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Subcellular distribution of ['H]~-aminocaproic acid and 
its effects on amine storage mechanisms 
ROBERT STITZEL, PER LUNDBORG AND HOPB OBIANWU 

E-Aminocaproic acid (EACA) is an amino-acid reported to cause almost complete 
depletion of cardiac noradrenaline stores. The present report indicates that this 
compound can be found in both the particulate and supernatant fractions derived 
from heart homogenates. The [ 3 H ] E A C ~  in the supernatant probably represents a 
mixture of intra- and extraneuronally located drug. Protriptyline pretreatment 
decreases the uptake of [aH]EACA suggesting that the amino-acid probably utilizes 
the amine membrane transport system. EACA, like reserpine, can both impair the 
retention of exogenously administered amines by adrenergic storage particles and 
cause the release of arnines previously stored in such particles. 

HE synthetic amino-acid e-aminocaproic acid (EACA) is a potent T inhibitor of plasminogen activation and has been demonstrated to 
be an effective therapeutic agent for the control of disordered fibrinolytic 
states in man (Alkjaersig, Fletcher & Sherry, 1959; Ablondi, Hagan 
& others, 1959 ; Nilsson, Sjoerdsma & Waldenstrijm, 1960; Nilsson, 
Anderson & Bjorkman, 1966). 

Recently, EACA has been reported to inhibit the dual amine uptake- 
concentration mechanisms of the adrenergic neurons (Obianwu, 1967) and 
to cause almost complete depletion of cardiac noradrenaline stores 
(Lippmann, Wishnick & Buyske, 1965; AndCn, Henning & Obianwu, in 
preparation). The EAcA-induced depletion of tissue noradrenaline is 
accompanied by a loss of adrenergic nerve function (And&, Henning 
& Obianwu, in preparation). In an attempt to elucidate the mechanisms 
by which EACA exerts some of its amine-depleting effects, we have 
examined both the subcellular distribution of [3H]EACA and its effect on 
amine storage mechanisms. 

Experiment a1 
METHODS 

In vivo experiments. Mice, divided at  random into groups of six, were 
given [3H ]a-methylnoradrenaline, 100pg/kg (30 mc/mM) ; [3H Imetaraminol, 
40 pglkg (100 mc/mM) or [3H]EACA, 200 pg/kg (60 mc/mg) intravenously. 
The animals were either pretreated or subsequently given various drugs 
and were killed at  appropriate time intervals. A more detailed presenta- 
tion of the injections schedules can be found in the Results section. 

All animals were killed by decapitation and hearts removed and homo- 
genized in the cold. A coarse fraction was obtained by centrifugation 
of the homogenate in the cold at  2000 g for 10 min. The supernatant 
obtained was then centrifuged at  100,000 g for 60 min in a Spinco Model L 
Ultracentrifuge, providing two more fractions, particulate (sediment) and 
high speed supernatant. Details of the subcellular fractionation and 
isolation of [3H]a-methylnoradrenaline and [3H]metaraminol have been 
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described previously (Carlsson & Waldeck, 1963 ; Lundborg & Stitzel, 
1967; Stitzel & Lundborg, 1967). 

[3H]EAC~ was isolated by ion-exchange chromatography. Tissue 
extracts were neutralized to pH 3.5 with 5~ potassium carbonate solution 
and placed on a column of Dowex 50-X4 resin (50 x 4.2 mm). The column 
was washed with 40 ml of redistilled water and [3H]EACA eluted with 18 ml 
of 0 . 4 ~  hydrochloric acid. The first 3 ml of the eluate was discarded. 
Eluates were freeze-dried and the radioactivity was estimated by liquid 
scintillation counting. The identity of the isolated [3H]EACA was estab- 
lished by subjecting the freeze-dried eluates, dissolved in a few drops of 
distilled water, to paper chromatography (butanol-acetic acid-water ; 
4 : 1 : 5, 18-20 hr). All the radioactivity was localized in an area with an 
Rf value (0.56-0-60) which was similar to that of authentic EACA. The 
recovery of known amounts of [ 3 H ] ~ ~ C ~  added to tissue homogenates 
or extracts ranged from 80-90%. No corrections have been made for 
recovery. 

In vitro granule experiment. Bovine adrenal medullae were homo- 
genized in 0 . 3 ~  sucrose. Unbroken cells and nuclei were removed by 
centrifugation at 800 g for 5 min. The supernatant thus obtained was 
decanted and centrifuged at 26,000 g for 20 min. The granules were then 
suspended in 0 . 3 ~  sucrose. The preparation and incubation of the 
granules were essentially the same as described by Hillarp (1958) and 
Carlsson, Hillarp & Waldeck ( I  963). Incubations were made without 
shaking at 0" and 31" for 30 min. 

MATERIALS 

[3H]a-methylnoradrenaline and [3H]metaraminol were prepared by the 
research laboratory of Hassle Ltd. in co-operation with this department. 
[ 3 H ] ~ ~ ~ ~  was kindly donated by Dr. K.-F. Benitz of Lederle Laboratories, 
Pearl River, New York. [14C]Adrenaline was obtained from New England 
Nuclear Corp. 

['HIEACA - ng/g f s.e.m.* 

Time(hr) Particulate I Supernatant X I 0 0  p+s 

4.0 

PHJEACA (400 ng/kg, i.v.) was given and the animals killed at various time intervals thereafter. Each 
experiment used six pooled hearts. 

Mean of four experiments. 
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with .this fraction. During the 4 hr following its injection, there was 
an increase in the amount of EACA found in the particulate fraction with 
a concomitant decrease in the supernatant content. 

Efects of blockade of the neuronal membrane pump on tlie uptake and 
subcellular distribution of [3H]EACA. Substances capable of releasing tissue 
amines have been separated into two groups depending on their ability to 
utilize the amine transport mechanism located in or on the adrenergic 
axonal membrane. Protriptyline, a compound which markedly inhibits this 
uptake mechanism, was found to decrease the accumulation of [3H]~~CA 
in both subcellular fractions by about 32% (Table 2). 

-~ ~ 

['HIEACA - ng/g i- s.e.m. 

Supernatant 

Control . . . . . . 1.86 z t  0.19 28.13 z t  1.20 
Protriptyline . . . . /  3 j 1.23 rt 0.18 19.15 It 0.33 

Treatment 1 e x z F L t s  1 Particulate 1 ~ 

TABLE 2. EFFECT OF PROTRIPTYLINE ON THE UPTAKE AND SUBCELLULAR DISTRIBU- 
TION OF ['HIEACA 

~~ 

P 
P T S  loo _ _ _ ~  

6.2 zk 0.5 
6.0 zk 0.7 

Time after UCA 
administration 

No. of  
experiments ['Hla-MeNM ng/g 

Control 0 6 19.85 * 1.10 
EACA . . ::I (& hrj 1 4 I 2h.W + 1.6s 
EACA .. .. 6 2.23 
EACA .. .. 4 zk 1.86 

*.I EACA .. b74 

At varying intervals after the administration of EACA (1 g/kg i.p.) ['Hla-methylnoradrenaline was given 
Values are (I00 vglkg i.vJ and the ['Hla-,methylnormetanephrine content determined I5 min later. 

means f s.e.m. and each experunent used SIX pooled hearts. 

Eflect of EACA pretreatment on the uptake of [3H]a-methyInoradrenaIine 
into subcellular fractions of the mouse heart. EACA pretreatment (1 g/kg) 
greatly impaired the retention of [3H]u-methylnoradrenaline in the par- 
ticulate fraction derived from heart homogenates (Table 4). This im- 
pairment was accompanied by a moderate increase in the amount of 
tritiated compound found in the supernatant fraction. The inhibitory 
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effect of EACA on amine uptake appeared to be maximal 1-2 hr after its 
administration while 12 hr after EACA administration there was a significant 
recovery of the granular storage function. 

TABLE 4. EFFECT OF EACA PRETREATMENT ON THE UPTAKE OF [3H]a-METHYLNOR- 

MOUSE HEART 
ADRENALINE (["]a-MeNA) INTO SUBCELLULAR FRACTIONS OF THE 

['Hlz-MeNA - nglg f s.e.m. 

1 Supernatant 1 &S loo 
- 

23.44 f 2.12 
10.59 + 2.32 
9.69 f 1.11 
8.87 f 0.91 

11.69 h 1.20 
19.30 f 1.38 

Control . , 0 
EACA .. .. 0.5 
EACA . . . . 1.0 
EACA .. . . 2.0 

EACA .. . . 12.0 
EACA .. . . 4.0 

32.55 f 2.31 41.9 
37.72 h 4.20 21.9 
45.56 f 1.91 17.5 
40.53 f 1.53 21.8 
35.24 2= 2.07 24.9 
27.95 f 2.79 40.8 

4 
3 

I'HIMA (1 hr) , . 
I'HHIMA(1 hr) + EACA . . 

Aoimals were pretreated with EACA ( I  gikg. i.p.1 and at various intervals thereafter were given 
[3H]cr-methylnoradrenaline (100 ILgikg. i.v.) and killed IS min later. Each experiment used six pooled hearts. 

Effect of EACA on the release of [3H]metaraminol from subcellular frac- 
tions of the mouse heart. Mice were pretreated with [3H]metaraminol 
(40 pg/kg) intravenously either 15 min or 231 hr before EACA (1 g/kg, i.p.). 
All animals were killed 45 min after EACA administration. EACA caused 
a loss of [3H]metaraminol from both the particulate and the supernatant 
fractions (Table 5) at both the shorter and longer time intervals after 
[3H]metaraminol administration. However, the loss appeared to be 
greater from the particulate than from the supernatant fractions as 
evidenced by the decline in the percentage of labelled amine recovered 
in the particulate fraction (relative to the P + S fractions) (Table 5). 
EACA appeared to cause a more pronounced loss from the particulate 
fraction of animals which had been given [3H]metaraminol 23a hr 
previously than those given the amine 45 min before. 

TABLE 5. EFFECT OF EACA ON THE RELEASE OF ['HIMETARAMINOL ([3H]MA) FROM 
SUBCELLULAR FRACTIONS OF THE MOUSE HEART 

[SHIMA - ng/g f s.e.m. I p  I No. of 1 
Treatment experiments Particulate 1 Superantant PI-S loo 

6.40 f 0.86 29.16 f 3.46 184  f 1.19 
14.7 f 0.69 3.81 f 0.46 2244 f 1.96 

PHIMA (24 hr) 4 1 2 ::I I 20.06 f 1.12 25.2 f 0.54 
['HIMA (24 hr) + E& ' 1 6 12.12 f 0.92 I 9.9 f 0.30 

I I 

PHIMA (40 irg/kg. i.v.) was given either 15 min or 2 3 t  hr before the injection of EACA ( I  g/kg. i.p.) 
Animals were killed 45 min after EACA admnistration. The figures in parenthesis indicate the time elapsed 
between PHIMA injection and decapitation. Each experiment used six pooled bearts. 

Influence of EACA on the in vitro uptake of [14C]adrenaline by bovine 
adrenal medullary granules. EACA, in a concentration of 1.5 x 1 0 - 5 ~ ,  
caused a slight inhibition of the uptake of [l4C]adrena1ine by bovine 
adrenal granules. Higher concentrations did not markedly increase the 
inhibitory effect. EACA 2.6 x 1 0 4 ~  caused a 35.8 & 1.42% inhibition 
of [14C]adrenaline (4 exp.) while at 5.2 x 1 0 4 ~  inhibition was 41.8 & 3.5% 
(2 exp.). The concentration of adrenaline (labelled and unlabelled) was 
3 x 1 0 4 ~ .  The inhibitory effect of EACA could not be attributed to a 
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lysis of the granules since an estimation of the adrenaline content in the 
incubation media showed no appreciable difference between the control 
flasks and those to which EACA had been added. 

Discussion 
The uptake mechanisms present in adrenergic nerves consist of two 

major components, transport through the nerve cell membrane and incor- 
poration into an amine storage granule complex (Carlsson & others, 1963). 
Both of these mechanisms can be selectively blocked by drugs. Reserpine 
is known to impair the storage mechanism of the adrenergic granules 
(Green & Sawyer, 1960; Campos & Shideman, 1962), thereby greatly 
inhibiting their ability to retain a variety of substances such as [3H]nor- 
adrenaline (Stitzel & Lundborg, 1967), [3H]cr-methylnoradrenaline 
(Carlsson, Lundborg & others, 1967) and [3H]guanethidine (Chang, Costa 
& Brodie, 1965). Antidepressant agents such as protriptyline and des- 
methylimipramine can block the uptake of circulating (Carlsson & 
Waldeck, 1965) or neurally released (Malmfors, 1964) amines at  the level 
of the cell membrane. The above agents are, therefore, useful tools in 
assessing the role played by the two uptake mechanisms. 

The data presented in Table 1 indicate that intravenously administered 
[3H]EACA is initially bound to the amine storage particles to only a small 
extent, most of the drug being recovered from the supernatant fraction. 
The amount of [3H]EACA found in the supernatant fraction then declined 
while there was some increase in the particulate content. The amount 
found in the supernatant fraction probably represents a mixture of intra- 
and extra-neuronally located drug. The relatively rapid loss of [3H]EACA 
observed from this fraction may be indicative of a rapid elimination 
from the blood with a concomitant decrease in extraneuronal concen- 
trations. However, some of the labelled substance is probably associated 
with adrenergic nerves since it was found in a subcellular fraction usually 
associated with adrenergic granules and protriptyline pretreatment reduced 
the amount recovered from subcellular fractions by about 32%. The 
latter observations indicates that EACA probably utilizes the amine mem- 
brane transport system. Thus it is likely that EACA can be taken up into 
adrenergic nerves by an active process, and once accumulated is bound 
to some extent within the storage particles. 

A quantitative estimation of the inhibition of uptake caused by protrip- 
tyline is difficult since EACA is generally distributed through body tissues, 
and therefore would tend to accumulate extraneuronally after membrane 
pump blockade. However, since protriptyline can reduce the amount 
of [3H]EACA taken up, it is probable that at  least 32% of that taken up 
by the mouse heart is associated with adrenergic nerves. T h s  view is 
further supported by the observation of Obianwu (to be published) that 
denervation reduces the amount of EACA retained by sympathetically 
innervated tissues. 

Inhibition of the storage mechanism in adrenergic granules leads to 
a depletion of the endogenous catecholamines (Bertler, Hillarp & Rosen- 
gren, 1961 ; Carlsson, Hillarp & Waldeck, 1962; Kirshner, 1962) and to 
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depletion of exogenous amines previously administered (Hertting, Axelrod 
& Whitby, 1961). The released amines appear to be preferentially meta- 
bolized by monoamine oxidase (Kopin & Gordon, 1962). However, if 
this enzyme is inhibited or an amine resistant to its action is administered, 
such as a-methylnoradrenaline or metaraminol the released amine accumu- 
lates in the axoplasm (Stitzel & Lundborg, 1967; Carlsson & others, 
1967). The data presented in Table 3 and Fig. 1 indicate that EACA 
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Lippmann & Wishnick, 1965) probably results from this action of EACA 
on the granular storage mechanism. 

The adrenergic nerve blockade caused by EACA does not set in until 
Severe depletion of tissue noradrenaline has occurred. However, function 
returns when tissue amine levels are still low (Andin, Henning & Obianwu, 
in preparation). In both the rat and the cat this occurs 12-18 hr after 
EACA administration. The present finding that EAcA-induced blockade 
of amine storage mechanisms has partially recovered 12 hr after its 
administration appears to coincide with recovery of adrenergic nerve 
function. Reports by Andtn, Magnusson & Waldeck (1964), Lundborg 
(1963) and Anden & Henning (1966) also point to the importance of the 
recovery of uptake rather than the restoration of tissue amine levels for 
the return of nerve function. In this respect EACA appears to exert similar 
actions to reserpine on amine storage and nerve function. 
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