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Abstract—The possibility that O-methylation of noradrenaline (NA) to normetanephrine (NM) by catechol-
O-methyltransferase (COMT: EC 2.1: 1.6) may limit the concentration of NA at the receptors, and therefore
control the adrenergic response. was evaluated from measurements of both the respiratory rate ( MO,)and the
rate of NM formation (MNM) in brown adipose tissue from the rat. MO, and its increase (MO, response)
induced in tissue slices by endogenous or exogenous NA were measured in a stop flow respirometer perfused
with Krebs—Ringer bicarbonate medium. MNM was measured in identical tissue slices incubated in the same
medium, from exogenous radiolabelled NA and endogenous S-adenosyl methionine. This rate was taken as
the apparent activity of the COMT system. It reached maximum values of about 100 pmole/min/g wet wt and
was cut down to blank valuc by tropolone. a specific inhibitor of COMT. For any given sustained NA
stimulus, the MO, response reached a steady-state value. MNM was constant during one hour at concentra-
tions of added NA up to 3 pM, and during 30 min at higher ones. The MO, response was potentiated (100
200 per cent) through inhibition of COMT by 0.2 mM tropolone, This effect was only transitory. with a
maximum at 30 min followed by a 100 per cent inhibition of the MO, response to exogenous NA 6010 90
min later. Exposure of the stimulated preparations to 5+ 10 * M DOPA., which competitively inhibits the
extraneuronal uptake—COMT systern and whose decarboxylation product competitively inhibits not only
COMT but also the neuronal uptake (uptake 1), induces a sustained increase of the MQz response. Under
blockage of uptake 1 by desmethyl-imipramine (DMI) 107 M, potentiation of the MO, response was
quantitatively the same with tropolone as with DOPA,, for both endogenous and exogenous NA stimuli.and it
was sustained. Quantitative analysis of the data suggests that COMT can control the local NA concentration
at the site of hormone-receptor interaction. not only by the (NA) gradient to the COMT system as a sink. but
also indirectly via active induction of neuronal uptake. Large metabolic responses to nanomolar (NA),
observed only when both COMT and uptake 1 were blocked. suggested that such a control might be operative
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even under basal conditions.

The control exerted by the neuronal uptake on the
adrenergic transmitter concentration in the synaptic
region is common to all adrenergically innervated tis-
sues and organs studied. In contrast, the possibility that
the extraneuronal uptake-catechol-O-methyltransferase
system | 1—4 ], here called COMT system for simplicity.
be of any physiological importance in the permanent
control of local transmitter concentration is still largely
open to question | 5, 61. particularly regarding tissues
with a rich adrenergic innervation [ 7], The present
study was aimed at examining this possibility in brown
fat, a tissue with a dense adrenergic innervation | 8- 10
and in the microsomal fraction of which a high COMT
activity was found | 11]. Brown adipose tissue strongly
responds to noradrenaline (NA) by a sustained increase
in respiration associated with thermogenesis. essen-
tially a g-adrenergic response | 12, 131,

COMT catalyses meta {(and para) O-methylation of
catecho! compounds. with the methyl donor S-adeno-
sylmethionine (SAM) as cosubstrate and Mg’” as co-
factor. This intracellular enzyme can thus. by con-
tinuous metabolic clearance of NA taken up from
extracellular space. act as a permanent sink towards
which an extracellular concentration gradient of NA
((NA) gradient) is maintained in the steady state. If this
is true, inhibition of the COMT system should increase
local (NA). with the following two consequences: (a)

exposure of adrenergic receptors to an increased stimu-
lus; and (b) increased diffusion of excess transmitter
into blood (NA overflow) during nerve stimulation.
Bacq er al.l14| showed that indeed inhibition of
COMT, by either product accumulation or catechol
analogues. could possibly increase various x responses
to catecholamines both exogenous (injected) and en-
dogenous (nerve stimulation). In contrast. ff responses
were decreased by COMT inhibition with exogenous
NM | 15, 16]. and the NA overflow during nerve stimu-
lation was not modified by in vivo competitive inhibi-
tion of COMT in the cat spleen | 17). The very existence
of opposite effects of COMT inhibition on adrenergic
responses justified further inquiry about the function of
the enzyme.

In the present study, fragments of brown adipose
tissue were stimulated ir vitro. either with NA added to
the perifusion medium or by potassium-induced trans-
mitter release | 13]. The effects of COMT inhibitors on
both the respiratory (i.e. thermogenic) response and the
apparent activity of the COMT system were examined
under steady-state conditions and analysed gquanti-
tatively.

METHODS

Preparation. Male Sprague-Dawley rats weighing
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from 250 to 380 g, kept at 23° with a 12 br illumina-
tion period per day, fed ad libitum, were used. Immedi-
ately after decapitation, threadlike pieces of the inter-
scapular brown fat, about 10 mg wet weight each, were
excised and incubated at 30°, pH 7.4, in stirred Krebs—
Ringer bicarbonate-buffered medium, enriched with
5 mM glucose and gassed with a mixture of 95% O, and
5% CO,.

Measurements. The O, uptake rate of the prepara-
tions was measured during about five hours, with short
interruptions at 10—20 min intervals for the renewal of
the medium in the chambers of the respirometer as
previously described [ 13]. The noradrenaline (NA)
stimulus was either exogenous (added to the medium)
or, in the respiration experiments, endogenous (trans-
mitter released from the tissue’s own nerve endings by
KCI depolarization). Chemical alteration of NA was
prevented by prior complexation of contaminating
metal ions in the albumin-free medium with 3.5-pyro-
catechol-disulfonate (tiron). COMT activity was as-
sayed in identical preparations, in the same medium and
under similar oxygenation conditions, using exogenous
radiolabelled NA as substrate and endogenous SAM as
cosubstrate [ 181. After a 30 min pre-incubation, three
fragments were transferred into a final 1 ml volume of
fresh medium containing the test pharmaca, and incu-
bated. The COMT activity assay started with the addi-
tion of radioactive NA to the medium. Incubation was
stopped by addition of 0.5 ml of 0.4 M borate buffer,
pH 10, to each vial as it was transferred to an ice bath.
The tissue fragments were homogenized and the NM
formed extracted with S ml of toluene—isoamyl alcohol
(3:2). 4 ml of the organic phase were then transferred
to counting vials together with 10 ml of toluene—Triton
X-100 (1 : 2) plus 0.8% butyl-PBD, and the radioac-
tivity was measured in a Beckman Liquid Scintillation
counter. Since incubations in the presence of tropolone.
whatever their duration, yielded the same counts as
obtained with zero incubation time in the absence of
COMT inhibitor, blank values were routinely deter-
mined in the presence of 0.2 mM tropolone. All tests
were performed in duplicate.

Materials. prL-| 7-'"*C INA (20—-40 mCi/mmole) and
pL-| 7-*HINA (5~15 Ci/mmole) were purchased from
New England Nuclear, Frankfurt, Germany. 1.-NA was
obtained from Fluka, Buchs, Switzerland. Tropolone
was from K & K Laboratories Inc., New York, and pL-
DOPA from Sigma, St. Louis, U.S.A. DMI (desipra-
mine) was a gift from Ciba-Geigy, Basel, Switzerland.
All other chemicals, reagent grade, were obtained from
Fluka, Buchs, Switzerland. or Merck, Darmstadt.
Germany.

RESULTS

Respiratory experiments. Each respiratory experi-
ment started with a one to two hours period during
which the rate of oxygen uptake (MO,) by the brown
adipose tissue sample slowly decreased until it reached
its steady state basal value. A submaximal NA stimulus
was then continuously applied. and again one hour or
more elapsed untif the MO, response had reached the
steady state. Finally, the effect of COMT inhibition on
MO, response was observed for 90 to 120 min. Figure
1A presents the mean results (+S.E.M., n = 13) ob-
tained on samples from nine different animals, showing
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Fig. 1. Time course of the effect of COMT inhibition on the
MO, response to exogenous (A) and KCl-induced (B) NA
stimuli.

Administration of the inhibitor (2. 10" *M tropolone)
started at time zero, when the MO response (i.e. the differ-
ence between stimulated MO, (NA or KC1) and basal MO,
(B) had reached a steady state value. (A): transitory potentia
tion was followed by complete disappearance of the response
to 10" M NA. (B): the transitory potentiation of the response
to endogenous NA (+24.1mM K': —24.1 mM Na' in the
medium) was relatively larger. as compared to A, and MO, at
90 min was still significantly larger than basal (P - 0.025).

Values are means * S.EM. (n = 13).

steady state values of basal and stimulated MO,. and
the time course of the effect of COMT inhibition by
0.2 mM tropolone. From the steady state of stimulation
by 108 M NA, MO, first increased up to a maximum at
about 30 min. The dlfference between the values at zero
and 30 min was highly significant according to the
paired ¢ test (P < 0.0025). MO, then decreased until
disappearance of the response to NA. In these experi-
ments, long term oxidation of NA in the medium was
avoided by injection of the catecholamine with a motor-
driven plastic syringe from an acidified concentrated
solution directly into the respirometer chambers each
time these were rinsed with fresh oxygenated medium
for 1-2 min every 10 to 20 min. Besides, complexation
of exogenous NA was prevented by 107 M tiron added
to the medium (see technical annexe). The results pre-
sented in Fig. 1B show that inhibition of COMT by
tropolone also induced a transitory increase in MO,
(P < 0.0025) from the steady state of stimulation ob-
tained with endogenous NA. The potassium concentra-
tion of the medium was raised by 24.1 mM (total
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Fig. 2. Time course of the effect of DOPA on the MO, response to exogenous (A) and KCl induced (B) NA

stimuli.

Administration of the drug (5- 10 M DOPA) started at time zero, when the MO, response to NA had
reached a steady state value. (A): potentiation of the response was still significant at 90 min (P < 0.025.
n = 10). Mean MO, values. +S.E.M, (B): results of two experiments in which undetectable responses to
endogenous NA were revealed by DOPA. an effect which progressively developed up to 90 min (see also

Fig. 3).

Mo,
250

-

200 |

ai
S

nmol -mg wet wt™'.h™!
3
a

50t

ol . . .
Q 30 60 Els)
time atter addition of COMT inhibitor (min)

Fig. 3. Time course of the effect of COMT inhibition by
tropolone 2 107*M (closed circles) and by DOPA
5. 107* M (open circles) on the MO, response to 107° M NA,
in the presence of 10 M DMI.

Administration of the inhibitor started at time zero, when
the MO, response to NA had reached a steady state value.
Means + S.E.M. (#=4). The effect of DOPA developed
progressively up to 90 min (values at 30 and 90 min are

significantly different: P < 0.005).

Y

K = 30 mM) and sodium was lowered by 24.1 mM: no
tiron was added to the medium in these experiments.
Basal values were significantly lower than in the first
series and the secondary inhibition of the MO, response
was smaller. MO, at 90 min after addition of tropolone
was indeed still significantly larger (P < 0.025) than
the basal value. Control experiments showed that tro-
polone did not affect MO, on its own; the transitory
increase in the MO: response to NA by tropolone can
thus be considered a potentiating effect. As previously
reported | 19], DOPA also has a potentiating effect on
the MO, response to NA. However, since this effect
was later found partly to be due to the protective effect
of DOPA against NA complexation. the experiments
were repeated here in the presence of tiron. Figure 2A
shows the results of ten experiments with exogenous
NA (1-5- 107* M), in which DOPA was injected as an
acidified concentrated solution toafinal 5- 107* Minthe
respirometer chambers. In contrast with the potentiat-
ing effect of tropolone on the response to exogenous
NA, the effect of DOPA was sustained. MO, at 90 min
after addition of the drug was still significantly higher
than the stimulated value at time zero (P < 0.025).
DOPA had no statistically detectable effect on basal
MO, in the presence of tiron (n = 9). Figure 2B shows
the strong MO, responses revealed by DOPA in two
experiments with subthreshold endogenous NA stimuli
(total K = 30 mM) in media containing no tiron. Be-
cause DOPA or at least its decarboxylation product
dopamine can competitively inhibit not only
COMT | 20/ but also the neuronal uptake system [ 21 ]
experiments were repeated in the presence of 107 M
desmethylimipramine (DMI), a blocker of this cate-
cholamine reuptake | 22 |. Figure 3 shows the results of
eight experiments with 10 M exogenous NA, a sub-
liminal stimulus, in which COMT was inhibited by
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Fig. 4. Time course of the effect of COMT inhibition by
tropolone 2-10*M ({(closed circles) and by DOPA
5 - 107 M (open circles) on the KCl-induced MO, response.

Administration of the inhibitor started at time zero. when
the MO, response to endogenous NA had reached a steady
state value, Means + S.E.M. (n - 4 and 6). The effect of
DOPA developed progressively up to 90 min (values at 30

and 90 min are significantly different: P < 0.05. n - 6).

tropolone (7 = 4) or DOPA (1 - 4). It is evident that
DMI brought both quantitative and qualitative differ-
ences with respect to the results obtained in the first
series of experiments: MO, reached much higher values
under COMT inhibition by either tropolone {closed
circles) or DOPA (open circles). and there was no
secondary inhibitory effect with tropolone. Control
cxperiments showed that. even in the absence of added

Table 1.
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NA. tropolone could induce MO, responses probably
due to basal endogenous NA. These responses, how
cver. were much smaller than those shown in Fig. 3.
which indicates that basal endogenous NA in brown
adipose tissue slices with both neuronal uptake and
COMT system blocked was less than 107 M. Figure 3
also shows that whercas the potentiating effect of tropo
lone had fully dcvcloped at 30 min, that of DOPA had
not: M()w at 90 min was significantly larger than MO
at 30 min (P .. 0.005). The same observations were
made when increased endogenous NA was the stimuluy
(Fig. 4). Potassium was raised to only 20 or 25 mM in
eight of the nine experiments. Because basal MO, had
been found to be lower in the first series of experiments
with endogenous NA {sec Figs IB and 2B) as com
pared 10 experiments in which tiron was added to the
medium (see Figs 1A and 2A). this last series was
performed in the presence of 10 ¥ M tiron. Besides.
DMI significantly increased basal MO, and the sensi-
tivity to NA {see Table 1) This is wh, a ten times
smaller stimulus was used in these experiments (10 * M
added NA instead of the 1 to 5- 10 *M used in the
experiments without DMI

Determinations of apparent COMT system activity.
The amount of radioactivity extracted in the presence of
0.2 mM tropolone (about 0.03 per cent of the added
radioactivity) was independent of the tissue weight
{between 15 and 40 mg) and of the incubation time
over 2 hr, This indicated that tropolone 0.2 mM fully
inhibited COMT and that no contaminating reaction
occurred within the tissue. In the presence of NA
concentrations as high as 3 gM, the net radioactivity
extracted increased linearly with time during 1 hr. The
results could thus be expressed as rates of normetane-
phrine formation (MNM). that is, as the ratio of the
amount of radioactivity extracted after incubations up
to | hr. over incubation time. Absolute values of MNM
will be given in pmole/g wet wtmin + S.D.

Control cxperiments showed that the x-adrenergic
blocking agents pentolamine (10 * M) and phenoxy-
benzamine (10 * M ). known as inhibitors of the extra:
neuronal uptake {(uptake 2). reduced MNM by 635 and
75 per cent respectively. This confirmed that MNM
was a measure of the activity of the uptake 2-COMT
system as a whole. Indeed other known effects of
phenoxybenzamine besides inhibition of uptake 2. i.e.
uptake ! inhibition and blockage of x-presynaptic in-

Effect of neuronal uptake inhibition by 10 "M desmethyl-imipramine (DMI) on basal and

noradrenalme aumu}ated MO,

Comtml - DMI

nmole O‘/mg wet wt - h
Basal MO 494 1 (!?} 642 ¥ 3.1 {1
Basal Stlmulated (NA})
Conditions nmoieimg wet wi-h nmok:/mg wet wi+h % stimulation added
Contrc! pH 68 377+45 (6) 1298 lw3(6) 244 10 M
+DMI: pH 6.8 55.3 4 23 (M 172.8 - 1R.8 (& 213 10 M
+DMI pH 7.4 629“-53(8) 1945 756(8) 209 lO M

Means + S.E. M number of determmauons md:cated in parentheses The best quanutauve companscm of
stimulated MO, was made in acidic medium (pH 6.8). in which absolute MO, values were known to be
smaller | 23] and therefore O, availability less critical than at normal pH,
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Fig. 5. Rate of normetanephrine formation in BAT slices asa

function of the concentration of NA added to the medium.

Apparent Vmax and Km values for the COMT system in

situ are about 100 pmole/g wet wt-min and about 4 uM

respectively. Each point is the mean (+S.D.) of at least 6
determinations.

hibitory receptors, would indirectly increase rather
than decrease MNM.

In order to establish the relationship between the
apparent activity of the COMT system in the tissue
slices and the concentration of added NA, MNM was
also determined at NA concentrations higher than
3 uM, and over the shorter incubation time (30 min)
during which the rate of increase in net radioactivity
extracted was constant. Figure 5 shows a plot of MNM
as a function of NA concentration, from which appar-
ent Vmax and Km values for the COMT system “in
situ” could be deduced. These were about 100 pmole/g
wet wt - min and about 4 uM respectively. The effects of
the COMT inhibitors (tropolone and DOPA) on MNM
at 10 M NA were first compared in the absence of
DMI. Whereas MNM was brought to zero by tropo-
lone, it was 120 + 25 per cent of control in the presence
of 5- 10~ M DOPA. Because of the importance of this
point for a sound interpretation of the difference in the
potentiating effects of tropolone and DOPA on the
MO, responses to NA (Figs. 1 and 2), the effects of
DOPA on MNM were examined at different NA con-
centrations, both in the presence and in the absence of
DMI. Table 2 summarizes the results. 10°°M DMI
increased MNM very significantly, as compared to
controls, at NA concentrations up to 10-7 M, but had
no effect at higher ones. Under blockage of the neuronal
uptake, DOPA had a significant (3649 per cent)
inhibitory effect on MNM at all three NA concentra-
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tions examined. Furthermore, at high NA concentra-
tion (3- 107* M), when the neuronal uptake was likely
to be saturated as evidenced by the fact that DMI failed
to enhance COMT activity, DOPA diminished MNM
also in the absence of DML

DISCUSSION

Most of the measured MO, values were definitely
submaximal with respect to the upper limit (about
300 nmole O,/mg wet wt- hr) attained by brown adi-
pose tissue slices in our respirometer. It can therefore be
considered that to any given MO, value corresponded
one and only one local NA concentration. In other
words, we postulate a linear relationship between the
concentration of NA in the direct vicinity of the recep-
tors involved in the MO, response (local (NA)) and the
size of this response.

Results under blockage of neuronal uptake by DMI.
Inhibition of COMT strongly potentiated the MO,
response to NA when the neuronal uptake was blocked,
and this was a steady-state potentiation. With the im-
plicit assumption that the chain of processes between
NA-receptor interaction and respiration functioned the
same way whether neuronal uptake and/or the COMT
system were inhibited or not, the steady-state potentia-
tion must have resulted from an increase of the steady-
state local (NA). That such an increase could result
from the blockage of any NA “consumption rate” by
the tissug and the disappearance of the concomitant
local (NA) gradient is supported by many experimental
results [ 24]. The MO, values obtained under blockage
of both neuronal uptake and the COMT system were
the same with endogenous NA as with the 10® M
exogenous NA. It can thus be assumed that local (NA)
was the same in both cases; besides. it equalled 10 M
since in the absence of “consumption” of exogenous
NA no concentration gradient of the catecholamine
must have occurred between the bulk phase of the
medium and the adrenergic receptors. One to three
nanomoles per liter is about the NA concentration in
the plasma of the resting, undisturbed rat [ 25, 26]. If
our basal MO, values, once corrected for temperature,
were not underestimates of the in vivo rates this means
that the catechol-uptake mechanisms not only remove
part of the endogenous N A from the extracellular space
but also protect the adrenergic receptors from being in
contact with circulating NA, under basal conditions. It
must be considered, however, that the potentiating
effect of COMT inhibition might have appeared larger
in vitro, as compared to what it could be in vivo. Indeed,
the diffusion pathway for NA from circulating blood to

Table 2. Effects of 1 uM DMI and/or 50 uM DOPA on MNM in perifused brown adipose tissue

Control MNM +DMI | +DMI +DOPA RI +DOPA
Added (NA) (pmole/g wet wt-min) (% of control MNM) (% of control MNM) % (% of control MNM)
107 0.010 + 0.002 (6) 324 + 35 (6) 206 + 39 (6) 36 118+ 8 (6)
10°% 0.10 +0.02 (24) 268 + 23 (8) 170 + 42 (8) 36 120 + 25 (8)
1077 1.6 +0.1 (6) 260 + 36 (6) — —- -—
107 165 +34 (6) 122 + 20 (6) — — —
Ix10° 38 +5 (8) 107 + 10 (6) 55+ 10 (6) 49 59+9 (6)

Results are mean + S.D.; the number of determinations is indicated in parentheses. Column RI gives the per cent inhibition
of MNM by DOPA in the presence of DMI (see two preceding columns).

BP. 288 F
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adrenergic receptors is expected to be shorter than that
from the convective phase of the medium, in our peri-
fused preparations. to the same receptors. Only if the
constant wagging of the preparation, maintained in the
periphery of the whirl in the vigorously stirred medium,
induced significant interstitial convection could the
diffusion pathway in vitro approach that in vivo. If not,
local (NA) was more influenced in vitro by the COMT
system as a sink than it is in vivo, and the observed
potentiating effect of COMT inhibition in the absence
of neuronal uptake was an overestimate. The same
reasoning can be held for the experiments with endoge-
nous NA, where the catechol diffuses in the other
direction. In vitro. COMT is likely to be a relatively
more important sink as compared to the bulk phase of
medium than it is in vivo as compared to blood, and
again the effect of COMT inhibition could have been
amplified in vitro. However. the larger steady state
responses to endogenous NA, before COMT inhibition.
as compared to those to the exogenous stimulus, indi-
cates that this amplification was less marked than in the
experiments with exogenous NA.

The relatively small inhibitory effect of DOPA as
compared to tropolone on MNM in the presence of
DMI was unexpected in view of the similarity of the
potentiating effects of the two COMT inhibitors on the
MO, response. The most satisfactory explanation of
thls. as of all the differences between the effects of the
two COMT inhibitors on both MO, and MNM. is that
10°*M DMI did not completely inhibit neuronal up-
take. Since dopamine, which is produced by decarbox-
ylation of L-DOPA under the effect of DOPA-decar-
boxylase in the tissues | 20] is an inhibitor of neuronal
uptake | 211. more complete inhibition of this uptake
(uptake 1) could occur under DMI + DOPA as com-
pared to DMI alone. This would inhibit MNM rela-
tively less than the COMT system, as the uninhibited
part of that system would *“see’” more NA. This would
also make the potentiating effect of DOPA on the MO,
response to NA larger than that of tropolone (see Fig.
3). Such a difference was not seen in the experiments
with endogenous NA (Fig. 4) probably because both
larger extracellular K~ and lowered Na* already con-
tributed to a more complete inhibition of uptake 1(27].
Our explanation of the differences between DOPA and
tropolone is further supported by the observation that
the potentiating effect of DOPA in both series of
experiments developed more slowly than that of tropo-
lone. which is compatible with a progressive appear-
ance of dopamine in the tissue [ 28]. )

Quantitative comparison of MO, and MNM. Be-
cause of the limited O, availability in perifused prepara-
tions, the present investigation was restricted to largely
submaximal MO, responses. and therefore to very low
local NA stimuli. The hypothesis that, under these
conditions, both suprabasal MO, and MNM were pro-
portional to local (NA). with proportionality constants
k1 and k2 respectively, was tested on the basis of our
results. Assuming that, in the absence of tiron and
DMLI, basal MO, was not affected by the tiny amounts
of transmitter lost by the unstimulated nerve endings
and represented minimum MO, (i.c. unrelated to any
effect of NA). then

MO, - k1 local (NA) + 44,
where 44 nmole/mg wet wt+-min (n = 13) is taken as

A. CHINET and J. DURAND

the minimum in vitro MO, (see also Barde er al. | 131,
and Fig. 6. the basal value corresponding to curve B).
The equation can be solved for k1 in the very particular
case where both neuronal uptake and COMT system
were blocked and local (NA) could be considered equal
to the concentration of the exogenous catecholamine
(i.e. 10 M in the two sets of experiments represented
in Fig. 3). With MO, = 200 (Fig. 6. point E) and (NA)
expressed in nanomoles per liter. k1 equals 156. In the
absence of COMT inhibition. MO, for 10 and 1nM
added NA were 210 and 64 respectively (Fig. 6. curve
D). The corresponding local (NA) values computed
with k1 are 1.06 and 0.13 nM respectively. It is now
possible to compute k2, the proportionality constant of
the relation between local (NA) and MNM measured
either at 10 or at 1 nM of added NA (see Table 2.
+DMI). Computed k2 is about the same (0.25) in both
cases, which is consistent with the initial hypothesis
that MNM and MO, are both proportional to local
(NA). Dimensional analys1s shows that in fact the
COMT system in one gram of tissue would effect a
clearance of NA of about 0.25 ml of interstitial fluid
every minute.

Results with neuronal uptake fully operative. As
shown by the experiments illustrated in Fig. 1, the
situation was much more complicated when the neu-
ronal uptake was operative. Whereas, according to our
quantitative comparison of MO, and MNM measured
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Fig. 6. Rate of oxygen uptake by BAT pieces as a function of
the concentration of added NA.

(A) dose-response curve obtained when NA was adminis-
tered with a metal-glass syringe through a stainless steel
needle; (B) responses to the same concentrations of added NA
as in A, but the catecholamine had no contact with metal
parts; (C) maximum effect of tiron at 107’ M of added NA.
relative to the conditions of curve B; (D) dose—response curve
obtained in the presence of 1075 M tiron and 10* M DMI: (E)
response to 10°° M NA when both neuronal uptake and the
COMT system were blocked. Note the striking divergence of
curves B and D. Results are means + S.EM. (n =5in A, B,

D and 4 in E).
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under blockage of uptake 1, changes in local (NA) did
not appear to modify the functioning of the uninhibited
COMT system (MNM was simply proportional to
local (NA)). Figure 1A strongly suggests that the rate
of the uninhibited neuronal uptake was definitely
changed in a non-monotonous fashion with respect to
local (NA) after blockage of the COMT system. Ac-
cording to our postulate, Fig. 1 indicates that local
(N A) was first increased, up to 30 min after exposure to
tropolone, and then decreased towards basal value. Two
alternative possibilities must be considered: (1) uptake
1 changed in proportion to local (NA), and the cause of
the late inhibition of the MO, response was unrelated to
uptake 1; and (2) neuronal uptake induction was the
cause of the secondary decrease of local (NA)and there
was, therefore, no simple relationship between this
concentration and the rate of uptake 1. An a priori
explanation, compatible with the first alternative, for
the late inhibition of the MO, response is some toxic
effect of the intracellular pool of non methylated ca-
techol, or any direct inhibitory effect of a very high
interstitial NA concentration. This, however, is un-
likely since blockage of uptake 1 by DMI completely
suppressed the late inhibition of MO,. and no such
inhibition was observed in two hours during MO,
responses obtained with supramaximal NA stimuli
(10°% and 107" M, in two experiments, not shown). The
second alternative is thus favored as an explanation of
the late effect of tropolone (Fig. 1A). This effect was
slowly reversible, as evidenced by a significant re-
increase of MO, which started about one hour after
removal of the drug in five out of seven experiments. In
the trials with endogenous NA (Fig. 1B) the secondary
inhibition of MO was less marked than in the first
series. As already suggcsted high K* and lowered Na*

could have partly inhibited uptake 1. As to the inhibi-
tion of COMT by DOPA, it did not induce any detecta-
ble decrease in MO, probably because of the progres-
sive inhibition of uptake 1 by the decarboxylation
product of DOPA. .

If the complete disappearance of the MO, response
observed already at 90 min in Fig. 1A was due to an
increased activity of uptake 1, it must be realized that
local (NA) could not have been the signal for such a
steady state of high uptake 1 activity and the mecha-
nism by which it occurred is unknown. Other observa-
tions are compatible with the idea that the rate of uptake
1 is not simply proportional to local (NA), or more
precisely to the local (NA) which determines the MO,
response. Comparison of dose—response curves B
(without DMI) and D (under }0~*M DMI) of Fig. 6
shows that the higher the MO, (i.e. the higher the local
(NA)). the larger the relative activity of uptake 1, that
is, the larger the horizontal distance (on the log scale !)
between the two curves. It even looks as though, in the
absence of DMI. the MO, response to high concentra-
tions of added NA might become limited by the strong
induction of neuronal uptake rather than by oxygen
availability.

Quantitative comparison of MO and MNM. With
the proportionality constants k1 and k2 between local
(NA) and the rates (MO and MNM respectively)
computed from the results obtained under blockage of
uptake 1, the local (NA) can in turn be computed from
MO, and MNM data in the experiments where neuronal
uptake was fully operative. Provided the hypothesis of
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proportlonahty between local (NA) and the rate of the
process is still valid for both MO and MNM (if not for
uptake 1) the results unamblguously show that local
(NA) is no more the same in front of the g-receptors as
in the vicinity of the uptake 2-COMT system. At 0.1
and 1 uM added NA, local (NA) values computed from
k2 and measured MNM are 6.4 nM and 66 nM respec-
tively, whereas the local (NA) values computed from
k1 and measured MO, are as low as 0.3 and 0.8 nM
respectively, that is, only about 4 and 1 per cent of the
local (NA) “seen” by the COMT system. If the brown
adipose tissue is mainly under control of its adrenergic
innervation [ 29], -receptors are likely to be located in
the close vicinity of the nerve endings. It is therefore
quite possible that these receptors would be exposed to
a much lower local (NA) than other parts of the
interstitial border when the source of NA is exogenous
and the rate of neuronal uptake creates a steep station-
ary (NA) gradient within the interstitium.

The present results thus suggest that COMT activity
would occur mainly at a distance from immediately
post-synaptic receptors, or so-called “innervated recep-
tors” [30). Guimaraes and Paiva [3 1] have come to the
same eonclusion, using rabbit intestine preparations as
a model. Location of the uptake 2—-COMT system out
of the synaptic region allows us to see the apparent
interplay between the two uptake systems as aimed at
maintaining independence of the “innervated recep-
tors” with respect to circulating catecholamines: either
saturation or inhibition of the COMT system would
entail a rise of interstitial (NA) out of the synaptic cleft,
which by some as yet unknown mechanism would
actively induce neuronal uptake. Interactions between
the two uptake systems have been observed in cat and
rabbit hearts [ 32]. the rabbit vas deferencs [ 331, and in
the perfused dog hindlimb [34]. These data indicate
that blockage of either uptake increases the rate of the
other, supposedly only because local (NA) in-
creases [ 6]. Although they do not expressly demon-
strate any active induction of uptake 1 by inhibition of
the COMT system, they are not incompatible with this
possibility (e.g. 133]). Thus. the strong induction of
neuronal uptake observed after COMT inhibition in
brown adipose tissue could occur in other tissues as
well. Such an induction could possibly have been
responsible for the reduction of the B-responses to
catecholamines observed by Bacq and Renson (see
Introduction) after COMT inhibition  with
normetanephrine.

The Km of 4.10* M as evaluated from the graph of
Fig. 5 reflects the affinity of neither uptake 2 nor
COMT [32] but of the system as a whole and was
therefore called “apparent”™ Km. It must be realized that
it was determined under experimental conditions which
entailed local (NA) about ten times lower in the vicinity
of the system than in the bulk phase of the medium, in
the absence as well as in the presence of an active
neuronal uptake. Thus, the apparent Km might well be
in the 10" M range, i.e. an order of magnitude below
the lowest estimates | 7, 35]. It remains that the affinity
of the COMT system for NA is most probably less than
that of uptake 1.

CONCLUSIONS
Our first conclusion is that the COMT system can
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control the steady-state physiological response of
brown adipose tissue to noradrenaline, even at very low
concentrations of the transmitter (below 10-* M). This
is not incompatible with an apparent Km in the 10~
molar range, as the relatively high capacity of the
COMT system can indeed make for its low affinity. Our
second conclusion is that the COMT system exerts its
control both by its direct effect on local (NA). and
indirectly via uptake 1.
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TECHNICAL ANNEXE

Since degradation products of catecholamines, as
well as unphysiologically large concentrations of the
intact NA itself, might have obscured the physiological
functioning of the regulation mechanism under
study [ 24, 36, 371, it was desirable to administrate ex-
ogenous NA at concentrations as low as possible,
without losing the practical advantage of albumin-free
media. No oxidation of NA in the medium was detected
over 10-20 min [ 11}, the period during which MO,
was measured between two successive rinsings of the
chambers with fresh medium and freshly injected NA.
More serious was the problem of short term NA com-
plexation with various contaminant metal ions. Curve
A in Fig. 6 shows that injection of NA with a metal—
glass syringe through a stainless steel needle entailed a
change in the lower part of the MO, response curve to
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Fig. 7. Effects of various concentrations of tiron on the MO,
response to 107" M of added NA.
Mean steady state MO, values - S.EM. (1 7).

added N A, as compared to curve B which was obtained
under conditions in which the medium and the injected
NA could not have contact with any other material than
lucite. polyethylene tubing and gold (heat exchanger).
But despite this precaution. Zn*'. Cu®" and other ions
can still be present as contaminants of the various
analytical grade components of the medium. Complex-
ation of these contaminants with 3.5-pyrocatecholdi-
sulfonate (tiron) added to the medium increased the
MO, response to 10”7 M NA, provided the tiron con-
centration did not exceed 107 M, as shown in Fig. 7.
The inhibitory effect of 10*M tiron on the MO,
response to 10" M added N A was not due to any direct
effect of the chelator on the preparation. as it disap-
peared for a few minutes when the medium containing
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Fig. 8. Effects of 5-10 M tiron {A) and of 5- 10'* M ascorbic acid (B) on both a subthreshold and a
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The small transitory increases in MO, might well be only artefacts. due to thorough rinsings of the
chambers at transitions from one medium to another (see text).
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tiron was thoroughly renewed in the chambers with
freshly injected NA. This physicochemical phenome-
non has not been analysed yet. 107° M tiron was consid-
ered close enough to the optimum concentration for the
protective effect against NA complexation, and was
used in all of our experiments with exogenous NA.Ina
previous series of experiments, addition of 107 M tiron
to the medium increased MO, in the presence of 107" M
NA from 67.6 to 84.1 nmole/mg wet wt-hr
(P < 0.01). that is, up to approximately the same value
as in the present series (85.5); this, however, repre-
sented only a 25 per cent increase in MO, whereas. in
the present series, it was a 62 per cent increase, suggest-
ing a larger degree of NA complexation in the absence
of tiron. In Fig. 6, point C is indicative of what would
probably be a maximum effect of tiron. at 107" M of
added NA, relative to the conditions of curve B. At
10°*M of added NA, the effect of tiron was un-
detectable.

Control experiments were carried out to check that
transitions from one medium to another, which entailed
complete renewal of the fluid in the chambers (instead
of the partial renewal every 10 to 20 min) would not by
themselves modify MO, under NA stimulation. The
protocol was the same as in the COMT inhibition
experiments in the absence of DMI, except that the
COMT inhibitor was replaced by 4.10"* M tiron, added
to the 10~ M already present from the beginning. A
small increase in MO, occurred after the tiron concen-
tration step, with a maximum at 30 min (17.5 per cent.
P < 0.025. n = 12) followed by a gradual disappear-
ance until 90 min. This indicates that degradation of the
added NA was probably not completely prevented by
tiron and that, therefore. thorough rinsing of the cham-
bers at transitions from one medium to another entailed
aslight and transitory increase in the intact NA concen-
tration. The same observation was made in the presence
of DMI. under both a subthreshold and a submaximal
NA stimulation. as illustrated in Fig. 8A. Ascorbic acid
had been found to potentiate the MO, response in media
with no tiron [ 19]. Of eight experiments repeated in the
presence of 10°* M tiron. with or without DMI. none
showed any significant potentiation of the steady state
MO, response. This is illustrated in Fig. 8B. which
presents small transitory effects of the addition of
5+ 10" M ascorbic acid, under a subthreshold and a
submaximal NA stimulation, with the neuronal uptake
blocked. These effects are comparable to those of Fig.
8A and might have the same origin. As to the sustained
potentiation effect which had been observed with ascor-
bic acid in the absence of tiron. it must now be declared
artefactual. It can thus be concluded that 50 M ascor-
bic acid. as also 50 uM tiron. did not act as an efficient
inhibitor of the COMT system in our preparations.
Tiron did not modify MNM (103 + 11 per cent of
control) and ascorbic acid slightly inhibited it (88 + 2
per cent of control).
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