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MASON, S. T. AND H. C. FIBIGER. Neurochemical basis of the dorsal bundle extinction effect. PHARMAC.
BIOCHEM. BEHAV. 10(3) 373-380, 1979.-—Injection of 6-hydroxydopamine into the mesencephalon of the rat has been
found to cause resistance to extinction on continuously reinforced schedules. The neurochemical basis of this effect was
investigated by using another concentration of 6-hydroxydopamine and by another position of injection. Severe depletion
of forebrain noradrenaline was found after these injections with no change in dopamine, serotonin, cholinergic or
GABAergic parameters in any brain area measured. The noradrenergic nature of the effect was further shown by the
reversal of the usual behavioural effect following pretreatment with a noradrenaline uptake inhibitor (desimipramine, 25
mg/kg 30 min prior to intrac;rebral injection of 6-hydroxydopamine). This rules out non-specific damage caused by the
6-hydroxydopamine as the neurochemical basis of the dorsal bundle extinction effect. Failure to find resistance to
extinction after either kainic acid or 5-7 dihydroxytryptamine injection seems also to exclude respectively cell body loss at
the injection site or damage to serotonergic systems. It is concluded that the dorsal bundle extinction effect is noradrenergic

in nature.
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MASON and Iversen [25] reported in 1975 that injection of
small quantities of the catecholamine neurotoxin 6-hyroxy-
dopamine [34] (6-OHDA) into the mesencephalic course
of the ascending dorsal noradrenaline (NA) fibres [33] in the
rat leads to resistance to extinction on a continuously rein-
forced (CRF) runway response. This dorsal bundle extinc-
tion effect (DBEE) has subsequently been seen in other
paradigms such as extinction of CRF lever pressing [16,31],
extinction of a complex motor manipulative task [17], of a
go/no-go alternation task [32], of a fixed interval schedule
(18], of one way [8], two way [19] and passive avoidance
[20], in extinction of a conditioned emotional response [21]
and in extinction of the exploratory response [22].

Although 6-OHDA in the appropriate dose and concen-
tration is now accepted as a highly specific manipulation for
noradrenergic systems [10, 29, 35], other authors initially
claimed that it was no more specific than injection of copper
sulphate [27] or an electrolytic lesion [3]. It thus appeared
necessary to demonstrate conclusively that the DBEE is due
to loss of forebrain NA and not due to non-specific effects,
damage to cell bodies at the injection site or interference
with other neurotransmitter systems such as dopaminergic,
serotonergic, cholinergic or GABAergic as a result of the
intracerebral injection.

To achieve this aim two experiments were performed. In
the first the concentration of 6-OHDA was halved, that of
the ascorbic acid antioxidant reduced fivefold and a new
injection site, still on the trajectory of the dorsal bundle but

anterior to that used by Mason and Iversen [25], utilised. It
would be surprising if any non-noradrenergic system dam-
aged by the 66OHDA was also present at this more anterior
level of the dorsal NA bundle system. In addition, it has been
reported that the NA uptake inhibitor, desipramine (DMI)
blocks the destructive effects of 6-OHDA on NA neurones
[7], which depend for their action on uptake of 6-OHDA into
the NA neurone [11], but does not prevent any non-specific
effects of the 6-OHDA which are believed to involve ex-
traneuronal superoxide radicals or hydrogen peroxide [30].
Thus, if DMI pretreatment is effective in preventing the
usual DBEE, this would indicate a noradrenergic basis, but if
the DBEE still occurred, non-specific damage would be im-
plicated. Measurement of a variety of neurochemical pa-
rameters of other transmitter systems, such as dopamine,
serotonin, acetylcholine and GABA, were carried out to de-
termine the specificity of action of the 6-OHDA injections.

In a second experiment, more direct controls for inciden-
tal loss of cell perikarya at the injection site or damage to
another amine system, the serotonergic pathways, were car-
ried out by injecting at the same coordinates as the 6-OHDA
either kainic acid, which has a preferential action on cell
bodies while allowing a considerable degree of sparing of
fibres of passage [5,14], or 5-7 dihydroxytryptamine (5-7
DHT) which is much more destructive of serotonin systems
than is 6-OHDA [1,6]. If either manipulation produced re-
sistance to extinction, it would indicate a non-noradrenergic
basis of the DBEE.
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EXPERIMENT 1

The original demonstration by Mason and Iversen {25] of
the DBEE used 8 micrograms of 6-OHDA dissolved in 2
microlitres of 0.9% saline containing 1 mg/ml ascorbic acid
antioxidant injected bilaterally into the dorsal noradrenergic
bundle at the level of the dorsal raphe. To determine if the
DBEE could be obtained at another site along the course of
the dorsal bundle or whether it was due to some other struc-
ture near the raphe, we reduced the concentration of
6-OHDA to 4 micrograms in 2 microlitres, reduced the con-
centration of ascorbic acid to 0.2 mg/ml and moved the in-
jection site anterior to the level of the substantia nigra. A
further demonstration of the noradrenergic nature of the ef-
fect was attempted by pretreating another group of rats with
DMI in order to prevent the selective damage to NA systems
[7]. Both groups were then tested on acquisition and extinc-
tion of a CRF lever pressing response and post-mortem as-
says conducted on a number of neurochemical markers in a
variety of brain regions.

A group of unilaterally injected rats was also prepared in
order to determine if this manipulation would be effective in
causing resistance to extinction.

METHOD
Surgical

Dorsal bundle 6-OHDA (DBA). Ten male albino Wistar rats
(Woodlyn Farms, Ontario) weighing 300 g were anaes-
thetised with Nembutal (50 mg/kg IP), positioned in a
stereotaxic apparatus (David Kopf Instruments) and two
holes drilled in the skull through which a 34 ga cannula was
lowered bilaterally to the following coordinates; AP+2.6 mm
from interaural line, ML + 1.1 mm from midline suture at
bregma and DV+3.7 mm from interaural line with the ani-
mal’s head level between lambda and bregma. Four micro-
grams of 66OHDA (weight expressed as base of 6-OHDA
HBr, Regis Chemicals) dissolved in 2 microlitres of 0.9%
saline with 0.2 mg/ml ascorbic acid was infused at the rate of
one microlitre per min over 2 min and the cannula left in for
an extra minute to permit diffusion of the drug. Ten control
rats received similar infusions of saline-ascorbic vehicle.
Two weeks were allowed for completion of anterograde de-
generation of forebrain NA terminals [28] and then be-
havioural testing commenced.

DMI pretreated (DMI). Ten rats received intracerebral in-
jections of 6-OHDA as described above except that 30 min
prior to the intracerebral injection they also received an
intraperitoneal injection of desipramine HCI (DMI, 25 mg/kg
IP) [7]. Control rats received DMI IP injection and saline-
ascorbic intracerebral injection.

Unilateral DB. Ten male Wistar rats received unilateral in-
jections into the dorsal bundle as described above. Ten con-
trol rats received saline-ascorbic injections.

Behavioural

Animals were reduced to 9% of free-feeding weight by a
1 hr a day food access schedule and then given 15 g food per
day thereafter. They were lever shaped as described
elsewhere [16,23], and trained on a continuously reinforced
lever press response for a daily 15 min session in standard
operant chambers controlled by BRS Digibit solid state logic
for 12 days and placed into extinction on the thirteenth and
subsequent days. In extinction a lever press no longer pro-
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duced either a food pellet or the click of the automatic
feeder. Animals remained in the chamber during extinction
until no lever press had been emitted for two consecutive
minutes. The time to reach this extinction criterion and the
number of lever presses emitted were recorded and the ani-
mal removed from the chamber for the day. Four extinction
days were given in total [24].

Biochemical

Following completion of behavioural testing the animals
were sacrificed by cervical fracture and the brain rapidly
removed and dissected into regions as described elsewhere
[16]. These areas were assayed for NA, dopamine and
serotonin by the methods of McGeer and McGeer [15], for a
marker of cholinergic systems, choline acetyltransferase
(CAT), by the method of McCaman and Dewhurst [13] and
for a marker of GABA systems, glutamic acid decarboxylase
(GAD), by the method of Chalmers et al. [4].

RESULTS
Biochemical

The results of the post-mortem assays are shown in Table
1 and serve to confirm that severe and permanent loss of
forebrain NA occurred to less than 5% of control values in
cortex-hippocampus with no change in brain dopamine or
serotonin and no alteration in cholinergic (CAT) or GABA
(GAD) markers in any of the brain areas examined. Table 2
shows the results of pretreating with the NA uptake in-
hibitor, DMI. Considerable but subtotal protection of NA
systems in cortex-hippocampus was obtained with complete
protection of NA in the hypothalamus. The results of the
unilateral 6-OHDA injection are also shown in Table 2. On
the side of the 6-OHDA injection, NA concentrations in
cortex-hippocampus were reduced to 6% of control while on
the contralateral side a loss of 20% was seen relative to con-
trol values. It has previously been indicated that the dorsal
N A bundle has approximately a 20% crossed component [9].

Behavioural

The extinction data are shown in Fig. 1 and indicate that
despite the change in concentration of 6-OHDA and ascorbic
acid and the new, more anterior injection site, resistance to
extinction still occurred when reward was withdrawn in ex-
tinction (Fig. 1, left). Pretreatment with DMI was indeed
effective in preventing the occurrence of the usual DBEE
(Fig. 1, middle). Unilateral lesion failed to cause resistance
to extinction (Fig. 1, right).

DISCUSSION

Despite significant change in the concentration of
6-OHDA and ascorbic acid, designed to enhance the speci-
ficity of the lesion [26], and a complete change in the injec-
tion site, the DBEE was still seen. That resistance to extine-
tion occurs after 6-OHDA injection at either the level of the
dorsal raphe or at the level of the substantia nigra suggests
that the common element between these two placements,
namely the dorsal noradrenergic bundle, is indeed the sub-
strate for the resistance to extinction. Post-mortem assays
revealed marked loss of NA in forebrain areas but no change
in dopamine, serotonin, cholinergic or GABAergic markers.
This strongly suggests a causative role of NA in the DBEE.
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TABLE 1
POST-MORTEM ASSAYS ON CONTROL AND DORSAL BUNDLE LESION RATS
Dorsal Bundle 6-OHDA Control Lesion % p
(n=10) (n=10)
Noradrenaline
Cortex 289 + 14 9+6 3 0.001
Hippocampus 305 + 18 15+3 5 0.001
Hypothalamus 2380 = 110 860 + 90 36  0.001
Amygdala 408 = 5 61 = 4 15 0.001
Septum 954 + 12 435 = 34 46  0.01
Cerebellum 219 + 12 271 £ 8 124 NS
Spinal cord 255 + 6 307 = 12 120 NS
Dopamine
Striatum 13570 = 660 1284 = 1230 95 NS
Amygdala 88 + 9 66 + 27 75 NS
Septum . 650 = 70 500 = 20 77 NS
Hypothalamus 452 = 19 421 = 26 93 NS
Serotonin
Cortex 377 = 21 382 + 19 101 NS
Hippocampus 493 + 38 485 + 41 98 NS
Hypothalamus 1206 = 110 1156 = 96 96 NS
Choline Acetyltransferase
Cortex 13.4 = 0.7 13.1 £ 0.6 98 NS
Hippocampus 15.0 = 0.5 14.9 = 0.6 99 NS
Hypothalamus 11.9 = 1.68 10.2 = 1.14 86 NS
Septum 151 £ 0.8 13.7 = 0.4 91 NS
Amygdala 184 £ 1.5 19.6 + 1.2 106 NS
Glutamic Acid Decarboxylase
Cortex i2.1 = 0.4 11.3 = 04 93 NS
Hippocampus 10.8 + 0.4 11.0 = 0.5 101 NS
Hypothalamus 250 x 1.2 23.6 £ 1.5 91 NS
Septum 16.7 = 0.9 163 £ 13 98 NS
Amygdala 10.2 = 0.2 11.0 = 0.8 108 NS

Values are means with standard error of the mean. Noradrenaline, dopamine
and serotonin values are in nanograms of amine per gram wet weight of tissue and
CAT (choline acetyltransferase) and GAD (glutamic acid decarboxylase) are mi-
cromoles per 100 mg protein per hour. % column represents values of lesion
groups expressed as percent relative to control values. Protein was determined by
the method of Lowry et al. [12]. p column is the two-tailed significance of the
difference between control and lesion groups using Student’s ¢ test. NS, not

significant.

The particular NA system involved has, on the basis of pre-
vious work [17, 25, 32} been localised to the dorsal systems
rather than the ventral bundle. A further demonstration of
the noradrenergic basis of the DBEE was obtained from the
reversal of the behavioural effect by pretreatment with DMI,
a procedure which prevented the NA-depleting, but not any
non-specific effects of intracerebral 6-OHDA [7].

Despite DMI pretreatment, a 30% decrease in cortical-
hippocampal NA occurred. That this was not effective in
causing resistance to extinction allows us to place a lower
limit on the depletion required in order to be behaviourally
effective. In the case of 6-OHDA injection without DMI pre-
treatment this was not possible because of the uniformly
better than 95% depletion obtained. The unilateral lesion
group also further delineates the neurochemical basis of the
DBEE by indicating that it requires a bilateral lesion.

EXPERIMENT 2

The converse strategy of that reported in Experiment 1
would be to seek to emulate any non-specific effects of
6-OHDA without causing a NA depletion and determine
whether these non-specific effects are adequate on their own
to cause a DBEE. One technique which has recently become
available is kainic acid. This substance, if injected into a
brain region, appears to destroy cell perikarya without di-
rectly affecting fibres of passage [5,14]. It would thus be
possible with this neurotoxin to mimic the possible damage
to cell bodies around the dorsal bundle but without damaging
the noradrenergic fibres themselves. A further control pro-
cedure for any effects that -OHDA may have on serotoner-
gic neurones would be intracerebral injection of 5-7 DHT, a
neurotoxin with considerably greater specificity towards
serotonin systems than 6-OHDA [1,6]. If 5~7 DHT injected
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TABLE 2
POST-MORTEM AMINE ASSAYS
Control Lesion % p
(n=10) (n=10)
DMI Pretreated
Noradrenaline
Cortex-hippocampus 302 = 15 210 = 18 70 0.05
Hypothalamus 2250 = 220 2100 = 180 93 NS
Dopamine
Striatum 15700 = 590 13200 = 1100 84 NS
Unilateral DB Injected Side
Noradrenaline
Cortex-hippocampus 348 + 38 24 + 3 6 0.001
Hypothalamus 2320 + 110 1020 = 120 44  0.001
Dopamine ¢
Striatum 14100 + 540 12150 = 1130 86 NS
Uninjected Side
Noradrenaline
Cortex-hippocampus 390 = 25 325 + 41 82 0.05
Hypothalamus 2360 = 130 1960 + 100 83 0.05
Dopamine
Striatum 14850 = 600 14540 = 530 98 NS

Values are means with SEM’s in nanograms of amine per gram wet
weight of tissue. % column represents values of lesion groups as percent
relative to control values and p column is the two-tailed significance com-
paring control and lesioned groups using Student’s ¢ test. NS,

not significant.
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FIG. 1. Extinction behaviour of dorsal bundle 6-OHDA injected

(DB), desimipramine pretreated 6-OHDA injected (DMI) and unilat-

eral 66OHDA injected rats. Lever responses emitted prior to reach-

ing extinction criterion are shown for the four days of extinction

testing. Stars indicate that the control and lesion rats were signifi-

cantly different (Mann-Whitney U test, two-tailed) at the following
levels; **p<0.01; *p<0.05.

at the same coordinates as 6-OHDA fails to induce a DBEE,
the resistance to extinction seen after 6-OHDA would be
unlikely to be due to any effect on serotonin systems.

METHOD

Surgical

Ten male albino Wistar rats weighing 300 g were injected
as described in Experiment 1 but with either 0.2 nanomoles
of kainic acid dissolved in 0.1 microlitres of phosphate buf-
fer, pH 7.2, or with 4 micrograms of 5-7 DHT creatine sul-
phate (weight expressed as free base, Regis Chemicals), dis-
solved in 2 microlitres of 0.9% saline with 0.2 mg/ml ascorbic
acid antioxidant. To prevent a direct action on NA fibres
animals were pretreated with DMI (25 mg/kg IP 30 min prior
to intracerebral injection).

Behavioural

Operant testing, food deprivation and post-operative re-
covery time were similar to those described in Experiment 1.
Biochemical

Post-mortem assay procedures were similar to those de-
scribed in Experiment 1.
Histological

The mesencephalic injection site was saved in 10% For-
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TABLE 3

POST-MORTEM
ASSAYS AFTER KAINIC ACID, 5-7 DIHYDROXYTRYPTAMINE (5-7 DHT) OR
VEHICLE INJECTIONS INTO THE DORSAL BUNDLE

Control Lesion % 14
(n=10) (n=10)
Kainic DB
Noradrenaline
Hippocampus-cortex 340 = 15 242 + 24 71 0.001
Hypothalamus 2360 + 110 2440 + 140 103 NS
5-7 DHT DB
Noradrenaline
Cortex 578 + 28 582 = 19 101 NS
Hippocampus 653 + 30 588 + 26 90 NS
Hypothalamus 3740 = 210 3400 = 140 91 NS
Serotonin
Cortex 400 = 16 372 + 26 93 NS
Hippocampus 508 = 24 417 £ 19 82 NS
Hypothalamus 1170 = 110 1038 + 95 89 NS

Values are means with standard error of the mean in nanograms of amine
per gram wet weight of tissue. % column represents values of lesion groups
expressed as percent relative to control values and p column is the two-
tailed significance comparing control and lesion groups using Student’s ¢
test. NS, not significant.

FIG. 2. Section through the dorsal bundle injection site after injec- FIG. 3. Section through the dorsal bundle injection site after injec-
tion of 0.2 nanomoles of kainic acid dissolved in 0.1 microlitres of tion of 4 micrograms of 5-7 dihydroxytryptamine (5-7 DHT, weight
phosphate buffer, pH 7.2. Calibration bar is 100 x. Arrows delineate expressed as free base) dissolved in 2 microlitres of 0.9% saline with
region of cell body loss and glial proliferation. 0.2 mg/ml ascorbic acid. Calibration bar is 100 . Non-specific

gliosis is indicated by arrow.
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FIG. 4. Section through dorsal bundle injection site after injection of
4 micrograms of 6-OHDA dissolved in 2 microlitres of 0.9% saline
with 0.2 mg/ml ascorbic acid. Compare extent of non-specific gliosis
(arrow) in this with that in Figs. 2 and 3. Calibration bar is 100 u.

malin for at least two weeks, sectioned at 50 u on a freezing
microtome and stained with Cresyl Violet.

RESULTS
Biochemicul

The results of the post-mortem amine assays are shown in
Table 3. Injection of kainic acid produced a 30% loss of
forebrain NA, large gliosis (Fig. 2) and severe cell loss (Fig.
6) in a large area surrounding the dorsal bundle in the
mesencephalon. Injection of 57 DHT after DMI pretreat-
ment failed to alter NA in any region measured and had only
a small effect on serotonin, the largest effect being on hip-
pocampal serotonin which was reduced by an average of 20%
and in some individual cases by 40%. Histological section
through the 5-7 DHT injection site showing gliotic zone is to
be seen in Fig. 3 and through the 6-OHDA injection site
showing lesser gliosis in Fig. 4.

Behavioural

The extinction behaviour of the kainic acid, 5-7 DHT and
control groups is shown in Fig. 5 and no resistance to extine-
tion was seen in either experimental group relative to con-
trols.
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FIG. 5. Extinction behaviour of kainic injected, 3-7 dihy-

droxytryptamine (5-7 DHT) injected and vehicle-injected control

rats. Lever responses emitted prior 1o reaching extinction criterion
are shown for four days of extinction testing.

DISCUSSION

Kainic acid injection into the dorsal bundle induced wide-
spread cell body loss and a small loss of NA fibres. This
latter effect on NA fibres of passage will be reported in more
detail elsewhere. That resistance to extinction did not occur
after the marked cell body loss appears to exclude incidental
damage to cell perikarya surrounding the dorsal bundle as
the neurochemical basis of the DBEE. The failure of 5-7
DHT injected into the dorsal bundle to affect serotonin con-
centrations to any great degree makes it virtually certain that
the less toxic 6OHDA would not directly affect serotonin
systems, in agreement with the unchanged concentrations of
serotonin found in Experiment 1. Our results, of course, do
not indicate that serotonin is not involved in extinction,
merely that the 6-OHDA-induced resistance to extinction
does not involve serotonin. Indeed, other workers have
claimed serotonergic influences on extinction processes fol-
lowing parachlorophenylalanine treatment {2].

GENERAL DISCUSSION AND CONCLUSION

Despite the suggestions that 6-OHDA is no more selective
than injection of copper sulphate [27] or electrolytic lesion
[3], the behavioural effects of injection of 8 micrograms of
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FIG. 6. Section of high power through dorsal bundle injection site after kainic acid injection (left) and
at corresponding position in a control (right). Calibration bar is 10 p

6-OHDA into the dorsal bundle are in fact due to the NA
depletion obtained. This is supported by the absence of any
change in the markers of other neurochemical systems
measured, such as dopamine, serotonin, acetylcholine or
GABA. It is supported by the reversal of the behavioural
effects of 6-OHDA by prior treatment with DMI, which pre-
vented the NA depletion but not any non-specific effects of
6-OHDA [7]. It is supported by the failure of massive cell
body loss around the dorsal bundle, induced by kainic acid
injection [5,14], to cause resistance to extinction. It is further
supported by the demonstration that 6-OHDA did not affect
serotonin concentrations after injection into the dorsal bun-
dle and by the finding that the more potent serotonergic
neurotoxin [1,6], 5-7 DHT, injected at the same coordinates
failed to induce resistance to extinction. All these lines of
evidence allow us to make a very firm statement that the
dorsal bundle extinction effect is due solely and specifically
to the depletion of forebrain NA.

The 20% increase in cerebellar and spinal NA seen in the
present DB lesion rats may be excluded as the basis of the
DBEE since, using other 6-OHDA injection coordinates,

such increases did not occur yet the DBEE did [16,17].
Further, use of neonatal intraperitoneal administration of
6-OHDA to deplete forebrain NA produced a DBEE but
actually depleted both cerebellar and spinal NA to 15% of
control [17,24]. Previous work in which either electrolytic
lesions [32] or neonatal intraperitoneal administration of
6-OHDA [17,25] were used to deplete dorsal bundle projec-
tion areas, without affecting the ventral bundle which inner-
vates the hypothalamus, allow us to identify the substrate of
the resistance to extinction as the dorsal NA bundle. Which
terminal projection area of the dorsal system (cortex, hip-
pocampus, septum, amygdala, or the small hypothalamic
projection of the dorsal bundle) is of critical importance re-
mains for future research.

ACKNOWLEDGEMENTS

Work supported by the MRC. STM is in receipt of an MRC
Fellowship. We thank Betty Richter and Stella Atmadja for techni-
cal assistance.

REFERENCES

1. Baumgarten, H. G. and A. Bjorklund. Neurotoxic indoleamines
and monoamine neurons. Am. Rev. pharmac. tox. 16: 101-111,
1976.

2. Beninger, R. J. and A. G. Phillips. Possible involvement of
serotonin in extinction. Pharmac. Biochem. Behav., in press.

3. Butcher, L. L., S. M. Eastgate and G. K. Hodge. Evidence that
punctate intracerebral administration of 6-hydroxydopamine
fails to produce selective neuronal degeneration. Naunyn-
Schmiedeberg’s Arch exp. Path. Pharmak, 285: 31-60, 1974,

4. Chalmers, A., E. G. McGeer, V. Wickson and P. L., McGeer.
Distribution of glutamic acid decarboxylase in the brains of var-
ious mammalian species. Gen. comp. Pharmac. 1: 385-390,
1970.

5. Coyle, J. T. and R. Schwarcz. Lesions of striatal neurons with
kainic acid provides a model for Huntington’s Chorea. Nature
263: 244-246, 1976.

6. Daly, J., K. Fuxe and G. Jonsson. 5-7 Dihydroxytryptamine as
a tool for morphological and functional analysis of central
5-hydroxytryptamine neurons. Res. Commun. chem. pathol.
Pharmac. 7: 175-187, 1974,

7. Evetts, K. O. and L. L. Iversen. Effects of protryptyline on the
depletion of catecholamines induced by 6-hydroxydopamine in
the brain of the rat. J. Pharm. Pharmac. 22: 540-543, 1970.

8. Fibiger, H. C. and S. T. Mason. The effects of dorsal bundie
injection of 6-OHDA on avoidance responding in rats, Br. J.
Pharmac. 64: 601-606, 1978.

9. Jones, B. E. and R. Y. Moore. Ascending projections of the
locus coeruleus in the rat. II. Autoradiographic study. Brain
Res. 127: 23-53, 1977.

10. Kelly, P. H., E. M. Joyce, K. P. Minneman and O. T. Phillip-
son. Specificity of 6-hydroxydopamine induced destruction of
mesolimbic or nigrostriatal dopamine-containing terminals.
Brain Res. 122: 383-387, 1977.



380

11

19.

20.

21.

—_

22.

23.

24.

Lidbrink, P. and G. Jonsson. On the specificity of
6-hydroxydopamine-induced degeneration of central norad-
renaline neurons after intracerebral injection. Neurosci. Letts 1:
25-39, 1975.

. Lowry, O. H., N.J. Rosenbrough, A. L. Farr and R. J. Randall.

Protein measurement with the Folin phenol reagent. J. biol.
Chem. 193: 265-275, 1951.

. McCaman, R. E. and S. A. Dewhurst. Choline acetyltransferase

in individual neurons of Aplysia Californica. J. Neurochem. 17:
1421-1426, 1970.

. McGeer, E. G. and P. L. McGeer. Duplication of biochemical

changes of Huntington’s Chorea by intrastriatal injections of
gluatmic and kainic acids. Nature 263: 517-519, 1976.

. McGeer, E. G. and P. L. McGeer. Catecholamine content of

spinal cord. Cun. J. Biochem. 40: 1141-1151, 1962.

. Mason, S. T. and S. D. Iversen. Effects of selective forebrain

noradrenaline loss on behavioural inhibition in the rat. J. comp.
physiol. Psvchol. 91: 165-173, 1977.

. Mason, S. T. and S. D. Iversen. An investigation of the role of

cortical and cerebellar noradrenaline in associative motor learn-
ing. Brain Res. 134: 513-527, 1977.

. Mason, S. T. and S. D. Iversen. The dorsal noradrenergic bun-

dle, extinction and nonreward. Phyvsiol. Behav. 21: 1043-1046,
1978.

Mason, S. T. and H. C. Fibiger. Noradrenaline and avoidance
learning in the rat. Brain Res. 161: 321-334, 1978.

Mason, S. T. and H. C. Fibiger. 6-OHDA lesion to the dorsal
noradrenergic bundle alters extinction of passive avoidance.
Brain Res. 152: 209-214, 1978.

Mason, S. T. and H. C. Fibiger. Noradrenaline, fear and ex-
tinction. Brain Res., in press.

Mason, S. T. and H. C. Fibiger. Altered exploratory behaviour
after 6-OHDA lesion to the dorsal noradrenergic bundle. Nature
269: 704-705, 1977.

Mason, S. T. and S. D. Iversen. Behavioural basis of the dorsal
bundle extinction effect. Pharmac. Biochem. Behav. 7: 373-
379, 1977.

Mason, S. T. and S. D. Iversen. Central and peripheral norad-
renaline and resistance to extinction. Phyvsiol. Behav. 20: 681
686, 1978.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

MASON AND FIBIGER

Mason, S. T. and S. D. Iversen. Learning in the absence of
forebrain noradrenaline. Narure 258: 422-424, 1975.

Oltmans, G. A.,J. F. Lorden and D. L. Margules. Food intake
and body weight: effects of specific and non-specific lesions in
the midbrain path of the ascending noradrenergic neurons of the
rat. Brain Res. 128: 293-308, 1977.

Poirier, L. J., P. Langelier, A. Roberge, R. Boucher and A.
Kitsikis. Non-specific histopathological changes induced by the
intracerebral injection of 6-hydroxydopamine (6-OHDA). J.
Neurol. Sci. 16: 401-416, 1972,

Ross, R. A. and D. J. Reis. Effects of lesions of locus coeruleus
on regional distribution of dopamine-beta-hydroxylase in rat
brain. Brain Res. 73: 161-166, 1974.

Sotelo, C., F. Javoy, Y. Agid and J. Glowinski. Injection of
6-hydroxydopamine in the substantia nigra of the rat. I. Mor-
phological study. Brain Res. 58: 269-290, 1973.

Stahl, S. M., A. C. Daniels, D. Derda and R. Spehlmann. Injec-
tion of 6-hydroxydopamine and hydrogen peroxide into the
substantia nigra and lateral ventricle of the cat: specific and
non-specific effects on striatal biogenic amines. J. Neurochem.
24: 165-172, 1975.

Thornton, E. W., A. J. Goudie and V. Bithell. The effects of
neonatal 6-hydroxydopamine induced sympathectomy on re-
sponse inhibition in extinction. Life Sci. 17: 363-368, 1975.
Tremmel, F., M. D. Morris and G. F. Gebhart. The effect of
forebrain norepinephrine depletion on two measures on re-
sponse suppression. Brain Res. 126: 185-188, 1977.
Understedt, U. Stereotaxic mapping of the monamine pathways
in the rat brain. Acta physiol. scand. suppl. 367: 1-49, 1971.
Uretsky, N. J. and L. L. Iversen. Effects of 6-hydroxy
dopamine on noradrenaline-containing neurons in the rat brain.
Nature 221: 557-559, 1969.

Willis, G. L., G. Singer and B. K. Evans. Intracranial injections
of 6-OHDA. Comparison of catecholamine-depleting effects of
different volumes and concentrations. Pharmac. Biochem. Be-
hav. 5: 207-213, 1976.



