
H, If. Rubiimtein 

school of Pharrppcy, Liverpool Palytechnic 

Byram Street,  Liverpool L3 w’, U. K. 

AEsaLAcT 

Batch- of f n u e d d e  tablets  uere produced ming 

Explotab, pplypludo~4e XL, hmberlite I W B ,  lasize atarch, 

and Elcav PlOO ar  dimintegrmta. 

vere carried out on a double blind baais. 

Bicmvailability atudier 

The bioavai labi l i ty  differences between f o d a t i o n s  was 

Explotab rendered the fruseolide far  shown t o  be s igni f icant .  

m o r e  bioevailable than the other four disintegrents. 

IMRODUCTION 

The idhence tht a change i n  fonaulation can have on 

the resul tant  bioavaFlability of a drug is important to 

mat phamaceuticnl caapanies, Although inportant, these 
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106 W l l a W t K A  

bloavailabFlity changes cannot e e s i l y  be determined in 

p r a c t i c e  and, therefore ,  it has bccamc necessary t o  imesti- 

ga te  the effect of f o d a t i o n a  on t h e  dis8olut ion rate of 

t h e  drug. 

release of the a c t i v e  ingredient frcr the donage fom under 

ihv i t ro  conditions,  but  i n  tha ahence of an I f ~ v l v d f k  

v i t r o  corre la t ion  will not pred ic t  b i o a m i l a b l l i t y .  

addition, dlsnolut ion rut-  w i l l  only be useful if it I s  

k r w n  that t h e  absorption rate of t h e  drug ia disso lu t ion  

rate limited. Thus, b l o a v a i l a b i l i t y  of digoxin f r a n  t a b l e t s  

can be prul lc ted  from dIS8OlUtiOn r a t e  meaauraemta, since 

an h v I v o / i n - v i t m  c o r r d a t l o n  ?ma been establ ished and 

it is knam that digoxin  disso lu t ion  is the rate l i n i t l n g  

at- controlling absorption. fhever, f o r  moat other drugs 

including f n r s e d d e  ( furoseaide) ,  no such colTalPtlona have 

been eatablished, 

Dissolution ra te  w i l l  yield inf-tioa on the 

In 

An aid t o  fornula t ion  is, therefore, necessary t o  

know har cmmon t a b l e t  a t c i p i e n t s  and proceaalng methods 

influence drug b l o a v a i l a b i l i t y  d i rec t ly .  The purpose of 

t h e  preaent i m t w t i g a t l o n  is to report on t h e  effect of 

variow t a b l e t  dis integmnta and nethods of proce~sing on 

drug bimvaFLnbili ty,  

It urns necessary t o  choose a model drug for use in 

t h e e  atudlttn and it u m m  decided t o  uae frusemlde for the  

f o l l a l n g  reasonn:- 
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BIOILVAItABXLITY OF FRUSEHIDB 107 

Fnuemide has a very s h o r t  half-life. This means 

that in 24 hours it in poss ib l e  t o  collect u r ine  

for a t  least 9-12 I&-lives. 

F N e n i d e  i. elhinatd undrp~yed i n  t he  urine. 

t ' n r s d d e  is r e l a t i v e l y  easy t o  essrry. 

Frusaaide is not p ro te in  bounri. 

Frueedde is r e l a t i v e l y  safe t o  a c h i n i s t c r  t o  

M I Q ~  heal thy volunteers. 

Fnrsaaidc is very poorly uater soluble  and is 

knam t o  exhibit b i o a v a i l a b i l i t y  differences.  

Fruseaide praaotes urine P l o v  and, therefore, it 

is poss ib l e  t o  obtain many umaples of urine i n  a 

29 hour pariod. 

Bioavailabllity can be R-sUCC~ i n  a nuher  of ways. 

The moat c(3.Ion method ia to measure t h e  .rY)unt of drug 

reaching t he  c i r cu la t ion  18 a function of t h e .  

the re  are p i t f a l l 6  i n  utimating b i o a v e i l a b i l i t y  from 

mea8ureraenta of unchanged drug i n  h1tnn.I. These include:- 

However, 

(a) The t o t a l  area under t he  curve nust he estimated 

which Involves a model dependant correct ion for 

the period between cessat ion of BIlapliilg and time 

idMty. 

Cb) The correct ion t h  requires a k ~ ~ ~ u l r d g e  of the  

rate constant for the elimination pliase. 
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108 RUBIHSlZIN 

(c) Depending upon t h e  model, parameters  such a8 renal 

c learance ,  var ious  r a t e  cons t an t s  and volumes of 

d i s t r i b u t i o n  must be assuned t o  be cons t an t  e i t h e r  

i n t e r -  or i r i t rasub jet. 

(d) The assay  procedure m u s t  be s e n s i t i v e  emugh t o  

detcxmine drug l e v e l s  approximately one twen t i e th  

that of t h e  peak l e v e l .  

(e) I n  tlie c a s e  of r ap id ly  e l imina ted  drugs l i k e  

frusemide, peak blood levels are d i f f i c u l t  t o  

determine wi th  any degrce of p r e c i s i o n  and inva r i -  

ab ly  they  a r e  missed a l toge the r .  

B i o a v a i l a b i l i t y  can be determined, however, by measur- 

i ng  tlie amount of intact drug i n  the ur ine .  

offers a number of advantages. The method is model inde- 

pendent provided t h e  drug does not  e x h i b i t  non l i n e a r  

phanaocokinetics. 

to obta in .  

a v a i l a b i l i t y  da t a  is t h a t  tlie average f r a c t i o n  of drug 

reaching t h e  c i r c u l a t i o i i  is excreted i n  t h e  u r i n e  f o r  a 

given panel .  This  is t h e  same €or two o r  mare t reatments .  

Tlius, i n  tlie p reaen t  study ,  b i o a v a i l a b i l i t y  of frusemide 

was determined f r w  varioua t a b l e t  fonnula t ions  by measure- 

ment of t h e  amouxit of f rusen ide  excre ted  unchanged i n  t h e  

ur ine .  

This  approach 

Samples a r e  much e a s i e r  and less c o s t l y  

The only  mjor assurcption i n  de r iv ing  t h e  bio- 
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BIMVAILMILITY OF FRUSENIDE 109 

Methods of Assessing Bioavai labi l i ty  

Two methods f o r  the measurescnt of bioaviril irbility 

were used. The f i r s t  w a a  that of User c t  a 1  (2) (tktlmd 1). 

% AVAILABILITY - [ X,, -3 t a b l e t  foxm x 100 

(1) - [ x,, -1 aqueous solut ion 

t a b l e t  fm i a  the t o t a l  amount of 

fruaenide excreted in the urine after 

t a b l e t  a thini t i t ra t ion.  

aqueous solut ion is tlie total  muit of 

frublemide excreted a l t e r  u h l i i i a t r o t i o n  

OE an o r a l  a q u w  so lu t ion  oE f'ruouuidr. 

Frrn the c d a t i v e  mount of' frurrunide excreted w i t h  

time plots (Fig.1). t he  sulwwnt of f M s P i d e  eliminated el'ter 

24 hours was estimated. Since a t  l a s t  9 Iu~lf ' - l ives  had 

elapsed during t h i s  p e r i d ,  the mwunt eliminated aPter 24 

hours was considered t o  be the mount eliminated a t  i t d in -  

ite time and thurr bioava i lab i l i ty  as a percent was walu -  

a t 4  according the equation (1) 

Method 2 was t h a t  ok' Niebergoll et a1 (3) 
u - um - &ka .-ket 

- 
ka-ke - lL- Pe-kot 

U -  ". - !! 
ke 
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110 RWINSTBTN 

Formula t i o n  
r h  

Time lburs 

FIG. 1 - Cllmuletive amount of frusemide exareted with t i m e  
(Subject 1) 
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BIUVAIXABILXTY OF FBUSNIDL 111 

U - Cuaulative anmuit of d n t g  urlclran(led i n  

the urine up t o  t h e  time t 

Total amount of drug excreted in the ur ine k - 
ka - Ahaorption rate constant 

ke - Overall eliminetion rate conotant 

Frrm equation (3) U, for each tablet waa evaluated 

and b ioavai lab i l i ty  deterarined by subs t i tu t ion  in equp- 

t i o n  (1). 

rhe Effect of Five Disintegranta on the Bioevai labl l i ty  of 

Frunemide frat W m g  t a b l e t s  

Ident ical  batch- of W mg f rus ta idc  tablets were p r a  

q r e r r a t d  a t  1s0 w-' t o  tile f o u i n g  f a d a t i o n :  

f n u a d d e  Uhg/tablet, d c i u  phoaphats lOOmg/toblet, 

pro te in  S a d u t i o n  2096 w h  Q., dio ln tegr rn t  l k g / t a b l e t  

8nd nugnuirm 8 t t an te  l% w h .  

the five htchea yere: 

The dlaintegrants  wed i n  

(a) Explotab (Edward Handell Co., IN.) 

@) Pdyplasdone XL (W) 

(c) Amberlitc IRP 88 (Robe and Ilaas) 

(d) b i z c  Starch 

(e) El- P 100 ( k i u s ~  Corporation) 

The o v e r a l l  tablet weight was 165 lag. 

I n  each mas the  t a b l e t s  w e r e  aneuned by male volun- 

teera aged between 18-30. 

carried out  on a double-blind 

taking the  same tablet a t  l e a s t  twice. 

The bioavai lab i l i ty  s tudies  uere  

basis, w i t h  each volunteer 

O n  each day of the  
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112 

experiment each sub jec t  took t h e  same I r U  m g  tablet of lurwn 

code or a n  ural so lu t ion  of Prusmide .  The bladder was 

-tied p r i o r  t o  the s t a r t  of t h e  experiment and the t in  

noted, The t a b l e t  or solution -8 given by mouth w i t h  

or  ant of orange j u i c e  respectively.  Wine m e s  

uere col lected as near a s  poss ib l e  t o  the  following times: 

30 m i n s . ,  UI., 1.511. , 2.511.. 4h. 911. 1211. and 2Wr. me 

t o t a l  volune of each u r ine  sample was recorded together 

w i t t i  t he  exact time of col lect ion.  

ariolyzed for f rusenide content (1). 

The u r i n e  saaples were 

tigure 1 sliwa the d a t i v e  amounts of frusemide 

excreted with time for one of the subjects .  

I t  can be seen tililt after 2q houri only  approximately 

BRg of frusemide had been el iminated f rar  the Qcwm f o m -  

l a t i o n ,  whercaa with the  Explotab foxmulation over 2- had 

been excreted. 

The Effect of Hcthod of Proctsaing on the  Bioava i lab i l i ty  

of Frusenide frau Wl nrg t a b l e t s  

In this study two propr i e t a ry  fruseraide products ue re  

compared uith two experimental fomulat iona:  a d i r e c t  

compression f o d a t i o n  containing Fmcarpress and a w e t  

granulation containing %lotab. 

Dissolution rates and d i s in t eg ra t ion  times were mea- 

surcd and the  results a r e  atioun i n  Table 11. I t  can be 

Been t h a t  t h e  proprietary A tias a s h o r t  d i s in t eg ra t ion  time 

but a very long d i s so lu t ion  half-life ( t S O % ) ,  w h i l s t  the 
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BIOAVAIUBILXTI OF FRUSEHXDE 115 

direct canpression i 'onwla t lor i  Iws P fas t  d iseo lu t iur l  rote 

b u t  a r e l a t i v e l y  long d i s in tqp -a t io r i  t i m e .  The i l b v i t r o  

p r o p e r t i e s ,  t he re fo re ,  i n d i c a t e  th  t l a r g e  diff 'urences 

s l d d  exist between the b i o a v a i l a b i l i t y  of t h e  varioua 

products .  

B i o r v a i l a b i l i t y  studies w e r e  e i v i l a r l y  pcrk'uimed a s  i n  

t h e  previous work. 

excre ted  wi th  time p l o t s  f'ur one of t l re  s u b j e c t s  is slrarn 

i n  r ig .  2. Since wi th  this serien l ' r u u u i d c  was titill 

being e l imina ted  a f t e r  211 hours, eyuat iun  2 WUB f i t t e d  t o  

t h e  u r ine ry  excretion dota. E q u t i o i i  (2) as8~llle8 a o m  

caapartznent open phamacok ine t i c  munlel.k, f r a  prcviouo 

work was fwnd t o  be 0.25 Iw" a i d  thus for each a h i n i s -  

t r a t i o n  inc luding  a s o l u t i o n ,  a s t r a i g h t  line rllrOuld result 

froa a p l o t  o f  u a g a i m t  e-0-25t .  

c i e n t s  €or this f i t  were found to be Letter tlwri 0.92OU i n  

a l l  ca ses ,  i n d i c a t i n g  a goodness of  tit a t  a p r o b a b i l i t y  

l e v e l  of b e t t e r  than  99.9%. Thw a one canpartmerit opeir 

model f i ts  very w e l l  indeed a l l  t h e  da ta  I'ruu the ur ina ry  

a n a l y s i s ,  Fram t h e  b e s t  f i t ,  s t r a i g h t  l i n e  U- uas ca lcu-  

l a t e d  and the varioua values  of U, a r e  sliawn i n  t a b l e  111, 

nirt crvaulative cvwwiits of l ' r u w i d e  

nru regrcvsioii c o d f i -  

Larger intraaub ject  v a r i a b i l i t y  was f'ourul with t h i s  series 

and smaller d i f f e rences  between foimiulations were apparent .  

Analysis  of var iance  ind ica t ed  t h a t  i n t e r - sub jec t  v a r i a b i l -  

ity wan not s i g n i f i c a n t  i n  r e l a t i o n  t o  t h e  s i g n i f i c a n t  

d i f f e rences  between formulations.  Cn urder t o  assess 
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'to 

36 
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F I G .  2 - Cunulat ive amount of f rusen ide  excre ted  wi th  time 
(Subject  MIIR) 

whether t h e  fo&a t i ona  w e r e  i n d i v i d u a l l y  s i g n i f i c a n t l y  

d i f f e r e n t ,  various m u l t i p l e  canpar i son  tes ts  W e r e  employed. 

These included t h e  Tukey, Sclreffe arid Duncan nrultiple range  

t e a t s .  A l l  t h e  tests ind ica t ed  that  a s o l u t i o n  uas  signi- 

Picar i t ly  d i f f e r e n t  from t h e  o t h e r  four formulations and 

t h a t  p r o p r i e t a r y  B w e e  s i g n i f i c a n t l y  d i f f e r e n t  from pro- 

p r i e t a r y  A, the w e t  g r anu la t ion  and t h e  d i r e c t  canpress ion  
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formulation. Thus it can be concluded that a so lu t ion  is 

the moat bioavai lable  dosage fonn and t h a t  p rop r i e t a ry  B is 

i n f e r i o r  t o  t h e  otiier t h e e  t a b l e t  foxmulatiom. Rqrie-  

tary A, tile w e t  g r a d a t i o n  a d  d i r e c t  compression forrtlula- 

t i o m  a l l  appear t o  render f rusaa ide  equally bioavailable.  

This processing, by the  d i r e c t  canpression method would 

sewn not t o  i nqa i r  t he  r e l e a s e  and absorption of f r u s m i d c .  

RESULTS 

Table 1 depicts  the r e s u l t s  obtained for t h e  various 

t a b l e t  Ponnulations. I t  cen be seen t h a t  measurement of 

b i o a v a i l a b i l i t y  by both methods y i e l d s  s i m i l a r  results, 

within experinrental e r ro r .  nius i n  tlie case of frusenide ,  

m ~ e u r e n e n t  of t he  amount excreted a f t e r  2t) hours is a 

a a t i s f a c  tory procedure for estimatirig b ioava i l ab i l i t y .  

can a l s o  be see11 from Table 1 t h a t  l a r g e  a v a i l a b i l i t y  

differaiices e x i s t  between tlie formulations. By a two way 

analyais  ot' variance the  differences betweeri and within 

I t  

subjects  was shown t o  be i n s i g n i f i c a n t  w h i l s t :  t he  d i f f e r -  

eticea between fonnulationa uaa sliomi t o  be very s i g n i f i c a n t .  

Thus Explotab renders t he  drug f a r  inore bioavai lable  tl~ari 

the other four  tliairitegronts. In tlie case of Elcema t he  

b i o a v a i l a b i l i t y  is reduced by more than 5a over a similar 

t a b l e t  containing Explotab, w h i l s t  t a b l e t s  containing 

Amerlite reduced the  b i o a v a i l a b i l i t y  by 15%. 

c l e a r l y  sluw t h a t  i n  t h i s  s e r i e s  Explotab is the b e s t  d i s -  

The r e s u l t s  
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i n t eg ran t  t o  u s e  a s  f a r  a5 the b ioeva i l ab i l i t y  01' frusuaidc 

is concerned. 

c0NcLus10Ns 

The bibavai labi l i ty  of f r u s a i d e  fran t a b l e t 8  has been 

ahown t o  be influenced by the  d m i c e  of diointegrant  in- 

cluded i n  t h e  fonnulation. 

produced t h e  b e s t  r e l ease  folloued i n  ruiA order by Poly- 

plasdone XL, Amerlite IRN8, Meire Stilrcli a i d  Ucuuo PlUO. 

In another study tua proprietary llhng taLlcts were colcparrd 

aid it was found tlret proprietary P rendered I'nurmidr less 

bioavai lnble  than proprietary A. 

l a t i o n  and a d i r e c t  carpression fo rau la t ion  containing 

bccqmess were further shown to be b ioequ iva lmt  t o  pro- 

p r i e t a r y  A indicat ing that d i r e c t  canpreasrrion f o d a t i o n s  

do not adversely affec. b i o t i v a i l d i l i t y .  Dissolution r a r e  

mersurmnents would seem no t  t o  c o r r e l a t e  uitli drug biouvail-  

a b i l i t y .  

bu t  exhibited good b ioava i l ab i l i t y ,  wh i l s t  w i t h  proprietary 

B t he  converse was true.  

In a caapurativc study Cxplotab 

A w e t  g r a d a t i o n  t'onnu- 

Thus, prap r i e t a ry  A had a slow dissolut ion r a t e  

1. 

2. 

3. 
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