Chapter 6

Treatment with dehydroepiandrosterone (DHEA)
stimulates oxidative energy metabolism in the
cerebral mitochondria- A comparative study of

effects in old and young adult rats
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Introduction

Results of the previous chapter revealed that DHEA treatment influenced
mitochondrial develophent and maturation positively. But we also found that
stimulation of respifatory rates was age dependent. It is of higher magnitude in case
of developing rats i.e. 3 week and 5 week than that of young adult rats (chapter 4 and
5). This may be becauée of a characteristic age-related .pattern of DHEA. The
concentration of DHEA in the serum is low in infancy, starts increasing in adolescence,
and reaches a peak in adult life around 20-30 year. The level starts declining thereafter -
around the age of 35-40 years and in the elderly the levels decrease substantially
(Deshmukh and Patel, 1980; Hinson and Raven, 1999; Parker, 1999). Based on this
characteristic profile, DHEA is considered to be the YOUTH HORMONE (Celec and
Starka, 2003; Hinson and Raveﬁ, 1999).

Interestingly, DHEA and its sulfated conjugate DHEA-S, and pregnenolone are known
to be synthesized by the brain and are considered as neurosteroids (Racchi, Balduzzi
and Corsini, 2003). The concentration of DHEA is very low (ng range/g tissue) with the
highest concentration being seen in the anterior pituitary (Corpechot et al., 1981; Ren
and Hou, 2005; Vallee M et al., 2000; Weill-Engerer et al., 2002). The concentration of
DHEA-S is about 10 time higher (Corpechot et al., 1981). An age-dependent decline in .
the content of DHEA-S in the brain has been reported (Kazihnitkova et al., 2004). .
Presences of DHEA and DHEA-S in human brain and a decrease in their contents in‘
Alzheimer’s disease and dementia have been reported (Weill-Engerer et al., 2002).
There are reports to indicate that the exogenous supplementation with DHEA helps to
improve memory and behaviour in elderly population (Buvat, 2003). In rats fed diet
supplemented with DHEA, significant stimulation of mitochondrial function and
proliferation of mitochondria have been reported in liver (Bellei et al., 1992; Min

Kyung et al., 1989).

Of the total oxygen consumption by the body about 20% oxygen is utilized in the brain
(Erecinska and Silver, 2001) which is consistent with the fact that the
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electrophysiological functions of the brain are known to be energy dependent (Astrup,

Sorensen and Sorensen, 1981; Attwell and Laughlin, 2001).

Therefore, it is of interest to understand if treatment with exogenous DHEA has any
beneficial effect on improving memory and behaviour in elderly population due to its
ability of improving cerebral mitochondrial energy transduction. We tested this

possibility by treating old male rats with DHEA.

-

Materials and methods

Chemicals

Chemicals used were same as described in chapter 2.

Animals and treatment with DHEA

Male young adult (8-10 week old) and old (18-24 month old) albino rats of Charles-
Foster strain were used. At the start of experiment the body weight of young adult
rats was in the range of 235-240 g while that of old rats was in the range of 358-375 g.
The animals were injected subcutaneously {s.c.) wfth 0.2 mg or 1.0°'mg DHEA per kg
body weight for seven consecutive days. The number of animals in the different:
groups ranged from 12 to 20. DHEA suspension was prepared fresh in saline prior to
use. The controls received equivalent volume of saline vehicle. The animals were

sacrificed on the 8th day for isolation of mitochondria.
Other methods are described in chapter 2.
All results are given as mean £ SEM.

Statistical evaluation of the data was by Students’ t-test.
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Results

Treatment with 1.0 mg DHEA resulted in 17% increase in body weight of young adult
rats without having any effect on the brain weight. By contrast, DHEA treatment had
no appreciable effect on body weight in the old rats. However, treatment with 1.0 mg
DHEA resulted in a small but significant increase (4%) in brain weight (data not given).
Possibly, the increased respiratory metabolism (detailed below) may have induced the

increase in the brain weight.

Oxidative phosphorylation
General

The effects of DHEA treatment on oxidative energy metabolism are summarized in
Tables 1-4. In untreated old rats the state 3 respiration rates and ADP-phosphorylation
rates were about 16-38% lower compared to those in the corresponding young adult
rats for the different substrate used. The state 4 respiration rate increased with
pyruvate + malate witﬁ the opposite seen for succinate. Consequently, the respiratory
control ratios were low for all the substrate which is indicative of mitochondrial
fragility; fragility of cerebral mitochondria in old mice has been reported (Navarro et
al., 2005). Our observations are consistent with those reported by other researchers
(Cocco et al., 2005; Corpechot et al., 1981; Ferrandiz et al., 1994; Navarro et al., 2005).

The results thus emphasize decreased energy metabolising potential of brain with

aging.

Effects of DHEA treatment

DHEA treatment of young animals brought about significant stimulation of respiratory
activities with glutamate, pyruvate + malate, succinéte and ascorbate + TMPD in a
dosedependent manner. These changes were alsb reflected in terms of corresponding
increase in the ADP-phosphorylation rates (Tables 1-4). The state 4 respiration rates

also showed parallel increase.
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DHEA treatment also resulted in increase in the contents of cytochrome aaz and b in a
dose-dependent manner. Interestingly the content of cytochrome c+c¢; was unchanged
(Table 5).

Likewise, the ATPase activities also increased after DHEA treatment (Table 6).
A similar picture was obtained for glutamate dehydrogenase {GDH), mitochondrial
malate dehydrogenase (MDH) and succinate DCIP reductase (SDR) with the effect

being more pronounced with 0.2 mg DHEA. The cytosolic MDH was not affected (Fig.
1).

159



091

*dnoi8 ynpe SunoA paleasiun vyl yum pasedwod 1000 > d 4
*dnoJ8 pajeaJiun Suipuodsasliod syl yum pasedwod Too0>de
'sasayualed ay3 uj paledpul SUOIIRAISSAO JO J9GUWINU Y1 JO IA'T'S F UedW SB UBAIS d.e S} NSDY "1X31 9yl ul UBAIE se aJe s|ielap |eIudswWIadX]

BE'S F00VCT IT0715C L IVOF8E pSV0F0L0C ZT0F00°€E (zT) vaHQ Bw 0'T
Q0T TT ¥ 05°6€ET ET0FVLT (FI90FILE BLTFIEET ET'0F10°E (Z1) vaHa Bw z°0
+YSYF6L9L +E10788°C YTOFIBY +E90F90°ET LTOFE0E (oz) peleanun pIO
07’9 ¥ OL°E6T 8007881 LIOFESBL SLOFBEEE ZU0F10°E (zT) vaHQ 8w 0T
oLT0T ¥ 00°08T YIOFSLE JE0T88L JOTFELET 600 FE0°E (zr) vaHg 8w z'o
89'v ¥ 08°T1T STOF 0V 107957 6L'0FET'8T OT'0¥60°E (zr) peleanun }Npy Bunoj
dav- dav +
onel o/dav judweas) dno.3 a3y
(u1azoad Sw fujui/ ajowu) oney |o43uo) (u1230ad Sw/ujw 20 djowu)
ajes uonejluoydsoyd day Asojeaidsay ajes uopjedidsay-

ajesisqns ay3 se azewein|3 Suisn eupuoyd0}jw Ulelq Jea Uj uoiiejAloydsoyd SAIIBPIXO UO JUIWIE3L} YIHQ JO 199437 T 3|qel



191

"dnou8 3npe SunoA paleasun ayl yum pasedwiod 1000 > d 4« PUBTO0> d 44 200>d 4
‘dnoJg paleasjun Suipuodsariod ayl yum patedwod 1000 >dapuezooo>d q‘100>de
"s9saylualed sy Ul paledipul SUOIIBAIBS(O JO JAQUINU BYL JO I\'T'S F uedW se usAl8 aJe s3nsay "1xo3 a2 Ul uanig se ale s|ielap [eyuawiadxy

Q_B.w F08'SPT LT0FL6T LOV0FL68 LEO'T FOV'ET EI'0FCI'E (6) vaHQ8w QT
19°9 700921 ZT0F6T'C nmm.o F96'8 00T FSE£02 LTOFVLE {¢T)vaHa 8wz
#xEV'S T 06°601 23xLTOFTOT *xx0V0F8TL £CL'0F00°8T $T0F60°E {91} pajeanun pIO
nmo.m 01691 STOFYEE LIE0F108 nNm.o F26'92 OTOFELE {zt)vang 8w o't
L8V FOTEYT OT'0F L6 ,BE0FT6L 9L'0F96°CC B0'0OFETE {1} vaHa Bw z'0
LEVFOETET ra k37 R LTOFILY YT F6VTE OT0F0T'E (z1) polessun 1npy BunoA
dav- dav +
ones o/day juauedsy dnoas a3y

{urezoad Sw fuiwi/ ajowu)
ajes uonejAioydsoyd ggy

oney jos3uo)
Aioyendsay

(urejoad Swi/ww 20 ajowu)

aje.s uonesydsay

ajensqns Y3 se ajejew + ajeansAd Suisn elpuoydo3iw ujelq jed uj uonejAioydsoyd dA1IEPIXO UO JUBWIREAL) YIHA JO 94T 1T dlqeL



[4:)9

*dnoJs ynpe SunoA pajeasiun syl YUM pa1edwod TOO'0 > d 4ux PURZ0'0 > d 44 ‘SO0>d 4

*dno.3 pajessun Suipuodsaliod ay3 yum patedwod o0 >d 8 puezoo'0>dp ‘T00>d2200>dq‘sp0>de

‘sosayjualed ayl Ui PAIEIIPUI SUOIIBAIDSUO JO JAGINU dY] JO "IA'T'S F UBSW Se UDAIS ale S}nsay '1xd} 8y} Ut USAIZ se aJe s|ie1ap |ejusdwiadxgy

wow.m FOCETT LOOFZET mmm.a F09'TC mom.ﬂ FO6'LC €ET0F LO0C (8) ViHQBwO'T
nmm.m 7916 CT'OFEST umN.H F96'v1 mom..a FL0°TC 91’0+ 60'¢C (t1) viHaBw g0
xxxE T E UV YO «L00FIST w3l L’0F8L0T «xxSL0FG9ST STOFO0TZ {91) peleasun PIO
V7€ F 06'81T SO0FL9T L90F oT'LT 66'0 7 09'8C LO0F0TT {¢T) vaHgsw ot
wmﬁ.\. F 0001 60°0F €8T _uww,o F96°8T mmm.o FO6'EE 0T 0FLTC {zT) vaHg Bw z0
96'S ¥ 09°€0T 9T'0F L8T SO'TF8TVT T FLTST 90'0% L0 (zr) pelesnun NPy 3unoj
dQv- dav +
. onet o/dav usunealy dnoud a8y
(war04d 3w fup/ ajowuu) oney jonuo) {uiy0ad Bwi fuiu 20 ajowiu) .

a1es uonejAsoydsoyd 4av

Asojendsay

ajes uonedidsoy

ajesisqns ay3 se ajeupdns Suisn eLpUOYIOW UleLq Jed uf uoliejAioydsoyd SAREPIXO UO JUBSWIIERI] YIHA JO 19T 1€ 3jqel



€91

*dnoJ8 ynpe SunoA pajeasiun a3yl Yyum paltedwosz'0 > d 44 PUe 500> d 4

*dnoJ8 pajeasiun Suipuodsa.llod ayl yum patedwod To0'0>d 9 pue zooo>dp‘100>d2200>dq‘sppo>de
"sasayualed ay) ui pajedipul SUOIBAIIS]O JO JoqUInU 3Y] JO "IAI''S T uedW Se UDAIS aJe S3 NSy "I1xd) Y1 ul USAIS se aJe s|Ie13p [ejudwadxy

YO'OFELO

wwm.ﬁ F68CE Y0'0FSTT mmm.o FLGSLT u:.H +€0°CC (zT) vaHq 8w o't
JT9TFITEE v0'0 ¥ ZE'T LS80 7 €8T QSCTFBITCT SO0FSL0 (91) vaHa 8w z°0
*x95' T FEOWT #xE0CFIVT ¥9'0 ¥ ZETT «VOTFEVLT 7007240 (0z) pajeanun PIO
uwm.m FEYY S S00F19T mom.o FELGT mﬁm.o + P 1E €00F0L0 {z1) vaHa Bw o't
mmm.m FSLTY C00FL mmm..n F06'61 mm\..ﬁ F86'87 €00FCL°0 {Z1) vaHg Bw Z°0
SETFIYIE YOOF99'1 ZTTFC6'ET I8 TF66CC €0°0F0L0 (z1) peolesnun }npy unop
dav- dav +
onel o/dav judwiead) dnoud aly
(uray0ad Sw funui/ ajowiu) opiey [oa3u0) (way0ad S /uiw 2o ajowiu)
ajeu uonejlioydsoyd 4ay - Arojeanndsay ajes uonesidsay

a1e43sqns ay3 se ddNLL + 23eqJodse SuIsn BLIPUOYDIOJILU UjRIg 181 U] uonejAioydsoyd aAREpIX0 UO UBWIILAI} VIHA JO 14T ¥ d|qel



91

‘dnoug ynpe SunoA pajeanun syl yum pasedwod 1000 > d ,
*dnoag paleasiun Sulpuodssliod ayl yum pasedwod 00 >do2pue o 0>dq‘zoo>de
"sasayjualed Y3 U paledipul SUOIIBAIBS]O JO JBGWINU BY3 JO "IAI'T'S T UBdBW Se UDAIS aJe S Nsay "1xa3 ayl Ul udAIS se aJe s|e1ap |eluswiadx]y

(zT)vaHa 8w 0T

,SO8T F €'L¥T 01’9 ¥0'89C L9S9FEETL
ZO'ET F 6'V0€E QCL'L FSITC ,STI9F8EVT (ZT) vaHa 8w z°0
£88°9T F8°0¢C¢ 158 FE68T £BE'SF 596 {ct) peieanun pio
I6CT 8861 LL6 FTEESE STLFYLIT {8} viHa3wot
6’6 TOE0Z ¥9°L FOE6T n%.m F €981 (8) vaHgdwzg
08 VI FEVTT TTOTFTHUT 9’8 F9PST (8)  psleasun 1npy unoj
1242 q €ee
{wa304d 3w /jowd) 1ua1U03 3WOAYI0IAD juswiess) dno.3 aly

BLIPUOYD03W UjeI( B4 JO JUSIUOD BLU0JYI0IAD DY} UO JUBWIEL] YIHA JO 19T :S ajqel



S91

"dnoud Jnpe SunoA pajeasiun syl yum patedwod 1000 >d »
‘dnoug pajeaJsiun Suipuodsaliod syl yum pasedwod Too'0>dopue too>dq‘spo>de
-sasayjuased ay) uj PaIeIIPUl SUOITEAISSGO JO JAGUINU BY3 JO “\*T'S F UBSW SB UDAIS 218 S)Nsay "IX3] Sy Ul USAIS se ale s|Ie1op [eauswiadxy

9T'0 ¥ 88'€ 200F LYO YTOFEEE (CO0FPY0 (z1) vaHQ 8w 0T

LTOFVLY €007 9¥'0 FLOF8YY ZO'0FSE0 (z1) vaHa Bw z'0
«VT0F80Y €00 F €S0 #SCOFSY'E Z0'0 ¥ SE'0 (zt)  pateanun PIO

6107868 ,S00F9L0 ,JE0F86L ,SO0FELD (8) viHaBw o't

,TZ0799'8 5007680 S9TOFYE] ,S00718°0 (8) vaHaS8wzo
¥T0F989 €0°0F6V0 I2°0% €09 TO'0F9E0 (8)  paeanun npy 8unoa

dNa+ BN+ dNG+ N feseg

(ue304d 3w /y/pajesaqy id jowr) Aoy uauwieaay dnoud a8y

BLIPUOYD0JIW Ujeaq Jed Ul AJIAJO. 9sed 1Y UO Juawiieal) YIHJ JO P9))3 19 ajqel



400 -
=
Y
e 300 -
o
o
E
E 200 -
E
173
s 100
S ]
E
=
0
20 -
E
[}
g 151
o,
=]
£
104
E
["2]
3 5
-] 4
E
=
0 N\

N
.'

Ca

' u")

B

o I.I-JI.I-I.I-I

-
e

Young Aduit

n moles/min/mg protein

n moles/min/mg protein

6000 -

4000 -

2000 -

4000 -

2000

|

e — |

--...-...I-I..
" l.l-l.l.l.l.l.:

Ermmm————
-w
I.I-I Y
L)

 mem———————————
st
e —————
 ermeoreoveremree—

R —

Young Adult

Old

Fig. 1. Effect of DHEA treatment on mitochondrial and cytosolic dehydrogenases

activities in rat brain. The results are given as mean * S.E.M. of 12 and 20 independent

observations for young adult and old animals, respectively. (A) Glutamate

dehydrogenase; (B) malate dehydrogenase (Mitochondrial); (C) succinate DCIP

reductase and (D) malate dehydrogenase (cytosolic);
M untreated; B2 0.2 mg DHEA and N 1.0 mg DHEA. ¥ p < 0.05;  p <0.002 and ® p

< 0.001 compared with the corresponding untreated group. *p < 0.001 compared with

the untreated young adult group.
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Discussion

Present investigations were undertaken to find out if treatment With exogenous DHEA
~ would accelerate the respiration rates of cerebral mitochondria in old rats. The result
showed that in the old rats, treatment with DHEA stimulated the state 3 respiration
rates and brought them to the levels comparable to untreated young adults (Tables 1-
4). Parallel increase in ADP-phosphorylation rates and state 4 respiration rates were
also evident (Tables 1-4). The old rats were characterized by significant decrease in
cytochrome aa3 content (Table 5) which agrees well with the low respiration rate that
we report here. Decreased complex IV activity in cerebral mitochondria from old mice
‘has been reported (Haripriva et al, 2004). The content of cytochrome b was
unchanged but that of ¢ + ¢, increased substantially which could be a compensatory
mechanism. Increased transcription of cytochrome c gene in old mice has been
reported by other researchers (Manczak et al., 2005). Treatment with DHEA resulted
in increasiné the contents of cytochrome aa3 and b in a dose-dependent manner.
However, higher dose (1.0 mg DHEA) had adverse effect on the content of cytochrome
¢ + ¢, (Table 5). The ATPase activities were generally low in old animals and DHEA
treatment had only marginal effect (Table 6). However, following treatment with
DHEA the levels of GDH, mitochondrial MDH, and SDR increased substantially reaching
values close to or higher than the young adult controls in a dose-dependent manner. A

similar trend was evident even for cytosolic MDH activity (Fig. 1).

It has been reported that in the old animals initially there is up-regulation of the genes
encoding peptides in complex I, i, IV and V of the respiratory chain which is followed
by down-regulation at later stage (Manczak et al;, 2005). Our results on the
respiratory activity in the cerebral mitochondria from the old rats are consistent with
the latter observation. The results of the present study point out that DHEA treatment
was effective in enhancing the respiratory poténtial of cerebral mitochondrial in old as
well as young adult rats. The results also show that DHEA treatment was able to
restore the respiratory parameters in 6ld animals to values comparable to the
untreated young adults. Interestingly, the increase in the respiratory parameters was

of higher magnitude in young adults.
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In this connection it may be mentioned that in the elderly population the plasma
levels of DHEA decrease to about 10% of adult values at the age of around 70 years
(Hinson and Raven, 1999; Milgrom, 1990). Considering the life-span of rat as 3 years,
the old animals (18-24 month old) in our studies may be equated with old humans of
around 62-65 year age. If a similar situation prevails in the rats, then presumably the
plasma DHEA levels in the old rats may be expected to be very low compared to the
young adults. Age dependent decrease in the content of DHEA in the human and rat
brain have also been reported (Kazihnitkova et al., 2004; Weill-Engerer et al., 2002).
Therefore, it is possible that even after treating with exogenous DHEA it is unlikely
that the adult plasma and/or‘ brain levels of DHEA will be reached in the old animals.
This could be one of the possible reasons for lower magnitude of stimulation in old
animals. it is also important to note that higher dose of DHEA had no extra beneficial
effects in young adults and occasionally showed adverse effects. These observations

therefore cautions that dose of exogenous DHEA should be adjusted judiciously.

It is clear from the data presented that GDH and cytosolic as well as mitochondrial
MDH activities increased after treatment with DHEA. Additionally, under these
treatment conditions the contents of cytochromes aas and b also increased. These
changes were accompanied by increase in the ATPase activity (Fig. 1, Tables 5 and 6).
The dehydrogenases are known to be nuclear gene products whereas crucial
polypeptides of cytochrome oxidase, i.e. cytochromes aa; and of cytochrome b and
ATPase are known to be coded by mitochondrial DNA (Poyton and Mc Ewen, 1996). It
may hence be suggested that DHEA treatment enhanced the respiratory activity of
mitochondria by selective activation of specific nuclear and mitochondrial genes. The
most interesting part was that the contents of cytochromes ¢ + ¢; decreased in the old
animals after treatment with 1 mg DHEA, bringing the value close to control young
adult level. This may suggest that DHEA has a negative regulatory role in cytochromes
¢ + ¢; synthesis. Higher concéntratio‘ns of DHEA loccasionally showed less beneficial
effects. It may hence be suggested that intricate age-dependent mechanisms may

regulate DHEA action..
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The possibility of non-genomic effects seems unlikely for two reasons. Firstly the
treatment with DHEA was for a longer duration, i.e. for 1 week. Secondly, non-
genomic membrane effects of steroids are evident within minutes (Duval, Durant and
Homo-Delarche, 1983). Besides, it has been reported that incubation of brain ‘
mitochondria with DHEA under in vitro conditions inhibited all respiratory parameters
(Morin et al., 2002). It is well recognized that the concentrations of DHEA-S are several
times higher than those of DHEA in all brain regions (Ren and Hou, 2005). DHEA-S is
the precursor for cerebral DHEA which is metabolized to 7a hydroxy DHEA and &5
androstene 3B, 17 diol (Steckelbroeck et al., 2002; Weill-Engerer et al., 2003}; the
former is considered to be active metabolite (Steckelbroeck et al., 2002; Weill-Engerer
et al.,, 2003). The low concentrations of DHEA in the brain may be attributed to its
rapid conversion to 7a hydroxy DHEA and 85 androstene 3B, 17 diol. It is possible
that following treatment with exogenous DHEA there could be increased conversion
to the active metabolites, which is responsible for the observed effects in terms of
enhanced respiratory activity in the cerebral mitochondria. However, this possibility

needs to be verified by more direct experiments using 7a hydroxy DHEA.

In conciusion our results show that treatment with DHEA can improve the respiratory
parameters of cefebra! mitochondria in old rats bringing them close to young adult
levels. Since the electrophysiological function of thé brain is known to be energy
dependent (Astrup, Sorensen and Sorensen 1981; Attwell and Laughlin, 2001) the'
enhanced respiratory function can help in improving memory and behavioral pattern
in elderly. This data leads to a suggestion that DHEA may also positively affect liver.

mitochondria in old rats. This is studied in next chapter.
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