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Summary 

Absorption studies have been performed in nine healthy volunteers. Plasma concentrations of naftidrofuryl have been 
compared following administration of a single dose in three modified release explorative hydrocolloid matrix tablets and in an 
aqueous solution. The solution and one matrix tablet contained 100 mg, whereas the other two matrix formulations contained 300 
mg of the drug. The amount of hydrocolloids used in the matrix tablets was varied to produce different in vitro release rates. The 
relative extent of bioavailability from the 300 mg tablet with a rapid drug release in vitro was significantly reduced, while it was 
unchanged from tablets with a comparatively slower drug release. This suggests that the absorption process has a limited capacity, 
and that the drug release rate is not controlling the absorption at this dose level. In contrast, the in vivo release rate from the 100 
mg tablet, estimated by means of numerical deconvolution, showed a close agreement with the in vitro data. 

Introduction 

Naftidrofuryl is reported to be effective in the 
treatment of senile dementia (Cox, 1975; Brodie, 
1977; Cox and Shaw, 1981; Grossmann et al., 
1990), and in the treatment of patients suffering 
from chronic arterial diseases (Triibestein et al., 
1984) such as intermittent claudication (Waters et 
a!, 1980; Adhoute et al., 1986). The substance is 
~!aime0 to be v~spa~tive, and thereby to increase 
peripheral and cerebral blood flow (Fontaine et 
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al., 1968, 1969). It acts at the tissue level, facilitat- 
ing tissue oxidative metabolism by activation of 
succinic dehydrogenase (Meynaud et al., 1973). 

In early investigations on senile dementia (Cox, 
1975; Brodie, 1977; Cox and Shaw, 1981), a stan- 
dard daily dose of 3 × 100 mg naftidrofuryl hy- 
drogen oxalate was used, whereas in a recently 
published study (Grossmann et al., 1990) the pa- 
tients were treated daily with 3 x 200 mg. In the 
treatment of peripheral arterial occlusive dis- 
eases, a daily dose of 3 x 200 mg naftidrofuryl 
hydrogen oxalate has been shown to be active 
and safe (Waters et al., 1980; Triibestein et al., 
1984; Adhoute et al., 1986). 

Extended release tablets containing 100 and 
200 mg naftidrofuryl hydrogen oxalate are at pre- 
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sent commercially available, e.g., in Germany. 
However, an extended release tablet containing 
300 mg of the drug, making administration only 
twice daily possible, might be advantageous, as it 
increases the compliance. 

The purpose of the present study was to inves- 
tigate the bioavailability of exploratory hydrocol- 
loid matrix tablets, containing 300 mg of the drug. 
Two tablet compositions with different in vitro 
release rates, due to various amounts of the hy- 
drocolloids xanthan gum and guar gum in the 
matrix, were tested. An explorative matrix tablet 
and an oral solution, both containing 100 m g of 
the drug, were used as references, since no phar- 
macokinetic data are available after acute oral 
doses of 300 mg drug. The absorption of the 
readily soluble naftidrofuryl was expected to be 
dependent upon the in vivo release rate, .a.nd a 
search was conducted in order to discover whether 
any relationship between the in vitro ond in vivo 
release of the drug existed. 

Materials and Methods 

Dosage forms 
Naftidrofuryl hydrogen oxalate is freely water 

soluble, and its pK a is 8.2 at 30°C (Martindale, 
1989). Each 100 ml dose of the plain aqueous 
solution (1 mg m1-1) of naftidrofuryl hydrogen 
oxalate, was individually dispensed in a sealed 
bottle. The compositions of the three different 
hydrogel matrix tablets are listed in Table 1. The 
types of tablet excipients used and their relative 
amounts were the same as those described in 

TABLE 1 

Composition of naftidrofuryl hydrogen oxalate sustained release 
tablets 

~omponen ~ Amount (mg) 

A B C 

Naftidrofuryl hydrogen oxala te  100.0 300.0 300.0 
Xanthan gum 18.7 10.7 35.5 
Guar gum 18.7 10.7 35.5 
Lactose 12.7 131.0 81.2 
Excipients ad 233.3 700.0 700.0 

another paper (Waaler et al., 1992). The tablets 
were produced on a laboratory scale in an identi- 
cal manner to that reported in the same study. 

In vitro release rate 
The release rate of naftidrofuryl was deter- 

mined by means of the USP Apparatus II method 
(Sotax AT 6, Basel, Switzerland) with the paddle 
operating at rotation speeds of 50, 75 and 100 
rpm. Nets of stainless steel, placed on the bottom 
of the beakers, kept the tablets from sticking to 
the walls. 900 ml (37.0 _+ 0.2°C) of degassed phos- 
phate buffer (pH 7.4, ionic strength 0.1) or de- 
gassed HC1 (0.1 N, ionic strength 0.1) was used as 
dissolution medium. The concentration of re- 
leased naftidrofuryl was recorded on line at 242 
nm with a spectrophotometer (Beckman DU 50, 
Beckman Instruments, MiJnchen, Germany), con- 
nected to a computer (SAM 68 K, KWS Comput- 
ersysteme, Ettlingen, Germany), using the pro- 
gram Pho-meter (Wai3mus, 1989). 

Assay 
The frozen plasma samples were allowed to 

thaw at room temperature. A specific volume 
ranging from 200 to 700 /zl of the plasma was 
spiked with 100/zl internal standard (2 gg ml- 
verapamil hydrochloride). The quantification was 
performed by HPLC analysis after solid-phase 
extraction of the plasma samples (Waaler and 
Mfiller, 1992). Precision analysis indicated a rela- 
tive standard deviation between 1.1 and 3% for 
the method at plasma concentrations ranging from 
10 to 300 ng ml-~. The limit of detection was 
calculated to be 0.6 ng ml -~, having a relative 
standard deviation of about 15%. 

Design of the in vivo study 
The study was performed at the clinic Rechts 

der Isar in Miinchen, Germany, and was ap- 
proved by the local ethics committee. Nine volun- 
teers (age 20-30 years, weight 51-81 kg) partici- 
Bate~l. The suiaject~ ~a~[ed 0vernigla.¢ bef'ql~¢ being 
given a single oral dose of a formulation in a 
cross-over manner. The tablet formulations used 
were given with 150 ml tap-water and the oral 
solution with 50 ml water. There was a wash-out 
period of 1 week between each dosing. The sub- 
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jects continued fasting for another 1 h after ad- 
ministration, and then received a standardized 
breakfast. A warm meal (!200 kcal) was given 
another 4 h later. The intake of water or lemon- 
ade was allowed ad libitum up to a volume of 2.5 
1, and smokers were allowed to a maximum of 
three cigarettes. Blood samples (5 ml) were drawn 
at 0, 0.5, 1, 2, 3, 4, 6, 8 and 24 h after each dosing, 
and collected in heparinized tubes. Plasma was 
separated by centrifugation and stored at - 20°C  
until analysis. 

Pharmacokinetics 
The area under the plasma concentration vs 

time curve (AUC) was calculated according to the 
trapezoidal method in the time interval 0 -8  h. 
The residual area was estimated using the elimi- 
nation rate constant assessed from the terminal 
slope after administration of the solution, assum- 
ing constant clearance in the different treatment 
periods. The calculations were performed using 
an R S / 1  procedure (BBN, Software Products 
Corp., Cambridge, MA, U.S.A.) in a Vax com- 
puter. Maximum concentration (Cmax) and time 
for reaching this concentration (/max) were  mea- 
sured directly without interpolation. 

No period effect is assumed, and the 95% 
confidence interval of the extent of bioavailability 
was determined according to Eqn 1 

AUCsolution q- AUCtablet - solution "t- t , , / 2 , .  - l s / f  ~ 

AUCsolution 

(1) 

where s denotes the standard deviation assessed 
for the dif ference in individual response 

(AUCtablet/AUCsolution" dosesolution/dosetablet) of 
the subjects, n is the number of subjects receiving 
the tablet formulation. 
The mean of the differences between the treat- 
ments was determined on the basis of Eqn 2: 

AUCtablet-solution 

n i 

~] (AUCtablet(i)-  
i=1 

AUfsolution(i)) 

(2) 

and the mean AUC of the solution according to 
Eqn 3 

n i 

E AUCsolution(i) 

AUCsolutio n = i= 1 (3) 
n 

The individual in vivo release rate data after 
administration of the extended release tablets 
were generated by applying a programme for 
numerical deconvolution (Langenbucher, 1982) 
developed within RS/1 .  The plasma concentra- 
tion vs time course following administration of 
the tablets was used as the response function 
(R(t)) of the system, whereas the concentration vs 
time course obtained after administration of the 
solution was defined as the weighting function 
(W(t)). A time module of 1 h was used with linear 
interpolation in all estimations, and the differ- 
ences in the dose given were accounted for by 
assuming that the superposition principle was ap- 
plicable. The input function (l( t))  calculated il- 
lustrates the in vivo release rate from the differ- 
ent tablet formulations. 

Results 

Nine subjects received the solution and at least 
one solid dosage form, which made it possible to 
explore the behaviour of each tablet formulation 
in separate comparisons. Four female volunteers 
completed the whole study. The mean plasma 
concentration vs time curves for each of the four 
preparations are depicted in Fig. 1. The individ- 
ual and mean pharmacokinetic data derived are 
given in Tables 2 and 3, and the curves for the in 
vitro release rate of the three matrix tablets are 
given in Figs 2-4. 

Solution vs tablet A, 100 mg 
The absorption of naftidrofuryl was rapid, and 

a maximum plasma concentration of 340 p,g 1-l 
was reached within 30 rain after administration of 
100 mg in solution to nine volunteers. The matrix 
tablet, containing 16% hydrocolloids, resulted in 
a slight retardation of the absorption rate, tma x = 1 
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Fig. 1. Mean plasma concentration d:S.D, after p.o. adminis- 
tration of a single dose naflidrofuryl to healthy subjects. (e) 
Aqueous  solution 100 mg (n = 9); ( m )  formulation A 100 mg 
(n = 7); ( • ) formulation B 300 mg (n = 8); ( • ) formulation C 

300 mg (n = 5). 

h, and a reduction of the peak concentration of 
about 40%, 210/zg 1 -].  These tablets released at 
least 50 and 90% of the dose in vitro within 1 and 
4 h, respectively. A comparison of the AUCs 
(n = 7) indicates a relative extent of bioavailabil- 
ity of 1.2 for the tablet. 

The overall elimination rate of naftidrofuryl, 
estimated from the terminal slope of the plasma 
concentration vs time curve after administration 
of the solution, corresponded to a half-life of 1.6 
h. In an earlier study, a half-life of 40 min, 
determined after injection of 50 mg was reported 
(Lartigue-Mattei et al., 1978). 

Tablet A, 100 mg, vs tablet B, 300 mg 
The matrix tablet B, containing 3% hydrocol- 

loids, gave rise to a similar absorption rate (tm, x 
= 0.9) to that of tablet A, which contained 16% 
hydrocolloids. After dose adjustment in the calcu- 
lations, assuming dose linearity, the maximum 
average peak concentration was 80%, and the 
extent of bioavailability was 65% (n = 6) com- 
pared to tablet A. Tablet B showed about the 
same release profile in buffer, at 50 rpm, as tablet 
A, and at least 50 and 90% was released after 1 
and 4 h. Drug release from tablet B was more 
dependent  on both agitation and the dissolution 
liquid used, however, this does not explain the 
reduction in extent of bioavailability. 

Tablet A, 100 rag, vs tablet C, 300 mg 
The tablet showing the slowest rate of release 

in vitro (tablet C), containing 10% hydrocolloids, 
was compared to tablet A in five volunteers. No 
obvious differences were found in the pharma- 
cokinetic parameters after administration of the 
two formulations. The average ratios of tma x, 
Cma x and AUC between the tablets were 1, 1.1 
and 1.2, respectively, after dose correction. The 
in vitro release rate from tablet C was signifi- 
cantly lower than from tablet A, irrespective of 
the conditions under which release rates were 
compared. 

Tablet B vs tablet C, 300 rng 
A comparison of the bioavailability of tablets 

B and C was explored only in four volunteers 
(Table 3). The values for tma x and Cma x lie close 
to one another. However, the plasma concentra- 
tion vs time curve obtained after administration 
of tablet C, suggests a 1.4-fold greater extent of 
bioavailability. 

The in vitro differences of the two tablets are 
not reflected in the rates of absorption. By using 
10% of the tablet weight as gelling agent (tablet 
C), it is possible to cause significant retardation 
of the dissolution rate in vitro, compared to when 
3% hydrocolloid is used (tablet B) (Figs 3 and 4). 
Time periods of at least 2 and 5 h are required 
before 50 and 90% of the drug is released from 
tablet C compared to 1 and 4 h for tablet B, 
respectively. Additionally, the rate of release of 
drug from formulation C is independent of the 
dissolution medium and agitation intensities dur- 
ing the first hour. Subsequently, however, a de- 
pendence on the in vitro conditions becomes evi- 
dent, albeit to a smaller extent in comparison 
with both tablet A and B. 

In vitro vs in vivo release rate 
The mean in vivo release rates estimated by 

deconvolution for the three tablets are included 
in Figs 2-4. 

The release rate in vivo is close to that in vitro 
for formulation A at low agitation rates. The 
estimated in vivo release rate from tablet C is 
comparatively close to that in vitro during the 
initial 1 h from the beginning. During this time 
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TABLE 3 

Mean pharmacokinetic data after cross-ouer administration to 
four female t;olunteers (subjects 1-4) 

Formulation Cma x /max A U C  F a 
( /xgl  -x)  (h) ( t x g h l  - I )  

b Solution 400 0.5 605 - 
Tablet  A 250 1.25 804 1.3 
Tablet B 561 0.9 1441 0.8 
Tablet C 625 1.25 2025 1.1 

Relative extent of bioavailability (AUCtablet/AUCsolution" 

dosesolution/dosetablet) 
h Not calculated. 

period, in vitro release is less dependent on agita- 
tion rate and dissolution liquid than later on. 
Additionally, a correlation exists for tablet B dur- 
ing the first hour, but only at low agitation inten- 
sities. After 1 h, no correlations exist between the 
calculated value of the in vivo rate and that in 
vitro from either of the two high dosage strength 

i i 
o i i 5 i g 6 -~ 6 

Time (h) 
Fig. 3. Mean release rate + S.D. of  naftidrofuryl from formula- 
tion B. (zx) In vitro, 50 rpm in phosphate  buffer (n = 6); (rn) 
in vitro, 75 rpm in phosphate  buffer (n = 6); ((3) in vitro, 100 
rpm in phosphate  buffer (n = 6); ( * )  in vitro, 50 rpm in 
hydrochloric acid (n = 6); (11) in vitro, 75 rpm in hydrochloric 
acid (n = 6); (e) in vitro, 100 rpm in hydrochloric acid (n = 6); 
( ) in vivo by means  of numerical deconvolution (n = 8) 

80 ' 80 ~ 

60 ~ 60 ,, 

2 0  

O -  o i i g i s 6 "~ 6 o i 2 g k g 6 -~ 8 
Tirrl~ (h) 

Fig. 2. Mean release rate ___ ~.D~ of naftidrofuryl from formula- 
tion A. (zx) In vitro, 50 rpm in phosphate  buffer  (n = 6); ( [ ] )  
in vitro, 75 rpm in phosph!lte buffer  (p = 6); (©) in vitro, 100 
rpm in phosphate  buffer  (n =6) ;  ( * )  in vitro, 50 rpm in 
hydrochloric acid (n = 6); (11) in vitro, 75 rpm in hydrochloric 
acid (n  = 6); (o) in vitro, 100 rpm in hydrochloric acid (n = 6); 
( ) in vivo by means  of numerical  deconvolution (n = 7). 

Time (h) 
Fig. 4. Mean release rate + S.D. of naftidrofuryl from formula- 
tion C. ( ,x ) In vitro, 50 rpm in phosphate  buffer (n = 6); ( [ ] )  
in vitro, 75 rpm in phosphate  buffer (n = 6); (©) in vitro, 100 
rpm in phosphate  buffer (n = 6); (A)  in vitro, 50 rpm in 
hydrochloric acid (n = 6); (11) in vitro, 75 rpm in hydrochloric 
acid (n = 6); (o) in vitro, 100 rpm in hydrochloric acid (n = 6); 
( ) in vivo by means  of numerical deconvolution (n = 5) 



formulations under any of the dissolution condi- 
tions used. 

Discussion 

Extent of  bioavailability 
Several authors (Westlake, 1972; Shirley, 1976; 

Metzler, 1989) have stressed the limited rele- 
vance of using ANOVA for testing the null hy- 
pothesis of no difference between drug treat- 
ments. The application of confidence intervals is 
proposed to be more useful. In this case, the 
application of ANOVA would be erroneous, as 
the observed variances of the treatments are in- 
homogeneous. 

A 95% confidence interval for the relative 
extent of bioavailability (Table 4) indicates no 
difference after  administration of 100 mg 
naftidrofuryl in aqueous solution compared to a 
hydrocolloid matrix tablet with a rapid release in 
vitro. A 3-fold increase in tablet dose results in 
changes that are impossible to explain as yet. 
When a 3-fold dose is given in a matrix tablet, 
having rapid release in vitro, a significant reduc- 
tion in both the plasma peak concentration and 
the extent of bioavailability is observed. This sug- 
gests that the absorption capacity is limited. How- 
ever, when the larger dose is given in a matrix 
tablet (C), with comparatively slower in vitro re- 
lease, a similar plasma peak and extent of 
bioavailability are achieved. The results thus indi- 
cate that the bioavailability of naftidrofuryl is 
dose dependent.  Other  authors (Lartigue-Mattei 
et al., 1978) have determined a bioavailability of 
F = 0.76 for a p.o. capsule (50 rag) relative to i.v. 
injection (50 mg). However, it is not known 

TABLE 4 

95% confidence interval for the bioavailability ratio (hUCtablet 
/ A UCsolution. dosesotution / dosetaatet) 

Formulation Confidence interval 

Tablet A (n = 7) 1.17 + 0.32 
Tablet B (n = 8) 0.76_+0.12 
Tablet C (n = 5) 1.09 _+ 0.33 

235 

TABLE 5 

Average fluctuations in plasma concentration calculated as mean 
of individual ratios from subjects 1-4 during 8 h and 12 h 
intervals 

Formulation Cma x S.D.  b Cma x . S .D .  b 

C8 h Ct2 h 

Solution 50 20 230 160 
Tablet A 10 3 50 30 
Tablet B 25 10 110 50 
Tablet C 15 4 70 3(1 

Estimated from the concentration measured 8 h after ad- 
ministration 

b Standard deviation. 

whether the differences are due to first-pass 
metabolism, or to reduced absorption. 

A 3-fold difference in the extent of bioavail- 
ability and peak concentrations was observed in 
the nine volunteers taking the aqueous solution. 
The reason for this might be explained by the 
interindividual variations in the pharmacokinetics 
of naftidrofuryl. It is also possible that the varia- 
tions to some extent are due to interindividual 
differences in the dose ingested, since neither the 
amount remaining in the bottles was determined, 
nor was post-dose rinsing of the bottles per- 
formed. The interindividual variations after in- 
take of tablet A are nevertheless at least as large, 
which appears to exclude this theory. 

In vitro vs in vivo conditions 
From the plasma curves obtained after a 100 

mg tablet dose, it is apparent that the release and 
absorption of naftidrofuryl are rapid. The ex- 
tended release effect of the matrix tablets is 
consistently small, as demonstrated by the aver- 
age fluctuation in the plasma concentrations dur- 
ing the observed 8 h interval (Table 5). On con- 
sideration of a twice daily dosage regime, the 
estimated ratio, Cmax/Cl2 h, reveals a reduction 
of the fluctuations within a dose interval of about 
a fifth. It is apparent that the 300 mg tablet B 
does not produce any extended release, effect. 
The most promising results are provided by tablet 
C, which despite the 3-fold higher dose, is found 
to cause similar fluctuations to those of the low 
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dose tablet A. However, the amount of hydrocol- 
loids in both tablets A and C still appears to be 
insufficient for achieving markedly extended re- 
lease in vivo. 

From the in vitro experiments, it is clear that 
the release rate is best controlled during the 
initial 1 h from the beginning. Thereafter, when 
the gel has formed, the environmental conditions 
exert an effect upon it. The same is expected to 
occur in the gastrointestinal tract. A similar xan- 
than gum based matrix tablet, with the character- 
istic of extended release controlled by a mixed 
erosion-diffusion process, has been studied by 
another research group (Wilson et al., 1989). By 
using gamma scintigraphy, the latter workers were 
able to identify a bimodal release pattern from 
the matrices in humans. The investigated matrix 
tablets contained more gelling agent than did our 
three formulations. It appeared from their study 
that once 50% of the matrix had eroded, the gel 
layer became more friable, and disintegration 
proceeded more rapidly. The in vivo release pat- 
tern was not evident from the in vitro tests em- 
ployed. 

When using a 100 mg dose, and thereby also a 
smaller tablet, it is possible to attain more uni- 
form plasma levels, and a comparatively close 
association between the release rate in vivo and 
that in vitro. It is apparent that mild agitation (at 
50 rpm) results in the nearest approach to simu- 
lating the in vivo conditions. At this rate of agita- 
tion, it appears to be unimportant whether the 
dissolution liquid in the in vitro test is a buffer or 
acid. 

Conclusions 

This study has shown that the rate of bioavail- 
~bili~y of naftidrofuryl is dependent both on the 
dose ~nd o n the in vivo release rate of the drug. 
A close ~9rre!ation between the rate of release in 
vitro ant ~ .~laat estimated in vivo was obtained 
after administration of a 100 mg dose in hydrocol- 
loid matlr~ tablets. However, no association was 
found whe 0 osing tablets containing 300 mg of 
the drug. Matrix tablets of this strength and hav- 
ing a comparatively slow release in vitro showed 

bioavailability equal to that of the 100 mg tablet, 
and better than that of the faster releasing formu- 
lation. With the use of such tablets, it should be 
possible to bring about a significant reduction in 
the fluctuations in plasma concentrations during 
a dose interval of 12 h. 
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