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Abstract-The Muence of age and adre~a~e~tom~ ofthe animal on the activity of rat heart monoamine 
uxidase (MAO] was investigated. The model describing changes in tissue contents of an enzyme as 
a tr~us~~~o~ from one steady state to another was used to determine whether age and adrendectomy 
act an the s@hesis or d~~~da~~o~ of MAO. Rats were treated with the irreversible MAO inhibitor 
parg$ne to measure the rare of recovery of the enzyme acrivity f(l~~o~jng almost total jnac~ivatio~ 
in order to obtain values for the first order degradation rate constants. The sp. act. of the rat heart 
MAO increased with age due to a r~uc~~on in the de~ra~a~~#n rate constant ~~i~ho~~t any e&cl 
on the rate of synthesis. A(~renalectomy led to an increase in the sp. act. through an effect on the 
rate of synthesis unaccompanied by any change in the degradation rate constant. Treatment with 
pargyline at operation prevented the rise in MAO activity that normally followed adrenalectomy. 
The possible mechanisms involved and the presence of enzyme-degrading systems are discussed. 

Over the past few years it has become apparent that 
the activity af the enzyme monoamine oxidase 
[Amine : oxygen oxidoreductasc ~d~a~nat~n~ Aavin 
~onta~n~ng~. Ef: 1.4.X4] (MAO) in a variety of tis- 
sues in different species can be affected by hormone. 
For instance, in the rai heart the sp. act. of MAO, 
i.e., the catalytic activity per mg of protein, increases 
folIo~ng adr~a~ect~~v of the animal cl-?]. It has 
been suggested that this rise in MAO is a conse- 
quence of a general alteration in protein synthesis fol- 
lowing the fall in circulating glucocorticoid concen- 
trations [73. The increased MAO activity has been 
shown to have identical properties to that found in 
age-matched control animals with respect to heat in- 
activation, changes in p&f, effects of dialysis. and in- 
hibitor and substrate specificity [S]. This provides in- 
direct evidence that the increase in MAO is not due 
to a change in the catalytic properties of the enzyme 
after adrena~e~tom~, 

The picture is however ~~m~l~~ated by the fact that 
the sp. act. of the MAO in the rat heart atso increases 
with the age of the animal [o--16], This is unusual, 
since most other heart enzymes such as succinic de- 
hydrogenase, cytochrome L’ oxidase and malate de- 
hydrogenase, only increase in activity as a result of 
the general increase in the weight of protein as growth 
continues [t3,15]. Horita [13J, and de Champlain 
et uf. [t7J have suggested that this increase in MAO 
sp. act. may be closely involved with the growth pro- 
cess of the heart. Any change in MAO activity that 
occurs as a resuIt of adrenalectomy will be superim- 
posed upon the ~ont~nuo~~sIy increasing activity of the 
enzyme due to growth. 

In the present investigation the model describing 
changes in the tissue content of enzyme in terms of 
a transition from one steady state to another [lx, Iof, 
has been applied with compensation for changes in 
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MAO due to t,he growth of the heart By this a~~~~o~~h 
it was hoped to be able to separate the eRects of 
age and adr~na~ectomy upon the MAO in the rat 
heart. 

~~~~~~~~~~t~}~~~!. Male Wistar rats were anaesthe- 
tized with diethyl ether. The adrenal glands were 
removed through dorsal incisions as quickly as poss- 
ible and the wounds closed with surgical clips. Sham 
operations were performed to provide appropriate 
paired age-matched control animals. The adrenaIeao- 
mized rats were maintained on normal diet but with 
free access to U.o>i NaQ solution. 

At appropriate times adrenaIe~tomi~~d and controE 
animals were killed by a blow on the head or by 
cervical disfocatton. The success of the adrena~~tomy 
was estab~~s~~d by insertion of the operation site 
at death. 

C~~~i3~~s itl h&y weirdo, hrclrt wei& a& $ cardicrc 
MAO ~~~~wi~~ a~r~~~f?i~~tQ~~. The experiments were 
performed usmg adrenalectomized rats and their 
paired age-matched controls at various times between 
0 and 6R days after operation. In all, 13 batches were 
used weighing from 100-125 g at the time of oper- 
ation 

~~1~~~~~~7~ ~~~~~r~~~f~ Fargyfine hydrochloride wits 
d&salved in 0.9:;; NaCI solution and injected intra- 
peritoneaity. Preliminary experiments showed that a 
dose of 30 n&kg of pargytine hydrochloride would 
reduce the cardiac MAO activity by at least 98 per 
cent after 2 hr without any s~~nifi~nt amount OF the 
drug persisting in the hearts of the animals TV inhibit 
newly ssnt~~s~~ed enzyme. This dose of par~yI~~~~ was 
used in alI experiments. 

Two groups of rats were used: group A in which 
the animals weighed 100-I25 g at adrenalectomy, and 
group B in which they weighed 220-250 g at adrena- 
lectomy. Group A was subdivided into two further 
groups, A, to which pargytine was given on the same 
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day as adrenalectomy was performed, the rats being 
killed, 0, 1. 2. 4, 8, 13 and 19 days later. and AZ 
to which pargyline was given 14 days after adrenaiec- 
tomy. and the rats killed 0, 5. 7. 9, 13, 16, 21 and 
34 days later. When group B was used, pargyline was 
given 33 days after adrenaie~tor~y and the rats killed 
2, 4, 7, 10. 14. 17, 21 and 28 days later. At all the 
chosen times, appropriate untreated control animals 
were killed. 

~r~purf~f~oi~ f$ heurt ~?~~~?7~~~~~~~~t~~s~ Crude kd%-t 

homogenates were made by a modification of the 
method of Ernster and Nordenbrand [2O] in which 
the MgCl was omitted and the EDTA replaced by 
EGTA. This modi~cation reduced the activation of 
an enter-mjtochondria1 Mg2+ dependent ATPase 
present in ~ontamjnating structures such as myofibrils 
[23,23], while protecting the mitochondrial mem- 
brane from significant loss of Mg2* [24]. The tissue 
was first finely chopped. washed and then homo- 
genized for 30 sets in 3- 5 vol. of ice cold modified 
medium in a loose fitting Dounce horn(~~e~izer. The 
suspension was then transferred to a conical all-glass 
homogenizer and further homo~erlized for 2 min. The 
resulting suspension was diluted with medium to a 
tinal vol. of 1 g of tissue in ICfmis of medium. The 
suspension was centrifuged at 6% g for 10 min. 
decanted and the supernatant centrifuged again at the 
same speed to remove nuclei and debris. The resulting 
supernata~ts were decanted and provided the homo- 
genates upon which all the experiments were per- 
formed. No significant loss of MAO activity was 
detected up to one week if the homogenates were kept 
at -2tY. 

MAO assay. MAO activity was measured by a 
method based on that described by McCaman, 
cf al. [Z] using tritium ~abellec~ tyramine as sub- 
strate. In most cases the modi~cat~~~n described by 
Jarrott [26] was used. but in those experiments in- 
volving the use of pargytine. extraction of lahelted 
product was made into an equal mixture of benzene 
and ethyl acetate without the acid backwash step [&I. 
The concentration of c3H]t~~rarn~lle used in the assays 
was 1 mM to ensure satufation of the enzyme without 
causing substrate inhibition. All radiochemical assays 
were performed in duplicate. 

After extraction into organic solvent the radioactive 
metabolites were counted by liquid scintillation in 
0.4”; Butyl-PBD in to~uene using a Packard 3000 
series liquid scintillation spectrometer with external 
standardization. Counting efficiencies were calculated 
by computer program based on the quadratic tit to 
the calibration curve. 

Protrin ass+. The total protein contents of the 
homogenates were determined by the micro-biuret 
method of Goa [2q, using bovine serum albumin 
as standard. 

Kinetic studies. The parameters ~ontroIling the 
change in MAO activity brought about by adrenalec- 
tomy were calculated from: 

d[MAO],‘dt = k, - &[MAO]. (1) 

In this equation [ZS, 291 the rate of net formation 
or net degradation of the enzyme is a baiance between 
a zero order rate of synthesis fk,) and a first order 
rate of degradation k,[MAOJ where k, is the first 
order rate constant. ff k,, and k,(, are the rate con- 

stants of the initial steady state. the activity before 
adrenaiectomy is given by MAO” = ~?,~!‘h.~~. while the 
new steady state wit1 be a level of activity 
MAO,, = k,/k,. Integration of eq. (1) will give the 
MAO activity of adrenalectomized rats at time I after 
operation, i.e.. 

MAO, = MAQ, (1 - e+ci’) + MAO~,e- kdf. (2) 

However, to determine the effect of adrenalectorny 
on the cardiac MAO, it is appropriate to compare 
the MAO activity in the hearts of the adrenafecto- 
mized animaIs with the activitv in the hearts of con- 
trols on the day of operation, ;.e.. MAO,/MA&. 

Using this cornp~~iso~, there are two ways of fitting 
the experimental data to eq. (2). First is the linearizing 
transformation of an exponential. [30] : 

The expr~sion in square brackets is described as 
MAO ‘activity ratio”. For convenience, we have called 
this solution of (2) ‘method I’. 

When using method 1 correct estimates for the half- 
life depend upon the correct estimate of the final 
steady state. A sbyond method involves a nonlinear 
regression which is large@ indepeItdent of any 
approxi~~ation in the initial estimates of the exper- 
imental parameters. This method (‘method 2’), which 
involves successive iterations, is based on making a 
guess at the value of the parameters and then apply- 
ing a method for successively correcting the guesses 
to bring estimates of the parameters to as near as 
possible to the correct solution. The nonIinear form 
of the equatjon is: 

(4) 

The ~a~cuIations using (4) were performed by com- 
puter program. 

Ch~~i~,u~s. Pargyline hydrochloride was a gift from 
Abbott Laboratories, Queenborough, Kent. Tyra- 
mine--[G-3H]hydrochloride was obtained from New 
England Nuclear GMBH. Dreieichain. Germany. 

All other chemicals were standard Iabordory rc- 
agents of analytical grade where possible. 

RESC’t.TS 

Champs in body weight arrd in wet rn+qht I$ fht+ 
irvurt ,f~l~~w~~t~ ~~~~r~~(~~~~fo~?~l. At all times from one 
day onwards followj~~~ adrenaie~tomy the operated 
animals had, as expected. lower body and heart 
weights than their ~orr~s~nding age-matched con- 
trols. The percentage f%ls in body and heart weight 
in the adrenalectomized rats were not significantly 
different from each other at any time. while the 
greatest differences between adrenalectotnized and 
controi rats were seen between 14 and IX days after 
o~ration. 

Jn the rat heart growth appeared to stop for about 
14 days after the operation when it then began again 
at the same rate as in the control animals (Fig. 1). 
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Fig. 1. Time course of the growth of the hearts of adrena- 
lectomized and control rats. Wet weight of the hearts of 
adrena~e~om~zed rats (e]. wet weight of hearts of age- 
matched controls (0). Values are plotted against time in 
days after operation. Each point represents a mean value 
from 2-12 hearts. Each regression line was found by apply- 
ing the method of least squares to the individual values. 
The vertical broken line separates regression lines calcu- 
lated before and after resumption of growth in the hearts 

of the adrenalectomimd rats. 

The body weight responded in a similar manner. Thus 
the reduction in size of the hearts in the adrena~ecto- 
mized animals would be wholly accounted for by the 
14 days in which no apparent growth was observed. 

Changes in the card&c MAQ ~icrit?i~~ ~~~~~~~j~~ 
u~re~u~~c~o~~: time course uf the plunges in r~~~~~~~ 

to the growth process. In agreement with previous 
reports [13, 141 the heart MAO activity of control 
animals showed a significant correlation with both 
heart and body weights, thus appearing to be directly 
related to the rate of growth af the animal. After a 
lag of about one day, the sp. act. of the MAO of 
the hearts of adrena~ectomiz~d animals was increased 
at alI times following operation in spite of the fact 
that the operated animals had smaller hearts than 
their age-matched controls (Fig. 2). The reduction in 
the weights of the hearts of adrenalectomized rats 
might be expected to have produced a reduction in 
the growth reiated rise in MAO activity. But if this 
does occur it is not sufficient to prevent the increase 
due to adrenalectomy, although it may well reduce 
the size of the apparent response. If experiments could 
be done in which changes in body and heart weight 

were prevented, the change in MAO activity induced 
by adre~~~e~t~rny could be expressed in terms of a 
transition from one steady state to another. The time 
course for this increase would be given by d[MAUJ/ 
dt = k,7 - ~~[~‘~O] (i.e. {\I), where k, is the zero 
order rate for synthesis and kd is the first order rate 
constant for &gradation [28, tY]. In this situation the 
time course of the transition from one steady state 
to another induced by adrenalectomy is solely deter- 
mined by the degradation rate constant k,. However, 
in the present experiments this transition to the new 
steady state is superimposed upon the changes in 
T\IlAO activity as a result of growth. 

Assuming that the effects of adre~ale~tomy and of 
growth on the cardiac MAO are two simuItaneous 
but independent processes, it is possible to correct 
the values of MAO activity for the changes due to 
growth when ~~~p~ying eq. (‘2) to the effects of adrena- 
lectomy. 

if the sp. act. of the MAO in the hearts of both 
control and adrenalectomized rats in terms of nmoles 
(mg protein)- ‘I~-’ are divided by the appropriate 
heart weight in g (i.e. “transformed” units), a compen- 
sation for the rise in MAO sp. act. with age is 
achieved and an apparent steady state results. If it 
is assumed that this correction is appropriate for the 
adrenaiect~)mi~ed animals i.e., that only the effect of 
heart weight is removed, the increase in MAO activity 
following operation should fit an exponential curve 
between the two steady states as expected from eq. 
(2). 

The ex~~r~mentai data can be fitted to this model 
by method 1. Thus in Fig. 3 the new steady state 
was estimated to be approximately twice the control 
steady state by taking the mean values of the compen- 
sated activities expressed as percentages of their 
appropriate controls from rats killed 19 days and 
later after adrenalectomy, when the increase in a&- 
vity seemed to have reached its maximum, Using the 
method of ieast squares a value for kb of O.llday 
was found, corresponding to a half-life of MAO in 

Fig. 2. Time course of the increase in the sp. act. of the 
MAO in the hearts of adrenalectomized rats. Values are 
expressed as ratios between adrenalectomized rats and 
their age-matched controls, and are plotted against time 

in days after operation. 
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Fig. 3. Semil~~arjt~~mic plot of the approzh towards the 
new steady state of the MAO activitv in the hearts of 
adrenalectomized rats. The values of %A0 activity ratio’, 
as defined in the text under method 1, and calculated from 
activity in trunsformed units, are plotted against time in 
days after operation. Each point tepres&ts the mean from 
2-5 animals. The regression fine was fitted by ‘method I‘ 

using, single values. (See Table I far parameter values.) 
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Fig. 4. Exponential plot of the approach towards the new 
steady state of the MAO activity in the hearts of adrendec- 
tomized rats. Values of the ratio between the compensated 
MAO activities (in transformed units, see text) adrenalecto- 
mized and control rats are plotted against time in days 
after operation. Each point represents the mean from 2-5 
animals. The exponential curve was fitted by ‘method 2 

using single values. (See Table 1 For parameter values). 

these animals of 6.2 days. An intercept of 1.17 sug- 
gests that there is a lag period of about a day before 
the induction process staris. Using this method, cor- 
rect estimates of the ha&life of the MAO depend 
upon the correct estimate of the final steady state. 
In order to assess the accuracy of the estimated value 
of the new steady state the resuks were also fitted 
by method 2 (see Fig. 4). The estimate of the final 
steady state value, the k,, and the intercept are close 
to those values obtained by Method 1 (see Table I). 

Table 1. Parameters for the exponential increase of MAO 
following adrenalectomy, obtained by method I and 

method 2 

r = linear correlation coetficient, values in brackets rep- 
resent S.E.M. 

The time course of the reappcarancc of MAC) ac- 
tivity following pargyline treatment was studied in 
heart homogenates from both adrcnalectomized and 
age-matched control rats over a wide ran&c‘ of ages 
and weights. The nature of each group is described 
in Table 2. The fitting of experimental data to eq. 
(2), was ~rf(~rrn~~ hy methods t and 7. 

Following the conversion of the observed MAO ac- 
tivities from units to units divided by the total hcslrt 
tveight in g ~tr~~nsformed unitsj. the coI~?pJ~c~~tjoIt due 
to changes in MAO activity follorving the increase 
in heart weight was abofished without affecting the 
increase in activity following adrenaiectomy. This is 
particularly important in experiments where pargyline 
was given to adrenalectomized rats on the same day 
as the operation (see Discussion). Thus in control rats 
and in those adrenalectomized rats where the in&ease 
in MAO activity had reached a steady state, MAO 
activity could be taken as a constant over the period 
in which these experiments were conducted. This con- 
stant activity coufd then be used as the appropriate 
control value for comparison with the MAO activities 
fo~~o~v~n~ pargykne treatment in adren~~Jectomized 
and normal rats. In one case {Group A ,) where no 
steady state existed in the adrenaiectomized rats, each 
group was compared with its appropriate control 
killed at the same time. In these experiments where 
pargyline caused almost complete inhibition of the 
MAO activity (2) and (3) bccomc respectively: 

MAO, = MAO, (1 - c-~O’) (5) 

and 

t n( 1 - ~A~~~~.~~ i f = -ii& (6) 

The semilog plots obtained using the non-linear 
method of fitting emetic If are shown in Fig. 5. 
The goodness of fit of the ex~rjrnc~~~~ results by 
both methods i and 2 is shown in Tables 3 and 4 
respectively. No significant difference was found 
between the values calculated using the two methods. 
Since. however, method 2 appeared to give a more 
precise estim;rlte of curve parameters, comparisons 
between groups were carried out on the results 

Contrlll 
fJ 

Adn 

a = Values at beginning of pargyline experiments. b = Values at the end of pargyline csperimcnts. Body wts and 
heart weights are expressed as mean values i S.E.M. Adx. adrenalectomized, 
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although producing changes in MAO activity, does 
not affect the rate constant of degradation of the 
enzyme. However, the degradation rate constant of 
the cardiac MAO was reduced i.e.. the half-life of the 
enzyme increased. with increasing age of the animals. 
Comparisons of 95 per cent confidence limits of k, 
show a significant difference between group At and 
group B for both control and adrenale~tomjzed rats, 
whiie no si~i~catlt difference was found in all three 
age groups. AlI A, and B when adrenalectomized ani- 
mals and controls were compared. Table S summar- 
ises the data for the half-lives of the MAO in the 
hearts of the animals used in these experiments, and 
in the experiments where the half-life was measured 
from the time course of MAO increase fo~l~)wing 
adrenalectomy. The half-life of cardiac MAO appears 
to be correlated with the growth processes of the ani- 
mal, whether the growth is expressed in terms of in- 
crease in body weight, heart weight or age. 

I 1 I , 

0 IO 20 30 

Tim%, days 

Fig. 5. Semilogarithmic plots of the recovery of rat heart 
MAO activity in adrenalectomized and control rats of 
various ages fo~to~ing irreversible inhibition by pargyline. 
(A), experimental group At. age 33 days; (B), experimental 
grcoup A?, age 46 days; (C), experimental group B, age 
93 days. Values of ‘MAO activity ratio’, as defined under 
method 1 in the text and calculated from activity in trans- 
formed units, are plotted against time in days after treat- 
ment with pargyline hydrochloride (30 mg kg-’ i.p.). Con- 
trol (-0). adrenalectomi~ed (C- -01, expected ratio 
for adrenaiectomized rats of group A, (- -). The regres- 
sion lines were derived from the exponential curve par- 
ameters obtained by fitting single values by ‘method 2’. 

(See Table 4 for parameter values.) 

obtained by this non-linear method of fitting. No dif- 
ference was found between recovery rate constants 
for ~~dr~nal~ctomized animals and their, controls in 
each age group. thus suggesting that adr~nale~tomy, 

Table 3. ~~athematica~ fitting of pargyline recovery experi- 
mental curves by method 1 

n = number of time points studied on the recovery 
curve. The values used at each time point were the means 
of 3-4 animals. Adx, ~dr~n~~ectomi~ed. 

Table 4. Mathematical fitting of pargytine recovery experimental curves by method 2 

Control 0‘98 0.08 o.in X.60 6X1 
in = 181 1-007 -eo.oi 0.06 

A2 
17.65 9.83 II 7 

Adu 0.96 0 0% 0.14 8.36 
,n = 16) 

4.85 
i 0.02 to.03 n.02 16 X-12.61 30.1 

CUIlW0l O.9h 0.04 0.06 16.8 
(” =:. 22) 

12.1 
ino7 *_O.OI 0.03 

R 
(l+l.i- 20.71 X.6 

Adn 0.92 0.05 0,07 14.9 
,n r 25) 

la.5 
i 0.09 10.01 O.#f tl?4-ls.Rt 2hO 

n = number of animals studied over 6-9 time points. Adx. adrena~ecto~lized. 95 per cent confidence limits of /Q 
and half-life values were calculated by the method of Colquhoun [30]. 



Table 6 shows the values for k, for the MAO in 
the hearts of control and adrenalectomized rats. At 
the same time the content of MAO is given in terms 
of its sp. act. with and without the correction for the 
increase in the total weight of the heart, For the cal- 
culation of k, from the expression k, = k,MAO, the 
uncompensated MAO activity was used to reveal the 
real increase in the activity of MAO with increase 
in the weight of the heart. 

it is clear that in controls the increase in MAO 
activity from 210 units in rats with a mean heart 
weight of 460 mg up to 508 units in rats with a mean 
heart weight of 913 mg was brought about soleiy by 
a decrease in kd without any significant change in 
ks. The same is true for the adrenalectomized rats 
where the increase in MAO sp. act. with increasing 
age is also explained by a decrease in lid The adrena- 
lectomized rats. however, have higher MAO levels 
and a higher rate of synthesis than their controls. It 
is interesting to observe that in the case of the oldest 
group of rats (Group B) where the increase in MAO 
activity due to adrenalectomy was much less, the k, 
value was only slightly greater than the corresponding 
control value. 

The major problem encountered in the study of 
adrenocortical regulation of cardiac MAO in the rat 
is the rise in activity of this enzyme that takes place 
as the animal grows older and the heart and body 
weight increase. In the present experiments where the 
effect of adrenalectomy upon cardiac MAO was stud- 
ied, it was necessary to show that adrenalectomy did 
not specifically affect heart growth before kinetic 
studies of the changes in MAO activity in this organ 
could be considered. In ad lib. fed adrenalectomized 
rats maintained on saline, deficient growth has been 
described 1321. Retardation in the rate of growth was 
confirmed in the present experiments, and the heart 
was found to follow the slowing down in the growth 
of the whole animal, thus excluding any specific atro- 
phic effect upon this organ. It appeared that the 

hearts had not grown at all for about 14 days after 
operation. Growth then began again and progressed 
at about the normal rate. Consequently there was 
always, at all times, after the first two days a signifi- 
cant difference between adrenalectomized and control 
rats which began to disappear only after 40 days, due 
to the slowing down of the growth rate of controls 
when they reached adult weight. The adrenalecto- 
mized rats reached adult weight after a further few 
days. This growth pattern could possibly be explained 
by an initial very large reduction in food intake which 
then is corrected. The observation that the deficient 
growth due to adr~n~llcctomy can be reversed by force 
feeding the operated animals [3X 341 supports this 
view. The reduction of food intake may be related 
to a delay in the response of the animal to drinking 
saline or to nausea. After adrenalectomy abnormali- 
ties of intestinal function, secondary to fluid and elec- 
trolyte disturbances. which are reversed by saline 
treatment [35], can also be mimicked by starving the 
animal [36]. 

Although a large reduction in cardiac performance 
after chronic adrenalectomy has been described, there 
is no evidence for an anatomical impairment of the 
myocardium [37]. Several authors have reported im- 
pairment in the mechanical performance of the myo- 
cardium [3X-12]. However. in agreement with the 
present findings. the heart weight in terms of its ratio 
to body wt, has been found to be unchanged [4335] 
or slightly decreased [46,4’7]. thus indicating that car- 
diac atrophy is not a major factor contributing to 
the impairment of the function of the heart. 

The possibility of studying the time course of the 
increase of MAO activity following adrenalectomy, 
in the experimental conditions described here, is 
based on various assumptions. One of the assump- 
tions is that the relationship between growth and car- 
diac MAO shown by normal rats still holds under 
conditions of adrenal insufficiency. Although it is not 
possible to exclude an interference with the relation- 
ship between growth and MAO activity in the heart 
by adrenalectomy, the apparent absence of an effect 
of adrenafectomy upon the normal development of 
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Table 6. Estimation of synthesis rate (kJ of cardiac MAO in control and adrenalectomized rats of different ages 

eonrroi 
A, 460 Qll 457 210 23 

A2 663 0.08 4s 3113 24 
B 913 a.04 581 509 ‘I 

-....-- _~ 

A& 
A, 4% a.31 914 371 40 

A2 504 0.08 914 461 3& 

a 89f 0.04 ?oo 627 27 

MAO units = nmoles (mg prot)-’ hr -‘. k, was estimated from the expression k, = kd MAO, as explained in the 
text. Adx, adrenalectomized. 

this organ supports the view that this assumption is 
valid. 

The validity of assuming eq. (1) as a suitable model 
to describe the time course of the increase in MAO 
activity induced by adrenaleciomy depends upon the 
possibility of m~nta~ning steady state levels of MAO 
during the entire course of the experimem. To meet 
this condition the continuous increase of MAO acti- 
vity due to the significant growth occurring during 
the caurse of the experiment must be eliminated. Fur- 
thermore the under-estimation of the effect of adrena- 
lectomy due to the use of paired age-matched controls 
of heavier body and heart weight, which have a higher 
MAO content, should be avoided by considering 
weight-paired matched rats as appropriate controls. 

The solution to these problems adopted in the pres- 
ent experiments was the use of a unit of activity which 
could compensate for changes in MAO due to the 
growth of the heart. This unit, obtained by dividing 
the MAO activity of both controis and adrenalecto- 
mized animals by their respective total heart weight, 
was an attempt to express the enzyme activity as 
though the experiment had been done on rats of COR- 
stant heart weight during the entire course of the ex- 
periment. The correlation between MAO activity and 
heart weight shown by normal rats was abolished 
when the activity was expressed in these transformed 
units and an apparent steady state was obtained 
within the time course of the experiment. The model 
can then be used making the assumption that the 
effects of adrenalectomy and growth upon the cardiac 
MAO activity are two independent processes. 

The results show that adr~ai~tomy is character- 
ized by a new steady state level of MAO correspond- 
ing to a 2-fold increase of activity. This new steady 
state is defined by a rate constant of degradation kd 
of &l/day. Values obtained by the use of the two 
different methods of fitting are in good agreement. 

The higher steady state found after adrenalectomy 
could be either a consequence of an increased rate 
of synthesis, k,, or of a decrease in the rate of degrada- 
tion, kd from the initial value. When the rate constant 
of degradation k,, of both control and adrenalecto- 
mized rats was measured by following the time 
course of reappearance of MAO activity after pargy- 
line treatment, it was found that adre~~~tomy, as 
opposed to the alteration in the rate constant of 
degradation, kd, produced by age, affects the cardiac 
MAO activity by changing, at least apparently, the 
rate of synthesis of this enzyme. 

When the recovery of MAO activity after pargyline 

treatment was studied, using transformed units, the 
cardiac MAO activity of control rats of all groups 
used, and of those groups of adrenalectomized rats 
(group AX and 3) where the increase in activity due 
to adrena~e~tomy had reached a steady state. was 
found to remain constant over the period in which 
the experiments were conducted. Under these exper- 
imental conditions the recovery of the MAO activity 
after pargyline treatment could be described by eq, 
(1) as a return to the steady state level of the un- 
treated animals, MAOn and MAO,X for controls and 
adrenalectomized rats respectively. However, in the 
one case, where pargyline was given to adrenalecto- 
mized rats on the same day as operation (group A,) 
the values of [MAO] in the untreated animals does 
not correspond to a steady state level, since it rep- 
resents the exponential increase of [MAO] following 
adrenalctomy. In this case, assuming that the change 
in [MAU] with time, which occurs in the adrenafec- 
tomized animals, is not affected by pargyfine treat- 
ment, both groups of adrenalectomrzed and adrena- 
le~tomized-~rgyli~e treated rats are characterised by 
the same Constants k, and kd. and eq. (I ) applies to 
both. The oniy difference is in the MAO level at the 
beginning of the experiment. i.e. 

MAO,,, = MAO0 (at t = 0). 

MAO& = 0 (at t = 0). 

where MAO,, and MAC),*,, are MAO activities in 
the hearts of adrenalectomized and adrenatectomized- 
pargyline treated rats respectively, at a certain time 
t. Solution of (I) with these initial conditions gives: 

MAO,,, = MAO, (I - e-kdr) + MAO, e++ (7) 

MAa;*, = MAO, (1 - eekdr}, (81 

where MAO, 3 kJk,, i.e., the asymptotic value. 
Consider the ratio: 

R = (MAO,,, - MAC%)/MAO,,,. (9) 

corresponding to the factor (I - MAOJMAO x ) of 
(6) used in the fitting by method 1, substituting eq. 
(7) and (St into eq. {Y) and taking the natural log 
of R gives: 
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which compares with the value -Fc,r obtained in 
eq. (6). If t < I!&. a first order Taylor expansion of 
(IO) gives: 

which shows that in this case the slope of the semilog 
plot differs from k, by a factor, MAQ x /MAO,. Since 
with the assumptions previously made MAO, /MAO,, 
has a value of 2, the fitting of the data obtained using 
adrenalectomized rats of group A,, would be expected 
to give a semilog plot with slope I%, as shown in 
Fig. 5. Surprisingly enough, not only the fitting of 
the experimental data gives a plot different from the 
expected one, but precisely reproduces the semiiog 
plot obtained using control rats of group A,, as if 
pargyline treatment had totally prevented the increase 
in MAO activity by adrenalectomy. This might have 
happened if pargyline either had prevented the two- 
fold increase in k, produced by adrenalectomy, or 
alternatively had induced a parallel two-fold increase 
in li,. The results obtained here strongly support the 
possibility that pargyline prevents the increase in k, 
in group A,. The evidence is against a change in kd 
following pargyline treatment. It appears that in eq. 
(It) MAO0 (~~“~~~~) represents the steady state value 
of MAO activity in control conditions, where i(, is 
known from the experiment where the recovery of 
MAO activity after pargyline treatment was studied 
in the paired age-matched controls (Fig. 5). Plotting 
the data obtained from the adrenalectomized rats of 
group A,. the slope of the semilog regression (-li,,i 
MAO,) is found to be identical to the slope (kdO) of 
the semilog plot of the data from age-matched con- 
trols This eliminates the possibility that, in this par- 
ticular experimental condition, kdo has been changed 
by pargyline treatment. Thus it would appear that 
the absence of enzyme activity impairs the ability of 
adrenalectomy to alter the rate of synthesis of M.40, 
~~lthough it has no effect upon the rate of synthesis 
I,,. once it has been altered and the corresponding 
higher steady state of MAO. due to adrenalectomy. 
has been reached. 

The increase in rat heart MAO activity with age 
that has been found by several workers 19%141, has 
been shown to be brought about solely by a decrease 
in kd without any significant change in k,. Moreover, 
adrenalectomy of the animals has no detectable effect 
on lid. 

So far it has been assumed that kd is a measure 
of the rate of degradation of the MAO by proteolytic 
enzymes. It is. however, not possible at present to 
demonstrate any specific system capable of degrading 
the MAO. Two general mechanisms have been pro- 
posed by Schimke [4H]. One is that the protein mol- 
ecules are individually available to a degradation pro- 
cess, which is present at all times, In the case where 
such a mechanism is operating, an increase in MAO 
activity with age could be produced by changes in 
the conformation of the enzyme protein, making it 
a less suitable substrate for the degradation process. 
This effect of age could be brought about by a change 
in the lipid or protein environment in which the 
MAO is bound to the mitochondrial membrane. An 
alternative mechanism is a change in the activity of 

the degrading system itself. A genera1 intracellular 
degrading system, e.g., the lysosomai enzymatic activi- 
ties, could become progressively less active with in- 
creasing age of the animals. However, the finding that, 
in the heart. the lysosomal hydrolase. cathepsin, in- 
creases with age [49]. does not support the suggestion 
that the mechanism operating in the slowing down 
of the rate of degradation of MAO with age is a 
change in this general degrading system. Schimke 
1281 has proposed that the lysosomes are important 
when gross changes in protein degradation are in- 
volved, whereas the degradation that occurs in nor- 
mal steady state conditions involves a different system 
at present unknown. Proteolytic enzymes that are 
selective for pyridoxal dependent enzymes have been 
found [S&52]. These enzymes are the first to attack 
the pyridoxal dependent enzymes to make a product 
that is susceptible to degradation by less selective 
enzymes such as trypsin. These enzymes may be re- 
sponsible for the breakdown of the clorgyline resist- 
ant MAO that is also found in the rat heart, and 
which appears to be pyridoxal dependent [53], but 
are less likely to be involved in the breakdown of 
the FAD dependent MAO that is responsible for the 
metabolism of tyramine. 

It remains to be seen whether changes in the bind- 
ing or in the proteolytic enzymes are responsible for 
the increase in the specific activity of the rat heart 
MAO with age. However, the effect of ageing is quite 
distinct from that of adrenalectomy. which causes an 
increase in the rate of synthesis without changing the 
degradation in any way. 
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