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Moderate cooling depresses the accumulation and the release of newly synthesized catechol-

amines in isolated canine saphenous veins'

P.J. Boels?, T.J. Verbeuren and P. M. Vanhoutte®

Division of Pharmacology, Department of Medicine, University of Antwerp, Universitaite Instelling Antwerpen, B-2610
Wilrijk (Belgium), and Department of Physiology and Biophysics, Mayo Clinic and Mayo Foundation, Rochester
(Minnesota 55905, USA), 22 November 1984

Summary. Moderate cooling (from 37° to 24 °C) depressed the formation of *H-dopamine and *H-norepinephrine from
*H-tyrosine by isolated canine saphenous veins. Cooling reduced the evoked release of newly synthesized catechol-
amine to the same extent as that of stored norepinephrine. Hence the augmentation by cold of the contractile response
to sympathetic nerve stimulation observed in earlier work is not accompanied by an augmentated release of newly
synthesized norepinephrine.

Key words. Cooling; canine saphenous vein; newly synthesized norepinephrine; release; electrical stimulation; accu-

mulation.

In the isolated saphenous vein of the dog, moderate cool-
ing augments the contractile responses to norepineph-
rine'™". This potentiation is due in part to an instanta-
neous increase in the affinity of postjunctional alpha-
adrenoceptors”®. Cooling augments the contractions
evoked by sympathetic nerve stimulation more than
those evoked by exogenous norepinephrine'®”, which
suggests that the smooth muscle cells sense an increased
concentration of the adrenergic transmitter in the junc-
tional cleft. However, moderate cooling markedly de-
creases the stimulation-evoked overflow of both endoge-
nous and *H-norepinephrine®®. Newly synthesized nor-
epinephrine probably is stored in a small neuronal com-
partment and may contribute differently to the release
process than the rest of the endogenous norepinephrine
or than *H-norepinephrine recently taken up by the nerve
endings™* """, Therefore, the aim of the present study
was to investigate the effects of moderate cooling on the
accumulation and release of newly synthesized catechol-
amines in canine saphenous veins.

Materials and methods

Both lateral saphenous veins were taken from mongrel
dogs, anesthetized with sodium pentobarbital (30 mg/kg
1.v.). The veins were placed in ice-cold modified Krebs-
Ringer bicarbonate solution (mmolar composition:
NaCl, 118.3; KCl, 4.7; MgSO,, 1.2; KH,PO,, 1.2; CaCl,,
2.5; NaHCO,, 25.0; glucose, 11.1; Ca EDTA, 0.026; con-
trol solution). They were cut into helical strips (5 mm in
width) of 1 cm in length for incubation studies and 10 cm
in length for superfusion studies.

1. Incubations

All tissues were equilibrated for 2 X 30 min in 2 ml of
aerated (95% 0,-5% CO,) control solution at 37°C.
They were then incubated for 30 min with 3, 5-*H-(—)-ty-
rosine (3.5 x 1077 M; specific activity 53 Ci/mmole; New
England Nuclear) either in 2 m! of control solution or in 2
ml of solution containing 50 mM K* (in equimolar re-
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placement of Na*). These incubations were carried out at
either 24°C or 37°C. After the incubation, the tissues
were washed with control solution and the radioactivity
was then extracted with acetic acid’. A solution contain-
ing protectives and carriers (composition in M: HCI, 5;
dopamine, 2.8 x 107™; norepinephrine, 4.2 x 107°; ty-
rosine, 5.5 X 107°; Na,EDTA, 3.8 x 107%; sodium meta-
bisulfite, 7.5 x 107?) was added to the samples which were
then stored at —23°C until chromatographic analysis.

2. Superfusion

2.1 Newly synthesized’ H-catecholamines

Strips were incubated for 2 x 30 min in aerated control
solution at 37°C. The tissues were then incubated for 30
min with *H-tyrosine (3.5 x 10”7 M) in solution contain-
ing 50 mM K**. After incubation, the strips were sus-
pended between two platinum electrodes in a chamber
maintained at 37°C, and continuously superfused with 3
ml/min of control solution. From the 30th to the 60th
min of superfusion, the tissues were stimulated electri-
cally (2 Hz, 9 V, 2 msec) by means of a stimulator (Grass
S88). Samples of the superfusate were collected from the
20th to the 22nd, from the 28th to the 30th and from the
68th to the 70th min of superfusion (basal efflux) and
from the 38th to the 40th, 48th to the 50th and 58th to the
60th min of superfusion (electrical stimulation). From
the 40th to the 50 min of superfusion, the temperature
was rapidly decreased from 37°Cto 24°C.

All superfusate samples were collected in test tubes con-
taining 2 ml of absolute ethanol and 0.6 ml of a solution
containing carriers and protectives (composition in M:
thioglycolic acid, 0.86; Na,EDTA, 5.4 x 10~* norepi-
nephrine, 4.9 X 107°; tyrosine, 1.6 X 107°). The samples
were then frozen at —23°C until chromatographic analy-
sis for determination of newly synthesized *H-catechol-
amines’. After superfusion, the tissues were blotted dry
and weighed. Control tissues were studied in parallel at
37°C throughout the experiment; the results obtained
with cooling were corrected for the changes with time
observed in these control veins.

2.2 H-norepinephrine

Strips of the saphenous veins were incubated for 2 h at
37°Cin 5 ml of aerated control solution containing 7-*H-
(—)-norepinephrine (3 x 1077 M; specific activity 18.8 Ci/
mmole; New England Nuclear). After incubation, the
strips were suspended for superfusion. A similar protocol
was followed as described in 2.1. Samples of the super-
fusate were obtained from the 126th to the 130th and
from the 166th to the 170th min of superfusion (basal
efflux) and from the 136th to the 140th, 146th to the
150th, 156th to the 160th min of superfusion (electrical
stimulation). The temperature was decreased from 37°C
to 24°C from the 140th to the 150th min of superfusion.
Superfusate samples were collected in test tubes contain-
ing carriers and protectives (composition in M: HCl, 5;
sodium metabisulfite, 10™; Na,EDTA, 5.4 x 10~°; and
107 M of each of norepinephrine, 3,4-dihydroxy-
phenylglycol, 3,4-dihydroxymandelic acid, normeta-
nephrine, 3-methoxy-4-hydroxyphenylglycol and 3-me-
thoxy-4-hydroxymandelic acid). The samples were then
frozen at —23°C until column chromatographic separa-
tion of *H-norepinephrine from its metabolites®*. The
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results obtained were corrected for changes with time as
described previously®.

3. Data analysis

For the newly synthesized *H-catecholamine deter-
minations, the data were corrected for cross contamina-
tions and recoveries as described previously*; the results
are expressed as fmoles (107"° moles) per g wet wt per 30
min of incubation or as fmoles per g wet wt per 2 min of
superfusion. For *H-norepinephrine and its metabolites,
the data are expressed as pmoles (1072 moles) per 4 min
of superfusion®. For statistical analysis, Student’s t-test
for paired or unpaired observations was used. p-values
smaller than 0.05 were considered to be significant.

Results
1. Incubations

Four groups of saphenous vein strips were incubated
with *H-tyrosine. Incubation in control solution (n = 6)
at 37°Cyielded an equimolar tissue-accumulation of *H-
norepinephrine and *H-dopamine (fig.1). Cooling to
24°C significantly reduced the tissue accumulation of
both *H-catecholamines, the accumulation of *H-norepi-
nephrine was decreased significantly more than that of
*H-dopamine (fig. 1). Incubation in solution containing
50 mM K* (n=4) at 37°C significantly enhanced the
tissue accumulation of both *H-norepinephrine and *H-
dopamine (to 300 + 68% and 252 + 21% of the values
noted in control solution, respectively); cooling to 24°C
decreased the tissue accumulation of *H-norepinephrine
more than that of °‘H-dopamine (to respectively
18.5+6.5% and 40.5+9.9% of the values noted at
37°C).

=3H-Norepinephrine

25r n=6

I]=3H-Dopamine

20t

05t

fmoles 10-3(Gram wet weight x 30 min)~!

0
24°C

Figure 1. Effect of cooling on the accumulation of *H-norepinephrine
(closed columns) and *H-dopamine (open columns) in six saphenous vein
strips incubated in control solution with *H-tyrosine. The data are ex-
pressed in absolute values and shown as means =+ SEM. * The effect of
cooling is statistically significant (p < 0.05; Student’s t-test for paired
observations). “The difference between the accumulation of *H-dopamine
and *H-norepinephrine is statistically significant (p < 0.05; Student’s t-
test for paired observations).

37°C
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2. Superfusions

2.1 Newly synthesized ’ H-catecholamines

In six strips, previously labeled with *H-tyrosine, elec-
trical stimulation (2 Hz) caused an overflow of *H-cate-
cholamines (from 2.8 + 0.9 to 18.8 + 4.0 fmoles/g/2 min).
Cooling to 24°C significantly decreased the stimulation-
induced overflow of catecholamines (fig. 2).

2.2 *H-norepinephrine and its metabolites

In five veins previously incubated with *H-norepineph-
rine, electrical stimulation (2 Hz) evoked an overflow of
intact *H-norepinephrine (from 48.4 + 4.0 to 1578 + 218
fmoles/g/4 min). Cooling to 24°C significantly reduced
the stimulation induced overflow of *H-norepinephrine
(fig. 2). The decrease of the *H-norepinephrine overflow
caused by cooling was not significantly different from
that noted for the newly synthesized *H-catecholamines
(fig. 2). The overflow of all *H-metabolites was also signi-
ficantly reduced by cooling (DOPEG to 72+ 4%,
DOMA to 64 +2%, NMN to 42+1%, VMA to
46 £ 2% and MOPEG to 67 +2% of the values ob-
tained at 37°C).

Discussion

The present experiments confirm earlier observations
that isolated canine saphenous vein strips, incubated with
*H-tyrosine, form and accumulate equal amounts of both
*H-norepinephrine and *H-dopamine, and that the accu-
mulation of both catecholamines can be enhanced if the
incubation is carried out in the presence of an elevated
K*-concentration®. They demonstrate that moderate
cooling markedly decreases the accumulation of *H-do-
pamine and *H-norepinephrine by the saphenous veins.
Thus, a decrease in temperature inhibits the biosynthesis
of the adrenergic transmitter, as it does for many pro-
cesses in adrenergic nerve endings®. The present results
do not allow to speculate whether cooling affects primar-
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Electrical Stimulation

Figure 2. Effect of electrical stimulation at 37°C (open columns) and at
24°C (closed columns) on the evoked release of newly synthesized H-
catecholamines (left) and stored *H-norepinephrine (right) in canine
saphenous veins. The data are expressed as absolute values (note the
different scales) and shown as means =+ SEM. * The effect of cooling to
24°Cis statistically significant (p < 0.05; Student’s t-test for paired obser-
vations).
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ily the uptake of tyrosine, tyrosine hydroxylase or dopa-
decarboxylase. The accumulation of *H-norepinephrine
is reduced more by cooling than that of *H-dopamine
independently of the K*-concentration of the incubation
solution. This difference could be due to an enhanced
leakage or spontaneous release of norepinephrine, from
the storage vesicles at 24°C. This seems unlikely, since
cooling decreases the basal efflux of *H-norepinephrine
and its metabolites in the canine saphenous vein®. Alter-
natively, cooling may impair the vesicular uptake of *H-
dopamine, and inhibit dopamine-§-hydroxylase. The
rate of vesicular uptake is temperature-dependent's. A
relative accumulation of dopamine in the neurones
would be the likely consequence of blockade of vesicular
uptake, in particular since at the lower temperature the
activity of the intraneuronal monoamine oxidase is re-
duced’. A decrease in dopamine-f-hydroxylase activity
by cold might have similar consequences.

The major goal of the present study was to determine the
effect of cooling on the release of newly synthesized nore-
pinephrine, under conditions where the release of *H-
norepinephrine and total endogenous norepinephrine are
reduced”®. We measured the total release of newly
formed *H-catecholamines (dopamine plus norepineph-
rine) since in the canine saphenous vein *H-norepineph-
rine constitutes more than 90% of the total®. At 37°C,
electrical stimulation evokes a marked overflow of newly
synthesized catecholamines®, which is reduced by cooling
to 24°C. Cooling has a comparable effect on the release
of *H-norepinephrine previously taken up by the adrener-
gic nerve terminals; these results are similar to those
obtained in earlier work®*. Thus, moderate cooling (to
24°C)decreases the stimulation-induced release of newly
synthesized norepinephrine to the same extent as it de-
creases that of stored norepinephrine®®. Hence, the
greater effect of cooling on the contractile response to
nerve stimulation than that to exogenous norepineph-
rine, cannot be explained by the effects of temperature on
the exocytotic release of the neurotransmitter. It may be
due either to the restriction of the movement of the neu-
rotransmitter from the adrenergic neuroeffector junction
caused by cooling’, or by selective effect of changes in
temperature on the postjunctional receptors facing the
adrenergic varicosities®”.
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Monoclonal antibodies against antigens on breast cancer cells
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Summary. Of 360 mAb obtained in a cell fusion experiment with the spleen cells of a mouse immunized with a mixture
of different human breast carcinoma cell lines, 30 mAb were selected which reacted more strongly with tumor cells
than with (noncancerous) fibroblasts. These mAb were tested for reactivity with additional types of cancerous and
noncancerous tissues. Two mAb showed high tumor selectivity, but the corresponding epitopes on individual tumor
cells were heterogeneously expressed. The mAb will be evaluated for in vivo applications.

Key words. Murine monoclonal antibodies; tumor associated antigens; breast carcinomas.

Introduction

The advent of the mAb technology in 1975° renewed
hopes of finding truly tumor specific antigens, bearing
the promise of developing methods for tumor detection,
localization and therapy. Despite efforts in many labora-
tories, however, antigens appearing exclusively on tumor
cells have not yet been found. Early claims of tumor
specificity, for example of mAb specific for carcinomas
by recognition of an antigen named Ca'®, had to be
abandoned after more extensive evaluation of the mAb
reactivities with different types of normal human tissue’.
Even if true tumor surface antigens were eventually to be
found, they might not play a significant role in tumor
localization and therapy, if the difficulties in finding them
were a reflection of their low concentration. On the other
hand, mAb reacting with malignant cells and restricted

parts of normal tissue may be useful in spite of these
normal tissue reactivities. In fact, such mAb have already
proved useful, e.g. for radio localization of carcinomas of
the colon® and of the breast’. Some of the unspecific
background on such radioscintigraphs may be caused by
normal cell reactivities of the mAb. The larger part of the
background, however, is likely to be caused by unspecific
effects, since significant background is also observed in
nude mouse tumor models lacking normal tissue cross-
reactivities. Furthermore, since such mAb usually do not
react with all cells in any one tumor, mixtures (cocktails)
of several mAb may have to be used. For therapy this
may be further necessitated by the likelihood that even
these antigens may be present at such low concentrations
on cell surfaces that individual mAb cannot be effective®.
Cocktails of mAb which react with restricted parts of
normal tissue may furthermore have the advantage of



