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Phenytoin as a sesame oil suspension or emulsion was administered orally to 
beagle dogs to study improvement of its bioavailability. The absorption of phenytoin 
by the digestive tract was better when it was given as a sesame oil suspension or 
emulsion than as a powder. With the dose amount of sesame oil and water fixed, the 
absorption of phenytoin from the emulsion was greater than that from the oil 
suspension, although the difference was not significant. Therefore, the absorption of 
phenytoin was not affected significantly by emulsifying the sesame oil. Its absorp- 
tion corresponded not to the amount of water given with the dose amount of sesame 
oil fixed, but to the dose amount of sesame oil with the dose amount of water fixed, 
reaching maximum when the ratio of sesame oil to water was 1: 3. Study of the 
influence of the type of oil in the emulsion on the absorption by the digestive tract 
showed that absorption was best with cod-liver oil, followed by sesame oil, and then 
oleic acid. 

Introduction 

The absorption of phenytoin from the gastrointestinal tract of patients and 
volunteers lhas been characterized as being erratic and incomplete, because it is a 
sparingly soluble drug (Sansom et al., 1975; Pentikainen et al., 1975; Neuvonen et 
al., 1977). Many investigators have reported that even if phenytoin is administered at 
doses of 3-6 mg kg-’ (Manaka et al., 1975; Shinkuma et al., 1976) to epileptic 
patients (Miyamoto, 1974; Watanabe et al., 1976), few show the therapeutically 
effective plasma concentration of 10-20 pg ml-’ (Kutt et al., 1964; Buchthal and 
Lennox-Buchthal, 1972). The extent of bioavailability of this drug has also been 
shown to be dependent on particle size (Glazko and Chang, 1972; Lund, 1974), 
dosage form (Manson et al., 19751, and formulation factors (Tyrer et al., 1970; 
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Yamamoto et al., 1976; Sekikawa et al., 1978). Recently, improvement of the 
bioavailability of phenytoin has been under study (Sekikawa et al., 1978). The 
bioavailability after oral administration of poorly water-soluble drugs is known to be 
improved by co-adminis’tration of lipid (Wagner et al., 1966; Kabasakalian et al., 
1970). For example&e bioavailabilities of indoxole (Wagner et al., 1966), griseoful- 
vin (Carrigan and Bates, 1973), and dicumarol (Bloedow and Hayton, 1976) increase 
in dosage forms containing lipid. However, only Chakrabarti and Belpaire (1978) 
and Shinkuma et al. (1!)79) have considered this for phenytoin. Chakrabarti and 
Belpaire (1978) reported that the bioavailability of phenytoin in rats from corn oil 
emulsion and suspension was higher than that from aqueous suspension, and the 
maximal plasma concentration was reached more slowly with corn oil emulsion and 
suspension than with aqueous suspension. However, no studies have explored the 
various factors affecting the bioavailabihty of phenytoin from such dosage forms. 

The purpose of this study was to examine the effect of the amount of sesame oil 
and water adlministered #on the bioavailability of phenytoin in a sesame oil suspen- 
sion and in an emulsion in beagle dogs. The absorption or phenytoin was also 
studied with the dose amounts of sesame oil or water fixed. Also, the influence of 
various facto:rs on phenytoin absorption was investigated by administering it in tlhese 
dosage forms. 

Materials and Methods 

Materials 
Phenytoin powder (JP IX), a product of Fujinaga Pharmaceuticals, was passed 

through a 200-mesh sieve to make a fine powder. The following materials were also 
used: sesame oil (JP IX) of Maruishi Pharmaceuticals, oleic acid of Wako Pure 
Chemicals, and cod-liver oil of Hayasbikane Food Industries, a polyoxyethylene 
derivative of hydrogenated castor oil (HCO-60) and sorbitan sesquioleate (SO- 15) of 
Nikko Chemncals. All other chemicals were of analytical grade. 

Preparation of dosage forms 
Phenytoin was dispersed in an emulsion in accordance with the method of 

Hashida et al (1977) with necessary modifications. Water was added to 1 g phenytoin, 
7.83 ml sesame oil, 0.13 ml HCO-60 and 0.55 ml SO-15 to make 10 ml, and the 
mixture was [treated with ultrasonic waves (Sharp Model UT-52) in a water bath at 
70°C for 30 min. E’henytoin as a sesame oil suspension of phenytoin was prepared 
by adding sesame oil to phenytoin and treating the mixture with ultrasonic waves in 
a water bath at 7O”‘C for 30 min. After preparation, these dosage forms were cooled 
to 37°C and administered orally to beagle dogs within 30 min. 

Measurement of sol,ubility 
Excessive ,phenytoin was added to various oils and the mixture was treated with 

ultrasonic waves in a water bath at 70°C for 30 min, after which the solution was 
allowed to stand in a 37OC thermostated bath for 3 h, and the supematant liquid 
was filtered Ioff through a teflon Millipore filter cf 0.2 pm. Next, the amount of 
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phenytoln in the filtrate was measured by gas chromatography (Shinkuma et al., 
1976). Phenytoin in oleic acid could not be extracted with alkaline aqueous solution 
and was determined by high-performance liquid chromatography. 

AbsoTption experiment 
Phenytoin, 50 mg kg-‘, was administered orally to female beagle dogs, weig’ling 

approximately 8.5 kg, which had been fasted overnight. The amount of water *aken 
at the time of drug administration was fixed at 2.9 ml kg-l. Blood was corrected 
from the femoral vein at regular intervals after drug administration. In deter nining 
the plasma concentrations of phenytoin, serum was separated after drawing, of the 
blood and measurement was done with Markit (Dai Nihon Pharmaceuticak, Japan) 
based on enzyme immunoassay using an insoluble antibody with /%galac;osidase- 
labeled drug and the cell wall of bacteria as the carrier (Watanabe et :L, 1979; 
Nishihara et al., 1980). The experiment was performed at 2-week interv;ils by the 
random complete cross-over test. 

Fig. 1 shows the mean plasma concentrations afer phenytoin powder sesame oil 
suspension and sesame oil emulsion were administered orally to dogs. Taole 1 shows 
the- mean maximum plasma concentration (C,,) after administration of phenytoin 
in each dosage form, the mean value for individual maximum plasma concentration 
(,C&,.), the time required for the mean maximum plasma concentration to be 
reached (T,,), the mean value for the time required for individual maximum 
plasma concentration to be reached (Tk,), and the mean value for the area under 
the plasma concentration- time curve (AUC). Cdax stood at 1.96 pg ml --I, Tb, at 

02 4 6 8 .24 
Time (hours) 

Fig. I. Representative plasma concentrations of pheaytoin following oral administration of 50 mg kg - ’ 
phenytoin as a powder (0), an oil suspension (Cl), or an emulsion (A). Each point represents the mean 
result from 4 dogs. 
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TABLE I 

PHABMACOKINETIC PABAMETEBS AND ANALYSES OF PLASMA CONCENTMTIONS OF 
PHENYTOIN FOLLOWING ORAL ADMINISTRATION OF 50 mg kg-t PHENYTOIN IN 3 
DOSAGE FORMS 

Parameter Dosage form 

C mu’(pgml~~‘) 
cg, b(pgml.-‘) 
T ’ (b) mu 
T;, d (h) 
AUC’(pgbnt--‘) 
Statistical signif cance ’ 

Powder Suspension Emulsion 

1.91 kO.98 4.41” 1.40 4.46” 1 31 
1.9620.89 4.55 + 0.85 4.465 1.01 
3 4.5 3 
3.752 1.30 3.75-co.75 3.00+0.00 

16.292 8.55 45.35 Ifr 7.49 44.08 rt 2.79 
P<0.001 N.S. 

PCO.02 

’ Average plasma concentration peak. 
b Average of individual peak plasma concentrations. 
’ Time of the accerage plasma concentration peak. 
d Average of individual peak times. 
’ Area under the plasma concentration- time curve to 24 b calculated by the trapezoidal rule. 
’ Determined br AUC Student’s f-test. Each value represents the mean+S.D. of 4 dogs. 

3.75 h, and AUC at 16.29 pg h ml - ’ when the powder was administered. CL, and 
AUC on administration of the sesame oil suspension or emulsion to dog increased 
by about 2-9 times each compared with those on administration of the powder, and 
the difference between the dosage forms was statistically significant at the levels 
shown in Table 1. These results were similar to previously observed data with rat for 
phenytoin in dosage forms containing lipid (Chakrabarti and Belpaire, 1978). 
Accordingly, *the enhanced absorption of phenytoin from dosage forms containing 
lipid is probably due to the ability of lipid to inhibit gastrointestinal mobility and to 
stimulate galll-bladder evacuation (Bates and Sequeira, 1975). The plasma concentra- 
tion-time curve on administration of phenytoin emulsion to dog showed the same 

TABLE 2 

PHARMACOKINETIC PAmMETERS AND ANALYSES OF PLASMA CONCENTRATIONS OF 
PHENYTOIN FOLLOWING ORAL ADMINISTRATION OF 50 mg kg ~~’ PHENYTOIN AS AN 
EMULSION 

Parameter a Phenytoin 

Powder Fine powder 

C,,(w3ml-‘l 4.462 I.01 7.70+0.57 
~-(pgml 'I 4.46-e 1.01 7.70+0.57 
L,i,x(h) 3 6 
-Lax(~) 3.001-0.00 6.00+0.00 
AUC(pghm1’ ‘) 44.08” 2.79 86.29 & 2.5 I 
Statistical signif cance P<O.ool 

‘See Table I. 
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tendency as that observed on administration of the sesame oil suspension. The same 
was true for AUC. A similar result was obtained by Bloedow and Hayton (1976) in 
an oil-in-water emulsion containing sulfisoxazole acetyl. These phenomena suggest 
that phenytoin suspended in sesame oil is also emulsified in the digestive tract to 
increase the area of contact with the mucous membrane, resulting in increased 
phenytoin absorption. 

Table 2 shows the influence of the particle size of phenytoin in the emulsion on 
the absorption of phenytoin. AUC on oral administration of an emulsion of fine 
phenytoin powder (particle size: 4.1 pm) to dog increased by about 2-fold compared 
with an emulsion of commercial powder (particle size: 190 pm). The difference was 
statistically significant at the 1% level. The value for AUC in this case was twice as 
much as that for AUC on administration of powder and fine powder of phenytoin 
(powder: 21.2 pg h ml -I, fine powder: 39.4 pg h ml --I j, but showed the same 
tendency (Shinkuma et al., 1979). Presumably, this is because the smaller particle 
size allows more dissolution in the digestive tract, leading to an increase in 
absorption (Glazko and Chang, 1972). When phenytoin dispersed in emulsion was 
administered orally, TAax was delayed by about 2-fold for phenytoin of the small 
particle size compared with that of the large particle size. This is probably because 
small-particle phenytoin disperses well in the emulsion and adheres in many places 
to the wall of the digestive tract with the emulsion. Thus, it is less subjected to the 
influence of the gastric emptying rate and takes longer to reach the site of 
absorption. 

Table 3 shows the influence of the kind of oil in the emulsion on the absorption 
of phenytoin. .\UC was the largest in the case of cod-liver oil, followed by sesame oil 
then oleic acid. The difference was statistically significant at the 0.1% level between 
AUC using cod-liver oil and that using oleic acid, but no difference was observed 
between cod-liver oil and sesame oil or between sesame oil and oleic acid. We also 

measured the solubility of phenytoin in cod-liver oil, sesame oil and oleic acid. The 
solubility was 400- 500 pg ml - ’ and not much difference was found among the oils. 

TABLE 3 

PHARMACOKINETIC PARAMETERS AND ANALYSES OF PLASMA CONCENTRATIONS OF 
PHENYTOIN FOLLOWING ORAL ADMINISTRATION OF 50 mg kg-’ PHENYTOIN AS AN 
EMULSION 

Parameter a 

C,, (w3 ml-‘) 
c:,,, (pg ml - ‘1 

Tn,, (h) 
r,, (h) 
AUC(pghml-‘) 
Statistical significance 

Oil used 

Cod-liver oil Sesame oil Oleic acid 

5.19-to.15 4.46+ 1.01 2.68 z!z 0.86 

5.19+-0.15 4.46+- 1.01 3.22kO.91 

3 3 3 

3.00-c-0.00 3.OO+o.o0 4.00& 1.41 

58.37 3- 6.52 44.0822.79 40.04r3.17 

N.S. N.S. 

P<O.ool 

a See Table I. 
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TABLE 4 

PHARMACOKMZTIC PARAlufEWIIS AND ANALYSES OF PLASMA CONCENTRATIONS OF 
PMENYTOIN FOLLOWING ORAL ADMINISTRATION OF 50 mg kg - ’ PHENYTOIN AS AN OIL 
SUSPENSION 

Parameter ’ Dose amount of oil 

c,bgmw 
Cm, (rg ml-‘) 
T,, (h) 
-G.x (h) 
AUC(pghml-‘1 
Statistical significurce 

0.5 ml kg - ’ i.Omlkg-’ 2.0 ml kg-’ 

4.41+ 1.40 7.41-+- 1.35 10.55 zc 2.93 
4.55 ” 0.85 7.472 1.35 11.78 “c 2.52 
4.5 4.5 8 
3.75-r-0.75 4.5ort 0.00 6.13* 1.24 

45.35 t 7.49 104.3Or+ 12.86 149.36t26.11 
PC0.001 PCO.05 

P<O.Ol 

‘See Table I. 

Accordingly, the solubility in oils appears to have little influence on the absorption 
of phenytoin, which is affected by the viscosity of the oil and by hydrolysis and 
emulsification in the digestive tract. The maximum plasma concentration on oral 
administration of phenytoin with oleic acid was low compared with that using 
sesame oil and: cod-liver oil, and no marked peak was obtained. 

ol-_L_ I 1 

0.5 1.0 2.0 

Dose amount of oil (ml kg -3 

Fig. 2. The relationship between tibe dose amount of oil and areas under the plasma concentration- time 
curve from 0 lo 24 h following oral administration of pbenytoin as an oil suspension. Each point 
represents the mean result 2 SD. from 4 dogs. 
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Fig. 3. Plasma concentrations of phenytoin following oral administration of 50 mg kg ~ ’ phenytoin as an 
oil suspension (Cl) and 0.95 mg kg-’ phenytoin as a saturated oil solution (0). Each point represents the 
mean result from 4 dogs. 

Table4 shows the influence of the dose of sesame oil on the absorption of 
phenytoin as a sesame oil suspension. AUC and Cm, tended to increase and Tk, to 
be delayed as the dose of oil increased. In this connection, several reports indicate 
that th;e extent of bioavailability of griseofulvin in man increases with the amount of 
lipid (Crounse, 1961; Bates and Sequeira, 1975). On the other hand, although 
Bloedow and Hayton (1976) found that the extent of absorption of sulfisoxazole 
acetyl was not affected by the amount of lipid administered, the highest dose of lipid 
reduced the initial rate of drug absorption, probably by reducing the rate of drug 
emptying from the stomach. Differences in the volumes of lipid and water adminis- 
tered, the type of oil, and the strain of animal may explain the different effects 
observed. 

TABLE 5 

PHARMACOKINETIC PARAMETERS AND ANALYSES OF PLASMA CONCENTRATIONS OF 
PHENYTOIN FOLLOWING ORAL ADMINISTRATION OF 50 mg kg - ’ PHENYTOIN AS AN OIL 
SUSPENSION AND 0.95 mg kg - ’ PHENYTOIN AS A SATURATED OIL SOLUTION 

Parameter a Oil suspension Saturated oil solution 

C,, (cg ml-‘) 10.55+ 2.93 0.43IfiO.12 
Cg, (c(g ml-‘) Il.78-+- 2.52 0.44-cO.08 
T,, (h) 8 4.5 
T,, (h) 6.13rt 1.24 4.88 =t 0.65 
AUC(Pghml-‘) 149.36&26,11 3.74 + 1.45 
Statistical significance PCO.001 

"See Table 1. 



Fig. 2 illust:rates the relationship between the dose of sesame oil and AUC. The 
correlation coc,:fficient (r = 0.96) and the primary function (y = 65.87x + 22.82) were 
established between AUC and the dose of sesame oil. These data suggest that the 
moving speed af phenytoin in the digestive tract slows down with an increase in the 
dose of oil, causing phenytoin to be retained longer at the site of absorption, and 
that the amount of phenyt’oin dissolved increases with an increase in the amount of 
oil, resulting in increased absorption of phenytoin. 

Fig. 3 and Table 5 present the mean plasma concentrations after oral administra- 
tion of a sesame oil suspension of phenytoin and its saturated solution (solubility: 
474.9 pg mF - ‘) in a dose of 2 ml kg -I to the dogs. The sesame oil suspension of 
phenytoin was filtered through a teflon Millipore filter of 0.2 pm, and the filtrate 
was used as 3 zsaturated sesame oil solution of phenytoin. When the saturated sesame 
oil solution w’as administered, the dose of phenytoin (0.95 mg kg -I) was about 
1/50th that of the sesame oil suspension (50 mg kg -I). The volume of water to be 
given simultan~usly with oral administration of the drug was fixed at 2.9 ml kg - * 

in order to have the volume of water exert an influence on the dissolution and 
absorption of the drug (Cadwallader, 1974). As a result, AUC on administration of 
sesame oil suspension increased about 40-fold over that on administration of the 
saturated sesalme oil solution. On the other hand, when dicumarol was administered 
as an oil solution, its bio.availability was the same as that for its oil suspension 
(Bloedow and Hayton, 1976). Accordingly, these results suggest that the extent of 
dissolution of the d!rugs at the time of administration is not an important factor in 
the bioavailability. Thus, we surmise that on administration of the sesame oil 
suspension of phenytoin as with the saturated sesame oil solution, it takes about 
twice as much time for Tmarr to be reached because phenytoin not yet dissolved in 
sesame oil becomes dissolved and then is absorbed gradually by the digestive tract. 

A study was made on the influence of the amount of water taken in on the 
absorption of phenytoin when its sesame oil suspension was administered. The dose 
of sesame oil was fixed at 1 ml kg -’ and the amount of water taken in was varied. 

TABLE 6 

PHARMACOKINETIC PARAMETERS AND ANALYSNES OF I’LASMA CONCENTRATIONS OF 
PHENYTOIN FOLLOWING ORAL ADMINISTRATION OF SO mg kg -_ ’ PHENYTOIN AS AN OIL 
SUSPENSION 

Parameter a Dose amount of water 

1.45 ml kg-’ 2.9 ml kg-’ 4.35 ml kg-’ 
-_- 

C,,(pgml -I) 4.142 1.02 7.472 1.35 4.97-+-0.61 
G,(pgmle’) 
T,,,,(h) 
T&x (h) 
AUC(pghml-‘) 
Statistical significance 

4.16-(_ 1.01 7.47-+- 1.35 s.47dzo.53 
4.5 4.5 4.5 
5.00+ 0.71 4.50” 0.00 X17+ 1.02 

48.30-+ 82.90 104.30& 12.86 62.22 + 9.40 
PCO.05 PCO.05 

N.S. 

‘!ke Table I. 
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Fig. 4. The relationship between the dose amount of water and areas under the plasma phenytoin 
concentration- time curve from 0 to 24 h following oral administration of 50 mg kg _. ’ phenytoin as an oil 
suspension. Each point represents the mean result & S.D. from 4 dogs. 

The results of the study are presented in Table 6 and Fig. 4. Clearly, phenytoin 
absorption is not correlated with the amount of water taken in. When the amount of 
water taken ixi was increased by about 3-fold (2.9 ml kg - ‘) over that of the dose of 
sesame oil, the absorption of phenytoin reached the maximum, and the difference 

TABLE 7 

PHARMACOICINETIC PARAMETERS AND ANALYSES OF PLASMA CONCENTRATIONS OF 
PHENYTOIN FOLLOWING ORAL ADMINISTRATION OF 50 mg kg - ’ PHENYTOIN AS AN OIL 
SUSPENSION 

Parameter L 

C,, (p8 ml-‘) 
G,(pgml-‘) 
T,, (h) 
T;, (h) 
AUC (fig h ml-“) 
Statistical significance 

Condition 

With sodium 
taurocholate 

5.331 1.88 
5.75-(_ 1.61 
3 
3.50-1- 1.06 

68.43 I: 22.07 
N.S. 

Without sodium 
taurocholate 

7.47+ 1.35 
7.47+: 1.35 
4.5 
4.50+ 0.00 

104.30-t 12.86 

‘See Table I. 



26 

was statistically significant at the levels shown in Table 6. This result suggests that 
sesame oil is most easily dispersible in the digestive tract when the ratio of sesame oil 
to the amount of water taken is 1: 3. And this dispersible state apparently increases 
the surface arca of the oil to accelerate its hydrolysis as with administration of the 
emulsion, thus leading to ,increased absorption of phenytoin (Bates and Sequeira, 
1975). 

Table 7 shows the influence of taurocholic acid on the absorption of phenytoin in 
the sesame oil suspension. Aqueous solution of sodium taurocholate, 107 mg kg - 1 

(equimolar with the dose of phenytoin) was administered oraiiy imrncdiately after 
administration of sesame oil suspension of phenytoin. AUC following administra- 
tion of taurocholic acid decreased compared with the case in which it was not 
administered, but the different was not statietically significant at the 5% level. 

From the above results. tthe dispensing state of oil and water in the digestive tract 
appears to be an important factor in phenytoin absorption, which is affected by the 
amount of water and oil given. 

A comparative experiment on the absorption of phenytoin from the emulsion and 
the suspension was performed with the amount of sesame oil and water administered 
fixed. In preparing emulsions containing phenytoin at two different concentrations, 
40 ml sesame oil, 0.3 ml HCO-60 and 0.7 ml So-l 5 were added to 1 or 2 g of 
phenytoin with enough water to make 100 ml and these solutions were treated with 
ultrasonic waves in a water bath for 30 min. Emulsions containing phenytoin (10 or 
20 mg ml - ’ ) were administered orally at doses of 5 or 2.5 ml kg -I to dogs, 
respectively. Therefore, the dose of phenytoin was fixed at 50 mg kg -I. The animals 
were not allowed to take water other than that contained in these emulsions. With 
the dose of sesame oil fixed at 2 ml kg -‘, AUC was 171.52 pg h ml -I on 
administration of 5 ml kg - ’ of the emulsion (Table 8) and 149.36 pg h ml - ’ on 
admmistration of the oil suspension (Table 4). With the dose of sesame oil fixed at 
1 ml kg-‘, NC was 58.66 c(g h ml -I (Table 8) on administration of 
the emulsion and 48.3 pg h ml _- ’ on administration of the oil suspension (Table 6). 

TABLE 8 

PtiARMxotuNrnc PARAMIETERS AND ANALYSES OF PLASMA CONCENTRATIONS OF 
PHENYTOIN FOLLOWING OFFAL ADMINISTRATION OF 50 mg kg - ’ PHENYTOIN AS AN 
E!!ULSION 

Parameter a Dose amount of emulsion 

c,(pgml-‘) 
c-(Pgml -‘) 
Tmu (h) 
T&x (h) 
AUCIkghml-‘) 
Statistical significance 

“See Table I. 

2.5 ml kg - ’ 5.0mlkg-’ 

- 4.88& 1.47 12.40 -e 0.43 
4.942 1.43 12.43kO.39 
4.5 6 
6.25& 2.25 6.67 -e 0.94 

58.66 ?z 14.23 171.52-+-9.60 
P<0.001 

-_ .-- 
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However, no significant difference was observed between AUC of the emulsion and 
the suspension. Bloedow and Hayt< ,ri (1976) also reported that the extent of 
bioavailabihty of sulfisoxazole ace@ was not affected significantly by emulsifying 
the triolein. These results suggest that a sesame oil suspension becomes well 
dispersed in the digestive tract like an emulsion, thus accelerating the absorption of 
phenytoin. 

Conclusion 

When sesame oil suspension and emulsion of phenytoin were adnmtistered to 
beagle dogs, the absorption of phenytoin increased as the dose of sesame oil 
increased and a linear relationship was found between the amounts of sesame oil 
and AUC in suspension. The enhanced absorption of phenytoin from dosage forms 
containing lipid is probably due to the ability of lipid to inhibit gastrointestinal 
mobility and stimulate gall-bladder evacuation (Bates and Sequeira, 1975). The 
absorption of phenytoin reached maximum when the ratio of sesame oil to water 
was 1: 3, and the absorption of phenytoin was not correlated with the amount of 
water given when the dose of sesame oil was fixed. With the dose amounts of sesame 
oil and water fixed, the absorption of phenytoin was slightly better upon administra- 
tion in an emulsion than in an oil suspension, but the difference was not significant 
(Tables 4, 6 and 8). The extent of dissolution of phenytoin in the oil suspension at 
the time of administration did not affect its absorption. 

The results of this study indicate that the absorption of phenytoin following oral 
administration as a sesame oil suspension is the same as that for its emulsion. 
Presumably, the sesame oil suspension may be emulsified in the digestive tract by 
the action of the water administered, bile salt and pancreatic lipase. Therefore, the 
ratio of sesame oil to water given at the time of administration is an important factor 
in the absorption of phenytoin in dosage forms containing lipid. 
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