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ABSTRACT 

A c o m p a r a t i v e  b i o a v a i l a b i l i t y  s t u d y  w a s  pe r fo rmed ,  

u s i n g  t h r e e  s p e c i a l l y  made p a r t i c l e - s i z e  f r a c t i o n s  of 
o e s t r a d i o l  and a sample  of o e s t r a d i o l  commerc ia l ly  

o b t a i n e d ,  a l l  c h e m i c a l l y  e q u i v a l e n t .  Aqueous suspen-  

s i o n s  o f  t h e s e  f o u r  f r a c t i o n s  were a d m i n i s t e r e d  o r a l l y  

t o  f i v e  s u b j e c t s ,  f o l l o w i n g  a c o m p l e t e l y  randomized 

c r o s s - o v e r  d e s i g n .  The i n  v i t r o  t e s t s  i n c l u d e d  p a r t i c l e -  

s i z e  a n a l y s i s ,  u s i n g  r e s i s t a n c e  p a r t i c l e  c o u n t e r  and 

d i s s o l u t i o n  c h a r a c t e r i s a t i o n ,  u s i n g  t h e  P a d d l e  method 

and a l s o  a g a i n  t h e  r e s i s t a n c e  p a r t i c l e  c o u n t e r  method.  

The i n f l u e n c e  o f  p a r t i c l e  s i z e  on t h e  i n i t i a l  abso rp -  

t i o n  i s  c l e a r l y  s i g n i f i c a n t  ( p c . 0 1 ) .  The i n f l u e n c e  

of p a r t i c l e  s i z e  on t o t a l  area (AUC) unde r  t h e  c u r v e ,  

show a weak s i g n i f i c a n c e  ( p  < . 0 5 ) .  

Both i n  v i t r o  d i s s o l u t i o n  methods showed c l e a r l y  

d i f f e r e n t  p r o f i l e s  f o r  t h e  f o u r  s u s p e n s i o n s ,  which a re  
i n  agreement  w i t h  t h e  d i f f e r e n c e s ,  shown by t h e  s i z e  

f r e q u e n c y  d i s t r i b u t i o n .  

A good c o r r e l a t i o n  c o e f f i c i e n t  (0 .983)  a r e  o b t a i n e d  
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290 KVORNING AND CHRISTENSEN 

by comparing p a r t i c l e - s i z e  d i s t r i b u t i o n  w i t h  i n  v i t r o  

r e l e a s e  d a t a .  I n  v i v o / i n  v i t r o  c o r r e l a t i o n  was 

d e m o n s t r a t e d  by comparing v a l u e s  f o r  AUC and B d i s -  

s o l v e d  from i n  v i t r o  d a t a .  The c o r r e l a t i o n  c o e f f i c i e n t s  

was>  0 . 9 5 0 .  

The r e s u l t s  c l e a r l y  i n d i c a t e  t h e  g r e a t  impor t ance  of  

t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n  f o r  d i s s o l u t i o n  p r o f i l e s ,  

and hence  f o r  t h e  a b s o r p t i o n .  

INTRODUCTION 

D i s s o l u t i o n  r a t e  s t u d i e s  and  b i o a v a i l a b i l i t y  o f  

d r u g s  are i m p o r t a n t  r e s e a r c h  a r e a s .  The i n  v i t r o  

d i s s o l u t i o n  t e s t s  a r e  of  g r e a t  impor t ance  i n  p r e d i c t i n g  

t h e  i n  v i v o  c o u r s e  of a d r u g ,  when t h e  c o r r e l a t i o n  i s  

known, as d e s c r i b e d  p r e v i o u s l y ,  Strum e t  a l .  (1) and 

Shah e t  a l .  ( 2 ) .  

P a r t i c l e - s i z e  r e d u c t i o n  i s  a mean of i n c r e a s i n g  a b s o r p -  

t i o n  ra te  and p h y s i o l o g i c a l  a v a i l a b i l i t y ,  p rov ided  t h e  

d i s s o l u t i o n  r a t e  of  t h e  d r u g  i s  t h e  r a t e - l i m i t e d  s t e p ,  

and p r o v i d e d  t h e  a d v a n t a g e s  o b t a i n e d  by u s i n g  m i c r o n i z e d  

d r u g s  a r e  n o t  l o s t  i n  t h e  f i n a l  d o s a g e  fo rms  by 

i n a d e q u a t e  f o r m u l a t i o n ,  as  d e s c r i b e d  by F i n c h e r  ( 3 )  and 

Levy ( 4 ) .  

P r e v i o u s  s t u d i e s ,  Howard e t  a l .  ( 5 )  and B a t e s  e t  a l .  ( 6 1 ,  

showed t h e  n e c e s s i t y  of  d e t e r m i n i n g  t h e  d i s s o l u t i o n  

c h a r a c t e r i s t i c s  f o r  s u s p e n s i o n s .  

A n  i n  v i v o / i n  v i t r o  i n v e s t i g a t i o n  w i t h  o e s t r a d i o l  

i n  d i f f e r e n t  t a b l e t  f o r m u l a t i o n s  h a s  r e c e n t l y  been  

d e s c r i b e d  by Johansen  e t  a l .  ( 7 ) .  

I n  t h i s  r e p o r t ,  t h e  d i s s o l u t i o n  and p a r t i c l e - s i z e  

p r o f i l e s  were d e t e r m i n e d  i n  o r d e r  t o  o b t a i n  i n f o r m a t i o n  

on  t h e  v a r i a t i o n  i n  p a r t i c l e  c h a r a c t e r i s t i c s  d i r e c t l y  
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BIOAVAILABILITY OF OESTRADIOL SUSPENSIONS 29 1 

related to the dissolution profile. The reproducibility 
of the dissolution method was demonstrated by determiring 
the dissolution profile of four different particle-size 
oestradiol suspensions. 

This paper also reports on correlation studies 
with in vivo and in vitro data from both Paddle method 
and resistance particle counter method as well as 
particle-size measurements. 

Preparation of particle fractions and suspensions 
The three special fractions were prepared from a 

commercial-quality un-milled oestradiol. 
Fraction FI (smallest mean diameter) was prepared by 
wet-milling in a special ball-mill (8). FI was available 
only as suspension, since it was not possible to keep 
the particle size intact during the drying process. 
Fractions FII (intermediate mean diameter) and FII I  

(largest mean diameter) were prepared by mild grinding 
in a mortar, followed by a combination of wet sieving, 
gravitational and centrifugal sedimentation until the 
desired particle-size distributions were obtained, as 
shown in Figure 1. The two fractions were collected 
on a filter and dried. 

n;icronized quality oestradiol. 
Earlier studies reported that grinding processes may 
affect the crystallinity of oestradiol, Florence & 

Salole (9) and von Kuhnert-Brandstatter ( l o ) ,  therefore 
all the fractions were examined for changes in their 
crystallinity by X-ray diffractometry and differential 
scanning Colorimetry. No changes or differences were 
found in any of the four fractions. 
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P a r t i c l e - s i z e  d i s t r i b u t i o n  o f  t h e  f o u r  
o e s t r a d i o l  f r a c t i o n s  shown on l o g  p r o b a b i l i t y  
g r a p h .  

K E Y :  O F I  f r a c t i o n ,  A F I I  f r a c t i o n ,  

+ F I I I  f r a c t i o n ,  O S t a n d a r d  f r a c t i o n .  

The f o u r  s u s p e n s i o n s  u s e d  i n  t h e  i n  v i v o / i n  v i t r o  

s t u d y  c o n t a i n e d  2 mg o e s t r a d i o l  p e r  1 0  m l  s u s p e n s i o n .  

T h e  v e h i c l e  c o n s i s t e d  o f  0 . 1 %  p o l y v i n y l p y r r o l i d o n e  a s  
w e t t i n g  a g e n t  a n d  0.1% sodium b e n z o a t e  a s  preserva t ive .  

P a r t i c l e - s i z e  a n a l y s i s  

All s i z e  d i - s t r i b u t i o n s  w e r e  a n a l y z e d  i n  a resis- 

t a n c e  p a r t i c l e  c o u n t e r  (11) w i t h  30 p m ,  50 urn a n d  a 
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BIOAVAILABILITY OF OESTIZADIOL SUSPENSIONS 293 

1 4 0  p m  a p e r t u r e  t u b e s .  The  c a l i b r a t i o n  m a t e r i a l  f o r  

t h e  d i f f e r e n t  a p e r t u r e  t u b e s  w a s  1 . 1 5  pm - 8 . 0 6  p m  and 

1 8 . 1  p m  L a t e x  b e a d s ,  r e s p e c t i v e l y .  A l l  t h e  s i z e  d i s t r i b u -  

t i o n s  w e r e  m e a s u r e d  w i t h  a r e a d i n g  o f  a p p r o x .  0 . 0 5  o n  

t h e  c o n c e n t r a t i o n  m e t e r  t o  e l i m i n a t e  c o i n c i d e n c e  

p r o b l e m s .  

The e l e c t r o l y t e  u s e d  f o r  p a r t i c l e - s i z e  m e a s u r e m e n t s  w a s  

made o f  1% sodium c h l o r i d e  s a t u r a t e d  w i t h  o e s t r a d i o l .  

The  e l e c t r o l y t e  w a s  f i l t e r e d  t o  k e e p  a l o w  b a c k g r o u n d  

c o u n t ,  u s u a l l y  a p p r o x .  o n e  h u n d r e d  p a r t i c l e s  o f  1 . 0  - 
2 . 0  p m / m l  f o r  a 50  pm a p e r t u r e  t u b e .  

I n  v i t r o  d i s s o l u t i o n  - P a d d l e  method - c h e m i c a l  a n a l y s i s  

The d i s s o l u t i o n  a p p a r a t u s  c o n s i s t e d  of a 2 0 0 0  m l  

l 0 C .  The f l a s k  was e q u i p p e d  w i t h  

t h r e e - n e c k e d  r o u n d  bottom f l a s k  ( 1 2 )  immersed i n  a 

w a t e r  b a t h  a t  37OC 
a s t i r r e r  w i t h  a h a l f  moon shaped  t e f l o n  p a d d l e  of 

1 9 . 7  c m 2  

above t h e  bottom. The s t i r r e r  was d r i v e n  by a s t a n d a r d  

s e r v o d y n e  power d r i v e  s y s t e m  ( 1 3 )  a t  6 0  rpm. A t  0 m i n ,  

2 0 . 0 0  m l  o f  t h e  s u s p e n s i o n s  c o n t a i n i n g  4 mg o e s t r a d i o l  

w e r e  added  w i t h  a full p i p e t t e  t h r o u g h  t h e  l e f t  neck 

o f  t h e  f l a s k ,  2 c m  below t h e  s u r f a c e  t o  1 9 8 0  m l  o f  0 . 1  

N HC1 a t  3 7 O C .  A t  1 5 ,  30 and  6 0  min .  1 0 0 . 0 0  ml s a m p l e s  

w e r e  w i t h d r a w n  and i m m e d i a t e l y  r e p l a c e d  by a n  e q u a l  

volume of t h e  d i s s o l u t i o n  medium. The s a m p l e s  w e r e  

f i l t e r e d  t h r o u g h  a M i l l i p o r e  f i l t e r  ( 1 4 ) .  5 0 . 0 0  m l  

a l i q u o t s  w e r e  e v a p o r a t e d  and  a n a l y z e d  s p e c t r o p h o t o m e t r i -  

c a l l y  a t  500  nm f o r  o e s t r a d i o l ,  a c c o r d i n g  t o  t h e  method 

d e s c r i b e d  b y  U r b a n y i  & Rehm ( 1 5 ) .  

I n  v i t r o  d i s s o l u t i o n  - P a d d l e  method - r e s i s t a n c e  

pa r t i c l e  c o u n t e r  method 

( r a d i u s  7 . 6  c m  and c h o r d  1 1 . 3 )  p l a c e d  2 . 5  c m  

The a p p a r a t u s  w a s  s i m i l a r  t o  t h e  o n e  d e s c r i b e d  i n  

t h e  P a d d l e  method above. Sampl ing  t i m e  f o r  f r a c t i o n  FI  

w a s  changed  t o  5 ,  1 0 ,  15  and  30 m i n .  b e c a u s e  o f  t h e  
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294 KVORNING AND CHRISTENSEN 

very rapid dissolution rate for this fraction. The 
samples were withdrawn and analyzed immediately on the 
resistance counter. To obtain a zero value, with no 
oestradiol in solution, the first sample was withdrawn 
60 sec. before adding the suspension. 60 sec. of 
stirring at 60 rpm is adequate for a homogenous dis- 
tribution of the suspension in the medium. 
The zero-sample was set manually to 100% cumulated 
volume distribution and all the following samples were 
measured in relation to the zero-sample. 

In vivo studies - protocol 
Five healthy postmenopausal women were t r e a t e d  

in a double-blind cross-over study with 10 ml of 
suspensions containing 2 mg of oestradiol in the four 
different particle sizes, FII' FIII and Standard. 
The administration was followed by ingestion of 200 ml 
of water. All subjects fasted from the night before 
until four hours after administration. Blood samples 
were drawn at 0, 752, 15, 30, 45, 60, 90 min. and 2, 4, 
8, 1 2 ,  2 4 ,  48 and 72 hours, and the plasma was analyzed 
for oestradiol and oestrone. 
The in vivo study has been described in details by 
Englund & Johansson (16). 

RESULTS 

Particle size of fractions and suspensions 
Results of all particle-size measurements of the 

oestradiol fractions are shown in Figure 1. 
It will be seen from Figure 1. that there was only a 
minimal overlap between the three fractions F I ,  

and FIII. 
to the Standard fraction, which shows wider distribution 

FII 
These are narrow distributions in contrast 
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BIOAVAILABILITY OF O E S T W I O L  SUSPENSIONS 295 

From the size distribution data it is possible to 
calculate the surface area. The surface area is derived 
from the following calculation in case of log normal 
distribution - straight line cumulative weight per cent 
versus diameter plot on log  probability axes - the 
so-called Hatch-Choatc equation as described by Ilerdan 

(17) 

where d is the weigkit mean diameter (the 501 S I T C  

ds the volume surface diameter, and d the geoirietr 
standard deviation. 

W 

g 

I 

C 

The Hatch-Choate equation is used under the approxi- 
mation, that we assume that all the particles h a v e  the 
same shape, which were assumed to be spherical f o r  

comparison purposes. 
The specific surface area S = 6 2 ,,g where is ds x 3 
the density of the powder. The density ( Y =  1.23 g/cm 
is measured by means of an Beckman Air Comparison 
Pycnometer. 
After preparation the suspensions were analyzed on the 
resistance particle counter in order to check on 
possible changes in the size distribution. 

The results show a slight displacement of the size 
distribution towards the smaller size, as compared with 
the results from the fractionated oestradiols obtained 
before formulation. To examine if there were any 
change in the size distribution during the investigation 
period, a five month storage test was done. All the 
suspensions were stored at 4 C.  No significant changes 
were seen during the storage period. 
In vitro dissolution studies - Paddle Method 

0 

The dissolution profiles of the four suspensions 
are shown in Figure 2. The average per cent dissolved 
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F I G U R E  2 :  

The mean p e r  c e n t  d i s s o l v e d  ( - s . d . 1  o f  t h e  f o u r  
o e s t r a d i o l  s u s p e n s i o n s .  

+ 

KEY:  O F I  s u s p e n s i o n ,  A F I I  s u s p e n s i o n ,  

* FIII s u s p e n s i o n  and  O S t a n d a r d  

s u s p e n s i o n .  

o e s t r a d i o l  r e p r e s e n t s  t h e  mean v a l u e s  of. 6 s i n g l e  

d e t e r m i n a t i o n s .  

S u s p e n s i o n  F d i s s o l v e d  r a p i d l y ,  compared t o  s u s p e n s i o n  I 
w h i c h  showed a slow d i s s o l u t i o n  r a t e .  S u s p e n s i o n  F I I Y  

F I I  and S t a n d a r d  show e q u a l  d i s s o l u t i o n  p r o f i l e s  e x c e p t  

f o r  t h e  f i r s t  s a m p l i n g s ,  b u t  b o t h  s u s p e n s i o n s  c l e a r l y  

d i f f e r  f rom s u s p e n s i o n  F and F I I I .  I 
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1 

I n  v i t r o  d i s s o l u t i o n  s t u d i e s  - r e s i s t a n c e  c o u n t e r  

method 
The d i s s o l u t i o n  p r o f i l e s  f o r  t h e  f o u r  s u s p e n s i o n s  

a r e  shown i n  F i g u r e  3 .  The a v e r a g e  p e r  c e n t  u n d i s s o l v e d  

o e s t r a d i o l  r e p r e s e n t s  t h e  mean of 6 s i n g l e  d e t e r m i n a t i o n s .  

S u s p e n s i o n  F 111 ( c o a r s e  f r a c t i o n )  shows a v e r y  s l o w  

re lease,  w h e r e a s  s u s p e n s i o n  F ( f i n e  f r a c t i o n )  shows a 

v e r y  r a p i d  release i n  c o n t r a s t  t o  b o t h  FII (medium 
I 

10 - 
1 I 1 I I I 
5 10 15 30 45 6 0 *  

mi n 

FIGURE 3:  

The mean per c e n t  u n d i s s o l v e d  ( - s . d . )  o f  t h e  f o u r  
o e s t r a d i o l  f r a c t i o n s .  

+ 

KEY: 0 FI s u s p e n s i o n ,  
* FII I  s u s p e n s i o n  a n d  O S t a n d a r d  

s u s p e n s i o n .  

A F I I  s u s p e n s i o n ,  
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f r a c t i o n )  and  S t a n d a r d ,  which  show almost  i d e n t i c a l  

r a t e s  o f  r e l ease .  

T h e r e  seems t o  be a t e n d e n c y  f o r  t h e  S t a n d a r d  t o  
d i s s o l v e  more  r a p i d l y  t h a n  FI I  i n  t h e  b e g i n n i n g ,  w h i c h  

i s  i n  a g r e e m e n t  w i t h  t h e  f a c t  t h a t  t h e  S t a n d a r d  f r a c t i o n  

c o n t a i n s  more small  p a r t i c l e s  t h a n  F L a t e r  i n  t h e  

re lease,  t h e  q u a n t i t y  o f  FI I  i n  s o l u t i o n  e x c e e d e d  t h a t  

of t h e  S t a n d a r d ,  which  is  i n  c o m f o r m i t y  w i t h  t h e  s i z e  
d i s t r i b u t i o n s .  

I n  v i v o  s t u d i e s  

I1 - 

T a b l e  1 shows t h e  a r e a  u n d e r  t h e  o e s t r a d i o l  

p l a s m a  c o n c e n t r a t i o n  c u r v e s  c o r r e c t e d  f o r  z e r o  v a l u e s  

c a l c u l a t e d  b y  t h e  t r a p e z o i d a l  r u l e  a t  0 - 0 . 2 5 ,  0 - 0 . 5 ,  

0-1, 0-8 a n d  0-72  h o u r s .  

The areas 0-8 h show s t a t i s t i c a l l y  d i f f e r e n t  ( p ( O . 0 1 )  

a m o u n t s  of oes t r ad io l  a b s o r b e d  f rom t h e  f o u r  s u s p e n s i o n s ,  

i . e .  t h e  amount  o f  s u s p e n s i o n  FI  a b s o r b e d  w a s  h i g h e r  

t h a n  t h a t  of s u s p e n s i o n  F and  S t a n d a r d ,  w h i c h  i n  t u r n  I1 
w a s  a b s o r b e d  i n  a amount  l a r g e r  t h a n  s u s p e n s i o n  F 

I n  c o n t r a s t  t h e r e  was o n l y  a s l i g h t l y  s i g n i f i c a n t  

d i f f e r e n c e  ( ~ ( 0 . 0 5 )  b e t w e e n  t h e  p r e p a r a t i o n s  i n  t h e  

t o t a l  amount o f  o e s t r a d i o l  a b s o r b e d  d u r i n g  t h e  p e r i o d  

c o r r e s p o n d i n g  t o  t h e  area 0-72  h o u r s .  

I11 - 

DISCUSSION 

A c o r r e l a t i o n  was d e m o n s t r a t e d  b e t w e e n  t h e  

p a r t i c l e - s i z e  d a t a  o n  t h e  s t a r t i n g  m a t e r i a l  and  t h e  

i n  v i t r o  r e l e a s e  d a t a  from b o t h  m e t h o d s .  The  d a t a  were 
p l o t t e d  o n  s e m i l o q  p a p e r  w i t h  d x ds  o n  t h e  abscissa 

a n d  p e r  c e n t  d i s s o l v e d  i n  v i t r o  o n  t h e  o r d i n a t e .  L i n e a r  

r e g r e s s i o n  a n a l y s e s  were p e r f o r m e d  o n  t h e  d a t a  o n  t h e  

1 5  and  30 m i n .  release,  and a co r re l a t ion  c o e f f i c i e n t  
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300 KVORNING AND CHRISTENSEN 

o f  - 0 . 9 8 3  w a s  o b t a i n e d  i n  b o t h  cases. (See F i g u r e  4 ) .  

An i n  v i v o / i n  v i t r o  c o r r e l a t i o n  c a n  be d e m o n s t r a t e d  

b y  c o m p a r i n g  t h e  v a l u e s  f o r  AUC a n d  % d i s s o l v e d  

o e s t r a d i o l  from b o t h  i n  v i t r o  d i s s o l u t i o n  m e t h o d s .  

Ug x dc ,urn 

F I G U R E  4 :  

C o r r e l a t i o n  b e t w e e n  t h e  p a r t i c l e - s i z e  p a r a m e t e r  
dg - d s  per c e n t  d i s s o l v e d  f rom b o t h  d i s s o l u t i o n  
m e t h o d s .  

A 5 1  KEY: - 15 m i n ,  O F I  f r a c t i o n ,  
f r a c t i o n  , S t a n d a r d  

O F I  f r a c t i o n ,  
* FIII f r a c t i o n ,  

f r a c t i o n .  ---- 3 0  m i n ,  

A FII  f r a c t i o n ,  * FIII  f r a c t i o n ,  

O S t a n d a r d  f r a c t i o n .  S l o p e l 5  min 
- 5 6 . 4 9 ,  s lope3o min -55 .62  a n d  corre- 

l a t i o n  c o e f f i c i e n t  -0 .983  f o r  b o t h .  
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L i n e a r  r e g r e s s i o n  a n a l y s e s  f o r  t h e  f o u r  o e s t r a d i o l  

s u s p e n s i o n s  w e r e  p e r f o r m e d  by c o m p a r i s o n  of per  c e n t  

d i s s o l v e d  o e s t r a d i o l  a t  t h e  d i f f e r e n t  i n  v i t r o  s a m p l i n g  

t i m e s  and  t h e  c a l c u l a t e d  a reas  f r o m  0-0 .25 ,  0 - 0 . 5 ,  0 -1 ,  

0-8,  0-72 h o u r s  a n d  p o s s i b l e  s e g m e n t s  o b t a i n e d  b y  

s u b t r a c t i o n .  T a b l e  2 shows t h e  c o r r e l a t i o n  r e s u l t i n g  

i n  c o r r e l a t i o n  c o e f f i c i e n t s > 0 . 9 5 0 .  

The bes t  c o r r e l a t i o n  i s  o b t a i n e d  bu compar ing  

i n i t i a l  a b s o r p t i o n  t o  i n  v i t r o  r e l e a s e  w i t h i n  t h e  

f i r s t  samplincj  t i m e s  1 5  and  3 0  m i n .  T h e r e f o r e ,  t h e  

i n  v i t r o  d i s s o l u t i o n  t e s t  c o u l d  b e  l i m i t e d  t o  c o v e r  

a t i m e  p e r i o d  o f  3 0  m i n . ,  p r o v i d e d  s a m p l i n g  w i t h i n  

t h e  f i r s t  1 5  m i n .  i s  more e x t e n s i v e ,  which  m i g h t  l e a d  

t o  a n  e v e n  b e t t e r  c o r r e l a t i o n  t h a n  t h e  o n e  o b t a i n e d  

i n  t h i s  s t u d y .  

The t w o  d i f f e r e n t  i n  v i t r o  d i s s o l u t i o n  m e t h o d s  

u s e d  p r o v e d  t o  be e q u i v a l e n t  i n  r e g a r d  t o  p r o f i l e s  

a n d  r e p r o d u c i b i l i t y ;  t h e  n a t u r a l  c h o i c e  would b e  t h e  

m o s t  s i m p l e  a n d  less  t ime-consuming o f  t h e  t w o ,  w h i c h  

i n  o u r  o p i n i o n  i s  t h e  r e s i s t a n c e  p a r t i c l e  c o u n t e r  

m e t h o d .  

I n  v i e w  o f  t h e s e  r e s u l t s ,  o t h e r  p a r t i c l e - s i z e  

d i s t r i b u t i o n s  and  t h e  i n f l u e n c e  o f  d i f f e r e n t  f o r m u l a -  

t i o n  f a c t o r s  s h o u l d  be t h e  s u b j e c t  f o r  f u r t h e r  s t u d i e s .  
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