Chapter 4

Effect of Dexamethasone Treatment on Oxidative Energy
Metabolism in Rat Brain Mitochondria During Postnatal

Development.

-
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Introduction

Dexamethasone 15 one of the synthetic glucocorticord agonist have been used for
therapeutic purposes n different age groups (1-5) These agents widely used as an anti-
mmflammatory agents and also used for the treatment of skin diseases, bronchial asthma,
bronchiopulmonary dysplasia (BPD), respu.*atmy distress syndrome in fetus, rheumatod
arthntis and memngitis m practically all age woups ncluding children (1-5) Use of
dexamethasone as potent glucocorticord as well as an antx—mﬂ%xmmatory agent 1S
recommended by American National Institute of Health (6) However adverse side-effects

have been reported n as high as 50% of the cases when 1t 1s used at pharmacological

doses, (7)

As 1s well recognized that the developmental processes are energy dependent (8) and the’

nutochondna are the center for energy production i the cells Also , i earlier studies we
observed that dexamethasone treatment resulted m impairment of macromolecules
synthesis and metabolic activity of the cells of the tissues such as liver and brain (9) It
was of mterest to find out the effect of dexamethasone treatment on oxidative energy
metabolism of the brain mitochondria i rats belonging to different age groups 1e 2 week

to 5 week and adults

It 1s known that human bram development 1s complete between 20-26 weeks of
gestational period, this period equivalent to rat bramn developmental period which
contmues postnatally up to the 3™ ~week (6,7) Although caution has to be exercised while
extrapolating the results from animal studies to human, some parallels can be drawn as

under guidelines
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The present studies were thus undertaken to find out if the chronic treatment with
[

dexamethasone affects energy metabolism in the rat brain mitochondria Measurements

on oxidative phosphorylation and on related parameters are carried out to get entire

picture of overall effects on rat brain mitochondria during development

Materials and Methods

Chemicals

Sodwm salt of L glutamic acid was from E Merck, Darmstadt, Germany. Sodium salts
of malic acid, pyruvic acid and succmuc acid and NAD, NADH.
dichlorophenolindophenol (DCIP), N.N,N’ N’ tetramethyl-p-phenylenediamine (TMPD),
rotenone and Triton X-100 were purchased from Sigma, USA ADP was from Fluka All

other chemicals were purchased locally and were of highest purity grade available

Animals and Dexamethasone Treatment

The detail plan 1s as described 1n the previous Chapter 2 of the thesis

Isolation of mitochondria

The animals were killed by decapitation and their brains were quickly removed and
placed in a beaker containing chilled (0-4°C) 1solation medium The isolation medium
contams 0 25M sucrose, 10mM tris-HCl (pH 7 4), ImM EDTA and 250pg BSA/ml The
tissue wa{repeatedly washed with the 1solation medum to remove adhering blood and
10% (w/v) homogenate was prepared using a Potter Elvehjem type glass — teflon

homogenizer The nuclei and cell debris were sedimented by centﬁfuging at 650 x g for
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10 min and discarded The supernatant was subjected to a further centrifugation at 6,500
x g for 10 min The synaptosomal — myelin found at the top of the centrifuge tubes were
carefully discarded The mitochondria were washed by suspending them gently in the
isolation medium and resedimenting at 6500 x g for 10 min4 Finally the mitochondria
were suspended in isolation medium to give a protein concentration about 30-50 mg/ml

The mitochondria found to be free of contammation of synaptosomes, microsomes (10)

Oxidative Phosphorylation

Measurement of oxidative phosphorylation was carned out using a Clark type oxygen
electrode as described previously (10,11) The respiration medium contained in a total
volume of 16 ml 225mM sucrose, SmM potassium phosphate buffer, pH 7}4, 10mM
tris-HCI buffer, pH 7 4, 20mM KCl, 02 mM EDTA and 150 pug BSA/ml Depending on
the substrate used, 3-5 mg of mitochondrial protem was added and respiration was
initiated by the addition of the substrate The substrates used were glutamate (10mM),
pyruvate (10mM) + malate (1mM), succinate (10mM) and ascorbate (10mM) + TMPD
(0 ImM) With the latter two substrates 1 pM rotenone was included State 3 respiration
rates were initiated by adding 40-150 nmoles of ADP i small aliquots (5-20ul) and the
respiration rates in the presence of added ADP (state 3) and after its depletion (state 4)
were recorded Calculation of ADP/O ratio and ADP phosphorylation rates was as

described previously (12,13)

Assay of Dehydrogenases .
Glutamate dehydrogenase (GDH) activity was measured spectrophotometrically at 37°C

The assay system (total volume 1ml) contained 100mM potassium phosphate buffer pH



7.4, 10mM sodium glutamate, 0 1% Triton X 100 and 100-200 pg of mitochondrial
protein as the source of the enzyme After incubating at 37 °C for 1min the reaction was
initiated by the addition of 1.5 mM NAD" and the linear rate of reaction was recorded at

5 sec interval by monitoring the increase 1n the absorbance at 340nm (14)

For the measurement of malate dehydrogenase (MDH) activity the assay medium
contained in a total volume of 1ml 100mM potassium phosphate buffer pH 7 4, 2 SmM
sodium oxaloacetate, 0 1% Triton X 100 and 5-15 pg of mitochondrial protein as the
source of the enzyme After pre-incubation at 37 °C for Imun the reaction was initxated bv
the addition of 1 SmM NADH The linear rate of reaction was recorded at 5 sec mterval

by monitoring the decrease in absorbance at 340 nm (15)

Succinate DCIP reductase (SDR) activity was measured in the assay system (total volume
1ml) containing 100mM potassium phosphate buffer, pH 74, 1 SmM freshly prepared
KCN, 15mM sodium succinate and 100-300 ug of mitochondnal protein as the source of
the enzyme After mcubating at 37 °C for 1min the reaction was mitiated by adding 10

uM DCIP and the decrease in absorbance at 600 nm was recorded at S sec ntervals (16)

Measurement of cytochrome content -
Mitochondria were solubilized in phosphate buffered isolation medium wi_th suitable
aliquots of Triton X 100 (IO%V/V) and sodium desoxycholate(10%w/v) and difference
spectra of sodum dithionate reduced cytochromes were recorded against potassum
ferncyamde oxidized cytochromes Contents of cytochromes were calculated by using
wavelengths pairs as described pre}fiously (17) The EmMcm™ were 24, 23 4 and 18 7

respectively for cytochromes aas, b and c¢+¢;(18)
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ATPase activity

The ATPase activity in the brain mitochondria was determined in a medium containing
250mM sucrose, 10mM KCI, 0 2mM EDTA, 2 mM ATP, 2mM MgCl, and/or S0M
DNP were added as indicated previously (10) After pre-incubating the mitochondrial
protein (Ca 100pg) in the assay medium at 37 °C, the reaction was initiated by the
addition of ATP at a final concentration of 2 mM (10) The reaction was terminated with
5% w/v TCA Tubes were centrifuged at 3000 rpm in a table top centrifuge and 1 Oml of
aliquots of the superﬁatant were taken for the estimation of the inorganic phosphorus

liberated which was estimated by method as described by Fiske and Subba Row (19)

Protein estimation was according to the method of Lowry et al using bovine serum

albumun as the standard (20)

) Reéu!ts

General

In the control group, the rates of respiration with glutamate, pyruvate + malate were more
or less steady up to 5" week of life but increased m adult animals by about 2 fold When
succinate was used as the respiratory substrate, the respiration rate almost doubled by 3™
week, remained so up to 5" week after which there was a further 4 fold increase For
ascorbate + TMPD oxidation the rates increased linearly fron; the 4™ week onwards to

reach highest value in the adult animals The ADP/O ratios were in the expected ranges

The pattern is consistent with the previously reported observations (Tables 1-4) -
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Effects of dexamethasone Treatment

Dexamethasone treatment resulted in generalized increase in the state 3 respiration rates
in the growing animals however in the adults dexamethasone treatment caused about 70%
decrease Dexamethasone also resulted in uncoupling of the mitochondria in 3 week and
5 week old animals where ADP/O ratio decreased by 56 to 21% respectively For
pyruvate and malate the increase in the respiratory activity was seen in the 4 and 5 week
old animals As in the case of glutamate the state 3 respiration decreased by 73% in
adults after dexamethasone treatment The ADP/O ratios were low in the 3 week and 5
week animals and in the adults With succinate as the substrate the state 3 respiration
rates were high in 2,’4 and 5 week animals whereas 37% to 74% decrease was noted n
the 3 week group and adults Uncoupling was noted in the 3 week group and adults
When ascorbate + TMPD was the respiratory substrates the state 3 respiration rates
increased from 66 to 165% in the developing animals, the adult showed the marginal
decrease which was statistically significant Except for 4 week group the ADP/O ratio

decreased from 39 to 76 % in different age groups (Tables 1-4 )

Consistent with the pattern of respiration the glutamate dehydrogenase activity increased
in the growing ammals but was low in the adults Malate dehydrogenase activity showed
marginal changes while pattern of SDR was comparable to that of glutamate

dehydrogenase (Fig 1)

The content of cytochrome aa; decreased in all age groups after dexamethasone treatment
from 15 to 50 % almost sinmular trend seen for cytochrome b content (Fig 2 ) The content
of cytochrome ¢ + c¢; increase mn 3 week animals but decrease in adults (Table 5 ) The

ATPase activities were affected in an age depeﬁdent manner (Table 6 )



Fig. 1 Effect of dexamethasone treatment on rat brain mitochondrial dehydrogenase
activity, (A) Glutamate dehydrogenase, (B) Malate dehydrogenase and (C) Succinate
dehydrogenase activity The activity is given as nmoles /min /mg protein - bars
represents for control whereas gge represents dexamethasone treated age groups
Error bar represents the SEM of 12 independent observations

*p< 005, " p<0 02, € p<0 001 as compared with the corresponding control
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Fig. 2 Typical cytochrome spectra of brain mitochondria form individual age-groups
The spectra of control group (A to E for 2,3,4,5, week and adult respectively) are given
on the left hand side panel and those for dexamethasone treated group (F to J for
corresponding age groups) are given on the right hand side panel The ordinate represents

absorption units while the abscissa represents wavelengths in nm

Protein concentrations for determination of cytochrome spectrum are 8 53, 8 27, 8 32,
504 and 446 mg/ml in the control group (A to E) These values for the comparing

dexamethasone treated groups are 9 15, 7 6, 6 80, 6 08 and 5 07 mg/ml (F to J)
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Discussion
¢

The results of the present studies indicate that the dexamethasone treatment in general
stimulated the state 3 respiration rates in brain mitochondria in growing animals whereas
the reverse was true for the adults Dexamethasone treatment also resulted in uncoupling
of oxidative phosphorylation 11 substrate and age-dependent manner From computation
of data on ADP/O ratio (Tables 1-4) it may be inferred that in the 2 week group
uncoupling effect of dexamethasone was restricted to the 3 site In the 3 week group the
2" and 3™ site affected to the extent of 75% whereas no uncoupling occured in the 4
week ammals In the 5 week and adults the uncoupling occurred only m the 3¢ site

Therefore it was suggested 1 brain mitochondrna uncoupling effect seem marginally in

the 3™ site of phosphorylation

In the earlier study we observe that in the liver mitochondria dexamethasone treatment
caused mbhibition of state 3 respiration in general and site specific and age-dependant
uncoupling of oxidative phosphorylation The results of Ehe present studies therefore
show that the action of dexamethasone in bramn mitochondria is opposite to that seen m
the hiver mitochondna atleast as far as the respiratory activity is concerned Also onlv 3™

site of phosphorylation seems to be susceptible to uncoupling This paradoxical situation

" may be explaned as follows

In the brain the mineralocorticoid receptors are saturated to the extent of 80% irrespective
of dwrnal variation in plasma corticosterone levels (21) The saturation of glucocorticoid
receptor 15 related to the circadian rhythm of corticosterone release (21) Further it has

been shown that corticosterone binds to the mineralocorticoid receptors and has toxic



nhibitory effect on HPA axis (21) Further it has also been shown that dexamethasone is
freely permeable into the brain by a pathway which bypasses mdrlaP-glycoprotein (22)
However under in vivo condition dexamethasone does not bind with mineralocorticoid

receptor

It would therefore seem that only condition of chronic dexamethasone treatment the
hormone reach to the brain and may bind to the unoccupied glucocorticoid receptor and
exert a positive gene activation response Indeed that seems to be the case that judged
from that data that increased glutamate dehydrogenase activity and succinate cytochrome
¢ reductase activity This mechamism would be operative especially in the young amimals
where plasma corticosterone levels reported to be low during stress non responsive pertod
(SNRP) (23) In the adults where the corticosterone levels are normal a regular negative

gene activation response, as noted previously for liver 1s seen

It has also been reported that dexamethasone direct interacts with mitochondrial genome
and the HRE is located at COX 1 elements (24,25,26) Our results shown that upon
dexamethasone treatment the contents of cytochrome aa3<and cytochrome b decreased in
general in an age specific manner whereas changes in cytochrome ¢ + ¢; content were
only marginal The ATPase activity in general was affected in age-dependent manner in
the dexamethasone treated gmups‘ It is known t)hat the crucial peptides of cytochrome
oxidase, cytochrome b and ATPase coded by mitochondrial DNA (27) Hence it may be
suggested that dexainethasone may exert age-dependent effect on the expression of these
crucial peptides coded by mitochondrial DNA (27) In this aspects the effects of

dexamethasone on liver and brain mitochondria are very similar



Summary

Dexamethasone treatment in general stimulated the ~;,tate 3 rates in brain mitochondria in
growing animals, whereas in adults opposite effects were seen Dexamethasone treatment
also resulted in uncoupling of mitochondria in an age-dependent and tissue-specific
manner. The glutamate dehydrogenase activity icreased in growing animals but was low
in the adults After dexamethasone treatment malate dehydrogenase activity showed
marginal changes while pattern of succinate cytochrome ¢ reductase was comparable to
that of glutamate dehydrogenase Contents of cytochrome aa3 and b decreased n all age
groups after dexamethasone treatment, the content of cytochrome c+c¢; increased in 3
week animals but decreased in the adults The ATPase activities showed age-specific

changes after dexamethasone treatment
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