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Summary. The relationship of L-DOPA plasma level, parameters of ERG and 
severity of extrapyramidal symptoms after a single dose of L-DOPA was inves- 
tigated in 11 patients suffering from parkinsonism of idiopathic or arterioscle- 
rotic origin. 

After a drug-free night, each patient received his/her usual morning dose 
of L-DOPA. In the subsequent 3 h, the ERG recordings, blood levels and clini- 
cal ratings of extrapyramidal symptoms significantly dropped after a delay of 
60 rain in relation to the occurrence of the peak plasma L-DOPA level. 

The initial "b" wave amplitudes as well as initial serum potassium values 
were abnormally high. There was a statistically significant co r re la t ion  
between the decrease of "b" wave amplitude (A"b") and the potassium 
"normalization index" (i.e. the ratio between the observed decrease of serum 
potassium and the pretreatment difference from the middle normal potas- 
sium value). 

A definite interpretation of the data cannot be provided until more know- 
ledge about the origin o f"b"  wave of ERG is available. It can be concluded 
tentatively that dopaminergic processes influence electrophysiological reac- 
tivity of the retina. 
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Introduction 

There is considerable experimental evidence indicating that dopamine (DA) is a 
major neurotransmitter  in the retina: presence of DA in the retina (Kramer 1971), 
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increased tyrosine hydroxylase activity in retinal amacrine neurons following 
light stimulation (Iuvone et al. 1978), and presence of DA-sensitive adenylate 
cyclase activity in the retina (Brown and Makman  1973). Therefore,  it can be 
hypothesized, that a record of retina action potential following light stimulation 
reflects to a certain degree the retinal dopaminergic activity (Filip and Balik 
1978). 

The origin of the "b" wave, the major component  of  human  electroretinogram 
(ERG), is not yet fully understood. It was demonstrated that it originates in the 
bipolar cell layer of  the retina (Armington 1974), where m a x i m u m  dopaminergic 
activity can be found. The dopaminergic receptor in the retina is of D1 type, i.e. 
the preferred ligand is e-flupenthixol, in contrast to the striatal dopaminergic D2 
receptor, which prefers binding with H3-spiroperidol. 

In order to ascertain if human  ERG can reflect the changes in dopaminergic 
activity, a clinical study was designed, in which the relationship of L- DOPA phar- 
macokinetic variables, parameters  of ERG and severity of extrapyramidal symp- 
toms (EPS) after a single dose of L-DOPA was investigated. Taking into conside- 
ration the influence of electrolyte balance upon electrophysiological activity and 
that serum potassium is under  dopaminergic control (Bevilacqua et al. 1980), 
serum levels of  some ions were also estimated. 

Material and Methods 

Subjects 

Patients (seven males, four females) treated longitudinally with L-DOPA to control parkinson- 
ism of idiopathic or arteriosclerotic origin and not suffering from any other serious disease 
were used in the study. The patients age range was 52 to 78 years. Informed consent was 
obtained from all prior to the study. 

Medica tio n 

L-DOPA was administered either as Dopaflex (Egyt, Hungary), i.e. a pure levodopa prepara- 
tion or as Nakom (Lek, Yugoslavia), i.e. combined with carbidopa, a peripheral decarboxylase 
inhibitor. Drugs doses for each patient are shown in Table 1. 

Procedures 

After a drug-free night, each patient received his/her usual morning dose of L-DOPA. In the 
subsequent 3 h, blood sampling, ERG recordings and clinical ratings were performed at regu- 
lar intervals (see Table 2). L-DOPA was estimated by a spectrofluorimetric method (Curzon et 
al. 1972). Maximum plasma level (Cmax) and area under the curve of plasma concentration 
(AUC) were used as indicators of systemic availability of L-DOPA from the preparation used. 
Serum K +, Na + and C1- were estimated by means of flame photometry. 

The ERG was recorded under scotopic conditions (5 min dark adaptation). Artificial myd- 
riasis was induced with homatropine. Henkes' contact lenses (without vacuum) were applied 
under local anaesthesia with Novesin. The stimulus energy was 2.0 J, the photostimulator 
lamp was placed 60 cm from the eye. The action potential of the retina was recorded by means 
of an EEG apparatus, the time constant was 0.3, paper velocity 6 cm/s. The records were eva- 
luated without knowledge of identity of the particular curve. 

For EPS assessment, the Rating Scale for Extrapyramidal Side Effects (Simpson and 
Angus 1970) and the Spiral Test were used. In our modification of the Spiral Test, the patient 
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liW (rain)  

was asked to draw a spiral as similar as possible to the pattern provided (Fig. 1). The amplitude 
of the tremor was then evaluated on a 5-point raing scale. Moreover, the number of whorls 
drawn per 1 s was estimated. A mean score of both hands was used for data analysis 

Statistical Evaluation 

The values of the pharmacokinetic variables were computed for each single patient on an 
ADT 4316 minicomputer by means of non-linear regression analysis (Jankfi 1979). The 
changes of particular variables against pretreatment were compared with zero by means of the 
t-test. The statistical significance of correlation coefficients "?" was tested by means of the z- 
s c o r e .  

Resul ts  

T h e  p l a s m a  levels  of  L-DOPA p e a k e d  b e t w e e n  30 and  90 ra in  af ter  drug  inges t ion  
and  the rea f t e r  dec l i ned  s lowly to ini t ia l  values .  (Fig. 2). T h e r e  was a c ons ide r a b l e  
var ia t ion  in m a x i m a l  L-DOPA concen t r a t i on  (Cm.x) as well  as in c o r r e spond ing  
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Patient Dose of L-DOPA Cmax AUC 
(g) (lag' m1-1) (lag" h. m1-1) 

F.M. 0.250 (NAK) 3.99 5.75 
M.g. 0.250 (NAK) 7.13 6.11 
M.R. 0.250 (NAK) 7.33 7.33 
A.S. 0.250 (NAK) 6.16 7.91 
B.S. 0.250 (NAK) 3.78 3.42 
M.H. 0.125 (NAK) 3.00 4.27 
P.P 0.250 NAK) 5.28 7.43 
Z.H. 0.375 (NAK) 0.97 1.46 
A.M. 0.500 (NAK) 9.60 10.40 
F.R. 0.125 (NAK) 1.50 1.58 
O.S. 0.750 (NAK) 4.00 3.75 

Time (min) Experimental procedures 

30 

0 
30 
60 
90 

120 
150 
180 

ERG, blood sampling, spiral test, 
Simpson-Argus score 
Drug application 
Blood sampling 
ERG, blood sampling, spiral test 
Blood sampling 
ERG, blood sampling, spiral test 
Blood sampling 
ERG, blood sampling, spiral test, 
Simpson-Angus score 

Table 1. Administered oral 
dose of L-DOPA and indicators 
of L-DOPA bioavailability 

Table 2. Protocol of 
the investigation 

areas under  the curve of L-DOPA concentration (AUC) (Table 1) probably ref- 
lecting the "erratic nature" of L-DOPA absorption (Mearrick et al. 1974) which 
required that unequal doses of the drug were used for effective treatment of the 
disease. Similarly as in our previous study (Filipovfi et al. 1979), the baseline 
amplitude of the "b" wave in the ERG was abnormally high (455.69 -+_ 40.66 laV) 
decreasing continously during the course of the session to the final mean value 
396.61 + 35.46 laV. This decrease reached statistical significance P <  0.05) 120 rain 
following L-DOPA administration i.e. with a delay of approximately 60 min in 
relation to the occurrence of the peak plasma L-DOPA level. 

The Spiral Test scores declined in parallel with the "b" wave amplitude 
decrease. The difference against pretreatment was statistically significant at 
60 min and 120 rain of  the experimental session (P< 0.01), 

The Simpson-Angus total score also dropped significantly (P< 0.01) during 
the trial from the pretreatment mean value 17.56_+2.67 to 9.33 4-1.80 recorded 
180 min later. 

The  pretreatment serum potassium values were above the normal range (3.6- 
4.8 mmol/1) in 90% of the patients studied. Serum potassium decreased signifi- 
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Table 3. Abnormal potassium plasma levels 
normalization after L-DOPA ingestion 
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in patients suffering from parkinsonism and their 

Patient Before L-DOPA After L-DOPA 
deviation from deviation from 
normal value ANK + pretreatment value A K + 
mmol/1 mmol/l 

Normalization index 
A K+/A NK + 

M.S. +5.0 -2.6 +0.5 
M.R. +6.0 -3.7 +0.5 
A.S. +0.6 -0.2 +0.3 
B.S. +2.8 -1.9 +0.7 
M.H. +4.7 -4.8 + 1.0 
P.P. +1.3 -1.9 +1.5 
Z.H. +4.3 -3.1 +0.7 
A.M. +1.0 +0.3 --0.3 
F.R. + 1.0 --0.8 +0.8 
O.S. +4.2 -2.8 +0.7 

Mean +3.09 -2.15 +0.65 
S.E.M. _+0.63 _+0.50 _+0.15 

cantly (P< 0.01) 3 h after L-DOPA administration, but still remained above nor- 
mal range in 66% of the patients (Table 3). 

The decrease in serum potassium following L-DOPA administration can be 
considered as a return to normal values. Therefore,  a new variable, the "normali- 
sation index", indicating the ratio of the observed decrease of serum potassium 
(A K +) and the pretreatment difference from the middle normal value (A NK +) 
was introduced. 

The value of the index is 1 when the serum potassium drops to the mean value 
of the normal range for serum potassium levels (4.2 mmol/1) during the experi- 
mental session. When the serum potassium remains above this level, the index 
value is below 1. The average value of the "normalisation index" in our experi- 
mental sample was 0.65 +0.15. According to the calculated confidence interval 
the value of the "normalisation index" falls with 95% probability between 0.31 and 
0.99. 

Neither serum Na + nor C1- changed significantly. The correlation between L- 
DOPA bioavailability variables (Cmax, Crnax/5OO, AUC, AUC/500) on one side and 
clinical effects (Simpson-Angus scale, Spiral Test, change of ERG "b" wave 
amplitude and serum potassium "normalisation index") on the other were not 
statistically significant. 

However, analyzing the correlation between the "normalisation index" and 
Simpson-Angus, Spiral Test and ERG results a statistically significant correlation 
coefficient ( r=  0.805, P <  0.01) was found between the "normalisation index" and 
the decrease of"b"  wave amplitude during the experimental session, A "b". The 
regression line of that relationship can be described by the equation: 

A "b"=20.61-117.56 A K+/A NK + 
The value of the determination coefficient indicated that 64.8% of the vari- 

ance ofA "b" in our sample could be explained by this theoretical relationship. 
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Correlation between clinical symptoms ofparkinsonism and the "normalisation 
index" were substantially lower and statistically not significant. 

Discussion 

Our results showed that there was a parallel between the diminution of clinical 
symptoms of parkinsonism after oral administration of L-DOPA and the reduc- 
tion of the abnormal ERG response. However, in relation to the appearance of 
maximal concentrations of L-DOPA in plasma both changes occurred with a defi- 
nite delay. Similarly, Doller and Conner (1980) found maximal plasma levels 1 h 
after peroral L-DOPA administration to rabbits with maximum striatal DA level 1 
to 2 h later. Furthermore, Lloyd et al. (1975) found in their autopsy studies in 
patients with parkinsonism maximum DA concentration in putamen 2.5 to 3 h 
after the last L-DOPA administration. We assumed that the main factors contri- 
buting to the delay were L-DOPA crossing through the blood-brain (blood-retina) 
barrier and a process of formation of the active metabolite. This was also probably 
why we did not find any significant correlation between pharmacokinetic and 
clinical variables. 

Until now there has been no data available in the literature on serum po- 
tassium elevation in patients with Parkinson's disease treated with L-DOPA. 
There is also a controversy to what extent serum potassium is controlled by 
dopaminergic mechanisms. An intraarterial application of metoclopramide, a 
dopaminergic antagonist, did not change serum potassium in rats (Sowers et al. 
1980). On the other hand, Bevilacqua et al. (1980) have observed a decrease of 
plasma potassium following IV administration of metoclopramide in healthy 
volunteers. 

Since we were unable to determine to what extent the reactivity of our 
patients was altered by their illness and/or treatment it was difficult to compare 
our results with these obtained in healthy volunteers. Therefore we share the 
opinion of Bevilacqua et al. (1980) that there were other factors (e.g. transfer of 
potassium from the extracellular into intracellular compartments) which might 
contribute to serum potassium regulation following dopaminergic blockade. 

It cannot be excluded, however, that elevated serum potassium levels in 
patients with parkinsonism are rather related to changes in their muscular activ- 
ity (rigidity and tremor). Provided this was true, the parallel changes of potassium 
"normalisation index" and "b" wave of ERG might represent two correlated 
phenomena dependent on a common underlying mechanism, i.e. dopaminergic 
blockade. However, taking into consideration that the changes of ion concentra- 
tion in the bipolar cell layer of retina play a role in the origin ofERG (Armington 
1974) the possibility exists that this correlation may mean a causal relationship, 
the ERG changes being a consequence of a shift in serum potassium. On the 
other hand, potassium is not free of effect upon dopaminergic system: it 
increases retinal tyrosine hydroxylase activity (Bustos et al. 1976) as well as the 
release of DA from retinal neurons (Sarthy and Lam 1979). 

It is apparent that we are facing very complex mechanisms which are not yet 
fully understood. Numerous types of receptors have been discovered in the 
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retina recently and at least some  of  t hem can be affected by L-DOPA or its meta-  
bolites. Hence ,  our  interpretat ion o f  clinical results can be only tentative until  
our  knowledge  of  the origin o f  E R G  is fur ther  elaborated. 

References 

Armington JC (ed) (1974) The electroretinogram. Academic Press, New York 
Bevilacqua M, Norbiato G, Raggi U, Micossi P, Baggio E, Prandelli M (1980) Dopaminergic 

control of serum potassium. Metabolism 29 : 306-301 
Brown JH, Makman MH (1973) Influence of neuroleptic drugs and apomorphine on 

dopamine-sensitive adenylate cyclase of retina. J Neurochem 21 : 477-479 
Bustos G, Roth RH, Morgenroth VH III (1976) Activation of tyrosine hydroxylase in rat 

striatal slices by K + - depolarization effect of ethanol. Biochem Pharmaco125:2493-2497 
Curzon G, Kantamaneni BD, Trigwell J (1972) A method for the determination of DOPA and 

3-O-methyl-DOPA in the plasma of Parkinsonian patients. Clin Chim Acta 37 : 335-341 
Doller HJ, Connor JD (1980) Changes in neostriatal dopamine concentration in response to 

levodopa infusions. J Neurochem 34 : 1264-1269 
Filip V, Balik J (1978) Possible indication of dopaminergic blockade in man by electroretino- 

graphy. Int Pharmacopsychiatr 13 : 151-156 
Filipovfi M, Balik J, Filip V, Rodns~ J, Krejeovfi H (1979) Electroretinographic changes 

in patients with parkinsonism treated with various classes of antiparkinsonian drugs. Activ 
Nerv Sup (Praha) 21 : 136-138 

Iuvone PM, Galli CL, Garrison-Gund CK, Neff NH (1978) Light stimulates tyrosine 
hydroxylase activity and dopamine synthesis in retinal amacrine neurons. Science 202 : 
901-902 

Jankfi I (1979) Package of pharmacokinetic programs for the minicomputer ADT 4316 
Kramer GS (1971) Dopamine: a retinal neurotransmitter. I. Retinal uptake, storage and light- 

stimulated release of H3-dopamine in vivo. Invest Ophthalmol 10:438-452 
Lloyd KG, Davidson L, Hornykiewicz (1975) The neurochemistry of Parkinson's disease: 

Effect of L-DOPA therapy. J Pharmacol Exp Ther 195 : 453-464 
Mearrick PT, Wade DN, Birkett D J, Morris J (1974) Metoclopramide, gastric 

emptying and L-DOPA absorption. Aust NZJ Meal 4 : 144-148 
Sarthy PV, Lain DMK (1979) The uptake and release of H3-dopamine in the 

goldfish retina. J Neurochem 32 : 126%1277 
Simpson GM, Angus JWS (1970) A rating scale for extrapyramidal side 

effects. Acta Psychiatr Scand (Suppl) 212 : 11-19 
Sowers JR, Sollars E, Barrett JD, Sambhi MP (1980) Effect of L-DOPA and bilateral 

nephrectomy on the aldosterone response to metoclopramide. Life Sci 27 : 497-501 

Received August 27, 1982 


