
Chapter 5

Effect of Dexamethasone Treatment on Oxidative Energy 

Metabolism in Rat Liver Mitochondria during Postnatal

Periods and in Adults



Introduction

The regulatory role of adrenal glucocorticoids on carbohydrate metabolism and in 

maintaining blood glucose level is well recognized(l-3) Several synthetic 

glucocorticoids have since been prepared with the aim of amplifying the glucocorticoid 

and anti-inflammatory properties(l,4) These synthetic glucocorticoids have wide 

therapeutic applications not only as anti-inflammatory agents but they are also being 

used for treatment of skin diseases, bronchial asthma, bronchopulmonary dysplasia 

(BPD), respiratory'distress syndrome in fetus, rheumatoid arthritis and meningitis in 

practically all the age groups including children(4-7) The use of repeated courses of 

corticosteroids is prescribed in 98% of cases by Obstetricians (8,9) The synthetic 

glucocorticoids are believed to have lesser or no side-effects or toxicity (4) Use of 

dexamethasone as potent glucocorticoid as well as an anti-inflammatory agent is 

recommended by American National Institutes of Health (9) However, when used in 

pharmacological doses, adverse side-effect are seen in as high as 50 % of the cases (10)

In earlier studies we noted that dexamethasone treatment resulted in impairment of 

macromolecular synthesis and metabolic activity of the cells m tissues such as liver and 

brain (11) As is well recognized, the developmental process is energy dependent (12) 

Since dexamethasone is recommended in all age groups (9), and since adverse affects 

have also been noted (10) it is of interest to find out if dexamethasone when used for 

therapeutic purposes in different developmental age groups would affect the 

developmental process by modulating organelle functions Since mitochondria are the 

major site of ATP synthesis we evaluated the effects of dexamethasone treatment on 

mitochondrial oxidative energy metabolism in rats belonging to different age groups 

Indeed, our studies have shown that chronic dexamethasone treatment resulted in an age-



dependent and substrate and site-specific impairment of oxidative energy metabolism in 

the liver mitochondria The results of the these studies are summarized here.

Materials and methods

Chemicals

The details are as given in Chapter 4 of the thesis

Animals and treatment with dexamethasone

The detail plan is as given in the Chapter 2 of the thesis

Isolation of mitochondria

The animals were killed by decapitation and their livers were quickly removed and 

placed in a beakers containing chilled (0~4°C) isolation medium The isolation medium 

contained 0 25M sucrose, lOmM tris-HCl buffer, pH 7 4, ImM EDTA and 250 pg 

BSA/ml The tissue was minced and was repeatedly washed with the isolation medium 

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 centrifugation at 650 x g for 10 min and discarded The supernatant was subjected to 

a further centrifugation at 7,500 x g for 10 mm The resulting mitochondrial pellet was 

washed by suspending them gently in the isolation medium and by resedimenting at 

7,500 x g for 10 min Finally the mitochondria were suspended in the isolation medium 

to give a protein concentration of about 30-50 mg/ml(13)



Oxidative phosphorylation

Measurement of oxidative phosphorylation was carried out using a Clark type oxygen 

electrode as described previously(13,14) The respiration medium contained in a total 

volume of 1.6 ml 225mM sucrose, 5mM potassium phosphate buffer, pH 7 4, lOmM 

tris-HCl buffer, pH 7 4, 20mM KC1, 0 2 mM EDTA and 150 pg BSA/ml Depending on 

the substrate used, 3-5 mg of mitochondrial protein was added and respiration was 

initiated by the addition of the substrate The substrates used were glutamate (lOmM), 

pyruvate (lOmM) + malate (ImM), succinate (lOmM) and ascorbate (lOmM) + 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 m small aliquots (5-20pl) 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(15, 16)

The assay of dehydrogenases and measurement of cytochrome content are as described 

in the previous Chapter 4 of the thesis

ATPase activity

ATPase activities were measured at 37°C in the assav medium (total volume of 0 4 ml) 

containing 50mM tris-HCl buffer , pH 7 4, 75mM KC1, 0 4mM EDTA, pH 7 4 6mM 

MgCb and / or 100 pM DNP Mitochondrial protein (Ca 100-150pg protein) was used 

as the source of the enzyme After preincubation at 37 °C for Imin the reaction was 

initiated by adding 5mM ATP The reaction was terminated after 10 min by the addition 

of 0 1 ml of 5%(w/v) sodium dodecylsulphate (SDS) as described (13) and the amount
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of liberated inorganic phosphorus was estimated by the method of Fiske and Subba 

Row(17)

Protein estimation was according to the method of Lowry et al (18) using bovine serum 

albumin as the standard

Results

General

In the control group, the ADP/O ratios and state 3 respiration rates were low in 2 week 

old animals with glutamate as the substrate but reached the steady state value bv the 3 rd 

week of life Similar trend was seen for ADP/O ratio with pyruvate+malate as the 

substrate pair However, the state 3 respiration rates for pyruvate + malate were very low 

initially ie in 2 week old ammals but increased by 10 fold in 3 week group, remained at 

this level up to week 5 and then the rates almost doubled in the adult animals With 

succinate as the substrate also the ADP/O ratio was low in 2 week animals but attained 

the theoretical value at the later stages The state 3 respiration rates were low and 

remained so uo to 4th week, increased by about 25% in the 5th week and further 75% 

increase was seen in the adults For ascorbate and TMPD the ADP/O ratio was in the 

expected range in all the age groups. The State 3 respiration rates were low in 2 week 

animals but doubled by 3rd week and remained so up to 5 week In the adults, the 

increase in the state 3 respiration rate was 5 fold Typical maturation patterns were also 

noted for glutamate dehydrogenase, malate dehydrogenase and succinate cytochrome c 

reductase activities as well as for the cytochrome profiles and ATPase activity (Tables 1- 

6, Fig 1 and 2)
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Effect of dexamethasone treatment

Dexamethasone treatment resulted in significant reduction in state 3 respiration rates 

with glutamate as the respiratory substrate in practically all the age groups (48-80% 

decrease) except for the 4 week old animals The magnitude of inhibition was 

substantially high in younger ie 2 week and 3 week animals The ADP/O ratio 

decreased by from 50%-65% in 3 week, 5 week and adult animals(Table 1)

When pyruvate+malate was used as the respiratory substrate, a significant reduction in 

state 3 respiration was seen only in the 3 week old and the adult animals (45 to 80% 

decrease) By contrast, in the 4 week group the rate increased by 138% With respect to 

ADP/O ratio, as in the case of glutamate, the 3 week, 5 week and adult groups seemed 

to be more susceptible (Table 2)

When succinate was used as the respiratory substrate, the state 3 respiration rates 

decreased in all age groups ( 23%- 70% decrease) The ADP/O ratio decreased m the 3 

week and 5 week group and in the adults (Table 3)

With ascorbate + TMPD as the substrate, dexamethasone treatment stimulated state 3 

respiration in 5 week old animals but exerted an inhibitory effect in adults The ADP/O 

ratio decreased in all the groups except for the 4 week animals (Table 4)

The inhibition of respiration and lowering of ADP/O ratio was also reflected in general 

in the reduction in ADP phosphorylation rates (Tables 1 to 4)



Table 1

Effect of Dexamethasone treatment on oxidative phosphorylation with glutamate as the 
substrate m rat liver mitochondria

Age Treatment ADP/O ratio Rate of respiration ADP phosphorylation rate
(n moles O2 /mm /mg_protem) (n mole/mm/mg/protein) 

+ADP - ADP

2 week Control (10) 2 11 ± 0 19 15 13 ±0 24 8 79 ± 0 89 70 52 ±15 15
Dex (10) 2 52 ±0 36 3 96 + 071° 1 88 ±0 38° 19 50 ± 5 15 a

3 week Control (27) 2 92 ± 0 11 22.59 ± 1 38 5 41 ±0 54 128 93 ± 7 82
■ Dex (25) 1 01 +0 08c 4 63 ±031° 2 91 ±025° 9 56± T17°

4 week Control (25) 3 34 ± 0 19 23 90 ± 1 36 4 87 ±0 75 156 84± 10 52
Dex (11) 3 16 ±0 24 22 30 ± 1 14 8 05 ±0 41° 140 51 ±12 13

5 week Control (6) 3 05 + 0 15 20 72±1 46 7 83 ± 0 66 123 81 ±8 39
Dex (28) 1 53 ±0 15° 14 99 ± 1 25 9 04 ± 0 78 51 07 ± 7 44b

Adult Control (8) 3 18 ±0 22 22 10 ± 1.38 4 93 ± 0 63 141 53 ± 13 34
Dex (10)125 + 013° 11 56 ±1 34° 6 30 ±110 27 66 ± 2 83°

The experimental conditions are as described in die text The results are expressed as mean = 
SEM of the number of observations indicated m the parenthesis 
a p< 0 01. b p<0 002 and0 p<0 001 as compared with the corresponding control



Table 2

Effect of Dexamethasone treatment on oxidative phosphorylation with pyruvate and malate as 
the substrates in rat liver mitochondria

Age Treatment ADP/O ratio Rate of respiration ADP phosphorylation rate
(n moles O^/mm /mg protem) (n mole/mm/mg/protem) 

+ADP - ADP

2 week Control (13) 2 12 ± 0 37 1 57 ±0 14 1 08 ±0 21 6 50 ±1 11
Dex (13) 2 04 + 0 26 1 33 + 0 23° 0 73 ±0 23° 4 99 ± 0 64 a

3 week Control (18) 2 72 ± 0 14 14 84+ 1 03 5 69 ± 0 73 80 92 ± 7 03
Dex (25) 101 ±0 08° 4 63 + 0 31 ° 2 91 +025° 956+ 1 17°

4 week Control (24) 2 71± 0 17 12 93 + 0 46 4 28 ± 0 47 69 53 + 4 16
Dex (11)316 + 024 22 30+ 1 14 8 05 ± 0 410 140 51 ±12 13

5 week Control (14) 3 23 + 0 17 1207+ 1 35 5 36+0 70 77 17 + 8 96
Dex (28) 1 53 + 0 15° 14 99+ 1 25 9 04 ± 0 78 51 07+ 7 44 b

Adult Control (8) 3 18 ± 0 22 22 10+ 1 38 4 93 ± 0 63 141 53 ± 13 34
Dex (10)125 + 0 13° 11 56+1 34° 630 + 1 10 ,27 66+ 2 83°

The experimental conditions are as described in the text The results are expressed as mean = 
SEM of the number of observations indicated in the parenthesis 
* p< 0 01, b p<0 002 and 0 p<0 001,as compared with the corresponding control



Table 3

Effect of Dexamethasone treatment on oxidative phosphorylation with succinate as the 
substrate m rat liver mitochondria

Age Treatment ADP/O ratio Rate of respiration ADP phosphorylation rate
(n moles Oi /min /mg protem) (n mole/mm/mg/protein) 

+ADP - ADP

2 week Control (9) 0 33 + 0 37 43 75 ±4 17 30 88 ±4 36 27 14 ± 1 58
Dex (14) 0 28 ±0 06 13 19+ 1 18b 11 53 ± 0 23b 8 44 ± 2 59 b

3 week Control (28) I 77 ± 0 09 45 16 ±2 04 20 43 ± 1 85 158 53 + 9 79
Dex (14) 0 12 ± 0 01 b 19 74 ± 1 32 b 17 7410 87 5 00 ± 0 70 b

4 week Control (28) 2 09 ± 0 11 44 77 ± 3 03 12 97 ± 0 47 186 96+ 15 88
Dex (19) 176 ±0 18 26 14 ± 2 26b 10 91 + 1 24 97 59 ± 12 61 b

5 week Control (14) 1 83 ± 0 17 55 71 ± 5 68 28 25 + 2 38 188 29 ± 14 91
Dex (20) 0 65 ± 0 06 b 30 84 ±2 25 b 23 78 ± 2 20 40 121 5 07b

Adult Control (29) 1 49 ± 0 12 77 15 ± 4 63 . 36 65 ± 0 63 210 781 10 03
Dex (26) 0 64 ± 0 08 b 59 54 ±3 35 a 43 54 ± 3 433 72 11 1 10 55 b

The experimental conditions are as described m the text The results are expressed as mean ± 
SEM of the number of observations indicated m the parenthesis, 
ap<0 01,and bp<0 001 as compared with the corresponding control
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Table 4

Effect of Dexamethasone treatment on oxidative phosphorylation with ascorbate + TMPD as 
the substrates m rat liver mitochondria

Age Treatment ADP/O ratio Rate of respiration ADP phosphorylation rate
(n moles O2 /mm /mg protein) (n mole/mm/mg/protein)

+ADP -ADP

2 week Control (9) 0 26 ± 0 03 14 16± 1 63 9 00 ±1 38 6 70 ± 0 52
Dex (12) 0 11 ±0 02° 20 96 ± 4 45 8 62 ± 2 22 3 70 ± 0 47 0

3 week Control (24) 0 28 ± 0 02 28 24 ± 2 25 17 54 ± I 73 15 06 ± 1 26
Dex (12) 0 09 + 0 01° 27 63 ± 2 69 18 42 ±2 79 4 341028°

4 week Control (11) 0 27 ± 0 05 39 60 ±2 53 24 32 ± 2 28 20 60 ± 2 36
Dex (19) 0 26 ±0 02 30 12 ± 2 48 b 17 04+ 2 41“ 14 631 1 018

5 week Control (24) 0 23 ± 0 02 31 65 + 2 11 19 91 ± 1 46 13 181075
Dex (20) 0 10 ±001° 45 40±3 77° 27 17 ±3 35 8 26 1 0 77 °

Adult Control (42) 0 20 ± 0 01 73 43 ± 5 57 42 90 ± 3 34 27 64 1 1 93
Dex (26) 0 09 ±005° 48 36 ±3 52° 26 6312 51 0 8 67 1 0 73 °

The experimental conditions are as described m the text The results are expressed as mean ± 
SEM of the number of observations indicated m the parenthesis 
4 p< 0 05, b p< 02 and ° p<0 001 as compared with the corresponding control



Fig. 1 Effect of dexamethasone treatment on rat liver mitochondrial dehydrogenase 

activity, (A) Glutamate dehydrogenase, (B) Malate dehydrogenase and (C) Succinate 

dehydrogenase activity The activity is given as nmoles /min /mg protein j—| bars 

represents for control whereas represents dexamethasone treated age groups

Error bar represents the SEM of 12 independent observations 

a p< 0 001 as compared with the corresponding control



25000 - 

20000 - 

15000
>

10000 

5000 - 

0

60

a

2 week 3 week 4 week 5 week Adult

B

n

a a a
a

■ 1 L_L_
a

II2 week 3 week 4 week 5 week Adult

| a

_JBL
2 week 3 week 4 week 5 week Adult

oo
oco

oto
o■«*

N
> O

D
)

iT

A
ct

iv
ity

o
oC

MA
ct

iv
ity

130



Fig. 2 Typical cytochrome spectra of liver 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 10 42, 5 21, 11 26, 

10 14 and 5 07 mg/ml in the control group (A to E) These values for the comparing
f

dexamethasone treated groups are 6 84, 10 95, 10 34, 4 12 and 4 93 mg /ml (F to J)
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Table 5.
Effect of antimalarial treatment on liver mitochondrial cytochrome contents

Age Treatment Cytochrome

aa3 b C+Ci

2 week Control (12) 
Dex (11)

159 93 ± 9 35 
11880 + 438°

234 44 ±7 30
282 65 + 6 88°

236 00 ±10 47
311 88 ± 7 60°

3 week Control (13) 
Dex (14)

167 26 ±6 17
113 66 ±6 30°

243 23 + 9 12
166 87 ±5 24°

268 17 ± 9 76 
219481 10 38b

4 week Control (16) 
Dex (9)

190 08 ±4 08
165 19 ± 7 64 b

291 09 + 5 69
204 90 ± 13 96°

345 83 ±4 16
292 73 ± 18 57a

5 week Control (13) 
Dex (9)

196 72 ± 7 50
187 89 ±6 29

300 31 + 8 94 
21634 + 11 30°

334 22112 28
307 31 1 8 93

Adult Control (14) 
Dex (14)

207 76 ± 7 78
180 86 ± 11 11

302 8717 82
274 67 + 5 55 b

336 851 13 43
277 11 ± 18 94*

The experimental conditions are as described in the text Cytochrome contents are given as 
pmoles / mg protein The results are expressed as mean ± SEM of the number of observations 
indicated in the parenthesis
a p< 0 02, b p<0 01,c p<0 001 as compared with the corresponding control
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Tabled
Effect of Dexamethasone treatment on liver mitochondrial ATPase
Age Treatment Basal +Mg +DNP +Mg.+DNP 

( + , + )

2 week Control (8) 4 89 ±0 33 13 81 ±055 14 91 ±0 98 16 47 ±0 80
Dex (4) 1 91 ±0 09d 5 53 ± 0 32 d 630 ±0 18d 7 85 ± 0 40 d

3 week Control (8) 4 64 ± 0 37 16 29 ±0 74 19 14 ±0 50 20 58 ± 0 64
Dex (8) 3 38 ± 0 26 b 13 16 ± 0 56d 11 94±0 30d 15 26 ± 0 77 d

4 week Control (8) 6 53 ±0 31 19 96 ±0 47 18 10 ± 0 52 27 99 ± 1 16
Dex (8) 5 28 ± 0 36b 10 36 ± 0 40 d 9 66 ± 0 82 d 17 79 ± 0 82 d

5 week Control (14) 10 63 ± 0 46 1928 + 1 27 18 43 ± 1 40 32 52 ± 1 12
Dex (16) 5 76 + 0 36d 14.35 ±0 69° 15 03 ±0 76a 22 80 ± 0 65 d

Adult Control (8) 14 27 ± 0 41 29 64 ± 0 60 18 22 ±0 97 38 83 ± 1 91
Dex (8) 5 79 ± 0 33 d 11 69±054d 9 99 ± 0 28 d 15 15 ± 0 52 d

The experimental conditions are as described m the text ATPase activity m pinole Pi 
liberated / hr / mg protein The results are expressed as mean ± SEM of the number of 
observations indicated in the parenthesis
a p< 0 05,b p<0 02,c p<0 002 and d p<0 001 as compared with the corresponding control



The observed decrease in respiration rates was paralleled by decrease in glutamate 

dehydrogenase, malate dehydrogenase and succinate cytochrome c reductase activities 

(Fig 1) Nevertheless the respective dehydrogenase activities were sufficiently high to 

support the corresponding observed respiration rates(Tables 1-4)

We then checked if dexamethasone treatment also affected the intramitochondria! 

cytochromes content The representative difference spectra of the cytochromes are 

shown in Fig 2 and the contents of individual cytochromes as affected by 

dexamethasone treatment are given in Table 5 Thus following dexamethasone treatment 

the cytochrome aa3 content decreased up to the age of 4 weeks with maximum 

decrease(32% decrease) being seen in the 3 week group The content of cytochrome b 

increased in 2 week old animals, but was significantly low m other age groups and an 

almost similar trend was seen for cytochrome c+ci content (Table 5)

The basal Ms2"’' stimulated. DNP stimulated and DNP +' Mg2+ stimulated ATPase 

activities were generally always low after dexamethasone treatment (Table 6)

Discussion

The present studies were undertaken to evaluate the effect of dexamethasone treatment on 

mitochondrial energy transduction functions The rationale for these studies was that 

dexamethasone is used in all age groups prenatal, very young and adults as medication for 

treatment of various ailments as cited above m the ‘Introduction’ section (4-7) Use of 

dexamethasone even during pregnancy for continuous 6 week for alleviating respiratory 

distress syndrome in fetus has been recommended (6,9,10,19,20) However, it is possible 

that such a chronic exposure to a potent glucocorticoid such as dexamethasone can affect



development and/or metabolic function in tissues other than the lungs. As is well recognized, 

the process of development is energy dependent(12) Therefore we decided to evaluate the 

effects of chronic dexamethasone treatment on liver mitochondrial function in rats belonging 

to different age groups

From the data presented it is clear that the dexamethasone treatment adversely affected the 

oxidation of various substrates and the effects were age specific Thus with glutamate as the 

substrate the age groups affected were 2 week and 3 week animals and the adults For 

pyruvate and malate, the adverse effects were seen for 3 week group and the adults, whereas 

succinate oxidation in all the age groups was severely impaired For ascorbate + TMPD the 

adverse effects were seen in 4 week old animals and in the adults Interestingly 

dexamethasone treatment stimulated respiration with pyruvate and malate in 4 week group, 

similar stimulatory effect was seen for TMPD mediated ascorbate oxidation in 5 week old 

animals (Tables 1-4)

The other interesting aspect of dexamethasone treatment was uncoupling of oxidative 

phosphorylation i e lowering of ADP/O ratio which was seen predominantly in 3 week and 

5 week animals and in the adults In the case of ascorbate and TMPD, even the 2 week 

animals were affected (Tables 1-4)

When the data in Table 1-4 were analyzed to find out if the dexamethasone effects with 

respect to uncoupling of ADP/O ratio were site specific (data not shown, but can be easily 

computed from the Tables 1-4), the effects seemed to be generally related to the uncoupling 

of the 2nd and the 3rd sites of Dhosnhorvlation although the 1st site was also susceDtible m the 

3 week and the adult groups It also became anparent that in the 2 week animals the 2nd site
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was not operative even in the controls which is consistent with the observation by us and 

other researchers (21), In the 2 week group dexamethasone treatment resulted in about 60% 

uncoupling of the 3rd site In 3 week group dexamethasone treatment caused 100% 

uncoupling of the 2nd site, the other two sites were affected by 40 to 68% In the 4 week 

group, only the 2nd site was marginally affected (26% decrease) In the 5 week group the 

major effect was on the 2nd and the 3rd sites (55-60% decrease) with marginal effects on the 

1st site In the adults, the major effect was on the 1st and the 2nd sites (50-55% uncoupling ) 

while the 3rd site was not affected It is thus apparent that the 3 week old animals were highly 

susceptible to dexamethasone treatment followed by 5 week animals Also the 1st site was 

susceptible to dexamethasone treatment in 3 week animals and in adults

From the results it was also apparent that the 5 week group was also severely affected by 

dexamethasone treatment Especially one begins to see the uncoupling effect on the 1st site, 

the magnitude of the effect is amplified in the adults The overall effects is a severe 

impairment of ATP synthesis rates ie ADP phosphorylation rates (Tables 1-4) One can 

anticipate that the results of energy restriction can severely affect the process of 

development It is interesting to note that both 3 week and 5 week periods are crucial in 

development At 3 week the weaning rats switch to solid diet whereas the process of 

neuronal proliferation, arborization and connectivity occurs from the 3 week onwards up to 

the 5 week (11) It is possible that dexamethasone interferes with these processes which 

ultimately affects energy metabolism in the liver mitochondria

Commensurate with the impaired respiration rates, the glutamate dehydrogenase activity also 

decreased significantly A similar trend was seen for malate dehydrogenase and succinate 

DCIP reductase activity (Fig 1)
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The contents of cytochromes were also affected in an age specific manner for eg the content 

of cytochrome aa3 decreased significantly up to the age of 4 week. Cytochrome b and c+ci 

content was higher in 2 week animals but decreased in general in all other age groups The 

decrease in cytochrome contents would also add to the impairment of the process of electron 

transport (eg see Tables 1-4) Besides, the potential of Fo FI ATPase had decreased in 

practically all the age groups In conclusion, our results show that the treatment with 

dexamethasone can severely impair liver mitochondrial energy metabolism and that the 

effects are age specific

Glucocorticoids are known to exert both genomic and nongenomic membrane effects 

(22) Thus the observed effects could relate to direct effects of dexamethasone on 

mitochondrial metabolism or to its genomic effects

Several investigators have examined the in vitro effects of various steroids on oxidative 

energy metabolism in isolated mitochondria (23-26) These in vitro experiments in 

general demonstrated that incubation with steroids resulted in an inhibition of respiration 

as well as uncoupling of mitochondria (23-26) Monn et al (27) demonstrated that under 

In vitro conditions 1 uM dexamethasone inhibited the respiratory control ratio and state 3 

oxygen consumption by 10-15% Martens et al (25) reported that under in vitro 

condition dexamethasone inhibited the pyruvate + malate dependent respiration 

However only few studies have evaluated the in vivo effects of steroid hormone 

treatment on mitochondrial energy metabolism



Previously we have shown that acute and chronic treatments with corticosterone 

differentially affected mitochondrial respiration and coupling efficiency of rat liver and 

brain mitochondria (21,28)

The first in vivo studies using dexamethasone were carried out by Wakat and Haynes 

(29) These authors injected the rats with lSpmoles dexamethasone /100 g body weight ( 

Ca 6mg dexamethasone / 100 g body weight) and found that state 3 and uncoupler-
i

stimulated respiration with [3-hydroxybutyrate and succinate increased maximally by 3 

hours Subsequently, similar observations have been reported by Allan et al (30)

The results of our present studies , do not agree with those of Wakat and Haynes (29) 

cited above This could be attributed to several reasons Firstly, the dose of 

dexamethasone which Wakat and Haynes (29) used was about 30 times higher than the 

dose which we have employed Secondly, these authors examined the early effects of 

acute dexamethasone treatment It is possible that the observed stimulation of respiration 

in their studies may be related to known uncoupling effect of dexamethasone (29-30) 

and\or may relate to membrane effects (22)

Our studies, on the other hand, have shown that dexamethasone treatment resulted, in 

general, in inhibition of respiration and uncoupling of mitochondria In our studies 

dexamethasone was injected subcutaneously to ensure slow release of the hormone If 

one makes a simple assumption that dexamethasone gets evenly distributed in the body 

over a long time span due to subcutaneous route of administration, the effective 

concentration reached at the mitochondrial level could be in submicromolar or in 

micromolar range Morin et al (27) have shown that under in vivo studies micromolar
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concentration of dexamethasone the effects on respiration are only marginal, no data on 

coupling efficiency were provided

Dexamethasone is a potent glucocorticoid and binds to the glucocorticoid receptors (GR) 

with high affinity in the liver (2) It may hence be anticipated that this potent 

glucocorticoid may mimic the actions of the natural glucocorticoid i e corticosterone 

As is evident from our data, paradoxically dexamethasone treatment resulted in adverse 

effects on energy metabolism Muller and Renkawitz (2) proposed that glucocorticoid 

can act as positive as well as negative regulator of gene expression It is possible that in 

our present studies the effects we observe may be related to negative regulatory aspects 

after dexamethasone binds to the GR Alternately, dexamethasone may prevent the 

binding of the natural glucocorticoid i e for example corticosterone to the GR and 

thereby bring about the negative regulatory effect However these possibilities need to be 

verified experimentally

Recently, it has been shown that the mitochondria themselves have dexamethasone 

binding site on cytochrome oxidase I gene (31-33) Crucial peptides of cytochrome 

oxidase, cytochrome b and Fo Fi ATPase are known to be coded by mitochondrial DNA 

(34) One therefore wonders if dexamethasone also exercises negative regulatory control 

on the mitochondrial gene expression for eg we are already seeing the decreased content 

of the cytochrome aa3 and cytochrome b and decreased Fo Fi ATPase activity

In conclusion, our studies have shown that chronic exposure to synthetic glucocorticoid 

such as dexamethasone can result in an impairment of oxidative energy metabolism in an 

age-dependent manner The results also suggest that the well documented side-effects
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following prolonged exposure to corticosteroids may result with impaired cellular 

functions especially the energy metabolism

Thus our results caution against indiscriminate use of dexamethasone and its adverse effects 

in energy metabolism in critical age groups which can adversely affects the process of 

development
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Summary

Effects of chronic dexamethasone treatment on oxidative energy metabolism in liver 

mitochondria from rats belonging to different developmental age groups were examined 

Dexamethasone treatment adversely affected the state 3 respiration rates in 2 and 3 week 

groups and in the adults with glutamate as the substrates, whereas for pyruvate + malate, 

the adverse effects were seen for the 3 week and the adult groups Oxidation of succinate 

was severely impaired in all the age groups For ascorbate + TMPD as the substrate, 

elevated respiration was noted for the 4 week group and the adults Dexamethasone 

treatment also resulted in site specific uncoupling with the the effect being seen 

predominately in the 3 and 5 week animals The activity of dehydrogenases decreased in 

a manner comparable to the respiration rates The ATPase activity also decreased 

significantly The mitochondrial cytochromes especially aa3 and b decreased in an age 

dependent manner The results thus emphasize the adverse effects of dexamethasone 

treatment on mitochondrial energy metabolism especially in critical age groups
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