possess  predominantly 
s i l oxane  su r face  func t iona l  groups, and is t h u s  termed 
hydrophobic. 

Rheological c l a s s i f i c a t i o n  of a system i n  simple shear  flow 
produces a r ap id  eva lua t ion  of t h e  effect  of parameters  such a s  
shea r  r a t e ,  temperature and shear  h i s t o r y  on v iscos i ty .The  e f f e c t  
of each type of Aeros i l  on rheologica l  c l a s s i f i c a t i o n  of Imwitor 
780K i s  f i r s t  demonstrated f o r  5%w/w g e l s .  

Figure 3 compares t h e  rheologica l  behaviour of t h e  Imwitor 
780K g e l s  up t o  approximately 4 0 0 s ’  shear  r a t e  a t  20°C. Aeros i l  
R914 added t o  Imwitor 780K produced no dev ia t ion  from Newtonian 
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THIXOTROPIC GELS FOR CAPSULES 1621 

behaviour,  a l though t h e  v i s c o s i t y  increased  from 1.67 t o  4.03 
P a . s  a t  20<, whereas us ing  t h e  same concent ra t ion  of Aeros i l  200 
non-Newtonian effects were observed. These g e l s  e x h i b i t  
time-independent shea r  t h inn ing  behaviour ( i . e . n o  t h i x o t r o p y ) ,  
which over  a l imited shear  r a t e  range may be described by t h e  
Bingham de r ived  equat ion:  

Q = oy + Equation 1 

where cs is t h e  shear  stress, y is  t h e  shear  r a t e ,  0, and qp a r e  

t h e  cons t an t s  y i e l d  stress and p l a s t i c  v i s c o s i t y  r e spec t ive ly .  
Determination of t h e  flow p r o p e r t i e s  of l i q u i d  o r  

semi-so l id  pharmaceut icals  is important a t  many s t ages  of product 
development, bu t  information regarding d e s i r a b l e  rheo log ica l  
p r o p e r t i e s  of SSM bases  is unavai lab le .  However, f o r  
non-Newtonian m a t e r i a l s  rheologica l  parameters  should be 

determined a t  a shear  r a t e  r e l evan t  t o  t h e  process  be ing  
inves t iga t ed ,  before  use fu l  i n t e r p r e t a t i o n  of experimental  d a t a  
can be made. The f i l l i n g  process  i s  by c o n t r o l l e d  p re s su re  
p r e c i s i o n  pumping through dosing nozzles  i n t o  t h e  capsule  bodies ,  
where t y p i c a l  shea r  r a t e s  a r e  l ikely13 t o  be of t h e  o rde r  of 100 
t 0 l 0 ~ s - l .  McTaggart e t  a l l4  repor ted  good uni formi ty  of f i l l  
weights w i t h  products  of v i s c o s i t y  0 . 1  t o  270 Pa.s .  More 
r ecen t ly ,  o t h e r  found a v i s c o s i t y  of 0.027 Pa . s  t o  be 
t o o  low f o r  optimum pumping. 

The SSM bases  a l s o  r equ i r e  s u f f i c i e n t  cons is tency  t o  
prevent  sedimentat ion of suspended drugs w i t h  p a r t i c l e  s i z e  

< 5 O p P .  The drug/base mix should remain homogeneous throughout 

both t h e  f i l l i n g  process  ( t o  ensure  s a t i s f a c t o r y  conten t  
un i formi ty)  and t h e  longer  term s h e l f  l i f e  of the product  ( t o  
prevent  leakage o r  changes i n  drug r e l e a s e . )  Typical  shear  r a t e  
ranges encountered i n  sedimentat ion of f i n e  powders a r e  of t h e  
o rde r  of t ~ l O - ~ s - l .  Despite the  absence of t h i x o t r o p i c  
behaviour,  wh i l s t  t h e  very low shear  r a t e  v i s c o s i t y  of  Imwitor 
780K a t  room temperature  was s u f f i c i e n t  t o  prevent  leakage from 
t h e  capsules ,  t h e  h i g h  shea r  r a t e  apparent v i s c o s i t y  of t h e  5%w/w 
Aeros i l  200 g e l  was shown t o  be s u i t a b l e  f o r  f i l l i n g  on a capsule  
f i l l i n g  s imula tor  (Hibar ) ,  producing a c o e f f i c i e n t  of f i l l  weight 
v a r i a t i o n  o f  0 . 4 4 %  (sample s i z e  5 5 ) .  
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1622 WALTERS ET AL. 

A.Miglyol 829 + 4.5%w/w Aerosil 200 

B.Miglyol 829 + 4.5%w/w Aerosil R974 

FIGURE 4 .  

Rheograms f o r  Miglyol 829 g e l s  w i t h  4.5%w/w Aeros i l  R974  o r  200 

The e f f e c t  of each type  of Aeros i l  on t h e  rheology of 
Miglyol 829 i s  demonstrated i n  t h e  rheograms of Figure 4 f o r  
equiva len t  concent ra t ions  (4.5%w/w) a t  2OoC. Both systems show 
t i m e  dependent shear  t h inn ing  behaviour.  The up curves of t h e  

shear  flow loops may be f i t t e d  t o  t h e  Bingham equat ion  over t h e  
shea r  r a t e  range shown, and i n  genera l ,  Aeros i l  R974 g e l s  e x h i b i t  
much lower va lues  f o r  apparent  v i scos i ty ,  c a l c u l a t e d  y i e l d  va lue  
and t h i x o t r o p i c  a rea  between t h e  up and down curves .  

The e f f e c t  of temperature on t h e  apparent  v i s c o s i t y  of 
t h e s e  g e l s  ( taken from t h e  apex of t h e  shear  s t r e s s / s h e a r  r a t e  
curves  a t  a shea r  stress of 350 Nm-*) i s  shown with Arrhenius-type 
p l o t s  i n  Figure 5. The a c t i v a t i o n  energ ies  f o r  viscous flow of 
t h e  5%w/w Aeros i l  g e l s  a r e  43.29 kJ mol-I and 41.39 kJ mol-l f o r  
Aeros i l s  R974  and 200 r e spec t ive ly  suggest ing e s s e n t i a l l y  t h e  

same mass t r a n s f e r  e f f e c t  a s  f o r  t h e  unthickened o i l .  
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THIXOTROPIC GELS FOR CAPSULES 1623 

A.Miglyol 829 + 4.5%w/w Aerosil 200 

B . Miglyol829 + 4.5%w/w Aerosil R974 

Figure 5.  
Arrhenius-type P l o t s  t o  Demonstrate t h e  Effect of Temperature 

on Miglyol 829 Gels w i t h  4.5'b;wlw Aeros i l  200 o r  R 9 7 4 .  

When Aeros i l  is  d i spe r sed  i n t o  l i q u i d s  t h e  s i l a n o l  groups 
may i n t e r a c t  and t h e  r e l a t i o n s h i p  between t h i s  disperse phase and 
t h e  Miglyol 829 must be considered.  Maximum network formation 
and th ixo t ropy  occur  when small  t h r e e  dimensional aggrega tes  l i n k  
toge the r  through t h e  po la r  a r eas  of s i l i c a  i n  t h e  o i l ,  t o  extend 
throughout t h e  l i q u i d  i n  a t h r e e  dimensional network, helped by 
t r a c e s  of water .  Such l inkages  involving hydrogen o r  hydrophobic 
bonding a r e  r e a d i l y  broken down by shear ing  and a r e  s i m i l a r l y  
r e -e s t ab l i shed  when t h e  system i s  a t  rest. Thus a high degree of 
th ixot ropy  i s  e s t a b l i s h e d  w i t h  g e l  formation by Aeros i l  200 i n  
Miglyol 829, whereas less i n t e r a c t i o n ,  and t h e r e f o r e  th ixot ropy ,  
i s  poss ib l e  w i t h  Aeros i l  R 9 1 4 .  

Fur ther  rheologica l  i nves t iga t ions  of t h e  Miglyol 
829/Aerosil  200 system have been undertaken i n  order  t o  examine 
t h e  t h i x o t r o p i c  behaviour of gels made w i t h  a range o f  s i l i c a  
concent ra t ions  from 1 .5  t o  l O % w / w .  S imi la r  t h i x o t r o p i c  behaviour 
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FIGURE 6. 
Rheograms f o r  Miglyol 829/Aerosil  200 gels 

with apparent  y i e l d  was observed f o r  a l l  Miglyol 829/Aerosi l  200 
gels and small  changes i n  Aeros i l  200 content  (0 .5%)  a f f e c t e d  t h e  
apparent  v i s c o s i t y ,  c a l c u l a t e d  y i e l d  and t h i x o t r o p i c  a rea  
(F igure  6 ) .  

A t  a h igher  shea r  r a t e  (13250 s-l) apparent  v i s c o s i t y  was 
shown t o  be log - l inea r ly  r e l a t e d  t o  Aeros i l  200 concent ra t ion  
both with and without PPBr (12.5%w/w). The high shea r  rheo log ica l  
parameters  were a l s o  observed t o  increase  dur ing  room temperature  
s to rage .  This may have t h e  advantage of prevent ing  leakage from 
t h e  capsule  shell ,  but  must not  s i g n i f i c a n t l y  reduce drug 
d i f f u s i o n  r a t e  and hence r e l e a s e  of t h e  drug from t h e  g e l .  T h i s  

h igh  shear  d a t a  enables  opt imiza t ion  of s i l i c a  con ten t  and 
temperature  f o r  e f f i c i e n t  prepara t ion  and f i l l i n g .  

High-shear measuring methods a r e  use fu l  f o r  p r e d i c t i n g  t h e  
behaviour of products  during t h e  normal processes  of 
manufacturing where s i g n i f i c a n t  breakdown occurs ,  however f o r  
e f f i c a c y  eva lua t ion  and q u a l i t y  c o n t r o l  t hey  may be less 
meaningful.  Soph i s t i ca t ed  rheologica l  methods such a s  c reep  
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THIXOTROPIC GELS FOR CAPSULES 1625 

( t r a n s i e n t )  t e s t i n g  and o s c i l l a t o r y  (dynamic) techniques enable  
t h e  almost undis turbed v i s c o e l a s t i c  p rope r t i e s  of such semi-sol id  
systems t o  be studied.l1,le With c reep  tests t h e  s t eady  s t a t e  

v i s c o s i t y  qo may be determined a t  very low shea r  r a t e s .  For 

example, an 8%w/w Aeros i l  200 g e l  has an apparent  v i s c o s i t y  i n  
shea r  flow a t  734s '  shear  r a t e  and 37.C of 0.48 Pa.s ,  y e t  from a 
creep test a t  t h e  same temperature t h e  s teady  s t a t e  v i s c o s i t y  a t  
8x10-5s-1 shea r  r a t e  i s  12520 Pa. s.  

O s c i l l a t o r y  t e s t i n g  provides  a convenient way of 
determining both t h e  viscous and e l a s t i c  components of a m a t e r i a l  
independent ly .  I n  t h i s  case  t h e  ma te r i a l  i s  sub jec t ed  t o  a smal l  
amplitude s inuso ida l  stress and t h e  r e s u l t i n g  s t r a i n  recorded.  
The ampli tude r a t i o  of t h e  stress t o  t h e  s t r a i n  g ives  t h e  complex 

modulus G*, and us ing  t h e  phase angle  s h i f t  6, t h e  s t o r a g e  and 

loss  moduli G I  and GI1 a r e  c a l c u l a t e d  from t h e  r e l a t i o n s h i p s  

G I  = G* cos  d 
G I '  = G* s i n  d 
G* = GI t i G "  

where i = (-l)0.5 

Equation 2 
Equation 3 

Equation 4 

Inves t iga t ions  i n  t h e  l i n e a r  v i s c o e l a s t i c  reg ions  of t h e  
Aeros i l  200 g e l s  show t h a t  a t  low concent ra t ions  of s i l i c a  t h e  
v iscous  component of t h e  modulus, G I 1 ,  i s  g r e a t e r  than  t h e  

e l a s t i c  component, G I ,  i n d i c a t i n g  weak i n t e r a c t i o n  between t h e  
p a r t i c l e s  (Figure 7 ) .  A s  t h e  Aeros i l  concent ra t ion  is  increased ,  
a reduct ion  i n  t h e  s lope  of t h e  GI l i n e  reflects t h e  inc rease  i n  
s o l i d - l i k e  behaviour.  The magnitude of these parameters  a l s o  
inc reases  w i t h  increased  s i l i c a  concentrat ion,  a s  G I  becomes much 
g r e a t e r  t han  GI1 and c l o s e  t o  t h e  complex modulus G*, i n d i c a t i n g  
s t r o n g  i n t e r a c t i o n  and s i g n i f i c a n t  g e l  s t r u c t u r e .  

Figure 8 shows t h e  r a t e  of reformation of s t r u c t u r e  f o r  an 
8%w/w Aeros i l  200 g e l  a t  1 Hz fol lowing a pe r iod  of high shea r  
r a t e  t h i x o t r o p i c  breakdown a t  20°C t y p i c a l  of t h a t  which t h e  
system would experience dur ing  t h e  capsule  f i l l i n g  process .  This  
very low shea r  r a t e  s tudy  i l l u s t r a t e s  t h e  i n i t i a l  phase of t h e  
longer  term v i s c o s i t y  inc rease  observed by cont inuous shea r  
techniques,  and t h e  r a p i d  redevelopment of s t r u c t u r e  sugges ts  
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FIGURE 7 .  
Var ia t ion  i n  V i s c o e l a s t i c  Behaviour w i t h  Aeros i l  200  
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FIGURE 8 .  
Increase  i n  V i s c o e l a s t i c  Parameters w i t h  T i m e  f o r  an 8%w/w 

Aeros i l  200  gel 
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THIXOTROPIC G E L S  FOR CAPSULES 1627 "1 r A A. Miglyol829 
B. Miglyol 829 + 

8 C. Miglyol829 + 
4.5%wlw Aerosil200 

4.5%wiw Aerosil R974 

> c  
7 

0 100 200 300 400 
Time (rnin) 

FIGURE 9 .  
I n -v i t ro  r e l e a s e  of PPBr from Miglyol 829 and g e l s  formed w i t h  

Aeros i l  

t h a t  leakage would be un l ike ly  i n  t h e  immediate p o s t - f i l l i n g  
per iod .  

Figure 9 compares t h e  drug r e l ease  p r o f i l e s  of PPBr  from 
unthickened Miglyol 829 and g e l s  prepared w i t h  approximately 
equal  concent ra t ions  of either Aeros i l  200  o r  Aeros i l  R974. It 
i s  immediately apparent  t h a t  drug r e l e a s e  i s  s i g n i f i c a n t l y  
reduced i n  t h e  presence of each th ickener  and t h a t  a g r e a t e r  
reduct ion  is shown with hydrophobic s i l i c a .  G e l s  g e n e r a l l y  
d i s p e r s e  more slowly than  t h e  o i l  and s i m i l a r l y  reduced r e l e a s e  
r a t e s  have been observed by o the r  workers. 19.2Q. 

The e f f e c t  of concent ra t ion  of hydrophobic s i l i c a  (Aeros i l  
R974) i n  t h e  base on PPBr  r e l e a s e  i s  demonstrated i n  Figure 1 0 .  
A very low percentage ( O . ~ % W / W )  d ramat ica l ly  a f f e c t s  r e l e a s e  r a t e  
and al though approximately 25% of t h e  PPBr i s  r e l eased  from the 

base  i n  less than 1 0  minutes, no s i g n i f i c a n t  f u r t h e r  r e l e a s e  i s  
then  seen wi th in  2 .5  hours .  I n i t i a l l y ,  p rog res s ive ly  inc reas ing  
t h e  concent ra t ion  t o  4.5%w/w reduces t h e  r e l e a s e  r a t e  t o  a 

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

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1628 WALTERS ET A L .  

Time (min) 

FIGURE 1 0 .  
In -v i t ro  r e l e a s e  of PPBr from Miglyol 829/Aerosi l  R974 g e l s  

minimum, t h e r e a f t e r  i nc rease  i n  concent ra t ion  up t o  l l % w / w  has  no 
f u r t h e r  e f f e c t .  

S imi la r ly ,  Figure 11 shows t h e  i n - v i t r o  r e l e a s e  p r o f i l e s  
from unthickened Miglyol 829 and g e l s  conta in ing  Aeros i l  200  a t  
Concentrat ions up t o  4%w/w.  A s  w i t h  the  hydrophobic Aeros i l ,  
i nc reas ing  s i l i c a  concent ra t ion  appears t o  reduce t h e  r a t e  of 
drug r e l e a s e .  However, i n  direct con t r a s t ,  with f u r t h e r  i nc rease  
i n  s i l i c a  conten t  above 4%w/w (Figure 12) t h e r e  i s  an inc rease  i n  
d i s s o l u t i o n  r a t e ,  u n t i l  a t  maximum s i l i c a  conten t  ( 1 2 % w / w )  t h e  

drug  r e l e a s e  from t h e  g e l  more c l o s e l y  resembles t h a t  from t h e  
unthickened o i l .  

Reference has been made t o  t h e  inf luence  t h a t  rheo log ica l  
p r o p e r t i e s  may have on drug r e l e a s e  and b i o a v a i l a b i l i t y .  Cuine et  
a l l9  demonstrated slowed d i s s o l u t i o n  of f e r rous  su lpha te  
formulated i n  hard  g e l a t i n  capsules ,  with t h e  inc reased  v i s c o s i t y  
of  o i l y  vehic les ,  whereas Hunter e t  alZ1 showed t h a t  i nc reases  i n  
v i s c o s i t y  of PEG 1000 thickened with Aeros i l  200  appeared t o  have 
l i t t l e  effect on t h e  in-vivo d ispers ion  and g a s t r i c  emptying of 
t h e  capsule  con ten t s .  Most semi-solid systems e x h i b i t  complex 
f l o w  behaviour dependent on t h e  methods of rheo log ica l  
eva lua t ion ,  and with t o p i c a l  semi-solids t h e  choice of s u i t a b l e  
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THIXOTROPIC GELS FOR CAPSULES 1629 

3% 
% 

0 50 100 150 200 
Time (min) 

FIGURE 11 

I n - v i t r o  r e l e a s e  of PPBr from Miglyol 829/Aerosil  200 gels: 
0 t o  4% w/w 

Figure 12 
In -v i t ro  r e l e a s e  of PPBr from Miglyol 829/Aerosil  200 gels: 

4 t o  1 2 %  w/w 
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1630 WALTERS ET AL. 

parameters  t h a t  would l ead  t o  use fu l  i n t e r p r e t a t i o n  of var ious  
experimental  da t a  has been discussed.22 

Previous at tempts  t o  r e l a t e  drug r e l e a s e  from semi-sol id  
f i l l e d  hard  g e l a t i n  capsules  with rheologica l  p r o p e r t i e s  have 
employed continuous shear  techniques which cause ex tens ive  
m a t e r i a l  deformation and a l t e r a t i o n  i n  s t r u c t u r e .  However, a s  
with t o p i c a l  semi-solids23, methods which observe t h e  undis turbed  
s t r u c t u r e  of t h e  system may prove more success fu l  s i n c e  they  a r e  
more l i k e l y  t o  represent  t h e  rheologica l  environment of a 
d i f f u s i n g  drug molecule.  Although it may be expected t h a t  an 
inc rease  i n  v i s c o s i t y  of  t h e  base w i l l  l e a d  t o  a reduceddi f fus ion  
c o e f f i c i e n t  f o r  t h e  drug i n  t h e  SSM, it i s  o f t e n  d i f f i c u l t  t o  
show any changes i n  drug d i f f u s i o n  and r e l e a s e  t h a t  a r e  wholly 
a t t r i b u t a b l e  t o  rheologica l  f ac to r szo .  

The r e s u l t s  f o r  the  r e l e a s e  from g e l s  i n  t h i s  work i n d i c a t e  
t h a t  i n  some cases  drug r e l e a s e  is  r e l a t e d  t o  g e l  v i s c o s i t y ,  
whereas i n  o the r  cases  a l t e r n a t i v e  phys ica l  p r o p e r t i e s  c o n t r o l  
t h e  r e l e a s e  r a t e .  I t  would appear t h a t  w h i l s t  the  hydrophobici ty  
of t h e  system remains unchanged, rheologica l  parameters  c o n t r o l  
drug r e l e a s e  (e.g., Miglyol 829/Aerosil  R974 systems) up t o  t h e  
po in t  where inc rease  i n  v i s c o s i t y  has no f u r t h e r  e f f e c t  on 
r e l e a s e .  However, w i t h  i nc reas ing  Aeros i l  200 concent ra t ions  t h e  

hydroph i l i c  cha rac t e r  of t h e  s i l i c a  becomes more important  t han  
v i s c o s i t y  i n  t h e  c o n t r o l  of drug r e l ease .  

CONCLUSIONS 
In -v i t ro  r e l e a s e  of a h ighly  water so lub le  drug (PPBr)  may 

be c o n t r o l l e d  by a t h i x o t r o p i c  g e l  system. The r a t e  of r e l e a s e  
was shown t o  be dependent upon the type and concent ra t ion  of 
Aeros i l  i n  t h e  g e l  and a wide range of drug r e l e a s e  p r o f i l e s  from 
immediate t o  c o n t r o l l e d  r e l e a s e  were observed. The r e l e a s e  r a t e  
cannot simply be r e l a t e d  t o  t h e  v i s c o s i t y  of t h e  g e l  and f u r t h e r  
i n v e s t i g a t i o n s  of t h e  g e l  s t r u c t u r e  w i l l  be undertaken t o  
e l u c i d a t e  t h e  r e l e a s e  mechanisms. 
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