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ABSTRACT 

PrednisolonerSilica triturations were prepared 
with 5 grades of silicas by ball-milling and solvent 
deposition. DrugrSilica ratios ranged from lrO.11 to 
1119. Dissolution rates in simulated intestinal juice 
were greatest for the lrO.ll triturations prepared by 
solvent-deposition. Oral absorption efficiency of pred- 
nisolone in dogs was similar whether administered as 
porous or non-porous silica triturations. 

INTRODUCTION 

Silicas are extensively used in the production of 
a large number of pharmaceutical dosage forms'. They 
have been proposed as carriers for enhancing the disso- 
lution rates of slightly soluble There is, 
however, very little information on the absorption ef- 
ficiency of drugs from drug:silica triturations. 

three porous and two non-porous silicas on the dissolu- 
tion rate of prednisolone. The silicas selected differ 

This study was initiated to evaluate the effects of 
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DISSOLUTION RATES. I 1001 

from one another i n  sur face  a rea ,  p a r t i c l e  s i z e ,  pore 
volume, pore diameter,  bulk dens i ty ,  s i l a n o l  groups and 
surface pH (Table 1). 

prednisolone on the  sur face  o f  the  s i l icas  by solvent-  
deposi t ion and ba l l -mi l l ing  techniques. Selected drug: 
s i l i c a  t r i t u r a t i o n s  exh ib i t i ng  rapid i n  v i t r o  d isso lu-  
t i o n  w i l l  be evaluated i n  dogs t o  check t h e i r  o r a l  ab- 
sorp t ion  e f f i c i ency .  

The t r i t u r a t i o n s  w i l l  be prepared by d ispers ing  

EXPERIMENTAL 

Mater ia ls  

c e s $  Syloid 63 ($-I ,  amorphous s i l i c a ,  Davison Chemical 
Coo, Baltimore, Mdo), Syloid 72 ( S - I I ) ,  Syloid 244 
(S-111), Cab-0-Sil EH-5 ( S - I V ,  non-porous s i l i c a ,  Cabot 
Corp., Boston, Mass.), Aeros i l  380 (S-V, Degussa Inc., 
Pigments Division, New York, N . Y . ) ,  anhydrous predniso- 
lone ,  USP (Merck & Co., Inc. ,  Rahway, N . J . ) ,  methanol, 
HPLC Grade (U.S.  I n d u s t r i a l  Chemicals Co., New York, 
N . Y . ) ,  e thanol ,  SDA-3A, toluene (Burdick & Jackson Lab- 
o r a t o r i e s  Inc. ,  Muskagon, Mich.), methylene ch lor ide  
(Eastman Kodak Co., Rochester, N . Y . ) ,  sodium hydroxide 
p e l l e t s  ( A . R .  grade,  Fischer S c i e n t i f i c  C o o ,  Fairlawn, 
N. J. ) , s u l f u r i c  acid, g l a c i a l  a c e t i c  acid, phenylhydra- 
z ine hydrochloride, p H  4 and pH 7 phosphate b u f f e r  
(Beckman Instrument Co., Inc. ,  Ful le r ton ,  Ca l i fo rn ia ) .  

The following were obtained from commercial sour- 

Equipment 
The following were used: spectrophotometer, model 

240 (Gi l ford  Instrument Laborator ies ,  Inc . ,  Oberl in ,  
Oh io ) ,  spectrophotometer, model 25 (Beckman Instrument 
Co., I n c . ) ,  a n a l y t i c a l  balance,  model 33 (Met t le r  In- 
strument Corp., Hightstown, N . J . ) ,  pH  meter (Corning 
Glass Works, Corning, N,Y.  ) , constant  temperature bath 
(Prec is ion  S c i e n t i f i c  Co . , Chicago, 111. ) , d i s s o l u t i o n  
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1002 NARURKAR AND JAROWSKI 

apparatus, USP (Hanson Research Corp., Northridge, Cal.), 
jarmill, 10.16 cm diameter with 1.27 cm diameter porce- 
lain balls (Abbe Engineering COD, New York, N.Y.), U.S. 
standard sieve, 60-mesh (Newark Wire Cloth Co., Newark, 
N.J.), millipore filter paper, 0.45 micron porosity 
(Millipore Corp., Bedford, Mass.), multiple developing 
tank (Desega, Heidelberg, West Germany) , thin-layer 
chromatography plates precoated with microcrystalline 
cellulose (thickness 250 microns, Analtech Inc., New- 
ark, Del.) and a colorimeter (The Perkin-Elmer Corp., 
Norwalk, Conn.) . 
Preparation of Predniso1one:Silica Triturations 

PrednisolonetSilica triturations were prepared in 
weight ratios ranging from lrO.11 to 1119 by solvent- 
deposition and ball-milling procedures previously de- 
scribed by Yang et al'. Among the range of samples pre- 
pared were weight ratios calculated to produce monomo- 
lecular and bimolecular layers of drug (Table 2) . 
Spectrophotometric Absorption and Calibration Curves 

Calibration curves for prednisolone in simulated 
intestinal fluid (without pancreatin) and in methyl al- 
cohol at wavelengths of maximum absorbance at 244 nm 
and 242 nm, respectively, obeyed Beer's Law. 

Assay of the PrednisolonetSilica Triturations 

The various samples were extracted with methanol. 
The extracts were centrifuged at 2500 rpm for 5 min. 
The supernatants were decanted and the residues were 
further treated in a similar manner three times with 5 
ml of methanol. After dilution with methanol, the 
absorbance was determined spectrophotometrically and 
the concentration was determined from the calibration 
curve. Only those samples containing 100 2 5% of the 
required amount of prednisolone were used in the disso- 
lution studies. Replicate assays were conducted. 
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1004 NARURKAR AND JAROWSKI 

Assay of  Prednisolone i n  Dog Plasma 
5 The assay  procedure followed has been accepted 

I n  Vi t ro  Di s so lu t ion  S tud ie s  

The r a t e s  o f  d i s s o l u t i o n  i n  s imula ted  i n t e s t i n a l  
f l u i d  were determined by the  USP baske t  method at  
37 2 0.5'C. at a stirrer speed o f  100 rpm under s i n k  
condi t ions6  . Aliquots  withdrawn f o r  a s say  were f i l t e r e d  
through a m i l l i p o r e  f i l t e r ,  d i l u t e d  a p p r o p r i a t e l y  and 
assayed spec t rophotometr ica l ly .  Rep l i ca t e  experiments 
were conducted. 

P ro toco l  f o r  O r a l  Adminis t ra t ion  t o  Dogs 

Two mongrels which had been condi t ioned  40 - 60 
days were used i n  t h e  i n i t i a l  eva lua t ion .  Each dog was 
treated as i t s  own c o n t r o l .  Two beagles were used f o r  
t h e  f i n a l  eva lua t ion .  The dogs were fasted f o r  12 hrs .  
p r i o r  t o  o r a l  admin i s t r a t ion ,  bu t  water w a s  made acces- 
s i b l e .  Water w a s  removed 2 hrs .  be fo re  i n i t i a t i o n  o f  
t h e  s tudy  and was withheld throughout.  A minimum of  2 
weeks w a s  allowed t o  elapse be fo re  u s i n g  the animals 
f o r  t h e  second dosing. Blood specimens were c o l l e c t e d  
from t h e  e x t e r n a l  jugular v e i n .  Hard g e l a t i n  capsu le s  
con ta in ing  60 m g  equ iva len t  o f  predniso lone  were put  on 
t h e  p o s t e r i o r  p o r t i o n  o f  t he  tongue t o  avoid t h e i r  
being chewed be fo re  be ing  swallowed. Blood samples were 
taken a t  i n t e r v a l s  of  1, 2,  3, 4, and 6 hours .  They 
were placed i n  hepar in ized  tubes  and cen t r i fuged  a t  
2500 rpm f o r  15 min. The plasma samples were s t o r e d  i n  
the  f rozen  s t a t e  u n t i l  they  were assayed.  

RESULTS AND D I S C U S S I O N  

On t h e  basis of t h e  curves  i n  Figure 1 it is appar- 
e n t  t h a t  t h e  ba l l -mi l led  samples o f  prednisolonerS-I  
showed t h e  s lowest  ra tes  o f  d i s s o l u t i o n .  Prednisolone 
d i s s o l u t i o n  rates f o r  t h e  samples prepared by so lven t -  
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Figure 1: Dissolution rates of solvent deposited and ball- 
milled Predniso1one:Syloid 63 triturationz in 
simulated intestinal fluid (pH 7.4) at 37 C. 

deposi t ion on S-I decreased i n  t he  following order :  
l : O . l l ,  l t0 .74,  l : l o 4 7 ,  l r2 .94,  lil.9. These f ind ings  
w i t h  porous s i l i ca  t r i t u r a t i o n s  are i n  agreement w i t h  
Monkhouse and Lach who showed t h a t  the  d i s s o l u t i o n  
rates of  the drugs they  s tud ied  were minimally improved 
w i t h  concentrat ions o f  non-porous s i l i c a  greater t h a n  
10%. These authors  theor ized  t h a t  a monomolecular l a y e r  
was formed when 10% s i l i c a  was used. Our ca l cu la t ions ,  
however, i n d i c a t e  t h a t  a monomolecular l a y e r  r e q u i r e s  a 
higher concentrat ion.  

2 

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.



c
 
0
 

0
 

m
 

TA
BL

E 
3 

Di
ss

ol
ut

io
n 
Da

ta
 f

or
 S
el

ec
te

d 
Pr
ed
ni
so
1o
ne
:S
il
ic
a 

Tr
it

ur
at

io
ns

 i
n 
Si

mu
la

te
d 

In
te

st
in

al
 F

lu
id
 E
xp

re
ss

ed
 
as
 t

he
 P

ar
am

et
er

s 
o
f
 A
pp

ar
en

t 
1s
t 

Or
de
r 

Ki
ne

ti
cs

 

Ra
ti
o 

of
 P
re
dn
is
o1
on
e:
Si
li
ca
 
fo

r 
a 

Mo
no

mo
le

cu
la

r 
La

ve
r 

s-
I 

s-
1x

1 
s-
IV
 

s-
I1

 
1:
1.
47
 

1:
1.
47
 

1:
 3.
21
 

1:
3.
21
 

1:
2.
55
 

1
:
2
*
5
5
 

1r
2.
92
 

1
~
2
.
9
2
 

* 
So
lv
en
t-
de
po
si
ti
on
. 

**
 B
al
l-
mi
ll
ed
. 

Me
th

od
 o

f
 

Pr
ep

ar
at

io
n 

ST
* 

BM
**
 

ST
 

BN
I 

ST
 

BM
 

ST
 

BM
 

k 
t9
0 

jx
 l
O-
'/
hr
).
 

Ih
ou

rs
L 

1 
.a

 
13
.1
 

0.
9 

25
.4
 

1.
1 

21
.4
 

1.
7 

13
.9

 
2.
4 

9.
4 

1.
5 

15
.0
 

0 
0
9
 

24
.6
 

3.
2 

7.
2 

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.



DISSOLUTION RATES. I 

Ei g 90 
w 

O- 80! 70 60 

50. 

1007 

- / f d <- 
I 1 I I 1 1  I I 

Figure 2: Comparative study of dissolution rates of solvent 
deposited Prednisolone-Silica triturations (A:O. .11) 
in simulated intestinal f l u i d  (pH 7 . 4 )  at 37 C. 

I n  Table 3 the  prednisolone : s i l i c a  d i s s o l u t i o n  
rate cons tan ts  and t values  f o r  d r u g : s i l i c a  weight 
r a t i o s  ca l cu la t ed  t o  have the  prednisolone dispersed as 
a monomolecular l aye r .  A l l  these  samples have t90 va l -  
ues much g r e a t e r  t h a n  those f o r  t r i t u r a t i o n s  containing 
weight r a t i o s  o f  d r u g r s i l i c a  o f  1tO.11 (Figure 2). 

As can be seen i n  Figure 2 t he  d i s so lu t ion  ra te  o f  
prednisolone was m o s t  rapid when it was solvent-deposi- 
t e d  on S-IV (92% i n  3 hours) o r  on S-I (87% i n  3 h r s . ) .  
As a consequence these  two candidates  were se l ec t ed  f o r  
an o r a l  absorpt ion s tudy i n  dogs a s  compared w i t h  s o l -  
vent t r e a t e d  bulk prednisolone. The l a t t e r  exhib i ted  
85% d i s so lu t ion  i n  3 hours. 
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4 

0 1 2 3 4 5 6 

HOURS 

FIGURE 3 .  Concentration of  prednisolone i n  the  plasma of' 
a d u l t  beagle dog No. 1 a f t e r  o r a l  administra- 
t i o n  of 60 mg o f  prednisolone equivalent .  
Key:- Dru IS-I (1:O.ll): --- DrugrS-IV 

(1:O.lly. 

4 r  

HOURS 

FIGURE 4. Concentration o f  prednisolone i n  the  plasma of 
adu l t  beagle dog No. 2 a f t e r  o r a l  administra- 
t i o n  of  60 mg o f  prednisolone equivalent .  
Key:- Dru :S- IV  (1:O.ll): --- Drugr S-I 

(1:O.lly. 
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DISSOLUTION RATES. I 1009 

TABLE 4 
Prednisolone Pharmacokinetic Parameters After Doses of 

60 mg Were Administered to Male Mongrel Dogs 

Time tmax ti/2 
Sample Interval Jmcdml) (hrsl (hrs) A* 

Dog No. 1 (15.5 kg) 
Predniso1one:S-I 1st Run 3.62 2 2.70 9.9 
(ir0.11, solvent 
deposited) 
Predni solona 

Predniso1one:S-I 4 weeks 3.00 2 1.81 9 . 5  

Dog No. 2 (13 kE) 

(1$0,11, solvent 
deposited) 

(solvent treated) 

(solvent treated) 2 weeks 1.80 4 - 5.8 
(1 rO .ll) 

Prednisolom:S-IV 1st Run 2.38 2 2.94 7 . 3  

Prednisolone 2 weeks 1 e82 4 - 5a8 
Predniso1one:S-PV 4 weeks 2.22 2 0.95 5.9 
(1: 0.11) 

A* = area under the Concentration-Time curve (0 to 6 
hours, units = mcg hour/ml) 

TABLE 5 
Prednisolone Pharmacokinetic Parameters After Doses of 

60 mg Were Administered to Male Beagle Dogs 
DOE No. 1 (9 kg ) 

(1:0.11, solvent 
deposited) 

(1:0.11, solvent 
deposited) 
Dog No. 2 (10.6 ka) 
Predniso1one:S-IV 1st Run 3.12 2 1.13 7.3 
(1~0*11, solvent 
deposited) 
Prednisolone r S-I 2 weeks 3.30 2 1.28 7.7 
(1;0.11, solvent 
deposited) 

PrednisolonerS-I 1st Run 3.50 2 0.97 6.7 

PrednisoloneiS-IV 2 weeks 3.75 2 1.44 7.3 
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1010 NARURKAR AND JAROWSKI 

Plasma concent ra t ions  versus  time a r e  shown i n  
Figures 3 and 4. Pharmacokinetic parameters f o r  t h e  dog 
plasma d a t a  a r e  shown i n  Tables 4 and 5. It i s  ev ident  
t h a t  S-I and S-IV a r e  equal ly  good s i l i c a s  upon which 
t o  solvent-deposi t  t h e  prednisolone i n s o f a r  as o r a l  ab- 
so rp t ion  e f f i c i e n c y  is concerned. 
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