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Short Communication 

Alterations of Phenytoin Protein Binding with in Vivo Haemodialysis 
in Dialysis Encephalopathy 
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Summary. Protein binding of phenytoin was assessed 
in one patient with dialysis encephalopathy before 
and after haemodialysis, Phenytoin concentrations 
were measured by radioimmunoassay and continuous 
ultrafiltration was used to assess phenytoin binding. 
At a serum concentration of 60 bunol.1-1 the per- 
centage of phenytoin bound to serum albumin was 
considerably lower in the patient serum (79.95% 
predialysis; 92.09% postdialysis) than that in three 
normal sera (97.90 + 0.17%). Analysis of Scatchard 
plots indicated two classes of binding sites. In class I 
both the affinity and capacity for binding phenytoin 
were reduced in the pre and post-dialysis serum, 
whereas in class II the capacity of the uraemic serum 
was increased although the intrinsic association con- 
stant was greatly reduced. It was concluded that in 
vivo haemodialysis is associated with large fluctua- 
tions in the protein binding of phenytoin, in which 
the concentration of endogenous dialysible metabo- 
lites are strongly implicated. 
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The dialysis encephalopathy syndrome is, at present, 
one of the major causes of death in patients on regu- 
lar haemodialysis therapy. Established encepha- 
lopathy is virtually irreversible but patients will often 
require anticonvulsant therapy to control the 
troublesome seizures which occur in this disorder. 
Phenytoin is a commonly used anticonvulsant for 
which there is good presumptive evidence of a rela- 
tionship between elevated levels of unbound drug in 
sermn and toxicity [1]. Uraemic serum has been pre- 

viously shown to exhibit depressed phenytoin binding 
[2, 3] and in vitro dialysis restores phenytoin protein 
binding towards normal [4]. 

We have recently had occasion to study the pro- 
tein binding of phenytoin in a patient with dialysis 
encephalopathy. We wish to report evidence that the 
improvement in the protein binding of phenytoin 
after haemodialysis is due to the reduction in dialys- 
ible metabolites, so that in vivo dialysis is accom- 
panied by enhanced phenytoin protein binding such 
as occurs following dialysis in vitro. 

Patient and Methods 

Following a progressive glomerulonephritis a 30 year 
old male developed chronic renal failure and started 
haemodialysis therapy in 1972. In 1976 he began to 
show early features of dialysis encephalopathy with 
speech disturbance, myoclonus and generalised con- 
vulsions. Phenytoin therapy appeared to be associ- 
ated with some diminution in the frequency of con- 
vulsions but the regulations of dosage proved difficult 
in this setting of progressive neurological deteriora- 
tion where manifestations of phenytoin toxicity 
would not have been readily apparent. 

The protein binding of phenytoin by this patient's 
serum was assessed by continuous ultrafiltration [5] 
at 37 °C and pH 7.4 using Amicon XM50 Diaflo 
ultrafiltration membranes, phenytoin concentrations 
being measured by radioimmunoassay [6]. 

Drug recoveries were measured and indicated 
that the binding of drug to these membranes was 
negligible (< 1.0%). Sulphosalicylic acid (1M) was 
used routinely to check for protein leakage through 
the membranes but it was never detected in the 
effluent. 
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Fig. 1. Scatchard plots for three normal sera (11, IV, @) and patient 
serum (predialysis 0 ;  postdialysis o). Df: concentration of free 
drug (mol. 1-1) r.: Moles of drug bound per Mole of albumin 

Results and Discussion 

At the mid-point of the therapeutic range (60 ~tmol 
1-1 ) 79.95% of the drug was bound by the patient's 
serum. Following haemodialysis phenytoin protein 
binding was considerably increased, the drug being 
92.09% bound, although even this value was lower 
than that determined in three normal subjects (97.90 
___, 0.17%). Analysis of Scatchard [7] curves (Fig. 1) 
indicated two groups of binding sites in serum from 
both controls and patient (Table 1). 

Thus, analysis of the Scatchard plots showed that 
abnormal drug protein interaction occurred in 
uraemia, being particularly marked pre-dialysis. A 
real reduction in the ability of serum albumin to bind 
phenytoin, independent of hypoproteinaemia was 
therefore indicated. Further reduction in methyl 
orange protein binding after in vivo haemodialysis 
has been reported which was attributed to 'non- 
dialysible' non-esterified fatty acids arising from the 
use of heparin [8]. Spin label studies have indicated 
that fatty acids can cause perturbations of albumin 
molecules [9] allosterically affecting protein binding 
properties. The protein binding of phenytoin has 
been reported to be sensitive to the presence of fatty 
acids which can cause its displacement from albumin 
molecules [10]. However, in the present study, the 
protein binding capacity was enhanced post-dialysis 
so that in vivo the effect of dialysis (commonly 
accompanied by increased free fatty acid levels) is 
probably attributable to reduction in metabolites 
which interfere with phenytoin binding in uraemia. 

Albumin metabolism has also been shown to be 
altered in chronic renal failure [11] including changes 
in primary protein structure [12]. It is not readily 
conceivable that aberrations in the primary structure 
of the major part of the circulating albumin would 
have occurred during the time course of haemodialy- 
sis. The albumin concentration before and after 
haemodialysis remained constant. 

Table 1, The number of binding sites (N1 and N2) and intrinsic association constants (KI and K2) for controls and patient sera 

N~ K1 × 106 M -1 N2 K2 × 103 M-1 

Controls 
K, McC 0.12 3.57 0,53 10.50 
W.S. 0,08 9.47 0.29 43.20 
P.M. 0.14 1.67 0.42 8,44 
Mean + SD 0.11_+0.02 4.88_+2,36 0.41_+0.07 20.7_+11.27 

Patient 
Pre-dialysis 0.07 0.68 1.0 2.08 
Post-dialysis O. 10 1.58 2.29 1.38 
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It could be postulated that phenytoin metabolites 
may be responsible for some displacement of the 
parent drug from serum albumin in vivo. To be an 
important factor in the change of protein binding, 
however, the clearance of the metabolites during 
haemodialysis would need to be grossly different 
from phenytoin, which seems unlikely. Aluminium 
toxicity has been implicated in the aetiology of dialy- 
sis encephalopathy and elevated serum aluminium 
concentrations are known to occur in the dialysis 
encephalopathy syndrome [13]. While aluminium is 
highly protein bound in serum [14] it seems unlikely 
that aluminium binding would have any bearing on 
the binding of phenytoin. Aluminium concentrations 
were in any case very similar before and after dialysis 
in our patient, being 300 gg 1-1 in the pre-dialysis 
serum and 267 gg 1-1 in the post-dialysis specimen. 

In summary, in vivo haemodialysis is associated 
with large fluctuations in the protein binding of 
phenytoin, in which the concentration of endogenous 
dialysible metabolites are strongly implicated. While 
deterioration in the neurological condition, con- 
comitant with dialysis, is part of the syndrome the 
observations recorded here suggest that phenytoin is 
not the ideal drug for seizure control in dialysis 
eneephalopathy. 
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