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Plasma Catecholamines in Friedreich’s Ataxia
Assayed using High Performance Liquid
Chromatography with Electrochemical Detection

ABSTRACT: Resting levels of plasma
norepinephrine, epinephrine and dopamine
were determined in 9 patients diagnosed as
having Friedreich’s Ataxia using a relative-
ly new assay method, HPLC with
electrochemical detection. Levels of
norepinephrine and dopamine were found
to be significantly elevated in patients as
compared to controls while epinephrine,
" though increased, was not significantly
higher. These results confirm in most parts
previous findings of Pasternak et al. of in-
creased plasma catecholamines and
demonstrate the sensitivity and utility of the
present method for the routine assay of
plasma catecholamines.

RESUME: Les niveaux plasmatiques, au
repos, de norépinephrine, épinéphrine et
dopamine furent déterminés chez 9 patients
souffrant d’ataxie de Friedreich grdce a
une méthode relativement nouvelle: la
chromatographie liquide d haute perfor-
mance (HPLC) avec détection électrochimi-
que. Nous avons trouvé des niveaux de
norépinéphrine et de dopamine
significativement élevés chez les patients
comparativement aux témoins. Les niveaux
d’épinéphrine, bien qu'élevés, ne l'étaient
pas significativement. Ces résultats confir-
ment en grande partie les données de
Pasternak et collaborateurs et indiquent de
plus que la sensibilité et l'utilité de la
présente méthode permettent le dosage
routinier des catécholamines plasmatiques.
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INTRODUCTION

One common clinical feature of
Friedreich’s Ataxia is the presence of
cardiomyopathy. The extent and type
of cardiac involvement varies among
patients and does not necessarily reflect
the degree of neurological impairment
(Cote et al, 1976; Malo et al, 1976).
Indeed, previous reports have indicated
that some patients considered to be
severely affected demonstrate little car-
diac involvement while others, only
slightly impaired neurologically,
evidence severe cardiac disturbances.

It is known that measurable changes
in catecholamine activity often accom-
pany cardiac malfunction (Gazes et al,
1959; Young et al, 1972). Furthermore,
at least in animals with hereditary
cardiomyopathy, it appears that
norepinephrine levels increase prior to
the onset of measurable heart disease,
suggesting, though not confirming, a
causal relationship (Angelakos et al,
1972). In this issue Pasternak et al,
(1982) report that both norepinephrine
and epinephrine are increased in
plasma taken from patients with
Friedreich’s Ataxia. These changes ap-
pear to be related to the degree of
ventricular hypertrophy.

The purpose of the present study
was to measure free plasma cate-
cholamines in a different group of
patients and with a different method to
determine the generality of the reported
changes. As this study was designed
only as a replication, it was considered
sufficient to assay plasma cate-
cholamines in patients subjected to
only one experimental condition, i.€. in
the “resting” or supine position. This
experiment was also undertaken to
determine the feasibility of using on a
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routine basis, a recently developed
technique for measuring cate-

" cholamines in plasma, High Perfor-

mance Liquid Chromatography with
electrochemical detection (LC-ECD).
The sensitivity and specificity of this
assay have been previously compared
to that of the radioenzymatic technique
with favorable results (Goldstein et al,
1981; Hjemdahl et al, 1979).

SUBJECTS AND METHODS

Plasma Collection

Nine patients diagnosed as having
Friedreich’s Ataxia according to the
criteria of Geoffroy et al, (1976) and
eight healthy volunteers were included
in the study. Subjects were instructed
to fast for at least 8 hours prior to
testing. After the subjects had remained
in the supine position for 2 hours, 10
ml of blood were drawn into chilled
polypropylene centrifuge tubes contain-
ing 80 mg/ml EDTA. The blood was
centrifuged at 7000 x g for 15 min. at
4°C. The plasma was immediately
transferred and frozen at -80°C until
analyzed.

Reagents

All reagents were analytical grade and
required no further purification.
Norepinephrine (HBr) (NE), Dihydrox-
ybenzylamine (HBr) (DHBA),
Epinephrine (HBr) (EPI), Dopamine
(HC1) (DA), and Trizma Base were
purchased from Sigma. Perchloric Acid
(70%), disodium ethylendiamine-
tetracetic acid (EDTA) and methanol
(Omnisolv) were obtained from BDH.
Sodium Acetate, citric acid and sodium
metabisulfite (Na;HSO;) were from
Fisher. Sodium octyl sulfate (SOS) was
purchased from ICN. Alumina HCI
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was obtained from Bioanalytical
Systems, but was regenerated ac-
cording to the method of Anton and
Sayre, (1962). All water was dionized,
distilled and purified before use.

Apparatus

The separation of the cate-
cholamines was effected using a
Beckman 322 dual piston pump, an
Altex #110 injection valve and a
reverse phase ODS C;3 Column (4.6
mm x 25 cm) protected by a short
precolumn (4.6 mm x 45 mm). The
catecholamines were detected by
means of a Bioanalytical Systems
amperometric detector using a carbon
paste working electrode set at a poten-
tial of +0.65 mV vs an Ag/AgCl
reference electrode. The sensitivity of
the detector was adjusted as necessary:
I na full scale for NE and 0.5 na full
scale for EPI, DHBA and DA. Peak
heights were recorded on a Shimadzu
CRIA integrator.

The mobile phase, consisting of
0.1IM sodium acetate, 0.02M citric
acid, 0.22 mM EDTA and 0.35 mM
SOS dissolved in 90:10 v/v
H,O/Methanol, was filtered through a
Millipore filtering device and degassed
before use. The eluant was pumped at a
rate of 1 ml/min. The use of methanol
in conjunction with SOS in the mobile
phase provides a means of varying the
retention times of the catecholamines.
Increasing the concentration of
methanol will decrease retention times
while increasing the SOS concentration
will increase retention times. The exact
ratio of methanol to SOS must be op-
timized for each chromatographic
system used.

Extraction of Catecholamines

Two to three ml of plasma were
pipetted into a 5 ml Reacti-Vial con-
taining 50 mg of acid washed alumina.
Twently ml of 1 x 10.M DHBA was
added as the internal standard. The
catecholamines were absorbed onto the
alumina by the addition of 1 ml Tris
buffer (1.5 M, pH 8.6) followed by
shaking for 15 min. on an Eberbach
shaker. The alumina was allowed to
settle, the supernatant aspirated off,
and the alumina washed 3 times with 1
ml portions of deionized water. The
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catecholamines were then desorbed
into 200 1 of 0.1M HC104 containing
400 1| Na;HSOs/liter. To ensure max-
imum removal of the catecholamines,
the acid and the alumina are mixed
briefly by swirling and then permitted
to stand for exactly § min. To avoid in-
jecting particles of alumina, the
alumina slurry is transferred to a
microfilter (Bioanalytical Systems) and
centrifuged at 3000 rpm for 30 sec.
Then 100 1 of the acid supernatant
were injected onto the column.

Working standards were provided
by adding known quantities of NE, EPI
and DA, plus 20 1 of | x 10,M DHBA
to 2 ml Phosphate Buffer (pH 7.0,
0.1M) and carrying it through the as-
say.

In order to maximize the recovery of
the catecholamines from the alumina,
several precautions must be observed.
First, the absorption characteristics of
the alumina decrease with time. As

prepared at a time (sufficient for 2
weeks) and is stored in a vaccum des-
sicator. Second, because the buffering
capacity of Tris diminishes rapidly, a
fresh solution is prepared weekly and
refrigerated. Finally, all stock solutions
and DHBA solution were prepared
fresh every two weeks and were stored
frozen in aliquots sufficient for a day’s
work. The recoveries of NE, EPI and
DA averaged 87%, 93% and 91%
respectively.

Calculation

The assay proved to be linear for
all compounds in the ranges tested, i.e.
100-1000 pg for NE and 20-100 pg for
EPI and DA. Quantification of
catecholamine levels was performed by
comparing peak height ratios of plasma
catecholamines/DHBA vs the standard
catecholamine/DHBA ratio according
to the following formula:
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Figure I — Chromatogram resulting from injection of standard catecholamine mixture representing

120 pg NE,-60 pg EPI and 60 pg DA.
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This was then adjusted for the
recovery and the amount of plasma ex-
tract actually analyzed. Differences
between group means were analyzed
by means of unpaired t-tests.

RESULTS AND DISCUSSION
Chromatographic Separation

Figure 1 represents the chro-
matogram of a standard cate-
cholamine mixture taken through
the assay and injected on the column.
The amounts injected were 120 pg NE,
50 pg EPI and 50 pg DA. As can be
seen from the figure no contaminating
peaks elute with the catecholamines
standards to interfere with the assay.
Figure 2 represents the chromatogram
obtained with a plasma sample, NE,
172.2 pg/ml; EPI, 79.9 pg/ml and DA,
34.1 pg/ml. Together with these
catecholamines other peaks can also be
seen. Due to the characteristics of
alumina extraction and the fact that
these peaks must represent oxidizable
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compounds, the range of possible sub-
stances represented by these peaks is
limited. In all likelihood these peaks are
precursors and/or metabolites of NE
and DA. We are now in the process of
identifying them.

Method Reliability

Table 1 compares the catecholamine
data obtained using LCEC to the data
obtained using either the single or dou-
ble isotope radioenzymatic assay. In all
cases plasma was drawn from normal
subjects while in a supine position.

Clearly, under these conditions,
catecholamine levels measured with
LCEC accord well with those
measured using the radioenzymatic as-
say. Furthermore, it seems that the
detection and quantification of
dopamine using radioenzymology is
not always reliable due to high blank
values (Weise and Kopin, 1976).
However, using the method described
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Figure 2 — Chromatogram obtained from the injection of 100 x| of human plasma extract.
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above, dopamine is readily resolved
and, in our experience accurately quan-
tifiable.

Catecholamine Levels in Patients vs
Controls

The results of this study confirm in
most parts the findings of increased
free catecholamine levels in plasma of
patients with Friedreich’s ataxia
(Pasternak et al, 1982). As can be seen
in Figure 3, norepinephrine and
dopamine levels were significantly
higher in plasma of ataxics than in con-
trols (t(15) = 1.95 ; p<0.05; and (t(15)
= 3.30, p<0.01) respectively. While
epinephrine was also elevated, this in-
crease did not reach statistical
significance (t(15) = 1.38, p>0.05).
Finally, total plasma catecholamines
(NE + EPI + DA) were also
significantly greater in patients than in
controls (t(15) = 2.26, p<0.02).

That these results do not reach the
same significance value for epinephrine
as those reported by Pasternak et al,
(1982) might be due to the smaller
number of patients tested by us.
Moreover, the degree of cardio-
myopathy in our patients was not as-
sessed at the time of catecholamine
determination. Thus it is possible that
our group represents a less ho-
mogeneous population than does the
group tested by Pasternak et al, (1982),
all of whom displayed some degree of
cardiac involvement. The increased
dopamine found in plasma of our
patients, a result first reported here,
might reflect the better sensitivity of the
present method to detect low cir-
culating levels of this catecholamine.

The observation of increased ca-
techolaminergic activity in Fried-
reich’s Ataxia is of importance, but
still difficult to explain. Most of the
physiological possibilities have already
been discussed in Dr. Pasternak’s
paper (1982, this issue) and indicate
that increased synaptic release par-
ticularly of norepinephrine, could ac-
count for the development and the
maintenance of the cardiomyopathy.
However, the possibility of increased
secretion is far from proven. One must
also consider the alternative of a distur-
bance at the level of post-synaptic
membrane, particularly the receptor
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Figure 3 — Levels of free NE, EPI, DA and total plasma catecholamines (pg/ml) in patients with

Friedreich’s Ataxia (Striped bars) vs control (open
*  Significantly different from controls, p<0.05
** Significantly different from controls, p<0.02
*** Significantly different from controls, p<0.01

portion of these membranes, or even
within the effector cells, such as within
the second messenger generating
system. Data exists to support both
these possibilities. Modifications in the
concentration of membrane linoleic
acid (18:2), such as those reported by
Huang et al (1980) in Friedreich’s
Ataxia, could reduce the reactivity and
sensitivity of certain adrenergic recep-
tors, thereby modifying the turnover of
the catecholamines. Findings to be
reported in this issue (Barbeau, et al,
1982) concerning taurine transport,
could be reflected in abnormal calcium
concentrations within the post synaptic
membranes, thereby modifying the
hormonal response mechanism. Only
further experimentation will help
resolve these questions.
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bars). Results are expressed as Mean + S.E.M.
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