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Abstract 
Four phenytoin brands, dilantin® and three local brands (brand A, B and C) were selected 

for the bioavailability study. The study was carried out in 16 healthy male Thai volunteers with the 
average age of 21 years old. A single oral dose of 300 mg (three capsules of 100-mg) phenytoin 
sodium was given to subjects following an 8 hour-overnight fast. The tested drugs were given in a 
single-blind randomized crossover with at least 2 weeks of washout period. Venous blood samples 
of approximately 5 ml were drawn before medication and at 1, 2, 4, 6, 8, 10, 12, 24, 48 and 72 hours 
post dosing. Plasma phenytoin concentrations were determined by HPLC assay. 

The pharmacokinetic parameters were calculated from the plasma-concentration time 
curve of an innovator brand, dilantin® , by PCNONLIN program. Elimination rate constant and 
half-life were 0.2 h-1 and 19 h, respectively. The maximum concentration (Cmax) and time to 
peak (Tmax) were 1.98 !Jg/ml and 9.6 h, respectively. Bioavailability study was determined by 
comparing the area under the plasma concentration time curve (AUC), maximum plasma concen­
tration (Cmax) and time to reach maximum plasma concentration (Tmax) by using ANOV A. The 
result indicated that two local brands (brand A and brand C) were not bioequivalent to the inno­
vator in terms of Cmax and AUCo-w whereas Tmax was not significantly different among these 4 
brands. Cmax and AUC of brand A and C were significantly higher than the innovator brand. In 
addition, the plasma concentration time profile of brand C was also different from other brands 
with the steep peak which yielded a Cmax value double that of the Cmax of the innovator. However, 
brand B (from Research and Development Institute, Government Pharmaceutical Organization) 
was bioequivalent to dilantin® after 4 times of product formulation adjustment. 

This present study demonstrated that the local products (brand A and brand C) were not 
bioequivalent with the innovator. Thus, the interchange from one brand to another must be 
performed cautiously or should be avoided, otherwise phenytoin blood levels should be monitored 
closely together with the clinical signs and symptoms of the patients. 

* Department of Pharmacology, Faculty of Pharmacy, Mahidol University, Bangkok 10400, 
** Department of Pharmacology, Faculty of Pharmaceutical Science, Silapakom University, Nakompathom 73000, 

*** Department of Pharmacy, Faculty of Pharmacy, Mahidol University, Bangkok 10400, 
**** Prasat Neurological Institute, Bangkok 10400, Thailand. 



Vol. 81 No.I BIOA V AILABILITY OF PHENYTOIN SODIUM CAPSULES AVAILABLE IN THAILAND 65 

Phenytoin (diphenylhydantoin) is clini­
cally effective in generalized tonic-clonic and par­
tial seizures. The mechanism of action of phenytoin 
is to inhibit the repetitive firing of action poten­
tials from the epileptic focus by blockade of use -
dependent sodium channels(l-3). 

The absorption of phenytoin after oral 
ingestion is slow and variable due to limited 
aqueous solubility. Peak plasma levels may reach 
as early as 3 hours or as late as 12 hours after oral 
single dose( 4). In therapeutic plasma concentra­
tions phenytoin is highly bound (about 90%) to 
plasma protein, mainly albumin. The drug is elimi­
nated almost entirely by hepatic metabolism. Less 
than 5 per cent of phenytoin is excreted unchanged 
in the urine. Phenytoin is extensively (60-70%) 
metabolized to inactive parahydroxylated pheny­
toin by hepatic enzyme system which is saturable 
at high plasma le":els. At the plasma concentration 
below 10 J.lg/ml, the hydroxylation is first order, at 
higher concentrations the hydroxylation reactions 
approach saturation and the hydroxylation becomes 
zero order(5). This means that at a higher concen­
tration, plasma half-life increases with phenytoin 
concentration. 

Optimum control without clinical signs of 
toxicity occur with phenytoin serum levels between 
10 and 20 J.lg/ml. There may be wide interpatient 
variability in phenytoin serum levels with equiva­
lent dosages. Based on the formulation of the inno­
vator brand, dilantin® is available as an extended 
capsule and prompt capsule. The 100 mg extended 
capsule is used during maintenance therapy whereas 
prompt capsule is suitable for use in loading dose 
regimens. On top of this, these forms are not indi­
cated on the lable as available in U.S.A. 

There are at least 6 brands of phenytoin 
sodium available in Thailand and together with the 
special characteristics of phenytoin as mentioned 
above, bioequivalence studies are necessary to 
reveal the quality of these pharmaceutical formu­
lations(6). Therefore, this study was conducted to 
compare the bioavailability of local phenytoin 
sodium capsules with the innovator brand. 

MATERIAL AND METHOD 
Subjects 

Sixteen healthy male volunteers between 
the age of 18-25 years were enrolled into the study. 
All subjects were determined to be healthy on the 
basis of medical history, physical examination and 

routine laboratory tests. Written informed consent 
was obtained from all subjects prior to the study. 

Drugs 
The 2 local products (brand A and C) and 

the innovator product (dilantin)® were purchased 
from a drug store in Bangkok as a whole bottle. 
Brand B was provided from the Research and 
Development Institute, Government Pharmaceutical 
Organization. 

Study Design and Procedures 
Comparative bioavailability of the 4 pro­

ducts was performed in a controlled, randomized 
single blind, cross-over study with washout inter­
vals of 14 days. Each subject was given a single 
oral dose of three capsules of 100 mg phenytoin 
sodium with 180 ml of water in the morning fol­
lowing an 8-hour overnight fast. Food was 
abstained until four hours after drug administra­
tion. The venocath (G20) was inserted into a fore­
arm vein for blood sampling in each subject, and 
the venocath was flushed with 100 IU/ml heparin 
in normal saline solution to prevent blood clotting. 
Serum blank was kept before drug administration. 
Five milliliters of blood samples were collected in 
heparinized tubes at the following intervals : I, 2, 
4, 6, 8, 10, 12, 24, 48 and 72 hours postingestion 
and then centrifuged at 3000 rpm for I 0 minutes. 
The plasma was separated and kept at -80°C until 
analysis. 

All meals and fluid were standardized 
both in regard to content, quantity and time of 
administration. 

At several time points of blood sampling, 
volunteers were asked for the occurrence of 
adverse drug reactions, such as drowsiness, head­
ache, nausea, vomiting, paresthesia, ataxia, and 
confusion. 

Quantitative drug analysis 
The quantitative analysis of phenytoin was 

determined by high pressure liquid chromato­
graphy. The HPLC model Consta Metric (Thermo­
separation products) was used to detect phenytoin 
sodium. A reverse phase column Nucleosil® CIS• 
10 J.lffi (25 em x 4.6 mm) was used as a separating 
column. Mixture of acetonitrile, methanol, and 
water 17, 25, and 58 per cent was used as a mobile 
phase. After thoroughly mixing, it was filtered 
through a 0.45 J.lffi-membrane filter. The phenytoin 
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peak was detected at 254 nm using Spectro Moni­
tor® 3200 (Thermoseparation). 

Preparation of samples 
Plasma samples were extracted in a 10-ml 

glass-stoppered centrifuge tube. Two hundred 
microlitres of plasma were mixed with 80 !Jl of 5 
mol/L hydrochloric acid by using vortex mixer 
for 5 seconds. Then 2.5 milliliters of diclorome­
thane was added and mixed for 1 minute. Sufficient 
amount of solid ammonium sulfate was added to 
saturate the aqueous layer (added until solid ammo­
nium sulfate precipitated). This mixture was mixed 
for 30 seconds and then centrifuged at 5,000 rpm 
for 5 minutes. The upper aqueous layer was dis­
carded. Two millilitres of organic layer were trans­
fered into a conical glass and evaporated in a water 
bath at 50°C. The residue was redissolved in 100 !Jl 
of a mixture of water (80 !Jl) and internal standard 
(phenobarbitone 20 !Jl). Twenty microlitres of 
sample were injected into the HPLC to quantitate 
phenytoin concentration. 

Pharmacokinetic analysis 
PCNONLIN (SCI software, Lexington, 

KY, U.S.A.) was used to estimate the following 
pharmacokinetic parameters : apparent volume of 
distribution (Vd/F), first-order absorption rate con­
stant (KO 1 ), first-order elimination rate constant 
(K10), first-order elimination half-life (K10-HL), 
and area under the curve (AUC). The maximum 
plasma concentration (Cmax) and the time to reach 
the maximum concentration (Tmax) were obtained 
from raw data of the plasma-concentration time 
curve. 

Statistical analysis 
Bioequivalence parameter (AUC, Cmax, 

and Tmax) was compared by using ANOV A. The 
local product will be bioequivalent to the inno­
vator brand if their AUC, Cmax and Tmax are in 
the range of 90 per cent confidence interval (CI) of 
the innovator product with the permission of ± 
20 per cent deviation. 

RESULTS 
Sixteen healthy volunteers were enrolled 

in the study. Their aged ranged from 18-25 years 
(mean 20.9 ± 3.4 kg), weight from 51.0 to 62.1 kg 
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Table 1. Pharmacokinetics parameters of pheny­
toin. 

Vd/F 
first ·order absorption rate constant 
first-order elimination half-life 

175.18L 
0.26 h-1 
19 h 

(mean 56.3 ± 3.4 kg), and height from 160 to 175 
em (mean 167.1 ± 4.3 em). 

Summarized pharmacokinetic data are 
presented in Table 1. The mean Vd/F was 175.2L. 
The absorption of phenytoin from the gastrointes­
tinal tract was slow with the mean first-order 
absorption rate constant of 0.26 h-1 and the first­
order absorption half-life of 5 h. Peak plasma con­
centration was reached at approximately 12 h. The 
elimination half life was 19 h, and the first-order 
elimination rate constant was 0.2 h-1. 

The mean plasma concentration-time 
curve of the four phenytoin sodium brands are 
shown in Fig. 1. After oral administration of the 
innovator product (di1antin® ), absorption was 
slow with mean peak plasma phenytoin concentra­
tion of 1.74 IJg/ml in 12 h. This value was in the 
same range of the mean Cmax of brand B which 
was 1.61 !Jg/ml with Tmax of 12 h. In contrast, 
after oral administration of brand A and C, the 
drugs reached Tmax within 10 h with the peak 
plasma concentration of 2.76 and 3.25 !Jglml, res­
pectively. 

Comparative results of bioavailability in 
term of AUCo-a• Cmax, and Tmax between the 
local products (brand A, B, C) and the innovator 
are summarized in Table 2. Only brand B was 
bioequivalent with Dilantin® with a 90 per cent 
confidence interval within the 80-120 criteria for 
bioequivalency for AUC and Cmax. In contrast to 
brand A and C, their AUC and Cmax were signi­
ficantly higher than the innovator brand. The 
plasma concentration time profile of brand C was 
different from other brands with the steep peak 
which yielded Cmax value as double that of the C 
max of the innovator. Two subjects complained of 
headache when they received phenytoin brand C. 
No other clinically important adverse events were 
observed. 
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Fig. I. Plasma concentration-time curve of 4 phenytoin brands. 

Table 2. Summary of the results of a bioavailability study*. 

Brand Dilantin® Brand A Brand B Brand C 
Mean±SEM Mean±SEM Mean±SEM Mean±SEM 

AUCo-a (JJg./ml.min) 50.04±7.98 101.47±8.36 51.04±6.83 86.43±5.70 
p-value <0.001 NS 0.005 
Cmax (JJg/ml) 1.74±0.15 2.76±0.21 1.61±0.17 3.25±0.29 
p-value <0.001 NS <0.001 
Tmax(niin) 11.5±0.77 9.50±0.46 11.67±0.51 10.40±0.43 
p-value NS NS NS 
90% Confidence interval** for AUCo-a 180-225 84-120 157-188 

* The bioavailability of a drug from 4 brands was studied in 16 healthy adult male volunteers using a randomized single blinded 
cross-over design. 

** 90% Confidence interval were calculated by the equation of x±ta(SEM) and then compared with the mean of the innovator. (x = 
mean value of generic phenytoin, ta =percentage points of the t distribution, SEM =standard error of mean). 

DISCUSSION 
The result of pharmaceutical properties of 

phenytoin sodium capsules revealed the difference 
in various parameters, especially the dissolution 
profile (see Part I "in vitro" study). The present 
study was designed to evaluate the bioequivalence 
of these local products in comparison to the inno­
vator, dilantin® . The secondary pharmacokinetic 
characteristics were analyzed analogously. 

The results of our pharmacokinetic data 
were generally in the same range as the previous 
report(7,8). We found that the elimination half life 
of phenytoin extended capsule was approximately 
19 h. This parameter may have clinical implemen­
tations to predict the steady state (4-5 half-lives) 
serum level of phenytoin in first exposed epileptic 
patients. When plasma level determinations are 
necessary, they should be obtained at least 5-7 
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half-lives after treatment initiation. Dosage adjust­
ment should also be performed after the steady­
state. 

The present study demonstrates that 2 
local products (brand A and C) were not bioequi­
valent with the innovator, dilantin® . The 90 per 
cent confidence intervals of the AUC, and Cmax 
were out of the required limits of ± 20 per cent. 
Brand C displayed the highest AUC and Cmax 
together with a different plasma-concentration time 
curve from the innovator brand. This was in accord 
with the unique pattern of its dissolution and the 
per cent labeled amount. (see Part I : in vitro 
study). High phenytoin serum levels from brand C 
also led to headache in two volunteers. As the 
Cmax and AUC of brand C was quite high and 
showed the characteristic of "prompt" release 
capsule, it should be avoided to administer as 
"300 mg once a day dosing". This regimen will 
result in toxic blood levels especially at the time 
when the steady state has already been established. 

Concerning brand A, the dissolution 
profile of brand A was rather low when compared 
to the innovator brand, however, its bioavailability 
was much higher. This was probably due to dif­
ferent physicochemical characteristics of the exci­
pient. This result also demonstrated that the in 
vitro dissolution test is not a reliable indicator of 
biological equivalence. 

In general practice these products are fre­
quently used interchangably, however, the regimen 
of drug administration usually follows the pre­
vious prescription. This definitely leads to the 
changes in phenytoin blood levels which can be 
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subtherapeutic or toxic. Even this problem is not 
well-documented, physicians and pharmacists 
should be aware of the existence of the formula­
tion forms of the products whether it is "extended" 
or "prompt" capsules. 

Several studies of bioavailability of pheny­
toin from other countries(9-13) have been pub­
lished and the results showed that phenytoin is the 
drug that has a bioavailability problem due to dif­
ferent manufacturers and batch to batch variation. 
This present study demonstrates that the local pro­
ducts (brand A and brand C) were not bioequivalent 
with the innovator, dilantin® . These results should 
alert physicians and pharmacists to be aware of 
selecting or interchanging the brand of phenytoin. 
Thus, the interchange from one brand to another 
must be performed cautiously or should be avoided, 
otherwise phenytoin blood levels should be moni­
tored closely together with the clinical signs and 
symptoms of the patients. Not only biopharmaceu­
tical problems and physicochemical characteris­
tics(14) can affect the bioavailability, but also its 
narrow therapeutic range and dose-dependent 
kinetics will aggravate the chance of toxic effects. 
Careful monitoring of blood levels is essential after 
brand interchange in order to avoid subtherapeutic 
or toxic phenytoin blood levels and finally to in­
crease the patients' quality of life. In terms of drug 
regulations, based on our _study, in vitro specifica­
tions for prompt and extended phenytoin sodium 
capsules as well as the in vivo bioequivalence 
requirements for these two types of products are 
recommended. 

(Received for publication on July 23, 1997) 
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