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ABSTRACT 

The pharmacokinetics o f  t uo  200 mg ibuprofen ( I P )  f i lm-coa ted  t a b l e t s  and a 200 mg 

ef fervescent  t a b l e t  uere s tud ied i n  cross-over fashion on 14 heal thy volunteers. A f t e r  inges- 

t i o n  o f  the novel f i lm-coa ted  tab le t ,  absorpt ion h a l f  l i f e  (0.6 h) uas 42-50 X (p<0.05) 

shor ter ,  Cma, (24.6 mg/l) uas 38-42  X ( ~ ~ 0 . 0 5 )  h igher  and t,, (1.4 h) was 33-36 X ( ~ ~ 0 . 0 5 )  

shor ter  than a f t e r  the o lder  type f i lm-coated t a b l e t  and a f t e r  e f fervescent  tab le t ,  respec t i -  

vely. The b i o a v a i l a b i l i t y  o f  I P  was c lose t o  s i m i l a r  from t h e  three preparations. IP uas t o -  

l e ra ted  wi thout  s ide -e f fec ts .  The fas te r  absorpt ion o f  IP from the neu f i lm-coated t a b l e t  

may have therapeut ic  s ign i f i cance  uhen r a p i d  onset o f  e f f e c t  i s  des i rab le,  e.g. i n  the t r e a t -  

ment o f  fever  and migraine. 

INTRODUCTION 

Ibuprofen ( I P )  i s  a propion ic  ac id  de r i va t i ve ,  a non -s te ro ida l  an t i i n f l amna to ry  drug 

( N S A I D ) .  I P  has many c l i n i c a l  ind icat ions,  such as fever, rheunat ic  and other  pains, rheuna- 

t i c  inf lamnation, migraine and dysmenorrhea (1 ,2 ,3 ) .  Unt i l  recent ly ,  i n  most coun t r i es  on l y  

a c e t y l s a l i c y l i c  ac id  was ava i l ab le  as an over-the-counter NSAID, but nou I P  i s  permi t ted t o  
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be s o l d  a t  200 s t rength i n  e.g. Nordic countr ies wi thout  p resc r ip t i on .  Over-the-counter I P  

u i t h  i t s  many ind i ca t i ons  represents a chal lenging comnercial p o s s i b i l i t y .  Therefore severa l  

neu brands of I P  products have been introduced, and neu pharmaceutical formulat ions and 

dosage forms have been developed. In t h i s  study we inves t i ga ted  the pharmacokinetics o f  tuo 

f i lm-coated 200 mg I P  t ab le ts ,  one neu and one already on t h e  market, as u e l l  as those o f  a 

neu 200 mg effervescent tab le t .  

MATERIALS AND METHODS 

Fourteen healthy, non-smoking volunteers (Table 1) uere subjected t o  a c l i n i c a l  

examination and laboratory  t e s t s  before the  t r i a l .  There uere no pa tho log i ca l  values i n  the  

r e s u l t s  o f  the blood laboratory  tes ts .  Regular medication du r ing  t h e  fou r  ueeks p r i o r  t o  the  

s t a r t  o f  the t r i a l  o r  occasional medication o r  i nges t i on  o f  a lcohol  dur ing the 24 h before 

the study uere exc lus ion c r i t e r i a ,  as uere pregnancy and lac ta t i on .  The use o f  cont racept ive 

drugs uas al loued. 

The study uas c a r r i e d  out  i n  three sampling runs u i t h  one ueek i n te rva l s ,  i n  cross- 

over fashion. The drugs uere g iven t o  the  vo lunteers i n  a randomized order (Table 1). Sub- 

j e c t s  fasted from 2200 o 'c lock of t he  day before the  s t a r t  o f  each sanpl ing run o f  t he  study. 

A t  0800 o f  the study day, the f i lm-coa ted  t a b l e t s  uere adnin is tered u i t h  2 d l  o f  t a p  uater; 

effervescents uere g iven d isso lved i n  2 d l  o f  t a p  uater. A t  1200 o 'c lock they uere g iven a 

Lou f a t ,  standardized meal, and a t  1500 o'clock, a standardized snack. Venous blood sarrples 

(5 m l )  uere draun i n t o  vacuun tubes us ing 20 G needles be fo re  the i nges t i on  and 20, 40 60, 

80, 100 min, 3 ,  4, 6, 8, 12 and 24 h a f t e r  the admin is t ra t ion.  Serun uas separated from the 

blood samples by cen t r i f uga t ion  and s to red  a t  -20 C until analys is .  0 

Volunteers f i l l e d  out a study event form a f t e r  each sanpl ing run s t a t i n g  t h e  type, 

time, i n t e n s i t y  and du ra t i on  o f  each adverse event. A signed consent uas g i ven  by a l l  the 

volunteers before the t r i a l .  The design o f  the t r i a l  uas approved by the E t h i c s  Comnittee o f  

the U n i v e r s i t y  o f  Kuopio and Kuopio U n i v e r s i t y  Central Hospi ta l ,  Kuopio, Finland. 

Ana lv t i cs  and ca l cu la t i ons  

Serum I P  concentrat ions uere measured u i th  a HPLC method (4). The q u a n t i t a t i o n  l i m i t  

uas 0.1 mg/l ( s igna l  t o  noise r a t i o  4 : l ) .  

Ar i thmet ic  means and standard dev ia t i ons  (S.D.)  from serun I P  concentrat ions uere 

ca lcu lated.  Pharmacokinetic parameters uere ca l cu la ted  us ing PCNONLIN pharmacokinetic conpr- 

t e r  program (ve rs ion  02; S t a t i s t i c a l  Consultants, Kentucky, USA). One conpartment model u i t h  
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TABLE 1 

The Anthropometric Data of the Volunteers, and the Administration Order of 200 mg Ibuprofen 
F i  lm-Coated Tablets Buranam (6200) and Dolgite (D200), and Effervescent Tablet (E2OO). 

Volm- Sex Age Ueight Height ministration order 
teer (F /M)  ( y )  (kg) (cm) sampling runs 

I I 1  i11 

A M 
B M 
C M 
D F 
E F 
F M 
C F 
H M 
I F 
J M 
K F 
L F 
M M 
I F 

22 83 195 
22 65 169 
22 71 177 
22 49 155 
24 50 156 
23 65 168 
25 78 1 74 
23 83 187 
21 70 161 
25 75 188 
23 58 165 
23 55 169 
25 80 178 
24 55 160 

D200 
D2OO 
8200 
D200 
E2OO 
8200 
8200 
E2OO 
E2OO 
D200 
E2OO 
D200 
8200 
E200 

8200 
E200 
E2OO 
8200 
DZOO 
D200 
E2OO 
D200 
D2OO 
E200 
8200 
6200 
D2OO 
8200 

E200 
8200 
D200 
E200 
8200 
e200 
d200 
8200 
8200 
8200 
D200 
e200 
E200 
0200 

first-order input and first-order output with the possibility of lag-time of absorption was 

used for iterative minimization of the function. The parameters uere tlag (lag-time of ab- 

sorption), AUC (area under the concentration/time curve frm zero to infinity), C,, (maxi- 

m concentration of I P  in serun), tmX (the time of the occurrence of Cmax), t,,O1 (half 

life of absorption) and t'h,10 (half life of elimination). 

Tuo-way analysis of variance uas used to determine the statistical significance of 

the differences between products in the pharmacokinetic parameters. Statistical tests and 

comperisons were evaluated at the 95% significance level (~'0.05). All statistical calcula- 

tions were performed using SPSS/PC+ program (version 2.0, SPSS Inc., Illinois, USA). 

The statistical power of the study to detect differences between preparations in the 

pharmacokinetic parameters was calculated using the MathCad conputer program (version 2.5; 

MathSoft Inc., Massachusetts, USA) with the following parameters: the m a x i m  allowed type I 

(alpha) error 0.05, and the m a x i m  allowed type I 1  (beta) error 0.2. 

P repara t i ons 

B200: Buranae film-coated tablet, 200 mg. Oy Medipolar, Oulu, Finland. Batch OK148A. 

D200: Dolgite film-coated tablet, 200 mg. Dolorgiet Arzeirmittel, St. Augustin, Bonn, Fede- 

ral Republic of Germany. Batch 290299. 

E200: Ibuprofen effervescent tablet, 200 mg. Dr Gergely, Vienna, Austria. Code 211189/1. 
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FIGURE 1 

Serun Concentrations (means from 14 volunteers) o f  Ibuprofen A f t e r  a S ing le  200 mg Dose as 
Film-Coated 6200 Tablet ( - + - I ,  Film-Coated D2OO Tablet C - A - ) ,  o r  as an Ef fervescent  EZOO 
( - - o - - ) .  = S i g n i f i c a n t l y  (pc0.05) Higher than 6200 and E200, ANOVA + Tukeyls Test. 

The mean IP contents (measured us ing the method described i n  the  assay o f  1P f o r  I P  

t ab le t s ,  Uni ted States Pharmacopeia X X I I ,  1990) o f  the preparat ions were: 6200 194.8t1.0 mg, 

D200 194.0t0.5 mg, E200 201.4t0.6 mg (meanstS.D., N.6). 

RESULTS 

The volunteers repor ted o f  no adverse events a f t e r  t ak ing  IP. The concentrat ions o f  

1P i n  serum a re  shown i n  Figure 1. In t h e  l a s t  (24 h) b lood sanples I P  l e v e l s  uere belou the  

q u a n t i t a t i o n  l i m i t .  

The b i o a v a i l a b i l i t y  o f  I P  uas c lose  t o  s i m i l a r  from a l l  t h ree  products, but I P  uas 

absorbed fas te r  from D200 than from 6200 o r  E2OO. A f t e r  i nges t i on  o f  D200, C,, (24.6 mg/l) 

uas achieved 0.7 - 0.8 h e a r l i e r  (p<0.05), and i t  uas 6.8 - 7.3 mg/l (pc0.05) h igher .  This 

can no t  be explained by s t a t i s t i c a l l y  i n s i g n i f i c a n t  d i f f e rences  i n  lag- t imes (Table 2). 

DISCUSSION 

Perora l  b i o a v a i l a b i l i t y  o f  I P  i s  c lose t o  100 X (51 ,  and i n  general i t  i s  no t  a l t e r e d  

by pharmaceutical d i f ferences i n  I P  products. Our r e s u l t s  conf i rm the  prev ious f i nd ings  
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TABLE 2 

Pharmacokinetic Parameters o f  Ibuprofen (means i S.D. from 14 volunteers)  Calcu lated from 
Concentrat ions i n  Serun A f t e r  a S ing le  Perora l  200 mg Dose. 

B200, 

mean 
f S . D .  

Cocrpar 

Pouer 

i lm-coated t a b l e t  

0.40 1.04 2.04 17.8 1.42 81.0 
0.37 0.55 0.77 4.5 0.27 17.8 

son betueen 8200 and DZOO 

NM 29.9' 26.9' 25.8' 12.7 11.1 

DZ00, f i lm-coa ted  t a b l e t  

mean 0.27 0.60 1.36 24.6 1.29 81.3 
i S . D .  0.19 0 .43  0.55 8.3 0.36 19.9 

Comparison betueen DZOO and EZOO 

Pouer 94.4 88.6* 30.9* 21.1* 10.9 15.4 

EZOO, e f fervescent  t a b l e t  

mean 
i S . D .  

0.27 1.19 2.11 17.3 1.46 84.3 
0.29 0.56 0.64 5.4 0.30 27.4 

Comparison betueen EZOO and 6200 

Pouer 92.9 33.7 16.2 15.1 11.3 13.2 

Pouer = minimum d i f f e r e n c e  ( X )  t h a t  could be detected. NM = ,100; no t  accurate ly  measurable 
* = s t a t i s t i c a l l y  s i g n i f i c a n t  (p<0.05) di f ference;  ANOVA + Tukey's t e s t .  

about t h e  s t a b l e  b i o a v a i l a b i l i t y  o f  I P  from d i f f e r e n t  for rmlat ions.  Our s tudy on 14 volun- 

teers uas extens ive enough t o  detect  d i f f e rences  l a rge r  than i15.5 X i n  AUC values and la rge r  

than i12.7 4: i n  e l i m i n a t i o n  h a l f  l i ves .  No s i g n i f i c a n t  d i f f e rences  uere observed. 

Food can delay t h e  d i s s o l u t i o n  and absorpt ion o f  1P ( 6 ) .  L i q u i d  formulat ions are 

u s u a l l y  l eas t  a f f e c t e d  by the contents o f  the stomach. In the present study, vo lunteers 

fasted f o r  10 h before drug admin is t ra t ion,  and they uere g iven a Lou f a t  meal f ou r  hours 

a f t e r  t he  admin i s t ra t i on  o f  preparations. Therefore the food obv ious ly  d i d  no t  a f f e c t  t he  

absorpt ion o f  IP e i t h e r  from s o l i d  form t a b l e t s  o r  from ef fervescent  tab lets .  
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In general, l i q u i d  formulations o f  drugs produce the most rapid and the most complete 

absorption o f  peroral drugs. The resul ts obtained a f te r  ingestion of dissolved effervescents 

d i d  not shou the expected super ior i ty.  Already previously, some studies have shoun that the 

absorption of I P  from l i q u i d  formulations i s  slouer than from so l i d  form tablets. Friednan e t  

al. (7) observed that IP uas absorbed more slouly from suspension than from tablets. Absorp- 

t i on  of I P  from solut ion have been shoun t o  be more rapid than from suspension (8). Small e t  

al., (9) found slouer absorption of 1P from tablets disperged i n  cherry syrup or i n  Coca-Cola 

than from so l i d  form tablets or from I P  dissolved i n  orange juice. This f ind ing  suggests that 

I P  may be incompletely dissolved i n  some liquids; i n  the case of effervescent tablets, i n  

water. lnconplete dissolut ion resu l ts  i n  an I P  l i q u i d  that resembles suspension i n  i t s  

pharmacokinetic properties. In v i t ro ,  the pH of the dissolut ion mediun have been found t o  

a f fec t  markedly the dissolut ion of I P  (10). 

The age of the patient, l i v e r  disease or rheunatoid a r t h r i t i s  have minimal e f fec ts  

on absorption or b ioava i lab l i t y  ( l l ) ,  but i n  several ea r l i e r  studies, the absorption ra te  of 

I P  has been shoun t o  be af fected by pharmaceutical differences in products (4,12,13) and by 

the route of administration (8). Ui th  respect t o  the ra te  of absorption, ue could re l i ab l y  

shou large differences between preparations: 50 - 55 X i n  tmax and 74 - 99 X i n  absorption 

ha l f  l ives. There uere also differences i n  peak plasma I P  concentrations, the rap id ly  

absorbed fi lm-coated tablet  producing the highest levels. Differences of t h i s  magnitude may 

have significance i n  therapy, especially as over-the-counter 200 mg IP preparations are most 

c o m n l y  used against acute symptoms, uhere a rapid drug act ion i s  desirable. 
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