CHAPTER - V
EFFECTS OF CORTICOSTERONE TREATMENT ON ACTIVITIES OF
MITOCHONDRIAL ~ ATPase AND PRIMARY DEHYDROGENASES AND KINETIC
PROPERTIES OF ?\TPase IN LIVER DURING DEVELOPMENT.
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Glucocorticoids under both in vivo and in vitro
conditions are knwon to have effect on mitochondrial
respiration and oxidative phosphorylation in tissues such as
liver, heart and muscles (1-24). Glucocorticoid effects on
brain miiochondria are described and discussed in chapter II.
Most of the researchers have useﬁ liver mitochondria as a
mode]l system to study glucocorticoid effects on energy -

linked funtions (10-23).

Glucoéorticoid hormones are known to increase the volume
of mitochondria from liver and muscles (1-3). cortisone
treatment to adult rats for 6 - days resulted in four fold
increased in the average mitochondrial wvolume with a
commensurate decrease in the number of mitochondria per cell
in the liver. The changes were observed throughout the
hepatic 1lobule, but weére most marked in midzonal cells. The
total mitochondrial volume per cell and the percent of the
total cytoplasmic volume occupied by mitochondria and total
cristae surface per cell remained relatively unaltered (1).
Study by Kimberg and lLoeb (2) has shown that cortisone -
induced increase in mitochondrial size and approximately
reciprocal decrease in mitochondrial number in liver was due
to mitochonrial fusion rather than loss of pre-existing
mitochondria. Bullock et al. (3) have reported that
triamcinolone acetonide treatment to adult rats results in

enlargement of muscles mitochondria.
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Treatment of rats with glucocorticoids has been observed
‘ to diminish both the substrate and ATP- dependent calcium
accumulation by isolated liver mitochondria (4.5). Similarly
administration of dexamethasone to rats markedly diminished
the initial rate and maximum extent of substrate dependent
calcium uptake in subsequently isolated liver mitochondria and
enhanced the release of calcium. The liver mitochondria from
dexamethasone treatment group showed significantly low
cytochrome ¢ oxidase activity, and translocated ATP from
inside to outside faster th;n those from controls. The
decr?ase? in calcium transport and retension of calcium in
liver mitochondria from Aexametﬁasone treated rats was found
to be regulated by intramjtocho;drial ATP content and not due
to alterations in calcium carrier system (6). Hughes and
Barritt (7) have shown that single injection of dexamethasone
to intact rats causes 6 fold increase in the time to
accumulate calcium by isolated liver mitochondria. These
authors have also shown interactions between glucocorticoids
and glucogon in hormonal regulation of calucium retension by

liver mitochondria.

Hydrocortisone selectively inhibited oxidative metabolism

of liver mitochondria from control rats under in Vvitro

conditions. This glucocorticoid at concentration above 0.1 mM
inhibited the oxidation of citrate, L-malate, L-glutamate and

octanoate but had no effect on succinoxidase system. The
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inhibition of oxidative metabolism with pyridine nucleotide
requiring dehydrogenases by hydrocortisone was due to
destruction of selective permeability of mitochondria,

resulting in logs of pyridine nucleotides (8).

In vitro studies by Jenson and Neuhard (9) have shown

L5 3

that corticosterone inhibits oxidation of NADH by heart
sarcosome fragments. Liljeroot and Hal{ (10) found that inp
vitro addition of cortisone increased P : O ratios in liver
mitochondr%a. In contrast, results of some other in vitro
stuqies have shown that incubation of isolated liver
mitochondria with high concgntrations of glucocorticoid caused

uncoupling and decreased state 3 repiration rates (8,11-13)."

In intact rat skeletal muscle, liver and heart
mitochondria, in yitro incubation with methyl prednisolone
caused inhibition of state 3 respiration rates with succinate
and NADY - linked substrates. Inhibition of oxidation of
NAD+; linked substrates was suggested to be at the level of
resbirctory chain between the NADH dehydrogenase flavoprotein

and coenzyme Q (14). In vitro studies by McIntosh et al. (5)

have also shown that glucocorticoids caused decrease in state
3 mitochondrial respiration, respiratory control ratio (RCR)
and oxidative phogphorylation capacity (ADP/0O) ratio) in a

dose -~ dependent manner with pyruvaté + malate as substrate.
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Deoxycorticosterone when added in yitro. increased ATPase
activity of lymphosarcoma and liver mitochondria in a dose -
dependent manner. This glucocorticoid did not cause leakage
of proteins from mitochondria and caused expansion of

mitochondrial volume (15).

As far as ip vitro studies are concerned a question
arises about the physiological significance of these direct
actions of the glucocorticoids at the membrane level, given
the fact that mpst of the direct actions of the steroids on
membranes are &sually demonstrated at high concentrations,
which are aever&l orders of magnitude higher than the normal
circulating concentrations. It is generally accepted that
these effects represent non-specific pharmacological actions
(17). Additional factors which are "not taken into
consideration in in vitro studies are penetration of added
hormone into cells and ‘subcellular Grgénelles, rate of

possible degradation and inactivation of the hormone. Above

all the major limitations of in vitro studies would be that
they will give idea only about the non-genomic actions of
glucocorticoides and the classical receptor mediated genomic
actions would not be observed under in yitro conditions.
Although in vivo studies may have some limitations, these

could be physioclogically more relevant.



182

Studies using liver homogenates have shown that  single
injections of prednisclone or hydrocortisone increased oxygen
uptake, whereas chronic injections decreased the oxygen uptake
in homogenenates (18,19) Clark and Pesch (11) -found that
chronic administration of cortisone lowered oxygen uptake but
had no effect on oxidative phosphorylation in rat liver
mitochondria. In contrast, Kerpolla (12) reported tht chronic
iniectiona of cortisocne inhibi%ed oxidative phosphorylation
nPd caused uncoupling of the rat liver ) mitochondria.
Strickland (20) reported no alteration in P:0 ratios of liver
mitochondria or homogenates following adrenalectomy but
Lil jeroot and Hall (10) found that adrenalectomy decreases P:0
ratio in rat liver mitochondria. Bottoms and Goestch (21)
have reported that single iﬁjectiou of corticosterone to rats
énhanced oxidative metabolism in 1liver homogenates and
increased P:0 ratios in liver mitochondria using malate as the
s@bstrate. Treatment of rats with dexamethasone for 3 hours
increaed state 3 respiration rates with NAD+Fljnk°d substrates
and succinate in liver mitochondria. The activities of
various dehydrogonases and c¢ytochrome contents remained
unaffected (22). By contract Kimberg et al. (1) have
reported th&t chronic cortisone treatment to rats results
into 14 to 40% decrease in hepatic mitochondrial oxygen
consumption with various substrates. In addition to this the

oxidative phosphorylation was uncoupled with lowering of P:0

ratios.
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From the foregoing it is clear that glucocorticoid
effects on hepatic mitochondrial energy metabolism are
variable depending on the type of glucocorticoid used, dose
and duration of the treatment. This makes it difficult to
arrive at a generalized conclusion regarding gluceccorticoid

effects on hepatic mitochondrial function.

With a view to understanding the in vivoe glucocorticoid
effect on liver mitochondrial energy metabolism, Jani et al.
(23) studied effects of chticosterone (a principal
gluco&orticoid in rat) treatmént -acute and chr@nic— on
repiration and oxidative phophorylation in liver mitochondria
from 20-, 35~ and 60-day old r;te. Acute treatment caused
generalized decrease in @itoch&ndria) gtate 3 respiration
rates without having much effect on ADP/O ratios with
glutamate, succinate and ascorbate + TMPD as substrates.
Chronic treatment resulted in wuncoupling of oxidative
phosphorylation without having significant effects on
respiration rates. Both the corticosterone treatments
significantiy lowered the rates of ATP synthesis in hepatic
mitochondria. The effects of corticosterone treatments were
also age-dependent; young animals were more susceptible
whereas older animals showed increased resistance to

deleterious effects of corticostrone

The substrates gain entry into the mitochondrial ETC via

specific primary dehydragenases. The activity of
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dehydrogenases is a rate limiting step for mitochondrial state
3 respiration (24). The reported decerase in mitochondrjal
state 3 respiration rates in liver from corticosterone treated
animals (25) could be due to the effect of this glucocorticoid
on dehydrogenase activities. Glucocorticoids under jin vitro
conditions are known to have stimulatory effects on the
mitochondrial ATPase (16), an enzyme which in gitu functions
as ATP synthase and couples the transport of protons across
the membrane to the synthesis of ATP inside the mitochondrial
matrix. However, no information is available regarding in

vivo glucocorticoid effects on activities and kinetic

propertiee of this enzyme in liver mitochondria.

In An systematic studies the effect of in wvivo acute and
chronic corticosterone treatments on the following parameters
in developing rats were examined using liver miﬁochondria as a
model system: 1) Specific activities of primary dehydrogenases
i.e. glutamate dehydrogenase (GDH), malate dehydrogenase (MDH)
and succinate - DCIP reductase (SDR), 2) Mitochondrial ATPase
activities under basal and Mgz+ and/or DNP -~ stimulated
conditions and 3) Temperature Kkinetic studies (Arrhenius
kinetics of ATPase to find out energies of activation and

phase transition temperature.
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MATERIALS AND METHODS

Chemicals

The sources of chemicals were the same as mentioned in

Chapter II and III.

Isolation of liver mitochondria

Isolation of rat liver mitochondria was carried out
according to the procebure described by Katyare apd Rajan (25)
with some modificnkions. The abimals were killed by
decapitation and the ?ivers were quickly removed, blotted on
filter paper., weighed and transferred into the beakers
containing chilled (0-4°C) isolation medium (0.2? M sucrose,
10 mM tris.HC1, 1 mM EDTA all at pH 7.4 and 250 ug of BSA
/ml). Livers were washed several times to get rid of adhering
blood. Ten percent (w/v)} homogenates of liver were prepared in
isolation medium using a Potter-Elvehjem type homogenizer with
a tight fitting teflon pestle (wall clearance: 0.18 mm). The
homogenates were subjected to centrifugation in a Sorvall RC 5
refrigerated centrifuge (0 - 4°C) at 650 g for 10 minutes to
sediment nuclei and cell debries. The post-nuclear supernatant
was centrifuged at 6500 g for 10 minutes to sediment
mitochondria. The mitochondrial pellets thus obtained were
washed once by resuspending in the isolation medium and

resedimenting at 6500 g for 10 minutes. Finally the washed
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mitochondrial pellets were suspended in isolation medium to
give about 10 to 15 mg mitochondrial proteins/ml. All the

operations were carried out at 0-4°C.

For studies on mitochondrial lipids, the mitochondria
were washed thrice by resuspending and resedimenting as
described above, before making the final mitochondrial
suspension. This procedure gives mitochondria practically free
from microsomal contamination. As assessed in terms of
qlucose—G—phoaphatase activity (a microsomal marker enzyme) in

mitochoqdrial euspension comes to be less than 5% (26).

Assay of liver mitochondrial ATPase

ATPase activities were méaéﬁred in freshly prepared
intact mitochondria. The assay medium (final volume 0.5 ml)
conaisteg of 50 mM tris.HCl, pH 7.4, 75 mM KC1 and 0.4 mM
EDTA; G.b mM MgCl and/or 0.1 mM 2,4-dinitrophenol (DNP) were
included wherever indicated. After pre—-incubating 200 to 250
Pg of mitochondrial proteins (as a source of enzyme) in a
reaction mixture for 2 minutes at 37°C ;n a water bath, the
reaction was started by adding 6.0 mM ATP and carried out for
10 mihutea. At the end of the incubation period, the reaction
was terminated by adding‘o.l ml of 5% (w/v) sodium dodecyl-
sulfate (SDS) (27). The liberated inorganic phosphorous was

estimated according to the method of Fiske and Subba Row (28).
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All other methods/procedures were essentially similar to those

described for brain mitochondria in Chapter II and III.

RESULTS

Results of effects of corticosterone treatments on liver
mitochondrial enzymes are summarized in this chapter. Table 1
shows the effects of corticosterone treatments on glutamate
dehydrogenase (GDH) activity during postnatal development.
Thus in 14-day-old animals, the GDH acﬁivity wag found to Dbe
low but increased by 4 fold in the 3du1ta. Acute treatment
With corticosterone increased the GDH activity from 40 to 110%
in all the age groups except adults which showed 25% decrease.
The maximum increase was obserQed in 21-days group. Chronic
treatment caused 75% decrease in GDH activity in 14~qay—grodp
but in 21-day-cld animals the activity had increased by about

2 fold and in other two age groups chornic treatment had no

significant effect (Table 1).

Both the corticosterone treatments in- general caused
significant decrease in MDH activity in all the age groups
(Table 2). The extent of decrease was higher in chornic
treatment than in acute treatment groups. Acute treatment had
maximum effect (45% decrease) in mitochondria. from adults,
whereas chronic treatment had maximum effect (50% decrease) in

21-day group.
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Table 1
Effect of corticosterone treatment of glutamate dsehydrogenase

activity in rat liver mitochondria during development.

S e e U - W T ot G Sl S S S e W S A W S S S S WSS S S W S 9000 e P B S S A - — i - —

GDH activity (n moles/ min/mg protein)

- -— —————

Age Control Acute Chronic
14 Days 21.36 + 1.41 29.59 + 1.18°  5.25 + 0.26°
21 Days 48.67 + 1.99 102.88 + 9.52° 107.16 + 2.28°
35 Days 33.45 + 4.95 49.03 + 3.87° 43.73 + 1.65
Adult 85.63 + 4.50 62.59 + 1.94>  92.71 + 3.30

i
- e o s — —

Results are given as mean + SEM of 8 independent observations

in each group.

b

% < 0.05 and °P < 0.001 compared to the corresponding

controls.
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Table 2

Effect of corticosterone treatment of malate dehydrogenase

activity in rat liver mitochondria during development.

- —— S Jodtr A PP g Pl G B . G WAL S G S S (O S W T . S ST, W W S S S B S O WO O e s Bt ——— - - ——

Age Control Acute Chronic
"14 Days 7198 + 172 4693 + 230° 4209 + 1930
21 Days 9672 + 219 7391 + 303P 4656 + 272°
35 Days 14352 + 655 13999 + 724 9214 + 208"
Adult 7466 + 537 4038 + 339° 5056 + 268°

Results are given as mean + SEM of 8 independent observétions
in each group.

b

8 « 6.0b2 and "P < 0.001 compared to the corresponding

controls.
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Table 3

Effect of corticosterone treatment on succinate-DCIP reductase

activity in rat 1liver mitochondria during development.

B e s D o S - - —— — " - - S Dot S P Y " e - Y s w—— . ot

Age Control Acute Chronic
14 Days  9.77 % 0.42  10.84 + 0.44  7.45 + 0.48°
21 Days 23.16 + 1.33 30.15 + 2.03° 32.03 + 0.96%
35 Days 31.54 + 2.64 35.52 + 2.74 32.65 + 0.89
Adult . 60.70 + 4.36 53.29 + 2.71 50.84 + 1.78%

Results are given as mean + SEM of 8 independent observations

in each group.

8 < 0.05 and PP < 0.02 ; °P ¢ 0.01 and dp ¢ 0.001 compared

to the corresponding controls.
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Succinate - DCIP reductase (SDR) activity in liver
mitochondria from control animale also displayed more or less
similar developmental pattern as noted previously for GDH.
The SDR activity was low in 14-day-old animals and increased
gradually with advancement of age and by adult stage the
increase was about 6 fold (Table 3). Acute corticosterone
treatment had no much effect except for 30% increase in the
21~day-old animals. On the other hand, chronic treatment
increased the SDR activity in 21-day group by about 20% but in
the case of 14-day-old ané adult rats the qctivit? had
decreased significantly (15 to 20% decrease) upon chronic

treatment (Table 3).

Data on mitochondrial ATPase activities in control
animals revealed that in young pups the activity was lo; and
gradually increased with age to reach the adult wvalue.
Compared to 14~day~old rats, the adults showed about 3 to 10
fold increase in mitochondrial ATPase activities under basal

2+

and Mg and/or DNP stimulatory conditions (Table 4). The

effects of corticosterone treatments on mitochondrial ATPase
activities were age-dependent and treatment spécific. The
maximum effects were observed in Zl-day-old animals, where
both the treatments caused 20 to 50% decrease in basal as well

2+

as Mg and/or DNP - stimulated ATPase activities. Similarly

adults alsoc shwoed generalized decrease in ATPase activities.

Acute treatment caused significant reduction in basal and M’gz+
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Fffect of corticosterone treatment on 1liver mitochondrial

ATPase activities during development

ATPase activity (pmoles/hr/ng protein)

Treatment Basal I DNP DNP + Mg2t
14 Days
Control 4.33+0.30 5.31+0.33 6.16+0.5 6.43 + 0.45
Acute 4.00 + 0.11 5.77+0.35 5.98+0.24 6.54 +0.30
chronic 5.96 + 0.20° 4.43+ 0.30 6.49 + 0.25 5.54 + 0.20
21 Days
Control 9.96 +1.14 22.92+1.73 30.69 + 1.90 39.15 + 2.85
Acute 6.63 +0.48° 12.89 + 1.42° 16.85 + 0.47° 24.17 + 3.33°
chronic  7.73 +0.68 12.68 + 1.64° 20.72 + 1.39% 20.67 + 1.39°
35 Days
Control 5.99 + 0.68 14.73 + 1.77 31.87 + 2.97 24.05 + 2.05
Acute 8.01 + 0.84 12.57 + 0.77 24.07 + 1.96 28.60 + 1.58
chronic 9.07 + 0.40° 18.28 + 0.74 24.44 + 2.27 30.81 # 1.41°
Adult
Control  12.12 + 0.60 25.94 + 2.19 56.74 + 5.23 63.34 + 5.92
Acute 9.95 + 0.53° 20.81 + 0.61° 48.95 + 0.72 53.75 + 1.73
chronic 7.43 +0.39° 21.70 + 0.50 35.32 + 1.50° 41.98 + 2.81°

Results are given as mean + SEM of @ independentiobaewatims ;

in each group.

8p ¢ 0.05;

b

P < 0.02; °P < 0.01;

¥

d

compared to the corresponding controls.

P < 0.002 and ®P < 0.001
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stimulated activity whereas chronic treatment reduced
significantly the basal, and DNP and DNP + Mg2+ stimulated

ATPase activities.

In 14~ and 35-day-old rats, acute corticosterone
treatment did not affect the ATPase activity. Chronic
treatment increased significantly only the basal ATPase
activity in 14-day-group, but in case of 35-day-old animals
chronic treatment caused significant increase in basal as well

2+

as DNP + Mg -~ ptimulated ATPase activities.

|

Temperature kinetics studies of ATPase from liver SMP
from control and corticosteone trsated animaie of different
age groups were carried out and the typical Arrhenius plots
Qre shown in Figure 1. The values of phase transition
temperature (Tt) and energies of activation (Ej; and E) for
ATPase from each group were derived from respective Arrhenius
plots and data on these kinetic parameters are given in

Table 5.

In control animals belonging to 14-and 35-day age groups,
the phase transition temperature (Tt) is abolished and upon
corticosterone treatmente again the Tt was'observed in rats of
age groups. In 21-day-old animals both the treatment -acute
and chronic decreased the Tt by 3.8°C and 4.4°C respectively.
In case of adult animals, no significant change in Tt was

observed after both the corticosteone treatments.



194

Figure 1

Arrhenius plots of 1liver SMP ATPase from control and

corticosterone—treated animals of different age groups.
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Table 5
Effect of corticosterone treatment on Arrhenius Xkinetics

parameters of liver SMP ATPase during development.

T - ———— —— > o - — " o — - " " ——d— —-——— — ——— s o -t

Phase transition Energy of activation
Treatment temperature (KJ/mol)
(Tt),*C —_
Ey E2
~~~~~~~~~~~~~~~~~~~~~~~~~ lzﬁnays ) T
Control = @  -=oe @ e——e- 37.9 + 3.16
Acute 31.0 + 1.94P 17.9 + 2.34° 50.1 + 2.29°
chronic 35.1 + 4.05% 22.8 + 1.76% 44.1 + 2.08
o 21 pays
Control 19.2 + 0.47 30.5 + 0.85 65.6 + 1.38
Acute 16.4 +0.27° 32.2 + 0.51 79.0 + 1.60°
chronic 14.8 + 0.27° 33.0 + 0.83 86.9 + 0.88%
) 35 Days -
Control e 29.6 + 1.85 o e e o
Acute 18.6 + 0.03" 24.2 + 1.08 70.0 + 2.36%
chronic 18.9 + 1.62%  26.2 + 0.77 82.4 + 1.189
o Adult
Control 23.7 + 3.57 18.0 + 3.35 33.7 + 5.86
Acute 29.5 + 2.60 8.8 + 0.69° 32.1 + 1.18

chronic 22.2 + 1.66 14.7 + 2.32 31.5 £+ 2.95

St oo o —" W datah o W W T oA Y T M — — s S T o O i, B W (S e T T o T -

Result are given as mean + SEM of 4 independent obsevations in

sach group.

b

ap ¢ 0.1; "P € 0.02; °p ¢ 0.01 and dP < 0.001 compared to the

corresponding controls.
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The activation energy Ej remained unaltered by both the
corticosterone treatments in 21-and 35-day-old rats. In
adults, acute treatment led to significant (50%) decrease in
El, whereas chronic treatment had no effect. Acute treatment
to 14-day-old animals resulted in 32% increase in activation
energy Eg for ATPase from liver SMP, chronic treatment had no

effect on Ejz in this age group. In 21-day group, both the
treatments; acute anﬁ chronic caused increase in Ep by 20% and
33% respectiveiy. Acute as well as chronic corticosterone

t%eatment to adult rate caused no significant change in E;.

DISCUSSION

The previous studies have shown that in wvivo

corticosterone treatments to rats adversely affected the
oxidatiQe snergy metabolism in liver mitochondria. This
involved significant reduction in state 3 reapira{ion rates,
ADP/0 ratios and ADP phosphorylation rates in subsequently
isolate&u mitochondri# from livers of corticosterone treated
animals. The effects of the two corticosterone treatments
(acute and chronic) were quite different and also age-
dependent (23}. The p;esent gstudies were undertaken to

critically evaluate the effacts of i vivo corticosterone

treatments on various enzymes involved in mitochondrial

oxidative energy metabolism.
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From the data presented it is clear that specific
activity of GDH in liver mitochondri; increased gra@unlly with
advancement of age. However, it 1is knwon that the
mitochondrial state 3 respiration rate with glutamate as the
substrate does not change in liver during the development from
weaning age to adult stage (23). The increase in GDH activity
need not cause increase in mitochondrial state 3 respiration

rates as it wouid also depend on other components of ETC.

Acute treatment significantly increased GDH acvity in
animals of all the age groups except adults. It has Ebeen
reported that acute corticosterone treatment c&used
significant reduction in ptate 3 respiration rates in rat
liver mitochondria with glutamate as the substrate (23).
These cbservations suggest that GDH activity is not a factor
reapons}ble for reported decrsase in state 3 respiration rates
with glutamate as the substrate, Chronic treatment also
caused significant alterations in GDH activity in young
animalse, but chronic treatment has been reported not to alter
the state 3 respiration rates in liver mitochondria from 20~

day-old and adult rats (23).

Both thé corticosterone treatments (acute and chronic)
significantly reduced MDH activity in subsequently isolated
liver mitochondria from animals of all the age groups studied.
Glucocorticoids are known to alter the permeability of

mitochondrial membrane to cause selective loss of pyridine
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nucleotides from mitochondria (8). Since MDH is a pyridine
nucleotide requiring enzyme of mitochondrial matrix, the
observed decrease in MDH activity upon corticosterone

treatments could be attributed toc this factor.

As GDH is also a pyridine nucleotide dependent enzyme,
it’s activity should have decreased in the hepatic
mitochondria from corticosterone treated animals.
Suprisingly, the GDH activity increased in the acute treatment
group. The reason for this apparent discrepancy is not élear

and further investigations on these 1line are necesdcry.

The age~dependent increase in specific activity of SDR in
liver mitochondria agrees well with the reported developmental
increase in.state 3 respiration rates with succinate as the
substrate. Both the corticosterone treatments significantly
altered the S8SDR activity in animals of all the age groups
except 35-day-old rats. Acute corticosterone treatment to
ratg is known to cause significant reduction in state 3
respiration rates with succinate as the substrate in liver

mitochondria from 20-, 35- and 60-day-old rats (23).

2+

The basal as well as Mg and/or DNP-stimulated ATPase

activity of liver mitochondria increased with the age. In
general Dboth corticosterone treatments significantly Ilowered

+

the basal and Mgz and/or DNP-stimulated ATPase activities,

- maximum effects were observed in 2l1-day-ocld animals. ~ These
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observations are in general agreement with the findings
reported from our laboratory that ADP phopshorylation rates of
liver mitochondria using different substrates, increased with
advancement of age and both the corticosterone treatments
significantly - lowered the rates of ATP synthesis. Young
animals were more susceptible to deleterious effects of
corticosterone overload compared to the adults (23). In
contrast, Allan et al (22) have réported that adrenalectomy
had no effect either on basal or on DNP - stimulated ATPase
activity in fat liver mitochondria. In vivo dexamethasone
treatment (sangle injection) to these an:mals had no effect on
bagsal ATPase activity but DNP - stlmulated ATPasge activity was

increased in liver mitochondria.

In vitro studies by Blecher and White (16) have shown

that glucocorticoids and variety of other steroids stimulated
the mitoﬁhondria} ATPase activity. The physiologic relevance
of these observations is quéstionable and these effects could
be termed as non-specific membrane effects of steroids: these

studies were performed in vitro and additionally the

concentration of the sterocids used was very high (0.6 mM).

The results of in vivo studies with the major glucocorticoid

of rat (corticosterone) reported here would seem to be

physiclogically more rélevent.

Data on Arrhenius kinetics parameters of ATPase from

liver SMP of control animals revealed that in 14-and 35-day-
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old animals the phase transition temperature was abolished.

This could be attributed to changes in composition and content
different lipids. Thus in liver mitochondria from 35-day-old
rats the cholesterol content was highest among all the age
groups {(chapter VI) and increase in cholesterol in the
membrane is known to abolish the phase transition temperature
(29). Besides causing significant reduction in mitochondrial
ATPase activities, both the corticosterone treatments caused
significant alterations in phase transition temperature and
energies of activiation Ey and E3 of liver SMP ATPase. The
effect of corticosterone treatments on the kinetic properties
of ATPase in liver were age—dependent and treatment specific.
Thése changes could possibly be due to the alterations in the
mitochondrial lipid/phospholipid composition/content (Chapter
v1i). Phospholipids are known to be important for the

catalytic function of mitochondrial ATPase (30).
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SUMMARY

1. In control animals, GDH activity of liver
mitochondria from 1l14~day—group was low but increased
gradually with advancement of age. The corticosterone
treatments caused generalized increase in GDH activity.
MDH activity had decreased significantly in liver
mitochondria from acute as well as chronic corticosterone
treatment groups. SDR activity in liver mitochondria
showed developmental increase as observed for GDH in
control animals. Except the 35-day group, both the
corticosterone treapmbnts caused significant alterations

in SDR activity.

2+

2. Basal as well as Mg and/or DNP - stimulated ATPase

activities in liver mitochondria showed age-dependent
increase. In general both the corticosterone treatments

2% and/or DNP-

significantly 1lowered basal as well as Mg
stimulated ATPase activities. Maximum effects of
corticosterone treatments wére observed in 21-day-old

rats.

3. Arrhenius kinetics studies have shown that ATPase
from liver SMP of control animals of 14~ and 35-day
group, did "not show any phasé transition temperature.
This could be attributed to increased cholesterol content
in mitochondria from animals of these age ¢groups. Both

the corticosterone treatments caused significant
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alterations in transition temperature and activation
encrgies Ej3 and Ep in an age-dependent and treatment

specific manner.



