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Abstract 
Phenytoin is commonly used as an antiepileptic drug worldwide. The unique properties 

of phenytoin such as poor water solubility and zero-order kinetics of its metabolism, together 
with difference in pharmaceutical formulations can result in dramatic changes in bioavailability 
of phenytoin capsule. 

The innovator (Dilantin® , Parke Davis), three local brands (brand A, B and C) were 
investigated for pharmaceutical characteristics including drug content, content uniformity, and 
dissolution. All these tests were performed as described in the monograph of extended phenytoin 
sodium capsules in USP XXII with slight modification in HPLC analysis. It was found that all 
the products, except brand C, had drug content and content uniformity within the standard range. 
Brand A and brand C failed to meet the USP XXII specification for the dissolution test. Per cent 
dissolution of brand A was lower whereas per cent dissolution of brand C was much higher than 
the standard value. The qualities of innovator and brand B were within the pharmacopoeial specifi­
cation. 

This result revealed that phenytoin capsules available in Thailand did not have homo­
geneous pharmaceutical equivalence which may lead to difference in plasma phenytoin levels (see 
part II : In vivo study). Thus, changing the brand of phenytoin in stable epileptic patients should 
be performed with caution. 

Phenytoin is commonly used as an anti­
epileptic drug worldwide. The unique properties 
of phenytoin such as poor water solubility and 
zero-order kinetics of its metabolism(!), together 
with difference in pharmaceutical formulations can 

result in dramatic changes in the dissolution and 
bioavailability of phenytoin capsules(2,3 l. 

There are two forms of phenytoin I.e. 
phenytoin sodium and free phenytoin base, used in 
drug product formulations. Based on the formula-
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tion of the innovator brand, Dilantin® contains 
phenytoin sodium and is available as a prompt cap­
sule, extended capsule, and injection form(4). There 
are also chew tablets and the suspension form 
available as free phenytoin base(4). The 100 mg 
extended capsule is the most frequently prescribed 
form for maintenance therapy. Phenytoin sodium 
extended capsule is characterized by a slow and 
extended rate of absorption with peak blood con-· 
centrations expected in 4 to 12 hours. The charac­
teristics of both the prompt and extended forms 
must comply with the pharmacopeia! specification, 
USP XXII(5). 

In Thailand, there are at least 6 brands of 
100 mg phenytoin sodium capsules commercially 
available. Since phenytoin sodium is listed as an 
"Essential Drug"(6), the purchasing of brand will 
be influenced by the medium price and the bidding 
system. Thus, the manufacturers who offer the 
lowest price will have a high opportunity of being 
selected. In this case, patients will have the chance 
to receive various brands of phenytoin throughout 
the long term treatment. In addition, phenytoin is 
not listed in the Public Health Ministerial Regu­
lation for the requirement of dissolution testO). 

The purpose of this study was to assess 
the in vitro characteristics of the most commonly 
used phenytoin sodium capsules marketed in the 
country. The data will be useful for clinicians and 
pharmacists in selecting proper phenytoin sodium 
products. 

MATERIAL AND METHOD 
Test products 

Four brands of 100 mg phenytoin sodium 
capsules were bought from one drug store in 
Bangkok as a whole bottle. The innovator brand, 
Dilantin® was used as the reference product. The 
local products were assigned as brand A, brand B 
(product of Research and Development Institute, 
Government Pharmaceutical Organization) and 
brand C. 

Standard drug and chemical reagents 
Phenytoin sodium and phenobarbitone 

sodium (internal standard) were obtained from 
Sigma (St. Louis, No, U.S.A.). 

The other chemical reagents were of 
HPLC and analytical grade. 

Chromatographic conditions for phenytoin 
sodium 

The HPLC model Consta Metric® (Ther­
moseparation products) was used to detect the level 
of phenytoin sodium. A reverse phase column 
NucleosiJ® C 18• 10 flm, (25 em x 4.6 mm) was 
used as the separating column. The mobile phase 
composed of water: 0.83 per cent glacial acetic 
acid (50:50, v/v). It was filtered through 0.45 11m 
membrane filter and deaerated for 30 minutes by 
using a sonicator before use. 

Twenty microlitres of sample were in­
jected into the HPLC system. The phenytoin peak 
was detected at 254 nm using Spectro Monitor@ 
3200 (Thermoseparation ). Phenytoin concentra­
tion in the samples was determined against phe­
nytoin sodium standard curve obtained by linear 
regression of its concentration versus peak area 
ratio between phenytoin sodium and the internal 
standard (phenobarbitone sodium). 

Dissolution test 
The dissolution test of phenytoin sodium 

capsule was assessed by using dissolution apparatus 
(Soltex Model AT7). The capsule was dissolved in 
a dissolution basket which was immersed in water. 
The dissolution l:lasKet was rotated at the rate of 50 
rpm and the temperature of the medium was 37± 
0.5°C. Two millilitres of the medium were ali­
quoted at 30, 60 and 120 minutes to quantitate the 
amount of dissolved phenytoin by using the HPLC 
method. 

Content uniformity 
The content uniformity is a parameter to 

determine the uniformity of each dosage unit. 
Ten capsules of each brand were indivi­

dually analysed. Each capsule was dissolved in 
I 00 ml of methanol in volumetric flask, filtered and 
collected the filtrate, then 3 ml of the filtrate was 
pi petted and transfered to a I 0 ml-volumetric 
flask. 0.5 ml of internal standard (phenobar­
bitone 1 mg/ml) was added and adjusted to I 0 ml 
with water. Twenty microlitres of the solution was 
injected to the HPLC for phenytoin concentration. 
The acceptable range of pheyntoin sodium in each 
capsule should not be less than 93.0 per cent and 
not more than 107.0 per cent of the labeled amount 
(100 mg). 



60 C. SUTHISISANG & N. PAYAKACHAT J Med Assoc Thai January 1998 

Assay 
The drug powder from 20 capsules of 

each brand was transfered as completely as pos­
sible into a beaker and mixed thoroughly. I 00 mg 
of this mixed powder was transfered to 100 ml 
volumetric flask, then dissolved with methanol 
and adjusted to 100 ml with methanol. This solu­
tion was filtered, then 3 ml of the filtrate was 
pipetted and transfered to a 10 ml volumetric 
flask. 0.5 ml internal standard (phenobarbitone I 
mg/ml) was added and adjusted to 10 ml with 
water. Then phenytoin concentration was analysed 
by HPLC. 

Data analysis 
The dissolution, content uniformity, and 

assay content of phenytoin sodium capsule were 
analysed according to the specification of phenytoin 
extended-release capsules in USP XXIJ(6). The 
result was reported as "met" or "failed" the pharma­
copoeial specification. 

RESULTS 
The phenytoin peak was clearly separated 

from the phenobarbitone peak (internal standard) 
with the retention time of 2.7 and 4.4 minutes, res­
pectively. (Fig. I) The standard curve of phenytoin 
was linear over the range of 0.5-30 f..lg/ml with 
the r2 of 0.9998. 

The pharmaceutical characteristics of all 
four tested products are shown in Table I. 

The dissolution profile of each brand is 
also graphically presented in Fig. 2. Of the four 
brands, only dilantin® and brand B were found to 
meet the pharmacopoeial standard for the extended 
phenytoin capsule in all aspects. For brand A, its 
dissolution profile was much lower than the stan­
dard requirement, however, the other properties 
such as content uniformity and per cent assay were 
in the acceptable range. On the other hand, the 
dissolution profile of brand C did not show the 
pattern of extended capsule. Per cent dissolution 
of brand C was 77.1, 78.7 and 76.7 at 30, 60 and 120 
minutes, respectively. These values were much 
higher than the innovator brand, Dilantin® . More­
over, the content uniformity (122.2±6.4) and the 
drug content ( 120.1) of brand C were also higher 
than the upper range of the acceptable limit (93-
107%). 

These results revealed that brand A and 
brand C were pharmaceutical inequivalent to the 
innovator brand. 

DISCUSSION 
This study showed that all these products 

were not pharmaceutically equivalent. Two local 
products, brand A and C, failed to meet the USP 
standard for the dissolution profile. For any drug 
to be absorbed, it must be dissolved first. Thus. the 
rate of dissolution from either tablet or capsule 
can markedly affect the rate of absorption and the 
bioavailability of the drug in the body. 

A 

B 

Fig. 1. HPLC chromatogram of phenytoin sodium 
in in vitro study. 
A= phenobarbitone peak (internal standard) 
B = phenytoin peak 
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Table 1. Dissolution, content uniformity, and drug content of 4 brands of phenytoin capsules. 

Propenies 

Dissolution* 
o/c dissolution at 
(mean±SD) 
30 min 
60 min 
120 min 

Content Uniformity** 
mean±SD 
o/cCV 

Drug Content 
o/c labeled amount 

* n = 12 capsules of each brand 
** n = I 0 capsules of each brand 

100 

90 

80 
c 
.9 70 
'=i 
0 60 
i:l 
:t; 5 0 
c 

40 "' <.J ... 
"' 3 0 c. 

20 

1 0 

0 

0 

Dilantin® 

316 ± 3 5 
57.1 ± 5.3 
78.6 ± 6.6 

106.9±21 
192 

103.5 

30 

Brand 
A B 

17.7 ± 23 33.8 ± 16 
25.0 ± 1.9 55.0 ± 3.8 
29.4 ± 4.6 75.2 ± 2.9 

1079 ± 1.6 101.2±2.53 
1.47 2.58 

107 102.7 

60 90 

Standard 
USP XXII 

c speci tication 

77.1±39 <40o/c 
78.1 ± 4.8 >55% 
76.7 ± 3.4 > 70'7c 

122.2 ± 6.4 930-107.09( 
5.22 

120.4 93.0-107 ()'!( 

-+- dilantin 

---brand A 

--.-brand B 

~brand C 

120 
tiJre (Irin) 

Fig. 2. Dissolution profile of four phenytoin brands. 

Brand A differed significantly from the 
others in its deaggregation and the dissolution cha­
racteristics. A capsule of brand A dispersed within 
15 minutes after starting the dissolution test and 
the powder gradually precipitated, whereas, Dilantin 
and brand B remained as a capsule-shaped powder 
aggregate without precipitation after the dissolu­
tion of the gelatin shell. This may be due to the 
difference in the excipients, other components in 
the formulation and the process of manufacturing. 

There may be some excipients in brand A 
which can bind to phenytoin and form the undis­
solved complex of the drug, however, in the GI 
tract these excipients may enhance phenytoin 
absorption (see part II result). 

The in vitro dissolution pattern of brand C 
was not an extended form. In USP XXII, prompt 
phenytoin sodium capsule must dissolve more than 
85 per cent within 30 minutes. Brand C dissolved 
77 per cent at 30 minutes and seemed to be for-
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mulated as the prompt capsule. Following the USP 
XXII, prompt phenytoin sodium capsule must be 
labelled as "Not for once-a-day dosing". If the 
manufacturer intended to formulate brand C as a 
prompt form, it should be labelled as such and 
adjust per cent dissolution at 30 minutes to be more 
than 85 per cent. Brand C may have a benefit for 
use in a loading dose in epileptic patients. 

For brand B, the Research and Develop­
ment Institute, Government Pharmaceutical Orga­
nization formulated this product which met the 
pharmacopoeial requirement after 4 times of for­
mulation adjustment. 

Although phenytoin has been used for a 
long time in Thailand, the dissolution standards of 

the various formulations are not specified in Thai 

Pharmacopoeia 1993(8). Since phenytoin is still 

the standard drug for the treatment of epilepsy. 

combined with its narrow therapeutic range and 

the dose-dependent kinetics, a little change in the 

formulation and other pharmaceutical properties 

such as dissolution profile and content unif01mity 

might lead to a drastic t1uctuation in blood level 

and may cause clinical problems. Thus, the stan­

dard of the phenytoin capsules either prompt or 

extended forms should be reconsidered by the Thai 

FDA and it should be kept in mind that changes 

of the formulation, even the excipient, can cause 

dramatic changes in blood levels of the drug. 

(Received for publication on July 23. 1997) 
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