Binding of 5,5-Diphenylhydantoin and Its Major
Metabolite to Human and Rat Plasma Proteins
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Abstract [] Equilibrium dialysis was used to determine the degree
of plasma protein binding of both 35,5-diphenylhydantoin and
its major metabolite, 5-(p-hydroxyphenyl)-5-phenylhydantoin, in
man and in the rat. Binding studies show that diphenylhydantoin
is extensively bound to human and rat plasma proteins and that
the amount of diphenylhydantoin bound per gram protein, at
equivalent free diphenylhydantoin concentrations, is greater in
human plasma than in rat plasma. Since the rat has higher (~1.6-
fold) free diphenylhydantoin levels at equivalent total plasma drug
levels, correlation of free diphenylhydantoin levels in these species
with the in vivo incidence of drug-induced gingival hyperplasia
was not possible, Dialysis studies show that the para-hydroxy
metabolite is strongly plasma protein bound and that the amount
of metabolite bound per gram protein, at equivalent free metabolite
concentrations, is greater in rat plasma than in human plasma.
Since a given total metabolite plasma concentration results in
higher (= 1.4-fold) free levels in human plasma than in rat plasma,
differences in plasma protein binding of the metabolite between
these species in vivo may contribute to an explanation for the species
selectivity of diphenylhydantoin-induced gingival hyperplasia.

Keyphrases [ ] 5,5-Diphenylhydantoin, metabolite—plasma pro-
tein binding, rats, man [} 5-(p-Hydroxyphenyl)-5-phenylhydan-
toin—plasma protein binding, rats, man [] Plasma protein binding
—35,5-diphenylhydantoin and metabolite, rats, man [} Equilibrium
dialysis—drug-plasma protein binding [] Gingival hyperplasia—
effect of drug—plasma protein binding

The antiepileptic, 5,5-diphenylhydantoin, has been
shown by several investigators to be partially bound to
plasma proteins (1-12). The possibility exists that species
differences in the degree of plasma protein binding of
diphenylhydantoin may account for species-specific
drug responses.

Chronic administration of diphenylhydantoin can
produce a high incidence (mean approximately 3597)
of gingival hyperplasia in man (10, 13, 14). However, it
has not yet been possible to produce this effect experi-
mentally in the rat and most other laboratory species
(10, 15-17). Consequently, it has been difficult to
study the etiology of the adverse reaction to diphenyl-
hydantoin, and the mechanism involved remains
obscure. Differences in free plasma levels of diphenyl-
hydantoin or of its major metabolite, 5-(p-hydroxy-
phenyl)-5-phenylhydantoin, that result from species
differences in plasma protein binding may help to
explain the species selectivity of this adverse drug
reaction.

The equilibrium dialysis studies reported here deter-
mined the degree of plasma protein binding of both
diphenylhydantoin and its para-hydroxy metabolite in
the human and the rat. The results of these studies pro-
vide a comparison of free plasma drug and of free drug—
metabolite concentrations between these species. The
possible influence of drug binding on the development of
gingival hyperplasia in these species is discussed.
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Table I—Total Plasma Protein Values for Diphenylhydantoin
Binding Studies

Plasma Source:

Total Proteine,

Species Sex mg./ml.
Human GC Male 84.6+1.0
Human JW Male 94.0+1.1
Human JO Female 83.2+1.5
Human KS Female 85.2+ 0.8
Rat Male 79.5+1.4
Rat Female 85.0+1.2

e Mean of eight determinations with standard deviation of the
mean. b Two-tailed Student ¢ test shows significant difference (p <
0.05) for: human versus rat, male rat versus female rat, and human JW
versus other human samples.

EXPERIMENTAL

Materials—Chemicals—ACS reagent grade chemicals or the
equivalent obtained from standard sources were employed in these
studies. The following hydantoin derivatives were used: 5,5-di-
phenylhydantoin?!, 5-(p-hydroxyphenyl)-5-phenylhydantoin?, 5-(m-
hydroxyphenyl)-5-phenylhydantoin?, and 5,5-diphenylhydantoin-
4-14C (10.9 mc./mmole)3.

Animals—Male and female Holtzman rats, weighing between 200
and 270 g., were employed. Rats were maintained on a complete
diet* and water ad libitum for at least 1 week prior to use.

Human Volunteers—Adult Caucasian male and female humans®,
between the ages of 21 and 29 years, volunteered for these studies.
The participants abstained from alcohol, coffee, tea, nicotine, and
all drugs for 24 hr. preceding the blood sampling.

Methods— Diphenylhydantoin  Colorimetric Assay—Diphenyl-
hydantoin was determined in aliquots of plasma and of diffusate
obtained from equilibrium dialysis experiments by means of the
colorimetric method of Dill et al. (18). The sodium diphenylhy-
dantoin concentration was calculated using the extinction coeffi-
cient determined from diphenythydantoin standards carried through
the procedure simultaneously with unknown samples.

Diphenylhydantoin Radioisotope Measurement—Aqueous diphenyl-
hydantein-4-14C aliquots (1.0-3.0 ml.) from dialysis studies were
adjusted to 3.0 ml. with distilled water and mixed with 10.0 ml. of
scintillator solution® to form an emulsion gel stable at 5°. 4Carbon
was counted by liguid scintillation spectrometry. The diphenyl-
hydantoin sodium concentration was calculated using the specific
activity of 4carbon determined by counting diphenylhydantoin-
4-1+C samples of known drug concentration.

para-Hydroxy Metabolite GLC Assay—The p-hydroxy metabolite
was quantitated in plasma and diffusate aliquots by means of the
GLC method of Chang and Glazko (19) as modified by Conard
et al. (10, 20). The modification permits extraction of 5-(p-hydroxy-
phenyD)-5-phenylhydantoin and its internal standard, 5-(m-hydroxy-
phenyl)-5-phenylhydantoin, without extraction of plasma con-
stituents which cause interference peaks. Metabolite quantitation
was carried out using an internal standard, digital integrator area
count of peaks, and predetermined relative weight responses
(metabolite/internal standard) from standard samples carried
through the extraction and assay procedure.

1 Dilantin, Parke, Davis and Co., Ann Arbor, Mich.

¢ Parke, Davis and Co., Ann Arbor, Mich.

8 Schwarz BioResearch, Inc., Orangeburg, N. Y,

4 Rockland Teklad Mouse-Rat Pellet Complete Diet.

5 Employees of the American Dental Association, Research Institute,
6 Insta-Gel, Packard Instrument Co., Inc., Downers Grove, Ill,
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Figure 1—Sodium 3,5-diphenylhydantoin (DPH Na) binding to six
plasma sources as determined by the colorimetric assay. Key: A,
data from individual plasma samples; and B, data grouped according
to species of plasma. Each point represents the mean binding values
from one dialysis experiment, each line drawn is a least-squares curve,
computer fitted using a fourth-order polynomial.

Protein Determination—The colorimetric protein assay of Lowry
et al. (21) was utilized to determine total plasma protein concentra-
tion. Protein was quantitated using a standard curve prepared
daily with known amounts of crystalline bovine plasma albumin’.
The percent albumin in plasma preparations was determined by
cellulose acetate electrophoresis and zone measurement by densi-
tometry. Electrophoresis of plasma was run in barbital buffer, u =
0.075, pH 8.6, at 250 constant volts. Densitometry was per-
formed on the cellulose acetate membrane after trichloroacetic
acid fixation and staining®.

Egquilibrium Dialysis Method—Binding of diphenylhydantoin
and of the p-hydroxy metabolite to plasma proteins was determined
in vitro by equilibrium dialysis. Studies utilized undiluted human
and rat plasma freshly prepared daily from heparinized blood.
Human plasma studies employed plasma from individuals, while
the rat plasma studies utilized pooled plasma from 8-12 animals
of one sex. The amounts of diphenylhydantoin added to the dialysis
system were chosen to result in plasma diphenylhydantoin concen-

trations after equilibrium equivalent to ir vivo levels ranging from
low to very toxic. A similar concentration range was employed for
the metabolite of diphenylhydantoin. Plasma samples of either 5 or
10 ml. were placed in size 20 dialysis tubing? and dialyzed against
either 25 or 50 ml. of diffusate, respectively. The diffusate consisted
of modified Locke’s physiological salt solution buffered to pH 7.4
with 0.04 M phosphate, as described by Eik-Nes er al. (22), and
1.0 ml. drug solution. The dialysis system was maintained at 4°
with continuous stirring. After 24 hr., sufficient time for equilibra-
tion, duplicate aliquots of each fraction were removed for drug
extraction and assay or for radiodrug assay. The concentration
of drug (diphenylhydantoin or metabolite) determined in the
diffusate fraction represents the free drug level, while the concentra-
tion of drug (diphenylhydantoin or metabolite) measured in the
plasma fraction represents the total drug level, a sum of free and
bound drug. The change in pH observed during equilibration was
nominal (<0.2 unit) and constant between dialysis experiments.

RESULTS AND DISCUSSION

Diphenylhydantoin Binding to Plasma—Figure 1A permits a
comparison of free diphenylhydantoin levels between the vatious
plasma sources; the bottom four lines represent data from in-
dividual human plasma samples of both sexes and the top two lines
represent data from rat plasma of each sex. These data indicate

2000

Human  a————a
Rat - -e
1800

1200

#g DPH No Bound /gm Prote
®
2
3

400

5000

4000

3006

2000

4g DPH Na Bound /gm Albumin

1000

25 4o 60
8. ug/ml Free DPH Na

Figure 2—Sodium 5,5-diphenylhydantoin (DPH Na) binding to
human and rat plasma. Key: A, binding per gram total protein as
determined by the colorimetric assay; and B, binding per gram
albumin as determined by the radiodrug assay. Each point represents
the mean binding values from one dialysis experiment; each line
drawn is a least-squares curve, computer fitted using a fourth-order
polynomial.
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Figure 3—Sodium 5-(p-hydroxyphenyl)-5-phenylhydantoin (HPPH
Na) binding to human and rat plasma as determined by the GLC
assay. Key: A, data from each species of plasma; B, binding per
gram total protein; and C, binding per gram albumin. Each point
represents the mean binding values from one dialysis experiment;
each line drawn is a least-squares curve, computer fitted using a fourth-
order polynomial.
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that diphenylhydantoin is extensively bound to plasma proteins
of both man and rat, but the degree of binding differs between
the rat and individual humans. Since the concentration of free
diphenylhydantoin in human plasma is lower than that in rat
plasma at all equivalent total diphenylhydantoin levels studied
(5-80 mcg./ml.), grouping of the dialysis data according to species
appears justified. Grouping of the data in this manner (Fig. 1B)
permits a direct comparison of diphenylhydantoin binding between
species. It can be seen that at an intermediate total plasma di-
phenylhydantoin level, such as 40.0 mcg./ml., which has been
encountered during therapeutic use of diphenylhydantoin, the free
drug level in rat plasma is 3.9 mcg./mil., while that in human plasma
is 2.5 mcg./ml. At this total drug level, the rat/human free drug
ratio is 1.6; this value shows that a species difference exists in the
binding of diphenylhydantoin to plasma proteins,

When these data are expressed as fraction sodium diphenylhy-
dantoin bound versus total plasma drug level, it becomes apparent
that the bound drug fraction decreases with increasing total di-
phenylhydantoin level. The fraction bound in human plasma
throughout the total plasma drug concentration range employed
is 0.95-0.92, while in rat plasma the fraction bound is 0.91-0.89.

The species difference in diphenylhydantoin binding in plasma
shown here results in higher free drug levels in rat plasma than in
human plasma at any given total diphenylhydantoin plasma level.
These results, obtained by equilibrium dialysis, should be indica-
tive of the degree of in vivo drug binding to plasma proteins in man
and in the rat. Therefore, differences in drug binding between these
two species apparently do exist and may contribute to species
differences in pharmacological and toxicological responses. How-
ever, this species difference observed in free plasma diphenyl-
hydantoin levels in tirro does not appear to contribute to the in vivo
failure of diphenylhydantoin to induce gingival hyperplasia in the
rat (10),

Diphenylhydantoin-Plasma Protein Binding—Total protein con-
centration values for the six sources of plasma utilized are sum-
marized in Table 1. Statistical analysis shows that significant differ-
ences exist between species of plasma and between sexes of rat
plasma (Footnote b, Table I). Human total protein values are within
the normal range (23); rat total protein values are consistent for the
strain, These total protein values were utilized in subsequent
calculations of the amount of diphenylhydantoin bound per gram
total protein. Data expressed in this manner are corrected for drug
binding differences which result from differences in plasma protein
concentration between plasma sources. In Fig. 2A, it can be seen
that human plasma proteins adsorb more drug per gram protein
over the free diphenylhydantoin levels studied than do the rat
plasma proteins. This difference between species in diphenyl-
hydantoin binding is similar to that observed in Fig. 1A,

Diphenylhydantoin-1*C-Plasma Protein Binding—Since species
differences in total protein do not account for differences in di-
phenylhydantoin binding to plasma proteins, the influence of
species differences in albumin levels on binding was evaluated
in additional studies. Diphenylhydantoin-*C was employed in
these studies to improve analytical sensitivity and precision. A
significant difference exists in the albumin fraction between the
two species of plasma (Footnote c, Table II). The albumin values
shown in Table IIA are means of the values used to calculate the
amount of diphenylhydantoin bound per gram albumin in these
studies, The diphenylhydantoin-}*C dialysis binding data, when
plotted similarly to Fig. 2A, are in good agreement and substantiate
the species difference in diphenylhydantoin binding to human and
rat plasma proteins.

However, when the carbon binding data are plotted as micro-
grams of sodium diphenylhydantoin adsorbed per gram albumin
versus free sodium diphenylhydantoin concentration to correct for
species differences in albumin concentration (Fig. 2B), the species
difference in diphenylhydantoin binding observed previously
(Fig. 2A) is diminished at low free drug levels. In addition, the
species difference in diphenylhydantoin binding is reversed at high
free drug levels. A comparison of these data with the data presented
in Fig. 2A shows that the observed species difference in diphenyl-
hydantoin binding to human and rat plasma proteins can be
accounted for in part by the differences in plasma albumin concen-
tration.

para-Hydroxy Metaholite Binding to Plasma—In view of the
conclusion that species differences in diphenylhydantoin—plasma
protein binding do not appear to correlate with the species-specific



Table II—Total Protein and Albumin Values for Plasma Preparations

—-——Plasma Source————— Number of Total Protein®-, Percent Albumin®-,
Species Sex Preparations® mg./ml. Albumint.¢ mg./ml.
A. Values from Diphenylhydantoin-1*C Binding Studies
Human GC Male 7 87.24+ 0.6 42.9 0.3 37.4 £ 0.3
Rat Male 3 77.7x 1.6 320+1.0 24.8 +£0.2
B. Values from para-Hydroxy Metabolite Binding Studies
Human GC Male 3 86.9 - 0.3 42,9+ 0.2 37.24+ 0.3
Rat Male 2 79.0 £ 2.2 33,5+ 1.4 26.4+ 0.4

< Eight determinations per plasma preparation. » Mean value with standard deviation of the mean. ¢ Two-tailed Student ¢ test shows significant

difference (p < 0.01) between species.

induction of gingival hyperplasia, the binding of the major di-
phenylhydantoin metabolite, 5-(p-hydroxyphenyl)-5-phenylhydan-
toin, to plasma proteins was studied by equilibrium dialysis. Figure
3A permits a comparison of free metabolite levels between species
of plasma. These data indicate that the metabolite is strongly
bound to proteins of both species of plasma. Free metabolite
levels in the human plasma are higher than those in the rat plasma
throughout the total plasma metabolite range employed (10-160
mcg./ml.). At an intermediate total plasma metabolite level, such as
80 mcg./ml., the free metabolite level in human plasma is 13.0
mcg./ml., while that in rat plasma is 9.0 mcg./ml. At this total
metabolite level, the human/rat free drug ratio is 1.4; this value
indicates that the binding of the metabolite also differs in these
two species and that this binding difference varies markedly from
that found to exist for the parent drug.

When these data are expressed as fraction metabolite bound
versus total plasma metabolite level, it becomes apparent that
the bound fraction decreases with increasing total metabolite
level. The fraction bound throughout the total plasma metabolite
concentration range employed is 0.89-0.88 in rat plasma, while
in human plasma the fraction bound is 0.84-0.81. A comparison
of these data with those obtained for diphenylhydantoin indicates
that in rat plasma the fraction bound is decreased slightly for the
metabolite, which is a more polar molecule than is the parent drug,
while in human plasma the fraction bound is greatly decreased for
the metabolite relative to the parent drug.

This species difference in the metabolite binding to plasma
proteins results in higher free para-hydroxy metabolite levels in
buman plasma than in rat plasma at any given total metabolite
level. Consequently, this difference observed in free plasma metabo-
lite concentrations between species in vitro may contribute to an
explanation for the in vivo species selectivity of diphenylhydantoin-
induced gingival hyperplasia.

para-Hydroxy Metaholite-Plasma Protein Binding—Total pro-
tein, percent albumin, and albumin concentration values for the
plasma utilized in diphenylhydantoin metabolite dialysis binding
studies are summarized in Table IIB. These values are means of
the values used to calculate the amount of metabolite bound per
gram total protein and the amount of metabolite bound per gram
albumin. In Fig. 3B, it can be seen that rat plasma proteins adsorb
more metabolite per gram total protein at free metabolite levels,
ranging from 1.0 to 20.0 mcg./ml., than do the human plasma pro-
teins. This difference in metabolite binding between species is
similar to that observed in Fig. 3A. When these binding data are
corrected for differences in albumin levels (Fig. 3C), the species
difference previously observed in the binding of the metabolite
is increased.

CONCLUSION

The interaction of drugs with plasma proteins is of both theo-
retical and practical importance; drug-plasma protein binding
modifies drug distribution in the body and, therefore, can influence
the dose-response relationship, the rate of drug elimination, and
the pharmacological and toxicological actions of a drng (24-27).
Species differences in plasma protein binding consequently could
account for species-specific adverse drug reactions,

Plasma protein binding of diphenylhydantoin and of its major
metabolite, 5-(p-hydroxyphenyl)-5-phenylhydantoin, was deter-
mined using equilibrium dialysis of undiluted human and rat
plasma samples to compare the degree of in vitro protein binding

between these species, This comparison was made to determine
whether species differences in free plasma drug or drug-metabolite
levels correlate with in vivo species differences in pharmacological
and toxicological responses.

Data reported here show that diphenylhydantoin is extensively
bound to proteins in human and rat plasma and that human
plasma proteins bind a greater amount of diphenylhydantoin
in vitro at all total plasma drug concentrations studied than do rat
plasma proteins. This difference in drug binding between species
results in lower free diphenylhydantoin levels in the human than in
the rat at equivalent total drug plasma levels. Therefore, it appears
that plasma protein binding differences between these species do
not contribute to the in vivo failure of diphenylhydantoin to induce
gingival hyperplasia in the rat.

Species differences in plasma albumin concentration suggest
that this species difference in diphenylhydantoin binding may be
explained in part by species differences in albumin levels.

1t also has been shown that the major diphenylhydantoin metabo-
lite is strongly protein bound in human and rat plasma and that
rat plasma proteins bind the metabolite to a greater extent in vitro
at all total plasma concentrations studied than do human plasma
proteins. This binding difference results in higher free metabolite
levels in the human than in the rat at equivalent total plasma levels;
this situation is the opposite of that found for diphenylhydantoin.
These free metabolite levels observed in vitro correlate with the
in vivo incidence of diphenylhydantoin-induced gingival hyper-
plasia in man and rat. In the event that in vivo differences in the
binding of the metabolite to proteins parallel ir vitro binding differ-
ences between these species, plasma protein binding of the metabo-
lite may contribute to an explanation for the species selectivity of
the drug-induced pathology.
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Effects of Dietary Components on GI Absorption of

Acetaminophen Tablets in Man

JAMES M., JAFFE, JOHN L. COLAIZZI*, and HERBERT BARRY, III}

Abstract ] Various high carbohydrate, high protein, and high
lpid test meals were administered concurrently with acetaminophen
tablets to human subjects to study the effects of foods on GI
absorption of this drug. Balanced test meals and a fasting condition
were also employed. An indication of the rate and extent of drug
absorption was obtained by measuring urinary excretion at 1.5-hr.
intervals over a 9-hr. period. The initial rate of excretion of acet-
aminophen and its metabolites was significantly reduced with a
majority of the carbohydrate test meals. High protein, high
lipid, or balanced meals appeared to have no statistically significant
effect, while the fasting condition showed only a trend toward
initially higher excretion values. The cumulative amounts of total
acetaminophen and metabolites excreted in the urine at the end of 9
hr. showed little difference among test meals. The apparent in-
hibition of acetaminophen absorption by carbohydrate test meals
could be partially attributed to an interaction with pectin in some
cases.

Keyphrases [] Absorption kinetics, GI—acetaminophen tablets,
effect of foods, man ] Acetaminophen tablets—effect of foods on
GI absorption, man [] Dietary considerations—GI absorption of
acetaminophen tablets in man [[] Foods—effect of high carbohy-
drate, high protein, high lipid test meals on GI absorption of
acetaminophen tablets, inan

It is generally recognized that administration of drugs
by the oral route a short time before or after a meal may
alter absorption of the drug from the GI tract. However,
few definitive studies have correlated specific dietary
components with effects on drug absorption. Generally,
meals have been reported to retard absorption. Wood
(1) indicated that with five different commercial aspirin
preparations tested in humans, half-lives of absorption
were more than doubled by the nonfasting condition.
Hirsch and Finland (2) demonstrated that similar doses

1646 [1] Journal of Pharmaceutical Sciences

of erythromycin stearate and erythromycin propionate
administered orally after breakfast resulted in signifi-
cantly lowered blood levels when compared with equal
doses given before breakfast. In the same study, how-
ever, blood levels achieved with orally administered tri-
acetyloleandomycin did not vary significantly when
given either before or after breakfast.

Peterson and Finland (3) showed that sulfadiazine
administered orally after the morning meal was absorbed
more slowly, but more completely, than when adminis-
tered to fasting subjects. Kirby et al. (4) and Rosenblatt
et al. (5) showed that foods, especially those containing
significant amounts of divalent metal ions, can inhibit
absorption of tetracyclines, at least partially by a chela-
tion mechanism. Reduction of absorption efficiency by
food was also shown for orally administered lincomycin
(6) and penicillin (7).

Contrary to these studies, others demonstrated that a
meal preceding administration of a drug may enhance its
absorption from the GI tract. Levy and Jusko showed
that absorption of ribofiavin (8) and riboflavin-5’-phos-
phate (9) was enhanced when administered orally after
a standard breakfast of cornflakes and milk, and they
attributed these effects to decreased intestinal transit
rates. Crounse (10) demonstrated that the absorption of
orally administered griseofulvin was doubled when
given after a high lipid breakfast (consisting of bacon,
eggs, cream, and butter) compared with high protein or
high carbohydrate meals or even compared with the
fasting state. More recently, Kabasakalian et al. (11)
indicated that a high fat meal followed by griseofulvin
administration at breakfast increased drug absorption,





