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ABSTRACT:

Obesity was induced by feeding a
high calorie, high protein diet to wean-
ing rats. Liver mitochondria were iso-
lated (rom ubese and normal rats after
the dictary  treatment. Although  the
nutochondiial pellet protein per grame-
wel-weight hiver was almost double that
of the controls, the oxidative  phos-
phorylation charactenisties revealed that
the  respiratory  control  ratio
mitochoudria from obese rats was less
than 507 that of the controls, whercas
the ADP/OQ rutios were similar, The

basal and CCCP-induced ATPase ac-
uvities in mitochondria [rom obese rats

wa, about 60% that of the controls. 65 -
ROCH ol the AT activity  in
mwitochondria Trom  obese  rats was
oligomycin-sensitive compared o 97 -
YL an control rats. These results sug-

pest that obesity aifects energy nlLlabn- :

fism in animals,

INTRODUCTION

The ability or otherwise of obese sub-

jeets to mobilize cnergy stores during

ordinury stresses or awmbient lemperi-

IR,
iure :changes has been identified as a

- major problem in the pathogenesis and

" bioenergetics ol obesity syndrome. The

of !

need for betler techniques of assess-

‘ment, devoid of ambiguous interpreta-
Ction

‘during  rehabilitation  and

" management of obesity has been advo-

“cated (1). The energy expenditure and

thermogenesis of obege subjects, using,
direet und indirect calorimetry revealed
that -.dict-induced thermogenesis  in-
creases during over-feeding (2,3). How-
ever, Jequier and Schutz (4) asserted

- that there is a thermogenic defect which

plays . a . significant role in the

i palhogcncsms of obesity.

‘Various workers on the bioenergetics

.. of obese subjects have adopted different
" methods including respiration chambers
.(4), basal metabolic rate, dict-induced
i thermogenesis and the asscssment of

energy expenditure due to physical ac-

“ivity (5). In view of the thermogenic

defects observed in obesity, the ditlicul-

- ties in respiration and the low encrgy ex-

.penditure in relation to

size coupled
with the variable existing methods of as-

© sessment of energy expenditure in obese

~subjects, we have decided Lo investigate

ex Acidemic 'ublishers
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energy  peneration  through a ATP
hydrolysis, a situation that may explain
the reduced thermogenesis observed in
obesity as previously reported by Je-
quicr iand Schutz (4) and Sjostrom, (13).
16 was noted that ATPase activity in
mitochndria from obese rats was less
ohigomycin-sensitive  (oligomycin - sen-
sitivity 60 -80%,) than the contiol whose
oligomycin sensitivity was between 97-
W (Table 4). This obscrvation points
to yet another  abuormality in the
mitochondiia from obese subjects.

These deleets in - oxidative  phos-
phorylition  characteristics  associated
with obesity provide interesting data on
the molecular basis of abberant energy

metibohsm in obese subjects which

should provoke Turther investigations,
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Table 2: Respiratory Control Ratio (RCR) and the ADP:0 Ratio of Liver mitochondrial
wolated from obese and control rads ) v AT R -
Muochondrial Respiratory Control Ratio . B 2 %, AEDP: 0 RATIO
SOURCLE (U ) ; ; .

Glulamaie Succinate Glutamale. Succinate

+ + Sy I
Malate Rotcnone I 'Malatg:
“Dhberc ruis 2.08 R 2“'—_‘

Control rats 4.3) 4.25 #BLy

Values given are means of ten separate determinations. Individual values were within the range mean

+15%.The reactions medium in i total volume of 1.7 ml at 250C contained 20 mM T'ris-
mM mannitol, 70 mM sucrose, 0.5 mp/ml BSA, 3 mM ",

Blutamine plus S mM maline or § (M succinate plus

ADLP was 500 nmales (294 uM),

Table 3: Protein content in the mitoc

hondrigvisolased of obese and normal rais

Mitochondrial
suurce

Liver weight

'l'mulmilnchm\dr.ilht_‘r“-vmgpmlcirvg 5 TR Sl .
pellet protein | 8

i WELWeight |
.. liver

QObese ruts
Control ruts

10w
7.10

87.36
30.02

L BOL . ey g
TLIE W Tyl Lot e

I, e
Values given ure means of ten separate dete rminations, Individual values were mlhlnfthc range mean

+ 105,

Tuble 4: ATPuse ucti vity in mitochondria’iso

SN )

luted from obese and control rats

Mitochondrial HBASAL

ATV ase activity (nmoles/min/mg. protein) -

“t = CCCPINDUCED

%!

-Oligomycein + 0||gcﬂwmcily + Oligomyein
Obese rinin 21500 78.00 BT 480.00 o 90.00
Conirol rius .00 1000+ "72000 0 8.00 ;

Values given are smeans of 1en separate determinations.

+15%. A

TPase activity was determined in g medium con

ATE, LM MUl 2 mM P, lﬁ{lgjml LDH, Rpg pyruvale l}inps__c. 0.2 mM NAD}H and 0.1 mg/ml

nitochondrial protem, IpMCee

=

ln;iividual values were within the range mean
taining 50 mM Tns-acetate bufler pll 7.4, 2 mM

und 4 M ohigomyein, ;.

S & 2 U R

HCI phl 7.4, 210
1 mg/ml mitochondrial protein and either S mM
4 mM mptenone. When adued, the concentration uf
N girad Vetitvy vyt w 7
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Tuble I: Composition of divt for the
wduction of vhesily i weaning ras.

Miyjur component P'ercentage composition

QBD CI'D
Protecin 18w IK.00
Corn oil 6.00 4.00
Carbuhydiate 70.70 67.00
Mincral salts 4.00 4.00
Vitinmn (puennx) 1.0 3.00
DE-Methionne u.20 -
Dhictary libre - T 400

Luo.u) 100.00
Fnergy density, Klyg 17.10 1573
OIS = Obese Dier (high calone, Tigh protein)
CPD = Commercially Produced Diet (contral

diet)

Vitanng (Miennx) = Multivitiming capsule -

Tinde nuine

“Vivioptal” manulaciured m Wesi Giermany by
D Gerhard Mann, Chem-Pharm, Fabrik Umbk,
1000 Berhin,

RESULTS AND DISCUSSION -

The average body weight of the ex-
peranental (obese) rats after the feeding
treatment was 1o8.0g while (hat of the
control rats was 113.7g as shown in fig-
wie 1 indicating, an excess weight of
about 50% i the experimental animal,
This excess weight, compared 10 the
normal, portrays a simulation of diefary
ubesity s experimental rals.

The respiratory control ratio (RCR) .
of the mitochondria isolated from uhcsc‘-f
I patiern of obese

risls was lower than that of the control
when cither malate plus glutimate was
used as the respiratory substrate or
when succinate was used (1 ble 2). In
bath cases the RCIR of the mitochondria
from the obese rats was over 50% lower

than the control, ;

These  results indicate  that  the

mitochondria from obese rats may be
deleetive, a situation that may well be
associated with uncoupling of oxidative

phosphorylation and possibly ATP syn-
thesis, It has been shown by (10, 11, 12)
that in pathological obusity, severe fatty
change occurs in liver, the accumulation
 being greatest in periportal hepatocytes.
"The: reduced RCR ' observed in
mitochondria from obese rats conlirm
the speculations of Jequier and Schutz
(4) and Sjostrom (13) that there is a
- defeet in“energy melabolism which leads
to reduced thermogenesis in obese sub-
jects. «The delective oxidative phos-
phorylation " characteristics might be
similar tp that observed in kwashiorkor
animals (14) which also sulfer from fatty
infiltration of the liver and marked im-
pairment in the functions of electron
transfer - complexes as reported by

. Olowookere, - and  Olowookere  and

Olorynsogo (15). In man, mechanical

- impairment of respiration due (o faity
g i
.4 'which leads to Pickwickian syndrome

cAnfiltration of the respiratory muscles

~ has also been associated with delective

I “oxidative phosphorylation as reported

4

|

}

F

F"* tirol (Fig. 1), *7

. by Maclennan and Tzagollof, (16).

T e " 9 ;
o The ADP/O ratios obtained with the
lwo respiratory substrates were about -
- the "same showing a variation of only

10% between the experimental and the
control.. The obese rats, however, have
persistently: lower  ADP:0 ratios. The
. mitochondrial protein expressed as mg

JLper gram-wel weight liver was almost

“double that of the control(Table 3). This
also almost parallel the overall growth
rats compared lo con-

el
Tkl

' Studies on the mitochondrial ATPase
measurediin the - direction of ATP

- ' hyrolysis (Table 4) indicate that both the

ibasal“and . CCCP induced activily in

. obese rats was about 40% lower than in
; . the control. This observation sugpests
‘' -that‘in obese rats the cnzyme has lower
" capacity:to hydrolyse ATP than in con-
" trol rats, this suggesting a lower rate of
il Sl S

i



mitochondrial  oxidative

the
phorylation characieristics indiet-induce
abese rats, Base-line data on the energy -
production capacity ol obese animals
which will be provided by oxidative
phosphorylation paramcters are crucial

phos-

tw the understanding of the over-all
cnergy mictabolism and thermogenesis

in obesily syndiome,
MATERIALS AND METHODS

Dictary induction of obesity in weaning
ras:

Twenty weaning rats of the Sprague
Dawley strain, sclected from Litter-maltes
were ecqually divided into two groups.
Leach group contained equal numbers of
male  and  female. ‘The  rats were
separated from their mothers at 21 days
ol age and kept at 18-22C under a 12th
light and 12h darkness period. For a
period of 30 days the first group of rats
(experimental) was placed on a high
high protein diet, while the
sceond group (conirols) was placed on a
comecrcially produced  purina chow
CLabice 1), The rats were hept individual-
ty in plastic metabojie cages. Both the
controls and the experimental rats were
allowed free aceess o water and food
lor the sume period, The weight of each
rat was tuken weekly.

calorie,

Preparation of rat liver mitochondria:

Rat liver mitochondria were isolated
using, 0.25M  sucrose  containing 0.5
mg/ml bovine serum albumim (fatty acid
lree) to bind free fatty acids which could
mterfere with the coupling of  the
mitochondria. The procedure used was
cssentially s deseribed by Hogeboom et
nbo (0). All preparations were carried
oul at 4YC,

Determination of oxygen consumnption:

The oxypen consumption rale was
recorded  polarographically by an

oxygen clectrode operated ar 25°C in a
!

L L

closed ' ‘and“magnetically stirred glass
chamber.» The reaction medium con-
tained 210mM mannitol, 70mM sucrose,
20 mM Tris-HCI bufler, pH 7.4, 3 mM
phosphate and 1 mg/ml mitochondrial
protcin in a total volume ol 1,70 ml, The
wbszralc used was either 5 mM potas-
sium "malate . plus 5" mM " potassium
glutumate .or, 'S mM succinate. In the
case ‘ol the lallcr. 4 mM rotenone’ was
included ", the . reaction mixture,
Ru.piralory 'cunlrol ratio (RCR) was
calculated as the ratio of the rate of
oxygen . ‘consumption during state 3
respiration Lo that of state 4 respiration
as dt..scnbcd by Chance and Williams
(7

. 3 L
Ackh

Thc. ADPU ratio was calculutr.,d us
the ratio of the amount of ADP (nmol)
usced to the amount of oxygen (n atoms)
consumed i in: ‘the presence of ADP, s

oo A ey .

Protein del.ermlnaliun- g o

v."Mitochondrial protein was estimated -
using’ biurct: method as described by
Jacobs and-Jacaobs (8),

Determination of ATPase activity: -
.r ATPase ,activity was measured by

~ coupling . the: reaction to the pyruvate
‘kinase: and lactate dehydrogenase sys-
"tems- and measuring the oxidalion of
y NADH spectrophotometrically at 340
-nm.  The gomposition of the reaction

muﬂ.uro- for ATPase assay was as

ds-s:.nbcd by Pullmnn etal ().
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