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Relation Between Plasma and Cerebrospinal Fluid Levels of 

Abstract. Concentrations of free 3-methoxy-4-hydroxyphenylglycol in the plasma 
and cerebrospinalfluid are highly correlated, but concentrations in the cerebrospinal 
fluid are always higher than those in plasma, even when large amounts of the 
catecholamine metabolite are derived from a tumor of the adrenal medulla. This is 
explained by considering the plasma and cerebrospinalfluid as a two-compartment 
system in which the rate constants for entry into and exitfrom the cerebrospinaljuid 
compartment are similar. 3-Methoxy-4-hydroxyphenylglycol that is synthesized, but 
not catabolized, in the central nervous system maintains cerebrospinalj?uid levels at 
an increment over those in plasma. This increment can be used to provide the best 
available index of formation of 3-methoxy-4-hydroxyphenylglycol in the central 
nervous system. 

In the brain of most species, 3-meth- 
oxy-4-hydroxyphenylglycol (MHPG) is 
the major metabolite of norepinephrine 
(1). Although most MHPG is excreted as  
a conjugate, about one-third of the total 
MHPG in human plasma is unconjugated 
and almost all MHPG in cerebrospinal 
fluid (CSF) occurs in the free form (2). 
Measurement of C S F  concentrations of 
MHPG has become a widely accepted 
means of assessing norepinephrine for- 
mation and utilization in the central ner- 
vous system of man and other primates 
(3). Although in humans (4) and monkeys 
(5) there is a highly significant correla- 
tion between C S F  and plasma levels of 
MHPG, it has been presumed that both 
reflect central noradrenergic activity (5) .  
From the results obtained in our present 
study it becomes clear that a substantial 

portion of free MHPG in human C S F  is 
derived from plasma, that this is to be 
expected on the basis of kinetic consid- 
erations, and that C S F  levels of MHPG 
can be interpreted as  reflecting central 
nervous system norepinephrine metabo- 
lism only when the plasma MHPG con- 
tribution can be adequately assessed. 

To  determine the extent to which pe- 
ripherally formed MHPG can affect C S F  
levels of this metabolite, we examined 
plasma and C S F  levels of MHPG in 
patients with phaeochromocytoma, a tu- 
mor of the adrenal medulla which con- 
tains high concentrations of MHPG (6). 
These patients were expected to have 
relatively constant high levels of plasma 
MHPG. Normal subjects and patients 
with idiopathic orthostatic hypotension 
(known to have deficits in peripheral 
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Fig. 1. Relation between concentrations of 
MHPG in the plasma and in the C S F  of 
normal subjects and patients with phaeochro- 
mocytoma or  idiopathic orthostatic hypoten- 
sion. 

norepinephrine secretion) were also in- 
cluded in this study. Blood was collected 
into plastic tubes containing an anticoag- 
ulant, immediately centrifuged in the 
cold, and the plasma was removed and 
frozen. We obtained C S F  by lumbar 
puncture from the same subjects, usually 
within a few minutes of obtaining the 
blood. Plasma and C S F  were kept frozen 
at - 80°C until we assayed them for 
MHPG using deuterated internal stan- 
dards and gas chromatography-mass 
spectrometry as  described (7). 

We found a close correlation 
( r  = ,998, P < .0001) between plasma 
and C S F  levels of MHPG in seven nor- 
mal subjects and four patients with 
phaeochromocytoma (Fig. I ) .  The re- 
gression line has a slope indicating that 
the C S F  level increases 0.90 unit for 
each unit of plasma MHPG. The inter- 
cept is not a t  the origin; at all plasma 
concentrations the CSF levels are about 
5 ngiml higher than plasma levels. Both 
the plasma and C S F  levels of MHPG are 
abnormally low in the patients with or- 
thostatic hypotension, but the C S F  lev- 
els are even lower than might be expect- 
ed on the basis of the relation between 
levels of MHPG in the plasma and C S F  
of subjects without a known central ner- 
vous system disorder. 

The close relation between the free 
MHPG in the plasma and C S F  of normal 
subjects and in patients with phaeochro- 
mocytoma indicates that plasma MHPG 
concentrations influence those in CSF.  
This is readily explained by kinetic con- 
siderations. Plasma and C S F  may be 
viewed as  a simple two-compartment 
system (8) .  The steady-state levels of 
MHPG in plasma and C S F  are main- 

tained by formation of MHPG in the 
peripheral tissues (at a rate M,) and in 
the central nervous system (at a rate 
M,). As represented in Fig. 2, M, enters 
plasma whereas M, enters CSF. MHPG 
is a nonpolar compound that diffuses as  
rapidly as water out of, and probably 
into, nervous tissue (9). There is no 
active transport process for secretion of 
free MHPG into plasma. Because of bulk 
flow (8),  the rate constant for exit of 
MHPG to plasma from CSF,  kz ,  is proba- 
bly slightly greater than that for entry of 
MHPG to CSF from plasma, k l .  As 
shown in Fig. 2, the rate of entry of free 
MHPG into the CSF equals the rate of its 
exit, that is, k2 [C] = k l  [PI + M,. This 
equation can be rearranged to show that 
the MHPG concentration in CSF, [C], is 
related to that in plasma; [C] = (kl/k2) 
[PI + M,/k2. If formation of MHPG in 
the central nervous system, M,, remains 
constant, the relation is a straight line 
with a slope determined by kllk2. The 
slope is expected to be close to unity 
since, as  indicated above, k2 is probably 
only slightly greater than k l .  

Plasma concentrations of free .MHPG 
are determined by the total rate of 
MHPG production (M, + M,) and the 
sum of the rates of conjugation, metabo- 
lism to vanillylmandelic acid (VMA), 
and excretion, which are combined in a 
single rate constant (k3) in Fig. 2. If 
plasma MHPG levels are increased be- 
cause of an increase in MHPG produc- 
tion in peripheral tissues, there will be an 
almost equal increase in C S F  levels, 
provided formation of MHPG in the cen- 
tral nervous system is unchanged (10). If 
formation of MHPG in the central ner- 
vous system increases, plasma MHPG 
will also increase, but the increase in 
MHPG in the CSF will be greater than 
that in plasma; the difference between 
C S F  and 0.9 times the plasma MHPG 
levels (= M,/k2) will increase (k2 is prob- 
ably dependent on diffusion and bulk 
flow and remains relatively constant). 
Similarly, with a decrease in central ner- 
vous system MHPG production, there 
will be a greater decrease in C S F  than 
in plasma levels and the difference will 
decrease. 

The data shown in Fig. 1 substantiate 
the conclusions of this theoretical rela- 
tion between plasma and C S F  levels of 
MHPG in humans. The difference in 
C S F  and plasma MHPG levels in pa- 
tients with phaeochromocytoma and in 
normal subjects is similar (about 4.5 ngl 
ml). This is equivalent to M,/kz, and is 
similar in the patients and normal sub- 
jects because the high C S F  levels of 
MHPG in patients are not due to  produc- 
tion for MHPG in the central nervous 

In a steady state:  

k 3 P =  M p  + M C  k p C  = k 1  P +  M C  
o r or 

p = M P +  M C  c: k l p + k c  
k  3 k 2  k 2  

If M c  is constant  then CSF levels are 
l inearly re lated t o  plasma levels. 

Fig. 2 .  A two-compartment system represent- 
ing unconjugated MHPG in plasma and CSF. 
In this system [PI is the plasma MHPG; [C] is 
the C S F  content; M ,  and M ,  are the rates of 
MHPG production in peripheral tissues and 
central nervous system, respectively; k t  and 
k, are rate constants for the transfer of MHPG 
from plasma into C S F  and vice versa; and k3 
is the sum of the rate constants for removal of 
free MHPG plasma by excretion, oxidation to 
VMA, and conjugation. 

system. Patients with idiopathic ortho- 
static hypotension have lesions that in- 
clude the intermediolateral columns of 
the spinal cord and suffer from deficient 
peripheral sympathetic neuronal func- 
tion. These deficiencies account for the 
low concentrations of MHPG in the plas- 
ma and CSF. The low plasma levels in 
these patients may be attributed largely 
to the peripheral deficit. The central ner- 
vous system lesions of areas normally 
containing norepinephrine is reflected in 
the corrected difference ([C] - 0.9 [PI) 
between C S F  and plasma MHPG levels. 
In patients with orthostatic hypotension, 
this difference is only 2.5 i 0.2 nglml, 
significantly (P < .01) lower than in the 
four patients with phaeochromocytoma 
(5.7 i 0.7) or seven normal subjects 
(5.2 i 0.5). 

To  our knowledge only one previous 
study addressed the question of entry of 
plasma MHPG into human CSF. Chase 
et a / .  (11) infused I4C-labeled MHPG 
intravenously for 15 minutes and exam- 
ined plasma and CSF radioactivity at 
various times after the infusion. They 
found that the peak amount of I4C in 
CSF (which occurred 2 to  4 hours after 
the administration of the labeled com- 
pound) was only about 6 percent that of 
the I4C in plasma at the end of the 15- 
minute infusion and concluded that there 
was poor penetrance of MHPG from 
plasma into CSF.  At that time it was not 
realized that MHPG is rapidly metabo- 
lized to its conjugates and to VMA (13) 
and that the amount of free I4C-labeled 
MHPG in CSF may have been equal to, 
or even higher than, the level in plasma 
at the time of removal of the CSF.  

Studies in animals in which MHPG is 
conjugated in brain are not valid models 
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for humans since the conjugate is trans- 
ported rapidly out of brain (k2 >> kl).  
The ratio of k, to k2 is small so that the 
levels of free and conjugated MHPG in 
brain are dependent mainly on their for- 
mation in brain (M,ik2). Since monkeys 
form little or no conjugates of MHPG in 
brain, studies in these animals are valid 
models for humans. Ellsworth et al. (5)  
showed that in monkeys C S F  concentra- 
tions of MHPG are proportional, but 
always higher, than plasma concentra- 
tions. In their study, the slope of the 
best-fit line for 67 matching plasma and 
C S F  samples was close to unity; the 
difference between C S F  and plasma 
MHPG concentrations was relatively 
constant (about 20 ngiml). Perhaps 
MHPG is formed more rapidly per unit 
volume of CSF in monkeys than in man, 
or the larger difference is a result of 
sampling of C S F  from the cisterna mag- 
na rather than from the lumbar area. 
Concentrations of unconjugated MHPG 
reflect local norepinephrine metabolism 
only if the equilibrium of C S F  (or parti- 
tion of brain tissue) with plasma MHPG 
is considered. 

As shown above, concentrations of 
MHPG in the plasma and C S F  are de- 
pendent on the sum of the rates of 
MHPG formation in both the central 
nervous system and the peripheral tis- 
sues and the rate of MHPG metabolism. 
Peripheral sources probably predomi- 
nate in determining plasma MHPG lev- 
els. Neither plasma levels nor urinary 
excretion of MHPG are valid indices of 
brain norepinephrine metabolism since 
MHPG from brain appears to account for 
only about 30 percent of the total body 
production of MHPG (12). On the basis 
of the theoretical considerations and the 
supporting empirical evidence (for exam- 
ple, in patients with idiopathic orthostat- 
ic hypotension), it appears that concen- 
trations of MHPG in human lumbar C S F  
can provide a valid index of central 
MHPG production, but only when ap- 
propriately corrected by subtracting 90 
percent on the plasma MHPG concentra- 
tions. 
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Effects of Tyrosine Administration on Serum Biopterin in 
Normal Controls and Patients with Parkinson's Disease 

Abstract. After administration of' tyrosine, total coizcentration of biopterin, the 
cofactor for tyrosine hydroxylase, was increased in the striatum, adrenal glands, and  
serum of rats,  and  in the serum of'lzumans. Serum hiopterin is lower in p a t i ~ n t s  with 
Parkinson's disease than in normal controls. AJier oral administration of tyrosine, 
the increase in serum biopterin concentration was smaller in patients with Parkin- 
son's disease (less than twofold) than in healthy controls (three- to sevenfold). These 
results suggest that tyrosine may have a regulatory role in hiopterir? hiosynthesis and  
that patients with Parkinson's disease may have some abnormality in the regulation 
of hiopterin hiosynthesis. 

The enzymic hydroxylation of tyro- 
sine, the first step in dopamine biosyn- 
thesis, is catalyzed by tyrosine hydroxy- 
lase, which requires L-erythro-tetrahy- 
drobiopterin (BPH4) as cofactor. Both 
tyrosine hydroxylase activity and total 
biopterin concentration are greatly de- 
creased in the striatum of patients with 
Parkinson's disease (I). Hydroxylase co- 
factor content in the cerebrospinal fluid 
of these patients is also decreased in 
comparison with that of controls (2). 
Since BPH4 is an essential cofactor for 
tyrosine hydroxylation, these results 
suggest that the reduction in dopamine in 
the parkinsonian striatum may be due to 
reductions in the concentration of stria- 
tal BPH4 and in tyrosine hydroxylase 
activity. The concentration of BPH4 in 
catecholaminergic neurons may be lower 
than the value of the Michaelis constant 
for the cofactor of nonphosphorylated 
tyrosine hydroxylase, and catechol- 
amine biosynthesis in vivo may be regu- 
lated by both BPH4 concentration and 
tyrosine hydroxylase phosphorylation 
(3). Reserpine treatment or insulin-in- 
duced hypoglycemia, which increases 
tyrosine hydroxylase (4, 5 ) ,  produced a 
significant increase in the BPH4 content 
in the adrenal medulla in rats (6, 7). 

Since tyrosine increases catechol- 
amine biosynthesis through the change 
in tyrosine hydroxylase activity ( 8 ) ,  we 
have investigated the effect of tyrosine 
administration on total biopterin concen- 
tration in tissues and serums from rats 
and from normal human subjects and 
patients with Parkinson's disease. 

Tyrosine (1 g per kilogram of body 
weight), suspended in 0.2 percent car- 
boxymethylcellulose, was injected intra- 
peritoneally in male Sprague-Dawley 
rats (200 to 250 g). The rats were decapi- 
tated at various time intervals after tyro- 
sine administration; tissues (striatum, 
adrenal glands, and liver) and blood were 
immediately removed, and serum was 
separated. Total biopterin concentration 
was measured by a newly established, 
specific, sensitive radioimmunoassay for 
L-erythro-biopterin (9). We found that 
total biopterin concentration was in- 
creased 1.5- to threefold in the striatum, 
adrenal glands, and serum after adminis- 
tration of tyrosine to rats (Fig. I),  but 
total biopterin content in the liver was 
slightly decreased. These results suggest 
that tyrosine may regulate the biosynthe- 
sis of biopterin from guanosine triphos- 
phate in central and peripheral catechol- 
aminergic cells. 
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