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ABSTRACT

Noradrenalin was isolated on a Dowex-50X8 cation-exchange 

resin and quantified by the trihydroxyindole technique of 

fluorometry. A comparison of column dimensions showed a 

longer, thinner column was significantly more efficient in 

isolating noradrenalin. Subcutaneous injections of 6-OHDA 

were shown to significantly decrease the noradrenalin levels 

of the cerebral cortex of neonatal and adult mice. However, 

no effect was noted on mice injected as infants and allowed 

to mature. This suggests that the effects of 6-OHDA are 

transient at best, and that the blood-brain barrier to 

catecholamines is not as effective in mice as rats. Discussion 

of the limitations of the procedure is included.
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INTRODUCTION

Two techniques exist for the isolation of noradrenalin 

(Brobeck, 1973): alumina absorption (Weil-Malherbe and Bond, 

1952) and ion-exchange chromatography (Bertler, et al., 1958). 

Ion-exchange chromatography is preferable for a limited labor

atory. Once isolated, noradrenalin is quantified by con

verting it to its fluorophore noradrenalutinq(Harley-Mason 

and Laird, 1959)» and measuring fluorescence with a fluoro

meter. The tri-hydroxyindole technique of conversion is 

preferred to the ethylenediamine method because of specificity, 

convenience and reproducibility (Bertler, et al., 1958;

Laverty and Taylor, 1968). The first part of my study deals 

with the isolation and quantification of noradrealin by the 

preferred techniques.

A classical approach for elucidating the effects of any
X »

agent is biochemical lesioning (Bloom et al., 1969)- In 

this respect, 6-hydroxydopamine (6-OHDA) is ideal since it 

provides chemical sympathectomy of the autonomic and central 

nervous systems (Bloom, et al., 1969). Studies show that if 

6-OHDA can cross the blood-brain barrier it permanently de

pletes cortical and mid-brain levels of noradrenalin (Sachs, 

1973). Because this barrier is incompletely formed in the 

neonatal rat (Glowinski, et al.,1964) intraperitoneal injections 

of 6-OHDA cause depletion of noradrenalin in infant but not 

adult rats (Liew and Laverty, 1975; Tayloru et al., 1972).

Sachs (1973) found, however, that the blood-brain 

barrier does.not completely protect adult rats from the



neurotoxic effects of large, multiple injections of 6-OHDA.

I tried to determine whether or not the above effects of 6-OHDA, 

i.e. those noted by Liew and Laverty (1975) and Sachs (1973). 

are also applicable to mice, since they have been incompletely 

studied (Laverty and Taylor, 1975).
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NORADRENALIN AND THE CENTRAL NERVOUS SYSTEM

Anatomy Noradrenalin was discovered by stimulating a

sympathetic nerve and collecting and refining the exuadate.

The substance purified could then stimulate sympahtetic nervous 

system organs (Hall, et al., 197^)* Noradrenalin was not assoc

iated with a specific organ until the work of Franktt (1955) 

with fluorescence histochemistry. In this study he immersed 

thin sections of the adrenal medulla in a formaldehyde vapor 

and viewed the sections under ultraviolet light. Since formal

dehyde causes noradrenalin to change to a fluorophore, he could 

localize noradrenalin in specific cells in the organ. Later 

studies localized noradrenalin in the brain. With refinement 

of the technique (Bjorklund, et al., 1968; 197l) the fibers 

and nuclei of noradrenagenic neurons can be mapped (Fuxe, 

et al., 1988).

Fig. 1 (Bloom, et al., 19^9; Fuxe, et al., 1968; Myerb,, 

et al., 1972; Liew and Laverty, 1975; Taylor, et al.,1972) 

shows the location of noradrenagenic neurons and fibers. The 

major nuclei are in the pons-medulla area with a minor one 

associated with the hypothalamus. Besides dorsal and ventral 

tracts, there is a minor fiber associated with the paraventricular 

hypothalamus. The importance of the location of nuclei and tracts 

will be evident later.

Biosynthesis The synthesis of noradrenalin is outlined below:
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Fig. 1. Nuclear aggregates and fiber pathways comprising the 

noradrenagenic pathways in the rat brain. The nucleus coerulus 
(A^) projects cephalad to form the dorsal fiber tract. The 
ventral noradrenagenic pathway originates from nuclei in the 
medulla, pons, and mesencephalon. Abbreviations A coding
for the noradrenaline nerve groups of the lateral reticular 
formating according to system adopted by Fuxe (1968).
(After Fuxe, 1968; Myers, 197^ with additions from Bloom, et al., 
1969 and Taylor, et al., 1972)
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The first reaction is the hydroxylation of tyrosine pro

ducing 3»^-dihydroxyphenylalanine (DOPA). Molecular oxygen is 

activated by the cofactor tetrahydropteridine (Hall, et al.,

197^). In the second step, pyridoxal phosphate is th cofactor 

for the reaction in which DOPA is converted to dopamine. Nor

adrenalin is then produced from dopamine by the enzyme dopamine 

^-hydroxylase, which also requires molecular oxygen as a cofactor. 

Studies from cell-fractionation and density gradient centrifugation 

suggest that the enzyme tyrosine hydroxylase and DOPA decarbox

ylase are in the cytoplasm, while dopamine ^-hydroxylase resides 

in noradrenagenic vesicles (Porter, et al., 19?0). The noradren- 

agenic vesicles^ are located in the synaptic buttons and release
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noradrenalin by exocytosis.

The synthesis of noradrenalin is limited by the enzyme tyrosine 

hydroxylase (Neff and Costa, 1966) which is also inhibited by 

the presence of noradrenalin. Thus noradrenalin inhibits its 

own synthesis.

Storage, Release, and Metabolism of Noradrenalin After dopamine 

is converted to noradrenalin in the noradrenagenic vesicles, it 

is transported from the cell body to the site of storage in the 

nerve terminal (Livett, et al., 1968). Experiments with cholchicine 

and viniblastin (Banks, et al., 1971) suggest that microtubles 

might be involved in the proximal-distal movement of these 

noradrenalin storage vesicles. Ceccarelli etxal.(1972),

Glowinski et al.(l96^), and Smith et al.(l970) demonstrated thst 

the noradrenalin is stored in these vesicles hear the synapse 

and then released by exocytosis. The noradrenalin may then 

be shunted back to the presynaptic terminal (Hall, et al., 197^) 

or it may be metabolized.

-6-



If noradrenalin is in the noradrenagenic vesicle the enzyme 

monoamine oxidase (MAO) deaminates the oC-carbon. Since this 

enzyme is found in the mitochondria it can ?Qcly metabolize

' noradrenalin that is in the '.vesicle or that is free. Circulating 

noradrenalin is metabolized by catechol-ortho-methyl-transferase 

(COMT) which requires Mg as a cofactor. This enzyme trans

fers the methyl group from S-adenosyl methionine to the catechol 

3-hydroxy radical (Brobeck, 1973)• This enzyme is present in 

many tissues and metabolizes all circulating catecholamines. 

Finally, the metabolite is broken down to 3-methoxy-4-hydroxy- 

phenylglycolic acid and excreted in the urine (Breese, et al., 

1973).

Physiological Effects of Noradrenalin Catecholamines such as 

noradrenalin affect tissues by binding to receptor sites on the 

cell membrane. This influences the activity of adenyl cyclase 

(Brobeck, 1973) to either inhibit or enhance the synthesis of 

cyclic-AMP. Two types of noradrenalin receptor sites have been 

identified (viz.)and $ . The are vasoconstrictive and de

crease cellular cyclic-AMP levels while the ^>are vasodialative 

’and increase cyclic-AMP levels (Brobeck, 1973).

Noradrenalin has been classified as a modulator with several 

functions. It has been implicated in temperature, water balance, 

and sleep regulation and in causing the sensations of emotion 

and hunger(Myers, 197^)-
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6-HYDROXYDOPAMINE AND NORADRENALIN

Porter, et al.(l963) studied various metabolites of 

DOPA in rats, isolating one (6-OHDA) which had a curious 

pharmacologic effect similar to guanethidine. Since guanethidine 

had been shown to decrease levels of noradrenalin in rat hearts, 

they decided to compare the effects of 6-OHDA with guanethidine 

and some other substances. They found that after subcutaneous 

injections of 6-OHDA, the level of noradrenalin in the rat hearts 

was significantly decreased. They thought that 6-OHDA, like 

the other substances, bound to a noradrenalin-binding site 

on the tissue blocking subsequent release of noradrenalin.

Although 6-OHDA had less affinity for this binding site than 

did some of the other substances, it somehow irreversibly 

altered the binding site so that levels of noradrenalin re

mained permanently lowered. Because ofthe action of 6-OHDA,

Porter et al.(l963) postulated that the binding sites were 

destroyed.

Further investigations extended these initial observations. 

Breese and Taylor(1970) reported that some of the studies showed 

that 6-OHDA destroyed all noradrenagenic fibers from sympathetically 

innervated tissues. Later studies confirmed the observation 

that 6-OHDA produced a chemical sympathectomy (Breese and 

Taylor, 1970). This'led investigators to study the possibility 

that 6-OHDA might also delete brain noradrenalin. However, 

since 6-OHDA is a catecholamine for which there exists a 

blood-brain barrier (Axelrod, 1958; Glowinski, et al., 196^)

6-OHDA had to be injected intracisternally.
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In the first series of extensive investigations Bloom, et 

al.,(l969) found that 6-OHDA decreased noradrealin levels in 

various brain areas. They found that in the tele-diencephalic 

area noradrenalin was decreased from 0.42 ug/g to 0.10 ug/g, 

while in the brainstem less dramatic decreases of 0.59 to 

0.28 ug/g were found. Their results suggested that noradrenalin 

nerve terminals were most likely the sites of 6-OHDA effects. 

Electron micrographic studies of the paraventricular hypothalamus, 

an area rich in noradrenagenic fibers, revealed typical degeneration 

Other degenerating fibers were found on the dorsal raphe nucleus 

and Purkinjie cell dendrites in the cerebellum near the area 

A^ (Fig.l). Enzyme assay studies showed that 6-OHDA specifically 

affected noradrenagenic neurons since the turnover rate for 

noradrenalin synthesis was reduced, whereas that for dopamine 

was unchanged. Dopamine levels were initially reduced following 

injection of 6-OHDA but gradually returned to normal. Any 

generalized effect of 6-OHDA on the synthesis of catecholamines 

would be expected to result in a decrease in turnover rate for 

dopamine, but such was not the case. Thus Bloom, et al., concluded 

that 6-OHDA did "appear to eliminate central noradrenalin- 

containing nerve terminals."

Since noradrenalin controls food and water intake and 

temperature regulation, these parameters were tested (Bloom, 

et al.,1969). Rats injected with 6-OHDA showed normal temper

ature coordination and had normal food and water intake., despite 

the fact that noradrenalin was markedly decreased. However, 

grooming was decreased and aggressiveness increased.
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Breese and Taylor (1970) extended and modified these 

observations with further tests of6-0HDA on tyrosine hydrox

ylase activity, noradrenalin synthesis from tyrosine, and 

dopamine and noradrenalin concentrations of various brain 

parts. They found that tyrosine hydroxylase activity was 

decreased in experimental animals. Further, there was 

decreased synthesis of nofadrenalin from tyrosine. Nor

adrenalin concentration decreased from 0.330 ug/g to 0.074 

ug/g irrespective of the brain part studied. Thus, nor

adrenagenic neurons were affected throughout the brain.

Dopamine levels were slightly decreased. A slight decrease 

in body weight and a lack of cleanliness were noted for 

experimental rats. They found that these effects were still 

noted 78 days after injection. Breese and Taylor (1970) 

concluded that 6-OHDA caused permanent damage to noradrenagenic

neurons.

A further study on injection schedules (Breese and 

Taylor, 1970) showed a multiple injection schedule using 

smaller doses than normally applied depleted noradrenalin 

to a greater extent while having minimal effects on dopamine 

levels. Breese and Taylor (1970) concluded that dopaminergenic 

neurons are less sensitive to 6-OHDA than are noradrenagenic

ones.

Breese et al. (1972) on inter-specific studies showed 

that tyrosine hydroxylase activity, noradrenalin concentration 

and urinary 3~methoxy-4-hydroxyphenylglycolic acid levels 

were markedly decreased following exposure to 6-OHDA. However,
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brain stem noradrenalin was not affected. Dopamine concentrations 

were not significantly changed, even though a single large in

jection was used.

Breese et al.(1972) showed in behavioral studies that 

rats drank less sucrose water, ate less and had difficulty 

with a simple memory test. In monkeys, locomotion dropped 

and passivity increased. Notice that these results contradict 

those of the earlier study (Breese and Taylor, 1970).

Further studies (Costall, et al., 1972) on a specific 

brain area (nigrostriatal pathway) showed both dopamine and 

noradrenalin levels decreased following intra-cisternal 

injections of 6-OHDA. Dopamine showed a greater decrease (2.6 

to 0.48 ug/g) than noradrenAlin (0.316 to O.198 ug/g). Changes 

in dopamine and noradrenalin receptor sites were also observed. 

Since this dealt with such a specific brain area, generalization^ 

to previous studies is difficult.

It is now generally conceded that 6-OHDA acts to a great 

extent on noradrenagenic neurons and possibly to a lesser degree 

on dopaminergenic neurons despite studies by Costall et al. (1972) 

It is agreed that its neurotoxicity is related to its specific 

uptake into catecholamine neurons. Most workers agree (Heikkila 

and Cohen, 1973) that the ease of oxidation to a red quinone 

causes 6-OHDA’s distinctive effects. An outline of its oxida-' 

tion and oxidation products is shown below (Heikkila and Cohen, 

1973)’
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Thus, 6-OHDA undergoes oxidation catalyzed by the superoxide 

ion to its quinone yielding hydrogen peroxide. In addition

it may be oxidized to a semiquinone to yield the superoxide 

ion. This ion then reacts with hydrogen peroxide to produce 

the hydroxyl radical and other products. A complete mechanism 

for this reaction is as follows (Heikkila and Cohen, 1973)5 

(Abbreviations: SQ=semiquinone, Q=quinone, 6-0HDA=6-hydroxydopamine)

6-OHDA + 02—> SQ + 0 T + H+
H+ + 6-OHDA + 02-r ->SQ. + H202

SQ. + 02—> Q + 02 + H+

SQ. + 02 + H+ k---- * Q + H202

It is possiblethat either the quinone of 6-OHDA or hydrogen 

peroxide is a candidate for the toxic effects of 6-OHDA. However, 

because the superoxide ion is toxic at least for microorganisms
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(Heikkila and Cohen, 1973)» it cannot'he ruled out. Since 

this ion is degraded by the enzyme superoxide dismutase, it 

is possible that variable concentrations of it account for 

the different susceptibility oftissues to the neurotoxic 

effects of 6-OHDA.

Blank et al.(1976) postulate it is a combination of the 

ease of oxidation and intracyclization to the para- and ortho 

quinones that account for the neurotoxicity of 6-OHDA. 

However, the exact reason for its properties is unresolved 

(Blank, et al., 1976).

CARROLL COLLEGE LIBRARY 
HELENA. MONTANA 59601
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6-HYDROXYDOFAMINE AND THE BLOOD-BRAIN BARRIER

Investigators had long known that substances such as adren

aline and noradrenalin produced profound mental and neuro

physiological effects. They assumed these substances acted 

directly on the central nervous system rather than through 

intermediates. However, until 1958 (Axelrod, et al., 1958) 

no evidence existed to show to what extent these substances 

actually crossed the putative "blood-brain barrier." In the 

first test of this barrier, Axelrod et al.(l958) showed that 

except in negligible amounts in the hypothalamus, tritium- 

labelled adrenaline could not cross the blood-brain barrier. 

However, since adrenaline and noradrenalin were found in the 

brain, it was obvious that their precursors crossed the 

barrier (Axelrod, et al.,1958). (Notes according to 

Bovet, 1958, it was unclear whether or not there was a difference 

between noradrenalin and adrenaline, and these first studies 

may be applied to noradrenalin also).

Further studies showed that -the barrier is less effective 

in infant than adult animals(Glowinki, et al., 1964). They 

'showed that the barrier to circulating noradrenalin allowed 

approximately 10% to pass into the brain in neonatal rats.

By 4 days, the amount allowed through decreased to 6% while 

between 8 to 10 days after birth the level decreased from 

3 to 1%. The amount of"circulating noradrenalin allowed to 

traverse the blood-brain barrier had decreased to adult 

levels of 0.5$ by 18 days.
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They also showed that there is a deficient binding and 

retention of noradrenalin in the first weeks of life, and that 

the enzymes involved in the degradation of noradrenalin are 

20% less effective than in adult animals. Thus, renal elimina

tion of noradrenalin was incomplete in infant animals. They 

attribute the large amount of noradrenalin taken into the brain 

in the first days of life not only to the poorly developed 

blood-brain barrier, but also to poor binding, metabolism, and 

excretion of circulating noradrenalin. In fact, not until 

the 12th day after birth can the animal effectively excrete 

noradrenalin, the same time when the blood-brain barrier 

appears to become more effective (Glowinski, et al. , 1964-).

More sophisticated studies (Coyle and Axelrod, 1971) 

Indicate that the mechanism for the uptake for noradrenhlin 

appears before a storage mechanism. Thus, though noradrenalin 

is taken into the brain at an early age, it tends to circulate 

freely in the blood instead of being stored.

Since this blood-brain barrier appears incompletely formed 

at birth, Taylor et al. (1972) tested the hypothesis that 6-OHDA 

might cross the barrier in neonatal animals. To determine 

this, they injected 6-OHDA intraperitoneally just after 

birth and then analyzed the noradrenalin levels of the animals 

later. If 6-OHDA did cross the bl&od-brain barrier, decreased 

noradrenalin levels should have been noted.

They injected rats intraperitoneally from days 4- to 13 

post-natal and three months later tested a variety of behavioral
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and physiological parameters. They showed that noradrenalin 

levels decreased significantly in the cerebellum (0.3^ to 0.06 

ug/g)and cerebral cortex (0.22 to 0.04 ug/g). On the other 

hand they increased significantly in the midbrain (0.42 to 

0.73 ug/g) and pons-medulla area (0.42 to 0.85 ug/g).

They attributed this difference to the fact that the cell 

bodies in the pons-medulla and midbrain remained intact, 

while the fibers in the cortex and cerebellum degenerated.

They thought that since noradrenalin synthesis was not affected, 

there was an accumulation of noradrenalin in the intact 

cell bodies. However, since the fibers were destroyed, no 

noradrenalin could move to other brain parts.

They also foundthat body weight, water intake and blood 

pressure- were significantly decreased in experimental rats, while 

reflex responses and other behavioral tests were unchanged.

A parallel series of injections in adult rats (14 days or 

older) showed no effect on any parameter. Thus, the blood- 

brain barrier for 6-OHDA formed sometime after 14 days of age 

in the rat. Accordingly, 6-OHDA may be injected intraperitoneally 

into infant animals to produce the same effects found from 

intra-cisternal injections in adults. Since sophisticated' 

equipment is necessary for intracisternal injections, the advantage 

of bypassing theblood-brain barrier is obvious.

To do this, however, investigators had to know when the 

barrier became effective. Earlier investigations with tritiated
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noradrenalin indicated this may take place between days 8 and 

11 post-natal (Glowinski, et al., 1964). Whether or not these 

results were applicable to a barrier to 6-OHDA was questionable, 

however.

Charlotte Sachs (Sachs,1973) attempted to elucidate the 

formation of the barrier for 6-OHDA in infant rats. On days 

1» 3» 5» 7. and 9 post-natal, she injected rats intraperitoneally 

with three doses of 6-OHDA (lOOmg/kg). She measured the ability 

of brain slices to take up noradrenalin 100 days later. This 

ability is positively correlated with the noradrenalin levels 

and noradrenagenic neuron integrity.

She found that in the cerebral cortex the barrier formed 

between days 7 and 9 post-natal. In the hypothalamus it gradually 

formed between days 1 and 7» while in the spinal cord a

partial barrier formed between days 5 and 10.

She also found a large intravenous injection of 6-OHDA in 

adult rats caused a 30% decrease in noradrenalin levels. This 

result directly contradicts preyious findings and led the way 

for more complete studies.

In studies on the blood-brain barrier itself, she found 

that it was not affected by application of 6-OHDA. She concluded 

that although 6-OHDA may traverse the barrier it does not damage 

it (Sachs, 1973)-

More detailed experiments (Sachs and Jonsson, 1973) on 

the efficacy of the barrier in adult animals showed similar 

results. Adult animals (28 days or older) injected with 6-OHDA 

showed a significant decrease in noradrenalin levels in the 

cerebral cortex (O.65 to 0.46 ug/g), They attributed this decrease
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to the localized destruction of a certain number of noradrena

genic nerve terminals of central origin located in the cerebral 

cortex. The neurons probably originated from the dorsal nor

adrenagenic bundle (Fig.l.) which innervated the cerebral 

cortex. More pronounced depletion of other neurohumors was/ 

noted with a large dose of 6-OHDA (500 mg/kg).

Studies on rats 9 to 18 days post-natal (Sachs and Jonsson, 

1973) showed no effect. The authors concluded that "it seems 

conceivable to assume that the noradrenagenic nerves of the 

dorsal noradrenagenic bundle, innervating the cerebral cortex, 

possessa regenerative capacity to the neurotoxic action of 

6-OHDA up to about 28 days post-natal." This capacity for 

regeneration disappeared after 28 days, or about the period 

of sexual maturation. This could explain why other studies 

(Taylor, et al., 1972) failed to show any effect with rats 

aged 14 days.

Since rats aged 1 to 9 days showed permanent depletions 

of noradrenalin, Sachs and Jonsson (1973) concluded that 

permanent damage of a large number of neurons prevented 

regrowth and re-innervation of denervated brain areas.

Liuzzi (1974) in experiments with mice showed, however, 

that 30 days after treatment with 6-OHDA noradrenalin levels 

recovered to control levels. This work was criticized by 

at least one investigator (Liew and Laverty, 1975) because 

it dealt with the whole brain rather than a specific brain

area.
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In similar experiments with rats, Liew and Laverty (1975) 

found permanent depletions of noradrenalin in the cortex, 

hippocampus, and spinal cords of rats injected as infants with 

6-OHDA. Conversely, the hypothalamus and pons-medulla areas 

showed increased levels of noradrenalin.

They noted noradrenalin depletion occurred in areas of 

noradrenagenic terminals, while accumulation occurred in regions 

of cell bodies (Fig. 1.). Further, they thought that 6-OHDA 

might affect terminal storage mechanisms or might destroy 

fiber pathways... However, they concluded that "regional 

susceptibility to permanent damage may be a complex interaction 

between factors such as neuronal maturity, drug access, and/or 

storage mechanisms" (Liew and Laverty, 1975)*

I attempted to determine whether or not the above permanent 

effects noted after intraperitoneal injections of 6-OHDA in infant 

rats are also applicable to mice, or whether the effects are 

transient as noted by Liuzzi (197^)• Further, I attempted to 

determine whether or not the inefficiency of the blood-brain 

barrier as observed above (Sachs, 1973) is also applicable to 

.mice.
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MATERIALS AND METHODS

Test Animals and Chemicals White mice and rats were used. Adult 

mice were at least 30-days old. 6-hydroxydopamine hydrobromide 

and L-noradrenalin (6-OHDA HBr and L-Arterynol, both anhydrous, 

both from Sigma Chemical Company) were stored dessicated below 

0 C until use.

Neonatal Studies White mice 3 days post-natal were used. Half 

the litter was subcutaneously injected with 6-OHDA HBr (100 

mg/kg, dissolved in 0.9% NaCl with 1 mg/ml ascorbic acid as 

an anti-oxidant) the other half was injected with the vehicle 

(0.9% NaCl with 1 mg/ml ascorbic acid). Experimental animals 

were distinguished from controls by marking with nitric acid.

The experimental mice were again injected with 6-OHDA HBr 

on the 7th and 8th days post-natal and sacrificed on the 10th 

day.

Aging Studies White mice 3 days post-natal were injected once 

with 6-OHDA HBr, marked, and sacrificed 2 months later.

Adult Studies White mice were injected with 6-OHDA HBr 

(200 mg/kg) every 24 hrs for 3 days and sacrificed 2 days 

’after the final injection.

Rat Studies White rats 3 days post-natal were injected once 

with 6-OHDA HBr, marked, and sacrificed on the 12th day. 

Noradrenalin Isolation After asphyxiation the cerebral 

cortex was quickly dissected out, placed in cold 0.4 N perchloric 

acid and weighed. The brains were pooled and homogenized with 

a pestle-mortor tissue homogenizer. The homogenate was frozen
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thawed within 3 days and spun down for 10 min at 10,000 g

in a refrigerated (0 C) centrifuge. The supernatant was poured

off and the precipitate homogenized and suspended in 5ml 0.4N

perchloric acid. The resulting homogenate was then spun down

for 10 min at 10,000 g. The supernatants were combined and

the pH adjusted to about ^.0 with 5N potassium carbonate added

dropwise with stirring. The solution was placed in a freezer

for 15 min to allow the potassium perchlorate to precipitate.

The potassium perchlorate was then spun down for 10 min at 10,000

g in a refrigerated centrifuge. The supernatant was stored

until use while precipitate was discarded.

For isolating noradrenalin, a resin bed of Dowex 50-X8 
o

cation exchange resin (0.200 grams, 20 mm x 100 mm wet

volumn, 50-100 mesh, 8% cross-linking, H ionic form) was used.

A drip rate of 0.25 to 0.40 ml/min was used throughout the 

isolation. The effect of column dimensions and the use of various 

solutions for eluating noradrenalin was varied. Two columns 

(Fig. 2.) were used to determine which was most effective in 

isolating a standard amount of noradrenalin.

Before the resin was used it was washed with at least 

M-0 ml 2N HCl. The column was ready for use after the addition 

of the following solutions*

1. ) 20 ml 2N HCl
2. ) 5 ml H20 with 0.1% £DTA (w/v)

either
3. ) 10 ml IN phosphate buffer, pH 6.5 (column one)

or

-20-



.reservoir

-reservoir

.stopcock

20 ml all-glass 
injection syringe 
3-way stopcock

-^resin bed (M-Omm x 
40 mm) .resin bed (20 mm x 

90 mm).

Fig. 2.. Diagram of the two columns used to study effect of 
varying colum^ dimensions and the recovery of noradrenalm. With 
'column one, the drip rate was adjusted with the stopcock. With, 
column twO; the solution was first drawn into the injection syringe 
and then forced through the column at a steady rate by affixing 
a weight at the top of the syringe.
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3. ) 10 ml acetate buffer, pH 6.0 (column two)
4. ) 5 ml H20 with 01% EDTA

A 5- or 10-ml aliquot of refrigerated sample was then run

through the column. For column one the following solution^ 

were then added*

1. ) 10 ml acetate buffer, pH 4.5
2. ) .10 ml acetate buffer, pH 6.0
3. ) 5 ml 0.4N HC1 with 0.5 mg/ml sodium meta-sulfate
4. ) 10 ml same solution wih the eluate collected for nor-

adrenalin analysis

For mlnmn two, the following solutions were then added*
1. ) 20 ml H20 with 0.1% EDTA
2. ) 10 ml IN HC1 with the first 8 ml collected for nor

adrenalin analysis.

Recovery Experiments To determine the % recovery of the procedures 

a known amount of noradrenalin was added to the brain homo

genate, and the amount of noradrenalin recovered was deter

mined as below.

Assay of Noradrenalin A standard curve of known noradrenalin 

concentrations was first prepared by adding known amounts of 

noradrenalin to 0.1N HC1 and diluting to desired concentrations. 

These solutions and the eluates from the experiments outlined 

above were prepared for fluorometry as follows*

1. ) 0.1 to 0.4 ml of sample was added to enough IN phosphate 
buffer, pH 6.0 to make a final volume of 1.1 ml

2. ) 0.05 ml of 0.02 N 1^ in 2% Nal was added with vigorous 
shaking followed by a 3-min incubation period.
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shaking and 

a 25-min

incubation period
5.) 1 ml H_0

A Turner Filter Fluorometer Model 111 was used to measure 

fluorescence. A primary (excitation) filter for wavelengths 

of 365 nm and a secondary (emission) filter for wavelengths 

of 485 nm were used. A distilled water blank was used to zero 

the machine. The % fluorescence was then read at one, three,

10 or 30 X sensitivity.

Statistical Evaluation of Data A student's T test with a 5% 

rejection level was used to test the following hypotheses:

1. ) The mean noradrenaline concentrations (MNC) of the 

cortex of experimental mice used in the neonatal studies differed 

from that of the controls.

2. ) The MNC of the cerebral cortex of experimental mice 

used in aging studies did not differ significantly from that 

of control animals.

3. ) The MNC of the cerebral cortex of experimental mice 

used in adult studies differed significantly from that of controls

4. ) The mean recovery rate for column one was significantly 

better than that of column one.

5. ) The MNC of -the cerebral cortex of experimental rats 

differed significantly from that of controls.
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RESULTS

A standard curve of % fluorescence verses noradrenalin • 

concentration was prepared (Fig. 3«). Quenching was noted 

for concentrations above 1 ug/ral, but below that figure, a 

straight line appeared with the line of best fit drawn as 

shown (Fig. 3») •

Isolation studies (Figs. 4 and 5) showed column two 

isolated noradrenalin significantly better than did column 

one (p< 0.05). Accordingly, column two was used for isolations 

of noradrenalin from control and experimental animals.

The results from Table 1 give the following results.

First, sample two was discarded in testing the data for sig

nificance because it clearly deviated from the other values.

The ug/g for samples 1 to 5 was adjusted so that it reflected 

the same % recovery as samples 6 to 12,since the % recovery 

for these samples was approximately 50% less than that for 

the other samples. When adjusted, the control values for the 

various samples had a mean of 0.32? ug/g with a standard deviation 

of 0.055 ug/g. These data compare favorably with published
•
data of 0.22 to O.65 ug/g for the mean noradrenalin concentration 

of the cerebral cortex of control animals. Adjusting the first 

five samples in this manner did not affect the statistical sig

nificance of the study, since using controls six and nine 

yields a control mean noradrenalin concentration of 0.33 ug/g.

This value did not differ significantly from O.327 obtained 

above (p^ 0.05).
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Second, averaging the experimental animals' mean noradrenalin 

concentration from adult and infant studies yields a mean nor

adrenalin concentration of 0.187 with a standard deviation of 

0.045 ug/g. A visual comparison of this value with control 

data showed thdt the injection of 6-OHDA significantly decreased 

the mean noradrenalin concentration of the cerebral cortex 

(Figs. 5 and 6) with p< 0.05.

Finally, comparing noradrenalin levels of control and 

experimental mice from aging experiments showed that the 

difference was not statistically significant. A statistical 

test of mice used in adult and neonatal studies showed that 

in both cases the experimental animals had mean noradrenalin 

concentrations of the cerebral cortex significantly less than 

that of control animals with a p< 0.05.
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from column two. Each bar represents one isolation and the mean 
of four to six fluorometric determinations.
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—> Columns—*
Fig. 5. A comparison of the mean recovery percentages of noradrenalin 
for the two types of columns. The first bar represents the mean of 
four isolations and 20-2*1- fluorometric determinations. The second 
represents the mean of three isolations and 12-16 fluorometric 
determinations. The hatched area represents + one standard deviation 
from the mean.



-> SsmpleS—>
Fig. 6. A comparison of the noradrenalin concentration (ug/g) 
of control and experimental animals. Hatched area represents 
experimental animals. Each bar is the mean of one isolation 
and four to six fluorometric determinations. Some controls 
were adjusted to reflect the same % recovery.
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Fig. 7. The mean concentrations of noradrenalin isolated from 
controls (bar one) and experimental (bar two) animals from 
neonatal and adult studies. Bar one represents the mean of 
nine isolations, 50-60 fluorometric determinations, and a 
sample size of 22 mice. Bar two represents the mean of three 
isolations, 10-12 fluorometric determinations, and a sample 
size of eight mice.
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DISCUSSION

The data show that 6-OHDA when subcutaneously injected 

into neonatal or adult mice crosses the blood-brain barrier and 

significantly decreases the noradrenalin concentration of the 

cerebral cortex. Although 6-OHDA produces permanent depletion 

of noradrenalin in rats, my data indicate that it produces 

transient effects in mice. This is because mice injected as 

infants and sacrificed as adults showed no significant depletion 

of noradrenalin. Since my experiments dealt with one brain 

part(the cerebral cortex) rather than whole brain, the objections 

raised by Liew and Laverty (1975) are not applicable. They 

said a study similar to mine by Liuzzi (197^) was not valid 

because he dealt with the whole rather than a portion of the

brain.

Further, the data show that the blood-brain barrier to 

6-OHDA and other circulating catecholamines is not as effective 

in mice as in rats. This is evident because adult rats, whose 

blood-brain barrier is nearly complete, show only a 20% decrease 

of noradrenalin levels after several injections of large amounts 

’of 6-OHDA. My experiments show that in mice there was almost 

a 50% decrease after several injections of 6-OHDA. Thus, 

mice seem to differ from rats in at least two particulars.

First, they seem to be able to regenerate neurons destroyed 

by 6-OHDA and second, their blood-brain barrier is not as 

effective as it is in rats.
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However, these conclusions must be tempered with several 

observations. First, I could not show a decrease of noradrenalin
I

in neonatal rats after injection of 6-OHDA. Investigators have 

nearly always shown that a large decrease of noradrenalin is 

present after 6-OHDA administration. However, because I used 

just two samples and established no base-line for normal nor- 

adrenalin levels, my data in this experiment is subject to 

question.

Second, the standard graph of noradrenalin concentrations 

verses fluorescence is not absolutely correct. I found that 

the sensitivity of the instrument decreased as the concentration 

decreased (Fig. 8 ). Consequently very small concentrations of 

noradrenalin would appear to be somewhat larger than they were. 

This probably affected the % recovery, lowering it from about 

77% to perhaps 60%.

Third, small fluctuations in the fluorescence of theblank 

or power source could have significant effects on the apparent 

concentration of unknown samples^. For example, if the real 

fluorescence was 20% but because of a fluctuation in the blank 

or power source there was a 2% decrease in fluorescence, the 

concentration could change from 0.05 ug/ml’to 0.04 ug/ml. This 

is a 20% decrease and could have had great effects on my data.

Fourth, many of the samples had fluorescences less than 

10% at the highest sensitivity. At this small value, minor 

fluctuations can have even more significant effects on the data. 

However, when one considers that the concentration of noradrenalin
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in the cuvette was commonly below 1.5ng/ml, the reasons for 

this unreliability of data become obvious.

Finally, the column must be considered. Even with column 

two the drip rate commonly varied between 0.25 and 0.1+0 ml/min. 

It is important that the sample being isolated be eluted at a 

constant rate, otherwise contaminants may be present. Also,, 

air bubbles due to the potassium carbonate used to neutralize 

the extract were a source of consternation.

Thus, I conclude that mice differ from rats as far as the 

effects of 6-OHDA are concerned.
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Sample
Concentration

Cuvette
Concentra
tion

% Fluor
escence

Sensitivity 
(%/conc.)

1 ug/ml 20 ng/ml 20 0.05

0.75 ug/ml 18 ng/ml 15 0.05

0.50 ug/ml 12 ng/ml 10 0.05

0.25 ug/ml 6 ng/ml 6.9 0.036

0.10 ug/ml 2 ng/ml 2.6 0.039

• 0.075 ug/ml 1.8 ng/ml 2.3

---- ------------ -------- a
0.033

0.050 ug/ml 1.2 ng/ml 2.1 0.024

r

Fig. 8. Comparison of sensitivity of Turner Model 111 Filter 
Fluorometer for selected concencentrations of noradrenalutm 
the fluorophore of noradrenalin* Shown are sample concen
trations, actual cuvette concentrations (ng=nanogram),
% fluorescence corrected for threeX sensitivity, and 
sensitivity (% fluorescence/concentration). The sensitivity 
markedly decreased "below about 10 ng noradrenalutin/ml.
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