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Abstract-Levels of diphenylhydantoin (DPH) and phenobarbitai (PB) in plasma 
and brain of rats after single or combined, acute or chronic treatment have been 
determined. The results obtained indicate (a) drug plasma levels are not always a reliable 
index of brain levels because DPH disappearance from plasma is frequently more rapid 
than from brain; (b) DPH administration enhances the plasma and brain levels of PB; 
(c) levels of DPH or PB in brain correlate with the protection against a maxima1 
electroshock, 

COMBINED treatment of convulsive disorders with phenobarbital (PB) and diphenyl- 
hydantoin (DPH) is commonly employed’ but the mechanism underlying the thera- 
peutic validity of this pharmacological association has never been clearly established. 
In many clinical studies PB and DPH plasma levels as well as urinary excretion of 
hydroxylated metabolites have been followed .3-7 The results indicate that during 
chronic combined treatment with PB and DPH, PB may decrease DPH plasma levels 
and may increase the urinary excretion of hydroxylated DPH metabolites by an 
“inducing” effect on liver hydroxylating enzymes.7-13*‘7 Also DPH may produce 
higher levels of plasma PB.l %14 

These observations, however, do not give any information about possible modifica- 
tions of the physiological availability of both drugs in the CNS which must be respon- 
sible for the clinical effects. In addition, even if we know that after a single dose there 
is a good relationship between plasma and brain levels, very little is known about 
this relationship during chronic combined treatment.15 

In the present study we have investigated the relationship between plasma and brain 
levels of PB and DPH in various experimental conditions, i.e. acute or repeated 
treatment or both drugs given alone or in association, with the aim of reaching a 
better understanding of the physiological availability of PB and DPH in an experi- 
mental condition simulating the clinical situation. 

MATERIALS AND METHODS 

All experiments were carried out with female Sprague-Dawley rats (body wt. 
140-160 g) kept in Meraklon cages at 21 j, 2” and constant humidity (60%). 

Acute experiments. A group of 15 animals were treated with a single dose of 200 
mg/kg of DPH suspended in methylcellulose, given orally. To a second group of 
15 animals, DPH was administered 24 hr after five intraperitoneal injections of PB 
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(35 mg/kg every 12 hr). A third group of 15 animals was treated with PB only. A 
fourth group of 15 animals treated with methylcellulose was used as a control. Five 
animals from each group were sacrificed 4, 6 and 8 hr respectively after the admini- 
stration of DPH or methylcellulose. 

Subacute experiments. A group of 15 animals received 100 mg/kg by mouth of 
DPH suspended in methylcellulose every 12 hr for a total of seven times and saline 
solution i.p. for a total of five times. A second group of 15 animals received DPH, 
as in the first group, and PB (35 mg/kg i.p. every 12 hr) five times. A third group 
received PB, as the second group, and methylcellulose by mouth as in the DPH- 
treated groups. A fourth group of 15 methylcellulose-treated animals was used as a 
control group. Five animals from each group were sacrificed 4, 6 and 8 hr after the 
time of the last administration of DPH or methylcellulose. 

Immediately before sacrifice the degree of protection against maximal electroshock 
was tested with Basile electroshock equipment for small animals (parameters: 100 mA, 
0.2 p.W., 100 p/set, shock duration: O-4 set). Animals were then sacrificed by decapi- 
tation and brain and blood samples were collected for drug determination. 

DPH determinations were carried out on plasma and brain samples according to 
Morselli.16 PB in plasma and brain was determined according to Svensmark and 
Kristensen with minor modifications.17 

RESULTS 

Acute experiments. In the rats which received DPH in a single dose of 200 mg/kg 
by the oral route there was a good correlation between plasma and brain levels with 
a peak around the sixth hour of 14 pg/ml or g (Fig. la). All animals were fully pro- 
tected against maximal electroshock. 

In the PB-pretreated rats DPH plasma levels were lower than in the DPH group 
by the 4th hour, and the plasma clearance rate was faster (Fig. lb). 

Whether this was due only to microsomal enzyme induction or also to an inhibition 

of DPH absorption, as recently suggested,ls has not been verified. 
However, the rate of entry of DPH into brain and its rate of removal did not appear 

to be significantly modified by PB pretreatment (Fig. lb). In these animals the PB 

brain levels were practically the same as in the rats which received PB alone. 
With regards to the protection against maximal electroshock in this group, all of 

the rats which received DPH were fully protected. In the group which received PB 
alone, full protection was present only at 4 hr from methylcellulose administration 
i.e. 36 hr from the last PB administration. 

At 6 hr there was protection against tonic but not clonic phase. At 8 hr X0 per cent 
of the animals had tonic and 100 per cent had clonic seizures (Table 1). 

Subacute experiments 

Repeated administration of DPH (100 mg/kg by mouth for seven doses) led to a 
picture very similar to that obtained with PB pretreated rats in the acute experiments. 

There was a faster plasma clearance of the drug, probably due to autoinduction,19 
while the brain levels were higher and were constant throughout all the length of time 
considered (Fig. lc). 

In the combined treatment group DPH levels were significantly lower for plasma 
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Fro. 1. DPH brain @g/g) and plasma &g/ml) after acute or repeated administration, with or without 
PB combined treatment. 

(a) Brain and plasma levels of DPH after a single administration (200 mg/kg p.0.). 
(b) Effect of PB pret~tment on brain and plasma levels of DPH after a single administration 
(200 mg/kg p.o.) PB was injected i.p. (35 mg/kg) at 9 a.m. and 6 p.m. of day 1, 2 and at 9 a.m. of 
day 3. DPH was administered 24 hr later. * P < 0.05 in respect to plasma levels of (a). 
(c} Brain and plasma levels of DPH after repeated treatment (100 mg/kg p.o. every 12 hr for 3 days 
and at 9 a.m. of day 4). 
(d) Brain and plasma levels of DPH after repeated combined treatment with DPH and PB. DPH 
was administered at the dose of 100 mg/kg p.o. at 9 a.m. and 6 p.m. of day 1, 2, 3 and at 9 a.m. of 
day 4. PB was administered at the dose of 35 mg/kg i.p. at 9 a.m. and 6 p.m. of day 1,2 and at 9 a.m. 

of day 3. 
* P < @05 in respect to brain and plasma levels of(c). 

** P < 0.025 in respect to brain levels of (c). 

(P -C O-05) and brain (P -C 045) at the fourth hour and for brain at the eighth hour 
(P < O-025) (Fig. Id). 

In both groups there was full protection against maximal electroshock despite the 
low level of brain DPH at the 8th hour. The PB plasma (P < O-02) and brain (P -C 
O-05) levels were significantly higher than in group which received PB alone (Fig. 2). 
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TABLE I. EFFECT OF DIPHENYLHYDANTOIN AND PHENOBARBITAL GIVEN ALONE OR IN ASSOCIATION ON 

MAXIMAL ELECTROSHOCK A-C VARIOUS TIMES AFTER AD,MINISTRATION 

Methylcellulose 
DPH 
PB (“) + methyl- 

cellulose 
DPH + 

PB 

(mg/W 

- 
200 

35 x 5 
200 

35 x 5 

% of animals Tonic phase Clonic phase 
showing convulsions (set f SE.) (set h S.E.) 

__~_ --. 

6 hr 8 hr 6 hr 8 hr 6 hr 8 hr 

100 100 11 + 0.3 11 f 0.7 12 f0.4 11 * 0.5 
0 0 absent absent absent absent 

100 100 absent 10 & 0.2 17 & 1.2 12 * 0.3 

0 0 absent absent absent absent 

(“) In this group 6 and 8 hr are considered from the methylcellulose administration, i.e. 30 and 32 hr 
from the last PB administration. 
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FIG. 2. Effect of DPH on PB plasma @g/ml) and brain &g/g) levels after repeated administrations. 
PB = drug was administered i.p. at the dose of 35 mg/kg at 9 a.m. and 6 p.m. of day 1 and 2 and at 

9 a.m. of day 3. 
PB + DPH = PB was administered as in previous group, and DPH (100 mg/kg p.0.) at 9 a.m. and 

6 p.m. of day 1,2,3 and at 9 a.m. of day 4. 
* P < 0.02 in respect to plasma levels of PB-group. 
** P < 0.05 in respect to brain levels of PB group. 

&- - -A plasma O----O brain 

DISCUSSION 

The question of the relationship between plasma and brain levels during a chronic 
combined treatment with PB and DPH still presents a problem. Most of the experi- 
mental data available on DPH and PB and on their metabolic interactions have been 
obtained in acute experiments. 20*21 In many instances, the two anticonvulsant drugs 
are not given in combination at the same time, as in clinical practice, but one drug 
precedes the other at a relatively long interval.22*23 



Observations on the interactions between phenobarbital and diphenylhydantoin 453 

Our results show that the determination of drug plasma levels as an index of tissue 
levels is valid if it is performed at the proper time. In fact, for PB the parallelism 
between plasma and brain levels seems to be longlasting, but for DPH this may be 
true only for a limited length of time, as in the case of chronic DPH administration. 
The longlasting levels of DPH in the brain are probably due to a higher binding to 
tissue components. 24*25 This could also explain why in the PB induced animals a 
faster clearance is evident only in the plasma compartment. Furthermore, after chronic 
combined treatment, PB plasma and brain levels were much higher than after PB 
alone, while a single administration of DPH did not cause any variation in PB levels. 

The present findings confirm our previous observation in children,r3*14 where the 
addition of DPH led to a substantial rise in plasma PB levels. Whether this rise in 
PB brain and plasma levels induced by DPH is due to a competitive inhibition of PB 
metabolism or to an inhibition of renal excretion remains to be determined. 

A good correlation was also found between drug brain levels and protection against 
maximal electroshock if we consider the total level of both drugs, while this correla- 
tion is not always present if we consider the drug levels separately. In fact, in the case 
of the DPH-PB chronic group, the brain levels of DPH do not justify the full protec- 
tion achieved. 

Simultaneous control in animals of plasma and brain levels after repeated treat- 
ment with drugs commonly given together in humans may provide valuable informa- 
tion not only on the metabolic interactions, but also on the possible modifications of 
the physiological availability of both drugs, which in some instances cannot be seen 
in acute experiments. 

Acknowledgernenr-This work was supported by Contract DHEW/PHS/NIH 43-67-83 and by 
Contract CNR 70.00972.04. The authors wish to acknowledge the excellent technical help of Mr. M. 
Gema, Mr. A. Angelo and Mr. G. Venturini. 

REFERENCES 

1. S. LIVINGSTON, Drug Therapy for Epilepsy, p. 16. Thomas, Springfield, Ill. (1966). 
2. T. C. BUTLER, C. MAHOFEE and W. J. WODDEL, J. Pharmac. exp. Ther. 111,425 (1954). 
3. P. Lous, Acta Pharmac. tox. 10, 166 (1954). 
4. 0. SVEN~MARK and F. BUCHTHAL, Epilepsia 4, 199 (1963). 
5. K. ARNOLD and N. GERBER, Clin. Pharmac. Ther. 11, 121 (1970). 
6. A. J. GLAZKO, T. CHANG, J. BAUKEMA, W. A. BILL, J. R. GOULET and R. A. BUCHANAN, Clin. 

Pharmac. Ther. 10,498 (1969). 
7. H. KUTT, W. WINTERS, R. KOKENGE and F. MCDOWELL, Neurology, Minn. 11, 642 (1964). 
8. S. A. C~CINELL, A. H. C~NNEY, M. SANSUR and J. J. BURNS, Clin. Pharmac. Ther. 6,420 (1965). 
9. M. KRISTJZNSEN, M. J. HANSEN and L. SKOVSTED, Acta med. scund. 185, 347 (1969). 

10. H. Km, J. HAYNES, K. VEREBELY and F. MCDOWELL, Neurology, Minn. 19,611 (1969). 
11. S. GARATTIM and P. L. MORSELLI, in L’Epilessia. Argomenti di Fisio-Patologia Clinica e Terapia 

(Eds. E. LUGARE~I and P. PAZZAGLIA) p. 207. Au10 Gaggi Editore, Bologna (1969). 
12. P. L. MORSELLI, M. RIZZO, P. BIANDRATE, M. BOR~A and M. P~CCIONE, in Atti Z”Riunione 

Nazionale Sot. Italiana di Neuropsicofarmacologia, Tirrenia, June 1969, p. 71 (1970). 
13. P. L. MORSELLI, M. RIZZO and S. GARA~INI, Ann. N. Y. acad. Sci. 178 (1971). 
14. M. RIZZO, L. LUCIANO, P. L. MOR~ELLI and M. DE NEGRI, to be published. 
15. P. L. MORSELLI, M. RIZZO and S. GARATTINI, Biochem. Pharmac. 19, 1846 (1970). 
16. P. L. MORSELLI, Clin. chim. Acta 28, 37 (1970). 
17. 0. SVEN~MARK and P. KRISTENSEN, J. Lab. clin. Med. 61, 501 (1963). 
18. P. M. AGGELER and R. A. O’REILLY, J. Lab. clin. Med. 74, 229 (1969). 
19. N. GERBER and K. ARNOLD. J. Pharmac. exp. Thu. 167.77 (1969). 
20. T. C. BUTLER, J. Pharmuc. exp. Ther. 100,219 (1950). 
21. E. L. NOACH. D. M. W~~DBURY and L. S. GOODMAN, J. Pharmac. exp. Ther. 122,301 (1958). 



454 M. RIZZO, P. L. MORSELLI and S. GARATTINI 

22. S. A. CUCINELL, R. KOSTER, A. H. CONNEY and J. J. BURNS, J. Pharmc. exp. Thu. 141, 157 
(1963). 

23. R. D. HARBISON, T. E. ELING and B. A. BECKER, Fedn Proc. Fedn Am. Sots exp. Biol. 28, 676 
(1969). 

24. H. FIREMARK, C. F. BARLOW and L. J. ROTH, Int. J. Neuropharmac. 2, 25 (1963). 
25. D. M. WOODBURY, in Basic Mechanisms of the Epilepsies (Eds. H. H. JASPER, A. A. WARD and 

A. POPE) p. 647. J. & A. Churchill, London (1969). 


