
Chapter 8

Dehydroepiandrosterone treatment alters 

lipid/phospholipid profile of brain mitochondria of 

developing and old rats
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Introduction

In chapter 3 we have seen that lipid/phospholipid profile was altered in brain and liver 

mitochondria of young adult rats after treatment with DHEA. Result of chapter 4 and 6 

illustrated that DHEA treatment positively influenced the brain mitochondrial 

respiration rates from developing and old rats. So it is important to know the effect of 

DHEA treatment on lipid/phospholipid profile from developing and old rats.

It has been shown that the thyroid hormones, insulin and DHEA significantly influence 

the lipid/phospholipid makeup of subcellular organelles including mitochondria 

(Pasquini et al., 1980; Ruggiero et al., 1984; Hostetler, 1991; Bangur, Howland and 

Katyare, 1995; Parmar et al., 1995; Dugan and Porter, 1997). It may hence be 

anticipated that age-related changes could occur in the lipid/phospholipid profiles of 

mitochondria. Several components of the electron transport chain require specific 

lipids/phospholipids for their function (Daum, 1985); the ageing-related changes in 

lipid/phospholipid profiles can in turn lead to alteration(s) in the function(s) of the 

components of the electron transport chain. Age-related changes in the contents of 

lipids in brain regions in experimental animals and in humans have been documented 

{Giusto, Roque and Ilincheta de Boschero, 1992; Soderberg et al., 1990; Delion et al., 

1997). In particular, the emphasis has been on alterations in the fatty acid 

composition (Ilincheta de Boschero et al., 2000; Carver et al., 2001). A few reports 

describe the effect of ageing on the lipid/phospholipid composition of mitochondria 

(Kim et al., 1988a, 1988b; Ruggiero et al., 1992).

There are couple of reports which demonstrated the effects of DHEA on brain 

membrane lipid/phospholipid composition. DHEA treatment has been shown to alter 

brain membrane fluidity (Morissette et al., 1999). DHEA treatment delayed the onset 

of thiobarbituric acid reactive substances generation induced by copper in both liver 

and brain microsomes and this makes it more resistant to lipid peroxidation (Boccuzzi 

et al., 1997).
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Materials and methods

Chemicals

3P-Hydroxy-5-androsten-17-one (+)-dehydroisoandrosterone (DHEA) was purchased 

from Sigma-Aldrich, USA. Bovine serum albumin fraction V (BSA), 4- 

morpholinopropanesulfonic acid (MOPS), disodium salt of ethylenediaminetetraacetic 

acid (EDTA), 1-6 dipheny!-l,3,5-hexatriene (DPH), were purchased from Sigma 

Chemical Co. USA. Silica gel G was from E. Merck, Darmstadt, Germany. All other 

chemicals were of analytical-reagent grade and were purchased locally.

Animals and treatment with DHEA

Male albino rats of Charles-Foster strain, 2 week, 4 weeks and young adults (8-10 

weeks old) and old (18-24 months old) were used. The animals received daily 

injections of 0.2 mg or 1.0 mg DHEA/Kg body weight subcutaneously (s.c.) for 7 

consecutive days. Daily records of body weight were maintained. Suspension of DHEA 

was prepared fresh in saline prior to injection. The controls received equivalent 

volume of saline. The animals were killed on the 8th day. The experimental protocol 

was approved by the Departmental Animal Ethics Committee.

Isolation of mitochondria

Isolation of brain mitochondria was essentially according to the procedures described 

previously in chapter 2.

Lipid analysis

Extraction of lipids and separation of phospholipids by TLC are described in chapter 3. 

All results are given as mean ± SEM.
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Statistical evaluation of the data was done by Students' t-test.

Results

General

Total phospholipid (TPL) and cholesterol (CHL) content significantly changes with age 

and so TPL: CHL ratio (mole:mole). Composition and content of phospholipids also 

varies with age (Table 1-3).

Effect of DHEA treatment

In case of animal which are 3 week old 0.2 mg DHEA treatment resulted in increased in 

TPL content by 14%, at higher dose effect of increase declined. Content of CHL was 

not changed with lower dose but it decreased (66%) significantly with 1.0 mg dose of 

DHEA. The TPL: CHL ratio (mole:mole) increase in dose dependent manner. It 

increases about 3.32 fold with 1.0 mg DHEA (Table 1). Examination of phospholipid 

profile revealed that Lyso, PI, PS, PE and DPG decreased after DHEA treatment in dose 

dependent manner. Maximum decrease was seen at higher dose. PI, PS and DPG 

decreased 70%, 63% and 73% respectively with 1.0 mg dose of DHEA. While SPM 

increased 30% at higher dose and PC increased in dose dependent manner (26% and 

55%) (Table 2). Content of the individual phospholipids also changed after DHEA 

treatment. Content of Lyso decreased in dose dependent manner (28% and 31%). 

Content of PS and PI decreased 4,9 fold and 3.36 fold respectively at 1.0 mg Dose. DPG 

content decreased 70% at higher dose (Table 3).

In case of 5 week old animals TPL content was not changed after DHEA treatment but 

CHL content increased 18% at lower dose. While higher dose showed negative effect 

(64% decreases). That leads to 2.59 fold increase in TPL: CHL ratio (mole:mole) at 1,0 

mg dose (Table 1). DHEA treatment also altered phospholipid composition. Lyso and 

SPM increased afrer DHEA treatment in dose dependent manner. Lower dose showed
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79% and 56% Increase respectively while increase was 2.1 fold at higher dose. PC 

decreased in dose dependent manner (11% and 16%). PI showed marginal but 

significant increase (14%) only at lower dose while PS increased (17%) at higher dose.

DPG increased in dose dependent manner (55% and 36%) and this increase declined at
/

higher dose (Table 2). Content of Lyso and SPM increased in dose dependent manner 

(40% and 64%; 48% and 2 fold respectively). PC decreased 16% to 20% after 0.2 mg 

and 1.0 mg DHEA treatment. PE decrease at lower dose effect declined at higher dose. 

DPG increase (46%) at lower dose, effect declined (29% increase) at higher dose (Table 

3).

TPL and CHL content increased (32% and 29%; 62% and 44% respectively) in dose 

dependent manner after DHEA treatment in adult rats. Effect declined at higher dose. 

TPL: CHL ratio (mole:mole) decreased (19%) only at 0.2 mg dose (Table 1). Study of 

phospholipid profile revealed that Lyso and SPM increased (24% and 40%; 58% and 

69% respectively) in dose dependent manner. PI increased 19% at lower dose. PS 

increased 16% at lower dose while decreased 14% at higher dose. PE decreased (14% 

and 16%) in dose dependent manner. DPG decreased 41% at higher dose (Table 2). 

Content of Lyso and SPM increased (1.6 fold and 2 fold; 2 fold and 2.13 fold 

respectively) at 0.2 mg and 1.0 mg dose. Content of PC increased (31% and 21%) in 

dose dependent manner. Effect declined at higher, dose. PI increased 61% at lower 

dose while increase (30% increase) declined at higher dose. PS, PE and DPG content 

increased 52%, 15% and 37% respectively at lower dose (Table 3).

In case of the older group of animal TPL content increased (12% and 35%) in a dose 

dependent manner. There was no change in CHL after DHEA treatment. So TPL: CHL 

ratio (mole:mole) increased (18% and 35%) in dose dependent manner (Table 1).

Lyso and PI decreased (48% and 71%; 45% and 70% respectively) after DHEA 

treatment in dose dependent manner. SPM and DPG decreased (57% and 40% 

respectively) at higher dose. PS decreased (57% to 55%) after DHEA treatment. While 

PC and PE increased in dose dependent manner. Increase was significant at higher 

dose (25% and 19% respectively) (Table 2-3).
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Discussion
I

The present study were undertaken to examine the possible effect(s)\pf DHEA 

treatment on lipid/phospholipid profile of rat brain mitochondria in animals of 

different age groups. From the data presented (Table 1-3) it is clear that DHEA 

treatment influenced differently the lipid/phospholipid profiles of the brain 

mitochondria from different age groups.

Results of present study have shown age dependent changes in TPL and CHL content 

of brain mitochondria from rats of different age groups. These leads to the changes in 

TPL/CHL (mole:mole) ratio. It increased with age (Lopez et al. 1995).

DHEA treatment increased TPL content in 3 week and young adult group. Effect 

declined at higher dose. In case of the 5 week old group TPL content was not changed 

after DHEA treatment. While in case of old animals TPL content decreased in dose 

dependent manner (12% and 35% respectively). Values of TPL content from old 

animals treated with 0.2mg DHEA was comparable to untreated young adult rats. CHL 

content decreased at 1.0 mg dose in developing rats i.e. 3 week and 5 week old 

animals. In case of young adult DHEA treatment increased CHL content (62% and 44% 

respectively). Effect declined at higher dose. In case of old animals CHL content did not 

change after DHEA treatment. Looking at TPL/CHL (mole:mole) ratio, it showed an 

increase in dose dependent manner and maximum increase was seen at higher dose 

3.32 and 2.59 fold respectively in 3 week and 5 week animals. In case of young adult 

marginal decrease was seen at 0.2 mg dose. In case of old animals TPL/CHL 

(mole:mole) ratio decreased after DHEA treatment in dose dependent manner 18% 

and 35% respectively. These values are more or less comparable to untreated young 

adult and 5week old animals respectively (Table 1).

The phospholipid profile of the brain mitochondria from rats of different age groups 

also changed in age dependent and dose dependent manner after DHEA treatment 

(Table 2 and 3). In 3 week old untreated rats, Lyso PI, PS and DPG component were 

more and SPM and PC component were less than untreated young adult group. After
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DHEA treatment of 3 week old rats these values were more or less comparable to 

untreated young adult rats in some cases. Lyso and SPM increased in 5 week and 

young adult rats after DHEA treatment in dose dependent manner. Grater increase 

was seen at higher dose (2.1 fold and 40%; 2.1 fold and 69% respectively).

In case of untreated old rats, lyso, SPM, PS, PI and DPG component was higher than 

untreated young adult rats (Table 2). Increased lyso component in the mitochondria 

from old rats, could be attributed to increased phospholipase activity associated with 

ageing. Altered phosphatidate phosphohydrolase and phospholipase D activities in the 

aged brain have been reported (Pasquare, llincheta de Boschero and Giusto, 2001). 

Significantly increased levels of SPM in the whole brain as well as in specific brain 

regions of old rats have been reported (Delion et al., 1997; Giusto et al., 1992; Aureli 

et al., 2000). Also, the contents of PI and PS increased significantly in the hippocampus 

of old rats (Delion et al., 1997). The increased synthesis of PS in the cerebral cortex 

and cerebellum of aged rats has been attributed to increased serine base-exchange 

activity (Giusto et al., 2002). In old rats DHEA treatment decreased lyso, SPM, PI, PS 

and DPG content in dose dependent manner (Table 3). The values were more or less 

comparable to untreated young adults. PC and PE component decreased in untreated 

old rats in comparison to young adults but the content of PC and PE did not change 

(Table 2 and 3). DHEA treatment decreased lyso, SPM, PS, PI and DPG component and 

increased PC and PE component in old rats. The values after DHEA treatment were 

more or less comparable to untreated young adult rats. So it could be concluded that 

possibly DHEA treatment normalised the age related changes in phospholipid profile.

In conclusion, the results of this study suggests that treatment with DHEA alters the 

lipid/phospolipid profile in brain mitochondria in age-specific and dose dependent 

manner and so may help in maturation of mitochondria in developing animals. Also it 

more or less restores or normalizes the age related changes in old animals. These 

changes may influence the mitochondrial respiration rates after DHEA treatment as 

discussed in previous chapters (chapter 4-7). Similar study was done in liver 

mitochondria. Results of which are presented in next chapter.
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